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0 1.23.432'N,Al Introduction
The Metal Finishing Supplier€ I) the promotion of technically sound

Association (MFSA) i, a trade specifications and standards in

association of companies and cooperation with interested trade and

individuals involved in supplying technical societies:

chemicals. cauinnient. technologv.

Attribution

Contents of this book may be

quoted, copied, or reproduced
without specific consent of MFSA

but only when accompanied by
written acknowledgment of the

original source.

and solutions to the surface finishing

industry. One of the association's

primary objectives E to promote the

interews mid forther the welfare of

its nieinben and their custoniers

while safeguarding the interests of
the ultimate cuslotner.

In 1960, MFSAinitiated action to

upgrade the durability of metal

11]li.shes. Known :14 the "Quality

Metal Finishing Project" or QME

this program was ailned at:

2) the provision of information to

both producers and bi,yei-x of metal

finished products;

3) the development ofprinted guides

containing information on established

standard4 and specifications. readily

accessible for day-to-day use by the

design engineer. the purchasing agent.
and all those involved in the use of

metal finished products.
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Quality
As an association promoting the interest and welfare of the producers and
customers of the metal linihing industry. MFS A realizew that everyone suffers
loss when products are sold that are inadequately finished for the intended
application. MFSA wishes to encourage the industry to develop and maintain
high-quality standards needed to gum·antee the expected or promixed service of
the unit.

The industry needs to know how a high-quality metal finish can be achieved.
how to select proper specification; for a giveii application. and how to control
the release of products to assure that tliey meet the needs of the customer. At
the same time. management inust be confident that this know-how is based on
sound engineering principlex and incorpot·ates a reasonable margin of safely.

There have been hignificant developments of standards fur quality xystems in
the last few years that are applicable to metal linishing. These include:
• International Standardh Organization: CISO 9000: ISO 1456)
• American National Standards Institute/Alliericali Sticiely ji)1·Quality Control:

(ANS!/ASQC 090)

• American Society for Testing and Materials: (ASTM !3456)
Thix manual will provide useful (letailx on how to apply proven metal finishing
engineering in your xystemh to help you mainlain and improve yout· multi]
finishing quality.

Other QMF Guides:

• Chemical Surface Preparation for
Electroplated and Metallic
Coatings
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Design For

Plating t i i

A program to improve and control
the quality of a metal product
should start at the desk of the

designer. The metal finisher is
restricted in what he or she can do

by certain basic principles of
mechanical finishing and of

aleen·oplating. The engineer should
understand the limitations imposed
by shape and size of components
to facilitate quality finishing at an
acceptable cost. The designer can
exert as much influence on the

quality attainable in finishing a part
as can the electroplater. ASTM
Standard B507 can provide the
designer with helpful information.

Significant Surfaces
A most important tenn used in specilying metal finishes is "significant surfaces."
In moxt products the xame standard of quality is not required over the entire
Murface. Instead. the quality specifications apply since compliance is expected
only for the so-called "significant surfuces" defined by mutual agirement between
the producer anti purch:ixer :i, fullows:

Significant surl-aces air defined as those Ilormally visible (directly or by i·efiection)
which :ire essential to the appearance or scrvice:ibility of the article when assembled
in normal position. or which can be the source 01'corrosion products that def-ace
visible sui·faces on the assembled article. When necessary. the significant surfaces
shall be the Mubject ofaureenient between purchaser and manufacturer and shall
be indicated on the drawings of the parts, or by the provision of suitably marked
sannex.

De5ign for Mechanical Finishing
Products which al·e to be touted are generally hubjected to abrasive polishing with
wheels or mass finishing tech'liques in preparation for the plating operations. This
is done to aid in securing tin attractive, uniform, mirror-like or satin appearance
on the linixhed part. Mechanical finishing is an expensive operation. To reduce
costs and awsist the metal finisher in iniproving the appearance and quality of the
product. the designci· should con.sider certain rules applicable for parts requiring
mechanical finishing:

• Avoid blind holes. recesses and joint erevices which can retain polishing
compounds and metal debris.

• Avoid intricate Xlll'face patterns which can be blurred by polishing operations.
• Significant surfaces should be exterior and reachable by ordinary polishing

wheels or mass finishing media.
• Avoid sharp edges and protruions which can cause excessive consumption of

wheels or belts.

In small parts which air to be barrel processed, the above rules apply. This includex
the requirement tliat the parts must be sturdy enough to withstand the multiple
impacts of barrel rotation and will not ent:ingle. causing damage or incomplete
linishing. Whenever posvible, Miial] flat parts that tend to nest together should
have ridges or dimples incorporated into their design to prevent such nesting.



Design for Racking, Draining
and Air Entrapment

Most metal parts weighing more than a
few grams. or that require a high degree
of surface brilliance, are not plated in
bulk in barrels, but are mounted on racks

or fixtures for processing in cleaning
and plating tanks. Design considerations

relating to racked paits al·e described below.

• Consult the plating departnient to make
certain that parts can be held securely
on a plating rack with good electrical

contact without masking a significant
surface. Many difficult racking
problems can be solved by minor

design modification.

• Provide for good drainage of
processing solutions from racked parts.
Certain shapes tend to trap solution
which then causes contamination by

carry-over, possible corrosion of the
pal·t, and waste of materials. Carry-
over aggravates the problem of waste
disposal and adds excessive cost due
to chemical losses. In design. avoid

rolled edges. blind holes and spot-
welled ioints. Drain holes are

especially helpful when they are
included in the design of irregular

shape and tubular parts.

• Avoid shapes that can trap air on
entry into processing tanks, if this air
could block access of solution to areas

requiring treatment. Wherever air can
be trapped, hydrogen or oxygen gas
may also accumulate during the

cleaning or plating steps.
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Design for Good Distribution
of Electrodeposit Thickness

Simple shapes are always finished more

uniformly and more economically than

complex shapes. This is rule Number
One for the dexigner.

One of the most important factors that

deterinine,4 the quality of a coating is
its thickness on significant Nurfaces.
Fundamental laws of electrochemistry
(current distribution), operate to prevent

uniform deposition of an electrodepos-

ited coating on a cathode of any
practical 4hape and hize. Porlions of
the work which are nearer the anodes

tend to receive a heavier deposit than
those more distant from the :inodes.

Sharp edges or protrusions at all current
denities tend to receive a dispropor-

tionate hare of the current. The goal of

the designer and the plater is to make
thickness variations as small as possible.

At the sLime time. it is appropriate to
minimi,e the unnecessary waste of metal

by excesxive build-up on both significant

and noil-significant areah. The .Maine

variation in plating thicknes,; found on

plated articles also typically exists when

comparing parts plated on different areas

of plating rackx. For example. parts
racked on the perimeter of fixtures tend

to exhibit more thickness than parts from
the center of fixtures.

It is possible to estiniate metal
distribution ratios from models or mock-

ups. but there are also empirical rules.

These can guide the designer to improved

uniformity ofthickness. hence improved
quality with greater economy. Thexe
general principles and various sketches
illustrate what hits been learned from

practical experience:

• Avoid concove or perfectly flat
significant surfaces. Convex orcmwned

areas receive more uniform coatings.

Use a 0.4 ium per 25.4.11111 (0.015 inch

per inch) crown-minimum.

u'l



• Edges xhould be rounded to a radius
of at least 0.4 mm ( 1/64 inch) and.

preferably to 0.8 mm ( 1/32 inch).

• Re-entrant angles or corners should
be filleted with a generous radius.

Make sure radii are as large as possible.

• Avoid concave recesses. grooves. or
xlots with width less than one-half

the depth.

• Minimize the number of blind holes

because these must usually be
exempted ft·om minimum thickness
requirements. Where necexhary, limit
their depth to 50%- of their width.
Avoid diameters less than 6 Inm

(7/32 inch.)

• Countersink threaded holes to

minimize electi·oplate thicknexx build
-up at their peripheries and to fucilitate
insertion of fastener, after plating.

interfere with covering power or
adhesion of the depoxit due to
galvanic action. It might also
increase corrosion in service.

Design Features That Influence
Electro-platability

The effect of the basic design of a
product or component upon the
ellectiveness or durability of the plating
used has been the subject of much study
and i-esearch. Many failurex for which
the plater ha been blamed can he

attributed to the original design.

Feature In

Flat-bottom Insi,

grooves

A major contribution to the plating
industry was made by the Zinc Institute,
Inc.. when it sponsored a design study
by Battelle Memorial Institute. which
has resulted in the establishment of basic

design principles to be applied to zinc
die castings. The principle; can be applied
to other substrates.

The various shapes shown here provide
the "dos and don'ts" of design
configurations and their relationship to
electroplating quality.

ice On Electroplatability Better Design

nd outside angles should
ided generously to ¢a%,¢0%,00.

M
flue,

le a

·oun

i,m,imik .vaw.

• If fins or ribs are required. reduce theii·
height and specify a generous radiui V-shaped

grooves1.6 nim (1/16 inch) at each base. Round

offtips with radii ofa least 1.6 min
(I/16 inch). Multiple parallel fins
should have spacing between center-%

Fins

equal to four times the width of the
fin. Broad hollow ribs are preferi-ed
over slender solid ones.

• Adopt recessed letters and insignias in
preference to raised letters and Ribs

insignias. but round-off' edges and
provide gentle Contours.

• Integrated studs for fasteners should Concave

be shortened as much as possible and recesses

inside angle', at each biu,e hhoull be
rounded generously. Tips should be

Deep scoops
shnU,My rounded.

• Studs or bosses with hollow centers

should be shortened as much as

possible and angled 90 degrees from Spearlike luts

the major plane of the part. All bosses
should face the Manie direction.

• Assist the plater by clearly marking
Mignificant surfaces on part drawings.

• Avoid use ofa variety of different base
metals on any one part to be plated.
The contact of dissimilar metals may

Dee/, V-shaped grooves cannot
be satisfactorily plated with
corrosion protective nickel and
chromium and should be
avoided. Shallow, rounded
srooves are better.

Increase plating time and costs
for a specified minium thickness
and reduce the durability of the
plated part.

Narrow ribs with sharp angles
usually reduce electroplatability;
wide ribs with rounded edges
impose no problem. Taper each
rib from its center to both sides

and round off edges. Increase
spacing if possible.

Electroplatability is dependent
upon dimensions.

Increase plating time and costs
for a specified minimum
thickness.

Buildup on lut will rob corners
from their share of electroplate.
Crown the base and round off all
corners.

Electroplatability is dependent
upon dimensions. Round off
corners and crown from center

line, sloping towards both sides.

94-/
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Rings

The distribution of electroplate is indicated in an exaggerated fashion.
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ROUND OFF ]11Gll SPO'I'S AVOID S]IAR P INTERIOR ANGLES PLACE HOLES FOR DRAINING AND AIR ESCAPE

ff

- Unift,rm plating

Good deign 04 U

Dram hole

[k-
Poor ck!•.ign , Pkiling inied

, Air hole

h
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Feature Influence On Electroplatability *-=--n„
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Better Design '|
AVO[D ST]CKING WHEN BARREL PLAT1NG

D impIe

Convex surfaces ..... uniformly, especially where edges .d
Ideal shape. Easy to plate

are rounded.

J
Flat surfuces alia"IN.

Not as desirable as crowned

surfaces. Use a 0.4mm/25.4mm
(1/64 inch) crown to hide
undulations caused by uneven
buffing.

Sharply ngled
edges

Undesirable. Reduced thickness

at center areas and requires
increased plating time for
depositing a minimum thickness dillil
of durable electroplate, All edges
should be rounded. (Edges that
will contact painted surfaces
should have a minimum radius of

0.8 mm [1/32 inch])

a

Gr.Mive

>>

AM.OW FOR BUILDUP

Flanges 1
Large flanges with sharp inside
angles should be avoided to
minimize plating costs. Use a
generous radius on inside angles
and taper the abutment.

Builiup reduc»
effective diameter

Slots Al./irair*

Narrow, closely spaced slots and
holes reduce electroplatability and
cannot be properly plated with
corrosion-protective nickel and
chromium unless corners are

rounded.

Hole

Must usually be exempted from
minimum-thickness requirements.

Blind hols . Where necessary limit depth to
50% of width. Avoid diameters

less than 6mm (7/32 inch).

Tapered end to allow for buildup

\1-7

Increase ,lating time and costs
for a specifically minimum

Sharply I  thickness and reduce the a,6.m=,rnangled durability of the plated part.
indentations

plug

The distribution of electroplate is indicated in an exaggerated fashion.
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Specifying
the finish
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Functional or Hard Chrome-

is the most commonly Mpecilied
chromium deposit. These terms usually
refer to a bright. smooth chiumium

deposit free from visible cracks. pits or
nodules. The final deposit thickness :it
varioux locations on the part M generally
Mpecified.

Porous Chromium- ix fiquendy
specilied for the cylinder liners of
locomotive enttines or aircraft pi.ston

engines. This type of deposit hits the
chromium surface etched or blasted

following plating in order to pi·ovide for
oil retention on the cylinder wall.

Thin Dense Chromium- 1% 11

deposit clint is typically plated to no mot·e

than 0.2 mils in thickness. It isnonnally
not subject to grinding following plating.
Speci fications for this type of deposit

frequently requii-e a micro-hardness such
that only the Mixed Catalyst or High
Speed Non-Fluoride chemistries are
xuitable.

Crack Free Chromium- is a

deposit that does not have microcracks
in it. It is most commonly used for either
its unique surface texture. or as the under
hiyer of aduplex chromium deposit which
is thought by some to provide improved
corrosion resistance. This claim is not

universally accepted within the industry.
Although it ix possible to plate this type
of deposit from either Conventional or
High Speed Non-Fluoride chemistries.
most commonly. variations of the Mixed
Catalyst chemistry are used. The plated
deposit ix grey in color. relatively soft

(600-750 Knoop) and not considered to
be a good wear or corrosion resistant
deposit by itself.

Co
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Physical
properties
of deposits

Deposit Properties

Hard chrome can be deposited from
any of thi-ee general chemistries:
Conventional. Mixed Catalyst. or

I-Iigh Speed Non-Fluoride. There are
Meveral variations or trade names for

each of these systems. Each
chemistry has applications 1-or which
it is best suited. Some of these

differences relate to the physical

properties of the finished product
while sonic of them relate to the ease

of plating and the productivity of the

plating shop. Following is a brief

dexcription of each general type of

chemistry:

Conventional

The conventional bath is the hilliplext

and oldest chemistry It}r the plating of
chic)]iiium. It has been in commercial

it,e siiice the 1920%. The halli conxi.x

orchromic acid, which ix the source

Ofe|womium metal. and a hinall

amount of sulfule that Met·ve4 11% a

catalyxt fur plating. While lili.%
chemistry does not give deposib with

wear and cori·oxion ]11't)]lertie% a good
as those provided by newer baths. it ix
xtill a widely uhed sy.vent which is

Nuitable foralmost any application. [1

is the bext chemistiy fur i)]ating "porous

chi·rnnium" when etching iA used to

make poreh in the cle]}(,Nit.

Mixed Catalyst
This chemktry. which wit+ developed
iii the 195(,s. consi.%1% ot'Chromic acid

and Mul fate ax in the conventional bath.

In addition. a complex Ilworide anion

i. added which incre:thex the plaling

ell'icielicy. as well as tile deposit's
hai·dneh#. wear. and corrosion

properties relative to the conventional
bath. The complex fluoride ion also
lielpx to activate nickel and nickel alloy

Mib.4!i·alex. making good adliesion on
theve substrate eahier to obtain. One

drawback to this chemixtry is that the

combination of the complex Iluoride

1-4

Characteristics Of

*139%#4191
Conventlo

Plating Efficiency (°/o) 8-12

Typical Plating Rate (mil/hour) 0.5-1.0

Substrate Etching No

Micro-Hardness (Knoop) 850-950

Mkrocracks/Inch

Corrosion Resistance C

 Wear Reilitance

ion and the chi·omic acid will etch exposed

steel. aluminum. and copper sub.ti·alex.
Hence. substrate surfice :treas made ol

these materials thal are not to be plated.

or that :re in very low current density

areas. must be protected fi·om the solution

by tape. wax. 01· some other inert material.

The Iluoride chemistrv also requires

diff-et·ent and more Costly materialx of

construction fur ancillary proce.4.4

equipment such its heat exchangers.
cooling coiIA. etc.

High speed non-fluoride
l'his chemiurv was commercialized in

the mid- 1 98(]s. It consists of chi·omic

acid, Mulfule, and an additional non-

Illoride cal:ilyst that alleviates the etching

probleins a™iciates with the mixed

catalystchemixtries. High Speed Non-

Fluoride baths provide the same or greater

plating efficiency improvements a* the

mixed catalyst system howh relative to

the conventional bath. Deposit$ lium this
haiti have the 1»t wear and corn)Aion

lit·opeiliex ofthe three chemistries. Shown

below in chart form and graphs are some
of the basic characteristich of the thi·ee

iIifferent systems. The deposit properties

are discus.ed in grew detail in the next
XectiO 11 .

ible I

Chemistries And Deposits
Mr-*'19¥**Me¢?R;MI#*9¤
ial Mixed Catalyst High Speed Non-Fluorlde

.

18-25 20-27

1.0-2.5 10-3.5

Yes No

950-1050 1000-1100

300 800 'llf.

Jood Beller

lood Better

>1000

Appearance .U,lk Semi-Bright

Best

Best

Brightest ..iBrigh

I..

CD



Hard chrome is most commonly specified becau of its low coefficient of friction and its exceptional wear and corrosion
resistance properties. The bath chemi,Ntly :1]40 inlluences the deposit smoothneis or amountand fize 01-nodules formed
during the plating operation. Table I ilives the chemical and phrical propertieN ofthis deposit. Figurex I and 2 contrast
the performance ofthe three general types ofhaill chic,me plating chemEtries. Figures 3 and 4 compare deposit prnperties
from three general types of hard chrome chemisti·ici uxing two type. 01' wear-testinu.

Figure 1 Figure 2

30

28 -

26

24

22

20

18

16

14

12 -

10

High Speed Non-fluoride -

44<= Mixed-cata yst
4

- Conventional

5

4

3

2

1

0

High Speed Non-fluoride /
11

0*55 Mixed-catalyst
li

1fConventional

01234567 01234567

At 140<;F Current density (ASI) At 140°F Current density (ASI)

Current efficiency comparison Plating rate comparison

The high hardness of plated chromium leadh to the exceptional wear properties ofthis deposit. While all chromium deposits
that plate a bright deposit have excellent wear resistance. Mudies have documented that tile High-Speed. Non-Fluoride
chemistry deposits have the best wear characteristic·x. and that the Conventional bath have the poorest.

Figure 3

Falex Wear Test
METHOT) The Falex Lubricated Wear TesteF used

Conventional, Mixed Cutal™ and 1 [Igh Speed Nlon-
Fluoride hard Clirnme plated pinv. le,olping al 270
revolutio,14 per Ininute be[w'Len Iwo unplated,tee| hkrk,
while immeried in ate,nrcratilie co n[ olled inl bal h
With a meabured force. the bluck.4 are pre,hed uy:lin.t
the pin. creating weal which Rcal ibraled bv nieaurnig
the weight low or both the pin und the bltick·.

Results:

- 125
U

2 100

Lubricated, BEE 1137, 750 lbs. -5 hrs.

75

tfBra„ I ockiny Pin 0 50

I ,[le,; We,ti·Tester

.howl,le lum,ing

Journallevolve' 3 25
iii 27(}R.PM.

deweeand leal pm - M
o

High Speed Mixed Catalyst Conventional

Non-floride

V-Block.fxr-34> Types of Chromium Coating

6[llit'Lia-W )7125   Plated Pin   Both Vees

1(

The Taber AbraKer. illustrated in Figure 4. M the mot commonly used test method
for evaluating ilry abrasive wear. The relative diffei·ences between the three types
01- chromiuin plating chemiuries are shown alongside. Again, therelative wear
characteristics fui· deposits are shown alongside.



METHOD: The laber Abrik·I. all indu[n wandord. u »

u:ed to mea.unred,·9' libra.ive wein on .ainpli·%.chionic
plated bv each 01 [lie thrre plating pixice·.·e.: Ihe
Conventional. Mired ('al.ilvi,1 .und the High Speed NIon
Flourid: Chroinium Plating inethodk. The uniple w.i.
placed on the I I ibli linient' 4 rev (11 ing .ainple holder and
a load wai applied. rubbing nu,iii™t the 4,[niple', vi,lace
A vacuum picked tip re·*idl!.0 pallic·le'4 11) pIC,ent thill
affecting the ablasiVelle». The weight le.. 01 Ehe ,uniple
afte, .1 9 ken n  11.1 01 r :voil Wion4 I, I·ovide. an ind [c .1 linni
of itf relative re.iM.Ince zo ahnisive wear.

T he T:,her Abl.i„, ihed [u

18.1 the' leblwnic of

4.11.[ces to dry .ihrip,win

Figure 4

Chromium deposits alw impart excel jeni

corrohion protection to the substrate.

Most commonly. this resistance to
corrosion is measured by tile Neutral

Salt Spray Test (NSST). its specified by
ASTMB 1 17. How many hoursol-

protection the deposit provides is the
result of a combination of five major

factors:

I. Quality of the xubstrate material

2. Pieparation ol the surface to he plated

3. Type of chromium plating bath

4. Thickness of the deposit

5. Po*plating treatment

e Neutral Salt Spray Test Data
5 Corrosion of 0.5 mil deposits

& 100 A2 High Speed Non-(luorme
b 80
U

4 60A-
g 40 \3- Mixed-catalyst

20
p Conventional

3 0
2 0 24 48 72 96 120 144 168 192
CJ

Hour$

2 Neutral Salt Spray Test Data
:

Corrosion of 1 mil deposits
CZ

0 100 4 High Speed NIon-fluoride
L 1. ---

8 80 \- Mixed-cataly,t

U\ \
2 60 --

 40 \ Convenlional
Z

& 20

3 0
0 24 48 72 96 120 144 168 192

Cl_ Hours

Figure 6 and 7

Results:
Taber Abraser Wear Test

12 -
5 1
U

5 10
0

9
U

2 8

% 7
10

6
High Speed Mixed Catalyst Conventional

Non-floride

Types of Chromium Coating

Each of thexe fuctors lieedh to be contic,Iicil ill (11'ller to obtain tile bet pox™ible

resulb on a Continlitills |lahis.

I. The sublrate material needs to be uniform iii composition and hardnes.
as well :is fi·ec from Mu·ltice defects lind incltihitin.

2.The pretreatment needs to prnvide as 91]looth a Mill-j'Ace as iMpossible, taking
into account dexittii and economic considerations.

Figure 5 600x Surface View 200* Cross Section
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1 The type of bath liKed lietermilleh the number of microcracks in the depohit und
the depth of penetration thi·ough the deposit ofeach crack. See Figure 5.

Deposits with low niici·ocrack densities have microcrack. that are longer and

tend to extend to the wlilistrate. Iii chromium deposits willi a higher microcrack
Count. the microc]·:ieks air hhorter and x hal ower, providing better protection
to the hlt|,strate.

4. Chromium depoit thicknes>es h[,Ceitied Itu· con·osion resistance application.
vary grently und are sti·(ingly influenced by die Apecification fur substrate

foughne». Tile Amoother the Allbtrate. the thinner the depi,Ait that is required

furequivalent protection. 14·equently shock abxtu·Iicib ,likt sti·titx have thic·knefs

liecilications of between 0.3 and 1.-2 mils. 1 [ydraulic shafts used fur [luid
powercommonly specily· 1-2 mih thicknexs.

5. The poxt plating liratment is normally a grinding ancIA,i· bulling olieration.
Thehe lil·ocee. tend to xeal over top surfuces of the microcracks and

till in :iny p{)1·0ity tliat may have been present.

y 5 4.1, L"1
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contain chromic acid (Cr03) and47
 sulfate ions (804). These two }
 constituents are the main 4

ingredients and must be maintained

at their proper limits to achieve the
desired plating properties. In

modern mixed catalyst and high-
speed non-fiuoride baths, further
additives (so called "catalysts") are
used to iinprove plating speed and
control the physical properties of
the electrodeposit.

range is about 20-6007/gal. the lower end of this range can only be used for simple
shaped parts, as throwing power is very poor. while the high end of the range is
used mostly for crack-fi·ee chromium plating. By far. the most common
concentration for the chromic acid is 28-33 oz/gal. At this concentration. most
hard chromium baths will perform as desired. as long as the other constituents
and impurities are controlled properly.

Sulfate lon (504) -- The sulfate ion is norinally added as sulfuric acid, although
it iN not generally critical i f a Sul fate salt ix used. The specific concentration for
the sul fate ion is not as critical ax the ratio of the chi·omic acid to sulfate ion

(Ci-03/804). The CrO3/SC)4 ratio must be controlled within xpecified limits for
proper functioning of the bath and thehe limits will vary for each type ol bath:
Conventional Mixed Catalyst. or High Speed Non-Fluoride bath. Aconventional
bath will require a CrO.3/SO4 natio of 80: 1 - 130: 1. with the most common ratio
being 100:1. Since. ina mixed catalyst bath. the catalyst replaces part of the
function of the suitate. the Ci·O3/SO4 iratio ix generally higher with a range of
150:1-250: 1. The CrO3/SO4 ratio for a high speed non-lluoride bath is frequently
controlled at closer to 90: 1. but can be varied to enhance throwing power or to
obtain smoother deposits.

Catalysts -- The introduction of catalysts to hard chrome plating greatly improves
the plating rate. The mixed catalyst baths use fluoride (usually introduced as a
siliconuoride. SiF6) at about 0.3 - 0.4 0//gal. While this improves the plating
speed, the tluoride etches exposed areas ofthe part. More i-ecent high-speed, non-
fluoride baths use propi-ietary additives to eliminate this problem. while still
retaining the improved plating rate.

Skt

Bath onstituent Chromic Acid (cro3) The chromic acid concentration is important for
control of throwing power and depohit morphology. While the concentrationAll hard chrome n]:iting hathq

4
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Mechanism of Deposition
Cathode Reactions -- In its simplest form, the catho(le reaction is ultimately the reaction of the hexavalent chromium

+6ion Cr with electrons to form chromium metal. Cl·. However. it is well known that a pure solution of chromic acid will
not plate chromium metal. but instead will "plate" hydrogen gas. The actiial mechanism is not completely understood. but

it is clear that the sulfate ion is required for the electrodepoxition ol'chromium to occur. When catalysts are added. they

are also involved in the plating mechanism. Several detailx inechanistic studies have been performed and make interesting

reading but many of the conclusions air still not fully accepted for plating parts under industrial conditions. Suffice it to
say that the main competing reactions at the cathode are:

(SOi)
(1) Cr+6 + 6 e- , CrO (vastly simplified)

(2)2H+ +2e

(3 )Cr+6 +3e

, 2Ho +

Cr+3

The predominate competing reaction of hydrogen ions to form hydrogen gas accounts for the low efficient of chi·omium

plating baths.

Anode Reactions

The anodes used in hard chrome plating are generally a lead alloy. The desired reaction at the lead anode is for the formation

of ]ead dioxide (PbO2). This is indicated by the ft,rmation (,1 1, brown tobiack surface on the anode. which shows that the

an*le is functioning noonally. The competing i·caution is Itur the lt,rmation of lead chromate (PbC,·04). which has a yellow.

powdery appearance.

The formation of the lead dioxide is iniportant because this compound will conduct current and thus avoid polarization of
the anode. The lead dioxide will also oxidize trivalent chi-omium (C]·+3) back to hexavalent chromium (CI·+% This oxidation

is required in order to avoid the buildup of excesh [rivalent chromium iii the bath. 1 he unbalanced, simplistic anode reaction.
are therefore:

New Anode in Tank
e

(1) Pbo , Pboi (black colored anode)

Anode in Use or When Current is Off

(2) PbOi + Cr+-3 » PbCrO-t (yellow colored anode)

Anode in Use (Current On)
e

(3) Pbct-04 , Pbof (black colored anode)

Major Anode Reactions

(4) 2H2O , 02 + 4H+ + 4e-

(5) Cr+3 Cr+6 + Je-



Surface Pretreatment

Chi·omium plating solutions have no inherent cleaning ability as do. for example.
Nolutions containing cyanide. Thus it is critical that parts be free of oils, greases,
buffing. and polishing compounds. finger-prints, paints. etc., before they are
immersed in the plating bath. The base metal that is being plated will determine
the proper cleaning cycle t() remove whatever soils might be present.

Although a hard chi-ome bath is acidic. it is not intended to be used to remove
rust or scale from parts before they are plated. I f parts are badly rusted, or heavily
scaled. they should be treated off-line to remove these coatings. Ifthis can't easily
be accomplished chemically, sand blasting, glass bead blasting, or vapor blasting
is recommended. Durney's Electroplating Engineering Handbook contains a great
deal of information on effective pretreatment methods.

Recommended Operating Parameters
As with all plating baths. there are several variables that affect the performance
ofa hard chi·ome plating bath. While many of these variables depend on the type
of application. the substrate in question. and the differences between plating shops,
Nome general conditions can be addressed ax being "normal" for hard chrome
plating.

Temperature - The temperature of hard chrome plating baths will usually be
within the range of 49-65° C ( 120-150° 8. Temperatures below 49° C (120°
F) will result in baths with a tendency to burn in the high current density regions.
Temperatures above 65° C (150° F) canalsoleadtoslow plating rates and milky
deposits, although the higher temperature end of the range is used for crack-free
chromium or when a smoother appearance is needed.

Current Density - While each type of part to be plated will have an optimum

current density range, the cut-reJ?t density raiyemost often used for hard chronicplating is between 14-80 A/dm- ( 1 - 6 A/in- or 150 - 850 A/fA in order to
achieve these high current densities, it is important to have the proper temperature
or high current density burning will occur. Care also needs to be taken to ensure
that rectifier ripple is within acceptable limits at the current actually being used,
The ripple will mci·ease dramatically in many rectifiers - especially SCR type
units -when they are run below their maximum rated capacity.

Agitation - Agitation is important in a hard chrome plating bath in order to
maintain frech plating solution and a uniform solution temperature on the surface
to be plated. This can be achieved in several ways. Air agitation can be used.
provided care is taken to remove any oil from the air supply. Another common
source of agitation is to physically pump the solution so that the discharge from
the pump is close to the parts to be plated. thus providing agitation near the
cathode. A Ifiltration system to pi-ovide both solution agitation and removal of
Nludge and other particulate contaminants may be used, It is also appropriate to
point out that the vast amount of gas generated by the relatively inefficient plating
in a chrome bath creates a natural pumping action. so auxiliary pumping may not
be needed in all eases.

Anodes - Anodes are normally a lead alloy and are used at an atiode to cathode
arearatioofabout 2:1. Thisanodeto cathode ratio may be changed due to the
level of trivalent chromium in the bath as discussed under the anode section.

1 C 7 1 7
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Effects of Impurities and
Methods of Removal

The common impurities found in hard
chrome plating baths have the same

effects irrespective of the speci fic type
of chemistry being used. The most

common impurity is the trivalent

chromium ion, which is formed by one
of the side reactions during plating. The
build-up of trivalent chrome ion ix
inagnified when there is significantly

more cathode area in the plating bath
than anode area, such as would occur if

the majority of production woi-k to be

plated consisted of internal diumeters.

The trivalent ion is re-oxidized to the

hexavalent xtate at the anode. Thus -in

a properly balanced plating operation -
an equilibrium concentration, usually

less than one oz/gal. is reached between
the formation of trivalent chi·omium at

the cathode and its re-oxidation at the

anode. The effect on the bath of excess

trivalent chromium ions is the same as

other metallic ions such x iron and

copper. (tron is usually inn·oduced into
the bath from the etching step used prior

to plating to obtain good adhesion. or in
the case of the mixed catalyst chemi%try
fi-0111 the etching of exposed steel

substrates. Copper usually comes from
etching by the chromic acid of the bus
bars.) All of these metallic ions affect

the bath by raising the solution's electrical
resistance so that more voltage is required
to conduct the same anount of current.

This increases the electrical COSth and

the amount of heat generated in the bath.
In severe cases. the rectifier will not have

adequate voltage capability and the
plating rate will be reduced because the
same amount of current cannot flow due

to the higher internal resistance of the

electrolyte. Also. as the solution's

electrical resistance is raised. the priinary
current distribution will be altered such

that more current will ilow to the high

current density areas of the part being

plated. This causes uneven plating

thicknesses over the part and. in extreme
cases. can result in nodular (burned)

deposits. Metallic ions - other than

tri valent chrome - can be removed by

bath dilution. ion exchange, or

electrodialysis. Simple high current

dummying of the bath. using a xiii:Ill
cathode area. and a large anode area.
can reduce the concentration of trivalent

chrome.

The most common troublesome anion

is chloride. which typically enters the

bath from poor quality water or drag-
in fi-(im an activation or chloride based

stripping tank somewhere ahead of the

plating tank on the processing line.

The chloride ion causes very rough

deposits with poor physical properties.

Additionally. Nince it ix approximately
ten timex moir powerful ax a catalyst

as the suitate ion. it signilicantly

increaxe the probably ok' production

probleinx. [t inut be kept at levels

below I ()-15 ppm. Chloride can

sometimes be irmoved by high eun·ent

density dummy plating, using higli
anode area and low cathode area, in

coniunction with good %(}lution
agitation. Theoretically, chloride ion

can be precipitated from the plating

bath 8% silver chloride by adding small

amolmts (if silver oxide. |lut thi4 M all

expensive und unreliable method. The

best thing ix to prevent the chloride ion

from getting into the bath in the first

place.

Nitrate and phosphate anions are serious

poisons fur chromium plating baths and

significantly reduce the plating rate. The

illoht common method by which thexe

ions are introduced is through leaking
xleam coils thal allow condensate that

contains boiler treatment materials to

enter the bath. Another possibility,

especially in the case where aluminum

parts are plated. is through drag-in of

nitric acid from the zincating operating.
There ix no effective method fur

removing phoxpliate or nitrate ions.

Most organic impurities such as oils and

ureaxes do not cause a lasting problem

to hard chrome plating solutions. They

are usually oxidized to volatile products

by the hot chromic acid. Trivalent ions

are a product of this reaction and need
to he re-oxidized at the anodes. as

discusxed above.
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Anodes and Conforming Anodes

Insoluble anodes are used in hard chrome plating baths. In almost all instances '1
the anodes are made of lead alloys such as lead:tin or lead:antimony. Less
frequently, pureleadis used for the anodes. Occasionally platers will use steel
anodes, although this is not recommended on a long-term basis since it will quickly
introduce a significant quantity of iron to the plating bath. Iron will reduce the
bath's conductivity and increase the deposit's roughness. Platinized titanium
anodes are seldom used in mixed catalyst systems because fluoi·ides or othei·
halogens rapidly attack the titanium. Additionally, the high current densitiex
typically used in hard chronic plating operations will rapidly remove the platinum
coating from the titanium

Pure lead, sometimes referred to as printers' lead, is soft and eaby to bend to match
the configuration of the parts being plated. This makes it very suitable for auxiliary
anodes. However, pure lead has a short file. especially in baths containing tluorides.

Lead:tin alloys are generally recommended in baths that utilize fluoride as part
of the catalyst system because this alloy is more resistant to attack by the Iluoride
than pure lead, or other lead alloyx. The typical amount of tin added as an alloying
ingredient is 3 to 7% by weight.

Antimony is added to lead to increase its strength and rigidity. an important
consideration when large surfaces thal are resistant to agging :re needed. The
normal amount of antimony added is between 3 and 7% by weight.

Due to environmental regulations, a decreasing nuinber of hai·d chrome plating
operations make their own lead or lead alloy anodex. '1'lose that do buy xhapes
or ingots of metal then cut orcast them into various patterns and sizes to suit their
needs. This allows the anc,des to be hand-shaped ki confoi·in to the work being
plated. Cross-sectional areas of these anodes, which sometinies appeal- to be very
large. must be sufficient to conduct all the current with()lIt significallt voltage
drops. A voltage drop would lead to non-unit-orm del)c,Mit thicknesses and oil'set
the advantages of a conforming shape.

Two different anode/cathode arrangements are utilized in hard chrome plating:
a three bus bar xystem, where two anode rails are positioned on opposite sides of
the cathode rail: and a two bus bar system. where a single anode rail is used along
with a single cathode rail. The triple bus bar configuration ix the most common
system.

The double bus bar art-angement requires a con forming :mode that replicateh the
configuration ofthe part to be plated. A properly designed conforming anode will
provide a relatively uniform deposit thickne even on complex hhaped parts.
Conforming atiodcb are almost always used in Conjunction with double bus bar
fixtures that have a reversible configuration which allows parts to be either plated
or reverse current activated simply by rotating the fixture ]80 degrees in the plating
bath. This rotation changes the polarity ofthe current Ilow.

A majority of plating shops rely on vendorx for their lead or lead alloy anodes.
They generally utilive the more popular triple bus bar plating station dexign that
allows for increased productivity. While the lack ofconit,i·Iiiing anodes mit>
require onie additional grinding or machining of parth after plating, thih is
['requently less costly than the sct-up cost for conful·ming ant)des.

t



Masking Techniques

Hard chrome plating baths typically display poor covering power. Nevertheless,
masking is an important consideration. and a challenge to the creativity of the
hard chrome plater. Proper choice of the niasking materials and proper placement

of the mask or shield can have a tremendous effect on the uni formity of deposit

thickness by forcing current to flow into certain areas while preventine it fi·om
flowing into other areas.

Masking materials can be either conductive or non-conductive:

Conductive masking materials produce a robbing effect that reduces deposit build-

up in the area where the masking material is applied. Instead of the plating on
the part, the chromium plates on the conductive mask. Examples of conductive
masking materials are lead and aluminum tupe, a. well a. simple "thiets" made
of almost any metal such as steel. iron. copper, etc. A conductive maxk is uxed
to de-emphasize deposit build-up in a particular area by drawing the depositing
metal onto itself.

Non-conductive niasking materials work with tin opposite approach. They cause

a decrease in deposit thickness in the region behind the masked area by hermetically
scaling the surface (no plating ,solution present) or by reducing the current flow

behind themselves. Some shields will also xiow the replenishment of metal ions
after they have been plated out by decreasing solution movement. Examples of

non-conducting inasking materials that are commonly used in hard chrome plating
operations include: various plastic and Mylar tapes, special high temperature
resistant paints, P]exiglas or PVS sheets and tubing, Waxeh. rubber stoppers and
plugs. wooden dowels. etc. Non-conductive maxks inity alxo be used to in:iximize
deposit build-up just beyond their edges. but generally they are used to decrease
deposit build-up in the area they completely cover.

A properly designed mask can save a sub.Ntantial amount of time and inoney by

eliminating unnecessary post plating machining and grinding.

Anodic Etching
(Sce Activation/Reactivation of Various Substrate Materialh)

Post-Plate Baking (Hydrogen Embrittlement Reliell

Hydrogen embrittlement occurs in hai·d chrome plating almost entirely because
of the low efficiency of chromium plating bath.. Hydrogen atoms are joi·med on
the surface of the substrate to be pitted (usually steel) because of the electrolyxis
of water. In hard chrome baths. the electrolysix of water competes successfully
with the electrodeposition of chromium. Mo there is a large amount of hydrogen
on the substrate sul-face. These hydrogen atoms migrate into the steel substrate

where they will eventually collect in >mall deterts in the crystal wtructure and form

molecular hydrogen gas. The pressure that resi[|t 1-rom the formation of thih
hydrogen gax in the substrate may caihe the hubstrate to become brittle.

The majority of the hydrogen that ente,-4 the substrate can be removed by baking
the plated parts at about 350-40()F for 2-24 hours. Chromium electrodeposits are
nol a barrier that prevents the escape of the hydrogen gas when plated parts are

baked. The actual time and teniperatuir required 1-or hydrogen embrittlement

relief will vary with the type of substrate and the application. Nornially. thexe

requirements arc specif'ied by the finit] plating cuhtomer. AN a general rule of
thumb. the harder the steel substrate to be plated. the more rigorous the hydrogen
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embrittlement relief procedure becomes to ensure that the hard chrome plated
parts are not brittle. Hydrogen embrittlement relief should be done as soon as

possible after the parts have been plated.

Crinding and Honing
Many of the parts that are hard chrome plated are coated with an extra thickness
of chromium, over and above the amount needed to achieve the proper size, wear
resistance, or corrosion resistance characteristics. This type of plating is generally
referred to as "heavy plating". It differs from plating parts "to-size", the term used

when objects are coated with a precise amount of chromium that produces the
correct size or other specified characteristics directly out of the plating bath.

When parts are heavy plated, the excess coating is removed after plating by various
mechanical means that produce the proper dimensions in critical areas. The most
common method of post-plate finishing is by grinding on a lathe against a special
grinding wheel.

Due to the extreme hardness of chromium deposits. only a very thin layer (typically
about 0.1 mil ) i s removed with each pass of the grinding wheel over the surface
being ground. If a large excess of chromium is deposited, then grinding is an
expensive and time-consuming operation. In many instances the post-plate grinding
operation can cost as must as the plating operation.

Internal surfaces are sometimes finished using a specialized grinding operation
called honing. Honed parts allow for oil retention. Honing requires less excesh
thickness of chromium to produce the final finished dimension. Unfortunately,
honing is not as precise as grinding. Thus. it is not used for the inast demanding
applications. Parts that are honed are generally not rotated on a lathe. Instead.
they remain stationary while special fixture, that hold long, thin. rectangles of
carbide are spun at high speeds against the plated surfaces to remove the excess
chromium.

Stripping of Hard Chromium

Functional chromium electrodeposits are strippable. To minimize stripping time,
many users grind off the chromium deposit as much as practical. For substrates
of nickel, copper, brass. or bronze; the usual stripping method is by immenion
in hydrochloric acid (HCI) solution at a concentration of 1 0-30% v/v 0120 Baunid
HCI at a temperature between ambientand 49°C ( 120 F). Attack on the substrate
will be very slow compared to the chromium stripping rate. For iron, steel. or
stainless steel substrates. the usual stripping method is to make the part ano(lie
in a caustic based proprietary xtripper. The uxual range of NaOH is 45-60 g/1 (6-
8 oz/gal) in the stripper solution. Temperature can vary from ambient to 71° C
(160F). The stripping rate increases rapidly with temperature. During anodic
stripping a current of 3-6 volts at 4.5-14 A/din2 (50-150 A/16 is used. The
cathode material must be steel. There :tre also proprietary xtripping additivex that
can be used. which will clean the work, inhibit anodic attack, and increase the

stripping rate.

If HCI is used to strip lerrous alloys by immersion, care must be used to prevent
excessive attack on the substrate. Similarly. copper and copper alloys Ntripped
anodically must be run at the low end of the temperature and current denxity
ranges to minimize substrate attack by the sti-ipper.

Safe Handling of the
Materials Used

The major xource of concern when
dealing with a hard chrome plating baths
is the hexavalent chromium, which is

carcinogenic. Once deposited on the

part. the metallic chromium does not

pose a health hazard. Thux the focus ot

a safety program for dealing with hard
chrome plating should be when either

adding chromic acid to the bath or
operating the plating bath.

Since chiumium is a very strong oxidizer.

it will attack skin, clothes, and especially
mucus membranes. When handling solid
chromic acid tlakes or crystals. a mask
whould be worm to prevent inhalation of
chromic acid dust. I.ikewise. a face

shield should be worn when dealing with

chromic acid solutions to prevent

splashing on the face or eyes. Hand
protection in the form of gloves should
be used around chromic acid and aprons

and other protective clothing should be
worn to minimize skin exposure.

The large amount of hydrogen and

oxygen gus that are produced by
chiumium plating baths will result in a
mist above an operating hard chrome
plating tank. This mist contains chromic
acid solution and therefore must be

controlled. This can be accomplished
by a good ventilation system that i.
coupled to a scrubber. MOM systems
now contain a unit that collects the

chromium miV und returns it to the

plating tank. Thix avoids getting
chi·0111ium into the environment and is

more eITicient and economical for

chromium platers.

EPA regulations limit the concentration
of total chromium in the exhaust gas
stream discharged to the atmosphere to

not excced 0.015 milligrams per dry
xtandard cubic meter (mg/dxcm) for new

und existing large facilities and below
0.03 mg/dscm for existing small
Facilities. Along with the ventilation



und scrubber syftem. this may require

that mist suppressants be added to the

plating bath. These operate either by
formint a foam blanket on the tank that

prevents the mist and/or by reducing the

surface tension of the plating bath so

that the hydrogen gas does not pri)pei
the chromium solution into the air when

hydrogen bubbles break through the
surface.

Testing the
Chromium Deposit
Electi·odeposited functional (hard)

chromium deposits are covered in the

U.S. by the following specifications:

AMS-00-C-320 MIL-C-23422 and

AMS 2406K. and ASTM b 177-01.

Many large companies also have their

own specification documents.

For Hard Chrome. the most common

test is one of thickness. Other

requirements usually call for a smooth.
bright, adherent del»it that is pit free.

Sometime.s specified is a minimum

con·osion value. micro-hardness value.

and/or wear characteristic.

Thickness M most cominonly measured

by a micrometer. For niagnetic substrate;

(steel ) several types of gauges are
available which measure difference in

the magnetic field and are calibrated for

chromium deposit thickness.

"As Plated" Deposit Smoothness is an
indicator of both how well the substrate

material was prepared (functional

chromium plating will magnify any base

metal defects) and if plating was

conducted at a proper current densi

and temperature for the particular

chemistry utilized. For relative thit

deposits. up to a Ibw mils thickness

"as plated" smoothne.ss will be an
indicator of corrosion resistance.

Smoother deposits exhibit better

corrosion resistance than rinugher

depositx.

Brightness of the "as plated" deposit is

ati indicator that the proper plating

conditions for the particular bath

cheini.4ry were used. There is a general

correlation tlial the brighter the "Lth

plated" deposit. the harder the deposit.

There have been a few exceptions to

this generalization reported. This

quality indicator needx to the applied

to the "its plated" depohit since all

chi-omium deposits will appear bright

1-oilowing grinding. Also, Crack Free

Chi·ninium should lie "mouse" gray i n
Colon

Adhesion 01-chromfum deposits to the

.substrate can olily he tested by

destructive means, usually by grinding

tlin)ugh the deposit and into the base
metal :ind then examining the

substrate/chromium inter ace. A very

good indicator of adhesion, however,

is the lack of blisters in the deposit and

the lack ofdeposit chipping upon

grinding of the delic™it to final size.

Other tests are de.cribed in ASTM

Standard 8571.

Pits in a chiumium deposit are almost

always caused by one of two
Iitech:liliN[tis. Either there i, a surface

defect such as a pit. a particulate. or a

non-activated spot or there are

particulates in the plating bath that

adhere to the subitrate at some point

during the plating process. Usually pits

are viible to the naked eye or under low
power magnification.

Minimum corrosion standards are

sometimes specified, especially for

deposits of less than one mil thickness.
The most common test is the Neutral

Salt Spray test (NSST) as specified by
ASTM 8177. Thequalityofcorroion

resistance ol a chromium deposit is

significantly affected by substrate

preparation. the type of plating bath
utilized, deposit thickness, and post-

treatment of the part such as grinding.

honing and/or buffing

Deposit pornsity i& determined by the

"ferroxyl test" which is described in

AMS-QQ-C-320. Section 4.5.4.

The micro-hardness of bright deposits

correlates well with wear properties.
The usual minimum value is 850 Knoop

( 1 {X) g load). Measurement of this

property needx to be performed on cross-
sections of the deposit in order to avoid

obtaining false low readings due to

Nubstrate interferences. Usually a bright
as plated deposit will have a hardness of

itt least 850 Knoop 100.

Wear properties of a particular deposit

can only be determined by destructive
testing. The most common test is the
Taber Abrader. Other tests include Fale,-

and Pin on Disc.

ty

1

.the

1



Reactivation

f
of various 4

i
substrate

materials
a ,

1r

1:' 11*i

Mild Steel, Cast Iron, and High Carbon Steel
Hard chrome can be deposited en a very wide variety of base metals. The ideal
pir-treatment cycle for activating parts to axxuir excellent adhesion and complete
coveraile varies greatly, depending upon the base metal, As a eeneral mic. base
metals that contain elements that readily pasxivate - such ax nickel, chi-omium,
tungsten. etc. - 1-etiuilr acid activation and minimal or no reverse Gui·i-ent activation
in the plating tank when deposition is initiated. Similarly brass or copper parts
are typically processed with minimal or no reverse current activation.

Most functional chromium i% plated on steel substrates. While the type of alloy
und the hai-(Iness may vary widely. the pretreamient cycle is usually one of cleanine
in a soak or electrocle:ner. anodic etching in chromic acid (frequently the plating
batli) aiwi theii flating ti) thicknexx.

Anodic etching (frequently called 'reverse etching") referh to the practice of
tempot·arily hwitching the polarity of the :inode unit cathode. This is done after
pre-cleaning the pails 01»ils and oils. The main benefit ofanodic etchingisthat
it creates a microscopic roughening of the su]-face to be plated. This roughening

1.li/2

f l



i

4

7 -

:Nqi 1 ..

I+Ff''

increases the number of active, physical Sites where the plated deposit can contact

the part to be plated, thei·eby increasing adhesion. Anodic etching may also

remove damaged or loosely coherent %ubstrate. thereby increasing the

adhesion/cohesion of the substrate/coating system.

The carbon content of iron alloys is the key factor in determining the amount ol

reverse current activation that will produce optimum adhesion. without creating

a heavy smut on the surface th:t wil] detract from proper pe,formance. The higher

the carbon content, the less the reverse current activation time. For example. cast

iron parts seldom irceive more than 10 to 15 Xeconds of reverse current activation.

while a mild steel part may receive as much as 3 to 4 minutes.

Parts that have been hard chrome plated. but must be re-plated with :iii additiomil

thickness of chromium require special consideration. The mc)st common method

ix to allow the part (after it has been properly cleaned) to Mit in the plating solution

without any current until it has reached the approximate teinperatuir ofthe plating
bath. Once the part ih at the bath temperature. current elin lic applied. But it inixt



be started as low as possible (say at about 10 to 20% of the normal eun-ent density)
and then smoothly increased over several minutes to the final current density.
The low current density washed the part in hydrogen to reduce any oxides on the
surface to inetal. This method is only recommended for plating additional
chromium over chromium that has been deposited within the last few hours.
Furthermore. it is only applicable where the hard chrome plate exhibited the proper
adhesion and was free of pits and surface roughness. Otherwise the original
deposit must be stripped or ground down and reverse etched pi-ior to starting the
plating again.

Nickel and Nickel Alloys 1 such as Inconel and 300 Stainless Steel)

These materials can be passivated by anodic treatmenth that make chromium
adhesion difficult to obtain. Pre-treatments for these materials usually include a
soak cleaner, followed by chiumium plating. If the nickel or nickel alloy surface
is old or has been heated or worked such that an oxide is present on the surface,
then an activation step such as acid chloride or fluoride salt solution is necessary.

Aluminum

To plate adherent chi-omium onto aluminum. pir-treatment through a zincating
process is required. This process consists of several steps tliat firM etch the
aluminum to obtain an active surface, und then applying an immersion ziiic coating
onto that "cleaned and deoxidized- surface. This process is best followed with
a live lead entry into the chi-omium bath for plating. Also. as wax mentioned
previously. the nitrate ion is a serious poison joi· a chromium plating bath. so care
must be taken to ensure adequate rinsing between the zincating operation and the
chromium plating step.

Copper & Copper Alloys

These substrates. which are frequently found within the printing industry. should
be cathodically or soak cleaned. rinhed well. then acid dipped in dilute hydrochloric
acid to remove the copper oxille. rinsed well again. and chi-omium plated. preferably
using a live lead entry.

Spe('ific philing c·.w·/es/br t/ie above materials, as well tls other less £·munmn
substrates, can be found in Durney, L. J., Electroplating Engineering Handbook,
Fourth Edition, Van Nostrand Reintiold Compainx, New York { 1984).
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Abrasive Blasting - A proe·exs lin· cleaning or [inishing by means of:in alrasive
directed at high velocity against the work piece.

Activation - Elinnination of a passive condition on a surface.

Additic)]i Agent - A material added in Xmall quantities to a colution to produce a
desired effect Also sync)nymous with "hi-ightener."

Adhesion - The Littractive furie thal existx between im electrodeposit or an
electrochemical deposit and its substrate that can be meastired as the force
required to separate the deposit front the substrate.

Amorphous - Non-crystalline or without evidence of a regular structure.

Anode - The electrode in electrolyxis itt which negative ions air discharged.
positive ions air 1-i,t·med. or other oxidizing reactions occur. In most instances
it is the source of metal to be plated fi·om the bath.

Anode Efficiency - The actual current efficieticy of a specified anodic process
compared to the theoirtical valie. The actual fraction of current used to dissolve
inetal fi·oin the atioile compared to the theoretical amount as predicted by
Faraday's Laws.

Autocatalytic Plating - Depodtion of a metal coating by a controlled chemical
reduction. cataly/ed by the metal or alloy being deposited. Often reterred to
as "electroless plating."

Barrel Plating - Electropliting or cleanine in which the work is processed in bulk
iii a rotating comainer (barrel).

Base Metal (or Substrate) - Material upon which pmcessing i.s conducted or coating,i
are deposited. (It is not necesxurily the materiii! from which the part is constricted).

Blister - A dome-shaped iniperfection or defect, resulting from los.4 of adhesion
between a deposit and its substrate. or between various coatings where multiple
layers of coatings are pi·exent.

Bright Dip - A solution urd to prnduce a bi·ight Nurface on a substrate by chemical
inunel-sum,

Bright Plating Range - The range of current densities within which a given
plating solution produces a bright deposit.

Brightener - Another term Itu· addition agent. A liquid or powdered material that,
when added to a plating bath. improves the rellectivity or brightness of the
deposits produced by the plating bath.

Brush Plating - A specialized method of plating. typically used fur small scale
applications. where an inert :node is huric,unded by a pad. sponge. brush, or
other device that will retain a volume of a concentrated solution containing a
dixxolved sall 01 the metal to be deposited. The anode/pad device is moved
over the cathode during the plating operation in the area to be plated.

Buffing - The smoothing 01-8 surlace, accomplished by placing the surface to be
linished against a rotating Ilexible wheel. to which fine abi·asive particles have
been applied in liquid. Nuspei™ion. paste. or grease furin.

Buffer - A compound or mixture that, when contained in solution. causes the
solution to rexist change in PH. [{ach buffer has a characteristic limited range
01' pH over which it is effective.

Burnt Deposit - A i·(nugh, m,il-ci,herent or othei·wise unsatisfactory deposit,
typically produced by the application of an excessive high curirnt density.

811% Bar - The term used lodexcribe the cables orconducting media-generally copper
or aluminum stock - 111:it trimsfers the current from the rectifier to the plating tank.

Carryover - See "Drag-lii' defined on next page.
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CASS Test - A special accelerated corrosion testing method using copper and acetic acid solution as the fog medium. It is
most typically uxed to predict the cori·osion protection of nicket/chrome. or copper/nickel/chronic elect·odeposits.
See ASTM Method 8368.

Cathode - The part that is electroplated.

Cathode Efficiency - The actual amount of current uxed to deposit metal in a plating proce». compared to the theoretical
aniounit LiA predicted by Faraday's Lawx.

Chelate Compound - A compound in which a metal is contained as an integrall part ofa ring structure and is not readily ionized.

Cleaning - The removal of grease or soil and other foreign materials from a surface using one or more chemical or
electrochemical solutions.

A/kaline Cle'imbig-cleaning by means ofan alkaline solution.
Anodic mr Reverse C'/emring-electrolytic cleaning where the part is connected to the negative terminal of the rectifier.
Cathodic or Direct Ch,miing-electrolytic cleaning where the pal·t is connected to the positive terminal of the rectifier.
Di-phase Cleoni),g-cleaning by means of a x(liution that contains a solvent layer and an aqueous layer. Cleaning occurs
by both solvent and emulsification actions.

Soak Cleaning-cleaning by chemical means without the use of current. Generally used to remove heavy oils and gi·eases.
Ultrasonic Cleaning-cleaning by any chemical means aided by ultrasonic energy to speed up soil removal. Especially
useful in the removal of but-ling compounds.
Spi·ay Cleaning-use of an alkaline cleaner that is sprayed onto the part(s) to be cleaned. The additional energy provided
by the Apraying operation accelerates the removal of soils. greases. and bulting compounds.

Contact Plating - Deposition of a metal by immerxion of the work in a solution that is in contact with another metal.

Corrodkote Test - Aii accelerated Corrosion tew for electrodeposits using a special paste coating that is applied to parts
before they tire CASS salt %pray tested. See ASTM Method 8380.

Corrosion - Gradual dissolution or oxidation ol- a metal.

Covering Power - The ability of an electrodeposit to plate at very low curi·ent densities, such aM in deep receses or holes.
(To be distinguished from Throwing Power.)

Current Density - The total current divided by the ai·eu to which the current is applied,
Cm/10£le Cm·irm Densio·-the total Current applied divided by the total area being plated.
Anride Cm·irm Denxin--the total eun·ent applied divided by the total :mode area.

Current Efficiency - See Cathode Etticiency and Anode Efficiency.

Degreasing - The removal of grease and oils from a surface.
Solt,ent De,virasi,ig-degreasing by immerxion in liquid organic solvent,
Vipor Degirasing-degreasing by solvent vapors condensing on the parts being cleaned.

Drag-In - The water or solution that adhereN to the objects from pirvious processing steps. und which ix thereby introduced
into a processing tank.

Drag-Out - The Molution that adheres to articles when they are removed from a processing tank.

Ductility - The ability of a motel·ial to deform without ft·acluring,

Dummy - The term used to de;cribe low cut·rent density plating done to remove inetallic impurities from a plating bath,

Duplex Plating or Duplex Deposit - The term uxed to describe a multi-liiyer deposit that incorporates two layers with
slightly different corrosion potential characteristicx. The different layers are typically combined iii a manner that Millows
one layer (the under-layer) to be sacrilicial to the other layer (the top layer). thereby greally improving the corrosion
protection afforded. compared to that provided by a hingle layer of Mimilar thickness.

Electroless Plating - A more commonly used let·m for Autocatalytic Plating.

Electrolyte - General term used to describe the processing bath. 04ually the plating bath,

Electrolysis - Process oi causing chemical chanizes via the passage of eun·ent through an electrolyte.

, Electroplating -The electrodeposition ofan adherent inetallic coating upon an electrode for the purpohe 01 ecuringa
surface with properties. appearance. or dimensions diffei·ent from those of the basis metal.
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Electropolishing - Term used to describe the process ofimproving the appeal·ance and surface condition of metallie substrates
by applying a current to a chemical solution.

Etch - Noti,i-a roughened surface produced by a chemical or electi·ochemical means.
Verb-ti) unevenly dissolve a part of a surface or metal.

Faraday - The number of couloinbs (96.490) requii·ed to deposit one chemical equivalent of a metal. The chemical equivalent
value varies depending upon the metal being deposited.

Filter Aid - An inert. insoluble inateriii]. more or less finely divided, uxed as a filter medium, or to assist in filtration by
preventing excessive packing of the filter cake.

Flash Plate - The application of a very thin electrodeposit. typically less than 2.54 microns (0.1 mil).

Flocculate - To aggregate into larger particles, to inctrase in size to the point wliere precipitation occurs.

Galvanic Protection - See Sacrificial Protection

Hard Chromium - Chromium plate for engineet·ing. rather than decoralive applications. Not necessarily harder than
decorative chromium. but generally much thickei·.

Hydrogen Embrittlement - Embrittlement of a metal or alloy caused by absorption ol- hydrogen typically during pickling.
cleaning orplating operations.

Inert Anode - An anode that is insoluble in the electi-0]yte under the condition+ prevailing in the electrolysis being performed.
Typically u.ed in plating baths where there is no convenient source of soluble metal an anode. such as chrome plating.

Karat - A measure ofthe fineness or purity of a gold deposit. One karat is equal [0 1/24 part ofpure gold: i.e.. a 24 karat
deposit is pure gold. Likewie. an 18 kai·iii deposit is I 8 parts 01'gold and 6 parts of another metal.

Mechanical Plating - The application of :in adherent iii etallic coating on a substrate by impingement of finely divided
solid particles of the coating to be applied onto the subht]·ate. Alloy deposition is possible via mechanical plating. Also,
platiiig occurs without any hydrogen embrittlement occurring.

Metal Distribution Ratio - The ratio of the thicknesses of metal deposited at two different current densities. Frequently
used as a measure of the Throwing Power of an electrolyte.

Metal Turn Over (MTO) - The replacement of I 00% of the original metal content of an electroless plating bath.

Microinch - One millionth of an inch. 0.000001 inches. (-0.001 mils)

Micron - One millionth of a ineter. approximately one 25th 01 :t mil. (25.4 microns = 1 mil)

Micro Throwing Power- The ability of an electroly te to deposit metalin pores or very small recesses of substrates.

Mil -Onethousandthofan inch (0.001 inches). (= 25.4 microns)

Oxidizing Agent - A compound thilt causes oxidation. thereby itNelf becoming reduced.

pH - The co-logarithm (negative logarithni) of the hydrogen ion activity. A measure of acidity (less than 7) or baxicity (more
than 7) of a solution.

Passivation or Passivity - The condition on a metal thal retards its noi-mal reaction in a specified environinent. [t is typically
associated with the metal assuming an electi-nchemical potential more noble than its normal potential.

Peeling - The detachment or partial detachinent of a deposited coating from the basis metal or undercoat layers.

Pickling - The rcinoval of oxides or other compoundi from the xii]-face of a metal by chemical or electrochemical action.

Pit - A small deplussion or cavity in the· surruce o[-a part. It cim be produced during manufacturing the pait. during deposition.
or by corrosion of the surface.

Polishing - See Buffing

Reducing Agent - A compound that causes chemical reduction. thereby ilsell- becoming oxidized.

Regeneration - Noun-The replacement of HX)% of the £11·iginal metal content of:in electi·oless plating bath.
Verb-The act of replenishing a processilly bath iii an attempt to rextore optimum pei-formance,

t
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Resist - A material applied to a part of the surface of an article to prevent metal deposition on or metal removal from that
area during chemical or electrochemical processes. Also called "masking."

Ripple - A measurement of the amount of-AC current that is present in a DC curt-ent. Excessive lipple generally causes
passive deposits or hazes in plated coatings. Ideally. ripple should be less than 5% for most plating applications.

RMS - A numerical reference to the smoothness of a surface. Literally. it refer; to the Root Mean Square of the height
difference between the microscopic peaks and valleys that are evident on a sur[-ace when it is viewed under sufficient
magnification. The lower the number, the smoother the Mui·face. In other words, the average distance from the tip of a
peak to the bottom 01 lin ad jacent valley on a part with a surface with a 2 RMS linish. would be less than the equivalent
distance on a part with a 16 RMS finish. RMS iN typically mensured with a profilometer, using vertical magnifications
from 500x to 2(X).000x.

Robber - Term used to describe an auxiliary cathode placed near the part to be plated to divert current from concentrating
in high current density areas. leading to heavy depohits iii these areas.

Sacrificial Protection - The mechanism of corrosion protection wherein one metal corrodex iii preference to another. theret,y
protecting the latter from corrosion (for example. zinc plating over a steel substrate). Also relei-ned to as "Galvanic Protection."

Shelf Roughness - Roughness on surfaces of parts that face upward where solids have settled during a processing operation.

Shield - N(wn-a nonconducting medium or panel used to alter the ilow of current in an attempt to provide the most uniform
cathode current density possible on the part being plated.
14'i-b-to alter the normal current distribution by placing a non-conducting medium in the path of the current in a manner
that provides a more uniform overall current density on the part being plated.

Spontaneous Decomposition - See Triggering

Step Plating - Non-uniform thickness, Sti·i:iti()ti.4, or >kip-type plating. Iii electroplating operations this is generally evident
in low current density areas. while in electroless plating operations it is typically evident oIl edges of parts and around
hole; or perforationx in partx. Also referred to as "edge pullback" and/01· "worm tracking."

Stray Current - Current that passes through paths other than the intended circuit, such as through heating coils. the plating
tank. tloor grating, hoist super-structures. etc.

Strike - Ncwn-a thin deposit applied to a Allbsti-ate 01· other plated depiwit to pi·ovide activation or pRitection Ii·nm immersion plating,
Ver/)-to apply such a coating by plating fur a short time iii a plating bath.

Strip - To remove a coating from the substrate or undel-cout layer via chemical or electrochemical inethods.

Substrate - The base metal to tie plated,

Taber Abraser - An instrument uxed to characteria the wear properties of a wubxtrate or plated finish. Test specimens are
mounted to a xmall rotating tui·ntable and subjected to the wearing action of two abi·asive wheels. which are applied at
a specific pressuin and which rotate in opposite direclions. An important fuature ofthe Taber Abraser i, the all angles
relative to the weave or grain of the material being tested.

Tarnish - Discoloration of a base metal or a plated coating. typically a darkening of the appeal·unce of the basiN or plated metal.
Thief - See Robber

Throwing Power - Term used to de. cribe the ullill)1'mity (11' thicknexs of a plated coating. Electroless bitths typically plale
Willl 1 Dog) Throwing Power. i.e„ the same thickness on all areas o|- a pal·t in contact with the Nolution. Electroplating
bath, inv:triably exhibit greater thicknee. in high Current denxity areas compared to low eun-ent density areas. See also
Thickness Distribution Ratio,

'rriggering - Spontaneous decomposition Of :111 electroless plating bath. which is typically caused by excehsively high
concentration of reducing agent. in the bath. or the int[·nduction orsolid contaminants. such as metal filings or other pal·ticles.

Troy Ounce - A unit in the Troy .syxtein of weights Lixed for preciotix metak Gold and other precious metals iii·e typically
meaxured in Troy ounces.(1 Troy ou nce =31.1035 grains)

Turnover - See Regeneration.

Water Break - The appearance of a discont inuous film or water on a s u rl'ace. + ignifying non-uniform wetting and usually
associated with the presence of Nurltice contamillation (In parts.

Work (Plating) - The material being plated or otherwise linkhed.
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Attribution

Contents of this book may be quoted

copied, or reproduced without

specific consent of MFSA but only

when accompanied by written

acknowledgement of the original
source.

Introduction

The Metal Finishing Suppliers'

Association (MFSA) is a trade

axsociation of companies and

individuals involved in xupplying

chemicals, equipment. technology,

and solutions to the metal finishing

industry. One of the association's

primary objectives is to promote the

interehts and further the welfare of

its memberN lind their customers.

MFSA also promotes the

manufacturing of environmentally

friendly products to Mafeguard the
interests of the ultimate customer.

Iii 1960. MFSA initiated action to

upgrade the durability of metal

finishes. Known as the "Quality

Metal Finishing Project" or QME

this program was aimed at:

4

1) the promotion oftechnically sound

Npecifications and standards in

cooperation with i nterested trade and

technical societies:

2) the provision of information to

both producers and buyers of metal

finished projects i

3) the development of pi-inted guides

containing information on established
standards and specifications. readily

accessible for day to day use by the

design engineer, the purchasing agent.

and all those involved in the use of

metal finished products.
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Quality
As an association promoting the interest and welfare of the producers alld
customerx ofthe metal linishing industry. MFSA realize thal eve,·yone Killers
loss when products are hold thal :re iii:idequately finished fur the intended
application. MFSA wishex to encourage the industry to develop tind maintain
high-quality st:Indards needed to guarantee the expected tu· proinied wervice of
the unit.

Industry needs to know how a high-quality metal linihh Can be achieved. how
to select proper specilications fur a given apl)lication. and how to control the
release of products to assurelli:it they lilect the needs of the eliht(,Iner. At the
anie time. management muht be confident that this know-how ih |111ed oil sollill|
engineering principles and incorporateh a reawomible margill of hal'ety.

There have been qignific:int developnient< of inditrial st:indal·lk for quillity
Mystein, in the last few yearh that are applicable to metal linihhing. These inclmle:
• International Standard> Orginization: CISC) 9000: ISO 1456)
• Americ:in Nationa] Standard. Institute/American Societ> liu· Quality Control:

(ANSI/ASQC Q90)

· Ai nerican Sociely fol· Ta tine and Material ( ASTM 13456 )
This manual will provide uheful details on how to apply prozell iner:il linmlling
engineering iii your xysten™ to lielp you maintain and improve your metal
finiihing quality.

Other QMF Guides:

• Chemical Surface Preparation for
Electroplated and Metallic
Coatings

• Decorative Copper-Nickel-
Chromium
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A program to improve and control
the quality of a metal product
should start at the desk of the

designer. The metal finisher is
restricted in what he or she can do

by certain basic principles of
mechanical finishing and of
electroplating. The engineer should
understand the limitations imposed
by shape and size of components
to facilitate quality finishing at an
acceptable cost. The designer can
exert as much influence on the

quality attainable in finishing a part
asean the electroplater. ASTM
Standard B507 can provide the
designer with helpful information.
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Significant Surfaces
A most impoitant term used in specifying metal finishes is "significant surfaces,"
111 most products the same standard of quality ix not required over the entire
surface. Instead. the quality specifications apply since compliance is expected
(,lily for the so-called "significant surl-aces" defined by mutual agreement between
the producer and purchaer as fullows:

Signific:int suritices are defined its those normally visible (directly or by i·ellection)
that are essential to the appearance or serviceability of the article when assembled
in nornial poxition 01· which can be tile souire of corrosion product; tliat deface
visible surfaces on the assembled article. When necessary. the significant surfaces
shall be the subject of agreement between purchaser and manufacturer and shall
be indicated on the drawings of the part, or by the provision of suitably marked
sai] i pies.

Design for Mechanical Finishing
Metal products thal are to be coated are generally subjected to abrasive polishing
with wheels or mass finishing techniques in preparation for the plating operations.
This i.s done to aid in securing an attilictive. uniform, mirror-like or satin appearance
on the linished part. Mechanical finishing is an expensive operation. To reduce
costs and assist the inetal finisher in improving the appeal·ance and quality of the
produet, the designer should consider certain rules applicable for parts requiring
mechanical finishing:

• Avoid blind holes. recesses andjoint crevices which can retain polishing
compounds and metal debrii.

· Avoid intricate surface patternx which can be blurred by polixhing operations.
• Significant surfaces should be extei-ioi- and reachable by ordinary polishing

wheels or niass finishing media.

• Avoid sharp edges and protruxions which can cause excesive consumption of
wheels or belts.

In small parts which air to be barrel prucexsed. the above rules apply. This includes
the requirement that the parts must be turdy enough to withstand the multiple
impacts of hai·i·el rotation and will not entangle. causing damage or incomplete
finishing. Whenever possible. small flat parts that tend to nest together should
have ridges or dimples incorporated into theit· design to prevent such nesting.



Design for Racking, Draining,
and Air Entrapment

Mmt metal parts weig]1iiig more than a
fuw granif. or that require a high degree

of surface brilliance. air not bulk plated
in barrek. but are mounted on racks or

fixturex for processing in cleanine and
plating tanks. Dehign consideration.
relating to racked parts are described below.

• Conhult the plating delia[·nnent k) inake

certain that parts can be hell| hecurely

on a plating rack with good electrical

contact without maxking a significant
MUI·face. Many difficult racking

problems can be solved by minor
design modification.

• Provide f'or good diainalle of

procesxing MAution, from racted pailh.

Cert:tin shapes tend to t]·ap solution
which then cause+ contamination by

carry-over. po.+sible cort·oxion (11' the

pal·t. and wave of inaterials. Carry-

over aggravates the proMgm of wi[%te
disposal und adds exce,Wv'e Cost due
to chemical losses. In desien. avoid

rolled edge+. blind holex und spot-
welded jointh. Drain holn are
especially helpful when they Lire

inchided in the design ofi[·regular

shapes and tubul:u- pal·th.

• Avoid hape$ that can trap air (in

entry into processing tankh. if this air
could block access of solution to :ire:,4

requiring treatment. Wherever air cim
be trapped. hydrogen 01· oxygen gas
may 11]ho :reumulate durilly the
cleaning or plating step.

"
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Design for Good Distribution

of Electrodeposit Thickness

Simple 41]Lipe1 :11·e alwayh linihed inoir
unifurnily and more economically thai]

compler sh:[pe4. Thih E Rule Number
Dne for the desiener.

One 01 the most i]1111(11·1:lill fiucti,[·s that
determines the quality 01- 21 Coating is
it.% thickni· on Niyllil'icall[ surfaces.
1-'lillii,111]ent:111:lin (il irlectrocilemihtry

(current clitribution). opernle to pirrent

unifonn deptixition of all electrodepos-
ited Coutille on :l Cathode ofally practical

dnipe und xiii. Portionx of tile work
w|lie|1 are Ilearel to t|le allol]Ch tend to

recei, e a heavier delic™il than thoxe
more dixtant from the an{)l|Ch. Sharp
edgeh or protruhil)[ih Lit all current
clensitie, telid to lece·i\C a dix]11{)))13[-lion-

ate share of tile Cul·Irnl. The gon] 01' tile

deigner and the plater ix to make

thickliehh variationh as mal| as 11(,hsible
At the hame lime. it iN .appropriate lo

minimile the unnece>hary wahte of

ine[:11 hy Le\ce»ive build-up oil both

.

*illicant and non-+ignific:int areas. The
same variation in philing thicknehs fuund
on plated articles :1100 typically exish
wheii ctm)11:tritig pat·t plated on dillerent

airas o f plitting nicks. For example. parts

racked on the perimeter o|- fixtures tend
to exhibit mc):r thicknehs than parth fi·om
tile center of ['ixtures.

It i,0 poible to extimate metal
dixtriblition ratios from models or mock-

uih. but there are alxo empirical rules.
l'hehe can guide the designer to impluved

uniformity of thic·kne». hence improved

quality w'ith girater ecoiii)]ny. These

general principle and various Iketches
illustrate what hax been learned froni

practical experience:

• Avoid concave or perfectly Ilat

Aignificant surt-ace&. Convex (11· Cluw'lied

al-en,4 receive moir Unifili·]11 coating..

Ge a 0.4 mm per 25.4mm (C).015 inch

pei· inell) crown-millillium.

.......

.»»»:

:%%2%%:6

--I--5

5



• Edges should be rounded to a radius

of at least 0.4 mm (1/64 inch) and,

preferably to 0.8 mm (1/32 inch).

• Re-entrant angles or corners should

be filleted with a generous radius.

Make sure radii are as large as possible.

• Avoid conctive recesses. grooves. or
dots with width less than one-half

the depth.

• Avoid use of a variety of different

base metals on any one part to be
plated. The contact of dissimilar

metals may interfere with covering

power or adhesion of the deposit
due to galvanic action . 11 might
also increase corrosion in service.

Design Features That Influence
Electro-platability

fuilures blamed on the plater can be
attributed to the original design. A major
contribution to the plating industry was
made by the Zinc Institute. Inc. when it

sponsored a design study by Battelle
Memorial Institute to establish basic zinc

die casting design principles; these
findings are also applicable to other
substrates.

• Minimize the number of blind holes

because these must usually be
exempted from minimum thickness

requirements. Where neces>,ary. limit
their depth to 50% of their width.
Avoid diameters le.s than 6 mm

(7/32 inch.)

• Countersink threaded holes to

minimize electroplate thickness build
-up at their peripheries and to facilitate
insertion of fasteners after plating.

The effect of the basic design of a

product or component upon the
effectiveness or durability of the
plating used has been the subject of

much study and research. Many

Feature Ir

Flat-bottom Insi

grooves *6-,wp bei

COS

The various shapes shown here provide
the "dos and donts- of design

configurations and their relationships to
electroplating quality.

ifluence On Electroplatability Better Design

de and outside angles should
·ounded generously to minimize 900#00".,
ts.

• Iffins or ribs are required. reduce their
height and fpecify a generous radius, V-shaped

grooves1.6 mm (1/16 inch) at each base. Round

off tips with radii of a least 1.6 inm
(1/16 inch). Multiple parallel fins
should have spacing between centers

Fins

equal to fuur times the width of the
fin. Broad hollow ribs are preferred
over slender solid ones.

• Adopt recessed letters and insignias in
Ribspreference to raided letters and

insignias. but round-off edges and
provide gentle contours.

• Integrated studs for fasteners should Concave

be shortened as much as possible and recesses

inside angles at each base should be
rounded generously. Tips should be

Deep scoops
similarly rounded.

• Studs or bosses with hollow centers

should be shortened as much as

possible and angled 90 degrees from Spearlike Juts

the major plane of the part. All bosses
should face the same direction.

,•. Assist the plater by clearly marking
:;:hignificant surfaces on part drawings.

Tr

e·
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Rings

It is difficult to deposit corrosion
resistant finishes in deep, V-shaped
groove. Shallow, rounded grooves
are better.

Increase plating time and costs for
a specified minium thickness and
reduce the durability of the plated
part.

Narrow ribs with sharp angles
usually reduce electroplatability;
wide ribs with rounded edges
impose no problem. Taper each
rib from its center to both sides

and round off edges. Increase
spacing if possible.

Electroplatability is dependent
upon dimensions.

Increase plating time and costs for
a specified minimum thickness.

Buildup on jut will rob corners from
their share of electroplate. Crown
the base and round off all corners.

Electroplatability is dependent
upon dimensions. Round off
corners and crown from center

line, sloping towards both sides.

The distribution of electroplate is indicated in an exaggerated fashion.

VII:>:



ROUND OFF HIGH SPOTS AVOID SHARPINTERIOR ANGLES Pl.ACE 110!.ES FOR DRAINING AN[) AIR ESCAPE

*4

V

- Unil'orni plating

Good dexign 04 In

\\ill
1) lin l,otc

1!· Air hole

:4 7
Poor dexien , Plating niated

H

3 42 f

_

Feature Influence On Electroplatability Better Design
AVOID FI'[CKINC, WHEN BARREL PLATING

Dimple

Convex surfaces  |f,ahlyPmydogeurnoe rD
f.

Flat surfaces

Not as desirable as crowned
surfaces. Use a 0.4mm/25.4mm
(1/64 inch) crown to hide
undulations caused by uneven
buffing.

ammip

Sroly angld

Gnitive

1

Undesirable. Reduced thickness at
cenier areas ani requires increased
plating time for depositing a
minimum thickness of durable .==E=„
electroplate. All edges should be
rounded. (Edges that will contact
painted surfaces should have a
minimum radius of 0.8 mm [1/32
inch])

ALL()W I·'OR BUILDUP

Flanges

Large flanges with sharp inside
angles should be avoided to
minimize plating costs. Use a
generous radius on inside angles
and taper the abutment.

Buildup miluces
effective diameter

Slots

Narrow, closely spaced slots and
holes reduce electroplatability and
cannot be properly plated withar.10/1179/ corrosion-protective nickel and
chromium unless corners are

rounded.

Blind holes

Must usually be exempted from Tapered end l„ allow for buildup

Where necessary limit depth to 50% \r-1
minimum-thickness requirements.

of width. Avoid diameters less than

6mm (7/32 inch).

Increase plating time and costs
for a specifically minimum

f 1 thickness and reduce the lill/ 4."
a.li-in-1 durability of the plated part. -=a==19

tationsind

The distribution of electroplate is indicated iii an exaggerated fashion.
.>....:066000000000000
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Selecting
the finish

The designer should approach the

problem of Relecting a zinc. zinc alloy,
or cadmium finish with a clear

understanding of the requirements

expected o f the coating, the properties

of the metal deposit. the properties of

any film on the deposit and the service
conditions the article will be expected
to withstand. Ill most cases. pleasing

appearance is an important factor

regardless of function. A properly
selected finish of high quality will have

an acceptable appearance not only on

the shelf. but also throughout the
service life of the part.

8

Requirements of the Finish
Iron and steel suzi-aces rust tradily even in mildly corrosive surroundings. The
rust ix not olily unattractive. but also may interfere with mechanical functioning
DE a coinponent or discolor material; that come in contact with it. Nearly :111 iron
and .tee] structures or parth are therefore treated for rust prevention. Zinc, zinc
alloy. and cadmium deposits ufford excellent protection against rusting under inost
circuinstances. The reason for applying these deposits may be classified as (a) to
retard ilisting: (b) to pi·ovide a ple:,hing appearance: (c) to serve in some functional
capacity.

(a) Rust Prevention - The corinsion rates of zinc. zinc alloys and cadmium are
much lower than thoxe of steel in Inost atmospheres as well as in contact with
water. In addition. the electrochemical relationships between each of these two
meta]% and steel are such that ruxting of the later is suppressed by galvanic action
even where the coating is damaged or worn through.
(b) Appearance - [n some applicationx zinc. zinc alloys. or cadmium coatings
are used with the sole objective of providing a durable, pleasing appearance for
the period ofuseful life ofa steel part. Applications of this class have been greatly
increased by the availability of bright zinc and cadmium deposits and the
development of chromate conversion coatings and colored finishes.
(c) Functional Service - Zinc. zinc alloy. or cadmium may be deposited on
steel components to serve functional purpose, while retarding rusting. Examples
01 such uses air: 1 ) to improve solderability. to lower electrical comact resistance
and to provide surface conductivity on electronic equipment, radio, computer. and
television chassis: 2) to prevent discoloration of fabrics or other materials with
which the plated coating may be in contact 3) to prevent scizing of moving parts,
bolts. nuts. and latchex: 4) to provide maxinium service life in high temperature
e n v i i·o 11 in e n t s .



Properties of the Metal
Although zinc. zinc alloyx and cadmium are

considered to be Kimilar in their galvanic behavicu·

to iron in most envirinment,. they do differ in

many of their physical depoxit properties. These

dillenences should be considered in selecting one

couting versus another for a given application.

(a) Rust Retardation - -rhe potential

difference between eadmium and iron i* uNually

lews than that between zinc Lind iron. 'or thi.

reaxon cadmium does not retard rusting over 04

lurge an area of expoNed imn as doew zinc. Zinc

alloys exhibit even lower differences between

theniselves and i]·0,1. -Pinhole" col·[·chion of weel

is occasionally obqerved to occur through poreN

in a cadmium coating. This sugges™ thal the

potentials of eadmium und h·on may even he

reversed in some environment.. Iii the cH,e (,1-

zinc-nickel alloy plating. there ix a point where

zinc-nickel is no longer Macril'icial to iron due to

potentials 01-high nickel coment (above 159 bv

weight or more).

Exposure tests have Nhown conclusively that in

industrial location, cadmium coatings fail more

rapidly ilian do /ine couting, of equal thieknes,.

Zinc al loy enatingh (,1-zine-nickel, /inc-iron. lin-

zinc. or /inc-cobalt will exceed the prntective life

ot convention.0 zinc. In sevew Inarine

atspheNs. howevei. tin-zinc a,id cadmium .u,

inure el'fective than 7mc in retarding rusting.

The blowei Tate <il' c<,icihic,11 {)1 zinc und zinc

alloy depo•,its in indu•;trial atmosphere% h:IN been

uttributed to the fuel that zinc corroNion prnducts

jformed in such atmosphere# are alkaline in

chitracter und of low solubility. Zinc alloy

corrosion producth are even more inholuble. und

offer protection to the underlying nietal plating.

Zinc-cobalt shows girater ability to prevent the

spread of red rust venus zinc-irun or plain ,.inc.

The isxue here may be the lower corrosion rate

of the zinc-coliall depowit. Cadmium con·obion

products in industrial almospheres are more

soluble mid tend to wa,h away. It i mil clear why

cadmium outperforins zinc iii neutral salt spray

tecting and in puir marine amosphere. Tile zinc

comosion prnduct formed under these condition

are vijible enough. but do mit xeem to he :i

prolecttie.

(b) Corrosion Behavior - When zinc

is stot·ed in a humid. 51.ignant atmosphere.

quantitier of white. bulky comaion prinducts

develop which ire u.wally objectionable mid

muy interfere wili prum:r ftinctioning 01- nloving

parts (ir Callbe Xeizure of threaded components.

Cadmium 84 weil a< ce, tain zinc alloy depii,itx

weather dillerently· and do not generate

vi,[uininous adhelent corro,ion product.

Con·ohion til' thi Acirt uhu:ally can be prevented

or minimized by application cilehnimitte
conversion finishes.

(c) Solderability fin-zinc mid cadmium

coated steel can be soldered readily. This can

be an imponant advantiye in eleetrunic and

Either electrical equipment.

(d) Toxicity - Cadmium comision prnducts

are both kixic und C.Hrim}Uells. I knee cadmium

ihould not be plated an artic·le· which come in

contact with itind. ur bevelned. Cadmium

vapor, und uxide funie+ air toxic. and Alciuld

never be welded. Cadmium alho poxes a xevere

wal<te water treatilient pr>blem for the plater

hecauie of ilw loxici[y. It is becoming

inciraxingly eXI)enhive to legally di card

cadmium waste productb. Zinc sal[N are far less

loxic. A]though it is not advisable· 10 11#e baur

/inc deposits in contact with food. zinc coated

wire with organic coatings have been uxed for

many yead in t|le manufueture 01-lufrigeratm

Mhelves. Zinc and /ine alloy coating, may he

welded Nal-ely il'the filme. are removed by

adequille vemilation.

(e) Electrical Properties - C.id] 11 ium

and tin-/.inc h.ive a lowel·contact lewibtance

Ihan /inc. This. toperlier with ils ease of

9,klering. leadh to ith ux an electronic' appar: lub.

The lewer tendency 01' cadmium and tin-zinc

[o furni bulky wedthering producth .Ilho A :in

advanlage in electrical eMuipnient. giving bettei

giace· conducti,ily and contact liehavior.

(f) Whiskering - Zinc c,i,1 exhibit

whEke,·int or furmation al-dendritic el·yhtal

21-owth. Tin-/inc. /.inc-cobalt, zinc-iron. and

/ilic-nickel alloys do mit exhibit formation of

[|lehe LICTillritiC .17,[il.

(g) Hydrogen Embrittlement - High

carbon and high strength steel having a hardness

greater than Rockwell 05 are susceptible to

embrittlement caused by absorption of hydrogen

in the processing ol'the steel in machining.

pickling. catholic cleaning. or plating operations.

Zinc. 7.inc alloys. and cadmium plating can cause

t his embrittlement on high grength steel 4 used to

make bpringM. lock wahem. fa,teners. und the

like. The phenomenon of delayed cracking by

hydrogen embrittlement has been studied by

hundreds of workers. but ih htill not thoroughly

understood. There i# no general agreement on the

appropriate pretreatment cycle for cleaning and

pluting such steeb with zinc. Zinc alloys or

cadinium which will irliably .*KY,i d embriulement.

There is agreement that husceptible wee] pilith

should be heated after machining. and after pl£Ring

to reduce [Ir danger of subsequent enacting. The

haking should he done as Noon as pc,%ible aftei

electruplating. und before any supplementary

chemical treatment of the electroplated qurfaces.

Baking 1 191°C C 375°F) for four or inure hour

is u widely used precaution suggested in ASTM

B-242. However. the best time und temperature

in Mime c.is:s m u M lic est.Lb 1 Ahed ex pe i iment,0 ly.

High efficiency alkaline and chloride plating

price.sseh. (which generate inaller amounts 01-

hydrogen). enable 1 bright ductile deposit (11-,inc

tohe plated directly ontoc:41 iron. malleable iron.

iT Nteel with greatly fuluced possibility of inducing

hydrogen embrittlement.

(h) Covering Castings - The

phenomenon cif -covering power" is defined as

the ability In plate in ®p recesses or low cul·reint

deirlity uicaN. Acid chloride zine baihs arc routinely

used k) p!.Re diiectly o c.ist i,un *„ high c.2121(iii

Stee| Compoienth. Standilld cadmium balls are
generally superior lo most zinc baths in their

ability to ellectively plate in rece.Ked air;is of a

c(iii i pi) lien 1 .

(i) Formability - Cadmium. ZinC, and

ce ain /ine alloys may be deposited in a ductile

fturm. i,Ithough thi i, usu.illy a functioi, of

Ihickness (higher thicknes,ex are uxually lesx

ductile). Steel conted with properly applied zinc.

/inc alloy. or cadinium deptiwitx can be furined.

stumped. or drawn without damage.

CD



Having selected either zinc, zinc alloy,
or cadmium as the coating for a steel

or iron component, and having decided
whether or not a supplementary

chromate finish is required, the
designer must now specify the
requirements of the system to assure
its quality. High quality can be

achieved by specifying the appropriate
thickness for the application, adhesion,
appearance and freedom of the base
metal from embrittlement, together

with appropriate tests agreed upon by
the purchaser and the plater for assuring
that these requirements have been met.

..........
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(a) Thickness - Atmospheric exposure

tests in several countries have supported the

generalization that the protective value of zinc.

zinc alloy. orcadmium deposits is proportional

to their thickness. That ix. a steel part coated

with 10 microns of zinc will be protected from

rusting about twice as long as another part

coated with 5 microns und exposed for the same

time. Thicknexs is. therefore, a very important

item in a quality specification.

Tables [. 11. and ]11 provide suggested thicknesses

11-or high quality finishes on iron and steel. An

attempt is made to define four classes of service

conditions. mild. moderate. severe. and very

severe. In case of doubt as to the severity orthe

planned application. one hould specify the

thickness for very severe service. It should be

iioted that the tables recognize some applications

fur very severe service. However, zinc and

cadmium plated coatings at the heaviest

thicknesses often give way to alternative zinc

alloy deposits. hot dipped or mechanically applied

coatings. metal spraying or other finishes.

2*PHA



Chromate finishew are the first line of defense

against comisive altack on the plated coatine

and these thin filinv do an out,tanding job of

enhancing the total prutective value of the

metal colitine. The chromate coatings serve

lo improve appearance 01'the plated c(mling,1.

relard staining and delay funnition of while

corro•;ion prnductx which might interfere with

jfunctioning of a component. Once the

chrumute film is ruptured or breached. the

protective value of the plated coating iN

employed. The [hinner chromale liniwhex are

specified when vilderability und gicid

electrical characterktich of cadmium conted

electi·onic cquipmelit muM he 117.Iintailied.

11,0e fieatinent, i,ie.li i Kpecilietl Ikr ,crvice

in whicli maintenance of appearance und long

chelf life me the hole Con.Weration. a. with

thow,and. of varietieN i,1 hardware pall, lind

wire go(*i,4.

Table 1 - Suggested Standards for Quality Zinc Coatings
on Iron and Steel Products

Minimum Salt Spray
Degree of Exposure Thickne55 Chromate Finish Hours to Typical Applications

Microns White

(1 ) Corrosion
(3)

MILD Expobure· 10 Ilidloof None

dlnlolhores witli rare (-k'.ir 12-24 Screws, nuts & bolts,
(entlenbation hi *MMI 5 Iridesce:i[ Yellow 72-96 wire goods, lastener5

to minimum wear or Black 72-96

cib TA M, Olive Drali 150-300

MODERATE Exposure mostly None

to dry indoor almoiphers, Clear 12-24 Tools, zipper pulls,
but subjected to occasional 8 Irid€5Cent Yellow 72-96 shelves, machine parts

condensation, wear or abrasion Black 72-96

Olive Drab 150-300

SEVERE-i xi,ini,re· 1,1 None Tubular furniture, insect

condensatioN, perjpirratioi, Clear 12-24 5(reen j.window filtingb,
1:ilrequenlwetting by rain, 1 1 Iridescent Yellow 72-96 builden' lurdware, wajhing

5 I·filic n Bidlk 72-96 indclilir par-11, bicycle parts
Olive Dr.i[) 150-300

VERY SEVERE (2)

Expojure to bold atmospheric Plumbing fixtures,
conditions & subjecl lo frequent 25 None pole line hardware
exposure to moisti,re, cleaners

& saline wolutions plus likely
damage by denting, 5Cratching

or abrasive wear

25.4 Microns = 1.0 Mil.

(1) Thickiness of  I e coating after dironiate treatnien[
(2) Although Iliere c,xist some applications for heavy electro-deposited coalingh lor very severe

service tliey „re riost wiually satigied by hot dipped or sprayed coatings.
(3) ASTMB-201 Vircifieb theprotection affordedbythedilferent chrom.ileconversion coatitigs

lo the first sign ol white ball corrobion ol /inc.

Table 11 - Suggested Standards for Quality Cadmium Coatings
on Iron and Steel Products

Minimum Salt Spray

Degree of Exposure Thickness Chromate FInish Hours to Typical Applications
Microns Cadmium

(1) Corrosion

MILD Expowire lo indoor No, w

almobpliereb with rare Cled/ 12-24 Spnngs, lock washers,
conrionglion & whlecto(I 5 Iridekent Yellow 96-120 lasteners, tools,electronic &

tornirliriltil,1 Wed, 01 Olive Drdli 150-250 electronical parts
ibrds,oli

MODERATE - Expo5ure moly None

to dry iridoor atmospheres, Clear 12-24 TV & radio chassis,threaded

but sublecteel lo occasional 8 Iridescent Yellow 96-120 parts, screws, boltb, radio
condensalion, wur or abrasion Olive Drab 150-250 parl3, instruments

SEVERE Exposure la Nolie - Wasli,ng machine parti,
condenlion, penpiration, Clear 12-24 military hardware,
infrequi·lilwolling by rain, 13 Indes(ent Yellow 96-120 electronic parts for

cleaners (Olive Dral] 1 50 2%0 tropical service

VERY SEVERE (2)
Exposure to bold atmospheric None

5Conditions & subject to frequerit Clear

exposure to moisture, cleaners 25 Tridescent Yellow
E %aline solutions plus likely Olive Drab

damage by denting, scratching
or abrasive wear

25.4 Microns = 1.0 Mil.

(1) iliici<ire ol Ilw coati,ic) aller chroniate IT·ealment

1245
5555555

.......
.......

.......W.:
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12-24

96-120

!50-250
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Table 111 - Suggested Standards for Quality Zinc Alloys
Hrs to

t/Chromate ·=.White Corrosion U

Zinc-Cobalt (0.5%)

Zin€-Cobalt (0.5%)

Zinc-Nickel (80/0)

Zinc-Nickel (12%)

Zinc-Iron (0.50/0)

Table IV - Published Specifications for Zinc Coatings on Steel

 Sponsor -peciflcatlon 4 Class or Type Mlmimum Thickr

<666 (mkrons)

ASTM B-633 Fe/Zn - 25 Very Severe 25.4

Fe/Zii - 12 Severe 12.7

Fe/Zn - 8 Moderate 8

Fe/Zn - 5 Mild

Federal (1) QQ-Z-325a

FF-B-561a

FF-H-106a Locks, door trim

FF-H-Illa Shelf & misc hardware

FF-H-116c Hinges

WW-T-806b Electrical metal tubing

WW-P-541b Plumbing lixturrs

Military MIL-F-14072 Ground Signal Equipment-

Ground Signal Equipmenl-11
/9/./.b

25.4 Microns= 1.0 Mil.

(1) In rocent years, ilie Federal specilicationshave delerred lo the ASTM ipecilication, for 7,ric.
• ASIM B 840 is ihe garidard .pecification lor electrodeposiled -0.,tiri,15 10, i:,ic cob.ill alloy depo.its

•ASTMB 841 is the Mandard ipirilic,ilion lor electrodepo,iteil cor,ling, lor zint inikel illoy deliositi
• ASTM B 842 :5 the,tandard vc,lic,ilinn lor electrodepoilted roal,ng, tur,inc iron,illoy depm,li

...........

...............

:22242.·

 1,9,1

Zinc

Hrs to 1

Yellow 100 300

Yellow 250 500

Black 200 500

Yellow 400 1000+

Yellow 1000 1500+

81ack 300 800+

less N

1 25.4

2 12.7

3 5.08

Lag boils 5.08

12.7

12.7

12.7

20.3

27.4

12.5

12.5 1

Tlic thickne.4 vandard: 3ugge,led by MFSA in

lable. 1 =111 include graile uitable foi ull u.e+.

In Table, IV anti V Minic cif the specilication. for

/.inc und cadmium coating. publixhed by other

urganizatium are listed. Yellow Chronutte N u

lieun·alent type.

(b) Protective Value - A% indicated

e,Irlier. yrcifying a mini,num thic·kne,% of a Anc,

Anc alloy. oreadmium depoivt l, the bev way [o

guarantee protective valite 01 high quality. Sonic

buy·erh require additional pe]·frn·mance iii the

V,ilid,lid alt Ap,·ay le·,1 ,th mnitheracceptance

requircment. A.huming equivillent thic·kneie.

cadmium will typically oulperfurin Anc coatingh

in alt hplay teting. In :lell[,1 expobill·e te».

cadmium deposith {)11 Steel ugally· 3how a

40Iperioril> over /lic in ni.trinc attili,Vihere

Currel,iling perfurniance iii a hall spray chamber

to actual perfurmance in the field iA difficult.

A dillerent te.t that N hecoming increaingly

popul.ar in the :Ii[Iumotive indutrv  a cyclic te.1.

In thib te.[, the component part. Tirc ubjected to

a cycle iii salt fog .ind humidity dictated by the

fi)·cifiel. Some· desiene,·1 fue] that thiN teht offen

a more ·'real Harld-- me:ining to tile te·Kth.

(c) Adhesion - rhe conline inliN[ relliaili

adherent to the babiA metal when subjected to

I,endilly. cutting. 01·grinding. There k noaccepted

4.ind.ard 01 ailhe4ion and ther [elb e·,in only be

considered qualitittive. 1,1 high quality plating the

ad|le.ion of the inetallic coatitiy. 10 30 11OOd that

iii:inv Jewrictive le·,1 the bond between the b,-4

inetal doev no[ fail ut the interfuce. Aillieion

leMing of plated] coating; i4 4pecilied iii ASTM

13-571.

5MOMMM22• •'•••
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Table V - Published Specifications for Cadmium Coatings on 5teel

(d) Appearance -- Appearance cannot
be readily specified becaume it involves factors

which ai·e not easily as.esed such as

brightness, roughness. uniformity of color.

mid freedom from blisten. pit und other

surface defects. 11 is suggested that hampleh

be prepared w:hicli are acceptable ic, bc,th the

platerd the pinch.MseraN st.ilid.uds (,f qiiality

in appearance. For chromated finibhe< the

general appearance ii autoniatically: pecified

when the type of finish is elected. However.

i f the requirement of color is critical. uw of

standard sainples for comparion i! huggested.

Sponlor Specification Clafs or Type Mimimum Thickness

(microns) 

ASTM 8-766 25 254

12 12.7

8 8

5

Federal (1) QQ-P-4168 1 12.7

2 7.6

3 5.1

FF-B-561a Lag bolts 5.1

FF-H-106a Locks, door trirn 3.8

(e) Hydrogen Embrittlement -
All high strength wee! parts w·ith hardness

treater than Rockwell 235 are blisceptible m

embrittlement caubed by abvorption of

hydrogen during the proces.ing of the tee] or

in pickling. cleaning. or eleetruplating

operationk. Cathodic cleaning should be

avoided if possible in Favor of unedic cleamine

and uctivating. To avoid possible failure of

such c0111ponenb on the shell (,I in service

due lo delayed cracking. it should be noted

that they xhall he heated within 1-2 hours

after plating for 3-4 hour.; al ]91-205°C

(375 - 400°F) or ;i, described in ASTM 8242.

FF-Il-lila

FF-H-116c

Military MIll-F-14072

25.4 Microns = 1.0 Mil.

Shelf & misc. hardware 3.8

Hinges 12.7

I 12.7

11 7.6

If immunity from hydrogen embrittlement iN

a pixi:mount Iequiwmem. DIiting higli ticngth

%[cel pails by mechanical plating 0hoilld he

conside,·ed because n <) hydroge n i3 int,«li,ce d

into the veel during the pkiling proceNs itrll.

It >hould be noted that the ue of [hk proce,x

Itir the pul·poxe of controlling hydrogen

embrittlement to a minimum niuM Irctigni,e

the »Nible embrittling effeds ol any
machining. cleaming. ami pre[reatment

pl»CedUNN. Ple.Be hee the seclifin (in

Mechanical Plating and (ialf:ini,ing fuund iii

thN guide.

X\

1

Blue bright and yellow chromates enhance zinc plating.

....



4.

Testing
the finish

(a) X-Ray Thickness Method - Iii thi method. x-rays produced hy an x-ray tube are

fuellhed tin the area lo be lested ind the railiation emitted from that surface k measured. The mdiation

Ineasured ih Mxondary emissions from the interaction of the x-rays with the coating and substrate.

This method ix dexcribed in ASTM 8568. The emihibion™ meaqured are 4')ecifie fur each metal.
Among the characteri.liex cil' thi method tire:

• Ni) 11]iyical contact With tlic measured burface is required. thereby protecting that surface.

• Extreinely *mall uretix may he meaxured.

Since the emimic,114 are Mpecitie for each metal. alloy compositions may be determined.
I lowever. /.ine alley, that contain Ninall almounth of alloying elementh (Much as zinc-cobalt und
/inc-ircm) muy be difficult to ined.Nure fur alloy content.

(b) Microscopic Method - The part under test i. cut on a plane perpendicular to a significant
Aurlace und K mounted fur melallographic examin:tion. The clush-hection i, polished and etched

Iii Contrabt the plated coating with the basis metal. The thickile iN then measured optically with a

microseope :11 a magnification great elicitigh to permit meaNurcments of thicknes< with an accuracy

of plug or minu {ine micron. or one percent of the coating thickliess. whichever ih crealer. The

method N obviouily deMructive. Bee'aur (il-the kill irquired by the operatorand the time involved.

it ix not anfinarily Lid 12),· production testing. Where there is di, igreement in thickne.s measured

by other method*. the mici·,scopic i genenally accepted a* the refuree test. This method ix deccribed
in ASTM 8487.

Thickness

There is no practical method of measuring
the thickness of chi·omate conversion

coating>. although electrical impedunce
ineasureinents are uselul in chai·acterizing

the coatings. The appearance of such
finishes itself ix an index of relative

thickness because the olive d .11) films are

known to be thicker than the clear finishes.

while the irride.Keent yellow films are of
an intermediate thicknexs. For the metal

coatings there are several methods to test
fur thicknesH. some being destructive of

the part tested.

4 jg

Microscopic thickness examlnation

(c) Coulometric Methods - 1 nw umenb .1, c av .xifuble u hic h ®tennine the thickness c,I' zinc

und cadmium coatinil.4 (in steel aulomatically by recording the number of ampere minute# or coulombf

requiird for 11 cont, ( lied unu dic cuirent to dihsolve tlie coating 138,11 a vnall. well defined area on the

burltice. Allhough the test de, triys the coating. it ix mpid und Nimple. Thi4 method i, dehelibed in ASTM
B5()4.

(d) Magnetic Methods - Since /inc, cadmium und moxt zinc alloys al'e non-magnetic, while

iron and steel are magnetic. it iA poNsible to determine the ihickne.Ns of thexe coatings by commerrially

available instiument which employ the magnetic field principle. Thif method ix dekribed in ASTM

13499. It xhotild be noinl that the high nickel ( 12- 154·) alloy iN not momilliendid 12>1 teht by magnetic

ineanx.

Inhtrumem :liu available that measure the 1-o,re necessary to detach a small magnet from the virt-ace

of the linidledpart.Other in.tlilments utilize the relucumcc ol- magnetic Ilux paxhing thmiugh [hecoating

und babh inetal in measure the thickiles. Both types nl- inslumentx air calibrated agair. 1 blmidards ol'

known thic·kneh.. Wie test4 air non-ilati active and i:apid.



(e) Destructive Methods
- Dropping lind jet tests delruy the

coating, but not the part. They deternline

thickness by measuring the time required

for penetration through the coating to the

basis meml Ip the Etion o f n Nle.idy steani

o f drops or a jet o f a corrosive solution.

Reproducibility of plus or minus 5% may

be achieved. The olution is chosen so as

to provide i constant rate of attack on the

coating. ASTM 8555 specific. the uses 01

a elromic acid/sulfuric acid solution for

drop testing zinc and eadmioin coatings on

steel substrates.

(f) Weight Loss on Stripping

- A test commonly tised to determine

average thickness ol zinc or cadmium

deposits over the entire surface of a parl

depends upon measuring the loss ci!' weight

of the part after subjecting the coating to

chemical stripping. From the area of the

surface and density of the deposit. thickness

can be calculated. The method is

destructive. not rapid and does not

determine local thickness. [t does find Lise

in determining the thickness of sm.[l. barrel

plated parb..

Vt? 1

Steel parts are tested by simulating corrosive environments.

Protective Value

(a) CCCT (Compound Cyclic
Corrosion Test)

C I) This tcht is comprised of a series of tests.

usually consisting of neutral salt fog/Npray,

hot air blowing on parts. ind high humidity.

(2) The pecifier can specify exactly which cycle

LS most meaningful. Some use .in 8-hour cycle

comprised of 4 houn salt fog. then 2 hours

hot air blowing on the parts. then 2 hours

high humidity. The cycle is repeated again

and again until white corna ion and then red

corrosion (failure) is observed und recoi·ded.

(3) Some specifiei·s use a cycle that takes 24

hours to complete. For them that cycle is

most meaningl-ii!. M<>st w:udd agree thal it

appears to be more of a ··real world" approach

to corrosion tehting. bince the ASTM Bll7

test only uses halt fog. In the real world. parti

are exposed to varying degree, of halt

corrosion. dry hot air, or high humidity.

(4) The specification will typically detail how

many "cycle,- the tested parts must coniplete

to pass.

(b) Salt Spray Test

The salt sp]·ay test has been used to assess the

protective value or zinc and eadmium coatings.

1 lowever. the re,ults do nol en{Telate with tiny

given service expoxure. At best the teN[ is only

able to distinguish very poor frnm very good

coatings by picking out b:irc areas or other areas

wriere the cc>.ili,iy iN very thiii. Altlic,ugh ASTM

does riot recommend the Nalt spray tat for

detennining the protective vallie of zinc or

cadmium coatings. the procedure is described

in ASTM Bill. Mt}ht purchawer>. dn use the salt

sprny test to aNNess the quality of chrnmate

tmatments on zinc. zinc alloy and cadmium by

specifying the number of hourh to appearance

of white corrosion productx on a significant

surface. ASTM 13201. "Standaird Practice for

Texting Chromule Coatings on Zinc und

Cadmi u Iii Surfaces," is applicable and suggested

per ormance i K indicated in Table. I. 11. und Ill.

(c) Lead Acetate Spot Test

rie presence of clear chromate finishes is often

hard to detect visually. On zinc or cadmium

coatings such jilms can he detected by spot testing

with a drop of solution containing 5% lead acetate

in water. The time elamed lo the appearance of

a colored spot is compared with the time required

ftir a spot to appear on an unchikiniated coatiiig.

There is no valid correlation with the salt spray

test.



Suggested
Bath

Formulations

Advantages: 1. ZINC COBALT (ALKALINE) 0.5% in deposit

Relatively even distribution of thickness.

Deposit is alloy-rich in low current density areas.

Easier to maintain than acid cobalt baths.

Deposits can be blackened with a non-silver based
chromate.

Deposits are more ductile than from acid cobalt baths.

Disadvantages:

Deposits not as bdlliant as those from acid cobalt baths.

Does not deposit well on cast iron or heat-treated steels.

Zinc Oude low Lead)

Sodium Hydruxide (Ruyon Grnde)

Ctihalt (uvially aulded as a proprietary)

C),Manic Additiw{

Te Illi)el'.illire

Calhode Clirreill ])ell.Ity

A nodi·.

1 0 15 01·.jins/[.[te!· 2 1 .3 - 2.007/gol)

120-]35 Granh/Liter'(16-18 oz/gal)

5&1(X)ppm

Per upplierrecommendaticin

20 - 40'r (68 - 10·t>H

0.5 - 5.0 Ampel)iii

Steel (with the 04: t)| ageller.ltiOn tank off-line)

Advantages: 2. ZINC COBALT (ACID) 0.5% in deposit 
Accepts chromate conversion coatings.

Faster plating rate than alkaline bath;
economy of production piating,

Easy to maintain.

Excellent Kesternich test results.

Disadvantages:

Alloy difficult to control in deposit.
(Variables such as temperature, agitation, metal
concentration, will affect the alloy composition
of the deposit.)

Deposit may experience more brittleness than
alkaline technology.

Edge buildup (dog boring) will be evident in
the deposit.

14,[assitini  *irmulation

Zine Cwc):,dc 6*)-9(1(ir.,11141.iler 08 130//gal)

Potauum Chlcuide I 50 - 200 Gramel.iter (20 - 26.7 07/gal]

Ainnionium Chku ide

Ci,ball (uu,tlh added :14 1, proprietmy)

Boric Acid 30 - 3(} Graind[-ito· (2.7 -4.007/yal)

5-6

I emperature 20 -4(1'(68 1()41'F)

Cathode Currelia llendti 1.0-40 Ampu[)ml (10 - 44) Amp,WFf)

Antide· Zinc

Mixed Bath Formulation

55 - (KHGram·/Liter (7.3-1207/gal)

70 - 150 Giumb/[.iter (9.3 - 20 074.al)

45 - 7() Gramb/Liter(6.0 - 9.3 oz/gal)

20- 100 ppm

20 - 3() Granidliter (2.7 - 4.O oz/gal)

5-6

20 -4()'f (68 - 104"1·1

1.0 -4.0 Ampz/Dm'{ 10 - 40 Anips/FF)

Zinc

Advantages: 3. ALKALINE ZINC-IRON PLATING 0.5% in deposit #Il

Cost- Price to plate this alloy will be closer to
conventional zinc plating than other alloys.

Accepts a chromate conversion coating.
Zinc (Metall

Thpickil [tath Coneentrati,in

10 - 25 Gram·./Liter (1.3 -3.3 07/gal)

Can blacken with a non-silver based chromate.

Disadvantages:

Temperature resistance of chromated deposit Es
poor without a topcoat.

Excess iron may lead to delayed blistering.

Iron luiually' added :14 :i p i.prietaiy )

Cauhtic hoda

Tell li,el·lill're

Cathode Current Den.itv

Ant,de.

50 - 350 ppm

[20 - I 5<) G,am,/Lite,·(16 20 0/./gui )

1 8 3{)"C (70 - 9(74)

0.5 - 5.(}AmpeDm- (5 - 50 Ampb/Ftz)

Sted (ullhthe i,%colagalvame
yeneution kink off-line)

16

.....
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4. ACID ZINC-NICKEL PLATING BATH (5 - 7% in deposit)
Rack Barrel

Zinc Chloride 75(hani,/1.ner (luo//gui) 70 (}raniN/Liter {9 20//gal H

Nickel Chloride 100 Grair)41.iter(I3.30//gaI) 10(1 Grains/1.iter ( 13.3 0//gal)

Ammonium Chloride 230 Gi.i,W[.ile,·(30.7 4//gah 23(1(hant./[.ic,· (30.7 w/,Lil)

Advantages:

Plating speed is faster than alkaline formulations,
allowing barrel plating at faster deposition speeds.
Best formulation for reel-to-reel strip Mating.

Accepts chromate conversion coatings.

PH

Proprietar¥ Additive.

Temper.1 ture

Cathode Cur ·ent Densitm

Anode,

52 -5.5 5.2 - 5.5

Per Nupplic,·recommendation R rgrain refine,nelil

45 55 'C(Ill- 131)'M 45 -55'('(Il.9-I 30 11

0.1 4.() Amp4/[)in'( 14() 4/11') 0.05 - 3.0 Anip/111' i 1 M A/11 3

Pure Zinc

Nickel (uual], added a< .1 111·,priet:ir¥ 1

Disadvantages:
Will experience edge build-up (dog bone).

Deposit is typically more brittle than alkaline
deposits.

May be more difficult to chromate than alkaline
deposits.

Dual Rectification.

5. ALKALINE ZINC-NICKEL (5 - 9% Nickel) Advantages of the 5 - 9% Alloy:

Zinc

Nickel

Cuii.tic Sod:k (Rawn Grade)

Propriel.,1 y Additi ch

lemperuture

Cathode Current Den.il>

Anode· Curi ·ent Denilv

Anodeh

6.0 - I 2.O Or.imeL,le[ d).8 - I.6 n///.all

1.3-1.)4(ir.unt].ner(!.300 1.80(,ppinl

1120- !40.06 wize[Jiei (15- !901/gal)

Per xupplier  recommendation

23- 26"C'(73 -80>F·)

1 0 10.(NAmph/[)[In (1() 1(113Anip&/11 )

50-9.0 Arinp./[)ni (H) 11)(}Ai»/I O

Nickel ornickel plated fleel I with Li.e
oragalvanic generation tank (>11-line)

Excellent resistance to temperature during service
life.

Excellent corrosion resistance to either salt spray
testing or cyclic testing,

Ease of operation.

Accepts a vanety of chromate conversion coatings.

Deposit is ductile enough to allow post-plate
bending.

Disadvantages of the 5 - 9% Alloy:
Poor resistance lo Kesternich Testing (wet sulfur
dioxide).

Barrel has slower plating speed than acid
formulation.

6. ALKALINE ZINC-NICKEL (12 - 15% NICKEL) 6' Advantages of the 12 - 15% Alloy:
Zinc

Nickel

C.ti,vic Soda (Rayon Grudel

Proprietan Add[Ii\:9

Temperature

Catinde Current De,Niv

Anode Clin:11[ Denvitv

Anode,

6.0 12 Gr,wi/1.iIci ( 0,>1 - 1,6 04,1

1..3 -18 GramV].iIci (1.100 - 1.800 ppm)

Ill- 140 Granel.,ter {15 IV odgui)

Pe, SupplicA Recon :Tnelld.Mion

26 41('(79 -*61·}

2-5 Ampel)m' (2(1-51)Amp,/11 )

3- 7 Amp/Dii€ 110 70 An,14/11 1

Nickel or nickel plated *el nuth IN
of a galvanic· gene,·alit,n t.ink i,Il-line)

High corrosion protection of the Zn-Ni alloys.

Harder deposit than other zinc alloys (360 - 410
Vickers).

Accepts a variety of chromates, including a non-
silver black.

Does not dog bone or build up on edges of work,

Has highest in-service heal resistance of ZnNi alloys.

Nickel alloy uniform at all times.

Disadvantages of the 12 - 15% Alloy:
Efficiency of bath may be lower than the
5-996 ZnNI bath.

Longer plating time to reach desired thickness.

Higher nickel means slightly more briltle deposit.

Higher cort to plate than 5 - 9% ZnNI bath.

Usage:

Currently pecified in Europe & South America.

Expect to see specrications develop iii the United
States as requirements tor better heat resistant
coating evolve.

.......

..........
..............

...

.......

2222%622:

Freshly plated closures are emptied from a finishing barrel.



Advantages:

Soft, lubricious deposit (13 -17 Vickers). I.

Best Kesternich Test results of all alloy plating. 
Readily accepts a chromate conversion coating.
True sacrificial protection of steel parts. ,/

0. TIN-ZINC ALLOY 70-75% in deposit ,...........,...
Acid Bath fimilar in l'orimulation to bright acid lin plating bathq. Tin & zinc do not co-

ilep<i[ al the lower pl I range. Zinc eun he expected to depobit in a very low

percentage. Protection is coiNdered toi be fium barrier rather than Nacrificial
re,ivins.

Solderable.

Good conductivity, used for grounding bolts. 
Easy bath to operate.

No whiskering. Dendritic crystal growth in 601days.

No "tin pest" observed in low temperature .surroundings.

Alkaline Non-Cyanide Bath

1 i n

7.illc

Cal,Nlic P thivh

Anode;

45 Ch.inWL,ler [6 0//gill)

AGrand.iIi·r (0.Ho//gal)

7.5 GrarrWI.,ter ( 1.0 oz/gull

7.59 Tin. 2.59 Zinc (Inii.t be filmed beloreeach

i,lating +eion) OR Stainle,4 Steel Anojej

Thickness & alloy may be tested with an X-ray 1
thickness tester.

Deposit may be bent, formed, squashed withou
losing appreciable corrosion protection. 0

Disadvantages:

Deposit not suited for high temperature service.

Suggested piated thickness 10 microns (0.0004
inch).

Higher cost than the otherzinc alloys.

Neutral pH Bath

I.111

7mc

Chgonic Addittie

Oper,ding
Te Ill Pe r :illi r e 60-71°C (140-160°F)

I ligh temlierature holli. priduce. good dep,4,54 that will accept a chrom,itc

conierdon Coati,ly.

Rack Barrel

-20 (;rd,1Ih/Liter (2.7 u//yul] 20 Grum•/Liter (2 60£/gul)

8Gram._ile, C 1.1 i/yal) 15 Gi·,1,1,0 1. er (2.00//gal)

IN·, wpplier recommendation

1111 6.0 - 7.0 6.()- 7.()

(tahode
Curlent [kinvir I.5 -2.(}Amp/1)in2(15 - 2(}A/Ftz) 0.5 - 1.() Amph/Dma (5 - 10 A/RA)

Anixle

Current 11:nity 0.6 1.1 Amps/l}m2(5 - 10 4/FA 0.6- 1.1 Amps/Din'(5-IDA/FF)

R' Hiper.1 Ill le 21-27°C (70-10°F) 21 -27°0(70-801:)

Ant,ile· 7591 Tin. 25(* Zinc 759; Tin. 259 Zi,c

18%
»»
....

»»



Colversion
Coatings,
Passivates

Even thnugh zine and cadmium are encelle,il

191 letarders. the hurface 01'bleel cciated uith

thee metak does mit reinain bright and V.,in-

free in >ervice. To avoid waining mid delat

tlie furination of while Cal-1-(1ion produa

dirring 01<rage or in erviee inikitin. pi:,clicall>
all Anc. iinc alloy and eadmium eciated *el

nufuctuled today i# given a thi,1 pr,ileel<Ve

film using one of the :i\·ailable chroinate

cninerbion coating prtice.xek. There are tuu[

clasheb of chroniate fillih in general use on

cadmium and zinc coatings: clivir (ingle dip
or leached). iridescent yellow. Nack. und Lilive

dral. The thicknesb of the fini41 inciases in

the ime order. the idive drab being relatively

thieker than the otherb.

Lip'

€77

f

4444

Cliromate conversion coatings

The zinc alloy deposits each have their own types of chromates as follows:

Iridescent Yellow Black Bronze Blue or Clear

Zinc-Nickel x

(5 - 9% Nickel)

X X

Zinc-Nickel

(12 - 15°0 Nickel)

X X X

Zinc-Iron

(0.4 - 0.80/0 Iron)

X X X

Zinc-cobalt x

(0.4 - 0.6°/0 Cobalt)

X X

Tin-Zinc x

(70 - 75°'0 Tin)



The class of conversion coating selected depends

upon the kind of service condition to be met and

the properties desired in the finish.

(a) Corrosion Protection -The 1
protective value of a chi·omate finish increases{@
with increasing thickness. In a salt spray test ."

such as ASTM B-117. bare electrodeposited

zinc will show white corrosion products in less<
than one hour. The same parts. given an olive P

drab finishing can withstand more than [5()

hours exposure before showing white cori·(}sion

products. Zinc alloys may go much higher thani

that before showing any white products. The

protection afforded is particularly valuable in

retarding white corrosion under highly humid
storage conditions in stagnant air. When used

as a base for paint or other organic coatings. the

chromate coating is extremely beneficial because

it forms a barrier to lateral corrosion und

undercutting of the topcoat. Applications iiiclude

auto components. washiny machines. refrigerator

parts, military hardware. and equipment intended

for tropical service.

Trivalent chromium processes for developing a

chromium containing film on zinc lind eadmium

are available. although they are typically limited
t(} b [ue to slightly i[·idesce [it chroinate x. The illiii

produced is used similarly as a base for organic

liinishes and give4 improved con·oion resistance

to the final product when used in thih fushion,

The corrosion protection afforded by the filni

alone 1% generally not equivalent to that which

ih provided frum a hexavalent Chrumate prncesE.
The exception to that k the high build clearh hui

the color will be clear tu hlightly iridebcent.

(b) Decorative Value - The use nf

chivinate finishes permi[K a wide choice of

sur!.,Le .kppe.2I .ance.. The chrnine-like brilli,Kiica

of bright /inc or eadmium can he preerved fur

extended periods 01-[ime indoors by application

of a clear (ir ble.ched chromate linih. Funher

protection can be provided by a clear lacquer

coating. Tubulai jumituiv and business machine

:ire typical example..

The thicker linmlie< offer a variety ol- color

ranging frnin yellow thi·ough irideve'ent yellow

to brnive. black. and olive drab. Furlher choice

of colurb is ptixsible· thrnugh application 01

11·ganic clyes. Some 01'thehe are niadily ati, 'rhed

by the chroniate finishe.b to give irdN. blue..

and girenh and blackw which are villiciently

color-1-N fur indoor service. The primary

pul·pase for use 01-Iyev ij cokircoding  6 Nimilar

i,;irt..

The chromate linihheh ure also 11<ed to reduce

tarnishing ind finger-marking and thus imprive

the· shell' life of hardwair and appliance partq.

(c) Electrical Properties - The
electrical resistance of the chromate linisheN

varieN with the film thicknexs: ie., the thinnei

Ihe film. the lower there*istance. AIthough the
electrical ,·Nstance <11'chiomate convervion

coatings can be ine:-red. the refults are

inxignificant emiligh in many case4 that

chromates cim he colihideirail to he conductorh.

In many appliciationx their prolective vallie can

be „tili/ed without losing the advanlage of low·

contact rchihi:knce and g<xx] hurlik·e Cliliduclivity

01-eadmium plated #teel. Many electronic.

electrical and uircralt compinent4 are trrated

this wuy

(d) Solderability - Soldering with roxin

[luxes ih posxible on tin-zinc plated surfaces with

yellow iridescent chiumate finishes, or cadmium

plated hurfacex treated with clear chromate

linishew. However. clear bright coatings on zinc

depobith and colored linishes on both zinc and

codmium usually. but not always. muht he removed

in the area of the foldering loint. Applicationx of

clear chromate finishes on plated parth for

Noldering are typified by electmnic equipment.
busine>,% machine.. and telecommunications

equipment.

(e) Abrasion Resistance - Most

chromale conveNon coatings form a lelatively

liairl film which ean withxtand a moderate amount

01' wearand handling. The coating does retain

entrapped water (appniximately 20% by weight).

which enable tile coating [ci ··sel['heal ' or Ilow

buck int,1 U Meratched arcal. Trivalent pabsivates

do not exhibit this ··golf healing trait No a topcoat

ih t,Slially requirect to add abra. ion wsihtance. It

E pc»,sible to fold funn chroinated burfaces with

,month dies without uppreciably damaging the
finish.

(f) Thermal Resistance - Chi{)mated

/inc-nickel alloys stand out us the best Micrificial

depohiIN for withdanding heat and high
temperature Mervice. This chanlcteristic i, very

impoi·lant iii the nutomobile induNtry where parts

rk,utinely encounter high under the hood

temperatures.

20 1888888*...OX



Hexavalent Chrome-Free Passivation

Table (1) - Current Automotive Standards as of Aug 2001

(Subject to change)

8-9 mu zinc plating with hex-chrome free passivation and Killer (optional)

NSS test requirements per ASTM B-117

Auto Maker Hrs - White Hrs - Red Heat Treatment Conditions

Corrosion Corrosion Required

CM

3044 May be spe(died

Cear/Blue/Black 120 240 150 C/1 hr

Yellow-Ind 120 360 150 C/1 hr

Ford

WSS -M12P1781/83

Clear/Silver white 96 384 No

Clear/Silver white 72 360 Yes 120'C/4 hrs

Daimler Chryiler
PS 1207 - R May be specified

Iridescent - Rack 200

tridescent - Barrel 160

Indescent - Rack 120

No sealer

tridescent - Barrel 100

No sealer

Fig (1) Passivation Film Thickness

1 /
Cross section

40.000 X

Cr(6) Cr(3) (I.(3)

Yellow Thick Layer l'hin Layer

i,4

t

(a) New requirements

Rrent El.V di,rative numilate that 85% hy weight

01-di3ca,·ded whic-les must be recycled. while

irtricting handling „fic,xic or ha/ardo,14 marci·ial+

in discarded Componenth. One Nuch material i,

leacliable hextivalent chrome, used extensively in

pasvation 01'/inc :111 Anc alloy piating. Being

a coreinoten. it is ki be eliminated lium these

cwtingh. Iniplementatitin deadline iN eununtly et

for 2(107. Curirm automolive illdl,Stry liew

i·equirements and pecificationk for paivation

free 1,1- lieravalent chrnine M hown in 'I'able (I)

(b) Film properties

Subitimte passivation procewei based (111 triuilent

chrome are curlently conilnercially inailable.

C]13)-ti,ed Compoundk ittr envit·,Iimentally· safer.

imil .ire used evenxively· in many indllhtrich Much

a waxid preNervative. paint and in dyeh

n.mulacturing. Depending on operating conditions

iii'iliese new vilution#, thin. light blue layein. 01

Ihick ligh[ green iridecent conve,·bion cciating

cam be obtained. The latter rel,Ince coin·entional

yellow h·idecent 0,16)-baxed pasivation und han

un equal ave,·age I.iyel·thickne 1,1'3(*) - 350 nm.

1 ig ( I ). By compar-11, the thin kiyen i·.inge It·om

5() 1(1 8(} Il,li alld  ille'i· IC,we, c(in,AN)ll ri'Ki t,knce

l'or light diity applicaticit™.

1 Inlike Cr(6) passivation. CrO) conver%ion coating

holutinil, Can be operated m a range ot

Concentration, lind lemperallirK. Table 12). on the

Ii,11(iwing page. comparch typical operating

panuneter; 01' t hek v ilut ion 13 and the C )!irhpliniling

paNvation filin prnduced on Anc plate.



Table (2)

EDarameters Cr(6) Yellow Cr(3) Thin Layer Cr(3) Thick Layer
Passivation Passivation Passivation

(c) Corrosion resistance- The
corrosion rexistance of thexe new coatine* 1%

genernlly equal or better than that obtained with

conventional chroniateJ, although they have a

reduced elfrhealiny properly Fig (2). Upon

cevere mechanical damage cir.Ncratching 01'the

film. there are no .00]uble Ci·(6) compoundi

cap,hleof di™olution in the hum,unding

moistuir to fill or mend the heratched :,1-eu. thus

leailing li, reducul corn,Nion protection. Altliough

Crl -3) thick lityer 111.hivation lilms air h.ardel

and more .cratch rehi.[ant. cmc mi.1 he exen·Ned

when barrel plating component) with qi.irp

edges. 11 i.% rec,Ininiended that Ilie pa.sikatic)11

rep be carriedoilt in basketcnrunde, conti·olled

h.indling conditionv. Seaker# und [ p cout. al·e

used In enhance le«tance [o mech:inical

d,1 1111*ge.

E Make up

PH

Temperature

Time

Agitation

Activation

Film color

Film thickness,

0.5 - 1.5%

0.5 - 1.5

20 - 25 C

30 - 45 Sec

Mechanical or air

Dil. acid

Yellow iridescen t

nm 300 - 350

2 - 8% v/v

1.8 2.4

20 -25 C

30 - 60 Sec

Mechanical or dir

Dil. nitric or fulfuric

Blue bright iridescent

60-80

10-13%v/v

1.6 - 2.2

55 - 56 C

30 - 60 Sec

Mechanical or air

Dil. nitric or fulfuric acid

Light green hue

100-200

Fielil :ilii,lication Ohow Ih:It ('r( 3) paNvation

N equall\ ellectife (,11 /ilic :illovs. Fity (3) how.

re$ i it ance t< 3 |11 ht u l lite L·£)E I (Yf lul) 111 N SS [20I i,ly

101· \ ariou4 allon to thet·nial treatment.

Fig (2.)- NSS Comparison
Cr(6) vs. Cr(3) Passivation on Zinc

H rs to

NSS 10®WC 596 WC L First WC

500
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400 -
350

300

250 - -

200 - -
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100

50 L_-- - -

0
Barrel I Rack Barrel I Rack Barrel I Rack

Cr(3) Blue Cr(6) Yellow Cr(3)Thick Layer



Fig (3.)

500

450

400

350
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(d) Thermal resistance

An mition.mt .advint.we· 01'0113 ) ha.ed p.1.hivation

ix ib re.i#[unce to high temperature. E,poure ki

3*) C for up 10 8 Iii·, reilliceh i14 Corro,ion

w«[.Ince onlv mal·yinally. Ih £(mil·N. Cr {6)-

1 X··pe paN hi\:1 lion IC x iT 4 1 11[ ) 41 0 1- ilh corn ); ion

re,1,1,ince il'c\1%>*ed 10 60- 65 (' flir .Niurt time.

Fig {4)

Man¥ lie\\ atilt,intitive.pecilication. require

lieating paith uith Ci((U-lice lin..ivation to 120'C

14, 1 5(r'C lor I hr and up ti, 2-1 111·. pri ,· 161 ASS
te.tine Coinini·icialk Mailtilil.Cr(3)haed

MiN.ilion ince[ the· requirement.

100-

50-

0

NSS

lirs to

WIt

Zn | Zn/Ni 8 | Zn/Ni 12 1 Zn/CoZn/Fe

(e) Post passivation treatment

1,·ir.ilem chiume 1,214.liation 011,iuld lie cti,10:deird

I n HIC Conte\ 1 01 a loull hr .!Cun. H 11]Ch lu:[B inc hillc

an oplional 1104[ treatment ti, pror |Lle Lidditional

lihil propertie.. liA[ pitir,ation m,11 [licli,de one

81 more ofulle fullou ing tle:.11!11&·111%

Cr(6) Yellow ck

.j97. Pasivation ati

ddiA

Fig. (4) 240 hri NSS testing
After heat treatment at 200 C

Zinc Barrel Plating
NSS Performance v.s. Requirement

Hrs to white corrosion

Fasteners

Zinc + Cr(3) Thick Layer Passivation + Sealer

250

200

9 150
0

- - GM 3044
w 100

50

No HT HT, 150 C, 1 hr

Fig (5)

Cr(3) Thi
Pasiv

1 - Sealers

I liehe .Il·e type> 1,1 prodlic'10 thal react U illi the

Culn enion colli mg 1-lim. alld !1·41111 In 111(11¢ I|Lil-.Ible

rev v,mt lili i,lie. 2.\.inpleh are *ilical e. ap p hed

al Ii,on, 4,1 ,]Cuted tellille]:Itureh. Thev Uill leach
¢er

1,ut a .mall portion  I the· p,1..i, .Uion film :lild

le#e a protectiw I.n·er ol.ilicate waition produch

9 [lic w,·taco. Other M po  1 2.ile $ 111.9 cont.111

phoiph.ite.. wl.ine. atid tr.inition niel.il. 1,0 well

:10 019.Inic Conipunclit..

2 - Top Coats

Illehe lim\ be ury.ime l.,Cqlle, ,. polvme,4.

hibne.int#. 1\.1\6. 0,1. und oil enilll.ion, \\ith

4,1k·nded p:irciele :ind coloring the.. The·\ Ill.iv

he ripplied 13\ !111111eNon. 931.1\ 01 dip-ipm,ung

and mav llc Bed to provide »·cific torque-le]Non

pmper·I'ie..

\ top c,1.11 110cd columcic!.ill, conklilli /inc 01

.iluminum 11,ike·, tti pro\ id e 111(,teelint] 24.11]lit

u,ll; allie corill.lon bell, ten Ille lithleneih.and

111,tulle.ill,11 01 ,[|111111!Unn .LII |te¢i.

3 - Integrated sealer-lubricants
Iliew .ile u imbmed ,<ilittion; of .e.ilei·. .Ind

111131·IC.lili:[(Illitn e·% de.lened [t, prn, Ide dchiled

lew·k 01 coeflicient (,1 h-,Clion alully with yreilied

Colll-,in IL't.ince. Th¢\ Lur prmulri|\ pe:[red ti,

Hic.Ided conqi,Ic nli.

Ne'.1 IC· 1-0 :ind top c at h 1 I lc'-CL102 t he O\ er,111 111 4 )teelion

\.ilile In luncl ,)9||cm|om u, \veil ah reIAL[OCC

il I



Seals

To e]111:uice the propeities (,f the final coati,ig, an

ext]·a post treatment step after passivation of zinc

or zinc alloy deposits can be applied. Sometimes

bronze, brass or copper deposits (with or without

passivation) are also sealed. Sealing is a process

where soluble salts or oxides are encapsulated or

converted to form an insoluble top coating with

new characteristics. Seals are applied to enhance

the following properties:

Functional Properties
• Enhanced corrosion resistance of zinc based

coatings to white and red rust.

· Constant surface friction: Controlled total

friction for mounting fasteners or extra low

friction for wood screws and ease of

packaging and storage.

Stages within the system: zinc plated (top)

yellow passivated (center),

pigment sealed (bottom).      -

Economic aspects

• Market demands are fulfi lied for several • Easy implementation in existing lines: rack

properties at once (multifunctional coating.) barrel. & dip-spin installations.

• Thermal shock resistance for mounting parts

in environments with elevated temperatures

such as motor compartments.

• Acceptable price increave Conly 0.1 -2.0

mm thick coatings are obtained.)

• Improved solderability

• Enhanced resistance to contact cori+osion

when parts are in contact with aluminum or

magnesium-based alloy castings.

Decorative aspects

• Inclusion of pigments can affect color tone.

· Enhanced gloss, uniform color without

iridescence.

Environmental

• Seals can be applied on chrome free coatings

for some indoor applications.

• Sealing uses fully water-based chemistry
without the need of post rinsing (no

wastewater, low oxygen demand.)

• Sealed coatings encapsulate chromium salts

in many cases: during drying the majority

of hexavulent chrome is reduced to trivalent

chromium when an organic seal is used.

24

Seal Types
Polymer seals can have different types Of

functional groups such as acrylic. urethine.

polyester or amine. Although these polymers

are water based. sometimes a significant amount

of solvent is used. Polymeric scal, have a wide

use as a decorative (glossy) topcoat. but tend to

lose corrosion rexistance once the coating is

physically damaged.

Wax seals can reNult in coatings with very

low friction which can prevent mechanical

daniage during transport or packaging.

Depending on the viscosity. wax seal coatings

can be applied very thinly to avoid any

dimenional change of the parts.

Inorganic seals are based on silica. silicate

or other silicon derivativeh. Due to the high

ulkalinity of thehe baths. compatible pasxi vation

coatings need to be used. The inorganic seal is

a secondary conversion LY,ating, converting the

original chromate coating into i silicate

passivation layer. Bath life of these seals Call

be limited by drag-in ol diluted chromium

solution.

Pigmented seals are expensive because of

the high pigment load or dye needed to give full

coverage when the %eal is applied a a thin coating.

Thick coatings tend to cause problems on sharp

edges where the pigment is drawn inward (edge

flight) or can cause run and sag defects to appear.

Depending on the type of topcoat, very different

ways of seal application are used. The simplest

way of waling is to dip the plated pans in a

container that contains the scaling solution. This

method can be used in rack or barrel installations,

but has the disadvantage in that the rack or barrel

itself needs cleaning to remove excessive seal.

Wax-based seals are removed from the equipment

by returning the rack or barrel through the soak

cleaning cycle. In this way zinc plated & sealed

contact points can be stripped in the acid pickling

solution. Because wax aix] polymeremulsion

based seals tend to crnss-link very fast in acid

solutions. it is mandatory to run the equipment

through the cleaners first to guarantee optimal

electrical contall on the contact points or danglers.

7.



Table VI: Coating characteristics of different seals
on yellow passivated (acid) zinc deposits

Effect Polymer Seal Wax Seal Inorganic Seal Pigmented
(black seal)

Neutral salt spray test 220 270 260 210

(houn to fir$t white corrosion)

Corrosion barrier ++ +++ +++ ++

Self heating effect +++ ++

Resistance against +
mechanical damage

+

Friction coefficient

Low price

Ease of operation

Stability

Easy to use

Uniformity

Covering/hiding power

Gloss

Teardrop

Safety

Ease of waste treatment

Appearance

0.25 - 0.35

++

+++

++

+

+++

+

+++

++

++

++

pale gold

0.14 or 0.09

++

++

++

+++

+

++

+++

pale gold

0.20 - 0.40

+++

+

+

++

++

++

+

+

+++

iridescent light

0.25 - 0.35

+++

+++

+

+

+++

+++

++

+

glossy black
green (pale edges)

Temperature resistance ++
(1 hour @ 120° C)

++

(1) When used over the appropriate chromate conversion coating.
Ratings= +4-+ Best; 4+ Next Best; +Least Best

When piginented he,,1. lire u4ed. higher- 1 -t,hitte'%

rie needed to obt,lili hulticient cove,·age. [u thi

ca.e a dip proced„re can cuu,e nianE problein#.

due to higher thicknefh :ind lehh imiloi m inead

of the piginented hetil. Cleailing the plating

equipmetit 10 2110 „ 111;ici,· proble,11. '[ lie highei

v &4&11¥ In adip proce.3 will :[ko lead toopticillv

unattrnictive Kile effect f *uch a. I·unniny & A,Lecing

of thecoating. Therefore. in m.,H pic,duction 01

bairel oper, tionh the ube ot a th Iii ner C oilt 11,2

applied in 2-3 dip >pin evele. 1. commonly w.ed.

For man, rae'k operation*. prin ing [lie coal me

k often Mili/ed. Finallv. the drving time ,al.(i

licedkle],L·extendedt<)*411.1111.Ed,·\ ic>I|ke hH,ch

etmting.

huplenientine +cal (eclitiologi Irqutic. Lood

i·(Nudinalion between tile e\N[112 .1111:[tion at

the electioplaler. Ille:14,il.Ible prolitle[ p.,ck.iye.

the yiecificalioll put I i u .1,·c| 11¥ Ille end u.el

and local en,1141]111]ent:illegail:ill<,n. Thellhe or

.cak pimidef [lic lic )0.1111|i[\ to hillill mi[|liple

lel'Ille.1|1(,TI# illl|it'le'le/11 |IC|dh mid 41(Bll|il

irturn the· eur:1111; Atmenl h, prnduciny

produe·Ii H 11}1 41111/1 Mit qi!.lilil .
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Process Advantages: ||/
Freedom from hydrogen embrittlement.

Ability to deposit a wide range of metals.

Ability to apply a wide range of thicknesses.

Low energy consumption.

Simple waste treatment.

No baking required.

More uniformity of coating compared to hot
dip galvanizing.

Process Disadvantages:

Coatings not as smooth or bright as
electroplating.

Glass beads can be entrapped in certain parts.

At low end commercial thickness, can be higher
cost than plating.

Size/weight limit of parts due to potential
damage during tumbling.

.......

4*>XCO.
........

........

55:%:55:.:-

lillilillin/486..:6 04/..1

Processescpo.

A physical tumbling plating method for coating furious metals, copper. lead, stainless steel, and

castings. The process .ipplies a malleable. metallic. corrosi*in resistant coating of zinc. cadmium.

tin, copper and certain alloys in lined rotating tumbling barrels. In an acid environment, metal dusts

are "cold-welded" or impacted onto the part substrate with the use of glass bends its the impacting

force. Proprietary chemicals are used to clean and prepare the pan surface for an adherent bond and
uniform thickness ol' the metal dust.

Mechanical Zinc

Thickness: 3.8 - 17.5 um(plating) 20 - 100 um(galvanizing)
PH: 1.0-2.5

Temperature: 18 -25°C (64 - 77°F)

Typical cycle: Surface Preparation 5 minutes

Copper flash 4 minutes

Accelerator agent 3 minutef

Zinc seed 5 minutes

Zinc additions 20 - 30 minutes

.mt::...
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Abrasive Blasting - A process for cleaning or finishing by means ofan abrasive
directed at high velocity against the work piece.

Activation - Elimination of a passive condition on a surface.

Gldssary of
Te km s lk:»

......2

Addition Agent - A material added in small quantities to a solution to produce a
desii·ed ell'ect. Also synonyinous with "brightener."

Adhesion - The attractive It)ree that exists between an electrodeposit or an
electrochemical deposit and itx substrate that can be measured as the force
required to xeparate the deposit from the substrate.

Amorphous - Non-crystalline or without evidence of a regular structure.

Anode - The electrode in electrolysix at which negative ions are discharged,
positive ions are formed. or other oxidizing i·cautions occur. In most instances
it is the source o[- metal to be plated frnm the bath.

Ail·U:d,06··AL....A"4,2.6/9//41 Anode Efficieney - The actual current efficiency of a xpecilied anodic proce
compared to the theoretical value. The actual fraction of current used to disolve
metal from the anode compared to the theoretical amount as predicted by
Faraday'% Laws.

Autocatalytic Plating - Deposition of a metal coating by a controlled chemical
reduction, cataly/ed by the metal or allimy being deposited. Often referred to
ax "electi·oless plating."

Barrel Plating - Clectroplating or cleaning in which the work is proceNsed in bulk
in u rotating container (bari·el).

Base Metal (or Substrate) - Material lipon which processing ix conducted or coatings
are deposited. (lt is not necessarily the material from which the part is constructed).

Blister - A dome-xhaped imperfection or defect. resulting from loss of adhexion
between a deposit and its substrate, or between various coatings where multiple
layers of coatings are pretent.

Bright Dip - A solution used to produce a bright surface on a xubstrate by chemical
immersion.

Bright Plating Range - The i·:inge of current denxitiex within which a given
plating solution produces a bright deposit.

Brightener - Another term 123· addition agent. A liquid or powdered inaterial that,
when added to a plating bath, improves the retlectivity or brightness of the
deposits produced by the plating bath.

Brush Plating - A specialized method of plating. typically uved for small scale
applicationh. where an inert atiode is surt-nunded by a pad. sponge. brush, or
other device that will retain a volume ol' a concentrated solution containing a
dissolved salt of the metal to be deposited. The anode/pad device is moved
over the cathode during the plating operation in the area to be plated.

Buffing - The smoothing of a surface. accomplixied by placing the sul·fuce to be
finished :igainst a rotating [lexible wheel, to which fine abrasive particles have
been applied iii liquid, supension. paxte, or grease form.

Buffer - A compound or mixture that. when contained in Molution. cause.4 the
solution to rexist ch:inge in pH. Each buffer has a characteristic limited [-:inge
of pH over which it is effective.

Burnt Deposit - A 1-nugh. non-coherent or othet·wise unsatisfactory deposit.
typically produced by the application of an excessive high current density.

Bus Bar - The term .*ed to  excrihe the cablex orconducting media- generally copper
or:aluminum vock - that t]-a,isle,-s the cu]Tent fium the rectilier to the plating tank.

Carryover - See -Drae-iii" defined on next page.



CASS Test - A special accelerated corrosion testing method using copper und acetic acid solution as the fog medium. It is
most typically used to predict the corrosion protection of nickel/chrome. or copper/nickel/chrome electrodeposits.
See ASTM Method 8368.

Cathode - The part that is electroplated.

Cathode Efficiency - The actual amount of current uxed to deposit metal in a plating process. compared to the theoretical
amount its predicted by Faraday s Law4.

Chelate Compound - A compound iii which a metal is contained as an integral part of a ring structure and is not i=lily ionized

Cleaning - The removal of grease or soil and other foreign inaterials from a surface using one or more chemical or
electrochemical solutions.

At kaline Cletini),g-cleaning by means of an alkaline solution.

Anodic· or Reverse Claming-electrolytic cleaning where the pal·t is connected to the negative terminal of the rectilier.
Cathodic or Direct Cleanizig-electrolytic cleaning where the part is connected to the positive terminal of the rectifier.
Di-phase Cleaning-cleaning by means of a solution that contains a solvent layer and an aqueoux layer, Cleaning occurs
by both Molvent and emulsification actionv.
Sook Cleaning-cleaning by chemical mean.+ without the use of current. Generally used to remove heavy oils and greases,
Ultr (ts{) Ilic C/eaning-cleaning by any chemical means aided by ultrasonic energy to speed up soil removal. Especially
useful in the removal of buffing compounds.
Spi·ar Cleaning-use of an alkaline cleaner that ix sprayed onto the pal·t(s) to be cleaned. The additional energy provided
by the spraying operation accelerates the removal of M,ils. greases. and bufling compounds.

Contact Plating - Deposition ora metal by immersion of the work in a solution that is in contact with another metal.

Corrodkote Test - An accelerated com»;ion teht for electic,deposits uNing a special paste coating that is applied to parts
before they are CASS xalt spray tested. See ASTM Method B38{).

Corrosion - Gradual dissolution or oxidation of a metal.

Covering Power - The ability of an electrodeposit to plate at very low current denmies. uch as in deep recesses or holes.
(To be distinguixhed from Throwing Power.)

Current Density - The total current divided by the area to which the eun·ent is applied.
Cathode Cum,m Densin'-the total current applied divided by the total area being placed.
Anode Cur/·eut Densitr-the total cl11-1-ent applied divided by the total :mode area.

Current Efficiency - See Cathode Efficiency und Anode Efficiencv.

Degreasing - The removal of grease and oils from a surface.
Solvent Degreasing-degreasing by immersion in liquid organic solvent.
14?por Degneasing-degreasing by solvent vapors condenxing on the parts being cleaned,

Drag-In - The water or solution that adheres ki the okiects from previous prncessing step.. and which is thereby introduced
into a processing tank.

Drag-01[t - The solution that adhere. to articles when they are removed it·om a processing tank.

Ductility - The ability of a material to deform without fracturing.

Dummy - The term used to describe low current density plating done to remove inctallic impurities fi·om a plating bath.

Duplex Plating or Duplex Deposit - The term u.sed to describe a multi-layei· clepohit that incorporates two layers with
dightly diffurent corrosion potential characterilies. The different layerx are typically combined in a manner that allows
one layer (the under-layer) ic) be sacrilicia[ to the other layer (the top layer). thereby greatly improving the con·osion
protection all-orded. conipared to that provided by a single layer of similar thickness.

Electroless Plating - A more commonly used term for Autocatilytie Plating.

Electrolyte - General term used to describe the proce.wing bath. usually the plating bath.

Electrolysis - Process 01-causing chemical changex via the 11,13.wage o[-current through an electrolyte.

Electroplating - The electrodeposition of:in adherent metallic coating upon an electrode fur the purpose of securing a
surface with propeitic.. appearance. or ilimen.ions diffurent from those of the hilsix metal,



Electropolishing - Tenn uxed to describe the procehs of impi·nving the appearance and surface condition of metallic substrates
by applying a current to a chemical scilution.

Etch - Noiim-·a roughened >,ui·face produced by a cheinical or electrochemical means.
14'rb-to unevenly dissolve a part of a Mui·I-ace or metal.

Faraday - The number o F cou l ombs ( 96,490 ) req ui red to dep(,4 it one chemical eq ui va lent of a metal . The che mical equivalent
value varies depending upon the metal being deposited.

Filter Aid - An inert. insoluble material, mot-e or less finely divided. used as a f'ilter medium, or to assist in filtration by
preventing excessive packing of the filter cake.

Flash Plate - The application of a very thin electrodeposit, typically less than 2.54 microns (0.1 mil).

Flocculate - To aggregate into larger particles, to inci·elise in Nize to the point where precipitation occurs.

Galvanic Protection - See "Sacrificia] Protection" defined on next page.

Hard Chromium - Chromium plate for engineering. rather th:iii decorative applications. Not necessarily harder than
decorative chromium, but generally much thicker.

Hydrogen Embrittlement - Embrittlement ofa metal or alloy caused by absorption of hydrogen typically during pickling,
cleaning or plating opei·ations.

Inert Anode - An anode that is insoluble in the electrolyte imder the conditions prevailing in the electrnlyxis being performed.
Typically used in plating baths where there is no convenient source of soluble metal an anode. such as chrome plating.

Karat - A measure of the lineness 01· purity ofa gold depoxit. One karat is equal 10 1/24 part ofpure gold; i.e.. a 24 kai·at
deposit is pure gold. Likewise, an 18 karat deposit is 18 parts of gold and 6 parts o fanother metal.

Masking - See "Resist" defined on next page.

Mechanical Plating - The application of an adherent metallic coating on a xubstrate by impingement of finely divided
solid particles of the coating to be applied onto tile substrate. Alloy deposition ix possible via mechanical plating. Also.
plating occurs without any hydrogen embrittlement occurring.

Metal Distribution Ratio - The ratio of the thicknesseh of metal deposited at two different current densities. Frequently
used its a measure of the Throwing Power of an electrolyte.

Metal Turn Over (MTO) - The replacement of 1 00% of the orieinal nickel metal content of an electi·oless plating bath.

Microinch - One millionth ofan inch. 0.000001 inches. (=0.001 mils)

Micron - One millionth of a meter. approximately one 25111 0141 mil. (25.4 micron s = I mil )

Micro Throwing Power- The ability of an e lecti-nlyte to depoxit metal in pores or very xmall recesses of xubstrates.

Mil -One thousandthofan inch (0.001 inches). (=25.4 microns)

Oxidizing Agent - A compound that causes oxidation. thereby it>.ell- becoming reduced.

pH- The co-logarithm (negative logarithm) of the hydrogen ion activity. A measure of acidity (less than 7) or hasicity (more
than 7) of a solution.

Passivation or Passivity - The condition on a metal that retards its normal reaction in a specified environment. it is typically
associated with the metal assuming an electrocliemical potential more noble than its normal potentiaL

Feeling - The detachment or partial det:achment of a depi)ited coating from the basis metal or undercoal layers.

Pickling - The removal of oxides or other compounds from the sui-face of a metal by chemical or electrochemical action.

Pit - A small depression or cavity in the Aurface ofa part. [t can be produced during ill:Inulacturing the part. during deposition.
or by corrosion of the surface.

Polishing - See "Buffing".

Reducing Agent - A compound that causes chemical reduction. thereby itself becoming oxidized.

Regeneration - Noim-The replace ment of ]00% of the original metal content o 1- an electroless plating batli.
Verb-The act of replenishing it processing bath in an attempt to rextore optinium perfurmance.



Resist - A material applied to a part of the sui·face of an article to prevent metal deposition on or metal removal from that
area during chemical or electrochemical processes. Also called "masking."

Ripple - A measurement of the amount of AC current that ix present in a DC current. Excessive ripple generally caixes
passive deposits or hazes in plated coatings. Ideally, ripple xhoull be le>,4 than 5% for most plating applications.

RMS - A numerical reference lo the smootlines., 01 a surl ace. Literally. it refers to the Root Me an Square of the height
difference between the microscopic peaks und valleys thal lire evident on a surface when it is viewed under sufficient
magnification. The lower the number. the smoother the %ui-face. In other words. the average distance from the tip of a
peak to the bottom of an adjacent valley on a part with a surface with a 2 RMS linish, would be less than the equivalent
distance on a part with a 16 RMS finish. RMS is typically measured with a profilometer. using vertical magnifications
from 500x to 2()0.000x.

Robber - Term used to describe an auxiliary cathode placed near the part to be plated to divert current from concentrating
in high current density areas. leading to heavy deposits in these areas.

Sacrificial Protection - The mechanism 0[ con·osion protection wherein one metal corrodes in preference to another, thereby
protecting the latter froin corrosion (for example. zinc plating over a steel substrate). Also refut·red to as "Galvanic Protection."

Shelf Roughness - Roughness on surfaces of partx that face upward where solids have settled during a proces. ing operation.

Shield - Nottn-a tionconducting medium or panel tised to alter the Ilow (11-current in an attempt to provide the most uniform
cathode current density possible on the part being plated.
Ve/·b-to alter the normal current distribution by placing a non-conducting medium in the path of the current in a manner
that provido, a more uniform overall current density on the part being plated.

Spontaneous Decomposition - See -Triggering."

Step Plating - Non-uniform thickness. striationx. or skip-type plating. In electroplating operations this is generally evident
in low current density areas. W|li|e ill electrole<% plating operations it is typically evident on edges of parts and around
holes or perforations in parti. Also referred to as "edge pullback" and/or -worm tracking."

Stray Current - Cut-rent that passes through paths other than the intended circuit. such as through heatine coils. the plating
tank. floor grating. hoist super-structurex. etc.

Strike - Noun-a thin deposit applied to a substrate or other plated deposit to provide activation 01· piutection from immersion plating.
Ve/·l)-to apply such a coating by plating for a short tiine in a plating bath.

Strip - To reinove a coating from the substrate or undetroat layer via chemical or electrochemical methods.

Substrate - The base metal to the plated.

l'aber Abraser - An instrument u. ed to characterize the wear propertiex of a Nubstrate or plated finish. Test specimen. are
mounted to a xmall rotating turntable and xubiected to the wearing action ol two abrasive wheels. which are applied at
a specific pressure. and which rotate in opposite directions. An important fuature of the Tabor Abraser is the all angles
relative to the weave or grain of the material being tested.

Tarnish - Discoloration of a base metal or a plated coating. typically a darkening of the appearance of the basis or plated metal.

Thief - See -Robber.

Throwing Power - Tel·tn used to describe the uniformity of thickness ofil plated coating. Electroless baths typically plate
with 100% Throwine Power, i.e.. the same thickness on all areas of a part in contact with the solution. Electroplating
bathh invariably exhibit greater thicknexse, iii high current denhity :ireas compared to low current density areas. See also
Thickness Distribution Ratio.

Triggering - Spontaneoux decomposition of an electrolchh plating bath. which is typically caused by excessively high
concentration of irilticing agents in the bath. or the introduction o f .01 id Contaminants. such as metal filings or other particle..

Troy Ounce - A unit in the Troy system of weight+ Lised for precious nietals. GoId and other precious metals are typically
measured in Troy ounces. ( 1 Troy ounce = 31.10-35 grams)

Turnover - See -Regeneration.'

Water Break - The appearance of a discontinuous film of water (,11 a ui·l-ace. signifying tion-uniform wetting and Lihially
associated with the presence of hurl-ace cont:imination on parts.

Work (Plating) - The material being plated or otherwise finished.

30
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Attribution

Contents of this book may be

quoted, copied, or reproduced

without specific consent of MFSA

but only when accompanied by
written acknowledgment of the

original source.

Introduction

The Metal Finishing Suppliers'

Association (MFSA) is a trade

association of companie, and

individuals involved in supplying

cheinicak equipment technology.

and solutions to the gl-'ace finishing

industry. One of the association'x

primary objectives is to promote the

interests and ful·ther the well'are of

ith members and their customers

while safeguarding the interest.s of

tile ultimate customer.

In 1960, MFSA initiated action to

upgrade the durability of metal

finishes. Known as the "Quality

Metal Finishing Project" or QME
this program was aimed at:

I) the promotion oftechnically sound

xpecifications and standards in

cooperation with interested trade and

technical societies:

2) the provixion of information to

both producers and buyers of metal
linished products:

3) the development ofprinted guides

containing information on established
standards and specifications, readily

accessible for day-to-day use by the
dehign engineer. the purchaqing agent,

and 711 those involved in the use of

metal finished products.

..

Nall,e

W paouu„,Miricli,dri,lin Nli,6 hk lirt·ndvisnfy on,9ond Wilubu by ar,yonels a relyvidlunlary Rellance Inany / Ihe im#orin„ book lorany pu,pose by 8,yoneisal thesoleri,k *mt
/ rs„„;mdialther,ho MP®Ail.ir,Iniembersares,misible foranyllis clainlordinagearliligihe/rrom Auserollhisb,w,ks,lolldconsultaterlinleallycDm/laniperanloditermliewhal
1 1,/Mor/,alerl.il whelherinal//inlh!5bookornot Isa:i,opnale<orth.ill,Mers,/plicalion Bywaypfipimpleonly Um „serwillneedlodele,nilne/hetherapplicalloliproblemipile
anv Ton ment tu wlilch Mlia pl/led Ltom will 50 8 *posad *I mquiro pi///uf# ///rent /1, 11ol hare //1 oul. and will also h 4 10 //!omiin whal plati p material / mos, appropria M for UM users
applicillion moddinionihou,oi,Gresponsi10 for-kplacesaoly invimimenl,ilpfalocle ul¢ andne,lho, MFSAnor itimembers repres,nilhaluseollhepigGeduies or molorialisetohermin
*Illbe froe fromchalle,lge While the MPSAh#madend*/imil,/91,0/ti preilitslitoor,1ci/plating,echiology/,daliot„orriellhu,lentim Lhlik/acirately ills/,mosilne¥,iable
thalhome,iriorimiye*,i, Whi,u,Nolihi.ihe MFIA,inr,Is rraint„acceptrp,Ihilily or l,obilit fo, 8//efrois the MFSAwelcomeacommunical,ons callingatnionto aiye.rors/Ilmenting
oilheproc/01/50ebc/bedheruin NellfierlbMESAnollmerntersh.ive.nve.l,gal/der,yililest,cormo/Inpal,WI. Accord,ngly noilerltMFSAnorksmembemaroorwill,IreWon5,bleif
use of Iny ofineprocodun}M or matoriali sul oili li,•rel• rosults,n a paten, intringemon,elair,1 wil or lialillily Updated •ner„printed 2004

l M 0504



Quality
As an association promoting the interest and welfare of the producers and
customers of the metal finishing indu,;try, MFSA realizes that everyone suffers
loss when products are Hold that lire inadequately linished for the intended
application. MFSA wishes to encourage the industry to develop and maintain
high-quality standards needed to guarantee the expected or promihed service of
the unit.

The industry needs to know how a high-quality metal finish can lie achieved.
how to select proper xpecii'ications fur a given application. and how to control
the release of product, to assure that they meet the needs 01' the customer. At
the saine tiine. management niwit be conlident that this know-how is biased <in
wound engineering principles and incrn·porates a reasonable margin o[' sat'ely.

There have been significant developments of Al:indards fur quality systems iii
the last few years that are applicable to metal linishing. These include:
• International Standards Organization: ( [SO 9000: ISO 1456)
• American National Standards Institute/American Society fbi· Quality Control:

(ANSI/ASQCQ90)

• American Society for Tehting and Materials: (ASTM 8456)
This manual will provide l]Xeful details on how to apply proven metal linishing
engineering in your systems to help you maintain and improve your metal
finishing quality.

Other QMF Guides:

1
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A program to improve and control
the quality of a metal product
should start at the desk of the

designer. The metal finisher is
restricted in what he or she can do

by certain basic principles of
mechanical finishing and of

electroplating. The engineer should
understand the limitations imposed
by shape and size of components
to facilitate quality tinishing at an
acceptable cost. The designer can
exert as much influence on the

quality attainable in finishing a part

as can the electroplater. ASTM
Standard B507 can provide the
designer with helpful information.

Significant Surfaces
A most important term used in specifying metal finishes is 'significant surfaceM."
In most products the same standard of quality is not required over the entire
Nurface. Instead, the quality xpecificationx apply since compliance is expected
only for the No-called "significant surfaces" defined by mlitual agirement between
the producer lind purchaser ax lt,Ilows:

Significant surfaces are defined as those normally visible (directly or by retlection)
that are essential to the appearance or xerviceability of the aiticle when assembled
in normal po%ition or which can be the Nource of con·osion products that deface
visible surfacex on the asxembled article. When necexsary, the significant surfaces
shall be the subject of agreement between purchaser and manufacturer and shall
be indicated on the drawings of the parts or by the provision of suitably marked
Miliples.

Design for Mechanical Finishing
Metal productx that are to be routed :irc generally hubjected to abrasive polishing
with wheels or mass finishing techniques in prepuration for the plating operations.
This is done to aid in securing an attractive. uniforni. mirror-like or satin appearance
on the finished part. Mechanical finishing ix an expensive operation. To reduce
costs and assist the metal finisher in improving the appearance and quality of the
product. the designer xhould consider certain rules applicable for parts requiring
mechanical linixhing:

• Avoid blind holes. reec.sse. and joint crevices which can retain polishing
compounds and metal debris.

• Avoid intricate surface patterns which will be blurred by polishing operations,
• Signilicant surfaces should be exterior and reachable by ordinary polishing

wheels or mass finishing media.

· Avoid xharp edges and protruions which cause excessive consumption of
wheels or belts.

In small parts which are to be barrel procexsed. the above rules apply. This include.
the requirement that the pal·t nuixt be sturdy enough to withstand the multiple
impacts of barrel Irotation and will not entangle, causing damage or incomplete
finishing. Whenever possible. small flat parts that tend to nest together should
have ridgex or dimples incorporated into their design to prevent such nesting.



Design for Racking, Draining,
and Air Entrapment

Most metal parts weighing more than a
few grains, or that require a high degree
of surface brilliance. are not bulk plated

in barrels, but are mounted on racks or

fixtures for processing in cleaning and
plating tanks. Design considerations

relating to racked pmts ai·e desct·ibed below.

• Consult the plating department to make

certain that parts can be held securely

on a plating rack with good electrical
contact without masking a significant

surface. Many difficult racking

problems can be solved by minor

design modification.

• Provide for good drainage of

processing solutions from racked partS.

Certain shapes tend to trap solution

which then causes contamination by

carry-over. possible corrosion of the

part, and waste of materials. Carry-
over aggravates the problem of waste

disposal and adds excessive cost due
to chemical losses. ln design. avoid
rolled edges, blind holes and spot-
welded joints. Drain holes are

especially helpful when they are

included in the design of iri-egular

shapes and tubular parts.

• Avoid shapes that can trap air on

entry into processing tanks. if this air
could block access of solution to areas

requiring treatment. Wherever air can

be trapped. hydrogen or oxygen gas

may also accumulate during the

cleaning or plating steps.

Design for Good Distribution
of Electrodeposit Thickness

Simple shapes are always finished more

unifturmly and more economically than

complex shapes. This is Rule Number
One for the designer.

One of the most important factors that

determines the quality of a coating ix

its thickness on significant surfaces.

Fundamental laws of electrochemistry

(current distribution). operate to prevent

uniform deposition of an electrodepos-

ited coating on a cathode of any

practical shape and size. Portions of

the work which are nearer to the anodes

lend to receive a heavier deposit than

those more distant from the anodes. Sharp

edges or protrusions at all current

densities tend to receive a disproportion-

ate share of the current. The goal of the

designer und the plater is to make

thickness variations as small as possible.

At the same time. it is appropriate to

iminimize the unnecessary waste of metal

by excessive build-up on both significant

and non-significant areas. The same

variation in plating thickness found on

plated articles also typically exists when

comparing parts plated on different areas
of plating racks. For example. parts

racked on the perimeter of fixtures tend

to exhibit more thickness than parts from
the center of fixtures.

It is possible to estimate metal
distribution ratios from models or mock-

ups. but there are also empirical rules.

Thexe eLIn guide the dexigner to impi-oved

uniformity of thickness, hence improved

quality with greater economy. These

general principle and various sketches
illubtrate what has been learned from

practical experience:

• Avoid concave or perfectly flat

significant surfaces. Convex or crowned

at·eax i·eceive more uniform coatings.
Use a 0.4 mm per 25.4min (0.015 inch . '.'
per inch) crown-minimum.



• Edges should be rounded to a radius
of at least 0.4 mm ( 1/64 inch) and.

preferably to 0.8 inm (1/32 inch).

• Re-entrant angles or cortiers should

be filleted with a generous radius.

Make xure radii are as large as possible.

• Avoid concave recesses, grooves. or
slots with width less than one-half

the depth.

• Miniinize the number of blind holes

because these must usually he

exempted from minimum thickness

requirements. Where necessary. limit

their depth to 50% of their width.
Avoid diameters less than 6 min

(7/32 inch.)

• Countersink thi-eaded holes to

minimize electroplate thickness build
-up at their peripheries and to facilitate
insertion of fasteners after plating.

• Avoid use of avariety of different
base metals on any one part to be

plated. The contact of dissimilar
metals may interfere with covering

power or adhesion of the deposit
due to galvanic action . It might
also increase com,sion in service.

Design Features That Influence
Electro-platability

The effect of the basic design of a

product or component upon the

effectiveness or durability of the

plating uxed has been the subject of
much study and research. Many

Feature In

Flat-bottom Insi

grooves ®=,4...,2. bel

failures blamed on the plater can be
attributed to the original design. A major

contribution to the plating industry was
made by the Ziiic Institute. Inc. when it
sponsored a design study by Battelle
Memorial Institute to establish basic zinc

die casting design principles; these
findings are also applicable to other
substrates.

The various shapes shown here provide
the "dos and don-tx" of design

configurations and their relationships to

electroplating quality.

nce On Electropla tability Better Design 

nd outside angles should
ided generously to 16#40-

minimize costs

• 11 lins or ribs are required. reduce their
height and specify a genernus radius. V-shaped

grooves1.6 mm (1/16 inch) at each base. Round

off tips with radii of a least 1.6 mm
C [/16 inch). Multiple parallel fins
should have spacing between centers

Fins
equal to four times the width of the

fin. Bi·oad hollow ribs are preferred
over slender solid ones.

• Adopt recessed letters and insignias in
Ribspreference to raised letters and

insignias, but round-off edge. and

provide gentle contours.

Deep, V-shaped grooves cannot
_.. be satisfactorily plated with

 , corrosion protective nickel and
chromium and should be

avoided, Shallow, rounded
grooves are better.

Increase plating time and costs
for a specified minium thickness

plated part.
and reduce the durability of the

Narrow ribs with sharp angles
usually reduce electroplata-bility;
wide ribs with rounded edges
impose no problem. Taper each
Mb from its center to both sides

and round off edges. Increase
spacing if possible.

09
U

• Integrated studs for fasteners should
be shortened as much as possible and

inside angles at each base xhould be
irounded gencrously. Tip.s should be

Nimilarly rounded.

Concave

recesses

Deep scoops

Electroplatability is dependent
upon dimensions.

Increase plating time and costs
for a specified minimum
thickness.

· Studs or bosses with hollow centers

xhould be shortened as much as

posible and angled 90 degi·ccs from
the major plane of the part. All bosses
should face the same direction.

Spearlike Juts

Buildup on jut will rob corners
from their share of electroplate.
Crown the base and round off all

a. corners.

A

• Assist the plater by clearly marking
significant surfaces on part drawings.

r.04
Electro,latability is dependent
upon dimensions. Round off
corners and crown from center

line, sloping towards both sides.

The distribution of electroplate is indicated in an exaggerated fashion.

Rings



ROLINDOF*I ]IGH SPOTS AVOID S]IARP INTERIOR ANGLES Pl.ACH 11()LES FOR DRAINING AND AIR ESCAPE

Unilturmplating

Good de,it, i

Drain hole

Poor design , Plating missed

, Air hole

r.
Feature Influence On Electroplatability Better Design

AVOID STICKING WHEN BARREL PLATING

Convex surfaces .01%=/6
Ideal shape. Easy to plate
uniformly, especially where edges
are rounded.

D i [ll ple

00

Flat surfacps 4.#ill-HI.*

Not as desirable as crowned

surfaces. Use a 0.4mm/25.4mm
(1/64 inch) crown to hide
undulations caused by uneven
buffing.

Gnxive

1 Undesirable. Reduced thickness --P 3-at center areas and requires 4. I.I increased plating time for

Sharply arbled de,ositing a minimum thickness ......
of durable electroplate. All edgesedges I should be rounded. (Edges that
will contact painted surfaces

Flangei

should have a minimum radius of

0.8 mm [1/32 inch])
Al.LOW FOR BLT[[.DUP

Slots

Large flanges with sharp inside Bullclupieduce

angles should be avoided to effective diameter

minimize plating costs. Use a A
am generous radius on inside angles

and taper the abutment

Narrow, closely spaced slots and
holes reduce electroplatability and

......le cannot be properly plated with
corrosion.protective nickel and i

Hole
chromium unless corners are

rounded.

B ind h|  Must usually be exempted from
minimum-thickness requirements.
Where necessary limit depth to
50% of width. Avoid diameters

less than 6mm (7/32 inch).

Ilipered end 10 711(,u fur buildup

\r-1

Increase plating time and costs
for a specifically minimum

Sharply 0 thickness and reduce the .Im
angled -Luu„...

durability of the plated part.

indentatios 
Plug

The distribution of electroplate is indicated in an exaggerated fashion. . I .-013
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Selecting
the finish

The designer should approach
the problem of selecting the
proper copper/nickel/chromium
or nickel/chromium finish with

a clear understanding of the
requirements imposed on the
plated product, the properties of
the individual metals of the

coating system and the service
conditions to be satisfied. A

properly selected decorative

finish of high quality should be

expected to perform acceptably
throughout the service life of the

product.

-

Requirements of
the Finish

(a) Appearance
While Uppearance %[alld:rd. Val'y. the ugal

requilrment are chimicierii.ed by depohiti that

Imve high rellectivity and are free til' pitx. clouds.

und ful'lace JE,Lighne... When 4uch linidies are

required. there are a variety· 01 ilitable copperl

nickel or nickel undercont* that meet this need.

Similarly. ttinctional decorative application Ce.y.

[lahhlightf. |loodliglith. electrical heale,3. and

intrnmentg whicli lequin a high lugierand minur-

like urface cim be ,atiNfied moir economically

by sucli lini.hex. a, coinpaird to pirciciux metal

coatin,b. Satin and bruhhed Sullhee effect. Can he

produced 1'01· more Nubdued linihhew. In-cantrN

with bright in· Natill Coatines. min-rellective black

oxide chromium or nickel c.in he depowited fur

various lu41·ou 4urlite· applic:iIi<)114.
(b) Corrosion Behavior

ro .mixiy the prime requiwment or
maiintaining ;in acceptable appearance.

deccirative coaling nece.41,·ily nu™i

ellectively re<ist deterionition 01' itell' and

prter[ the hu,is Inetal frum corn•ding. Thek

, air a multitude 01'finishes whielican protect
a blisi, metal from nihling .11·rui·nivhing. includi,12

paint#. lacque·in. ;ind 4,1·ayed {11· i,lp<,r-dep,)4ited

Inetal coating.. However. where a durable bright

inetallic funish is deired. the choice ix limited.

Chromium provides a top coating with excellent

Iresistance kitamich in +It,noMplieric exposure. The

copper nickel or nickel undercout provides the

prnper fi,Liai.ition ft,rilie luhtmuh chnninium finish

und the protection oflhe underlying steel. platic,

aluminum, /inc. Ntainlesh itee!. or other haiq

ni.ilerial lioizi e<,irciion.

(c) Wear and Abrasion

I f the pur[ must resi41 cleaning und hund[ing or

abi Nve wear, copper/nickel/chromium or

nickel/chromium linifhe are ucually pecified in

prele,rrce ki softer metullic und organic coatinux.

r.



Coating Metals
Considerations

(a) Rust Retardation
There are two clate,es of plated coatings
thal difter by inechani0117 in their ability

tu retard ruxting or other corroxion of the
base metal. The distinction arises froni

the d i 1-fei·ent electi·(,chemical i·elatic,n shiph

between the coating and the baxix metal
when a corroshive enters a pore or other
discontinuity in the coating.

[j' the finish is anodic to the bafix metal

when expoed to a col·rowive medilini.
then corrosion of the basis metal will be

inhibited. This is the way in which zinc
and cadmium and other anodic coatings
retard the rusting of steel.

The other clas of finishel represented

by copper/nickel/chromium and

nickel/chromium coating.. ate called

cathodic coatings. They' Alitiw an opposite
electrochemical behavior.since copper.

nickel and chromium are generally

cathodic to common basis metak Such

finishes actually tend to piumbite galv.inic
corrosion w'hen only a 1-ew p<)re, or et·ackx

are present in the coating.

It is obvious that cathodic coatings muxt

resiv con·ofive attack which efililit create

pores or pith extending to the bals inetal.

From outdoor expohire te<ts it hah long

been known that thickness A a prime

factororquality of copper/nickcl/chrom-
ium and nickel/ chromium finishe. In

general, the thicker the coating the longer
the basi,; metal is protected. However. it

was found that just increasing the nickel
thickness up to 50-75microns (two or
three mils) did not keep pace over the

years with increasing severity 01'xtime

outdoor urban environments. nor was it

econom-ical. Then it was discovered that

multiple layers, ofnickel of diffuring
compofition gave superior protection

without increahing the total nickel

thickness. Thek u,gether with

modifications to the chromium plate,
provided the mean™ 1'01· a spectacular
improvement in protective vallie while

maintaining the appearance.

(b) Chromium
Chrumium ott-er. good corrosion resist:mee :ind

alir.Non re«mice in the thinil> nicommunly

pl:itcd nietak. 7'bin climmium cotiline over .ailtable

undercoil[* prt,# ide e\celle'lit tlecoralive h>·stems.
Fulthei·more. bpecial chromium [:pe can be

deposited tiver coppe,·hi ie ke] or nicke I unde recm th

90 thal ilie· merall LY,ni)*it,Ii proteelive vallie 01 the
46[eni k incre.lied.

Comi.i,m piutection can he linprined by the lihe

01 ypecial t) pe, 01 Chnnillium Coalin,Ch. The ubel ul
Ille 01' the linibli can he L•Atended hy the Lit (,1

micitip-us or microcracked chi·imiium. '['liehe

inii,ilile pore· (,1 crackh mily be uchiered by

Cniploying (ine til #e\Crill proce- tee|lilique4.

Meth,id. Ic, pluduce nlieri,por,)110 cli,Imium mr
erplained unde, c 1 Nickel. page 10 I'womethod.

ane coinnitinly ued to prtidlite mic'rncracked

chi'(,Iniium. A highl ) Ntir..cd nickel deptifit iii-
hetucen the bright nickel :int[ the ch,omium micro
crach [liech,Olilill!11 Uhcli *CHed irlie\cd hv

mild hcating. '1'11· ;ecalld 11·thot| 1% 10 ,be one i,1-

two specially |'u 11101:lied ch,·omium proceiheA [11211

pn,duce niferocrack. :14 171.iled. 1)*ilible ch,omium

l|CI„WIN uhiall> 11;19 41 VAill|e blue hale. Clurnmium

dep„,ited fi·om a trivalent bath 14 inherenth

miercipi n·ou aip 1 0.6 inci·011*. w 11 i.iddition,11

tratment A reilili,·ed lo produce mic:'In-dihiv,litilluous
clinunium. Corn™ian relv:unce i+ munificantly

inc-reaed by mic]·ndihernitinuouN Chromium. '1'1114
hnpi·mcment A pin'lici,1.ul> heliel'icial iii wili

applicationh as :Illinmoti\C and marille hardw:lir.

Chromium may be depoiled frtim limli, w illi the
inet:ilineillie, Ilic heuwalent  1 Irivalent +12[e. The

hex,n.ilenl in· 0+6 1,4·i Chromic :lcid :14 iIi h,ill,-ec

furmetal. along with gllutew For contrnl. l'heir

,tre propriel.al·y cal:ilybt 114ed to improne
efficiency und cY,vering pnwer. I lex:valent
chrimi,i m 11:,4 been identified ,4 a c.||rincigen

and rieral iegulatory agencie litive tightened
A emihhion controls.

Fl·ivalent chllilull. Or C i·+3 p,ce,seN. UE
Cilll,mium hilliate orchloride .A the 44)urceui

metaL There are currently xve,·al proe·evves

available worldwide uNing thih teclinology.

Specia] additive4 along willi pri,prielary uncxle

deilili™ are uril to pievent the (i\idation of
the [rivalen! chininium to lie\Mwilent .illhe allode.

rrivitlent chrumium leclmologies eliminated

niany 1,1- the Ile'ficiencief a<KE,ciated with

liexinatent ch,Ininium plating quch a. high
curren! deniit.· bill,10. uhite wash. poor throw.

and high enhitivity to curl·ent interriptitins.
In addition, Ua.te Irc.ltment A greall¥ Sintpllf-led.
Nince tri,alent chromium i, 1101 clailled ah

a carcinogen. it k mt,el, 4i'el· mid meeth
eminion 41.111(1.11·d. w'ithout the need for

expeinive emiNon control derice; 01:ch :10
furne %·ruliber .

Allor. primarilv cont.kining tin. c·nhalt, gind/or

Iiickel. tire lieing tixed 1,+ irplacenient< fur
ch,„Inium primarily because mey can be barrel

plilted. Small. hai·d-[u-rack par[% can be

economic:ally bulk plated with an allay over
hi·ight nickel und then 11+ed on the +ame

,1..embly uith laiyer. nick-plitted pal·t,

crnm,ining bright nickel under hexavatent

clinunium- 11·ivalent chnimium oralloy depogit..

9
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(c) Nickel
The function of nickel is to provide a tough,
durable, and ductile undeiroat. Nickel

protect, the basis metal frum corrosion and.
in combination with the chromium top coat,
results in a lasting decorative finish. Nickel
levels micro-roughness in the basis metal
providing u smoother, brighter finish. With
increased leveling in the nickel, the need for
other expel™ive substrate preparation work
is reduced.

..

11* lili ·

10

In double-layer nickel undercoat< for
chromium finishex. the metal immediately
under the chromium is bright nickel
containing Kinall amount.% of sulfur (e.g.
moi·e than 0.04 mass 9, while the layer
under that is rmi-bright nickel. essentially

free offultur. In any galvanic electrolytic
cell set up with the chromium. the bright
nickel reacts anodically to the purer semi-
bright nickel. When micro.copic con·osion
penetrates throiigh the chi·omium and bi-ight
nickel layers. galvania action between the

xemi-bright and bright nickel layers tends
to cause the miciusci)pie pit to Api·ead
laterally in the outer bright nickel layer,
rhe net effect is to retard penetration toward
the basis metal. hence. to lengthen the

useful life of the coating. The negative effect
is that as the lateral corrosion increlises, the

resulting sui-face pits may decrease the
rellectivity of the corroded finish.

The potential difference between the semi
lind bright nickel layers can be measured by
the Simultaneous Thickness and Electrode

Potential test method (ASTM B764). S.IE.P.

potential ; between 100 and 200 millivolt
are typically specified. The higher the S.T.E.P.
value, the more lateral corrosion occurs in

the bright nickel layer before the semi-bright
inickel layer is penetrated. This extends the
time before basis metal corrosion, but

increaxes the i·ate of deterioration of the

appearance.

The same galvanic corrosion system can be
further enhanced by the use of thi-ee layers
of nickel of different sulfur contents. iii this

case. a high potential nickel strike layer (high
sulfur in the nickel) is deposited between the
semi and bright nickel. This strike acts as a

sacrificial deposit to both these layers. The
illustration on Page 17 shows this structure
over copper plated aluminum. Such a system
retards the con·osion penetration toward the
basis metal. When a high potential nickel
xtrike is utilized. the S.T.E.P. between the

semi-bright and bi-ight nickel layers is
sonietimes decreased to improve the appear-
arce after cori-osion commences without a

loss in basis metal corrosion protection.

A nickel strike electrodeposited between the
bright nickel and chromium deposits is more
frequently used than the high potential nickel
xtrike. This layer performs two important
functions. Co-deposited with inert particles,
it produce, micro-pores in hexavalent
chrontium deposits increasing the basis metal
corrosion protection. It is also used without

particles under trivalent chromium and some
chi·omium replacements to increase basis
metal corrosion protection. This htrike must
be less active (more noble) than the bright
nickel preceding it as measured by the
S.T.E.R Text. Depositing this strike with the
proper S.T.E.P. Lind thicknexs. the above-
mentioned negative effect on the loss of

reflectivity due to the formation of surface
pit+ during corrosion can be delayed and
minimized. The galvanic action between this
strike und the bright nickel deposit force,
the corrosion under the strike into the bright
nickel deposit. This minimizes the diameter
of the hurface pits in the noble nickel strike

and chroniium deposit thus retarding the loss
of reflectivity



(d) Nickel-iron

Bright nickel-lI·on alloy coatill.% Contilinille
L I

up to 5(]4 irt,il are .91]Ile'lillieb u,ed a* an

econonrcal 1[htilitte for ingle layer bright
nickel ilepi)Jith ft,i· mild or mollerate hervice

Conditionh. 1 .c>u·-current denhity Chromium

coucritee N vinietinie: heller on nickel-iron

delioit than on bright nickel depobit+ even

[hooph the nickel-iron depohit> are yellerall>
inoic ziclhe The appearaticeol'the more

Iictive nickel-ii-xm depo,it Mill deteriorate

1-:Ner Ilecaii.e 01- the |ill-UCI· 41,I'fuce pith \\ |lie|1
will Ifirm when corroded. Cal·e miN he

exerci,ed when chol™ing the allin
compocition. An iron content exceeding 15-

30% caniehillt in *iiliciint 41111'uce. litining
(iron rum appeal·unce) in niodciate or 4.verc
00 n ke u idition 4. The e·\act le ve 1 lil illin

in the dept™it M which taining tart b
hubiecl tu dellitle.

Nickel-in,i) coating are genci·.ill> moic
ductile than hi ight nickel depi,#its. al·C more
e.,%11, /rlil.gled. and cover better u ith

elli-i)111Ium.

It i. genci·ally not reconunended to Libe
tri\Illent chronlium 01-lie\,l\:Ilent c|11·(imium

with Iligh pore Counb (unle a pore fe:11:mt
ix alv, u.ed) over nickel-n·on alloY der %11%

willi §11'ente!-tlum 109, iron. due w the pool
diler-Cot·I·(14141Ii uppearlice UNial]V oilt:lined.

(e) Copper Undercoat

Nickel/elli·ommilicoating#Ill,lb Ilellept)%ited

0\ Cr a Copper undel'Coal..\Sl'41

yrcification 14 15(, 11:1% Ileeli CM.ililidied for
copper/nicke!/chromium coating. (Aer weel.
/iliC. alililiilillill. 4111,1 111:1#lic blibtrate+.

Convelltiomiliii·111lci·n-(11%C{)11[1111!i,ll.

C|11-omillill mily |17 11%·d. Alkahne copper

Coatingh. gener:lily C).Illide. .ur fu·.t plated

on /ilic die c,10[ingh to protect l|le active

/inc· from altick b> Illi VI11.equelit acid
copper or nickel proce..ing.

A; u illi nickel dcpoition. leveline copper

pl·OCC.42% C.Ill |le li.ed it, Uperade the 17.:44
metal filli%|1.and 11111*contrilitltetoan ovel·,111

improvement in the appeal·:ilice oil- the final
chromium filli41. The excellent billiallility

61'Copper permit% obmming :1 Iligh INet·
linihli. lind billl'ud Cupper Coatingx ure
cniployed u hen |lililing C·,)44 call |le

illhlille·{1.1)lictil·calpper plate improvex the
app:ireni ellie'lilit> 431' d ,\LI'lying nickel-

chromium coatingN. Bright leveling acid
copper plate can minimi/· the undesirable
elicit of lia.i, metal poi·o,ily by Ii|ling and

bridging por¢% lind illho becitu.he ol' ith
vlperior nticro throwing power Acid coppet
depo.11% are elli·telitly being 11+ell <>11 4,une
/ilic· ilie C.1.tin:14 12)11(,wing a thill protective

copper plate ilept,ited froin a eyanide bittli.

a

In recent yeans. the development of a non-

cyanide alkaline copper strike may

Mmletime. allow the copper eyanide strike

to be irplaced with a copper strike and

copper plating xystent that N free ol

cyanide: but cyanide copper ix still the
preferred prOCC,24 for z.ine die cle;ting. The

absence of immersion coppei- which lead*

to poor adlieion inust be established prior
[o using non-cyanide copper strikes.

V
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(f) Other Specialty Finishes

Anumber 01'modil ied finishes baxed on

copper. nickel or chromium can produce
specialty finishes.

• Satin Nickel

Salin nickel process,es have the ability to
produce deposits that range from u course
texture resembling etched aluminum to a

very fine texture resembling pearl. This
satin deposit is achieved by producing a
controlled micro-pitted deposit.

• Antiqued and relieved copper plating
In antiqued und relieved copper processes,
the copper plate is colored brown. black or

green by immersion in sulfur baxed Mother
proprietary antiquing baths. The converted
surface can then be relieved mechanically
by light buffing or mas< finishing then
optionally sealed with a clear organic top
coat. Examples of such applications are
electrical fixtures. hardware. and clothing
accessorieh.

• Decorative black nickel

Iii decorative black nickel pi·oceses. nickel
is plated and then it is oxidized by either a
dip or by electroplating of an alloy of nickel
huch as nickel-tin. nickel-zinc, and other

available combinationw. There are also

proprietary black pure nickels that can be
applied directly and which can be
subsequently relieved. Typical applicationx
of thix process are luggage hardware.
nvets and screws.

• Black chromium

Black chromium is produced by uNng
proprietary hexavalent or trivalent
chromium plating formulations. The process
and equipment are imilar to those furbright
chromium plating. Solar collectors.
furniture, und ome camera componentx,
as well as other specialty decorative black
Ifinishes are plated by this proce.Ks.

..

..

..
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(g) Formability
Although basis metals with bright nickel/
chromium finishes have been xuccessfully
drawn. stamped und olherwixe formed. the
bright nickel/chromium layer ix relatively
brittle. The best way to withstand forming
operations 14 to plate the workpiece with a
very ductile Watts or sulfamate inickel layer
that is polished and /or buffed to obtain the
desired finish and then plated with a thin.
micro-discontinuouh chromium deposit.
An alternative method that ix less expensive
und tiine consuming includes the live Of
micro-discontinuous chromium over the

bright nickel coating. This tends to relieve
the hydrogen embrittlement in the nickel
layer. thereby improving formability.

The most economical and simplest method
is to ubstitute decorative nickel-iron for

bright nickel (Note the discu,sion on the
properties of these deposits above). These
coatings are more ductile, especially after
chromium plating. which in some cases
allows the plated parts to be formed or bent

without having to resort to the use of special
procedures or additional plating baths. This
should only be done when the high corrosion
protection offered by pure nickel is not
irequired.



tiff J4

3

Spe
the

Having selected copper/nickel/
chromium or nickel/chromium as

the coating system for a steel.
plastic. aluminum. stainless steel,
copper and copper alloys, zinc or
other substrate. the designer must
now specify the Type, Thickness
and other characteristics desired in

the coating. High quality can be

obtained by properly specifying the
Types and Thickness of layers to
be applied. The designer must
specify the appearance of the
layer's finished surface to
determine the protective value of
the final part. The required
performance tests such as adhesion
and ductility should also be

specified. For specific subjects.
refer to the Annual Book of ASTM

Standards. Volume 02.05. which

covers Electrodeposited Coatings.

1,rl

ri 1

./. 1..........t.1....

Type and Thickness
The Type 01- copper, nickel orchromium. designated by their irespective chemical symbols
(Cil. Ni. and Cr). specily the depoxit'.4 required chemical and physical properties. The
combination of the Type of depaxits with their revpective Thickness con,litute the
ClaN lication Number required 1-01· each Service Condition: see Tablex I, H. Ill and IV. A
variety' of multiple-layer decorative linixhex have been developed. Most are superior in
protecting the substi·.itc from corrc,skin th:in xingle-layer bright nickel covered by chromium.

Explanation of Tables I - IV
(1) Service Conditions
Depending upon the customer. there are four or five service conditions which define the
environment to which the plated part may be exposed as a function of the substrate.
(2) Classification
The classification letters shown in the tables indicate the type of deposit to be provided.
The ela%xifications of nickel are dexignated:

b - Nickel del»ited in the fully bright condition.
p - Dull or semi-bright nickel containing less than 0.005 mass % sulfur (Note: 0.005

mass % sulfur is essentially a sulfur-free depohit). Polishing/buffing is required to
give full brightne.s.

d - Double-layer or triple-layer nickel coating of which the bottom layer contains less
than 0.005 mass % suitur and the top layer contains more than 0.04 mass % sulfur.
The IOW Kulfur layer should be from 60% to 80% of the total nickel thickness. If
there are thi·ee layerh. the intermediate one shall contain not less than 0.15 mass
% sulfur and shall not exceed 1 0% of the total nickel thickness.

There ih mi rehtriction on the type of chi-omium used. except that one is riot permitted to
huff the· chromium depi™it. There are no restrictions on how the micropornit, and
microci·acted deposits are produced. The deposith mu>,1 meet the following clasWfications:
r - Regular (i.e..conventional) chromium. Thisdepoxit ix lion-microdiscontimious.
me- Microcracked chi-omium having morethan 3(H) cracks per linearcm. (75(Vin.)

in any dil·ection over hignificant surfaces. The cracks shall be invisible to the unaided
eye.

mp - Mic·roporouhhexavalent and trivalent chromium containing a minimum 01- 10.000
poreh pei- .4,q. cm. (65000/sq. iii.). the pores shall be invkible to the unaided eve.



Table I

Recommended Standards For Quality Nickel/Chromium Finishes On Steel, Iron and Zinc Products
Service Conditions

4.Vt

Classification

Ni Cr

Minimum Thickness

In Microns
Nickel Chromium

Typical Applications

SC 1 MILD

Exposure indoor in iornially warni, dry
atmospheres; coating Hiblect to minimum wear

or abrds,0,1

5 r 10 01, Toaster bodieS, rotisseries, waffle makers, oven doors and liners,
inlorior auto hardware, trlin for [nalor appliances, hairdners,

lam, mexpensive utends, cod[ & luggage racks, standing
ash[rays, interior trash receptacles, linexpensive light fixams

SC 2 MODERATE b r 20 0,25 Steel & Iron: Stove tops; oven liners; home; office and
Exposure indoors iii places b mc 15 0.25 Khool turniture; bar slooli; golf club shafts.

where condensation of moisture may occur: b mp 15 0.25
for example, in kitchens and bathrooms. Zinc Alloys: bathroom acceJsories; cabinet hardware

SC 3 SEVERE d mc 25 0.25 licitio, porch and lawn lurniture; lixtures, bicycles; brooters;
Exposure which is likely to Include d mp 25 0.25 wagonc, hospital lurniturej hxlures and cabinets

occasional or frequent wettlnq by ram, dew, or
possibly strong cleaners and gline solutions

SC 4 VERY SEVERE d nic 30 0.25

Minimum requirements tor auto bumporb, grilles, hub ,Service conditions which include likely damage d nlp 30 0.25 caps and lower body trim, light hou,ings
from denting, scratching or abrasive wear

in addition lo corrosive media.

SC 5 EXTENDED-VERY SEVERE d mc 35 0.25 Minimum requirrnieril, for extended protection for aulo
Service conditions which include likely damage Trom d mi] 35 0.25 Iximpers, grilles, hub caps and lower body trim, light housings.

denting, scratching or abrasive wear in addition
to exposure to corrosive environments where

long-time protection of the substrate is required. -
Note: 5 micrometers copper is required on zinc and zinc alloys prior to nickel-chromium. 15 micrometerb copper may be used on steel for service conditions 3
through 5. If copperis uved, the lowl nickel thickness c.in be reduced by 5 micrometers. Adapted from ASIM Standard 8456

Table II

Recommended Standards For Quality Nickel/Chromium Finishes On Copper and Copper Alloys
Service Condition'.

immfm#25E;m¥16-,01
Classification Minimum Thickness

In Microns

Ni CIr Nickel Chromium

Typical Applications

SC 1 MILD b

Exposure Indoor In normally warm, dry
alillospheres; Coating subject to minimum wear

or dbrasion

5 0.13 Tod•ler bodieb dild ynular appliance$; oven doors and liners;
interior auto hardware; trim for rn,Nor appliances;

recel)lacles; light fixtures

SC 2 MODERATE b r 15 0.25 Plumbing fixtures; bathroorn accebsories,
Exposure indoors in places b mc 10 0.25 hinga; light fixtures; flxhlights; spot lights

where condensation of moisture may occur: b mp 10 0.25
for example, in kitchens and bathroorns.

SC 3 SEVERE d

Exposure which is Ilikely to include d
occasional or trequent wetting by rain, dew or b
possibly strong cleaners and baline solutions. b

mc 20

mp 20
r 30

mc 25

mi) 25

0.25 Pdlio, porch and lawn furniture and light fixlures;
0.25 bicycles, hospital ard laboratory fixtures
0.25
0.25

0.25

SC 4 VERY SEVERE d
Service conditionswhich include likely damage d

from denting, scratchng or abrasive wear
*p in addition to corrosive media. .,I

mc 25 0.25

mp 25 0,25
Boat fillings, auto trwn, hub

caps and lower body trim

25.4 Micrumeters = 1.0 Mil. Adapted Irom ASTM Standard B456

Table III

Recommended Standards For Quality Nickel/Chromium Finishes On Platable Plastic Products
Service Conditions

SC 1 MILD

Exposure indloor in nornially warni, dry almospheres
coating viblect to minimum wear or dbrabion

Claisification Minimum Thickness
In Microns

NI Cr 1,
7 025

Cr CU

b l5

Typical Applications

SC 2 MODERATE b r 15 15 0.25 Kitchen and bathroon13
Exposure indoors in places b mc 15 10 0.25

where condensation of moisture may occur: b mp 15 10 0.25

SC 3 SEVERE d
Exposurr which is Ilikely to include d

occdsional or frequenl welting by rain, dew, or d
possibly Mrong deaners,ind saline solutions

r 15 25 0.25
m< 15 20 0.25

mp 15 20 025

Porch and Idwn furniture, bicycles and perambulator parts,
hohpital lumitureand lixtures

SC 4 VERY SEVERE d r 15 30 0.25 Exlerior wniponents of autoillobiles and
Service conditions which include likely damage d int 15 25 0.25 boat littings in sall water service

 iii addition to corrosive environmentsfrom denting, scratching or abrasive wear d mp 15 25 0.25

SC 5 EXTENDED-VERY SEVERE d

Service conditions which include likely damage from d
denling, scratching or abrasive wear in addition

to exposure to corrosive environments where
long-time protection of the jubstrate is required. ,

nic 15 30 0.25

mp 15 30 0.25
Extenor components of automobiles

Adapted [rom ASTM Standard 8604



(3) Use of Copper
Copper undercon14 arr preferred for deixisits
on plastic. zinc die cating. and aluminum

where it protects these materials from licid

solutions during subxequent acidic Mating
steps. lt also improves the durability 01-the

coating hystem when thel·e i, a Nignificant
difference in the thermal expan,ion between
the ubstrate. such its aluminum and plastic·

and the plated deposits. Copper is MmietimeA

Mpecified ifir steel to improve part appeal·alice
and to cover up corroxion-enhancing surl'ace
defects. Copper thicknes>,ex are not
substitutable for any part or the hpecified
nickel thicknewh.

(4) Typical Application
The listx of typical :ipplicationN will help

the designer <11· purchaxer select u suitable
coating hi}ecilication when not certain of
the sci·vice condition.4 [o he met. In case of

iloubt ah to the heverity of a planned

application, 11 claxhification should be
giecified suitable fur the Ilext mc}re severe

type of hel·vice condition.

Protective Value

The problein 01' specifying pei-l'ormance of
decorative conitines involving

copper/nickel/chromium and
nickel/chromium conifisitex has intrigued

the ilietul linishing induxti·y c< intinually
since the early I 9((A. The l'actors

controlling corrosion air so numerous that

the only valid text is exposure of parts to
actual service conditions over the life of the

p.trt.

Iii recent yeas. several accelerated corrosion
testh have been developed which have shown
Mirna correlation with the performance of

copper/nickel/chrumium and nickel/chromium
touted parts in moderate and severe outdoor

urban and outdoor xeacoa.41 service. There is

copious data available to xupport the
specification of the number of howls of
resistance to theMe accelerated cori·osion tests,

ir; shown in Table IV. as a measure of

minimum acceptable quality in coatings
intended for a given type of service. The tests

themselves are described under the heading

le>ting the Finish.-

Table IV

Accelerated Test Requirements For Copper/Nickel/Chromium Coatings
t'.72,9/*/"TiF"",

I#F Basti Material ,

likal.
CASS

Z

Service Condition

*(161?90.

Steel, Zinc Alloy,

Copper or Copper Alloyl

Plastic
5

SC 5 Extended - Very Severe

ASTM B 368 3 ASTM 8380 4 Two 16 hour Cycles

6
48

ASTM B604

CORRODKOTE3 '.

4

16

324

Corrosion Test 

(Duration In-Hours)

SC 1 Mild -

SC 2 Moderate 8

SC 3 Severe 16

SC 4 Very Severe 22

SC 5 Extended - Very Severe 66

SC 1 Mild

SC 2 Moderate 8

SC 3 Severe 16

SC 4 Very Severe 324

1
ASTM B465

2 6

Three 16 hour Cycles

Cyclic (111·1·04on teht. involving cycle. of heat. lillinidity. Api·ay. etc. are beginning to be zixed in an attempt to better Kilillilate liallit-al
envii·nnmental cori·(™ion. The exixting texts have mil been %(:im]:irili/ed at thi# time. bill individual companieh do Mpecify them.

The conventional sult 5pray leht. AS1'M 19 1 17 which wa. ilistitlited in 1914. has been generally discredited a. an accelerated corrosion
test fur the·be· decorative coatingh largely beeau.xe· 01' lack of reproducihility of ir·Fult, and quextjonahle cori·elation with *ervice. IiiN
recounized. however. that the le,t i, still ued in xy,nie egine,114 01'the plating industry because it can serve as an inspection tool to irveal
gross defect in the coating and hare zire:i&. It i. milinly Cl:,hMilied :IX :1 3,)IT)hity [est.

Adhesion

Adhesion can be hpecilied fur each axpect
of compohite coatingx: coating adherence to
the busiv inetal. veparate compoxitc 1:iyer

to each other. and the pei-ti)-mance of the
Ifinished part to adhesion tews descrilled

under the heading 'Texting the Finish."

Appearance
Appearance cannot be itadily specified
because it involves fictors .bl,Ch :B

brightne·%%. roughne- and uniformity ol

color which are not eaxily addi·eed

objecti vely. 1 .ocat ion a nd extent <1 f 1urlite·e
defecth may inlluence acceptability. It is

+uggeved lid xamples be prepared which
air aceeplalllie to hoth maillitheturer and

pill·clia#er :,4 haandards of quality ill

ap11Wke.

Ductility
If the product i. to be used in such a way that
the coating will be formed or del'ormed in

e]·vice it may be de%i[·able to specify ductility

i·equirement.. ASTM Specification B456 callx
ftll· a illillinium of 6-79. ductility fur semi-

bright. a mininium of 119; furbright (ASTM

84490), ;ind a ininimum 854· elongution for ....
copper depositi. Meeting these minimum ..
levels of ductility :11,0 irduces or

eliminates cracking due to thermal
9.4:42...e.11,insion in .et·v'ice.

•*•W 1 5
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There are several methods for '·*1
imeasuring the thickness of  1
copper/nickel/chromium and W
nickel/chromium coatings, some
being destructive of the part tested
and others not. Most only measure
a small area of the part and so
thickness measurements are often

inade at several specified set-points
or at different current density areas.

.

...

...

...
....

(1) Microscopical Method
The part under teht i.4 clit on a plane
perpendicular to an area being nieasul·ed
and is mounted for inelallographic

examination. The c ob,-section is polished
und etched to contrast the plated coating
with the basis metal. The thicknexs i; then

nieaLIi·ed with :in optical microscope at a
magnilication great enough to permit
measurements of thickne with an accuracy
of plus or minus one iniciumetel·(0.()0004
inch) or ten percent of thecoating thickness.
whichever is greater. Thickne+ses below
one miciumeter are too thin Itur thix method.

The method ix obviouhly dextructive, time
con>,uming mid require; a high level ofskill
and experience by the operator. Despite
these disadvantage.. it ix used to Nome
extent 1-or production teving. When there
i, di.agreenient in thickners measured by
Mlier methods. the micir,scopical method
A o[-ten elected a. the referee le>,1. ThiN

method lia,, been accepted by ASTM ah
described in ASTM Standard 1487.

(2) Magnetic Methods
Since the magnetic properties of the hasix
metal and the varioux layers of jinixhex
dilfer. it ih poible to lise these differelices
Lo determinethe total thicknes,4 OFCOU[iligh.
Co use ASTM Standard 8499. the coating

beine measured inuxt he non-magnetic und
plilte,| (,Ve] ,l in.lilletic Kill|,tle. I]iS[lullielit·4
air available that menhure the force

nece<5:Iry to tletach a Kniall magnet frnm
the 4,[rface of the finished part, Other
instrullient0 litili/e the re|uctance 01 a

magnetic ffux paNsing thic)ugh the ctiating
and baxis metal to measure the thickness,

Both :re easy and rapid to operate. They
are calibrated against Mandardx ol- known
thicknG. The testh are non-dextructive,

Rexults air within I () percent of the true
thicknehs. Theic instruments cannot

meaMire the thicknexx of nickel if there ix

an undeiroat of copper present.

ASTM Method 8530 describes a niagnelic
te. t method fur coatings on magnetic and
nomilagiletic sub. trate. As described in
the.he standairds. only the appropriate
method must be uxed for the deposit. und
Mulstrate being lehted.

The Seven Stages Of Zinc
Diecast Plating

Stage 1:
Blank zinc diecasting

Stage 2:
Ground or polished .

f Irc
Stage 3:
Copper strike plated --<5#f

r

Stage 4:
Bright copper plated -00£,

171-
Stage 5:
Semi-bright nickel plated -51r

Stage 6:
Bright nickel plated --- -.r

./0-/-1

Stage 7:
Bright chromium plated

/9

1 1 2/6/./.-



(3) Coulometric Method
1-he Coulometrie method M :1100 known as

the Clectrochemic:11 or Unodic hollition

Ati·ipping nieiliod. 11 depemik upoil measill-ing
the number of ampere -ininute 4 01 c'( illl(umbh

required An· 11 controlied allic,ilie· Current to
di01\ c .1 coating from It hill.,11 1 ired :il e.1
01' the 4ull:lee. The tel N liehil'lleti\C.

lihirullielith are available which record tile

current 11,1\\ Mitamatically v) th:it they Lire
hilliple :ind f:th[ to operate. Coating thic·knes
of chromium (girater than 0.075

micrometer,). and nickel £ind Coppel
(between 0.75 und 50 niierninetet>) can

gener:lily be determined br thefc

instruments. ASTM Smiidard 135(14 pi·cu ide;
#ome particillill·\ on [1114 method.

(4) 5.LE.P. Test
Flic S.T.Ii.R method i. tixeful to

.imull,ineou41> determining hoth the
thickiic» and electrode polential iii

individual nickel layel·% in nililli-layer nickel
depi)*it#. The S.T.IE.P. C %111]ultimeot™
Thickne» und F.lectrille Potential) Teht

method A 4%0(1 upon the· Coulometrie
Met|lod and i. t|cvructive. A4 each nickel

1:l> er 1. %[1·Ipped under :[ Con,tail[ direct
current. a di|Teren[ \Ollage (electrnile

potential) N ille.thill·ed. Thi. potential i.
determined by compari.on to ii ht:ilidmil
electitkle.

The main I'linetion 01' thix IN k to monitor

thehe 1.11-iables oil production palli. -1'|lche
meaureinent can :1100 be Nhed to indicate

thecorm#ion pn,lection olletrd 111 the ovel·all
glem. ASTM Meiliod 8764 cle.crilic· lili.0
test iii detail. Commercial equipment k
available aild requires minimal e\perience.

Microporous Chromium 4

Particle Nickel

Bright Nickel

High Sulfur Nickel

Semi-Bright Nicky
1

Copper
t

Nickie Strike '

Aluminum y-·

(5) X-Ray Spectrometry
13> the ilk' 01' X-Rit». the Spectromell)
method Ille:108·C. the Illiths 01'tile Coatintl

per unit iii·en. which can 01%0 he erpre#hed

in unilf 01' line.11· thickne. pnnided thal

[lieileiNI, aftliecontine kknown.

1(Illillilieni i. available for thih e,i»·-to-
operate, mmjok.i·Inc method.

Depent|ing l,IMill the in.*ullient and [he
metah be·inc mi·Nired. [Ile ilectlrili·\

decle:INL'*:14 thethickne· inell·,1*e#. Knoun

vandal-(14 ure lihed to Calilintle tile

ill#11'iment . AS-IM 11568 (|Chcl'ille. thth

illetll)I.

(6) Spot Test Method
for Chromium

Uke otherchemical metholk. the Split Test
lot cli 17}11:ium thicklie.+ ix detructive. A

Cilfular %1701 on tile· Vll·litee· ihe\po#ed to
d d ro p o f h i ll r c 11 l o r i e : l c ilt %4 3 | l l l i t I n u h i ch
u[!ack. thechion um £11 .1 knouti iate. The

t ime requii ed t oi· pencil·ation 1111 upli the
Chnimium laver 1% 11111·:,%111·e til' the

1[licklic40. Preciilin 01 up Ill phih 111· 1111!illh
20 percent can be achieved. 1)·taik of the
IN method air enen in AS'] M St:ind.it·il

B556.

(7) Weight Loss on Stripping
h i. oftell pt,hhible to htrip ordiolve a

coating. chelinicall)· in· mii,dieally, uithout

appreciable di.willition of tile habix metal. 133
weighing the Npecimell befuir and after the

hltippilly :Ilid estimitting ith Allt·fuee :Il·Ca. the
mei·nue thickned of the coating can be

calculated. Somelinnes. [he entire .iitiple.
11:1* metal and Coatiligh. A dihv)]Ved and tile

Sollition analy/ed 1(11· nickel. elli-omium.

copper and the ingirdient. 01-the lia« metal.
Again. the averace Ihic·kneA A u hal A
obillined from the calculittion4. Thi4 method

uill not indicate *nifie:int #iii·fice. uith
lithuff'icien[ Coatilly Ihickne.xe. Thix method

A often lINed in tehting the quali[\ oftlle lillihh
011 hmall han'el·11:tted pal·th. ]t N ii|%(i llhed

1)11 (1111:1 p.111% in which .url':ice rcilighlie.
litck of acce#.illitil\. and  thei- IC0111([iny

I-actor. make dricklie» Illeasureine·lith

impractical b> othel-lili'thi,d..

1.
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Protective Value

The accelerated corrosion tests *pecified in Table IV are a means o[-conti·o[[ing the continuity and
quality of copper/nickel/ chromium coating. but the duration of Much text. doeh not have a linear
value with the service life of the finished article. Generally. the deterioration of the appearance of
the deposiA surface is greater after these teht, than typically obherved in natural Corrnsive
environments. Pasqing accelerated corrohion tests al the plating plant level helps to assure consixtent
quality parts. Details ofthe test inethids are round iii the ci,nriptinding ASTM Standard.. The
designer and purchasing agent need only kitow the general methods employed which can lie brielly
described as follows:

The CASS Test. ASTM Standard 8368. involves exp<i,ure to a rug *11'droplets of live percent sodium
chloride Nolution containing enough acetic :icid to maintain a pH iii the acidic range of 3.1 to 3.3.
The droplets a[.0 contain a small aniount ofeuprie chloride to accelerate cornnision.

The Corrodkete test. ASTM Standard B38(}. i. cclaiduc·ted by applying a %]urly of curn»Kive stillh
and kaolin to the Nignificant Murlaceq of the specimen, allowing the slurry to dry. and then expohing
the durry-coated part to a highly humid atitiohphere for a *pecil'ied period of time.

After subjecting an :irticle in the corrosion test for the Npecified time. il is examined for evidence
of coimion 01- the ba. is metal or blistering of the coating and appearance of the Cornihion Aile. 11
is tip to the plater :ind the purchaxer lo determine which le. t to lihe und whal eciliN[itutes failure after
accelerated cornision testing. These con·osion ie·sts wei r develciped to give 81 reblire measurement
of the protection of the bawiA metal and are not reliable fur predicting ilri'ace appearance after u.e.
The extent to which such .Iri'ace alteration will be tolerated is again Nubiect to ityreement between
puirla. er and manufacturer.

Copper/Nickel/
Chromium

Finishes On

Other Substrates

4 0 I E

.....

.....

.....

1 1

Al

1\vo other accelerated comixion 10,10 Ilial air still

longer considered useful ftil· 11111%1 decorative parth
the Acetic Acid-Sult Sprio' Tet. The kitter le. 1 hai
in the general Mill Npray

Adhesion

There ix no ticcelited quariti[:ilive aiidard leh[
for [idhemon. 01[,ilitative te#ti nic ,111?eted m
ASTM Standard B57].Abend tev involu

repeated Ilexing or deforniation ol the plated Firti
until fracture (il'Curb. Any wepanation of the layen
or coating c<),iMitute. failure. In the file leM n
piece is cut out of the part with a waw. then u

coarke file N applied to the clit edge of the coating
co ah to attempt to I:lihe O,· heparate it. There if
alw u quenching text in whicli the linilied article
is heated in.in oven to :in elevated lemperalain·
und then ix quenched in cokl water: if nn tat
mellind i.0 pecified. pick the one that Int)01 e|(ihel>
ilinulate# the powble adhefic>11 failure mode for
the part during actual er\ ice. Am,thei· tebl thai
i, poining popularity N the M)-c,illed '-reveise
.aw" le.[ whe,r palt. une cut with a bund :uw.
and the area immedintelv adi,acent ki tile cut i
examined fur chip-back.

Ductility
ASTM provide'# two ,·ecuninended practice, fur
evaluating ductility. ASTM 8489. u.ed fur colier
deplaN. derribe a proce·dille that c{,I14iv,h 01
bending a nal·row Wrip cut from a metal plated
ailicleove,·a mandrel. An el,ingation me,1.11,·ement
is obtained from the imallest diumeter mandrel

that doe* not eau#e the dep(N[ tu tracluie. When
the Nltupe i< hlich 111:11 :a bllitable Al)ecinien cannot
be cut from the plated pal-t. a le·v panel maybe

.. p,·ciureil I'ni,11 11,1 appi·upr ii,[e busi. Ine'laI <), 11.Atic,

0**, with the ame coatinpvxtem m tile hanie bathh.

18 -** 0 +

fuund in the older literature. but which are mi

are the Neutral Sail Spr.y· Te,t, ASTM Bll7 .lilil
an ASTM number of 11287 hut i£ tic,w included

indutr, und nthen.

.ASTM 8490 i..Ilitable only forevaluation 01
dem™il# haring knv ductility. ilic·11 ;10 nickel. [t
dekribe< a linicedllir fur menhuling IliC ductility
i)[-elecircidepi,ited fulk cibmined from the :icilial
pl,ating +Ailutio,10. The recommended pinctice
cul™i t,1- meahuring the belid 01-41 1-uilliekl
between the· 1:nv4 4,1 a lilieronieter: ther are

clo.ed until Ii:ictule. bil·crack.appear. ThiCA
Ilie 1>·pical method u.ed fur deci,ralive
elect,·oplated nickel depomt.

Microdiscontinuity
1·411·enhanced c{,mivion prolection u ith the vame
nickel thickne microporouh and illicmcracked
Chromium iN uNed in.lead of#[andilrd.

convelitional, or '·non-purnuh" chi·oillium
delic).it.. Several 11]Clholk ill·C .wailable

1)1·(kilic-lily equivalent Irwit. Micixidircill[muity

ix in«ible iii the Ilimided eye· and M) Illubt be
INed. ASTM ]4456 contai|h the ,1<)%1

e.vabli.41ied melliod. 1119 Dubpernen Tew. Thi.
le.t entarge. the ite·+ hy li hu ing coliper ,)111>
into the pore und crack. w [liail they cim he
vihible under l{*)10 20(k m,ignification. A
inewer mellicid ued by tile autonicitlic indu,try
and nalierl i. nIM, decrited m ASTM 8456.It

involve4 corroding the pal·1 1'01 the number 01
hourb in CASS a., Npecilicl| by the Sen ice
C idilion 01 [he parl or the pilirl.12 . tvpical]V
22 [044 hourb. Altei C ANS. [lie chroinillin i.

Vripped :ind the irfuce piA in the underlving
nickel deptii[ air ali,ened J[ I(10 10 20(k
ili.,glill'ication. The Mirilice pith itie el.1.+ilied a,
'-active *ite.- 1,1 which Com)4ion [nok pl,ice
through the poreN in the Mic!'(1 iliktill[ilimill.
chromium depi,Jit.

vandard ASTM (;85. 11 M htill tiMed in tile plumbing

Aluminum usually Iniuies .pecial conditioning
[Intment# to Irmove the natura] oxide, and

Lilloying hur|-ace elemelith prior [li plating. The
111(At critical Atep# in platingon aluminum alloys
211·· thohe ie'lating to +Urface prepartition.
A typical .equence ci,Ii.iq. cil t,11. girrife, and
bull-ing compound reintival. fullowed by irmoval
01'[ he surface oxide layer. The tix ide laver i
heavier und chemicaliy nic,re re.iN[:int on heal
tirated allo>,4. The choice of acid denxillizerh

\ ei·Nu al kittine etchan A earlier in the cycle may
depend on the extent 01- thiN oxide layer. Alk;[ine
etching lollowing ilegre.Nlig i, Aillen ued ki
reinme extrofinn in· machining lines and other
4ltritice inilrrfection,. Depelliling (in the alloy
conip,mition. imul develtipA on the hurlace after
etching. 1 lie clit,ice of dehillutter i.% buied (in the
1>pe ofali,Illimini alloy prlice,+ed.

A thin Iii>·er of' 7,ide reclevelop. 0,1 the Nurtace
Milin after de>mutting and will affect adliexion
when plitted. Thi Inide muN be replaced by
thili mel.illic coating, applied by immersion
Single 01·double zilicatei :ind Mannate. are
typical of huch coatings.

Recent divekipmen[ include modified alloy
micatch whieli incoiporate +mall unlount. 01
nicke!. inin. and/or copper in addition to 7.inc.
The,e modified alloy /incateh are more dilute
and Ie·.4. vtic(>110 than conventionul iineate.

They pinduce fine. den,· ciyvidline alloy 7incate
hiyel· tliat typicullv improve adheion of
41174(quent coating#.

A linin/e +11·ike K ,ipplied to H hlannate tleated
701·luce. Wherea, itrike. of either Watts-based

Ilickel. copper. electroles. nickel. or fulfumate
Inickel i< applied fullowing the zinc·ate. A double
/incate .hililld be uhed wheir adhehion mid

cnrn™ion prnteclion k impornint. Afterriking.
normal eleeimplating procedurch Illav he
1-0]lowed. ASTM 8456 »Nifie types and
thicklie+*ex of compel·. nickel and chi·omium
c·-ing. tin alumimim alloy..



Plastics

Plablich and Nome (>ther non-condlle·torh cali he

Finished by electropluting operation once the
article is made conductive. The electruplate type
can be <elected 34 the uer dexiirs.

Among the plastic %ubstnite which have been
succehxfully electroplated in production air
acrylonitrile hutadiene ity,·ene (ABS). A]3S
ailoyed with polvearbonate (PC). pailyphelivlene
oxide. polypropyleno. polyulf-one und nylon. The
ib·.trate, niobl widely uhed today are ABS and

ABS/PC. The platich mentioned all requi,r
dill-erent preparat<)ry techiliqueh.

The "preplate- operation prepare the plahtic
91,1-1.lee forelecti·npkiting. Several proprietary and
non-proprietary techniquex. with und without
electrole nickel or copper. are avaimhle m
piuvide a conductive layer on the plastic fur
fub.equent electroplating. ASTM 8727 cmers
the preparation of plawk.h 1-or Clectiuplating.
ASTM B6()4 cover. the thickne.3 01- the depo.it
required Ibi· ditfurelit Mervice conditionh thal the
fini,hed plastic purl will experience in uhe.

Tbe e leetroplated |:t> en on metalliled Illattic
qubitrateh Aire e,xentially· the h:line :14 plated on
metai whb!!lites. While p|:1>lic slih11·atc; do 1101
corn,de iii ilie 4:,me manier .8 metal. the galv:mic
relatioilillip 1,| the electriplated kiyer. in the
coating are the N,mie whether the Kilibtrate iN
mile[.11 or pl:Nic. Therel'ore. when an article i.

expi,>ed lo cor·obive atma,hphere. the

eleclroplate ht:,clure M helected to withst.uid
C'orroXion pelletrittion.

When pluting pla*tics. there is one layer that
inuM be given special consideration: that ih the
cililper electroplate. Copper plating herves two
primary functions:

1 ) It effecti\ely le,ek the etched. micrunnighen-
ed Fur ace.

2) ][< duclility· rel-ve# :8 U Clle|lion to abs<,1-b
the temperature induced movement hetw'een
the plagic und tile meltillic Ct,:ltilit.

Generilly. 12 1,1 25 miciumeten, (0.0005 [ti (1.001
inch) al-coliper ih demailed. The copper electrn-

plating hilth inu,1 providea leveled :ind (luctile
depoit. ASTM S:milard 135{)4 cover. measure-
luents 01' thickne. iii inetallic coatings on non-
inetallic hub1,·ale.

Stainless Steel

Austenitic and fei·ritic *tainie Meel. can be

electriplated with deconllive nickel und chromium
to provide improved appearance und corrosion
pritection. Surl'ace oilx lind bulling coliip(,undk
are renioved br hot alkaline soaks and electriclean

er imilar [o thobe uNed for mild week An

anodicaily electrified acid i, Ded to le,nove Nul·i'ace
Lirides and. in coniunction with a Woods nickel

Atrike. prm·ides acceptable adhexion. ASTM 8254
covers the lirepanition til'and electroilating on
gtainless steel. ASTM Standard B571 desci·ibeh

[ypical adheion test< that must be Inet. The

Hub<equent bright nickel layer is of Nullicient
thicknef> to pruvide the de>ired appearance.

Mieridirlilitililloil, chromium ib required for fevele

service conditions to prevent the formation of lante
pit. during coric)4ion. ASTM B456 cover, the
Iquilirl thic'knes< of the e'leetindepofiti fur dille,Unt
Kervice condition; that the part will experience m
tlhe.

Zinc Die Cast

Par.,mide with /ine Nubstriate<can be clectriplated
to be used in all the 4.Inle service Conditions ;10

veel g[Nrate part*. ASTM 8252 cover+ the
preparation of zinc fur electruphing. ASTM
1456 euvers the thickness of the electrodelicibils
required ful· each sel·vice condition.

i



Abrasive Blasting - A process for cleaning or finishing by means of an abrasive
directed at high velocity against the work piece.

Activation - Elimination of a passive condition on a surface.

Addition Agent - A Iiiaterial added in small quantities to a solution to produce a
desired effect. Also synonymous with -'brightener."

Adhesion - The attractive force that exists between an electrodeposit or an
electrochemical deposit and its substrate that can be meaMured as the force
required to separate the deposit from the substrate.

Amorphous - Non-cr»talline or without evidence of a regular structure.

Anode - The electrode in electrolysis at which negative ions are discharged.
positive ions are formed. or other oxidizing reactions occur. in most instances
it is the source of metal to be plated from the bath.

An{)de Efficiency - The actual cut·rent efficiency of a specified anodic process
compared to the theoretical value. The actual fi-action of current used to dissolve
metal from the anode compared to the theoretical amount as predicted by
Faraday's Laws.

Autocatalytic Plating - Deposition ofit metal coating by a controlled chemical
reduction. catalyzed by the metal or alloy being deposited, Often referred to
as electroles, plating."

Barrel Plating - Electroplating or cleaning in which the work is processed in bulk
in a rotating container (barrel).

Base Metal (or Substrate) - Material upon which processing ix conducted or coatings
air deposited. (lt is not necessarily the matetial trom which the part is constructed).

Blister - A dome-shaped imperfection or defect, resulting fi·om loss of adhesion
between a deposit and itx substrate. or between various coating. where multiple
layers ofcoatingx are present.

Bright Dip - A solution lINed to produce a bright surface on a substrate by chemical
iininei·Moii.

Bright Plating Range - The range of Cut·[ent dem;ities within which a given
plating solution produces a bright deposit.

Brightener - Am,ther term for addition agent. A liquid or powdered material that,
when added to a plating bath. improve the retlectivity or brightness of the
deposits produced by the plating bath.

Brush Plating - A specialized method of plating. typically used l-or small scale
applications, where an inert :mode is sun·ounded by a pad, sponge, brush, or
other device that will retain a volume of a concentrated solution containing a
dissolved salt of the metal to be deposited. The anode/pad device is moved
over the cathode during the plating operation in the area to be plated,

Buffing - The xmoothing of a Nurl-ace. accomplished by placing the .surface to be
linished against a rotating Ilexible wheel. to which fine abrasive particles have
been applied in liquid. suspension. paste. or grease form.

Buffer - A compound or inixture that. when contained in solution. causes the
holition to resist change in pH. Each buffer has a characteristic limited range
of pH over which it is ell-ective.

..... Burnt Deposit - A rough. non-coherent or otherwise un.satisfactory depoxit.
typically produced by the application of an excessive high current density.

Bus Bar - The tenn used to describe the cables or conducting media -generally copper
or aluminum Vock - that 11·in.Ater-x the cuil·ent fium the rectifier to the plating tank.

Carryover - See -Drag-in" defined on next page.



CASS Test - A special accelerated con·osion tehting method using copper and acetic acid solution as the fog medium. It is
most typically used to predict the corrosion protection of nickel/chrome. or copper/nickel/chrome electrodeposits.
See ASTM Method B368.

Cathode - The part that is electroplated.

Cathode Efficiency - The actual amount of current iNed to deposit metal in a plating process, compared to the theoretical
amount as predicted by Faraday s Laws.

Chelate Compound - A compound in which a metal is contained as an integral part of a ring structure and is not readily ionized.

Cleaning - The removal of grease or soil and other foreign matei·ials from a surface using one or more chemical or
electrochemical solution.s.

A/ka/ine Cleaning-cleaning by means of an alkaline solution.
Anodic or Reverse Clemiing-electrolytic cleaning where the part is connected to the negative terminal of the rectifier.
Cathodic or Direct Cleaning-electrolytic cleaning where the part is connected to the positive terminal of the rectifier.
Di-phase Cleaning-cleaning by means ofa solution that contains a solvent layer and an aqueous layer. Cleaning occursi
by both solvent and emulsification actions.
Soak Cleaning-cleaning by chemical means without the uxe of cui·rent. Generally used to remove heavy oils and greases.
Ultrasimic Cle,ming-cleaning by any chemical means aided by ultrasonic energy to xpeed up soil removal. Especially
useful in the removal of buffing compounds.
Spray Cleaning-use of an alkaline cleaner that is sprayed onto the part(s) to be cleaned. The additional energy provided
by the spraying operation accelerates die removal of soils, greases, and buffing compounds.

Contact Plating - Depohition of a metal by immenion of the work in a solution that ix in contact with another metal.

Corrodkote Test - An accelerated corrosion test for electrudeposits using a special paste coating that is applied to parts
before they are CASS *011 411·ay te,ited. See ASTM Method 8380.

Corrosion - Gradual dissolution or oxidation of a metal.

Covering Power - The ability of an electrodeposit to plate at very low current densities. such as in deep recesses or holes.
(To be distinguished from Throwing Power.)

Current Density - The total current divided by the area to which the current is applied.
Cathode Cm·rent Density-the total current applied divided by the total area being plated.
Anode Cm·j-ent Density-the total current applied divided by the total :node area.

Current Efficiency - See Cathode Efficiency and Anode Elliciency.

Degreasing - The removal of grease and oils from a xurt'ace.
Solvent Deg/·easi/4'-degreasing by immersion in liquid organic holvent.
Wipm· Degreasin,q-degreasing by solvent vapor condonMing on the parth being cleaned.

Drag-In - The watei· or olution that adheres to the objects from previous processing steps, and which ix thereby introduced
into a processing tank.

Drag-Out - The solution that adhere. to articles when they are reinoved It·om a processing tank.

Ductility - The ability of a material to deform without fracturing.

Dummy - The terin used to describe low current density plating done k) remove met:allie iii-ipurities from a plating bath.

Duplex Plating or Duplex Deposit - Tlie term used to describe a multi-layer deposit that incorporates two layers with
slightly different corrosion potential characterihties. The dificrent layers are typically combined in a manner that allows
one layer (the under-layer) to be sacrilicial to the other layer (the top layer). thereby greatly improving the corrosion
protection afforded. compared to tliat provided by a single layer 01- similar thickness.

Electroless Plating - A more commonly uxed lei·m toi· Autocatalytic Plating.

Electrolyte - General term used to idescrilic the processing bath. usually the plating bath. . 1

..

Electrolysis - Process ofcausing chemical changes via the· passage of Curnent through an electrolyte.

Electroplating - The electrodeposition of an adherent metallic coating lipon an electrode for the purpose of securing a*•Ill
iurface with propertie.. appearance. or diniensions diffurent fi·om those of the basis metal. ...9.
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Electropolishing - Term used to describe the prucess of improving the appearance mid surface condition of metallic substrates
by applying a current to a chemical solution.

Etch - Noun-a roughened surface produced by a chemical or electrochemical means.
Verb-to unevenly dissolve apart of a surface or metal.

Faraday - The number of coulombs (96.490) required to deposit one chemical equivalent of a metal. The chemical equivalent
value varies depending upon the metal being deposited.

Filter Aid - An inert, insoluble material. more or lei. finely divided. used as a filter medium. or to assist in filtration by
preventing excessive packing of the filter cake.

Flash Plate -The application of a very thin electrodeposit typically less than 2.54 microns (0.1 mil).

Flocculate - To aggregate iiito larger particlex, to increase in size to the point where precipitation occurs.

Galvanic Protection - Sce Sacrifieial Protection

Hard Chromium - Chromium plate fur enizineering, rather than decoralive applications. Not necessarily harder than
decorative chromium, but generally much thicker.

Hydrogen Embrittlement - Embrittlement of a metal or alloy caused by absorption of hydrogen typically during pickling.
cleaning or plating operations.

Inert Anode - An anode that is insoluble in the electi·olyte under the conditions pirvailing in the electrolysis being performed.
Typically used in plating baths where there is no convenient source 01-soluble metal ian anode. such as chrome plating.

Karat - A measure of the fineness or purity of a gold deposit. One kai·at is equal to I/24 part of pure gold: i.e.. a 24 karat
deposit is pure gold. Likewise, an 18 karat deposit is 18 parts of gold and 6 parts of another nittal.

Mechanical Plating - The application of an adherent metallic coating on a substrate by impingement of finely divided
solid particles of the coating to be applied onto the substrate. Alloy deposition is possible via mechanical plating. Also,
plating occurs without any hydrogen embrittlement occurring.

Metal Di%tribution Ratio - The ratio of the thicknesses of metal deposited at two different current densities, Frequently
used as it measure of the Throwing Power of an electroly te.

Metal Turn Over (MTO) - The replacement of 100% of the original metal content of an electroless plating bath.

Microinch - One millionth ofam inch. 0.000001 inches. (=0.001 mils)

Micron - One inillionth ola meter. approximately one 25th of a mil. (25.4 inici-onx = i mil)

Micro Throwing Power- The ability of an electrolyte to deposit metal in pot·es or very small recesses of substrates.

Mil - One thousandth of an inch (0.001 inches). (= 25.4 microns)

Oxidizing Agent - A compound that causes oxidation. thereby itself becoming reduced.

pH - The co-logarithm (negative logarithm) of the hydrogen ion activity. A measure of acidity (less than 7) or basicity (moi-e
than 7) of a solution.

Passivation or Passivity - The condition on a metal that retards its normal reaction in it specified environment. It is typically
associated with the metal assuming an electrochemical potential more noble than its normal potential,

Peeling - The detachment or partial detachment of a deposited coating from the basis metal or undercoat layers.

Pickling - The removal of oxides or other compounds from the surface ol-a nietal by chemical or electrochemical action.

Pit - A small depression or cavity in the surface of a part, It can be produced during 111:lillfacturing the pait, during deposition,
or by corrosion of the surface.

Polishing - See Buffing

;0;•* · Reducing Agent - A compound that cauSes cheinical reduction. thereby itself becoming oxidized.
F-9-00 Regeneration - Noun-The replacement of 1 00% of the original metal content of an electroless plating bath.

Verb-The act of replenishing a processing bath in an attempt to restore optinium performance.
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Resist - A material applied to a pall of the xurface of an article to prevent metal deposition on or metal removal from that
area during chemical or electrochemical proces.ex. Also called "inasking.-

Ripple - A measurement of the amount of AC current that is prexent in a DC cun·ent. Excesxive 1-ipple generally causes
passive deposits or hazes in plated Coatings. Ideally. ripple should be lesh than 5% for most plating applications.

RMS - A numerical reference to the smoothness 01' a Mui·face. Literally. it refers to the Root Meati Square of the height
diffeirtice between the microscopic peaks and valleyx that are evident on a surfice when it is viewed lInder sufficient
magni fication. The lower the number. the %111(iother the surl-ace. In other words. the averatze distance from the tip of a
peak to the bottom of an adjacent valley on a part with a illl-1-ace with a 2 RMS finihh. would be [es, than the equivalent
distatice on a part with a 16 RMS linish. RMS is typically mensured with a profilometer. using vertical iii;ignifications
from 500x to 2()().0()()x.

Robber - Term used to describe an auxili:wy cathoile placed near the part to be plated ki divert current from concentrating
in high Current density al-eas. le:liling to heavy deposits in these areas.

Sacrificial Protection - The iliechanixm 01- cor-nixion protection whetrin ene metal corrodeh in pre ference to :inother, thereby
protecting the latter trom corrosion (for example. /inc plating over it xteel hubstrate). Also i·elen·ed to as "Galvanic Protection."

Shelf Roughness - Roughness on surfaces of pal·ts that 1-ace upward where Sc)lids have Mettled during a processing o

Shield - Nmm--a nonconducting medium or panel used to alter the Ilow of current in an attempt to provide the most uniform
cathode current density possible on the part being plated.
Ve,-1-to alter the normal eun·ent distribution by placing a non-conducting medium in the path of the current ill a manner
that provides a more uniform overall current density on the part being plated.

Spontaneous Decomposition - See Triggering

Step Plating - Non-unifurm thickness. striations. or skip-type plating. In electroplating operation.4 this is generally evident
in low current denxity areas. while in electroless plating operations it is typically evident on edges of parts and around
holes or perforations in parts. Also referred to as "edge pullback" and/or -worm trackinu."

Stray Current - Current that passes thic,ugh paths Hitler than the intended circuit. such as through heating coils. t
tank, tloor grating, hoist super-sti·uctures. etc.

Strike - Ninin-·a thin deposit applied to a substrate or other plated def,sit to pi-ovide activation or printection lium immersion plating
Ver/)-to apply such a coating by plating fur a short time in a plating bath.

Strip - To reinove a coating from the substrate or undercoat layer via chemical or clectrochemical niethodx.

Substrate - The base metal to be plated.

Taber Abraser - An instrument used to characterine the wear propertiex of a subtrate or plated finish. Test specimens are
mounted to a small rotatint turntable :ind subjected to the wearing aclion of two abrasive wheels, which tire applied at
a specific pressure, and which rotate in opposite directions. An important fuature of the Ttiber Abi·user iN the all angles
irelative to the weave or grain of the inaterial being tested.

Tarnish - Discoloration of a base metal or a plated coating. typically a darkening of the appe:u·ance of the basis or plated metal.

Thief - See Robber

Throwing Power - Term used to describe the unilbi·inity of thickliess 01- a plated Coating. Electrolesx baths typically plate
with 100% Throwing Power. i.e.. the same thickness on all areas of u part in contact with the solution. Electroplating
baths invariably exhibit greater thicknesxes in high current cle:Nty areas conipared to low current denxity areas. See iIIxo
Thickness Distribution Ratio.

Triggering - Spontaneous decomposition of an electroless plating bath, which i.% typically caused by excexsively high
concentration of reducing agents iii the bath, or the inti-nduction of Molid contaminants, such :10 metal filings or other particles.

Troy Ounce - A unit in the Troy system 01 weighth used 1-or precioux metals. Gold and other precioux metals are typically
measured in Troy ounces. (1 Troy ounce =31.1035 grams)

Turnover - See Regeneration.

Water Break - The appearance of a discont i Ituous fi l m of water o Il a %111·1'ace. Xi illi fying non- li lli form wet ti ng and usually

associated with the pltsence of %l[1-1-ace colitaillination on parts. .....
Work (Plating) - The material being plated or otherwise finiihed.

..
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'A40'.¥ca Introduction
The Metal Finishing Suppliers' I ) the promotion of technically sound

A<sociation (MFSA) is a trade Npecifications and standards in

association of companie4 and cooperation with interested trade and

individuals involved in supplying technical societies:

chemicals. equipment, technology.

Attribution

Contents of this book may be

quoted, copied, or reproduced

without specific consent of MFSA
but only when accompanied by

written acknowledgment of the
original source.

Lind M,lution4 to the surface finishing

industry. One of tlie UNsociation's

primary objective. is to promote tile
intel·exts and further the welfare 01

L nienibe x and their customers

while safegual·ding the interests of
the uhhnate custoiner.

In 196(). MFSA initiated action to

upgrade the durability of metal

linixhes. Known:ix the "Quality

Metal Finkhing Project" or QMF,

this program was aimed at:

2) the pi·ovision of information to

both producers and buyers of metal

finished products:

3) the development ofprinted guides

containing information on established

standards and specifications, readily

accessible for day-to-day use by the

design engineer, the purchasing agent.

and all those involved in the use of

metal finished products.
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Quality
As an association promoting the interest and welial·e (11 the producers :ind
customerx of the metal finishing indistry. MFSA realizeh that everyone xiii'ferx
loss when products are sold that are inadequately tinixhed fur the intended
application. MFSA wishes to encourage the industry to develop Lind Illailitaili
high-quality standards needed to guitrantee the expected Di· promised service of
the unit.

The industry needs to know how a high-quality metal linixh can he achieved.
how to select proper specifications 1'01· a given application. and how to control
the release of products to assure that they meet the needs of the clihtomer. At
the same time. management inu,t he confident thal thix know-how ih 17:,heli on

Mound engineering principles and incorporateh a reasonable margin of safety.

There have been ignificant development of standards fur quality xystemx iii
the last few years that are applicable to metal [inihing. These incitide:
• International Standards Organization: (ISO 9000: ISO [456)
• American National Standard. Institute/American Society for Quality Contrn|:

(ANSI/ASOC Q90)

• American Society for Testing and Materialx: C ASTM 11456)
This manual will provide useful details on how to apply proven metal linishing
engineering in your systems to help you maintain and imprnve your metal
finishing quality.

Other QMF Guides:
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This guide is concerned with
autocatalytic nickel plating,
commonly referred to as electroless
nickel plating. In contrast with
electroplating, electroless nickel
(EN) plating does not require
rectifiers. electrical current or

anodes. Deposition occurs in an
aqueous solution containing metal
ions, a reducing agent, complexing
and buffering agents and stabilizerx.
Chemical reactions on the surface

of the part being plated cause
deposition of a nickel alloy.

Since all surfaces wetted by the
electroless nickel solution have the

same plating rate. the deposit
thickness is quite uniform, This
unique property of EN makes it
possible to coal internal surfaces
of pipes. valves and other parts,
Such uniformity of deposit
thickness is difficult, if not

impossible. to achieve by any other
metal finishing method.

The discovery of electroless plating ix credited to Brenner and Riddel] in the
194(k Today EN has grown into a very substantial segment of the metal products
finishing industry.

This guide seeks to provide the reader with a more through understanding of the
procexs. The guide includes dexcriptions of deposit properties. equipment required,
process applicability. and test procedures to tile end that a high quality EN deposit
can be achieved and maintained.

The chemical reactions that occur when using sodium hypophosphite as the
reducing agent in electroless nickel plating are as follows:

1-]2 PC)-2 + H20 . HBPO3 + H2

Ni++ + H2102° + H2O Catillyht , Ni° + H2PO-3 + 2H+
HlPO-2 + H+ • P + OH- + 1-120

An electrolexs nickel coating is a denxe alloy of nickel and phosphoru. The
amount of phosphorus co-deposited can range from less than 4% to 13%. depending
upon bath ft,·mulation. operating pH. and bath age. The deposition process i,
autocatalytic: i.e„ once a primary layer of nickel has formed on the substrate, that
layer and each subsequent layer become the catalyst that causes the above reactions
to continue. Thus. very thick coatings can be applied. provided that the ingredients
in the plating bath are replenished in an orderly manner, In general, commercial
practice. thicknes.4 range from 2.5 to 125 microns (0.1 mil to 5 mils). but in some
halvageoperations, 750 micron (3() mil) deposits are not uncommon.

t
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Electroless nickel deposits are functional

coating; and are rarely used for

decorative purposes only. The primary

criteria for using clectroless nickel

generally falls within the following

categories:

1 ) Corrosion resistance.

2) Wear resistance.

3) Hardnes.

4) Lubricity.

5) Solderability and bondability.

6) Unitorinity of deposit regardlexs of
ecometries.

7) Nonmagnetic propertiew of high-

phosphorus nickel alloy.

These items will be discussed at greater

length in the Properties" section of thih

guide

In the early ye:i-4. platen encountered

many problems with electroless nickel

becaL+e of poor l'ormulations. inferior 1 9
H

equipment. misapplications and a
general misunder,tanding of the process

Lind the deposit. In the first decade and
a half of its existence. electroles nickel

plating hall an aura of "black magic"
attached to it. Modern bath

ft)-mulations, however. use only the

purest gradeh of chemicals. delicately

balanced and blended to give the

processor plating baths with long life.

exceptional stability, consistent plating

rates. self-111:lintaining pl 1 Lind most
importantly. 1-cpi·ficlucible quillity. Iii
addition, advancements in tank design.

lilli·ation xyxtemx. heating and agilation PF

have virtually eliminated the problems
that plagued the user years :lgo.

Further·more, iii the past decade. approaches include sulfate free
advancementh have been made iii 12,1-mulations. those based upon nickel

autocatalytic nickel plating Militions. hypophosphite. or thoMe that utilize
Reducing agents other than Modillin membrane technology to reduce the
hypophoxphite are used 12)1· xpecial build-up of objectionable reaction

applications: comm,hites of nickel with products in the bath.

diamond particles. Ailicon carbide. and
PTFF. iii·e available: and ternary allor

[t has taken many years of hard work

may be applied. Alio. baths have been
and cooperative effort by the supplier,4

12)1·mulated to yie|il Allecific rehu|tA: i.e..
and users to arrive at the present stale of
the art.

high cori·nxion resixtance. brightne»,

high plating rate. improved ductility.

and low levels 01' magnetic Inpollhe.

loday. chemistrics that utilize extendell

Ii|e Itiateilie are becoming more
common. Some orthese extended life

01



2.

Types of
Electroless

Nickel

All electroless nickel coatings
are not the same. Different

types have been developed to
provide special properties,
depending on the end-use

requirement. Table 1 lists
deposit characteristics and

suggests Nuitable EN types or

systems.

Nickel-phosphorous
Baths

Acid nickel phosphorus -
Depositx from these baths can be

identified by phosphorus content that,

in turn. determines deposit properties.

4-59 - 1.ow-phosphorus: 6-9% = Mid-

phosphorus: 10-13% = High-

phosphoru,. Low-phosphorus depoits
offer improved hardness and wear
characteristies, higher temperature
resistance. and increased cori-osion

resistance in alkaline environment.w.

Mid-phosphoru4 coatings are bright

and :iesthetically pleasing and have
good hai·die,% and wear resiNtance.

along with moderate corrosion
resistance. High-phosphorus coatings
pi·ovide vii·y high cc,i·i·oxic,Ii irsiKtance

and a complete lack of magnetic
response.

Alkaline nickel-phosphorus -
These baths plate at relatively low

temperaturex (24-60° C, 75-14(r F.),
making them suitable fur plating on
plastics and other nonconductive
materials, or for use on zincated

aluminuin. In addition, because of the

low phosphoris content deposited (3-

496), they eller enhanced solderability

and hondatility. especially in electronic
app Cations.

I

Il,II*

Nickel-boron Baths

Low boron, nickel-boron

coatings (less than 1 % B) - reduced
with amine boranes. are most often used

in electronic applications to provide high
electrical conductivity, good solderability

and good ultrasonic bonding

characteristics. Deposits with higher

levels of boron (2-3%) have high
hardness values and better wear resistance

than other coatings. In addition. the

inciting point of nickel-boron alloys is

higher than that of nickel-phosphorus
coatings. The only major disadvantage
is that the chemical cost of amine borane

reduced coatings is five to 10 times that
of nickel-phosphorus deposits.

Sodium borohydride reduced nickel-

boron plating solutions deposit higher
leveli ofboron (3-5%) than amine borane

baths and are usually co-alloyed with
thallium. Thexe coatings provide

exceptionally high hardness and wear

resistance. usually equal to hard
c fuum ium.

Lead-free, Cadmium-fi·ee formulations

have been introduced by several suppliers

of pil)prietaiy electroless nickel processes
to meet the requirements of the End of

Life Vehicle (ELV) Initiative created by
the European Union (EU). These systems
Renerally offer siinilar operating features
ah'conventional" electroless processes.
including plating rate. deposit hardness.
bath life. brightness, and corrosion
res,Ntance.

Polyalloys
Several electroless nickel plating
solutions produce deposits having three
or four elements. These include nickel-

cobalt-phosphorus: nickel-iron-

phosphorus: nickel-tungsten-phosphorus;
nickel-rhenium-phosphorus: nickel-

molybdenum-boron: nickel-tungsten-
boron: and others.

Each of the above is designed to

maximize qualities such as corrosion
resistance. hardness. high-temperature
resistance. electrical properties and

maunetic or nonmagnetic characteristics.



Composite Coatings
Co-depositing hai·d particulate matter

with the nickel-phosphorus alloy can
further enhance the excellent wear

rexistance of dectroless nickel. l Aually.

particles of si licon carbide (4,500 V 1-IN )

or synthetic diamonds (10,000 VHN)

are used iii this process. A uniform

dispersion of pal·ticleh (20 to 30% by

volume) is held in place in the deposit

by the nickel-phoMphoris mati·ix. These
det)(ixits are very hrittle and require a

Nound substrate to prevent cracking in

Lie. Composites containing silicon
carbide (SiC') are most often INell ill

moId and die applications. Tho.e

containing diamonds have fuund use in

textile and ci[lting tool applications.

The co-deposition of Pl FE ]lai·licle, ill
an electroless nickel coating can

significantly improve its lubricity and

release properties. Theve coatings
typically contain [5 to 259 (by volume)
1,TFE particles und can provide

coeilicients of fi·iction nearly its low as

solid Teilon® or dry film lubricants.

Table I

Electroless Nickel Coating Most Suitable
For Specific Deposit Characteristics

De Most Suitable Ele| Nickel Cacte,Tsffe
Wear resistance

Corrosion resistance

Hardness

Chemical resistance 1
Solderability and bonding

Non-magnetic response 8
Electrical conductivity

Electrical resistivity

Precious metal replacement

High temperature resistance

Brightness or pleasing appearance

Selection depends fin the wei,e,-in· 0/'/he requii

1. Composite coatings with Silicon Carbide (SiC) or diamonds

2. Nickel-boron, with 3% or more B and 3% or more TI

3. Nickel-phosphorus, with 11% or more P, heat treated

4. Nickel-phosphorus, with 35% P

1. Nickel-phosphorus, with 11% or more P

1. Composite coatings with SiC or diamonds

. Nickel-boron, with 3% or more B and 3% or more TI

. Nickel-phosphorus, with 10% or more P, heat treated

. Nickel-phosphorus, with 3-5% P

. Nickel-phosphorus, with 11% or more P

. Nickel-phosphorus, with 2% or less phosphorus

Composite coatings with Teflon®

. Nickel-phosphorus

1. Nickel-phosphorus, with 11% or more P

1. Nickel-boron, with 1 % or less boron

2. Nickel-phosphorus, with 2% or less phosphorus

1. Nickel-phosphorus, with 11% or more P

Nickel-boron, with 1 % or less boron

. Nickel-phosphorus, with 2% or less phosphorus

. Nickel-boron, with 1 % or less boron

. Nickel-phosphorus, with 2% or less phosphorus

Nickel-boron, with 1 % or less boron

. Nickel-phosphorus, with 2% or less phosphorus

Nickel-boron

. Nickel-phosphorus

1. Nickel-phosphorus, with 6-9% P, brightened

ints and mi ilic, econoinics of ilic· application.

2

3

4

Ductility 1

2

Lubricity 1

2

1

2

1

2

1

2

2
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Table 11

Electroless Nickel Applications

REASON FOR USE

Applications
of Electroless

Nickel Application

.:..4. Automotive

Heat 5inks Al .4 x x

Pistons Fe .6 x x

Engine Bearings Al x x

Hme Couplings Fe .2 x

Gears & Gear Ajsemblies Fe 0.41.0

Aircraft

Engine Overhaul Fe 1,0+ x X X

1 1..
Electrole@ nic!*oating>. h.ive many./

untls,la| properties. Which make them i ery

useful iii a broad lange of flinction:,1

applications, Most applications take

advantage of the hardne>,>.. lubricity.

corrosion 1-existance, electrical and

magnetic properties clf electroleAA nickel.

as well as its ability to cover complex

geometries and internal ah well as external

qurfaces. Table 11 list0 many (11'tile common

applications and indicates w'hich 111·opertieN

of EN are of value in each ol' thewe

applicationv.

Struts

Landing Gear

Hydraulics

Propellers

Hinges

Tape Guides

Engine Mounts

Turbine Parts

Gyro Parts

Chemical Equipment
Tanks

Pumps

Filters

Heat Exchangers

Spray Nozzles

Tubing

Railroad

Diesel Shafts

Electrical Motors

Variable Speed Shafts

Rotor BIades,
Starter Rings

Printing Roll5

5/5

Fe

Fe

Fe

Fe

A1

4130

4140

Fe

Fe

Steel &
S$

Steel &

SS

Steel &

SS

Steel &
5S

Fe/Cu

Cu/At
Fe/SS

Fe

Fe

Fe/Al

Fe/Cu

1.0-2,0 x

1,0- xxx

1.0+

1.0- xxx

A x x

2 X

1.0-2.0 x x

1.0-2.0

0.5-1.0 x

2.0-5.0 x

2.0-5.0 x x

2.0-5.0 x x

2.0-5.0 x

0.3.1.0 x x

0.5-2.0 x x

1,0- x X X

0.5+ x x

0.5-5.0 x x

0.8-1.5 x x

00

X

InTinge Inrow Thickness Control Uniform Coating Electroless Forming
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4.

Properties of
Electroless

Nickel

\U,90»

It is the .superior properties of

electroless nickel coatings that caused

the rapid expan>,ion of its use. No

other coating hai the combination of

properties offei·ed by electroless
nickel.

Corrosion Resistance and

Corrosion Protection

One of the most common reasons for

using of electroless nickel coatings in
functional applications is its excellent

cori·osion resistance. [n the very
cori·oxive conditions encounteird in

drilling and producing oil wells, fur
example. electroless nickel has shown

its ability to withstand the combination
of corrosive chemicals and abrasion.

The alloy content of the EN depoxit

influences its performance in most

environments. Phoxpliorth alloys
typically provide better protection than
boron-reduced coatings. [n hot, highly

alkaline solutions. low-phosphorui
deposits are inore corroion resistant
than high-phosphorus alloys. However,
iii most other chemical environments,

high-phosphorus alloys provide superior
corrosion resixtance.

k.

Density
The density of EN coatings declines with

increasing phosphorus content. An
electroless nickel deposit containing 390
phosphorus has a density of 8.5 g/cm -1
while that ofadeposit with 1 1%

phosphorus has a density of 7.75 g/cm3.
These values are lower than thosof pure
metallurgical nickel (8.91 g/cm- ).

Coefficient of Thermal

Expansion
The coefficient of thermal expansion of

a deposit containing 8 to 9% phosphorus
isabout 13x 10-6/° C. This compares
to values for electrodeposited nickel of
14 to 17 x 10 /° C

6

Thermal Conductivity
The thermal conductivity of an electroless

nickel deposit containing 8 to 9%
phosphorus is 0.0 105 to 0.0135 cal/
Cm/sec/° C. Electrodeposited nickel has
a value of 0.19 to 0.26 cal/cm/sec/° C.

Melting Temperature
1 he final melting temperatures of
electroless nickel deposits vary widely.
depending upon the amount of
phosphorts alloyed in the deposit. The
initial inciting point ih about 890° C
( 1630° 19 for all deposits. This

temperature corresponds to the eutectic
point for nickel phosphorus.

Magnetism
Electroless nickel deposits containing
21-eater than 8% phosphorus are
considered to be essentially nonmagnetic

asplated. Thecoercivily of 8.6% and

7.ON; phosphorus content deposits has
been reported at I.4 oeniteds and 2.0

oersted.. respectively. A 3.5%
phosphorts content deposit produces a
magnetic coating of 30 oersteds. When
the phosphorus content is increased to
1194. the deposit is completely
norniagretic.

Coating thickness measurements with
devices that rely on the noninagnetic
characteristic of the coating become
inaccurate, if phosphorus content is
below 8%.



Heat treatment of electroless nickel at

temperatures over about 27()° C (520°
F) will increase the magnetism of the
deposit. Even deposits that are

completely non-magnetic as plated. will

become highly magnetic when heat-
treated above 330° C (625° F). At these

temperatures amorphous solid solutions

of phosphorus in nickel decompose toi
form nickel phosphide (Ni3P) and
magnetic nickel.

Electrical Resistivity
The electrical resistivity of EN deposits
also varies with their phosphorus content.
That of pure metallurgical nickel has a
value of 6.05 microohm-cm. Electroless

nickel deposits containing 6 to 7 percent
phosphorus have resistivities between
about 52 to 68 microohm-cm. The

resistivity of a deposit containing 2.2%

phosphorus is 30 microohm-cm. while
that of a deposit with 13% phosphorus
is 110 microohm-cnn.

Heat-treating electroless nickel reduces
its electrical resistivity. Beginning at

about 270° C (520° F). heat-treating
decreases electrical resi.btivity due to the

precipitation of nickel phosphide in the

coating. The resistivity of an electroless

nickel deposit with 7% phosphorus. heat
treated to 600° C (Il 00° F), was reduced

from 72 to 20 microohm-cm.

Solderability/Weldability
Electroless nickel-phosphorus alloys are

easily soldered with a highly active acid

flux. Soldering without a flux or with
mildly active fluxes can be more difficult

i f the parts are allowed to form oxides
by extended exposure to the atmosphere.
The heat processing of electroless nickel
plated parts can make soldering very
difficult. unless a highly active acid flux
is used.

Welding of electroless nickel deposits is

not commonly done. The dissolution of
phosphorus in the weld can produce low

melting point compounds and "hot

cracks" and disintegration of the weld.

Adhesion

Excellent adhesion ol electroless nickel

deposits can be achieved on a wide ranize
of substi·ates. including steel, aluminum.

copper and copper alloys. Typical bond
su·engths reported for electroless nickel
on iron and copper alloys range from 340
to 4]OMPa (50 to 60.000 psi). The bond

strength on light metals. such as aluminum.

tends to be lower, in the range of 100 to

240 MPa ( 15 to 35,000 pi).

Low-temperature heat treatment is

commonly employed to improve adhesion
of EN on all metals. particularly on light
metals such as aluminum or litanium.

During this heat treatment. dill'llsion can
occur between the atoms of the coaline

and the substrate.

Surface pt-eparation and activation are two
of the most impoilant factor, toi· producing
excellent adhesion.

Thickness

Electroless nickel eLIn he deposited to
produce a wide ninge of coating
thicknessex. with unifunnity and minimum
variation from point to point. This

uniformity can be maintained in plating
both large lund small parts. and on
components that are fairly complex. and

with recessed :11-eas. Electroplating of such

parts, on the other hand, would produce
lihickness variation und possible voids iii
the plating. when coating holes and inside
diameters. The r,inge of thicknexxes fur
electroless nickel in commercial

applications is 2.5 to 125 Wn (0.1 to 5
mils). although deposits as thick as 1000
uni (40 milx) have been reported. The
typical plating rate of most baths is 7.5 to
20 pm/hr (0.3 to 0.8 mil/hr).

The majority olcommercial applicationx,
except those involving corrosive xervice

or heavy buildup of worn parts. utilize a
thickness between 2.5 and 25 kim (0.1

and 1.0 mil), Thicknesses 01'25 to 75 wil
C 1.0 to 3.0 mils) are common for corrosive

service. while deposit thicknesses above
75 Kin (3.0 inils) are typical of repair Und
1-ework applications. Deposition of
coatings greater than 75 Wn (3.0 mils)
requires more careful attention to process
control to avoid roughness Lind pitting.

Brightness
The brightness and retlectivity of
electroless nickel can vary

significantly. depending on the
specific formulation. The reflectivity

of the deposit is also affected by the
surface finish of the substrate. Thus.

a very bright electroless deposit may
appear dull if the substrate is rough.

The appearance of most electroles.s
nickel coatings is similar to that of
electrodeposited nickel.
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Achieving flfe full potential of
electrolessinickel plating requires

that the finisher pay attention to
the original metallurgical surface

condition before beginning to put

the part in an electroless nickel

processing line. In a similar
fashion. the part must be cleaned

properly: the right equipment must
be available for precleaning the
parts and for operating the

electroless nickel plating solution:

the solution best able to produce

the required properties must be

used: the finisher must recognize
the common processing problems
and be able to correct them: and

the finisher must know how to

heat treat and provide other

postplate treatments reqi[ired to

achieve certain properties. The
following sections elaborate on

the metallurgy and procesx

methods important in producing
sound deposits.

Good EN

Plating
Practice

%61\

Substrate Effects

Substrate surface smoothness intluences

the protective value ofelectroless nickel

depoxit. The xmoother the surface to
be plated. the better the quality of the

final electroless nickel deposits and the
bettei· the corroxion resistance the

coating provides.

Fabricating operations such as rolling.

xtamping, casting. shearing, lapping,

drawing. machining, and gift blasting
can cause del'ects iii the basis metal

before it enters the electroless nickel

procc,4 line. 1nclixions in the substrate

metal may cause the part to be hard to

clean und not easily wetted. This will
make unifonn coverage with electroless

nickel difficult, even when thick

deposits are applied. In addition. pores

in the substrate can entrap preplate

chemicals that then "bleed out' during

the plating cycle, causing inferior

electroless nickel deposits at those sites.

When it is neeexiary to electroless-

nickel plate substrates with surl-ace

defects, the quality of plate can

NometimeN be improved by alternating

hot :und cold rinses during the preplate

cycle. operating the plating bath in a
manner that produces a slower than

normal plating rate. increasing the i·ate

ofauitation. and lowering the plating

bath surface tension with an approved

wetting agent.

Preparation of Metals for
Electroless Nickel Plating
1-he importance of cleaning and

activating metal surfaces prior to

electroless nickel plating cannot be

ovcr-emphasized. Many of the

problems thought to be caused by

improper electroless nickel plating are

actually caused by failure to clean and

pretreat surfaces adequately. Here are

recommended preplate steps for each

of the metals commonly plated with

electroless nickel. To optimize the

performance of the preplate line. proper

temperature and concentration must be

maintained. Filtration of the preplate
chemicals will reduce the chance of

drag-in of particul:itc matter.

Steel

i ) Soak clean.

2) Rin*s).

3) Electroclean - anodic or periodic
reverse.

4) Rinse(s).

5) Acid dip - 10% sulfuric acid or

30% hydrochloric acid.

6) Rinse(s).

7) Electroclean - anodic or periodic
reverse.

8) Rinse(s).

9) Electroless nickel plate.

Copper
1) Soak clean.

2) Rinse(s).

3) Electroclean.

4) Rinse(%).

5) Acid dip - 1 0% sulfurie acid or

30% hydrochloric acid.

6) Rinse(s).

7) Apply direct current. momentarily.

to initiate deposition or utilize an

electrolytic strike.

8) Electroless nickel plate.

Aluminum

Single-zincate process:
1) Non-etch soak clean.

2) Rinse(s).

3) Alkaline or acid ctch.

4) Rinse(s).

5) Desmut. *

6) Rinse(x).

7) Zincate.

8) Rinse(s).

9) Electroless nickel plate.

Double-zincate process:
1) Non-etch soak clean.

2) Rinse(s).

3) All<aline or acid etch.

4) Rim;e(s).

5) Desmut."

6) Rinse(s).

7) Zincate - long immersion.
8) Rinse(s).

9) Strip in 50% Wv nitric acid.

10) Rinse(s).

Il) Zincate - short immersion.

12) Rinse(s).

13) Electroless nickel plate.

*Desmul in 50 9 nitric acid, or 50%

nitric acid plus 15% sulfuric acid. or 50%

nitrie acid plus 25% sulfuric acid plus 1

lb/gal ammonium bifluoride.

12 I



Equipment

Tanks - The most basic item in a line

for plating electroless nickel is a clean
polypropylene or stainless steel tank of
a known and calibrated capacity. With
stainless steel, either Type 304 or 316

grade is acceptable. If a stainless steel

tank is used, a small anodic charge (say,
2 volts) should be applied to prevent EN

deposition onto the tank.

Before a plating tank is used, a dilute
eaustic solution heated to 50° C ( 120°

F) should be pumped into the tank and

allowed to leach out impurities. After
the caustic has been drained out and the

tank has been rinxed. a 30 percent

.solution of nitric acid should be pumped
in and recirculated through the tank,

heaters. filters and accessory equipment

to passivate these surfaces. The nitric
acid solution should be left in the tank

overnight to completely pa»;ivate the

equipment. After use, the nitric acid

solution should be pumped to a holding
tank and saved for future maintenance.

Excellent rinsing is imperative following

each passivation period. A small amount
of ammonia added to the Irinse water and

pumped through the system is necessary

to neutralize residual acidity.

Nitrate contamination of electrnlexs

nickel solutions will cause slow plating
rates and prnduce deposits having lower

than normal phosphoroux contents. Such
contamination most often occurs alter

the tank has been passivated with nitric

acid and the tank. piping. and associated
equipment are improperly rim;ed with
watei·.

Also. ion selective papers tire available
that allow the present of nitrates to be

determined in both the plating bath, and

in the make-up water in concentrations

as low as ]0-500 mg/L (ppin).

Filters - For most EN tanks.

polypropylene, fult lilter bags are
preferred. For tanks of 570 liters ( 150
gallons) or less. carti-idge type filter units

may also be used. Both bags und

cartridges can be purchased in

appropriate .sizes. and can he connected
to a distribution inanil-old. The filtration

rate should be equal to a minimum of
ten tank volumes per hour.

Before new filters are used they should
be thoroughly rinxed with warm,
deionized water to remove Kizing

compounds. After they have been used.

polypropylene filter bags may be
stripped in niti·ie acid to 1-emove nickel
residue and reused. After stripping,
they should be i·inxed in deionized

water. containing a inall amount of

amnionia. to neutralize any remaining

nitric acid. Periodic laundering of these
bags is advisable to remove dirt. Thix

dirt will cause more rapid plate-out of

the filters. and deplete nickel from the
bath.

Racks, Barrels - Racks should be

designed to provide for good drainage
of proceing solutions from racked

parts. Certain shapes tend to ent,·ap
solution. which causes contamination

of subsequent solutions by carry-over

or drag-in. Rack coatings should also

be carefully selected and maintained

to avoid dishonding und pockets. which
tire another,source of contamination.

The holes in plating barrels should be

laree enough to provide rapid transfer
of prncess Milutions. but small enough
to prevent parts from fulling out of the
barrel into the plating bath.

Bath Makeup, Replenishment
and Operation - A prnprietary
electroless nickel product is a blend of

many ingredients carefully balanced to
provile long bath life und consistent.
reproducible quality depi,+its. It is
impoilant that the liel· 121110W the

Kupplier'h instruction. to not disturb
thih balance. The following iX a Ii. t (11-

impoi·lani points for operating an EN
plating so|lltion.

1 ) The tank volll,ne should te known

to iii·operly makeup and 1-eplenish
a bath.

Tank volume (liters) = length (m)

x depth (in) x width (m) x 1.000

ITank volume (gall<)11) = length

(in.) xcleptli(in.)x width(in.) 23!I
2) Deioni,ed water should be lixed to

makeup and irplenish a bath.

3) The bath temperature Mhould be

controlled within mt ().5° C (1 1 ° F).

4) The %,olution should he filte!-ed at a

rate often tank volumes per hour

through polypropylene bags or

cai-tridges

5) The makeup and replenishment
solutions should be used according to

the supplier's iii.tructions.

6) The replenishment containers should
be well marked.

7) The bath pH should be maintained
within +0.1 pH units.

8) An analysis, replenishment and

operations log should be maintained.

9) Standardized reagents should be used
for analysis.

10) The bath should not be allowed to

become too depicted before an
addition. 'Shocking the bath" with a
large volume of replenishment
additions should be avoided.

11 ) The working solution volume should
be maintained at a constant level.

expecially before analysis.

12) Rackx. hooks. or barrels used for

cadmium. chromium. lead. solder. till.

or zinc plating should  be used in
the electroless nickel solution.

1 3) The bath should not be heated for

extended periods of time without being
used.

14) The chemical balance of the bath

should tiot be upset by unauthorized

additions by a -creative" operator.

15) The bath should not be used beyond
itx norinal life.

Chemicals - The chemicals required to

makeup a new electroless nickel bath
xhould be carefully measured und mixed
according to their manufacturer's
instructions. The baths pH should be

measured uxing a pH meter. and adjusted
to its #uggested working range. The tank's

normal ope[·ating level should be marked
oil the tank wall for later observation.

When calculating the t:ink'x volume. care
x11{iuld be taken to allow for the holution

contained iii tile punip. filter. and in pipes
outside tile tank.

ANNat
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Once the volume has been adjusted to

bring the bath to its correct

concentration. a sample should be taken
and reserved for a lab standard for nickel

titrations. A graph should be made of
Ni concentration versus the volume

(inls) of EDTA used in titrations. The

graph will allow rapid detennination of

bath strength during production hours,
and avoid calculations where errors

might occur. The bath is now ready to

be brought to its recommended

operating temperature and used in

production.

Periodic nickel titrations and

replenishment of nickel and reducer

chemicals is necessary to maintain the

bath at its proper operating condition
with a normal plating rate. it is not
necessary to replenish the bath every
time it is titrated. unless it is out of its

recommended working range.
Generally, operating with a nickel

concentration less than 85 percent of
optimum will reduce the plating rate

and slow production.

The bath's pH can also have a laree

effect on the bath's operation and on
the deposit's quality. The pH should be

checked frequently and adjusted with

neutralizer when necessary. Although

most proprietary baths will maintain pH
within the recommended ranee with

their normal replenishment addition>,

complex parts can cause excessive
"

"drag-in and pH variations. With parts
of this type. the pH should be checked

and adjusted continuously. Dr,tg-in may

also affect bath operation and deposit
quality and should be minimized.

Records - Good record keeping of
analytical results and replenishments is

very important to maintaining proper

control and coating quality. Automatic
analyzer/controller systems are available
which will maintain the solution

chemistry without manual additions and

wi]1 keep complete bath records.
However. these controllers should also

be calibrated and standardized

periodically.

Plating Thickness - A good way to

determine plating thickness and

deposition rates is to measure the

thickness of plated coupons or panels.
Coupons of known consistent thickness

may be hung on racks carrying parts.

Periodically. a panel may be removed

from the rack and the coating's thickness

measured. Partx being plated with the

coupon will have the xame thickness.

Also. the depoxition rate of the bath can
be calculated from the thickness und

the time that the coupon was plated. A
properly processed panel of a similar
Nubstrate metal can also be used to test

the deposit's adhesion.

Tank Size - Usually it is more
economical to have everal different

size, ofelectroless nickel plating tanks.

rather than to process all of the work

through one large tank. Not only is it

more expensive to heat and maintain

larger tankx. but plating only a few pat·ts

in a large volume of solution can

degi-ade an EN bath by causing :Ii

imbalance o[- ingredients. especially the

reducing agent.

EN solutions should not be heated

unlesh they are to be used. If a bath is

continuously heated and not used. or if

only a few small parts are to be plated
at a time, the bath will be degraded and

deposition rates will i-all. 1-or the reason

mentioned in the above paragraph.

Filtration - EN plating solutions
Mhould be continuously filtered to
remove particulates and degradation

products. The pump and filter should

be capable of circulating the solution
at a rate equivalent of 10 times the
solution volume each hour. For

example. a 375 liter C !00 gallon) tank
xhould have a filter and circulation

pump capable of providing a flow rate

of 3,750 liters per hour (1,000 gallons

per hour. or approximately 16 gallons
per lilinille).

Agitation - Good agitation is
nece:ry fc)r EN solutions. Mechanical

agitation is usually practical only for
small tanks. Most EN baths are best

aeitated with air from an oil-free blower.

Good air agitation will eliminate many

roughness and gas-pitting problems. It

can also eliminate the need for periodic

movement of parts hung in the bath.
Better solution changeover will also be

produced in barrel plating.

Care must be taken in plating shapes

that can trap air or hydrogen. Pockets
of these gases can prevent plating

Molution fi·orn reaching the part and can

result in incomplete or no piating.

Rinsing Good rinsing is mandatory
for high quality plating. Air-agitated,
counter-Ilowed rinses after all preplate
processes are best. Where practical,
spray rinses are also very effective. All

rinse tanks should have overflows along
their entire length to skim the whole
Nurface ofthe tank continuously. Rinses

should be kept at or near room
temperature. Very cold rinses will "set-
Lip" certain cleaners on the part surface

rather than remove them. Finally. a
two-second dip in a rinse tank is not

enough; Finsing should be thorough and

14
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should remove al] of the process solution
on the part's surface before the part is
placed in the next tank.

Passivation and Cleaning - Some
users of electroless nickel use one tank

of electroless nickel solution day after

day. Even though ati adequately filtered
bath usually may last through this

punishment. its performance and that of
its deposit will suffer. Daily transfer of
the solution and cleaning of its tank is
preferable.

Electroless nickel tanks are best set up
in pairs. One is operated one day and
one the next. A 30 percent (by volume)
nitric acid solution should be left

overnight in the previously used tank to
remove any particulate matter or EN
deposits and to passivate the tank walls,
heaters and other equipment. This
procedure should be followed even when

the tankistreeof EN deposits. While
the solution in the second tank is being
heated and the first load of parts is being
prepared. the nitric acid solution should
be pumped to a storage tank and the

cleaned tank properly rinsed. This will
give the plater a clean, spare tank to use
with his working tank.

If for some reason the solution hits to be

drained immediately, it can be pumped
to the clean tank. the heater turned on,

and production may continue. This
happens Nometimes when a part is
dropped, or when a bath has started to
decompose and must be filtered quickly.
Another reason for daily transfer, even

when a high filtration rate is used. is

that the geometry of a tank does not
allow evei·y bit ofsolution to be filtered.
no matter how many times per hour the

bath is turned over. Even with daily
transfers and nitric acid exposure.
polypropylene tank., or liners should
last three to five years.

Transfer and passivation may seem to he

a complicated procedure. but if practiced
daily. it is a fast and inexpensive one. lt

will eliminate costly downtime and loss

of baths by plate-out or decomposition.
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Figure 1
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Heat tre4#p 0 frequelitly used Em

to improve a coating's adhesion. or £ 700

·to modify its properties for a i
9 particular application. As a result

of heat treatment, hardness,

corrosion resistance, wear 600

resistance. ductility and internal

stress, fatigue resistance, magnetic
susceptibility, and other properties
of the deposit can be affected. 500

Figure 1 shows the effect of
different heat treatment

temperatures on the miciohardness Figure 2

of different EN coatings. Figure 2
shows their effect on Falex wear

resistance. (Additional details are

provided in the "Deposit Properties .9 en

E
section of this booklet.)
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0
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C (500° F) will cause nickel phc,hpliide
to precipRate within the depo>,it and wi!]
change the physical. mechanical and
protective propertieh o[' EN contings.
Heat treatment at temperatill-ex above
260°C (5(X)° F) will reduce the htrength

and ductility of EN coatings. It will ab,o
+everely degrade their corrosion
resistance and protective ability.

I leal-treating 111(ilild be carried out in
all illert iltmospliere sliell Ilh Iliti-ogen
or vacuum to illinimi/e oridation. If 11

coating 1% heated to more than 260 . rL

(500" F) ill air. ith Alliface will Irc·onie

highly dicolored.

Coatings

Warm elli-omic acid or propriet:lry

chi-omating sohitions are sometimes used

10 11:issivate EN coatings after plating and

[i) help plutect the slihxtrate lium cor,71%i,e
attack. Dry-1.-touch oil. may alxo be

Whed to compensate fur 11:[se metal
pt,i·oxity and to ilicrease corroNion
reMihtalice.

Table 111

Possible Causes, Suggested RemediesFaulty Deposits -

f Problems  ossible Causes 
1) Skip plating, a) Improper cleaninlg

poor cover-

age, pullback
and frosted

edges. b) Improper activating

) Improper rinsing

d) Metallic
contamination

e) Organic
contamination

D Too much air
agitation

2) Roughness a) Contamination from
iii deposit solid particles, i.e.,

dust, loose nickel,
or metal chips

b) Turbidity of solution

0 Heavy or too rapid
EN solution replen-
ishment while work

i , r is being plated
d) Contaminated

makeup water

e) Localized over- ,
heating

0 Particles of metal or
soil on work

C

a)Temperature should be checked, as well as
the purity and concentration of the cleaner,
edge and other pretreatment solutions.

b) Activators should be checked. Some meta15
and alloys, such as leaded steels, brasses,
copper, aluminum, and magnesium, require
special preparation.

c) Rinse temperature and rinsing time should
be checked. Too long a time iii a rinse may
cause an oxide film to form; too short a time
may not remove residual films. Rinses must
be kept clean.

d) Bath should be dummied, or discarded and
replaced.

e) Bath should be cooled carbon treated and
filtered. Rinseb should be checked for residual
drag-in.

D Air agitation should be reduced.

a) Solution should be filtered through 5 micron
cartridges at high flow rates.

b) May be result of high pH, which aids iii formation
of metallic hydroxides. The pH should be checked
and adjusted. Complexers may be added.

c) Solution replenishment should be made slowly
and the solution mixed thoroughly. Additions
should be made in an area as far away from
work as possible.

d) Quality of water should be checked. Water may
require carboii treatment and filtration.

e) Air agitation should be checked or temperature
adjusted. De-rated heaters should be used.

f) Cleaning and rinsing should be improved.

Causes of

faulty deposits
FIC'. I
... 1©¢
I..k'. 4 .

312 1.

Some common problems in
electrolesx nickel plating. possible
causes of the problems, and
suggested remedies are contained
iii Table iII.

g) Contaminated filter g) Liners should be leached prior to makeup.
cartridges, lined or Filters should be changed.
bags

h) Only one side of h) Agitation around work should be increased.
work affected Work rod or solution agitation should be provided.

i) High Sodium i) All or part of the solution should be discarded.
phosphate concen-
tration

... 1
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Table 111 (continued)
Faulty Deposits - Possible Causes, Suggested Remedies

10) Streaks in
1 deposit.

4) Pitting

146JUNemediei
a) Gas streaks from position of work a) Either solution or work rod agitation should be provided. Work should

be repositioned periodically. Agitation should be increased.
b) Silicate drag-in b) Non-silicated cleaners should be used. Rinsing should be improved.
c) Poor rinsing c) Process cycle should be checked, rinsing improved
d) Improper cleaning d) Cleaning and/or rinsing should be improved.

e) High concentration of metals e) Bath should be dummied to remove metals. Bath may have to be
discarded and replaced with new solution.

D Organic contamination f) Bath should be carbon treated and filtered, or discarded and replaced
with new solution.

g) Poor agitation

h) Low surface area

i) Low reducer content

j) Too much agitation

k) Too much complexer

a) Heavy metal contamination

b) Ethylene glycol contamination
 from jacketed tank
c) Basis metal pitted

d) Organic contamination

e) Improper cleaning

f) Excessive bath activity

g) Copious evolution of hydrogen

g) Air agitation should be increased, or a different air pattern developed.
h) Surface area should be increased to recommended range.
i) Reducer should be checked and adjusted.

D Agitation should be reduced.

k) Complexer should be reduced.

a) Bath should be dummied, or di5carded
and replaced.

b) Bath should be discarded and replaced. Ethylene glycol must be kept
from bath.

c) Basis metal should be checked after each step in the cycle
d) Bath should be cooled, carbon treated and filtered.

e) Cleaning and rinsing should be improved.
f) pH should be lowered.

g) Surface area being plated should be reduced. Reducing agent concentration
should be checked and adjusted. If the plating of tank walls and equipment

T is causing the problem, it may be necessary to clean the tank and
other processing equipment.

h) Low complexer concentration h) Complexer should be added in small increments.
D Improper reducer concentration D Bath should be analyzed and adjusted.

5) gull or matte a) Organic contamination a) Bath should be cooled, carbon treated, and filtered.
. aeposit

b) Improper cleaning

c) Bath very old
(more than 15 regenerations)

d) High or low pH

e) Bath imbalance

f) Poor quality substrate

g) Low temperature

h) Excessive brightener drag-out

i) Metallic contamination

D Low reducer concentration

k) Low nickel content

b) Cleaning should be improved. Electrocleaning may be required.
c) Bath should be discarded and new bath prepared.

d) pH should be adjusted with acid or alkali.

e) Nickel and reducer should be checked and bath adjusted.
f) Substrate should be improved.

g) Temperature should be adjusted.

h) Solution chemistry should be balanced.

i) Bath should be dummied onto a large surface.
j) Reducer should be added.

k) Nickel should be added.



Table 111 (continued)
Faulty Deposits - Possible Causes, Suggested Remedies

Problems 'ossible Causes Suggested Remedies
6) Poor adhesion a) Metal contamination

b) Improper surface preparation

c) Improper zincating of aluminum

d) Reoxidation

e) Drag-in of acid inhibitors

f) Organic contamination

g) Improper heat treatment

h) Quality of alloy

 a) Low work load

b) Metallic contamination

8) Step plating a) Metallic contamination

 b) Certain alloys that contain lead

7) Frosted
deposits

a) Bath should be dummied or discarded.

b) Cleaning and rinsing should be improved.

c) Concentration of zincate, processing time should be checked.

d) Transfer times should be reduced.

e) Uninhibited acid should be used; rinsing improved

f) Bath should be carbon treated and filtered.

g) Heating time and temperature should be corrected.

h) Alloy qualily should be checked.

a) Work load should be increased.

b) Bath should be dummied or discarded and replaced.

a) Bath should be dummied or discarded and replaced.

b) A copper or nickel strike should be used prior to plating, followed by

1 -

 c) Bath imbalance
9) Laminar a) Poor temperature, pH and/or bath

deposits  control

10) Poor wear a) Low heat-treatment temperature
resistance ' and/or short time

b) Low phosphorus content

11) Poor corrosion a) Low phosphorus content.
and/or chemical
resistance b) Metallic contamination.

c) Poor bath control

12) Dark to black a) High stabilizer content
deposits

b) Metallic contamination

c) Bath imbalance

d) Poor activation

e) Organic contamination

f) Improper surface preparation

g) Inadequate rinse

h) High work load

i) Low work load

j) Low reducing agent

k) Low metal concentration

a) Inadequate surface preparation

b) Improper zincating of aluminum

c) Organic contamination

I d) Metallic contamination

e) Improper pH

i f) Improper heat treatment

13)Blistering

galvanic activation for copper.

c) Bath should be analyzed and adjusted.

a) Uniform temperature, pH and bath control must be maintained. 
a) Temperature and time cycle should be adjusted.

b) Phosphorous content should be increased by lowering pH and
temperature. Bath should be analyzed and chemical balance restored.

a) Phosphorus content should be increased by lowering pH and increasing
reducer concentration. a

b) Bath should be dummied or discarded and replaced.
c) Uniform temperature should be maintained, pH and replenishment

controlled.

a) Bath should be dummied or diluted.

b) Bath should be dummied or diluted

c) Bath should be analyzed and adjusted

d) Reactivate

e) Bath should be carbon treated and filtered

D Cleaning, pickling and rinse cycles should be improved.

g) Rinsing should be improved.

h) Work load should be reduced.

i) Work load should be increased.

j) Reducing agent should be increased.

k) Metal content of the bath 5hould be increased.

a) Cleaning, pickling, and rinsing should be improved.

b) Concentration of zincate, processing time should be checked. 
c) Bath should be carbon treated and filtered.

d) Bath should be dummied or discarded and replaced. 1-

e) pH should be checked and adjusted. T

f) Heat treating temperature and time should be checked and corrected. ·24*44
····
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Cleaning and Activation
Cleaning and activation of the
electroless nickel surface ix necessary

before htripping can begin. Components
that have seen severe service may
1-equire rigorous cleaning to remove
organic soils, carbonaceous deposits.
and other incrustations. Thorough

cleaning by solvent cleaning. alkaline
soak and electrocleaning M

recommended.

Electroless nickel deposits that have

aged or have been heat-treated should
be activated by acid immersion between

the cleaning and stripping cycles.
Inhibited hydrochlorie acid (30 to 50%
by volume). mixed acids (4096 by
volume hydrochloric acid and 109. by
voluine sulfurie acid).or proprietary
acid salts may be used for activation.

the need for stripping of

un%atisfactory deposits. However,
defective new coating or older

worn coatings in need of
rejuvenation may occasionally
require stripping and replacement.

Electroless nickel deposits can be
difficult to remove because they
are highly resistant to chemical
attack. Further. steel is the most

common basis metal for

electroless nickel coatings. and
cain be easily attacked by many
stripping solutions. Contact the
manufacturer of the EN process
for specific recommendations for

the optimum stripping solution to
be used for a given situation.

Modern techniques for electroless
nickel plating have greatly reduced

Stripping Solutions

Electroless nickel deposits are usually

stripped by immersing them in aqueous
chemical solutions. Electrolytic stripping

is not cominonly used to strip electroless

inickel coatings.

There are two types of immersion

strippers: alkaline and acidic. Alkaline
Molutions usually contain nitro-oceanic
compounds as oxidizers and either amitio

compounds or cyanide as complexers
and are suitable stripping electroless
nickel deposits from steel and low alloy
xubstrata For maximum bath life and

safety, alkaline cyanide strippers should
not be operated at temperatures greater
than 60° C ( 140° F). Non-cyanide

strippers are more stable than the cyanide
type, and may be operated at

temperatures up to 95° C (200° F).
Proprietary processes of this type are
available with inhibitors that permit the
solutions to strip deposits from copper
and copper alloys.

Solutions of nitric acid (40 to 50% by
volume) are recommended for stripping
electroless nickel from aluminum and

aluminum alloys and from most stainless
steels and high alloy steels.

R-



Stripping Bath Operation
Concentration - Proprietary

electroless nickel stripping solutions must

be made up at the concentrations

recommended by the supplier. Overly

concentrated solutions may eau.ie etching

of the basis metal. Conversely. dilute
solutions may reduce the rate of stripping

and cause solution depiction and

inadequate inhibition.

When immersion nickel strippers become

saturated with dissolved metal. they
should be discarded in accordance with

pertinent regulations. The stripping rate
of these strippen declines as the

concentration of dissolved metal rises.

Thus, it is usually cheaper to dispose of
a bath that has become saturated with

metal than to try to prolong bath life by
chemical replenishment.

Temperature - Electrolesh nickel

strippers are designed to operate within
specific temperature ranges. Temperature
control. therefore, is of paraniount

importance for good stripping results.

Agitation - Agitation is recommended

for most electroless nickel stripping

solutions. Agitation keeps fresh stripping

solution moving past the work surface

and increasex the rate of stripping. It

also removes air or gas bubbles from the
parts'surfaces that may result in non-

uniform stripping and prevents localized

depiction of the strippet· chemicals.

Agitation also prevents overheating of
stripping solutionx near heating devices.

Equipment - The importance of
equipment specifications relating to
electroless nickel stripping cannot be
overstated. Specifications must lake into

account. Tanks and their components
should be:

a) resistance to chemical attack

b) suitable for lise at high

temperature x

c) designed to minimize safety and
health hazat·ds

The depth of the vessel containing the
xtripper solution must he at least 30 cm

(12 inches) greater than the partx being

stripped to allow for sludge

accumulation. Heating and/or cooling
coils and the parts to be uripped must

he electrically insulated from the tank.

All other equipment. such as mechanical

agitators and teinperatire sensors.

Khould also be insulated to prevent stray

currents from entering the tank.

Substrate Metallurgy - Mechanical

work (machining. drawing, Mt:111]ping,
ele.). heat treatment, or operating
conditions can all resull in del'01-iii:ition

ofa substrate. which can promote pitting
and etching during stripping. Coupling
of two or more metals in one substrate

(such as brazed components) can also
lead to localized attack of the less noble

metal (usually near the interface
between the [wo metals). These

ubstrates should be handled and

observed carefully during stripping.

Once all of the electroles.% deposit has
been removed. localized attack of

xubstrate may begin. Thus. the course
01- the stripping action must he

monitoird. and the compotientx xhoull
be removed from the solution as hoon

as the electi·oless nickel deposit hits

been completely removed from the

parts.

Stripping Rate - Typical xii-ipping

rates :ire 10 to 15 pin/hour ( 0.4 to 0.6

ntil/houi·) except lot· very high

phosphorus alloyed deposits lind certain

heat-treated or aged depOSith. These

will strip at a rate o['5 to [0 Wn/hour
(0.2 to 0.4/mil/hour).



Specifications
and Tests for

Electroleshi-
_Nickel Plalll

There are a number of

specifications and test methods
commonly used to judge the quality
of electroless nickel coatings. The
tests mentioned here do not cover

all possible physical properties, but
do cover those normally or interest
to users of electroless nickel:

hardness, thickness, porosity,
corrosion resistance. solderability,

and phosphorous content. A
number of the tests are those

developed by the American Society
for Testing and Materials (ASTM).

Hardness

Hardness may be determined by the
method outlined in ASTM B578

-Microhardness of Electi-oplated
Coatings". using a 100-gram load and
2 deposit thickness of 75 microns (3
mils). unless otherwise specified.

Thickness

Thickness of deposits may le
determined by microscopically
examining a cro»section. by beta
backscatter methods. or by x-ray
fluorescence. The depoxit thickness
can also be measured by using a
niicrumeter before and after processing
the article, ora te>,t specimen. Magnetic
test methods may be used. but are
all-ected by the magnetism of deposits
containing lesh than 99 phospho·us.
Electrulesx nickel calibration standards

containing the saine phosphorus content
as the coating being tested nlust be
used.

The microscopic examination of the
cross-xection of the article to be tested

.should be in accordance with ASTM

B478 "Standard Methods for

Measurements of Metal and Oxide

Coating Thicknes.ses by Microscopic
Examination of a Crnss-Section."

Deposits on metals that have an atomic
number les.% than 18.or greater than
40, can be measured by the use of a
beta backscatter device, This test .Should

be in accordance with ASTM B567

-Standard Method 1-or Measurement of

Coating Thicknexh by the Beta-
backscatter Principle."

ASTM B659 -Standard Guide for

Measuring Thickness of Metallic and
Organic Coatings," illustrateh the use
of beta backscatter. couloinetric. eddy
current and magnetic methods of
measurement. Some methods are

sensitive to alloy composition.

Porosity

Plated parts may be inspected for pits
and porosity by a number of methods.

Ferroxyl test - This test is for use
with EN on steel and iron basis metals.

Prepare a test solution by niixing 25
grams of potassium ferricyanide and 15
grams of sodium chloride in one liter of
deionized water. Clean the article and

immense in test solution for thirty
seccinds. Blue spots visible on the surface
indicate pore sites.

Alizarin test - This test for deposits
on aluminum alloys is performed by
wiping a test >,pecimen with a 10% by
weight sodium hydroxide solution. After
three minutes. rinse and apply the
solution of alizurin sulfonate. After four

minutes. apply glacial acetic acid until
the violet color disappears. Red spots
indicate pore sites. The alizarin sulfonate
solution is prepared by dissolving 1.5
grams of methyl cellulose in 90 milliliters
of boiling deionized water. to which.
after cooling. a solution of 0.1 gram of
alizarin ulfonic acid. dissolved in five

milliliters of ethanol, is added.

Hydrochloric acid spot test - This
test i.4 for deposits on aluminum alloys.
It is perfornied by immersing the plated
article into a Molution of 50% by volume
hydrochloric acid at room temperature
for two minutes. Hydrogen evolution
or black spots on the surface indicate
pore sites.

Five percent neutral salt spray
test- rhis test may be used on all alloys
and should be in accordance with ASTM

Standard Bl 17. " Method of Salt Spray
(fog testing)."

Electrochemical pitting test -
This text a]Ko can be used on any basis
material. in accordance with ASTM G-

61.-Standard Practice for Conducting
Cyclic Potentio-dynamic Polarization
Measurements for Localized Corrosion."

9.



Corrosion

Corrosion test methods may be used to
determine the corrosion rate of the

deposit in various environments. The

immersion weight loss test is performed

on al[ types of basis materials. in
accordance with ASTM G 1. "Standard

Recommended Practice for Preparing.
Cleaning, and Evaluating Corrosion Tht

Specimens.'

Electrochemical test methods also Call

be used on all types of basis materials,

in accordance with the following
methods: ASTM 03, " Standard

Recommended Practice for

Electrochemical Measurements and

Corrosion Testing:" ASTM 05.
"Standard Recommended Practice for

Standard Reference Methods for Making
Potentiostatic and Potentio-dynamic

Anodic Polarization Measurement;"

ASTM G59. "Standard Practice for

Conducting Potentio-dynamic
Polarization Resistant Measurement."

Solderability
A solderability test may be performed

by heating a plated article to 230° C

(450° F) and applying a 60-40 tin-lead
solder to the plated article. This solder

should wet the surface, indicating that

the deposit is solderable.

Other Tests

Other tests are available for electroless

nickel-phosphorous deposits and they
should be agreed upon between the end-

user and the applicator of the coatings.
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Glossary of
Terms

Abrasive Blasting - A process for cleaning or finishing by means of an abrasive
directed at high velocity against the work piece.

Activation - Elimination ofa passive condition on a surface.

Addition Agent - A material added in small quantities to a solution to produce a
desii·ed effect. Also ynonymous with "brightener."

Adhesion - The attractive force that existi between an electrodeposit or an
electrnchemical deposit and its substrate that can be measured as the force
required to separate the deposit from the substrate.

Amorphous - Non-crystalline or without evidence of a regular structure.

Anode - The electi·ode in electrolysis at which negative ions are discharged.
positive ions are formed, or other oxidizing reactions occur. Iii most instances
it is the source of metal to be plated from the bath.

Anode Efficiency - The actual current efficiency of a specified anodic process
compai·ed to the theoretical value. The actual fraction of current used to dihsolve
metal from the :inode compared to the theoretical amount as predicted by
Faraday'x Laws.

Autocatalytic Plating - Deposition of a metal coating by a conti-01]ed chemical
reduclion, catalyzed by the metal 01· alloy being deposited. Often referred to
as '-electroless plating."

Barrel Plating - Electroplating or cleaning in which the work is processed in bulk
in a rotating container (barrel).

Base Metal (or Substrate) - Material upon which processing is conducted or coatings
air deposited. (lt is not necessarily the material ji·om which the part is constructed)

Blister - A dome-shaped importection or defect. resulting from [oss of adhesion
between a deposit and i14 substrate. or between various coatings where multiple
layers of coatings air present.

Bright Dip - A solution used to produce a bright suit'ace on a substrate by chemical
immersion.

Bright Plating Range - The  ange 01- current densities within which a given
plating solution prnduces a bright deposit.

Brightener - Another term fur addition agent. A liquid or powdered material that.
wheii added to a plating bath, improves the rettectivity or brightness of the
deposits produced by the plating bath.

Brush Plating - A specialized method ol plating, typically used for small scale
applications, where an inert anode is surrounded by a pad.iponge, brush. or
other device that will retain a volume of a concentrated solution containing a
dilsolved salt of the metal to be deposited. The anode/pad device is moved
over the cathode during the plating operation in the area to be plated.

Buffing - The xmoothing ola surface. accomplished by placing the surface to be
finished against a rotating flexible wheel, to which fine abrasive particles have
been applied in liquid. suspension, paste. or grease form.

Buffer - A compound or mixture that. when contained in solution. causes the
Nolution to resist change in pH. Each buffer has a characteristic limited range
of pH over which it is effective.

Burnt Deposit - A rough. non-coherent or otherwise unsatisfactory deposit,
typically produced by the application of un excessive high curi·ent density.

Bus Bar - The term used to l|eNCtibe the cablew or conducting media -generally copper
oraluminum Mtock - that tiallsien the cut·i-ent Inom the i·ectifierto the plating tank,

Carryover - See Di·az in.



CASS Test - A special accelerated con·osion testing method using copper and acetic acid solution as the fog medium. it is
most typically used to predict the corrosion protection of nickel/chi·ome. 01· copper/nickel/chrome electrodeposits,
See ASTM Method B368.

Cathode - The part that is electroplated.

Cathode Efficiency - The actual amount oicui·rent used to deposit inetal in a plating proceN.4, compared to the theoretical
amount as predicted by Faraday's Laws.

Chelate Compound - A compound in which a metal is contained as an integral part of i ring xti-ucture and is not readily ionized.

Cleaning - The removal of grease or soil and other Itii·eign materials It·om a surl'ace Lisine one or more chemical or
electrochemical solutions.

Alkaline Cleanin,q-cleaning by means of an alkaline solution.
Anodic· or Rei'erse Chmning-electrolytic cle:ming where the part is connected to the negative terminal of the rectifier.
Cathodic or Direct Cle,ming-electrolytic cle:ining where the part is connected to the positive terminal of the rectilier.
Di-phase C/can//14-cleaning by means of a solution that containx a solvent layer und an aqueous layer. Cleaning occurs
by both Nolvent and emulsification actions.
Soctk C/eaning-cleaning by chemical means withollt the use Of Current. Generally used to remove heavy oils :ind greases.
Ultrasonic Cleiuilig-cleaning by any chemical means aided by ulti·axonic energy to speed up soil removal. Especially
useful in the removal of buffing compounds.
Sprm· C/eaning-use of an alkaline cleaner that is sprayed onto the p:11·((s) to be cleaned. The additional energy provided
by the spraying operation accelerates the removal of Noi]%. grease+. and bulting conipounds.

Contact Plating - Deposition of a metal by immersion of the work in a solution that is in contact with another metal.

Corrodkote Test - An accelerated con·osion tet ['ur electrodeposit, using a special paste coating that is applied to parts
before they are CASS salt %pray tested. See ASTM Method 13380.

Corrosion - Gradual dissolution or oxidation of a metal.

Covering Power - The ability of an electrodeposit to plate at very low current densities, such as in deep rece,ves or holes.
(To be distinguished from Throwing Power.)

Current Density - The total current divided by the :tre:, to which (lie current is applied.
Cmhode Current Densio·-the total current applied divided by the total ai·en being plated.
Anoile Cm·iwit Density-the total current applied divided by the total anode ai·en.

Current Efficiency - See Cathode Efficiency und Anode Efficiency.

Degreasing - The removal of grease Lund Hils from a surface.
Solvent Degrecising-degreasing by inunersion in liquid organic· solvent.
Vapor Degreasing-degreasing by solvent vapors condensing on the parth being cleaned.

Drag-ln - The water orsolution that adhere% to the ciblects from previoux processing steph. and which is thereby introduced
into a processing tank.

Drag-Out -The solution that adheres to articles when they are removed it·om a pi·ncessing tank.

Ductility - The ability of a illaterial to deform without Ii·acturine.

Dummy - The term used to describe low current density plating done to 1-emove metallic impurities from a plating bath.

Duplex Plating or Duplex Deposit - The tel·m u.sed to describe a multi-layer depoxit that incoi-porateh two layers with
Nlightly different corrosion potential characteristics. The different layers ai-e typically combined in a manner that allows
one layer (the under-layer) to be xacrilicial to the other ]:iyer (the top layer). thereby greatly iniproving the con·osion
protectioii afforded, compared to that provided by a single layer of similar thickness.

Electroless Plating - A more commonly used term for Autocatalytic Platine.

Electrcily-tee - General term used to describe the procesxing bath. Liually the plating bath.

Electrolysis - Process of cauxing chemical chanizes via the passage of current through an electrolyte.

Electroplating - The electrodeposition o[- an allherent metallie· coating upon an electrode fur tile ]1111·pohe of securing a
surface with propertiex. appearance. or dimenions different ft·om those of the baKis metal.



Electropolishing - Term used to describe the process of improving the appearance and surface condition of metallic Nubstrates
by applying a current to a chemical solution.

Etch - Noun-a roughened surface produced by a chemical or electrochemical means.
Ve/·b-to unevenly dissolve a part of a surface or metal.

Faraday - The number of coulombs (96,490) required to deposit one chemical equivalent of a metal. The chemical equivalent
value varies depending upon the metal being deposited.

Filter Aid - An inert, insoluble material. more or less finely divided, used as a filter medium, or to assist in filtration by
preventing excessive packing of the filter cake.

Flash Plate - The application of a very thin electrodeposit, typically less than 2.54 microns (0.1 mil).

Flocculate - To aggregate into larger particles, to increase in size to the point where precipitation occurs.

Galvanic Protection - See Sacrificial Protection

Hard Chromium - Chromium plate for engineering. rather than decorative applications. Not necessarily harder than
decorative chromium, but generally much thicker.

Hydrogen Embrittlement - Embrittlement of a metal or alloy caused by :lborption of hydrogen typically during pickling.
cleaning or plating operationt.

Inert Anode - An anode that ix inwoluble in the electrolyte under the conditions prevailing in the electrolysis being performed.
Typically used in plating baths where there i.% no convenient source of soluble metal an anode. such as chrome plating.

Karat - A measure of the fineness or purity of a gold deposit. One karat is equal to 1/24 part of pure gold: i.e.. a 24 kai·at
deposit ix pure gold. Likewise. an 18 karat deposit ix 1 8 parts of gold and 6 pat-tx of another metal.

Mechanical Plating - The application of an adherent metallic coating on a substrate by impingement of finely divided
solid particles of the coating to be applied onto the substrate. Alloy deposition is possible via mechanical plating. Also.
plating occurs without any hydrogen embrittlement occurring.

Metal Distribution Ratio - The ratio of the thicknesses of metal deposited at two different current densities. Frequently
used as a measure of the Throwing Power of an electrolyte.

Metal Ttirn Over (MTO) - The replacement of I 00% of the original nickel inctal content of ati electroless plating bath.

Microinch - One millionth of an inch. 0.000001 inches. (=0.001 mils)

Micron - One millionth ot- a ineter, approximately one 25th 01'a mil. (25.4 microns = 1 mil)

Micro Throwing Power- The ability of an electrolyle to deposit metal in pores or very small recesses of substrates.

Mil- Onethousandthofan inch (0.001 inches). (= 25.4 microns)

Oxidizing Agent - A compound that causes oxidation, thei·eby itself becoming reduced.

pH - The co-logarithm (negative log:tri thin ) of the hydrogen ion activity. A measure 01-acidity (less than 7) or basicity (niore
than 7) of a solution.

Passivation or Passivity - The condition on a metal that retards its normal reaction in a specified environment. It is typically
associated with the metal assuming an electrochemical potential more noble than its normal potential.

Feeling - The detachment or partial delitchment of a deposited coating from the basis metal or undercoallayers.

Pickling -The removal of oxides or other compounds from the surface of a metal by chemical ov electrochemical action.

Pit - A small depression or cavity in the xurface of a part. It can be produced during manufacturing the part. during deposition,
or by corrosion of the surface.

Polishing - See Buffing

Reducing Agent - A compound that causes chemical reduction. thereby itxelf becoming oxidized.

Regeneration - Noun--The replacement of 1 00% of the original metal content of an electroless plating batli.
Verb-The act of replenishing a processing bath in an attempt to restore optimum performance.

W'



Resist - A imaterial applied to a part of the surface of an ailicle to prevent metal deposition on or metal removal from that
area during chemical or electrochemical processes. Also called "masking.'

Ripple - A measurement of the amount oIAC elli-1-ent that is present in a DC eun·ent. Excessive ripple generally causes
passive deposits or hazes in plated coatings. Ideally, ripple xhould be less than 5% for most plating applications.

RMS - A numerical reference to the smoothnesh 01- a Mui·l-tice. 1.iici·ally. it refers to the Root Mean Square of the height
difference between the microscopic peaks and valleys that are evident on a Mui-litce when it is viewed under sufficient
magnification. The lower the number. tile smoother the slll-l'ace. In either words. the average distance from the tip of a
peak to the bottom of an adjacent valley on a part with a surt-ace with a 2 RMS finish, would he less than the equivalent
diftance on a part with it 16 RMS Iinish. RMS is typically measured with a protilometer. using vertical magnifications
from 500x to 2()0.000x.

Robber - Term used to describe an auxiliary cathode placed near the pal·t to be plated to divert Cul-rent from concentrating
in high current density areas, leading to heavy deposits iii these areas.

Sacrificial Protection - The Inechani.sm of coi·rosion protection wheirin one inetal cormdes in pi'el'ei'ence to another. thereby
protecting the latter troill cormsion (12,r example. zinc plating over a stee[ subxlmle). Also reten-ed to as --Galvanic Prntection."

Shelf Roughness - Roughness on hurface,4 01 parts that face upward wlieir Molids have settled during a pic,cessing operation.

Shield - Noun-a nonconducting medium or panel used to alter the flow of current in an attempt to provide the most uniform
cathode current density possible on the part being plated.
W b--to alter the normal current distribution by placing a non-conducting medium in the path ofthe current in a manner
that provides a more uniform overall curi·ent density on the part being plated.

Spontaneous Decomposition - See Triggering

Step Plating - Non-uniform thickness. striations, or skip-type plating. In electroplating operations this ix generally evident
in [ow current density areas. while in electrolexs plating operationx it is typically evident on edges of parts und around
holes or perforations in parts. Also referred to as "edge pullback" mid/(ir 'worm tracking."

Stray Current - Current that passes thi·nugh paths other than the intended circuit. Allch ax through heating Coils, the plating
tank. floor grating, hoist super-structures. etc.

Strike - Nom-·a thin deposit applied to u substr,lte 01· other plated deposit to pmvide activation or prcilection fium immersion plating.
Wrb-to apply such a coating by plating fur a short time in a plating bath.

Strip - To remove a coating from the substrate or undercoat layer via chemical or electrochemical method.,

Substrate - The base metal to be plated.

Taber Abraser - An instrument used to characterize the wear properties of a substrate or plated finish. Test specimens are
mounted to a sniall rotating turntable and sublected to the wearing action of two abrasive wheels. which are applied at
a specific pressure, and which rotate in opposite dii·ections. An important 12:iture of the l'aber Abraxer is the all angles
relative to the weave or grain of the material being tested.

Tarnish - Discoloration of a base metal or a plated coating, typically a darkening of the appearance of the basis or plated metal.

Thief - See Robber

Throwing Power - Term used to describe the unifurmity of thickness of a pIated coating. Electrolesx baths typically plate
with 100% Throwing Power, i.e.. the same thickness on all areas of a part in contact with the solution. Electroplating
baths invariably exhibit greater thicknee in high current density :reah compared to low curt-ent density areas. See also
Thickness Diwtribution Ratio.

Triggering - Spontaneous decomposition of an electrolexs plating bath. which ix typically caused by excessively high
concentration 01- reducing agents in the bath, or the inti·nduction of Nolid contaminants. such as metal 11[ings or other particles.

Troy Ounce - A unit in the Troy xystem 01- weights used for precious metals, Goid and ottler precious metals are typically
measured in Troy ounces.(1 Troy ounce =31.1035 grains )

Turnover - See Regeneration.

Water Break - The appearance ora discontinuous film of water on a surface. signifying non-unifurin wetting and usually
associated with the presence of Mul-ace contamination on parts.

Work (Plating) - The material being plated or (,thet·wise linihed.
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Introduction

The Metal FiniNhing Suppliers 1 ) the promotion of technically sound

Association (MFSA) is a trade specifications and standards in

association of companies and cooperation with interested trade and

individuals involved in supplying technical societies:

chemicals. equipment. technology,

Attribution

Contents of this book may be

quoted, copied, or reproduced
without specific consent of MFSA

but only when accompanied by

written acknowledgment of the

original source.

and solutions to the metal linixhing

industry. One of the association's

primary objectives is to promote the

interests und further the welfare of

its members and their customers,

MFSA also promotes the

manufacturing of environmentally

friendly products to safeguard the

interests of the ultimate customer.

In 1960. MFSA initiated action to

upgrade the durability of metal

finishes. Known as the "Quality

Metal Finishing Project" or QME

this program was aimed at:

2) the provision of information to

both producers and buyers of metal

finihhed projects:

3) the development of printed guides

containing information on established

standards and specifications, readily

accessible for day to day use by the

design engineer. the purchasing agent,

and all those involved in the use of

metal finished products.

Ne,Ie
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Pr,]01%[1/normaler,al /helherincluded,ill},ilie!,ornit Isappiopnalitorthatusirs//plicit,in Byw/Yo/e,implionlythauserwillneedlodel/milne*hethercp/licationproblemsifthi
privl=Millo/,Irhhepialedllomwilll,ee*posW:5/,reprmi•du™sdilereoll.arn:hasehere s,lou, ardw,Ilikh,velodeleminewhalplatingmater,allsr,ostappropial, fortheuws
appricalion Iii//lion the use„siesponsible,or WOrilp|R/J,Amiely on,ronmentalpioleclion «ciand ne,ther MFSAnorlismemliers,epiesenithaluseof Lha/Toceduiesor malenalieetouth-in
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Lisi• D' My (]f lh/ proccuures or ni,Knials se) out H.©ili reau I M p/lenl inkin9nie/I ggalin I U o.liability

l M 0604



Quality
As an association promoting the interest and welfare of the prollucer# and
cu. tomers of the metal finishing industry, MFSA realizes that everyone suffers
loss when products are sold that are inadequately jinished fur the intended
application. MESA wishes to e[ieourage the industry to develop and maintain
high-quality standards needed to guarantee the expected or promied Kervice 01
the unit.

The industry needs to know how a high-quality metal finish can be achieved,
how to select proper specilications for a given application. and how to control
the release of products lo assure that they meet the need. of t|le ellhtomer. At
the same time. management must be confulent that this know-how is based (in
Nound engineering principles and incorporates a reasonable mai·gin 01- salety.

There have been significant developments of industrial Slandard, for quality
systems in the last few years that are applicable to metal linishing. These include
the International Standard Organization (]SO) 9000 Standard and American
National Standard Institute/Americ:in Society l'or Quality Control (ANSI/ASQC)
090 Standard. This manual will provide uxeful details on how to apply proven
metal finishing engineering in your systems to help you maintain and improve
your metal finishing quality.

Other QMF Guides:

• Chemical Surface Preparation for Electroplated
and Metallic Coatings

• Decorative Copper-Nickel-Chromium

• Electroless Nickel Plating

• Hard Chrome

• Pretreatment for Paint and Powder Coating

• Tini and Tin Alloy Coatings

 • Zinc, Zinc Alloy and Cadmium Coatings

11 1/#At
Quality 9Metal

Finishing
Guides Decoratlve

Copper-Nickel- d

Chromlum Platlng s
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A prograin to improve and control the
quality of a metal product should start
at the desk of the designer. The metal
finisher is restricted in what he or she

can do by certain basic principles of
mechanical finishing and of
electroplating. The engineer should
understand the limitations imposed by
.shape and size of components to
facilitate quality finishing itt an
acceptable cost. The designer can exert
as much influence on the quality

attainable in finishing a part as can the
electroplater. ASTM Standard 8507
can provide the designer with helpful
intori-nation.

Significant Surfaces
An impollant term used in Mpecil'ying metal finishes is ':significant surfaces." In most
products the hanie 01:widard (71-quality is not irquired over every square inch of 0·face.
Inxlead. the quality specitications apply and compliance i.4 expected only for tile sO-called
:Mignificant Murfaces" defined by mutual agreement between the producer and purchaxer

as 1-01[ows:

Significant xurtaces are defined it. those normally visible (directly or by relection) that
are e<Mentia] to the appearance or 0-viceability of the ai·tide when as.Nembled in noi·mal
position or which can he the Nouire of coil·oxion products that deface vihible Nurfaces on
the asxembled article. When necexhary. the significant surfuces dial] be the subject of
agl-cement between purchaser and manufacturer and shall be indicated on the drawings
of the parts or by the provixion of suitab[y marked xamples.

Design for Mechanical Finishing
Metal producth that are to be coated with copper/nickel/decorative precious metal or
subtrates using non-nickel plating processes followed by the decorative precious metal
finish ru·e generally slibiected to abrasive polishing with wheels or inass finishing techniques
in prepanition fur the plating operationx. This is to be done to aid in securing an attractive,
unit'urm, mirror-like or satin appearance on the finished part. Mechanical linixhing is an
expensive ciper:,tion. To reduce costs and assist the metal finisher in improving the
appear,ince and quality of the product. the de.Kigner Mhoull consider certain rules applicable
fur parts I·eluiring mechanical finishing.



• Avoid blind holes. recesses and joint crevices

that can retain polishing compoundz and metal

debris.

• Avoid intricate surfuce patternv. which will be

blurred in polishing,

• Significant sulfaces 4hould be exterior, reachable

by ordinary polihhing wheels or mas finihhing

media.

• Avoid Nharp edges and prelrusionx. which eauk

excessive conhumption of wheels.

In small parts. which are to be barrel proceged,

the above rules apply. This includeN the nmuirement

that the parth must be sturdy enough to withvand

rhe multiple i m pact w of bi.ki w[ 1 (,t.H ion and will

nol entangle cau,ing damage or incomplete

finixhing. Sinall nat purts. which tend [o ne,d

together. should he provided with ridge or dimples

to prevent buch nehting.

Design for Racking, Draining, and
Air Entrapment

Most metal part. weighing moir th,in u few ounce

or that require a high degree of hurlitce finiNh or

a jewelry linili, are mit plated in bulk in barrel>

but ure niounted on racks for proceN.ing in cleaning

and electroplating tank.%. [Design coNderation.4

relating to lacked parts air dexcribed below.

• Consult the plating depal·tment to make cermin

that part can be held €curely on a plating rack

with good electrical contact williout mading

a xignificant Nufface. Many diff'ictilt racking

probleim can be „,Ived by deign modification.

• Provide for good draill:Lge iii proce-ing

Nolutionh frum racked pit·10. Certain •,hupe, tend

to trap Nolution. which then caiiwi

connunination by cam·-over. poi> i ble cor,·(,Aion

of' the part and wahte of materink Carry-over

aggravate% the problem 01 wate dlip(,bal :und

addi excev.ive Coht ellie [o chemical lo·4. Iii

dehign. itvoid rolled edgex blind hole+. :ind

pot-welded loilit. Druin hole. are ehiecialli

imprn-[alit in irregillai·hupes and tubul.i,· par·t.

• Avoid shapeuhal can [ ap airon entry intu

proceing lank4 ij thi aii could block .tece.0

01' 4(7]lition to area.4 Irquil·ing trealment

Wherever air ean be trapped. hydrogen or

O\,gell pa. mav :11%0 dectlinulate durnig the

cleaning or plating %[ep.

Design for Good Distribution of
Electrodeposit

Experience and Coht accounting xhow [liat

Nimple shipeh urr alwar fini,bed more

unifunnly and more economically than compler

shape..'nhib nile ix Numher One Ear the dehiener.

One of the most impolant luctin·0 delerilining

the quality of a coating k iN thickness on

Eignificant hurfaceh. Fundamental laws of

electrochemitry (current distribillilin) operate

lo prevent uniform deiition (11' an electro-

dep,hited coating on a cathnde ol'any practical

shape :ind hi/e. Portion, of the work. which are

ne:irei· to the micides. tend to receive a heavier

deposit. Sharp edge,• or priti·i,it,n at all current

del™itiev [end m steal u diqproportionite· Altire

of the cul·rent. The gin,1 of the deililierand the

plater ix to make thickne» variation. ai imall

a. poNI,le. At the <ame time. uneconnmiciiI

wNe of metal by exceN,ive build-up of holli

114„1-hignilleant :ire:,4 muht he avoided. The

wime dilrenence in plmed thickliew found within

a plated article akil exi 1 -om piece to piece

Lin the rack 01' plated part. dlle to buth cost

4efiwiti Lity from overplating and the lack of

adeclmite corro.ion in unde,·plated :,iraf.

|t iN pti.hible kiestimme metal dihtriblition nitit}b

1-rum mode'10 0,· mock-lip.. but there are alvi

empiric.111·tile4. The·can guide the' ile.ienei

tu impl·(ived unifurinity of thickne<<. hence.

iniproved quality will) gnniter economy. The.e

genenil pi·inciples .ind \.1111<,u, ske[Clie, illi,41 ne

whal hai been le.inned fium prictical erperience:

• Avoid concave 1,1 peifectly Il:lt *ililicant

blirl'ace#. Conver 01· Crowned .ireas receive

inore unift„·m coating+. l]e· a 0.4 mm pei

25.4 mm a).015 inch per inch) e,·nun-

Ill]Illtljllill.

• lidge. hhould be n,untled to:, radii,i iiiat

leN 0.4 mm ( 1/64 inch) pirlerable 0.8 mm

(1/12 inch).

• Re-ellinint miple-orneth Iltitild be lillited

willi u uenciou railiu. M.ike .ure uidii tire

a. large a. ic>Bilile.

• Avoid colic.ne rece-e.. 2,·11(11,0. (ir 310[4

with wid I h |Ch + ilian (ine-hall the dept h.

, Minimize llie number il blind holeh because

thexe must usually he exempted from

minimum thicknew requirementi Where

necess.11 . litilit their deptli k) 5(19 01'theil

width. Avoill dialieteri lesh than 6 lim

(7/32 inch).

' Countel Kink threaded holes iii minimize

electroplate thickness at their peripheries Lind

Facilitate insertion (,1 faMenerb nfter plating

Ir lin.4 0,· ribs air requircd. reduce their height

and specilyagene,·011* ridiuh. 1.6 mm (l/16

inch) at each base. Round off tips with rudii

01'al [eitht I.(imm ( [/16 ineli). Multiple

parallel lin™ Eljould have spacing between

ce n len V Lial k i fourtinle. the width of tllc lin.

13i·md hc}Ilow ril,4 air prefurred tiver xlender

sc}lid oner.

Adopt rece#sed in preference la raied letters

und in™ignia but ri,und offedge.0 +Ind pr,nide

Le,ill¢ ConloiliN.

Integrated .tudi 1201- 1.141:lier· 41(illid be

011 Itened :8 much a. lit,Nlile .ind iINde :ingle;

at e:,ch ba#e .4holild be n,unded gene,-ou,ly.

111. should he milarly ic,unded.

Stlids or |1,1.,es with hollow center; 4101:Id be

41(irtelled aw much :19 11(INble and angled 90

degire* from the maiol· plane 1,1 the part. All

lio-e. Shoilld lace tile .:ime direction.

A#N[ the plater by Clearly marking *nificall[

4lll|den Ill Part didwinS.

AI aid life (,1 a variel> 4,1 bai metak in any

nne pai t ki be pl,ated. The contact 1,1 diNinitar

metak may inte!·lUre by yah··allic action with

ctne,·ingliouci tir with.adheionfil thedepi™u

Ul



2.
Influence

on Electro-

platability

Design Features
That Influence

Electroplatability

The effect of the basic design of a
product or component upon the
effectiveness or dill·ability of the
plating used has been the subject of
much study and research. Many

failures for which the plater has
been blamed can be attributed to

the original design.

A major contribution to the plating
industry was made by the Zinc

In>,titute. Inc„ when it sponsored a

design study by Battelle Memorial

Institute. which has resulted in the

establishment of basic design
principles to be applied to zinc

die castings. The principles can
be applied to other substrates.

The various shapes shown here
provide the "dos and don'ts" of
design configurations and their
relationship to electroplating
quality.

liter
Feature Influence On Electroplatability Better Design

Convex surfaces ..1.6 9
kleal shape. Easy to plate

niformly, especially where edges re rounded.

Flat surfaces

Not as desirable as crowned

surfaces. Use a 0.4mm/25.4mm
(1 /64 inch) crown to hide
undulations caused by uneven
buffing.

Sharply angled
edges

Indesirable. Reduced thickness
It center areas and requires

ncreased plating time for
epositing a minimum thickness
f durable electriplate. All edges
hould be rounded. (Edles that
Ivill contact painted surfaces
Bhould have a minimum radius of
118 mm [1/32 inchl)

Flanges

Large flanges with sharp inside
angles should be avoided to
minimize plating costs. Use a
generous radius on inside angles
and taper the abutment.

Narrow, closely spaced slots and
holes reduce electroplatability and
cannot be properly plated with
corrosion-protective nickel and
chromium unless corners are
rounded.

Slots

Blind holes

Must usually be exempted from
minimum-thickness requirements.
Where necessary limit depth to
50% of width. Avoid diameters
less than 6mm (7/32 inch).

Increase plating time and costs
for a specifically minimum

Sharply 0.10 1 thickness and reduce the am al.
angled Mulaill-v durability of the plated part. 1.....V
ndentations

The distribution of electroplate is indicated in an exaggerated fashion.



ROUND OFF HIGH SPOTS AVO]D SHARP IN'['ERIOR ANGLES PLACE I IOLES FOR DRAINING AND AIR ESCAPE

-* Uniform plating

Good debign 0+ U

al C
Droin hole

--

f Air hok

pOO1' deblgil , Plating mi™ed

Feature Influence On Electroplatability Better Design

Flat-bottom 1 Inside and outside angles should

grooves  be rounded generou* to ...a.,-
minimize costs.

Off 1
AVO]t) STICKING WHEN BARREI. PI.ATING

Dimple

V-shaped
grooves

Deep, V-shaped grooves cannot
be satisfactorily plated with
corrosion protective nickel and
chromium and should be

avoided. Shallow, rounded 
grooves are better. Groove

Fins J

Increase plating time and costs
for a specified minium thickness
and reduce the durability of the
plated part.

-LL C

- .li

Narrow ribs with sharp angles
usually reduce electroplatability;
wide ribs with rounded edges

Ribs impose no problem. Taper each ALI.OW FOR BUILDUP

rib from its center to both sides
Buildup reduce,

and round off ed,es, Increase effective dialneler
spacing if possible.

A

Concave Electroplatability is dependent I  ,F  recesses upon dimensions.

-'§€oops Htile

Increase plating time and costs

for a specified minimum thickness. 01
Buildup on iut will rob corners
from their share of electroplate.
Crown the base and round off all
corners.

l'apeied end [o allow toi buildiip

\r-1

'gs

Electroplatability is dependent
upon dimensions. Round off
corners and crown from center

line, sloping towards both sides.

I'luy

he distrubution of electroplate is indicated in an exaggerated fashion.



3.
Historical

Perspective

Luigi V. Brugnatelli

The history of the deposition of precious
metals can be traced to Luigi V.
Brugnatelli. who probably iii·st

performed his electrodeposition of gold

around 1800 uxing the Voltaic Pile a.

discovered by his fi·iend. Allis:indro
Votla. However. an insult fruiii Napolean
Bonapule caused Brugnatelli to confine

the publication of his works to hi own

journal. which effectively cauxed the
loss of thix information 1'01· alino 40

years.

John Wright. from Birmingham.

England. found that potassium cy:inide
was a suitable electrolyte for gold and

Milver electroplating. HE work. combine
with that of the Elkington cousins and

other developmentx by Barratt. resulted

in the issue of several patents in 1840.
These discoveries and patents are the

foundation of modern gold ancl ilver
plating.

ffi

t

,J

407

t.2

492

Elkington Works in Birmingham, England

This alli:mee. and it+ dihcoveries. was almost certainly precipitated by the
invention of coliper electi-nplating (irfei-red to as electiulturming and electrotyping

in the litel-ature) developed in the ]Litter part o f ]838, ear] y 1839, Thix led to
the :idaptation (,f gairanie current |br the deposition ofgold and silver,

Gold and silver plating proceeded at a fast pace. By 1842 Elkinglon and Mason
had a succeshl'll] silverwai·e manufacturing iticility where George Elkington
lINed the new gold ele:[1·oplating proceshes to make spectacle frames. pen nibs.

etc. ohuch quality and low cot tliat hedominated the ent i i·e trade in Birmingham.
Charles Chi·istolle (liceiixe of Elkington). in France. had overnight coinmercial
«cess with his electroplating conipany producing hollowware and flatware
for the g{,vernment und xociely of France. He provided the table settings for
the (illicial receptions of Napoleon Ill.

It was iii RuNa 111:it the [-it·Nt lat·tie scale electroplating of copper, silver. and
gold took place. Hundreds. pei·haps tholls:lids, of ,tatueh. iconx and other
1-eligiolth artifileth. as well 11% numerous copper plate, for cathedral donies.
were gold plated. One cathedral donic alone reqiiii·ed almost 500 kilogrunix
(about 16.00(} troy ounces) und lippears to be the first specification plating.
Two partx from every 100 weir checked by wrip and weigh methods: if both
pal·t.% failed to meet the pecification, the entire batch was rejected.

From that tillie on. the gold and silver plating induxtly in Europe and the United

States grew in i/e with practically no new developments. The paxxing of the
Victorian grand object Wart relegated gold plating to faux jewelry. spectacle
frame. :Ind (,ther inexpensive novelties, and silver plating to the Ilat'
hollowware industries. Much of the technology used to plate large it,
heavy deposits and massive electroft,rins wax lost. Thix quiescent peri
almost 80 yearx. for it was not until World War I I and the advances i
electl·(}nic. int|UNtrie. that interest was renewed in gold electroplatin
the exception of the Providence. Rl and NY areas), [t was not until t

elect,-(}liepoxiting f'inc grained. uniltirm. thick gold plate occuri·ed. Not
gold electro|ytes weir ilitrnduced dul-ing the late 196(k Chemical developments
since have provided plating solutions that show improved performance in the
areas of depoxition >peed. throwing power, covering power. distri
a variet\/ of ctilors.
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Preparation
fc,r k  b
Iliroplating

Many of the items thal are precious
metal plated are fii-st Aut-[tice finished

by means of mechanical polishing or

mass finishing.

As with al] electi·oplating operation,

the first step after any polixhing

operation ix to claim and activate the

basis metal xo pi-o])ei- adliexin mid

defect-free appearance of the finished

part may lie achieved.

Since the introduction and adoption

of the Montreal Prolocol. the gradual
phaxing out of CFCs mid other ozone

deple(ing chemicals hax resulted in

the vii·tual elimination of ilegreasine

by means of chlorn and/or Iluoro

carbon type solventh.

ACID COPPER DEPOSITION

Cleaning. degreasing and activation
are curried out in aqueous cleaning
solutions. using various alkalies.

Mulface active agents. detergents.
chelators. saponifierN and emulsifiers.

Activation of the surfaces to be plated
is usually provided by citherdilute

mineral acids or by dry acid salt
solutions.

Alter cleaning, most of the items that

will finally receive their noble metal
top-coat are electroplated with copper
alid/or nickel in order to achieve the

fully bright or satin finished

appearance.

.opper

}lectroplating

A wide range of functional or

h:orative copper electrodeposition
ses are presently available. The

copper to be used is defined

iatory laws. the speed needed.

,wite used and appearance
,equirements. The general types of
copper electrodeposition used at the
present time are:

• Decorative, bright. high-leveling fur rack or barrel
• Electri)11)1·ming. rologravire and other functional coatings
• High-speed Itinctional In- wire. strip and rods
• Electi·onic copper (ductile. high-throw hallis)
• Acid copper strike undercont fur platics

• Electi·owinning and electrot·elining of copper

ALKALINE COPPER DEPOSITION

• Alkaline. cy:inide-Ii·ee copper 1-or rack burrel

• Alkaline. cyanide copper deposition

• Alkaline. cyanide copper strike undercoat

All but tile cy:mide copper ballih deposit from a divalent copper ion. taking twice
aN many ampeir hours to deposit the Maine amount of copper. However. since
the acid copper baths and some of the alkaline bith. are able to operate at highei-
cathode current densitie.. the Ilegative :ihpect can be easily removed.

All tlie types of alkaline copper baths use some type ol' complex ion in order to
tie-up the copper ion and prevent it lium plucipitating out. Thix complex typically
can be cyanide. tai'11'atex. pyrophosphates. or phosphonates. Acid copper. on the
other hand. depoxits right out of a plain copper ion. whether the anion in the bath
is sul fate. Iluoborate. or other. Acid copper is also the procexs. due to the additives
used. which can level out imperlections and sci·atche iii the bubstrate. Theretoi·e,
it is often ircounized that acid copper ix the prelerred deposit for decorative
a p p l i c a t i c 71 i s .

A copper strike puts on a bari·ier Copper coating that allows hubsequent deposits
to go on trouble-f-ree. In the case of plastics. the strike increases the thicknes of
the electroless Coati[12\. allowing ft)1· conductivity and stability under higher volt-
age.. A copper strike M essential fur the ubsequent:acid copper plating of zinc-
based die catings and tin ba.ed CahlingS.

Va
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Introduction

Decorative bright nickel electro-

deposits are often used as an undercoat
for precious metal coatings. Nickel
undercoats provide brightness to
improve reflectivity and leveling to
smooth out surl'ace defects. They al>,0

improve corrosion resistance. reduce
porosity and can act as a diffusion
barrier to prevent the base metal from

migrating into the precious metal top-
coat.

Today's bright nickel processes are
vastly Nuperior to earlier processes.
Current nickel processes provide
outstanding leveling characteristics
and excellent physical properties.
Most employ a WATTS electrolyte

that can be modified to satisfy specific
plating requirements. For example. a
high chloride WATTS type bath M
employed where Mating xpeed is
important: a low chloride WATTS is
more suitable for applications that
require excellent ductility and low
stress. Typical basic formulations are
shown in the chart.

Watts Bath '

Nickel Sulfate

Nickel Chloride

Boric Acid

High Chloride

Nickel Sulfate

Nickel Chloride

Boric Acid

Low Temperature or Mixec
Nickel Sulfate

Nickel Chloride

Boric Acid

Addition Agents

The brightness and leveling of bright
nickel deposits are. perhaps. the most

desirable properties lor the jewelry
industry. Organic addition agents are
used to provide these characteristics. The
additive systems are usually a
combination of ingredients called
Primary and Secondary Addition agents.

These ingredients work synergistic;ally
to provide very bright deposits that can
substantially smooth out surface defects
common to the baxe metal, thereby

providing a brilliant surface that is
substantially free of surface defects.
Supplier recommendations muxt be
carefully followed to provide optimum
performance.

' 40.0 ounces/gallon 
8.0 ounces/gallon

5.5 ounces/gallon g

8.0 ounces/gallon

30.0 ounces/gallon :
5.5 ounces/gallon

1 Bath

35.0 ounces/gallon

15.0 ounces/gallon

6.0 ounces/gallon

Anionic surfactants are often used in

bright nickel baths to emulsity oils and
prevent pitting. They can be measured

by monitoring the surface tension of.
the nickel-plating bath. Low-foa,
wetting agents are used in air-
baths and reduce surface tens

about 40 dynes/cm. Since cath!1
agitation baths have a greater tenci
to pit because of higher organic loading
and lesx agitation than air-agitated baths.
higher foaming surfactants with greater
wetting properties are used,
tension of these baths is gi

than 35 dynes/cm.

The surface

enerally 1
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Agitation

Agitation is very important with respect
to plating xpeed. as well as brightness

and leveling. The greater the agitation,

the faster a bright nickel bath will plate
and level out surface defects. Cathode

rod agitation is often used when bright
nickel plating for jewelry and other

applications. while air agitation would

provide faster speed and better leveling.
it is normally not used when precious

metal plating is the final finish. This is

because most jewelry is not positively

racked (held rigid) and the violent

agitation would knock parts offthe racks

and into the plating tank.

Equipment

Bright nickel baths require tanks that

are polypropylene or steel lined with
approved rubber or Koroseal. Anodes

are generally electrolytic squares or

sulfur depolarized rounds that are placed
in Uranium baskets. Rolled carbon bars

can also be used. All anodes must be

bagged with either laundered cotton 01
a synthetic. such as polypropylene or

n----' to prevent roughness. Air

i is distributed through a properly
d sparger and supplied by a low-

3 blower. Mechanical agitation

ally supplied by moving the
bar back and forth. Heatine

.ilizing .steam or electricity, are

I to maintain proper operating

iture and are generally made of

1, tantalum. or Tetion*. Filters

:rally used to remove particulate
nd prevent roughness. Normally,

rs are packed with activated

to remove organic degradation

5, oils or impurities that have

agged down the plating line. h

nely important that your plating
· approve all materials.

Fepi,ered Ti·:1<lern:irk nt' D,110,11

1-,yIlel, I

agitatiot

lesigne
·exhun

uerie]

athode

:oils. Ul

requirec

tempen

titaniun

are gene

matter a

the filte

(,11

.ei

ppliei

Decorative Satin, Antique, and Black
Nickels

Black nickel plating solutions provide a
ditinctive finish suitable for a wide

variety of articles. Any black finish.

ranging from matte to a brilliant luster.
can be obtained. Matte (or satin) finishes

have been developed that allow for
controlled. but different. shades to be

plated out of the same rack or barrel bath.

A unique look is obtained by gold plating

these finishes and they have been found

xuitable for industrial und military

instruments. cameras. inicroscopes and
binocular parts. Articles requiring lustrous
finishes include tubular furniture.

plumbing fixtures. buttons and trophies.

Often these surfaces cal] be mechanically

relieved to provide highly desirable

antique tinihhes suitable fur casket

hai·dware, jewelry. buckles und lamps.
The substrate oii which the black nickel

coating is applied. Ce.y.. copper, /.inc,

nickel. etc.) can alter the appearance of

the antique finish.

Cori·osion irsistance of black nickel

coatings ix genci·ally poor. so a clear

coating is either sprayed or applied

electrophoretically to the piece. The clear

coating prevents tarnish and base metal
deterioration. In cases where the

application of a clear coating is
impractical. light oil can he applied to
the significant surfaces with a soft cloth.

Black coatings can be achieved by

chemical or electrolytic treatment of a

dull or bright nickel surface or by plating

a black coating directly from a

prop]·ietary electrolyte. Iii the latter case,

addition agents and/or post treatments
are used to intensify the blackness.
Different shades of blackness can be

achieved, ranging from a warm,slightly.

dark metallic fiiiish to a jet-black deposit.

Processes that provide black coatings
directly from a plating tank utilize the

same equipment as other decorative

processes. Likewise. the articles are
cleaned and prepared in exactly the sallie

manner. Lined tanks are required.
Heaters, air spargers. anodes and bags

should be used according to the
recommendations of the specific supplier

of the process. Reputable plating
Nupplier.s will also recommend specific

cyclex that are suitable for the .ser's

xpecific needs.

11
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In Europe and the Far East, the use of nickel in compimenth that come into contact
with the skin, or that are inxerted into the human body. hah undergone a strict
irview and is now conti·olled by strict legislation particulm·ly for the EEC Countries
(European Economic Community). In October of 1994. the European Council of
Re>,earch Ministers adopted Dii·ective 94/27/EC. a supplement to the 1976 Directive
76/759/EEC. limiting the use of nickel. The implementation of this Directive has
been slow but it i+ in ellect. The Directive needx to then be adopted by each
inember ol the Europe:in Commumity. Once this is done. approximately 6 months
later a prohibition of import and manul acturintz would take effect.

Directive 94/27/EEC, requires diat nickel may not be used as an undercoat and
products not confunning to the directive be marked accordingly,

• Post ahxemblieM that are inserted into pierced ears or other human body parts.
unlexs the nickel content ix le.x than 0.059.

• In products intended to come into direct contact with the skin. e.g„ earrings.

[lecklaces. bracelets. illikle[,4. Inaps, 1 :steners. 7ippers, ele., i[-the rate of' 6 releawe ix more than 0.5 microgrants per emi pei· week.
• In product, itch as those that liave anon-nickel coating (a lacquer or heavy gol,

electroplate for example) whose rate of nickel releac will not exceed 0.5 micro
gram. per emi per week for a period of at leaht two years of normal wear.

Jh are

-) export

The legislation calls out specific tests and conti·01 methods for determining the
4uantity 01- nicke] released iii order to be able to coinply with this EEC directive.
The tests range from soaking the plated article in artificial human sweat followed
by testing fur nickel to uhing specilied wear testing equipment and then testing toi
nickel alone the wear track.

Most of the EEC member countriex individually piased legislation confon
the EEC directive during 2000 providing local manulacturers 6 months td
their individual 111:inutfucturing specifications into line with the law.

It E recommended that any manufacturer of these products. many of whic
plated with decorative pircious metals. especially those manufacturers wlic
their goodx to Europe. will need to:
(a) Carefully review the Directive, and

Ch) Conhider :Ille[·native.% to the uxe of nickel and undercoat to the precious metal

Note·: 1.egiwlation e.«t. limiting the Llhe til' nickel in Denmark. Gel·many, and Sweden.

710.7 )
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Non-INickel

The most obvious alternative to

nickel is acid copper. Acid copper

can provide equal brightnes, and
leveling to that obtained from bright
nickel solutions when rack plating.
Acid copper can also provide a
suitable satin or matte surface for

those applications. Recent develop-

ments have vastly improved the

performance of barrel acid copper
plating providing similai· perform-

(barrel) nickel plating.

)st common precioux metals

namely gold and silver. will
: into copper. It ix. therefore,

iry to plate a barrier layer that
ard or prevent this migration.

iarrier layers are either
int. palladium/cobalt alloy.
bronze. white bronze or a

ation. such as yellow bronze
[ladium.

alice to

rhe mc

ated.

.igrall

ecessa

will ret,

These I

pal adii
yellow
conibin

plus pa

Yellow Bronze and White Bronze

13th 111,+e proce eN are deposited from high. ft·ce cyanide Mating solutionb and offei
optionh lt, the electi·oplater hecatiNe of the allo>· dellcihited. 7#'aditionally. hI·on/C plating
whed mlimonia to 111:lintaill good Color and v,Illble alloy :illi)l[Ch. Modern HHoy batl14
contain alternate Compleri„-4 amd. l|lete|'ore. do !101 require the ur of:unnionia and. liu]
better control. litilive Itill :idiliti\C »ten™ allil inert %[aililehx xteel orgraphite :111(,cleN.
More Vable than earlier generation proce·.e. thehe modern firmulaticii™ can be lion-
magnelic. antiallergenic. aild Nome can be m)11-[ami%hing - thi14 they have been uxeil a.
replacementh fur 4ilver or pallittlium (b:%illeN nickel) fur a combination of co.t Illid
functional re:11(in.. Typical ball) 1211·millation. are hbown in the tit|,le below.

BRONZE PLATING SOLUTIONS
Yellow White

Copper g/1 15 to 36 12 to 18

f· Tin g/1 5 to 9 10 to 16

Zinc 9/1 - 2 to 5

Free Cyanide g/1 ,all.* 35 to 58 9 45 to 60
Temperature 100 to 120°F 110 to 130°F

pH 12.0 lo 13.5 11.0 to 12.0

Current Density 20 to 50 ASF 10 to 50 ASF

Alloy Composition

 Copper 72 to 88% 54 to 65%

Tin 12 to 28% 25 to 4096 4

Zinc - 0 to 10%

Palladium and Palladium Alloys

Pal|rtilium :lilli pallailium ill|ily.. 11411:Ilil> i:limlium-nic-kel and pallailium-cobalt. me ued
in tile ieweli·> indi]411·y and other ilecoi-:liRe precioi!4 metal applicationh. Low· pcn-,Mity
and hi·ight while depo.il. are lihgil to enhance tile appeal (11' many decorative itein..

Depohi[% of pilr pal|allium aild palladium-cobalt air u.ed :14 |lianier |:n.rn between bright
:ie·id cupper der< 14[0 and pold dept).it in the product ion 01'non-nickel containing plz,(Ille·14.
A depohil thick,ie. 01'7 to 10 I licroitic|le: (0.175 to 0.25 nikiuns) will greatly lim it the
migration 01'yold into the copper electi·oplate and vice vei·Na. P.illailium and pulkidium
alloy% are lihed:th limil while linihhes. The color of the deposits obtained M bright while
Iind ix often u..ed a. a itic>ilium replacement. For decorative applicationN. pallailium and
ith :illoy. cim he depoxited |Icom Illillill>lii;li·al 4>·blem.h in which palladillin ih preent :14
itii amine comple\. ()11]ercomplering.»tents :ire 1111011#e when »ccilic depom pr,peilieh
ure irquirrd.

Since ammoniacal *i,Itition will readily· uu·niIi Copper. copper alloy. allil nickel. and

Coppel-Contlimination in quite .mill| Lillimlitie. Will Cal]Ne darkening (il'the (tcpt)Nit. it i*
good plating practice [0 +Irike the work prior to plating with palladium :11](1/or palladium
alloy proce·*ses. Typical |i)!-mullitionh :ire hliown in the Table below.

Palllum Palladium
Palladlum Nickel Cobalt

Palladium g/1 2-15 1.5 to 6 2 to 6

# Nickel 9/1 - 0.3 to 3.0 -
Cobalt 9/1 - - O.0 to 3.0

 Ammonium Salt 60 to 100 . 60 to 100 . 60 to 100 3
pH 7.5 1-08.5 7.5 to 8.5 7.5 lo 8.5

Temperature( 'F) 75 to 120° 85 lo 100° 85 to 100°

Current Density 10 to 25 10 to 25 10 to 25

Alloy Composition
Palladiurn 100% 60 to 90% 75 to 90%

Nickel - 10 to 40% -

Cobalt - - 10 to 25%
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Today's decorative gold plating
processes are applied to a very

diverse range of consumer
products. Typically, plated items
include watch Cases and band.

plumbing fixtures. writing
instruments, jewelry. eyeglass
frames. cigarette lighters, fashion
accessories. and lighting fixtures.
Deposit thickness will vary with
the specifications and application.

r .,/51;9

Watch cases. watch builds. and writing instruments are often plated to thicknes,
of 2 to 5 microns (80 to 200 microinches). The watch industry often uses duplex
gold by first applying a thick deposit of alloy gold, typically in the range of 1 2
to 16 kitrat, followed by a hard acid gold deposit of up to 0.5 microns (20
microinches). This final layer of gold also provides the final color.

Plumbing. bathroom and kitchen accessories usually fall into two segments.
Those that are plated with gold thicknesxes ranging from 0.5 microns minimum
to 3 microns or more (20 microinches to 120 microinches) and marketed to the
luxury markets. The other seginent utilizes flash deposits of 0.075 to 0.] 25
microns (3 to 5 microinches). followed by a topcoat. either clear powder coat
or electrophoretically applied lacquers.

Fashion jewelry typically uses deposits ranging in thickness from a lia
0.075 microns 10 2.5 microns or more (3 to 100 microinches) of hard g
deposit. The requirements for most other industries are similar.

The gold deposits for these diverse applications are obtained from chei
which atie Negmented into four (4) types. as follows.

Hard Acid Gold

Hard acid gold is defined as the premier gold plating process, First de
in the early 1950%.These processex, based on potassium gold cyanide ,
operating at pH values as low as 3.5. are able to produce a multitude o
color standards. and include the full range of Hamilton colors.

The deposit purity. as plated. ranges from 90 to 99%. The deposits aisc
excellent wear resistance. durability. and color stability. The hardness ;
brightness of the deposits is obtained from the inclusion of various me
complexes iii the plating solution matrix. These metals. (cobalt, nickel
indium. amd others). either individually or in combination, are co-deposi
the gold provide a ranges of colors. Typical formulations are 1·eviewed iii -
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Table 1: HARD ACID GOLD SYSTEMS

onstituent Concentration

Gold 2 to 10

Conducting Salt 60 to 150

pH 3.2 to 4.4

ILm Temperature  70 to 120°F -
Nickel Complexed 0 to 10

Cobalt Complexed 0108

Indium Complexed 0 lo 1

 iron Complexed ._. O to 3 

In the late 1980-3. further development provided for the ineli,Mion of organic
additives within the solution matrix, These additives offered lower gold concen-
tration. increaxes the brightness range, extended the eun·ent (lenity raiiye. and

improved productivity. Other benefits of thee organic additives air improved
diNtribution. enhancement of the color and richnex. of the deposits. Tliese hard
acid gold syhtems enjoy now. and are expected to en.ioy for the furesceable future.
a predominant share of the decorative gold plating market.

Alkaline Non-Cyanide Gold
The majordiscovery of thix unique chemisti·y during the 1950.4 resulted in tile
development of cyanid-tree sulfite .KvNtem i,ilering out.tanding benefitx in metal
distribution. ductility. elect·ofurming. and the ability to build hi·ightnexx. Thexe
systems contain gold hullite, Free sullite. complexing agent$. xtabilizing agents and
color additives: offer an excellent ranue of color, ax indicated in 'I'able 1 und were

well received by the optical frame induhtry. Cyanide-free ul['itc xystems are
particularly attractive to the European optical fi·ame industry. where pink color
rolled gold eyeglaxs franies tire very Itishionable.

Table 2: CYANIDE-FREE SULFITE SYSTEMS
COLOR ADDITIVES

Color Metals Additives

Green Cadmium, Silver, Zinc

Pink-Red Copper 0
Pale Yellow-Grey Palladium

 Champagne  Palladium .
Pale Yellow-White Nickel

These non-cy:inide ystein. produce thick. ductile de])(ihils that air e.virinely useful
in high build and electroforming application. Typical formulations are fliown in
Table 3.

Table 3: CYANIDE-FREE SULFATE SYSTEMS
TYPICAL FORMULATIONS

 Constituent Concentration g/1
Gold 10

Metal Complex 5
Stabilizer 15

Complexor 5+

pH . 9 to 10

Temperature 95 to 130'F

Current Derlsitv.10 Amps./sq. ft.



Alkaline Cyanide Gold

Alkaline cyanide gold xy.tems originated in 1840 und have been associated
with having the widest color range. More than 600 shades were pitted in the
1930% and 19403. The formulations. based on potassium gold cy:anide or
pot:iwium auri-cyanide, fire potassium cy:inide and coloring additives. are
exti·emely versatile. offering flash coats. thin and thick deposits. allow deposits
often u$ed iii duplex gold systernx. and electro-Ii)Filling. However. as
improvements have been made in other xyxtems. the future use fur alkaline
cyanide gold will mostly be limited to a oy x. duplex xy,tems, and electi·nfonning.
Typical formulations are shown in Tables 4 and 5.

Table 4: FLASH GOLD PLATE

Gold as Potassium g/1
Gold (1 and 11) Cyanide 0.8 to 6

Free Potassium Cyanide 2 to 15

Di Potassium Phosphate 2224*&71
2 to 25 

Metal Coloring Additives  .025 to 3.0 j|
pH 10 to 12.5
Temperature 140 to 160°F

Current Density 10 to 50

COLORING ADDITIVES

Green to White Silver, Tin
Zinc, Cadmium

Yellow to White Nickel

Pink to Red Copper, nickel

Table 5: HEAVY GOLD PLATE
9/1

Gold (as gold potassium cyanide) 8 to 20

 Silver & Silver Potassium Cyanide
0.3 to 2

(For bright deposits)

Potassium Cyanide 15 to 100

Temperature 60 to 80°F

Current Density

Rack Amps./Sq. Ft. 3 to 8

Barrel Amps./Sq. Ft. lt02

Table 6: NEUTRAL CYANIDE GOLD PROCESSES

g/I

Gold (as gold Potassium Cyanide) 0.75 to 2.0

Conducting Salt 15 to 30

Complexor 6 to 10

PH 4.-•SAL#* 6.5 to 7.5 
Temperature 110 to 140°F

Current Density Amps./Sq. Ft. 10
COLOR ADDITIVES

Yellow to White Nickel d

Red. .Copper
Green Silver

Pink Nickel/Copper

Alloy Gold Plating
Similar Ibrmulations to those shown in Table

5 are utilized to produce low kai·at alloy

gold electi·odeposits ranging from 12 kiti·at
to 23 kai·at (50% to 98 4: of gold iii deposit).
Alloying metals air usually silver. nickel
copper und cadmium. The free cyanide
content of these alkaline solution

formulations is often relatively low.

These processes are used as a final linish
Auch as white gold. or its part of a duplex
system :10 a method of producing thickei-

del)(»sits at lower cost. Typical duplex
svstems are used by the watch case industry.

where alloy gold is used as ati undeirout.
followed by at least one micron (40
inicroinches) of hai-d acid gold of the dexii·ed
cillor.

Neutral Cyanide Gold

Alkaline gold systems are modified to
prnvide moir accurate control of the
complexed alloy systeins by using alternate
chelating agents in place of free cyanide.
For example. a typical loililii li,tion may use
complexors like EDTA. As these solutions
operate at or near a ph of 7.0, they are
desigiiated :ls lielltral cyanide gold processes.
These processes air designed for ease of
operation and for use in Ilash operations
only. Typical funnulations ai-e showi
ill Table 6.

Standards

Clashifications are set by internatio
agencies worldwide. In the United 
the Federal Tracie Commission clax

gold deposits by thickness.

Gold Flah. Gold Wash and Gold Toi

lo gold deposits thal are less than 7
inches (0.175 mici·ons) in thickness.

Electiuplate or Gold Electroplated r
gold electro-deposits ofat least 7 n-
inches (0.175 mici·ons or more) mit

To carry Heavy Gold Electi·oplate 01
Gold Electroplated designation, the
deposit must be at least 10 kai-at in f
and be ]00 micruinches (2.5 microi

thickness. Ilthe gold i.% produced fi
.specific plucehs. this may alxo be stu
example. as Heavy Gold Electronlate k
karat) or Heavy Gold Electi·opia
process). If products are to be ex
Ovelbells niarkets. the relevant IC

Ntanclard, Ahould he used. i.e.. th

Standards in Europe.
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Gilding

St. Isaac's Cathedral, Sl. Petersburg

Brush plating is the modern
A,ivalent of vilding. The general

ple of brush plating is to
t the work to the negative side

 D.C. power source - a battery.
/niall or larger rectifier, or even a
portable D.C. generator.

11.

rush Plating

Gilding. or the :irt of coatint metalx and non-metal, with gold, is indeed an
ancient art. This art was certainly practiced by the Egyptians as can be seen
by the artifacts recovered from the TomM if the Valley of Kings. Cleopatra was

reported to have the beams of her palace gilded with gold. There is some evi-
dence to show thal gilding was practiced by Babylonianx. Broaches and pins of
gilt have been fuund on the site believed to he that upon which Babylon sat.

Arab artixan\ gilded copper and silver by the mei·cul-y alinaguin method (vermeil).
This method involves the application of a coating of inercury and then burnixh-
intz on a layer of gold leaf. In the mid-nineteenth century. many items including
spectacle frames. candelabru und the dome of the cathedral church of St. Isaac's
in St, Petersburg, were gilt by this very dangerous method. often resulting in

death und/or sever disability ofthe artisan. It is tuported that some 60 craftsmen

died lium the rexultant mercury poisoning from the gilding of the cathedral
dome of St. Ixitac'S.

During the eighteenth and early nineteenth century. large amounts of-water Mild-
ing" was carried out using dilute sohitions of gold chloride. G. R. Elkington
improved thi< pl-ncehs :ind w:1% i.wued patents fur developing an immersion gold

(or gill) bath based on gold chloride neutralized with pc,tassium bicarbonate.
Elkingtcms pi-ncess wa vastly superior to traditional water gilding and
approached the quality on non-inetallic subtrates of wood or plaster relizious
artifacts.

The:mode. usually non-soluble. is

encised in a poroux material xuch as 1
felt. The porous pen or brush is dipped
into the specially funnulated plating
Molution. The pen or bruxh ix then -Illillillill.- C / - ........---
applied to the surf-ace of the part to be

plated (the cathode) using a brushing 6717*' 2 i

similar to paint rollers. Lire eniployed. .._1
Pet·haps one of the most spectacular

examples in North America of brush :zz:CLZ
plating ix the Slovak Cathedral of the
Transliguration just north of 'foronto.
Canada. The copper domes of lilix       .-'.
Cathedl-:11. including the orbs, erosses ,<21/Imt. · I. -
and other lixtures. were all brush plated Ild.JlbuIld*#dl
with gold. The effect A both dramatic 'Illlllllllillllllllilll
and spectacular. Other examples include
the elevator doors of the MGM iii La

Vegas. Nevada amd the independent

man atop the Rliode Island State House.

Other pi·ecioux inetals can be. and often

are, brush plated. These include silver.

fur spot 1-epair of silver plated
hollowware: Rhodium, providing a
bi-ight white finixh in ircesses of jewelry
and Ruthenium. fur conti·N.

U.\ „\ 11-,ILU.fil
/aAEL..k \



Silver electroplating is as old as
the plating industry itself. first

patented and produced in 1840
(British Patent 8447 in 1 840) by

the Elkington cousins. The basic
electrolyte has changed little since

then. The only developments until
recently (for decorative applica-

tions) has been that of grain refiners
and brighteners, as today's metal
deposits are required to be bright
in order to reduce or eliminate the

cost of polishing. Typical formula-
tions are given the following chart.

Constituent Concentration g/1 (oz./gal.)
1 11 111

Silver (metal) 5 lo 40 (0.6 to 5.5) 5 to 40 (0.6 to 5.5) 4.50 to 120 (1 tol4)

Potassium Cyanide (free) 16 to 130 (2 to 18) 45 to 160 (5.5 to 20)

Sodium Cyanide (free) 16 to 110 (2 to 15)

99Ssium C@rkgn*t,,20.W E{2,1941, 16to 80 (2.40 10> 4
Sodium Carbonate 15 to 45 (2 to 3)

Potassium Hydroxide 2 to 6 (.25 to .75) 4 to 30 (0.5 to 4)

Temperature°F 68 to 86° 68 to 76 100 to 120°

IE!.trfent Dpsig/8;EJi to 4Qid| to 1,5-,d|to 100 .,gll

The plating solution is best made using potassium silver cyanide in high purity
from supply houes lind 1-eadily soluble. Thi, material has a silver content 01
54.09 1 0.2%. Silver cy:inide i,· also available with a silver content of about 80

it i.; not soluble in water. While considered pure, its purity is often less than that
o f silver potassium cyanide. The use of the silver potasium cyanide salt eliminate
the posxible source of inipuritiex which may affect the performance of the
operating bath.

As is common with al] alkaline precious metal ,olutions, immersion coatings on
lesx noble metal surlaces are a common occurrence. This will cause poor adhesion.
It ix. therefore. dexii·able to apply a silver strike in oi-der to minimize or eliminate
this effect. Typical strike formulations are shown on the following table.

 Constituent For Ferrous Metal For Non-Ferrous Meta'

otassium Silver Cyanide 1.5 to 3.0 9/! 5 to 8 g/1 1 to 2 9/I 
Sodium Cyanide 60 to 90 g/1 60 to 90 9/1 7

4otassium Cyanide · £'44 .../Ill 20 to 30 9/1 :1
Potassium Hydroxide 18 to 22 g/l

Rinxing the work between silver striking and xilver plating is not required.

Non-cy:mide solutions air now being used primarily for electi·onie and funct
applicationx. However. as research continues. fully bright. decorative pl·oll,
will be available in the not too dixtant future.

i 3
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Mating

has several des i i·able p ope ties -it's

brilliant white coloi·. Itigh irellectivity,

and hardness which make it very

popular with the jewelry and faux

jeweli·y industries.

Rhodium can provide excellent

tarnish protection for sterling hilver

and silver plated flatware and

hollowware from quite thin deposits.

Typically. rhodium electroplate is
deposited on precious and 1-aux jewelry,

xterling and silver-plate to a thickness
of 0.05 to 0.125 microns ( 2 to 5

inicroinches). This thickness of

rhodium is produced in about 20 to 60
econds from phophate. sullate or

phosphate-Nulfate baths.

Typical foi·mulations air shown below.

Of the platinum group metals. rhodium
has found wide acceptance in decorative
precious metals applications. Rhodium

Phosphate Sulfate Phosphate/Sulfate

Rhodium g/1 1.5 to 2.0 1.3 to 2.0 1.5 to 3.0

Phosphoric Acid Pure 40 to 80

Sulfuric Acid Pure 25 to 80 20 to 80

Temperature C , . 20 to 50° 9 20 to 50° + 20 to 60°

Agitation None-Moderate None-Moderate Moderate

Current Density 20 to 100 20 to 100

I vV F 14.
r

r plhtinu -

The electodeposition of platinum is
not :ix well etablished as that ol

rhodium. The recent surge in demand

l'or platinum and platinum finishes for

the jewelry industries will 1-exult in the

platilluill processes becoming more

established. Recent development
eliminating Ati·ess, solution

polai·ization. anode polarization.
and pornsity have led to the ability to
electroform thE valuable metal.

Ruthenium

ating

15.

,(troforn

Electroplated ruthenium is gaining

acceptance in the jeweli-y. giftware

und other indutries. It has a unique

dark linixh varying iii shade fi·om a

divinctive gray through to black.

Deposits of electroplated ruthenium

are the hardest of at] the platinum

group metah.

The electmfurming of precious jewelry

is gaining wide acceptance worldwide.
Gold can be electrofurnied from

cyanide alloy solutions, prnviding karat
deposith ranging from ]0 kai-at R) 24

karat. Typically. the alloys deposited
are gold/silver alloys or gold/copperf

cadmium alk,ys. The lise of the
c(imputer and sophisticated chemical

control h:,0 permitted the niaxx
production of quality karat.jewelry.

Silver requires simple equipment and
many items are electruformed in silver.

ranging from jewelry to statuettes.

As previously mentioned. platinum is

now being electi-nforined from

relatively simple equipment but with

very Clowe Control of the solution

chemistry and operating condition,.
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17.

Glossary of
Terms

Abrasive Blasting - A procexs for cleaning or finishing by means of an abrasive
directed at high velocity against the work piece.

Activation - Elimination of a passive condition on a surface.

Addition Agent - A material added in small quantities to a solution to produce u
desired effect. Al,0 synonymoux with "brightener."

Adhesion - The attractive force that exists between an electrodeposit or an
electrochemical deposit and its substrate that can be measured a.4 the force
1·equired to separate the deposit from the substrate.

Amorphous - Non-cryxtalline or without evidence of a regular structure.

Anc)de - The electrode in electrolysis at which negative ions are discharged.
positive ionx air formed. or other oxidizing reactions occur. In most instances
it is the soili·ce of metal to be plated from the bath.

Anode Efficiency - The actual current elliciency of a specified anodic process
compared to the theoretical value. The actual fraction of current used to dissolve
Inetal from the anode colnpared to the theoretical amount as predicted by
Faraday's Laws.

Autocatalytic Plating - Deposition of a metal coating by a controlled chemical
reduction. cataly/ed by the metal or alloy being deposited. Often referred to
as "electroless plating."

Barrel Plating - Electroplating or cleaning in which the work is processed in bulk
In a lutating comainer (burrell.

Base Metal (or Substrate) - Material upon whicli pi·ocessiiig is conducted or coatings
al·e ilept)xited. C It ix 110£ necexsarily the material ti·om which the part is constructed).

Blister - A dome-shaped imperfection or defect, resulting from loss of adhesion
between a deposit and ith subiti·ate. or between various coatings whet-e inultiple
layers of coatings are present.

Bright I)ip - A solution used to produce a bright surface on a substrate by chemical
1 nmersion.

Bright Plating Range - The ,·ange of current densities within which a given
plating hollition produces a bright deposit.

Brightener - Another term for addition agent. A liquid or powdered material tha
when added to a plating bath. improves the reflectivity or brightness of the
deposits produced by the plating bath.

Brush Plating - A specialized method of plating. typically used for 0niall scale
applications. where an inert anode is surrounded by a pad, sponge. brush. or
other device that will retain a volume of a concentrated solution containing a
iIissolved salt of the inetal to be deposited. The :inode/pad device is moved
over the catholic during the plating operation in the area to be plated. 

Huffing - The smoothing of a sur uce. accomplished by placing the sum
finished againv a rotating Ilexible wheel, to which line abrahive partic
been applied iii liquid. sustieiNon. paste, or greaxe form.

Buffer - A Compound or mirture that, when contained in solution. causes the v
Nolution to resist change in pH. Each buffer has a characteristic limited ranize
of pH over which it ix effective.

Burnt Deposit - A rough. non-coherent or otherwise unsatisfactory deposit.
typically produced by the application of an excexwive high current density

Bus Bar - The tei-iii used to descrile the cable. orconducting media -general
or aluminum stock - that tra]141'eis the current Ii·om the rectifier to the plat

20 Carryover - See Drag in.



CASS Test - A special accelerated corrosion testing method using copper and acelic acid solution as the fog medium. It is
most typically used to predict the corrosion protection of nickel/elli·ome, or copper/nickel/chrome electrodeposits.
See ASTM Method B368.

Cathode - The part that is electi·oplated.

Cathode Efficiency - The actual amount of current used to depoxit metal in a plating pi·ocess. compared to the theoretical
amount as predicted by Fainday'x Law>,-

Chelate Compound - A compound in which a metal is contained as an integral part of a ling structure and ic not readily ionized.

Cleaning - The removal of grease or Noil und other foreign materials from a irface uxing one or more chemical or
electrochemical solutions.

A/ka/inc Cleaning-cleaning by means of ati alkaline solution.
Anodic or Reverse C/eaning-electrolytic cleaning where the part ix connected to the negative terminal of the rectifier.
Cathodic or Dired Ch'ani,ig-electrolytic cleaning where the pal·t is connected to the positive terminal of the rectifier.

Di-phase Clemling-cleaning by means of u solution that contains a solvent layer and an aqueoll.4 layer. Cleaning occurs
by both solvent and emulsification actions.

Soak- C/e,ming-cleaning by chemical means without the use of current. Genei-ally used to remove heavy oils and greases.
Ultrasollic C/ecu,ing-cleaning by any chemical nieans aided by ultrasonic energy to ,;peed up soil removal. Especially
useful in the removal of buffing compounds.
Sm·ay Cleaning-u,e of an alkaline cleatier that is sprayed onto the partes) to be cle:ined. The additional energy pi·ovided
by the spraying operation accelerates the removal 01' soils, greases. and buffing compounds.

Contact Plating - Deposition of a metal by immersion of the work in a wolution that i,0 in contact with another metal.

Corrodkote Test - An accelerated corrosion test for electrodeposits using a special paste coating that is applied to parts
before they are CASS salt spray lexted. See ASTM Method 8380.

Corrosion - Gradual dissolution or oxidation of a metal.

Covering Power - The ability of an electrodeposit to plate at very low curtent densities, such as iii deep recesses or holes.
(To be distinguished from Throwing Power.)

Current Density - The total curt·ent divided by the area to which the current is applied.
Cathode Current Density-the total current applied divided by the total area being plated.
Anode, Cur/·ent Densitv-the total current applied divided by the total anode area.

 urrent Efficiency - See Cathode Efticiency und Anode Efficiency.

legreasing - The reinoval ot grease lind oils froiii a sui·face.Sillvent Degreaxing-degreasing by immersion iii liquid organic solvent.
Vitpor Degreasing-degreasing by solvent vapors condensing on the parts being cleaned.

Drag-In - The water or solution that adheres to the objects from previous processing steps, and which ix thereby introduced
into a processing tank.

Drag-Out - The solution that adheres to articles when they 211·e 1-eni0wed from a prncessing tank.

Ductility - The ability of a material to del-orm without fracturing.
-my - The term used to describe low current density plating done to remove metallic impurities from a plating bath.

. Plating or Duplex Deposit - The term used to describe a multi-layer depi™it that incorporates two layers with
I,ntly different corrnsion potential characteristies. The different layers are typically combined in a manner that allows

ne layer (the under-layer) to be sacrificial to the other layer abe top layer), thereby greatly improving the corrosion
protection afforded, compared to that provided by a single layer of similar thickness.

Electroless Plating - A more commonly used tenn fur Autocatalytic Plating.

Electrolyte - General tenn used to describe the processing bath, uxually the plating bath.

ctrolysis - Process of causing chemical chanees via the passage of curi·ent through an electrolyte.
kroplating - The electrodeposition 01- an adherent metallic coating upon an electrode for the purpose 01- secul-ing a
e with properties, appearance. or dinienxionx dill'erent from those of the basis metal.



Electropolishing - Term uxed to describe the process of improving the appearance and surfuce condition of metallic substrates
by applying a current to a chemical solution.

Etch- Noun-'a roughened surface produced by a chemical or electrochemical means.
Verb-to unevenly dissolve a part of a surface or metal.

Faraday - The number of coulombs (96.490) required to deposit one chemicai equivalent of a metal. The chemical equivalent
value varies depending upon the nittal being deposited.

Filter Aid - An inert. insoluble material. more or less finely divided. used as a filter medium. or to assist in filtration by
preventing excessive packing of the filter cake.

Flash Plate - The application ofa very thin electrodeposit, typically less thmi 2.54 microns (0,1 mill,

Flocculate - To aggregate into larger particles, to increase in size to the point where precipitation occurs.

Galvanic Protection - See Sacrificial Protection

Hard Chromium - Chromium plate for engineering, rather than decorative applications. Not necessarily harder than
decorative chromium, but generally much thicker.

Hydrogen Embrittlement - Embrittlement of a metal or alloy caused by absorption of hydrogen typically during pickling,
cleaning or plating operations.

Inert Anode - An anode that is insoluble in the electrolyte under the conditions prevailing in the electrolysis being performed.
Typically used in plating baths where there is no convenient.source of soluble metal an anode, such as chrome plating.

Karat - A measure of the fineness or purity of a gold deposit. One karat is equal to 1/24 part of pure gold: i.e., a 24 karat
deposit is pure gold. Likewise. an ] 8 karat deposit is 18 parts of gold and 6 parts of another metal.

Mechanical Plating - The application of ati adherent metallic coating on a substrate by impingement of finely divided
solid particles of the coating to be applied onto the Nubstrate. Alloy deposition is possible via mechanical plating. Also
plating occurs without any hydrogen embrittlement occurring.

Metal Distribution Ratio - The ratio of the thicknesses of metal deposited at two different current densities. Fr,
used as a measure of the Throwing Power of an electrolyte.

Polishing - See Buffing

Reducing Agent - A compound that causes chemical reduction. thereby it,el f becoming oxidized.

Regeneration - Noun-The replacement of 100% of the original metal content ofan electroless plating bath.
Ver/7-The act of replenishing a processing bath in an attempt to restore optimum performance.

equently

bath.

epost?

Metal Turn Over (MTO) - The replacement of 1 0()% of the original nickel metal content of an electroless plating

Microinch - One millionth of an inch, ().000001 inches. (=0.001 mils)

Micron - One millionth of a meter, approximately one 25th of' a mil. (25.4 microns = 1 mil)

Micro Throwing Power- The ability of an electrnlyte to deposit metal in pot-es or very xmall recesses of substrates

Mil -Onethousandth ofan inch (0.001 inches). (=25.4 inicrons)

Oxidizing Agent - A compound that cauSeS oxidat ion, thereby itself becoming reduced.

pH - The co-logarithm (negative logarithm) of the hydrogen ion activity. A measure of acidity (lesh than 7) or basicity (mon
than 7) of a holution.

Passivation or Passivity - The condition on a metal that retards ith Inormal reaction in a specified environment. It is typicall,
associated with the metal assuming an electrochemical potential more noble than its normal potential.

Peeling - The detachment or partial detachment of a deposited coating from the basis metal or undercoat layers.

Pickling - The removal of oxides or other compounds from the surface of a metal by chemical or electrochemical

Pit - A small depression or cavity in the surface of a pal·t. It can be produced during manufacturing the part during d
or by corrosion of the surface.
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Resist - A material applied to a part of the Mui·ltice of an article to prevent metal deposition on or nietal removal from that
area during chemica] or electrochemical processes. Also called "masking."

Ripple - A measurement of the amount of AC current that is p e. ent in a DC current. Execssive 1-ipple generally causes
passive deposits or hazes iii plated coatings. Ideally. ripple should be lexs than 59· fur most plating applications.

RMS - A numerical reference to the smoothness of a surface. Literally, it refer, to the Root Mean Square of the height
difference between the microscopic peaks and valleys thal are evident on a sui·face when it ix viewed under sufficient
magnification. The lower the number. the xmoother the surface. In other words. the average di.tunce from the tip of a
peak to the bottom of an adjacent valley on a part with a surf:ice with a 2 RMS linish. would be less than the equivalent
distance on a part with a 16 RMS linixh. RMS ix typically mea=ed with a profilometer. uxing vertical magnifications
from 500x to 200.000x.

Robber - Term used to describe an auxiliary cathode placed near the part to be plated to ilivert current from concentrating
in high current density areas, leading to heavy deposits in these :11·eas.

Sacrificial Protection - The mechanism olcon·osion protection wherein one metal corrodes iii pi-efulence to another, thereby
protecting the latter from corrosion (for example. zinc plating over it xteel substrate). Also 1-elen·ed to as -Galvanic Pt·olection."

Shelf Roughness - Roughness on surfaces of parts tliat face upwairl where solids have settled during a processing operation.

Shield - Ncittii-a nonconducting medium or panel used to alter the Ilow of cur[-efit in an attenipt to provide tile moxt uniform
cathode current density possible on the part being plated.
Ver/7-to alter the normal current distribution by placing a non-conducting medium in the path of the current in it manner
that provides a more uniform overall current den.sity on the part being plated.

Spontaneous Decomposition - Sce Triggering

Step Plating - Non-uniform thickness. striations, or skip-type plating. In electroplating operations this is generally evident
in low curi·ent density areas, while in electroless plating operations it is typically evident on edges of parts and around
holes or perforations in parts. Also referred to as "edge pullback" anti/or "worm tracking."

Stray Current - Current that passes through paths other than the intended circuit such ax through heating coils, the plating
tank. Iloor grating. hoist super-structures. etc.

Strike - Noini-a thin deposit applied to a substrate or other plated deposit to provide activation or protection from ininierxion plating,
Ve/·b-to apply such a coating by plating for a short time in a plating bath.

Strip - To reinove a coating from the substrate or undercoat layer via chemical or electrochemical methods.

ibstrate -The base metal to be plated.

Der Abraser - An instrument used to characterize the wear properties of a substrate or plated finish. Test specimens are
nounted to a small rotating turntable and subjected to the wearing action of two:abriu.ive wheels, which are applied at
a specific pressure. and which rot:ate in oppo.site directions. An important feature of the 7 :iber Abi·user is the all angles
relative to the weave or giwin of the inaterial being tested.

Tarnish - Discoloration of a baxe metal or a plated coating. typically a darkening of the appearance of the basis or plated metal.

rhief - See Robber

Throwing Power - Terin used to describe the unifurmity 01- thickness of a plated coating. Electroless baths typically plate
with 1 00, T]trowing Power. i.e„ the same thickness on all :ireas 01- a part in contact with the solution, Electroplating
baths invariably exhibit gi·enter thicknesses iii high current density ai·eis compared to low current density areas. See :1]40

hickness Distribution Ratio.

ering - Spontaneous decomposition of an electroless plating bath. which ix typically caused by excessively high
ileentration of reducing agents in the bath, or the intmduction of solid contaminants, such ah metal filings or other particles.

.,y Ounce - A unit iii the Troy systein of weightx used for pircious metals. Gold and other precious metals are typically
measured in Troy ounces. (1 Troy ounce =31.1035 granig

Turnover - See Regeneration.

Water Break - The appearance ol a discontinuous film of water on a surface. signifying non-unifurm wetting and uxually
A associated with the presence of surface contamination on parts.

-k (Pia - The material being plated or otherwise tinixhed.
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