




Update on the Performance of Open Top Tumblers as

Replacements For Conventional Barrels in Batch Plating
By Robert F. Zecher, l'timbleveyfir, lizc.

77?e standard hexagonahy .shaped, pe/forated The turnover rate of the solution inside the
barrel used in batch plating of small parts has barrel can be increased by about 25% by
two major disadvantages which are overcome pumping the solution into the barrel under

by the "open top" tumbler descnbed in this enough pressure to force extra flow out
report. 77,ese are /)restricted #ow of through the perforations and this has resulted in
processing solutions, including rinse water, some reduction in plat\ng time.*1
and 2) excessive dragout on the barrel itself

from tank to tank. In the open top tumbler turnover rates several

times those in the closed perforate barrel can

7he open, stationary tumbler allows be achieved In the accompanying test data a

practically unrestricted flow of all sollitions rate of about 3 Ed per gallon per minute was
and does not carry any dragout from tank to used. Further tests are being made to

tank Furthermore, it aUows much greater determine the effect of higher rates as well as

#exibility in the application of spray rinses to limiting maximum turnover rates for the various
minimize dragout on the parts themselves and plating metals and for the effect on plating
m allow more efficient rinsing in a single tank. emciency and uniformity. See Fig 2
There are other environmental protection

advantages as well as simplified installanon Lower Voltage Drop
and operation of the platingline.

Greater Solution Exchange

The polyhedral shape of the horizontal

perforate barrel evolved in an effort to gain

"pumping" action from the rotation of the

barrel about its axis, Pumping action is defined

as the change in volume as a percent of the

contained volume of the barrel and is a function

of the rotational speed as well as the geometry
of the barrels. Unfortunately the pumping

action is greatest at an immersion of only

384% of the barrel (diameter) which is not its

most favorable plating depth At typical plating

depths of 60 to 90%, this pumping action

actually drops off with the resulting exchange

of solution nominally less than 1 gal per gallon
<11

per minute

The second factor affecting the plating

efficiency of the barrel is the voltage drop

through the barrel sides. This is a function of

the thickness and the percentage perforation,

and is typically in the range of 20% of the total

voltage drop. This drop is virtually eliminated

in the open top tumbler

A higher solution turnover rate also allows

higher voltages to be used before "burning"

occurs,

More Dangler Options

The accessibility to the parts in the open

tumbler also allows a variety of dangler

options. The danglers can be hung from a bus

spanning the entire compartment from above or

can be special configurations such as flat strips,





used to make up for some ofthe evaporation. If

the addition of this rinse water builds up

excessively, there are a number of ways to

maintain equilibrium in the concentration

Low Water Usage, Single Step Rinsing

Assuming parts passing from the treatment tank
to the rinse tank now have 5% or less solution

concentration on them, immersion with

tumbling action into the rinse water can effect

an immediate dilution of concentrate by a

significant factor. Using the example of the 80

sq. ft. load, immersing the parts with 0 2 gal of

solution on them, which has then been cut by

50% during the rinse or blow off, into 100 gal

of rinse water gives a factor of 1000: 1.

One helpful factor here is that the rinsing time

can be extended much longer -- up to the

plating cycle time, in fact -- because each tank
in the line contains a load and barrels do not

have to be moved back and forth to coincide

with loading or unloading the plating tank.

Added to this is the much more vigorous

agitation in the tumbler as well as the optional

addition of a rinse pump to exchange the water

in the tumbler compartment similarly to the
treatment tanks.

Finally, after an adequate immersion rinse, the

parts can be brought up to an intermediate

position and a spray rinse of fresh water

applied The tumbling is maintained during this

spray, assuring another significant dilution This

two step rinse is just now being evaluated,

along with a small closed loop water

purification unit which can effectively reduce

water usage to evaporative make up and

eliminate waste water discharge altogether

Ventilation

With no overhead hoist or headroom for

passing barrels needed it is then feasible to

cover any or all tanks to greatly reduce the air

flow required for adequate ventilation Thus

evaporation can also be reduced where

advantageous and individual vent ducts can be

connected to specific tanks to facilitate

scrubbing, reclamation, etc.

Line layouts

Since only the parts are passed from tank to

tank it is possible by the use of staging

conveyors, right angle chutes, and other

bridging means to lay out almost any pattern

for the plating line. Since most barrel lines are

now designed to return the barrels to the start

point, a "U" shaped open tumbler line is

probably the most advantageous. The layouts

shown in figure 1 show some of the ways to

handle either continuous, uniform production

of the same or similar parts or random loading

of parts differing plating cycles.

Of course, the line layout can be in other

shapes such as "L" or "Z" or whatever best

suits the work flow through the plating

department.

Other possibilities include feeding parts from

different prep lines into a common plating tank

or feeding from a single plating station into

separate post-plating tanks

Reduced Floor and Overhead Space

Requirements

Generally an open tumbler line of similar

production capacity to a given barrel line will

occupy from 1/4 to 1/3 less floor space. This is

due to the elimination of the hoist support

system and also to the reduction in the number

of rinse, and perhaps other, tanks. At the same

time overhead space is eliminated above about
6 feet, which allows for covers on the tanks.
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Test Results

Early plating tests on tin and on nickel bear out

faster plating cycles and more uniform metal

thicknesses. These are shown in comparison

with typical barrel results in tables 1 and 2.

Additional tests are being carried out on these

and other metals just as this paper is being
written and there will be handouts at the

conference covering as much evaluation as can
be accomplished by then.

A few measurements on dragout have already

been covered, but much more quantitative

testing work is also continuing and results will
be included in the handouts.

Conclusions

Two primary advantages to the open top
tumbler over conventional barrels as well as

several secondary improvements in the overall

plating line have been described. So far test
results support the plating improvements and
the reduction in dragout. Descriptions of

mechanical changes in the line point to many
secondary advantages such as reductions in line

size, in the capacity of reclamation and water
purification systems, and in installation and
operating costs. Finally, flexiblility in parts

handling and in line layout offer many new
opportunities for batch plating improvements.
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Figure 1. Open top, stationary, pivoting tumblers

mounted on plating and rinse tanks showing the plating

tumbler discharging parts into the rinse tumbler

4





A.

Figure 4 The anode bus extended around the front and
sides of the tank allows baskets or slabs to be hung in
close proximity to the surface of the batch of parts
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Figure 5. Only the solution on the parts is carried
from one tumbler into another. A spray or blowoff
before discharge can cut the dragout still further
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14" X 30 " BARREL 1 CU FT. TUMBLER

Load size 1201bs- 125 sq ft. 80 lbs - 85 sq. ft

Voltage 5 volts 7 volts

Amps 350 380

Amps/ sq ft 3-4 5- 6

Time to min. Thickness 15 min. 10 min

Thickness Spread 0.09 - 0.24 mil 0.09 - 0.16 mil

Barrel/ belt speed 6 rpm(17.5 fpm) 15 fpm

Table 1 STANNATE TIN TESTS

Part: Copper reverse loop contact, 2 -5/8" x 7/8"

14" x 30" Barrel 1/2 cu. ft. Tumbler

Load size typical 100 Ib loads 9 lbs- 10 sq ft

Voltage 12 volts 13.5 volts

Amps ]30

Amps/ sq. ft 3-4 9 - 10

Thickness at 15 min 0.1 mil

Thickness at 30 min. 0.1 mil 0.18

Thickness at 45 min. 0.25

Thickness at 60 min 035

TABLE 2 BRIGHT NICKEL TESTS

Parts. Steel caps approx. 1/2 " diam. x 0.400" long

References

C 1) Electroplating Engineering Handbook
4th Ed .Van Nostrand Reinhold. NY
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Choosing an Appropriate Accelerated Corrosion Test Method
b, Cynthia L. Meade. Singleton Corporation

In accelerated corrosion testing. 11
has become increasinglY evident that the
traditional method of assessing corrosion
resistance bv salt spray testing has evolved
to include other environments such as
elevated temperatures, variable humidity and
acidic environments. As a result,

researchers, technicians and several industrv
associations have studied existing corrosion
test methods. developed new methods and
spent enormous hours and dollars in search
of the "right test". As a result, today's
finisher may be asked to perform a myriad
of test methods. Whi]e the selection of the

test method may be customer-specified, the
purpose ofthis paper is to aid the finisher in
understanding of the various methods and
their apphcations.

Numerous test methods, both static
and cyclic are available to evaluate inetals.
coatings and finished products. The plethora
of test methods available provides an
opportunity to select an appropriate test
method from that wide variety of test
methods. Because of this varietv, the tester
needs to be aware of the risk of selecting
and/or performing a test method without
knowledge of its usefulness or

appropriateness.
The desire is great for a quick and

easv solution to the complex effects of
corrosion. However, it should be noted that
no single test method offers across the board
validity because of the complexities of the
environmental factors affecting finished

products. The widespread adaptation of an
inappropriate test method should be avoided.

Selecting a Test Method
Consider the Following vhen

choosing or analyzing the results of an
accelerated test method:

I. What conditions will the finished
product be exposed to? Salt. humidity.
temperature fluctuations. gases, for example.

7 Are there geographic

considerations? Will so me products end up
in coastal environments while others are at
div locations?

3. What demands and expectations
are in place for the life of the product? Does
the customer or end-user expect the finish to
last one year, two years, or five years?

4. What research and testing has
already been conducted on this finish and
how applicable is it to the finished product?

Salt Spray Test
In spite of the current literature

regarding the Salt Sprav Test, it remains an
effective efficient and simple inspection
tool for manufacturing control such as
evaluating different batches of the same
product. once a standard level of
performance has been established.

In a

dynamic environment where consumer
demands, quality improvement processes
and environmental regulations stimulate
change, it is important to remember that a
"comparison standard" must first be



established before a finish can be ineasured

against it.

The Salt Spray Test continues to be
useful for the evaluation of finishes used in

marine atmospheres due to the high
concentration of salt and moisture. Sources

in the aluminum industry report that the Salt

Spray Test is still a major valid performance
indicator.

CASS Test

While the salt spray test is used in

numerous industries. particularly metal
finishing, another predominant test method
for finishers is ASTM B-368,

Copper-accelerated Acetic Acid-Salt Spray
(Fog) Test - CASS test. It is used primarily
for the rapid testing of decorative
Copper-Nickel-Chromium or Nickel

Chromium plating on steel and zinc die-cast
bases. It has also been shown to be effective

on anodized. chromated or phosphated
aluminum.

The CASS Test is operated at
elevated temperatures, 49C ( 120F), rather
than 35C (95F). The standard 5% salt

solution is modified by the addition of .25

g/i iter of reagent grade copper chloride.
Glacial acetic acid is used to adjust the pl-1
of the col lected sol ution to a range of 3.1 to
3.3, compared to 6.5 to 7.2 pH in the ASTM
B 117 Salt Spray 'rest.

Corrodkote Test

The Corrodkote Test, ASTM B 380.

was developed for the evaluation of
copper-nickel-chromium and nickel

chromium coatings on steel. zinc alloys.

aluminum alloys, plastics and other
substrates. The procedure involves the
application of a siurry comprised of .035 g
of reagent grade cupric nitrate, .165 g of
ACS reagent grade ferric chloride, and I.0 g

of ACS reagent grade aminonium chloride in
50 mi of reagent grade water which meets
ASTM DI 1 93 Type 1 V. Prior to testing, the
slurry is applied to the test specimens and
allowed to dry The specimens are then

placed in a humidity chamber controlled at
38 degrees C 1 2 C and between 80 and 90%
relative humidity. One cycle is 20 hours.

Humidity Test

High humidity tests such as ASTM
D-2247, Standard Practice for Testing Water
Resistance of Coatings in 100% Relative

Humidity, are useful for determining the
water resistance of finishes. This test

exposes the finish to 100% relative humidity
at 38 degrees C(100F). Other humidity tests
are available which operate at lower
humidities and higher operating

temperatures.

]Modified Salt Spray Tests
ASTM G 85 Standard Practice fur

Modified Salt Spray. now includes 5

annexes. These outgrowths of the B 117
Salt Spray Test were developed to provide
the tester with alternative corrosion test
methods which utilize the existing

technology and accumulated data as bui Iding
blocks for these enhanced test methods. The

apparatus and test procedure used closely
resemble the ASTM Bll7 with variations in

the electrolvte solutions and operating
conditions.

Acenc Acid

Annex I . the Acetic Acid Salt Spray
-1-est, formerlv ASTM B 287, is useful for

testing decorative chromium plating on steel
or zinc die-cast. it is a static atmosphere test

nearly identical to the ASTM B 117, except
that the electrolyte solution is adjusted to a
pH of 3.1 to 3.3.









Surface Treatment of Powder Metallurgical Compacts

R.C. LEU, P. M0LLER & P. LEISNER
Centre o f Advanced Eleetroplating

Technical University of Denmark building 425, DK-2800 Lvngby, Denmark

Introduction

Powder metallurgy (P/M) is a rapidly expanding

technology for manufacturing of structural parts. The

P/M process provides economical as well as technical

benefits over conventional processing of wrought

material. It is possible to fabricate high quality,

complex parts to close tolerances without machining

The energy consumption is low and the material

utilisation and productivity high.

The unique ability of P/M to obtain a uniform

microstructure and to fabricate alloys and composite

materials, which are otherwise difficult to make,

increases the interest and research in the field.

Fatigue, wear and corrosion are the three most

common failure problems encountered in the industry.

Recently, fatigue has been investigated extensively, but

wear and corrosion problems of P/M part have been

paid only little attention. The application of P/M parts

has in many cases been restricted to non corrosive and

wear free environments. Solving the wear and

corrosion problems of P/M parts, increases the number

of potential industrial applications. Surface treatment

has been successfully applied to wrought materials to

obtain better surface properties, but many of the

commercial surface treatments used on wrought

materials can not be used directly for the porous P/M

parts. For example, electrolyte trapped in the pores

during electroplating, could later cause serious corro-

sion attacks.

The present work has concentrated on improving the

corrosion resistance of P/M compacts by electrolytic

surface treatment.

Porosity

The porous structure of P/M compacts is a result of

the manufacturing process and the initial powder

characteristics. The total volume of porosity is

important for the mechanical properties, but con-

sidering corrosion properties the volume of open

porosity is the essential parameter. Open pores means

pores in the surface or pores connected to the surface

through other pores. It has recently been shown [1]
that the volume of open pores decreases with

increasing compacting pressure. More interesting is

the fact that the porosity of low compact samples

consists almost entirely of open porosity. whereas

samples with high density contained more insulated

than open pores.

In this investigation sintered iron compacts
containing 10 % total porosity were used as substrate.
The volume of open pores was about 6 %. Such

materials are commonly used for industrial applica-
lions.

Levelling effect of different plating solutions

P/M compacts without any kind of pore closing

pretreatment are full of open and interconnected

pores. When electroplating the P/M compacts, the

presence of these pores affect the quality of the elec-

trodeposit. If the coating is cathodic to the substrate

the presence of voids in the coating will result in

server local corrosion. In order to obtain a pore-free

coating it is necessary to control the distribution of the

electrodeposit in such a way, that the coating fills up

the pores. In order to measure the levelling effect of

various treatments, speciments with a V-shaped micro-

roughness profile were manufactured from mild steel.

Figure 1 shows schematically a possible distribution on

such a profile. Several expressions describing the

levelling effect have been presented in the literature
(symbols are explained in figure 1):

El = 02 -dl)/t [2.31

E2 = d2/(t + dl) [4]

The levelling effect E 1 indicates the degree of the
levelling. A positive value indicates that the deposition

has a positive levelling effect, and complete levelling

leads to El= l. When the deposition is uniform El =
0. It has been emphasised that the value of El relates
to on the plating time, because the difference between

dl and dl increases with time when plating in a
solution with positive levelling effect.

The levelling effect E2 indicates how thick the
deposit is in the pore at a given time, compared with

how thick the deposit should have been in the pore to

have completed the levelling. The value of E2 is
always positive. A complete levelling corresponds with
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