








rate on carbon was zero. It was noticed that EN

deposition reaction was always accompanied by

a parallel hydrogen evolution reaction on

substrate surface. There was instantaneous

evolution of hydrogen upon immersion of steel

and iron carbide substrates in the EN bath: no

hydrogen evolution was observed for all carbon

substrates including carbon disks, graphite sheets,

glassy carbon rods. The SEM/EDS analysis of

the samples after EN plating revealed the

presence of nickel-phosphorous deposit on steel

and iron carbide and none on carbon surfaces.

EN Deposition on Half Iron-Half Carbon
Substrates

Video recording of EN plating process

was carried out for the configuration # I half

iron-half carbon substrates which were prepared

by electroplating of iron on the top half of a

graphite sheet as shown in Figure 1 (a). Since

hydrogen bubbles were formed on the surface

sites where EN was deposited, tracing the

movement of hydrogen bubbles by a video

camera would give an idea about the spreading

of EN coating on substrate surface.

Figure 3 is a schematic representation of

the hydrogen bubble movement process during

the EN plating on a half iron-half carbon

substrate. At the beginning of the plating

process, evolution of hydrogen bubbles occurred

only on the iron halfofthe substrate as shown in

Figure 3 (b). After five minute of immersion iii

the EN bath. hydrogen bubbles started to spread

across the iron-graphite boarder line and evolved

on the graphite half of the substrate as shown in

Figure 3 (c). The number of hydrogen bubbles

on the graphite increased with time and

ultimately the entire graphite surface was

covered with hydrogen bubbles (Figure 3 (d)).

These results indicate that on a half iron-half

carbon surface, EN deposition was initiated only

on the iron portion of the surface. The EN

deposition moved to the carbon portion of the

surface by a galvanic action between the carbon

and iron (or EN which had deposited on the

iron) in the bath'. The galvanic activation of
carbon fi rst occurred in the immediate

iieighborhood of the carbon-iron (or carbon-EN)

borderline and then gradually spread across the

graphite surface. After 30 minutes of plating, the

entire graphite portion of the substrate was
covered by an EN coating.

Figure 4 (a) is a SEM photomicrograph

of the half iron-half graphite substrate prior to

EN plating. The accompanying EDS spectrum
indicates that there was only C on the carbon

portion and Fe on the iron portion of the surface.

Figure 4 (b) is a SEM photomicrograph of the

substrate surface after 5 minutes of EN plating:

the accompanying X-ray spectrum revealed that

there was nickel-phosphorous deposit on the iron

portion and very little nickel on the graphite

portion of the substrate. Figure 4 (c) is a SEM

photomicrograph of the substrate surface after [ 5

minutes of EN plating; the accompanying EDS

spectrum revealed that there was nickel-

phosphorous deposit on both iron and graphite

portions the substrate. These results were

repeatable and were also observed on pelletized
carbon disks which were in contact with a steel

coupon in the EN bath. Although EN deposition

did not occur spontaneously on carbon. the

carbon surface could be activated by galvanic

contact with an active metal, such as iron, nickel

and EN. to permit the EN plating to occur on the
carbon surface.

To examine the effect of separation

distance on the galvanic initiation of EN
deposition on carbon surface, two other

configurations (#2 and #3) of half iron-half

carbon substrates were used. In configuration #2

(Figure I (b)), a steel and a graphite coupon

were positioned 19 mm apart in an EN bath.

They were galvanically connected with an
external conductor and was immersed in the EN

bath for one hour. The EDS and weight gain

analyses after the plating revealed that there was
EN deposit on the steel surface, but none on the

graphite surface. In configuration #3, the

distance between the steel and the graphite were

made smaller by inserting a Teflon sheet ( 1.6 to

12.7 min iii thickness) between them as shown in

Figure I (c). EN deposition along with hydrogen

evolution was observed on both graphite and
steel surfaces. However, the EN deposition rate
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on the graphite surface decreased with ati

increase in the separation distance as shown on
Table I.

Table ] : Plating rate on graphite and steel as a

function of the separation distance
between them.

Separation Plating Rate ( Bm/hr)
Distance

(mm) Electrically Electrically

Connected Isolated

Steel Graphite Steel Graphite

1.6 9.2 8.2 9.1 0

3.2 9.1 5.5 9.2 {)

6.4 9.1 3.2 9.2 {)

12.7 9.2 1.6 9.1 0

When the external conducting wire in

configuration #3 was removed, no EN deposit

was observed on the graphite for all the

separation distances in Table 1. This indicates

that it was necessary for the graphite to be in

galvanic contact with steel in order to be active

to EN deposition reaction. The data also suggest

that some sort of active soluble species which

diffuses from the steel to the graphite. causing

EN deposition to occur.

Effed of Carbon Inclusions in Substrate

Microstructure on EN Deposition Process

To study the effect of carbon iii ferrous

alloys on EN deposition, gray cast iron was

chosen as the substrate because it has a high

percentage of graphite flakes in its

microstructure. Several gray cast iron coupons

were polished, anodically electrocleaned. etched,

and marked with a reference scratch line. They

were individually examined under the SEM to

record the locations of graphite flakes on their

surfaces. Afterwards they were cleaned and

simultaneously immersed in a common EN bath.

The coupons were withdrawn froin the EN bath

at different plating times to permit the build-up

of different thicknesses of EN coating. The

coupons after EN plating were re-examined

under the SEM, and the locations of individual

elements, such as Fe, C, Ni, and P. on the

coupon surface were mapped with the EDS
analysis.

Figure 5 (a) shows tile SEM

photomicrograph of a gray cast iron coupon prior

to plating. The light areas represents the iron

portion of the surface and the graphite flakes are

represented by dark streaks on the figure. This

coupon was EN-plated for 2 minutes and had an
average EN thickness of 0.4 Bm on its surface.

Figure 5 (b) is the SEM photomicrograph of the

coating on the same area of the substrate. The
EN coating was so thin that the dark graphite

flakes were still visible under the coating. The x-

ray element maps showing the presence of Fe, C,

Ni. and P on the same sample area are given in

Figures 5 (c), (d), (e), and (f), respectively. The

light color in a particular location of the map

shows the presence of an identified element iii

that location. A comparison of Figures 5 (c) - (f)

shows that Ni and P were present on the same

locations as iron, and there were no Ni and P in

the locations where carbon was present.

Figure 6 (a) is the photomicrograph of

another gray cast iron coupon prior to EN

plating. This coupon was immersed iii the EN

bath for 5 minutes and was coated with a layer

of EN of 1.2 wn in thickness. Figure 6 (b) is the

photomicrograph of the coating, which shows
that most of the substrate surface had been

covered with EN including the locations where

graphite was present in the microstructure.

Figures 6 (c), (d), (e) and ( f) show the

distribution of Fe, C, Ni, and P, respectively, on

the same coupon surface. These figures revealed

the presence of nickel-phosphorous deposit on
the iron as well as on the carbon portion of the

substrate surface, though some graphite flakes

were still visible under the SEM. For the gray

cast iron samples with still thicker EN deposit,

the graphite and iron microstructure were totally

covered with EN, and the EDS analysis revealed

only the presence of Ni and P on the sample

surface.

The above results indicate that at the

initial state of EN plating process, EN deposition

initiated only on the iron portion ofthe substrate

4





2. Mallory, G.O., Plating, 61 (No. 11), 1005
(1974).

3. Duncan, R.G., Proc. Corrosion Conference,

Paper No. 136, National Association of

Corrosion Engineers, Houston, ( 1982).

4. Mallory, G.O., iii "Electroless Plating

Fundamentals and Applications," edited

by Mallory, G.O., and Hajdu, J.B., pp.

3 - 55, American Electroplaters and

Surface Finishers Society, Orlando, FL,
1990,

5. Duncan, R.N., Finishers Management, 20
(No. 3), 5 (1981).

6. Linka, G. and Riede[, W., Glavanotechnik,

77 (No. 3), 563 (1986)

7. Ruffini, A.J., and Aleksinas, M.J., Proc.

Electroless Nickel Conference, Paper

No. 12, Products Finishing, Cincinnati,
OH (1989).

8. ASTM Annual Book of Standards, Part E,

pp. 407-70, ASTM, Philadelphia, PA

(1989)

9. Stremsdoerfer, G., Queau. E., and Martin.

J.R., Electrochim. Acta, 39,2525

(1994).

6

54











VFS. 361.111

Deadtime 0%

(:raphite

Ni

P

0.000 keV 10.220

VFS: 2800 Livelime, 60

Deadtime: 0%

Iron 10 Bm (X 1000)

Ni

P

Ill

Fe
P

10.000 keV 10.220

Figure 4 (contintledr: c) after 15 minutes of EN plating.

6G









ELECTRODEPOSITION OF Fe-Ni-SiO2 ALLOYS

B. N. Popov, S. N. Popova, M. Ramasubramanian and R. E. White

Department of Chemical Engineering

University of South Carolina,

Columbia, SC, 29208, USA

K.-M. Yin

Department of Chemical Engineering

Yuan-Ze Institute of Technology

Neili, Thoyuan, 32026, Taiwan

Abstract

The mass transfer effects for electrodeposition of Fe-Ni-SiO2 composites were evaluated using

rotating disc electrode. Partial current densities of nickel and iron were found to be .closely associated
with hydrogen evolution rate, surface pH and the presence of SiO2 in the electrolyte.

Introduction

Iron-Nickel (FeNi) electrodeposition is a simple, one-step process for the production of magnetic
films used in electronic applications. The plating technique attracts industrial application because of

its low cost and its capability for deposition on almost any geometry [1]. However, explanations of

the deposition mechanism are diverse. Dahms and Croll [2,3] found that Fe-Ni codeposition appears
closely related to the local pH rise at the interface due to the hydrogen evolution reaction. According

to these authors, the preferential precipitation of iron hydroxide compared to nickel hydroxide causes
the inhibition of nickel deposition and iron discharges through the iron hydroxide film. Romankiw [1]
revised Dahms and Doll's mechanism suggesting that a trace amount of Fe+3 in the solution causes
precipitation of Fe(OH)3, and that such a film accounts for the selective discharge. Nichol et al. [4]

and Swathirajan [5] attributed the underpotential deposition to the appearance of an iron dominant
intermetallic compound. Andricacos et al. [6,7] used a rotating ring-disc electrode and a rotating-disc
electrode to study Fe-Ni deposition. They found that Fe deposition is under mass transfer limitation,

while Ni deposition is kinetically controlled. Talbot et al. [8,9] and Hessami and Tobias [10] proposed

that the charge transfer of Fe(OH)+ and Ni(OH)+ species is responsible for anomaleous codeposition
of Fe-Ni alloys. According to these authors higher Fe(OH)+ concentration, compared to Ni(OH)+,

causes the higher iron plating rate. The importance of metal hydroxide ions in the iron-nickel plating

system was suggested by Bockris et al. [11] and Matulis and Slizys [12] on the single metal species
deposition. They suggested that the reduction of adsorbed Fe(OH)+ is the rate determining step for the
iron reduction. Matlosz et al. [13] proposed a model in which the competitive surface adsorption of
Ni(I) and Fe(I) intermediates determine their respective deposition rates and alloy deposition. We used

galvanostatic pulse and pulse reverse and potentiostatic pulse techniques to study the plating of Fe-Ni

alloys in the presence of organic additives [ 14,15]. Electrodeposition of the alloy was explained by the

concentration depletion of reactants and the surface coverage of the additives on the electrode,




















































































