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ABSTRACT

One possible substitute for cadmium In some applications Is a z lnc- 
nlckel alloy deposit. Previous work by others showed that electrodeposited  
zinc-n ickel coatings containing about 85% zinc and 15% nickel provided 
noticeably better corrosion resistan ce  than pure zinc. P resent work which 
supports th is finding a lso  shows that the corrosion resistance of the alloy 
deposit com pares favorably with cadmium.

1 o i  u s e t u m " * ®  1 o i  i e p i e * “

d i s t r i b u t i o n  o f  t h i s  d o c u m e n t  i s
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ELECTRODEPOSITION OF ZINC-NICKEL ALLOY COATINGS

Introduction

Therm ally prepared coatings of Zn-Ni have teen obtained by the in ter- 

diffusion of separately deposited nickel and zinc coatings and used as a 

protective coating for s te e l under the trade name Corronizing.  ̂ The com ­

m ercia l use  of the diffusion coating indicates that electrodeposited Zn-Ni 

coatings a lso  should have applications, if a convenient method of deposition 

could be developed. One of these applications could be a substitute for 

cadmium.

. The literature on the topic of Zn-Ni plating up to 1960 was covered by 
2

Brenner in his trea tise  on alloy deposition. Since 1960, very little  has
3 4

appeared on this subject. Hammond and Bowman ’ were granted patents in
5

1961 and 1962. Kudryautsev reported on deposition from cyanide and am -
0

moniacal solutions in 1964. Domnikov reviewed som e Russian work in 1965,
7 8Roehl was granted a patent in 1969, and Roehl and Dillon a patent in 1971.

These latter two patents were the starting point for the work described in this 
7

paper. Roehl reported that in salt spray te s ts , 92 % Zn-8% Ni alloy coating 

was three to four tim es as corrosion resistant as electrodeposited zinc or 

hot-dipped zinc (Figure 1). Based on the resu lts reported in the literature
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and the fact that zinc-n ickel coatings have shown prom ise at Sandia Labora­

to r ie s , L iverm ore, in protecting uranium alloys from  corrosion, it was 

deemed worthwhile to investigate zinc-n ickel alloy plating in further depth.

The present study was divided into two parts. The first portion consisted  

of determining the optimum operating conditions for the electroplating p rocess. 

The factors evaluated were the influence of current density and tem perature  

on deposit appearance, com position, s tr e s s , and efficiency. The second  

portion of the study evaluated the proposed zinc-n ickel coating in a sa lt fog 

environment. To provide comparison data, unalloyed zinc and cadmium coat­

ings were a lso  evaluated in the sam e environment. A salt fog environment 

was selected  for this study because previous investigations had demonstrated 

the superiority of cadmium over unalloyed zinc in this test.

Selection of Operating Conditions

General

The work reported herein was done with 10-litr e  solutions of the
7

composition listed  in Table I. The solution is  basica lly  Roehl’ s with som e 

changes. He used the chloride sa lts of zinc and nickel whereas we used  

zinc sulfate and nickel sulfam ate. The reason for this change is  that one 

potential application for Zn-Ni coatings is  corrosion protection for uranium  

and its a lloys, and these m aterials are notoriously attacked by chlorides.

14



300

ELECTROPLATED 
92% Zn - 8% Ni

250

</3
§ 200
01
I

>
<  150

HOT DIPPED ZINC AND 
ELECTROPLATED ZINC

I -_j
<
«« 100

0.0002
5

0.0004
10

0.0006
15

0.0008
20

0.0010
25

0.0012
30

0.0014
35

0.0016
40

0.0018
45

(INCHES)

(MICRONS)

COATING THICKNESS

Figure 1. Salt Spray Test Comparison of Hot Dipped Zinc, 
Electroplated Zinc, and Electroplated 92% Zn- 
8% Ni Coatings on Strip Steel (from Roehl, Ref, 7)



TABLE I

ZINC-NICKEL SOLUTION FORMULATION

Zinc Sulfate (ZnSO^* TH^O) 266 g/1

Zinc 60 g/1

Nickel Sulfamate* 190 m l/1

Nickel 34 g/1

Sodium Lauryl Sulfate 0. 375 g/1

Surface Tension 35-40 dynes/cm

pH 5 .0

*SNR 24 sulfamate nickel concentrate, A llied- 
Kelite Products D iv ,, the Richardson C o .,
D es P laines, 111,
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A few cursory experim ents revealed that nickel sulfate could be substituted 

for the nickel sulfam ate. If th is coating system  were to be used In production, 

the sulfate would be le s s  expensive than sulfamate, Roehl? recommended a 

sm all amount of acetic acid as a buffer to promote ease of pH control. We 

found this to be unnecessary, and furtherm ore discovered as a resu lt of some 

Hull cell tests  that acetic acid reduced the covering power of the solution.

Zinc anodes were used for m ost of the work, but alloy anodes of the approxi­

mate composition Zn-10 NI would probably be quite suitable.

A wetting agent (sodium 1 auryl su lfate) was used to low er the surface 

tension of the solution to elim inate pitting. The Importance of this Ingre­

dient Is shown In F igures 2a and 2b, which compare deposits produced In 

solutions with and without wetting agent. Heavy pitting was evident In the 

deposit obtained from the solution containing no wetting agent, whereas no 

pitting was evident when the wetting agent was present. An additional benefit 

of the wetting agent is  that It Improves the appearance of the deposit and has 

a grain refining effect.

Steel panels 6 .4  x 10.2 cm (2. 5 x  4 In. ) were used as the plating sub­

strates. Steel was selected  because the red rust produced on unprotected 

surfaces In salt spray g ives a good Indication of the corrosion process oc­

curring.

The param eters used to evaluate the operating conditions were:

Influence of current density and tem perature on deposit appearance, com­

position, s tr e ss  and efficiency.
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(a) Plated in Solution 
Containing No 
Wetting Agent

(b) Plated in  Solution 
Containing Wetting 
Agent

Figure 2a. Surface Appearance of 100 p (4 Mil) Thick Zn«Ni 
Alloy D eposits
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Containing No 
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(b) Plated in Solution 
Containing Wetting 
Agent

Figure 2b. C ross Sections of Zn-Ni Alloy Deposits
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Influence of Current D ensity and Temperature

As illustrated in Figure 3, deposits with the highest nickel contents 

were obtained at the low est current densities. L ikew ise, the higher the 

plating tem perature, the higher the nickel content of the deposit. The ap­

pearance of the deposits produced at 27 and 50“C did not change much over

2the current density range of 54 to 538 A /m  . However, a noticeable differ­

ence was obtained at 93®C, Figure 4 shows that deposits plated at 93°C were
2 2 2 

black at 54 A /m  , grey at 538 A im  and grey-black at 269 A /m  . The black

coloration is  attributed to the higher amounts of nickel plated out at the low er

current densities.
2

Repeated m easurem ents revealed that efficiency* at 54 A /m  was 

greater than 100%, which i s  indicative of either m aterial being occluded in 

the deposit or autocatalytic deposition; we choose to believe the form er. 

There are indications that deposition at the low er current den sities was 

accompanied by heavy oxides and hydroxides. Gas and carbon analysis of 

som e deposits revealed noticeably higher impurity content at low er current 

densities. This is  esp ecia lly  evident when comparing deposits produced at 

54 and 538 A /m  (Table II). There was no weight change in the deposits

*The efficiency m easurem ents were based on the standard established by a 
copper coulom eter connected in se r ie s  with the Zn-Ni plating solution. The 
coulom eter contained 200 g/1 of copper stilfate, 100 m l/I (specific gravity
1. 83) of sulfuric acid and 50 m l/I of absolute ethyl alcohol. To calculate 
the efficiency, the deposit com position was first determined by atomic ab­
sorption *analysis, and then electrochem ical equivalents of ttie alloy were 
calculated by the reciprocal method described by Lowenheim. ®
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Figure 4, Influence of Current Density on Deposit Appearance 
(Plating Temperature = 93®C)
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TABLE II

GAS AND CARBON CONTENT OF ZINC-NICKEL DEPOSITS

Current Density Carbon® H ydroger^ Oxygen® Nitrogen^

A / 2A /m A/ft^ (ppm) (ppm) (ppm) (ppm)

54 5 2500 170 1200 800

269 25 2200 115 170 105

538 50 1000 44 181 190

® D eterm ined by combustion in oxygen, and then use of a residual
gas analyzer.

(2)
^ D eterm in ed  by gas fusion.
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after heating at 150°C for 24 hours, which ruled out trapped m oisture. For 
2

the 54“A /m  sam ples, deposition above 60°C was accompanied by heavy gas

evolution and efficiency increased with tem perature (Figure 5), This phe-
2

nomenon was not as obvious at 269 A /m  because at th is current density

effic iencies greater than 100% were not obtained until plating tem per-
2

atures greater than 70°C were used. At 538 A /m  , efficiency was 100% over 

the tem perature range of 27 to 93°C (Figure 5).

X-Ray Diffraction

The D ebye-Scherrer method was used to obtain X -ray information on 

som e Zn-Ni deposits. The resu lts  of this analysis, along with the resu lts  

from  the computer program SEARCH^ ̂  revealed a major line of zinc sulfate 

hydroxide hydrate, ZnSO^« 3Zn(OH)2 * 4H2 O, som e minor probable Zn lin es , 

and som e unidentified lin es . In addition, the SEARCH program also indicated 

that NiO and NaNiO^ could be present in the sam ple.

Stress

Stress in the deposit was m easured with the r ig id -strip  technique 
11

described by Borchert. Temperature was varied from  49 to 88°C and
2

current density from  27 to 269 A /m  . The data, included in Table III, show
2

that the s tr e ss  was quite low, le s s  than 35 MN/m (5000 psi) and influenced 

very little  by variations in current density or tem perature.

24



200

160

>0
1  120
o
u .
UJ

80

40

•  54 A/m2 (5 A/ft2)

■  269 A/m2 (25 A/ft2) 
A 538 A/m2 (50 A/ft2)

10 20 30  40  50 60

TEMPERATURE (X)

70 80 90 100

OI
Figure 5, Influence of Temperature and C u rren t 

Density on Efficiency



TABLE III

INFLUENCE OF TEMPERATURE AND CURRENT DENSITY ON STRESS

Current Density Temperature Stress (D

M rc? A/ft^ CO po MN/m^ psi

27 2. 5 88 190 24.1 3500

270 2. 5 49 120 35.2 5100

270 2 .5 88 190 33.4 4850

®  Measured by the rigid strip method. Reference 11,
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Salt Fog T ests

Samples and Plating Solutions

For the sa lt fog te s ts ,’ steel panels were plated with 2. 5, 7, 5, 12. 5, 

and 25 Pm (0 ,1 , 0. 3, 0. 5, and 1. 0 m il) of cadmium, zinc, and zinc-nickel 

alloy. The cadmium was plated in a cyanide solution and the zinc in an acid 

chloride solution according to form ulations and operating conditions listed  

in Table IV. Some of the panels from  each set were chromated prior to salt 

fog testing. Some comment should be made on the chromating of zinc-nickel 

deposits. A number of proprietary im m ersion p rocesses were tried with no 

su ccess, inasmuch as either no apparent chromate film  was formed or if 

one was formed it was non-uniform and/or non-adherent. Use of electrica l 

current in Macro Drab No. 6* which is  a proprietary process for zinc and 

cadmium, did provide a uniform adherent film  sim ilar in appearance to the 

film s typically seen  on zinc. Parts were cathodically treated in this solution 

at 9 volts for 1 minute at 32°C.

All sam ples were placed in plastic holders that inclined them 15 

degrees from  the vertica l. They were exposed up to 500 hours in a cabinet 

with a 5 percent salt fog environment at 35°C (95°F), per ASTM B117-49T.

*Mac Derm id, In c ., Water bury. Conn,
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TABLE IV

FORMULATION AND OPERATING CONDITIONS FOR CADMIUM AND 
ZINC PLATING AND CHROMATING SOLUTIONS

Cadmium Zinc

Plating Solution g/1 Plating Solution g/1
Cadmium 22. 5 Zinc (as zinc chloride) 46

Sodium Cyanide 124 Ammonium Chloride 190

C austic Soda 19. 5 Maz Brightener 848O** As Recommended 
by Supplier

Udylyte Bry-Cad #53 Brightener* As Recommended 
by Supplier

Maz Brightener 8482❖❖ II

Current Density 161 A/m2 (15 ASF) Current Density 259 A/m2 (25 ASF)

Temperature 27°C Temperature 27°C

Chromating Solution Chromating Solution

Sodium Dichromate 200 g/1 Macro Drab No.

Stilfuric Acid 6 ml/1

pH 1.0

Temperature 25°C Temperature 27°C

Time 15 s Time 30 s

*The Udylyte C orp., Detroit Mich.
❖❖Mac Dermid, In c., Westbury, Conn.



Results

Unchromated Panels

The salt spray resu lts are sum m arized in Tables V and VI and presented  

pictorially  in Figures 6-11. The panels with no chromate c learly  showed the 

inferiority of uhalloyed zinc when compared with cadmium or zinc -nickel alloy  

coatings in salt spray. Heavy white corrosion products commonly referred to 

as "white rust"* were obtained very quickly on the pure zinc-coated panels, 

and rusting started much quicker than on the cadmium or zinc -nickel coated 

panels. Corrosion was so  heavy on the pure zinc panels that none of these  

w ere left in salt spray for m ore than 192 hours, whereas a ll but the thinnest 

cadmium and zinc -nickel coatings were exposed for 500 hours. The zinc-nickel 

coatings exhibited a moderate amount of white corrosion products, consider­

ably le s s  than the pure zinc coatings but m ore than the cadmium coatings.

Figure 6 com pares the white rust on unchromated panels after 24 hours. The 

red rusting on the zinc-n ickel deposits was about equivalent to that observed  

on the cadmium panels. The zinc -nickel coating deposited at 54 A/m^ was 

slightly m ore corrosion resistant to red rusting than the panel plated at 269 A/m ^.

Chromated Panels

The chromated zinc-n ickel panels plated at 32°C were not as corrosion  

resistant during 500 hours of sa lt spray as those plated at 60°C. This is  

probably because le s s  nickel is  included in the alloy when deposition takes 

place at low er tem peratures (see Figure 3). For the sam ples plated at 60°C,

These corrosion products are m ixtures of zinc hydroxide and zinc carbonate.

29



00o

TABLE V

SALT SPRAY CORROSION RESULTS FOR CADMIUM (CYANIDE) AND ZINC (ACID) DEPOSITS^

Cadm ium Zinc

Thickness
C hrom ate
T rea tm en t H ours in  T est

C hrom ate
T rea tm en t H ours in T e s t

Mils M icrons 48 192 360 500 24 72 168 . 192

0. 1 2 .5 None Red R ust ^ None Red R ust D

0. 3 7. 5 None No C o rro sio n Red Rust Red R ust Red R ust None Heavy White R ust Red R ust ^

0. 5 12. 5 None No C o rro sio n No C o rro s io n Red R ust Red Rust None Heavy White R ust Heavy White R ust Red R ust F

1. 0 25. 0 None No C o rro s io n No C o rro sio n White Edge 
C o rro s io n

White Edge 
C o rro sio n

None Heavy White R ust H eavy White R ust Heavy White R ust Red R ust ^

48 192 336 500 240 360 500

0.1 2 .5 Yes B No C o rro s io n Red R ust Red R ust Red R ust Y es ® Slight White C o rro s io n Red R ust Red R ust

0.3 7. 5 Yes ® No C o rro s io n No C o rro s io n White Edge 
C o rro s io n

White Edge 
C o rro sio n

Y es B Slight White C o rro s io n Slight White C o rro s io n Slight Red R ust

0. 5 12.5 Yes ® No C o rro s io n No C o rro s io n No C o rro s io n White Edge 
C o rro s io n

Yes B Slight White C o rro s io n Slight White C o rro s io n White C o rro s io n

1. 0 25,0 Yes B No C o rro s io n No C o rro s io n No C o rro s io n No C o rro sio n Yes B Slight White C o rro s io n Slight White C o rro s io n White C o rro s io n

See Table IV fo r so lu tion  com position  and opera ting  conditions. 

See Table  IV fo r chrom ating  d e ta ils .

T ested  fo r  only 72 h o u rs .

T ested  fo r only 24 h o u rs .

T ested  fo r only 144 h o u rs .

T ested  fo r only 168 h o u rs .

T ested  fo r only 192 h o u rs .



TABLE VI

SALT SPRAY CORROSION RESULTS FOR ZINC-NICKEL DEPOSITS''

H a tin g  C u rren t 
D ensity

54 Afrc? . 269 A im 269 A /m ^

H a tin g  T em p. 80®C 60«C 32^C

T hickness
C hrom ate
T rea tm en t H ours in  T est

C hrom ate
T rea tm en t H o u rs  in  T e s t

C hrom ate
T rea tm en t H ours in  T e s t

MU 8 M icrons 24 48 360 500 24 48 240 336 500

0.1 2 ,5 None L igh t White 
Rust

Red R ust C None L igh t White 
R ust

Red R ust Red R ust Red R ust Red R ust

0 ,3 7 .5 None L igh t White
R ust

L igh t White Red R ust 
R ust

Red R ust None L igh t White 
R ust

IVhite R ust Red R ust Red R ust Red R ust

0.5 12,5 None L igh t White 
R ust

L igh t White L igh t White 
R ust R ust

Red R ust None L igh t White
R ust

W hite R ust White R ust Red R ust Red R ust

1.0 2 5 ,0 None L igh t White 
R ust

L igh t White L igh t White 
R ust R ust

L igh t White 
R ust

None L igh t White 
R ust

White R ust White R ust W hite R ust Red R ust

24 360 500 24 48 240 500 24 144 384 500
0.1 2 .5 Y es B No C o rro s io n Red R ust Red R ust Y es B No C o rro s io n No C o rro s io n  W hite Staining W hite Staining Yes ^ L ig h t W hite R ust Red R ust Red Rust Red R ust
0 ,3 7 .5 Y es B No C o rro sio n W hite Staining W hite Staining Y es ® No C o rro s io n No C o rro s io n  White Staining W hite Staining Yes ^ L igh t W hite R ust W hite C o rro s io n Red Rust Red R ust
0 .5 12,5 Y es B No C o rro sio n White Staining W hite Staining Yes ® No C o rro s io n No C o rro s io n  White Staining W hite Staining Yes ^ L igh t White R ust W hite C o rro s io n White C o rro s io n White C o rro s io n
1 ,0 2 5 .0 Y es B No C o rro s io n White Staining W hite Staining Yes B No C o rro s io n No C o rro s io n  White Staining W hite Staining Yes ® L ig h t White R ust W hite C o rro s io n White C o rro s io n White C o rro s io n

 ̂ See T ab le  IV fo r so lu tion  com position ,

' C athodic at 9 vo lts  fo r  1 m inute  a t 32"C in  M acro -D rab  No, 6, Mac D erm id  In c . , W aterbu ry , Conn, 

' T es ted  fo r  only 72 h o u rs .
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F igure  6. U nchrom ated P an e ls  A fter 24 H ours in Salt Spray



gfiSSS 1
HXWrs

No Chromate Treatment (salt fog exposure tim e as indicated on panels)

Chromate Treatment (500 hours salt fog exposure)

F igure 7. Sam ples P lated  in Acid Zinc Solution

33



No Chromate Treatment (salt fog exposure tim e as Indicated on panels)

Chromate Treatment (500 hours salt fog exposure)

Figure 8, Sam ples P lated in Cyanide Cadmium Solution
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No Chromate Treatment (salt fog exposure tim e as indicated on panels)

  .«*■» rnmm 2Ch

Chromate Treatment (500 hours salt fog exposure)

F igu re 9. Sam ples P lated  With Z in c-N ick el (54 A /m 2, 60°C)
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No Chromate Treatment (salt fog exposure tim e as indicated on panels)

^ . '■■ s. a««4f<,.'‘ F
^ * * ' ’ '•^H ummmmi

Chromate Treatment (500 hours salt fog exposure)

F igure 10, Sam ples P lated With Z in c-N ick el (269 A /m2, 60°C)
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Figure 11. Samples Plated With Zinc-Nickel (269 A /m 2, 32°C) 
After 500 Hours Salt Fog Exposure (all were given 
a chromate treatm ent)
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£ isom e rust was evident on the panel with 2. 5 jum of coating plated at 54 A /m  5

2no rust was evident on the companion panels plated at 269 A /m  .

The zin c-n ickel panels plated at 60°C were m ore corrosion resistant

than the acid zinc deposit. Zinc -n ickel coatings plated at a current density
2

of 269 A /m  exhibited no rusting for the duration of the te st , whereas acid
2

zinc coatings and the zinc-n ickel coatings plated at 54 A /m  did show som e 

rusting. A coating of 2. 5 pm  of acid zinc started to rust at 360 hours, and 

at 500 hours the 7. 5-pm  thick coating of this deposit a lso  started showing red
, 2

rust. The zin c-n ickel deposit plated at 54 A /m  showed red rust on the 2. 5- 

pm  thick coating at 360 hours but no red rust on the rem ainder of the panels 

after 500 hours.

, Comparison of zinc-n ickel sam ples with cadmium plated sam ples showed 

that the zinc-n ickel deposits plated at 60°C performed better than the cadmium  

panels, especia lly  for a deposit thickness of 2. 5 pm . Z inc-nickel deposits 

plated at 32°C, however, were slightly  inferior to the cadmium plated panels. 

After 500 hours of exposure, heavy red rust was evident on the 2. 5 -pm  thick 

cadmium panel; no rust appeared on the zinc-n ickel coating plated at 269 A/m ^, 

and only a sm all amount of rust was evident on the zinc-n ickel panel plated at 

54 A/m ^.

Summary

Zinc-nickel a lloy  coatings appear to be a potentially viable substitute 

for cadmium coatings. Salt fog exposure te s ts  showed that zinc-n ickel 

coatings perform ed at lea st as well a s cadmium in protecting stee l from
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corrosion. Data on operation of the solution is  presented, including the in­

fluence of current density and tem perature on deposit composition and str e ss . 

Although th is effort has demonstrated that Zn-Ni coatings are a poten­

tia lly  viable system  for protecting stee l from corroding, much work rem ains 

to be done to econom ize the p rocess . Further work is  needed on the compo­

sition and operating conditions of the solution. Nickel sulfate can be sub­

stituted for the nickel sxilfamate used in th is work but compositional ranges 

of both the nickel and zinc sa lts are presently unknown. The solution can 

probably be operated with much le s s  nickel and still produce satisfactory  

deposits, but th is would have to be proved. Additional effort should also be 

expended to define the m ost econom ical current density and temperature.

A lso, it is  very important to evaluate the potentiality of barrel plating Zn-Ni, 

since much of the cadmium is  plated in this fashion. Further work would 

also be needed to determ ine the anode system  (pure zinc with occasional 

additions of nickel, or zinc-n ickel alloy anodes) m ost economical for this 

solution. L astly , and perhaps m ost important, a brightener system  would 

have to be developed if th is deposit is  ever to really  compete with cadmium. 

Most of the applications for cadmium call for a bright deposit and to try to 

replace these with a dvill z inc-n ickel deposit could be an insurmountable task. 

A bright zinc-n ickel deposit would be much easier  for u sers of plated products 

to accept as a substitute for cadmium.

39/40



REFERENCES

1. G. Black, Metal Finishing. 44, 207 (May 1946).

2. A. Brenner, E lectrodeposition of Alloys, Volume II, Academic

P ress , 1963.

3. M. B. Hammond and G. B. Bowman, U. S. Patent 2, 989, 446,

June 1961.

4. M. B. Hammond and G. B. Bowman, U. S. Patent 3, 064, 337,

November 1962.

5. V. A. Averkin, Editor, Electrodeposition of A lloys, Israel Program

for Scientific Translation, Jerusalem , 1964, pp. 102-115. Available 

from  Office of Technical Services, U. S. Department of Commerce, 

Washington 25, D. C.

6. L. Domnikov, Metal Finishing, 63, 63 (March 1965).

7. E. J. Roehl, U. S. Patent 3 ,420, 754, January 1969.

8. E. J. Roehl and R. H. Dillon, U. S. Patent 3, 558,442, January

1971.

9. F. A. Lowenheim, Electroplating and Metal Finishing, 15, 358

(1962).

41



10, M. C. N ichols, A FORTRAN II Program for the Identification of 

X“Ray Powder Diffraction Patterns, Univ. of California, Lawrence 

Radiation Laboratory, UCRL-70078, October 17, 1966.

11. L. C. Borchert, 50th Annual Proceedings American E lectroplaters' 

Society, p. 44, (1963).

42



UNLIMITED RELEASE 

INITIAL DISTRIBUTION 

H. J. W iesner, LLL, L426

R. S, C laassen, 5800 
L, K. Jones, 5821
M, J. D avis, 5830

T. B. Cook, J r .,  8000; Attn: A. N. Blackwell, 8010
L. Gutierrez, 8100 
C, H. DeSelm, 8200 
W. C. Scrivner, 8400

G. W. Anderson, 8140
B. F. Murphey, 8300; Attn: J. L . Wirth, 8340

J. F. Barham, 8360 
D. M. Schuster, 8310; Attn: R. W. Mar, 8313

W. R. Hoover, 8314 
L. A. West, 8315

D. R. Adolph son, 8312 
J. W. Dini, 8312 (10)
H, R, Johnson, 8312
S. D. H olm es, 9573-3
Technical Publications and Art D ivision, 8265, for TIC (2)
F. J, Cupps, 8265/Technical Library P ro cesses  Division, 3141 
Technical Library P ro c esse s  D ivision, 3141 (2)
Library and Security C lassification Division, 8266-2 (3)

43/44


