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ELECTROLESS NICKEL PLATING

PART I .  PLATING OF URANIUM AND IRON

'summary!

\  This investigation showed that a sound, weather -resistant coating can be 

applied to uranium and iron provided that the surface to be plated is  cleaned 

and etched properly.

Using the proposed two-bath plating method at 8 0°C .. a four-m il nickel 

coat can be deposited in thirteen hours.

• . EXPERIMENTAL

A. I ntroduction

Electroless nickel plating is done in baths containing nickel salts, sodium 

hypophosphite. and buffering agents. The formulas of the plating solutions 

are based on two types of baths, alkaline and acid. In suitable temperature 

and pH ranges, nickel is deposited from  these baths onto m etallic surfaces 

immersed in the solutions. The nickel coatings produced by the electroless 

method vary in appearance from a dull grey color to a shiny lustre, depending 

on the plating conditions. The plate is hard and brittle. It  is not entirely 

nickel; it  contains as much as 7% phosphorus.

4  5?  (  ~  /  • ■
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T h e  v a r i a t i o n  o f  p l a t i n g  r a t e  w i t h  t e m p e r a t u r e  a n d  w i t h  t h e  c o n c e n t r a t i o n s  

o f  t h e  c h e m i c a l  c o m p o n e n t s  h a s  b e e n  s t u d i e d  b y  B r e n n e r  a n d  R i d d e l l / * )  A s  

m i g h t  b e  e x p e c t e d ,  a t  t e m p e r a t u r e s  b e l o w  9 0 ° C . ,  t h e  r a t e  d e c r e a s e s .

I n  a n  a l k a l i n e  b a t h  a t  9 0 ° C .  w i t h  a  p H  o f  9  t h e  k i n e t i c  d a t a  i n d i c a t e  a  r e ­

a c t i o n  w h i c h  m a y  b e  r e p r e s e n t e d  b y :

( 1 )  H ^ P O ^  +  H 2 0  *  H ^ P O j  +  H ^ ,  r a t e  c o n t r o l l i n g ,  a n d

( 2 )  N l + +  +  H 2  «  N 1  +  2 H * .

T h u s  h y d r o g e n  e v o l u t i o n  a n d  a  d e c r e a s e  i n  p H  a r e  a l w a y s  o b s e r v e d  d u r i n g  t h e  

n i c k e l  d e p o s i t i o n .

B a t h s  o f  s o m e w h a t  d i f f e r e n t  c o m p o s i t i o n  a r e  u s e f u l  i n  t h e  p H  r a n g e  4 .  5  t o  

6 .  I n  t h i s  c a s e  t h e  r a t e  o f  p l a t i n g  i s  n o t  d i r e c t l y  d e p e n d e n t  o n  t h e  c o n c e n t r a t i o n  

o f  t h e  r e a g e n t s ,  s o  t h e  m e c h a n i s m  m u s t  d e p e n d  o n  a  d i f f u s i o n a l  p r o c e s s .  H o w ­

e v e r ,  t h e  o v e r - a l l  r e a c t i o n  s t i l l  i s  s u c h  t h a t  n i c k e l  i s  r e d u c e d ,  h y p o p h o s p h i t e  

i s  o x i d i z e d ,  h y d r o g e n  i o n s  a r e  p r o d u c e d  a n d  h y d r o g e n  i s  e v o l v e d .

B .  P l a t i r g  T e c h n i q u e

1 .  S u r f a c e  P r e p a r a t i o n

T h e  p l a t i n g  r e a c t i o n  i s  c a t a l y z e d  b y  m e t a l l i c  s u r f a c e s ,  e s p e c i a l l y  

n i c k e l ,  a n d  c a n  b e  s t a r t e d  o n l y  o n  s u i t a b l y  p r e p a r e d  m e t a l  s u r f a c e s .  A l s o ,  

p r o p e r  s u r f a c e  p r e p a r a t i o n  i s  r e q u i r e d  i n  o r d e r  t o  o b t a i n  a d h e r e n t  c o a t i n g s .  ^

T h e  s u r f a c e  p r e p a r a t i o n  o f  i r o n  i s  c o m p a r a t i v e l y  s i m p l e .  S o l v e n t  d e ­

g r e a s i n g ,  p i c k l i n g  i n  9 6 %  s u l f u r i c  a c i d  ( 3  m i n . ) ,  p l u s  a  w a t e r  w a s h  p r o v i d e  a  

s u i t a b l e  s u r f a c e  f o r  p l a t i n g .

T h e  s u r f a c e  p r e p a r a t i o n  o f  u r a n i u m  i s  m o r e  i n v o l v e d .  M e c h a n i c a l  

' c l e a n i n g  i s  n o t  e n o u g h ;  t h e  s u r f a c e  m u s t  b e  e t c h e d .  E v i d e n t l y  t h o r e  i s  l i t t l e  

o r  n o  c h e m i c a l  o r  l n t e r m e t a l l i c  b o n d  b e t w e e n  u r a n i u m  a n d  n i c k e l ;  a  s a t i s f a c t o r y  

b o n d  m u s t  b e  f o r m e d  b y  i n t e r l o c k i n g  c r y s t a l s ,  a s  s h o w n  i n  F i g u r e  5 .  T h i s  b o n d  

i s  m a d e  p o s s i b l e  b y  a n  e t c h i n g  t r e a t m e n t .

T h e  s u r f a c e  p r e p a r a t i o n  ( a n d  p l a t i n g )  w a s  i n v e s t i g a t e d  w i t h  d i s c s  o f  

u r a n i u m  m e t a l  s a w e d  f r o m  c o l d - r o l l e d  s l u g s .  T h e s e  d i s c s  w e r e  1 1 / 2  i n c h e s  i n  

d i a m e t e r  a n d  3 / 1 6 - i n c h  i n  t h i c k n e s s .  T h e y  w e i g h  a b o u t  1 0 0  g r a m s .

E a r l y  e x p e r i m e n t s  w i t h  t h e s e  d i s c s  s h o w e d  t h a t  n i t r i c ,  s u l f u r i c  a n d  

h y d r o c h l o r i c  a c i d  p i c k l i n g  g a v e  a  c l e a n  s u r f a c e ,  b u t  a n  a d h e r e n t  c o a t i n g  c o u l d  

n o t  b e  o b t a i n e d  c o n s i s t e n t l y .  A n  a n o d i z i n g  p r o c e d u r e  u s i n g  p h o s p h o r i c  a c i d  a n d  

e t h y l e n e  g l y c o l  w a s  l i k e w i s e  u n s a t i s f a c t o r y .
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The present surface treatm ent of uranium is  based on a  procedure by 

W ehrm ann^ . The procedure, although complex, produces the d e ­

sired  degree of etching. One m il is removed in this process.

(a) The surface Is ground with a belt grinder to remove oxide and 

expose the metallic surface.

(b) The uranium  is degreased by im m ersion in Perm achlor 

(trichlorethylene). Hanging the cold piece in vapor of boiling Perm achlor for a 

few seconds provides effective final degreasing.

(c) The uranium piece is pickled in 45% nitric acid for three 

minutes and then washed with water.

(d) The piece is  anodised for 10 minutes in a trichloracetic acid 

(600 g. 11, ) solution containing 0.1M  HC1. This operation is done at 50-60°C. 

and a  current density of 50 m illiam peres per square centim eter. Then the 

anodising solution is washed off. The anodizing procedure forms a black layer 

on the surface.

(e) The piece is  im m ersed in 45% n itric  acid at 45°C. fo r three 

minutes. The black surface layer formed in the anodizing procedure dissolves, 

leaving a  clean, etched, grey surface. After a quick water rinse, the piece is 

im m ersed in the plating bath.
■ ■?

2. The Plating Operation

(a) Bath Composition

Brenner and Riddell ̂  reported higher plating rates in acid baths 

than in alkaline baths. E arlie r experiments here showed that uranium could not 

be plated In an acid bath. However, it was possible to initiate plating in an 

alkaline bath, then switch to an acid bath to take advantage of the higher plating 

rate. Thus a two-bath process evolved.

The alkaline bath finally adopted has the following composition:

30 g. /1. nickel acetate,

10 g. /I. sodium hypophosphite.

100 g. /I . sodium citrate, and 

50 g. /I . ammonium acetate.

Ammonium hydroxide is added to give a pH of 9; frequent additions of ammonium 

hydroxide a re  necessary to m aintain the pH. This bath is operated at 80-90°C.

y
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W h e n  o n e  m i l  o f  n i c k e l  h a s  b e e n  d e p o s i t e d  f r o m  a n  a l k a l i n e  b a t h ,  

t h e  u r a n i u m  p i e c e  m a y  b e  t r a n s f e r r e d  t o  a n  a c i d  t y p e  b a t h .  T h e  o n e  e m p l o y e d  

h e r e  h a s  t h e  f o l l o w i n g  c o m p o s i t i o n :

S t  f .  / I .  n i c k e l  s u l f a t e ,

1 0  g. / 1 .  s o d i u m  h y p o p h o s p h i t e ,  a n d  

50 g •  / l .  s o d i u m  g l y c o l a t e .

T h e  p H  o f  t h i s  s o l u t i o n  a s  m a d e  u p  i s  c l o s e  t o  6 ,  a  s a t i s f a c t o r y  v a l u e ;  s o d i u m  

h y d r o x i d e  i s  a d d e d  p e r i o d i c a l l y  t o  m a i n t a i n  t h e  p H .  T h e  b a t h  i s  o p e r a t e d  a t  

8 0 - 9 0 ° C .

T h e  p l a t i n g  r a t e s  o f  u r a n i u m ,  d r i l l  r o d ,  a n d  m i l d  s t e e l  i n  t h e '  

a b o v e  a l k a l i n e  a n d  a c i d  p l a t i n g  b a t h s  a r e  p r e s e n t e d  i n  T a b l e  1 .  T h e  a c i d  b a t h  

r a t e s  a r e  f o r  p i e c e s  w h i c h  h a d  f i r s t  b e e n  p l a t e d  i n  t h e  a l k a l i n e  b a t h .  T h e  

m i l d  s t e e l  t e s t e d  w a s  i n  t h e  f o r m  o f  h e x  n u t s .  T h e i r  u n f a v o r a b l e  g e o m e t r y  

m a y  e x p l a i n  t h e  l o w  p l a t i n g  r a t e s  o b s e r v e d ,  a s  c o m p a r e d  w i t h  d r i l l  r o d .

T A B L E  1

P L A T I N G  R A T E  I N  M I L S  P E R  H O U R

8 0 ° C . 9 0 ° C .

M a t e r i a l A l k a l i n e A c i d A l k a l i n e A c i d

U r a n i u m 0 . 2 4 0 .  3 4 - - —

D r i l l  r o d 0 . 2 5 0 .  3 4 0 . 3 7 0 . 4 9

M i l d  s t e e l - - 0 . 2 5 0 . 3 6

b .  V a r i a t i o n s  i n  B a t h  C o m p o s i t i o n

I n  o r d e r  t o  i m p r o v e  t h e  h o m o g e n e i t y ,  d u r a b i l i t y ,  a n d  a d h e r e n c e  

o f  t h e  p l a t e ,  v a r i o u s  m a t e r i a l s  w e r e  a d d e d  t o  t h e  b a t h s  t o  t e s t  t h e i r  e f f e c t .

T h e  c o m p o s i t i o n  o f  t h e  a l k a l i n e  b a t h  w a s  v a r i e d  b y  e m p l o y i n g  

a m m o n i u m  a n d  n i c k e l  s a l t s  i n  t h e  f o r m  o f  c h l o r i d e  o r  s u l f a t e  i n s t e a d  o f  t h e  

a c e t a t e .  T h e  r e s u l t s  d i d  n o t  y i e l d  s a t i s f a c t o r y  p l a t e s  a n d  i t  w a s  f e l t  p r e f e r ­

a b l e  t o  u s e  a c e t a t e .

I n  t h e  a c i d  b a t h  t h e  g l y c o l a t e  w a s  r e p l a c e d  b y  a c e t a t e  i n  o n e  e x ­

p e r i m e n t .  A f t e r  p l a t i n g  f o r  o n e  h o u r ,  a  p r e c i p i t a t e  f o r m e d  w h e n  t h e  p H  w a s  

a d j u s t e d  t o  i t s  o r i g i n a l  v a l u e  w i t h  b a s e .  T h e  r e a s o n  m a y  l i e  i n  t h e  w e a k e r  

c o m p l e x i n g  a c t i o n  o f  a c e t a t e  a s  c o m p a r e d  w i t h  g l y c o l a t e .  T h e  l i f e  o f  a n  a c i d
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bath is  lim ited ch em ica lly  by the bu ild -up  of phosphite ion, w hich will even tu­

a lly  p rec ip ita te  w ith n ickel ion if n ickel i s  m aintained a t i ts  o r ig in a l co n cen tra ­

tion. G lycolate d e fe r s  such  p rec ip ita tio n  longer than does a c e ta te .

T he  a ffec t of the w etting ag en t Nacconal NRSF w as te s ted  in  an  

a lkaline p lating b a th  a t  0.05%  concen tra tion . Since m uch fo am  fo rm ed , it was 

used  in an acid ic b a th  a t  0.01%. Of tw o u ran iu m  p ieces p la te d , one showed 

s e v e re  c rack s  In th e  coat. T h is w etting agen t i s  of no help .

An a tte m p t w as m ade to  In co rp o ra te  m olybdenum  In the n ickel 

p la te  by co -red u c tio n  fro m  the  p lating  so lu tio n . The a lk a lin e  p la ttin g  bath con­

tained 0.01 M MoO^. A fte r th ree  h o u rs  th e  uranium  p iece had  b lackened , but 

th e re  was no ev idence  of any nickel dep o sitio n . When a ttem p tin g  to p la te  from  

a  bath 0.001 M in  MoOg, a p la te  fo rm ed  on  the  u ran ium , bu t c rack ed  a fte r 

th re e  hours. The a ttem p t to  co -deposit m olybdenum  was abandoned.

T he c o m m e rc ia l e le c tro le s s  n ickel plating p ro c e ss  known as  

"L ustra lloy" w as Investiga ted . C hem ica ls  from  a "L u s tra llo y "  k i t  w ere  d is ­

so lved  to fu rn ish  a  p la tin g  bath  s im ila r  in  co lo r to  the one u sed  h e re . A clean  

u ran ium  piece w as p la ted  according  to  th e  d ire c tio n s . A fte r h a lf  an  hour the 

so lu tion  d e te r io ra te d  w ith  general p re c ip ita tio n  of nickel b lack  and  fa ilu re  of 

th e  coat. A second ru n  was m ade em ploying on e-th ird  co n cen tra tio n s . Some 

tro u b le  was had due to  n ickel plating on th e  w alls and bottom  of th e  beaker. 

N ev erth e less , the  r a t e  of plating at 80°C. w as the sam e as  in  o u r  a lkaline  t>ath, 

0 . 24 m il p e r hour. T h e  re su ltan t p la te  w as quite shiny.

c . A p p ara tu s  and M ethods

The re q u ire d  appara tu s a r e  a  j a r  with lid , s t i r r e r ,  hot p la te , 

f i l te r in g  device, th e rm o m e te r , c o n str ic ted  funnel, and high te m p e ra tu re  

e lec tro d es  with pH m e te r . The lid is  to  m in im ize  ev apo ra tion  and the v o la tiliza ­

tio n  of ammonia f ro m  th e  alkaline bath. T he f i l te r  em ploys a n  a i r  Uft opera ted

w ith nitrogen. The a i r  lif t ra is e s  liquid to  a  s in te red  g la ss  f i l te r  through which
•*

i t  d rip s  back into th e  ba th . The purpose of th e  co n stric ted  funnel is  to  pe rm it 

g radua l addition of re a g e n ts . With the  e le c tro d e s  a lread y  im m e rse d  in  the 

p la ting  bath, in stan t pH read in g s  can  be m ade.

The f i l te r in g  device p roved  u se fu l since  tf.e re s u lt in g  c lean  so lu ­

tio n s  lasted  longer and  showed le ss  tendency to  fo rm  n ickel d e p o s its  on the 

bo ttom  of the b eak e r o r  on the supports . F i l te r in g  rem oves lin t and p a rtic le s  

w hich act as nuclei fo r  the  deposition  of n ickel.

■

V
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Coatlnuous addition of replacement chemicals was tested, bat 

■o Improvement was found over the system of periodic additions at frequent 

intervals. The improvement hoped for was the elimination of a layer structure 

to be discussed later. If 100 cm2 are being plated in a one liter alkaline bath,

20 ml. of SO g. / L  NaH^POg In S M NH^OH are added every fifteen minutes, and 

additional NH^OH is added to maintain the deep blue color of the bath.

In the acid bath, 20 ml. of 50 g. /I. NaHzP 0 2 and 8 ml. of l ̂  

NaOH are added every fifteen minutes.

Occasionally loose nickel particles form and are not raised by 

the air lift, but fall to the bottom of the beaker. Here they act as nuclei for 

nickel deposition and a nickel surface will grow on the bottom of the beaker.

The uranium pieces mast be removed to a fresh bath at once since general 

decomposition of the solution usually follows, with nickel black being formed 

throughout.

Variation of pH within the range 9-10 is permissible in the 

alkaline bath. Below this range deterioration of the bath commences. In the 

case of the acid bath a pH range 5-6 should be maintained. Below pH 5 the 

rate of plating drops off sharply, while above pH 6 there Is a tendency for 

nickel salts to precipitate.

During the course of a plating operation it is Inadvisable to r e ­

move a plated piece from the bath and permit it to dry out. If the plating Is 

Stopped momentarily by drying in air or otherwise interrupted and then re ­

commenced, the nickel which now plates will form a poor bond to the under­

coat and can be easily stripped from the piece.

3. Polishing

The nickel platings on two pieces were polished using 12, 11/0,

12/0, 13/0, and |4 /0  sandpaper, followed by alumina on polishing cloth.

This procedure gave a bright m irror finish which was still perfect six months 

later.

C. Evaluation of the Nickel Plate

L Physical Characteristics

A four mil plate produced as above (but not polished; feels rough to 

the touch, and is dull grey in color. As viewed through an 18x microscope 

it appears shiny and metallic with a pebble grain texture, as in Figure 1.
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The p la te  Is  quite hard , being difficult to grind off even  with a  B ehr 

Manning #120 b e lt. However, the  p la te  is  b rittle , and is lia b le  to chip if

given a sh a rp  h a rd  blow.

D efec ts  w hich w ere so m etim es  noted in plated p ie c e s  include b l is te r s ,  

c racks, (F ig u re  2) and peeling of one n ick e l layer from  a n o th e r , re fe r re d  to  as 

double layering . T hose coatings on which no defects w ere o b serv ed  w ere con ­

sidered  sound u n til p roven  o therw ise .

O ccasionally  plated p ieces  rem o v ed  from  the bath have blackened s u r ­

face a re a s . The cau se  is not understood , but these spo ts  behave norm ally  and 

polish to  a  b rig h t m e ta llic  finish.

Of the  la s t  twenty uranium  d is c s  plated to four m ils  th ickness a cc o rd ­

ing to the above c lean ing  and p lating  p ro ced u re , six teen  w e re  without v isib le  

defects. Tw elve d r i l l  rod p ieces have been  successfu lly  co a ted  using the above 

plating p ro ced u re  and  the special c leaning  treatm ent. Of th e  sound p ieces 

mentioned above, no piece has yet developed a defect from  ag ing  in  the la b o ra ­

tory  a tm osphere .

One th o riu m  d isc  was cleaned w ith a  power grinding too l, then plated 

in  an  alkaline p la tin g  bath to a depth of one m il. The coating appeared  sound, 

but sev e ra l w eeks l a te r  showed s e v e re  crack ing .

2. C h em ica l T eats

T hrough th e  cooperation of F .C . T e lfe r  of the A naly tical S erv ices 

Section, sev en  co a ted  uranium  p ieces w ere  subjected to  a w eath ero m ete r te s t  

sim ulating a y e a r fs outdoor exposure. Of these p ieces, th re e  w ere in itially  

defective due to  b l i s te r s  and double la y e rin g , although in  no c a s e  was the ur&ni - 

um base  m eta l re v e a le d . All seven  pieces, w ere exposed in th e  w eatherom eter 

a t  U0°F. fo r 368 h o u rs  over a period  of one month. The t im e  cy c le  employed 

one and one-half h o u rs  of w a trr  sp ra y , one and one-half h o u rs  u ltrav io le t 

irrad ia tio n , two h o u rs  sp ray , and s ix te en  ho u rs  u ltrav io le t ligh t.

At the  c lo se  of the run  the p ie c e s  w ere exam ined and no changes d e ­

tected . Each p iece  known to  be defective  had increased  in w eight an average  

of th ree  m illig ram s p e r  30 cm2, w h ereas the sound p ieces gained  le ss  than 

one-half m illig ram . Thus sound n ickel co a ts  a re  p ro tec tive  ag a in s t o rd inary  

su rface  w eathering  a s  indicated by the w eatherom eter te s t.

The sev en  coated  p ieces from  th e  above experim ent w e re  im m ersed  

in boiling w a te r to  s e e  if they would w ithstand  this m edium , ^ h e  defective
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pieces failed in seven hours; the sound pieces failed In fifteen hours, ks indicat - 

ed by cracks and appearance of tlO^. ,

Two uranium pieces coated with nickel to a depth of four mils were 

treated with 1 M hydrochloric acid at 60°C. for one-half hour. The presence of 

flea and fifty milligrams of uranium, respectively, in the leaching* indicated 

pinholes in the coating. The 1 hi hydrochloric acid trestment dissolves nickel 

piste st an average rate of 0. 4 mils per hour.

The above tests indicate small pinholes or cracks in the coatLngs. The 

laboratory atmosphere penetrates these and attacks the uranium at a negligible 

rate, but hot hydrochloric acid reacts rapidly enough to disrupt the coating in 

one-half hour. Steam disrupted this coating in fifteen hours.

3. Metallographic Examination

Through the cooperation of T. C. Nelson and b. A. Hart corn of the 

Metallurgical Section, metallographic examinations were performed on several 

of the plated discs. A layer structure was indicated by the many alternate light 

and dark bands (Figure 3). A columnar structure perpendicular to the layers is 

apparent in Figure 3. In each case wher* examination w m made a sharp dis­

continuity in the plate characteristics was observed where the acid bath plating 

had commenced.

The above features were thought due to some discontinuous process 

during the plating, such as a sudden temperature change, or s change in solu­

tion composition. However, the same features were found in pistes from experi­

ments in which temperature was held constant to within one degree and reagents 

were added continuously.

One examination indicated that the coating formed in the alkaline bath 

was more homogenous than that produced in the acid bath (Figure 4). Upon 

plating five steel pieces in an alkaline bath to a depth of four mils and examin­

ing them meteilographically, it was seen that the layer structure was »till 

present (Figure 6),at least thirty layers being observable

The uranium-nickel interface in Figure 5 contained no voids, the nickel 

apparently following the etched uranium contour exactly, forming a tight in ter­

locking bond.

It was hoped that annealing would yield a more ductile coat and diffuse 

the layers sufficiently to give a homogenous coating. No change was evident
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after annealing for th re e  hours at 300°C. In an  in e rt a tm osphere . Two other 

pieces annealed at 400°C . fo r one hour showed no change upon m eia llo g rap h i- 

.c&l examination.
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U ra n iu m  p la te d  with 3. b m i l s  of  n ic k e l  by the  " e l e c t r o l e s s "  

m ethod . I l l u s t r a t in g  p e b b le - g r a i n e d  s u r f a c e .  18x

btXH'-i
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Figure l

Uranium plated with 3 .5  mils ruckrl by the ' e le c t ro le s s '’ 

method. Il lu s tra ting  crack in coat. 18i

T7
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Figure 3.

Drill rod plated with 5. 6 mils nickel by the "e loc t ro less"  

method* SOOx. I l lus t ra t ing  layer s t r u c tu r e  And also 

columnar  s t ru c tu re  within layers.  (1) Bakell te ,  ( l )  Nickel 

coating, (3) Drill rod.
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F igure 4 .

D rill rod plated with 3. 5 m ils  nickel by the '’e lec tro ieasi” 

m ethoo. 5G0x, I llu s tra tin g  In terface between alkaline 

b a th  and acid bath p la te . (1) B akellte, [ I K )  Acid bath p late, 

(ZB) A lkaline bath p la te , <3) D rill rod.
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F ig u re  S.

Uranium plated with 5 m ils of nickel by the " e lec tro le ss"  

method. 500x. Illu stra tin g  in te rlock ing  uranium  -nirfcei 

Interface.
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Figure  6.

Drill rod plated with 4 mils *»f nickel by the 'Vloctroless'* 

method, 500*. l l lus tra tm# plate produced entirely in 

alkaline bath. Note' inclusion, (1) B ike l i te ,  (£) Nickel pla te,

(3) Drill rod.


