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JOHN W A L L A C E  P E A R C E  A B S T R A C T

The p h y s ic a l p ro p e rtie s , appearance and su rface  roughness  

of W atts  n ic k e l so lu tion  deposits  have been studied and com pared  

w ith the p ro p e rtie s  obtained when s m a ll add itions of o rg an ic  sub­

stances w ere  p re s e n t in  the depositing solution . N ic k e l deposits  

w ere obtained fro m  a H u ll- ty p e  c e ll w hich y ie ld s  a w ide c u rre n t den ­

sity ran g e  of m e ta l deposition  on a s ing le cathode. The groups of 

organ ic  compounds added to the W atts n ic k e l so lu tion  inc luded  r e ­

ducing c a rb o h yd ra tes , p o ly m e rs , and un sa tu ra ted  a lip h a tic  compounds, 

carbo ny l com pounds, dyes and phenols. The e ffec ts  on a W atts n ic k e l 

solution deposit of s ingle add itions of these com pounds, additions in  

the p resen ce  of 2 ,7 -naph tha lene d isu lfon ic  ac id  and, fo r  the carbonyls  

compounds, ad d itio n s  in  the presence of cobalt su lfa te  and a n ic k e l 

organ ic  ac id  s a lt  w e re  re p o rte d . Some e x p lo ra to ry  data T o r p re ­

dipping the cathode in  a so lu tion  of a p roven  b r ig h te n e r  o r  covering  

w ith  f i l t e r  pap er p rev ious  to deposition in  a W atts  n ic k e l solution was 

also re p o rte d .

A p pearance  tab les have been constructed using the te rm in o l­

ogy suggested by " M e ta lf in is h in g  Guide B o o k -D ire c to ry , 1950" fo r  

each g e n e ra l ad d itio n  outlined  and photographs of the appearance e f ­

fects have been included . S u rface  roughness e ffec ts  have been
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evaluated a t 9 .0  and 6.5 a m p ./s q . dm . Roughness data tab les  have  

been co n struc ted  to re p o r t  the surface  data and curves have been  

included as p o s s ib le  in te rp re ta tio n s  of the tren d s  observed  in  the  

roughness data. A  tab le  of d ec reas in g  b rig h te n e r strength  based on 

optim um  app earance effects  has also been inc luded .

F u n c tio n a lity  of the o rgan ic  m o lecu le  has been suggested as 

a v ita l  re q u is ite  fo r  d e s ira b le  m o d ifica tio n  of the n icke l deposit. 

S tru c tu ra l is o m e rs  of n itro p h en o l v a r ie d  in  e ffe c t on the deposit.

This w as observed  less m a rk e d ly  in  the base o f the a m in o -p h e n o ls . 

D egree  of u n s a tu ra tio n  tended to be im p o rta n t and d ire c t ly  re la te d  to 

m odify ing  of the deposit. The  p o s s ib ility  of a p i-c o m p le x  m é ta llo - 

organ ic  compound in  the cathode la y e r  was suggested. T ren d s  tow ard  

some c o rre la t io n  betw een oxidation  po ten tia l of the carbo nyl c o m ­

pounds studied and th e ir  b rig h ten in g  p ro p e rtie s  w ere  d iscussed and 

in te rp re te d  in  v ie w  of a postu lated  m e ta l h e m i-a c e ta l in te rm e d ia te  

species. The v iew s  of M a th e rs , who proposed the th eo ry  of the im ­

p ortance of co m p lex  compounds in  m e ta l deposit m o d ifica tio n , w ere  

considered  q u a lita tiv e ly  and extended to the use of o rgan ic  add itions  

fo r m o d ify in g  a n ic k e l deposit. B ased on the ite m s  d iscussed, some 

fa v o ra b le  a g re e m e n t was in d ica ted . The re s u lts  w ere  not d e fin ite ly

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3

JO HN W A L L A C E  P E A R C E  A B S T R A C T

concluded to w ard  the v ie w  of M a th e rs , h o w ever, since ad so rp tio n  

phenom ena w ere  not e lim in a te d  as a possib le  exp lanation .

Tw o new b r ig h te n e rs , M o n a s tra l B lue and P V M /M A ,  w e re  

re p o rte d .
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.IN T R O D U C T IO N

I t  is known that the p resen ce  of o rgan ic  substances in n ic k e l 

plating  solutions m a rk e d ly  affects  the p h y s ic a l p ro p e rtie s  of e le c t r o ­

ly tic  n ic k e l. No g e n e ra l c o rre la t io n  w ith  the type of such organ ic  

compounds and the n a tu re  of the e le c tro  deposited n ic k e l has been  

fo rm u la ted . Th is  in ves tig a tio n  is  a study of the e ffe c t of the add ition  

of various organ ic  compounds to n ic k e l su lfate  so lutions on appearance  

and o ther surface  p ro p e r t ie s .

S ch lb tter (1) has found that a ro m a tic  po lysu lfonates  added to 

solutions of n ic k e l su lfa te  reduce the c ry s ta l s ize  and y ie ld  a h ig h -  

gloss com pact, adh eren t deposit. H o w ev er, the range of c u rre n t  

density, te m p e ra tu re , and con cen tra tion  of the so lu tion  is n a rro w .

This range fo r  acceptab le  deposits is g re a t ly  im p ro v e d  by adding  

optim um  concentrations of another organ ic substance.

P in n e r, S o derberg , and B a k e r (2) have d iv ided  add ition  agents  

into two f a i r ly  d is tin c t c lasses. In  the f i r s t  c lass , they have assigned  

cobalt sa lts , a ry l su lfonam ides, a ry l s u lfo n im id e s , a ry l sulfonic acids  

as w e ll as a ry l po lysu lfon ic  ac id s . These substances a re  c h a ra c te r ­

ized  by not n e c e s s a rily  y ie ld in g  b r ig h t deposits but g iv ing  g ra in  r e ­

fin em en t to the deposit. The second class included cadm ium  and 

zinc salts , sodium  fo rm a te , aldehydes, ketones, and am ino p o ly a ry l
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m ethanes. B y com bin ing  substances of the two c lasses , m ax im u m  

brightness and sm oothening a re  obtained.

In  add ition  to the org^.nic compounds po in ted  out by P in n e r  

et , gum tra g a c a n th  (3 ), le a d  c itra te  (4 ), su lfonated o le o re s in s  and 

n a tu ra l res in s  (5), sodium  fo rm a te  (6 ), azo compounds (7 ), su lfite  

cellu lose (8), sa fran in e  compounds (9), m e rc a p to p y rim id in e s  (10), 

starchates (11), th io u re a  (12), s u lfu r iz e d  g e la tin  (13 ), and c a rb o xy -  

m ethyl ce llu lo se  (14) have been c la im e d  to give acceptable deposits  

of n icke l.

H o w ev er, although m any organ ic  substances used as add ition  

agents fa v o ra b ly  m o d ify  the deposit, v e ry  l i t t le  is known about the 

m anner in w h ich  these add ition  agents act. A t le a s t fo u r th eo ries  

have been p roposed  to exp la in  the m ech an ism  of b r ig h t e lec tro d ep o ­

sition . We sha ll b r ie f ly  co n s id e r them  here  in o rd e r  of th e ir  ap ­

pearance in  the l i te r a tu r e .

1. A d so rp tio n  T h e o ry . In  h is "A x io m s  of E le c tro p la t in g ,"

W. D . B a n c ro ft (15, 16) o ffe re d  as his fo u rth  axiom ; "T h e  c ry s ta l  

size is d ecreased  when th e re  a re  p re s e n t a t the cathode surface , 

substances w hich  a re  adsorbed  by the deposited m e ta l ."  R . T a ft  

and H . E . M e s s m o re  (17) exp la in  th e ir  data on the e lec tro d ep o s itio n  

of copper in  the p resence of g e la tin , m ost d ire c t ly , by  assum ing that
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the copper deposited  by the c u rre n t adsorbs g e la tin  on its  su rface .

P . K . F r d l ic h  (18) d em o n stra ted  the contam ination  of deposited n icke l 

w ith  o rgan ic  m a tte r  when deposited in  the p resen ce  of g e la tin . He 

found B a n c ro ft ’s id ea  of an adsorbed f i lm  of the add ition  agent at 

the cathode h ig h ly  h yp o th e tica l. F r o l ic h  suggested th a t e x p e rim e n ta l 

resu lts  w e re  un ava ilab le  to c o rro b o ra te  the th e o ry . F u r th e r ,  he 

pointed out that w o rk  re p o rte d  by H o lm es and C h ild  (19) w ith  g e la tin  

and an e m u ls ify in g  agent, w hich rep res en ted  optim um  conditions fo r  

f i lm  fo rm a tio n , was unable to es tab lish  any co n cen tra tio n  of g e la tin  

at solution in te rfa c e s .

2. Reducing A gent T h e o ry . E . F .  K e rn  (20) observed  that re d u c ­

ing agents such as po lyhydroxypheno ls , tannins, and a ro m a tic  am ines  

re fin e d  the g ra in  deposits of copper, lead, and s ilv e r .  O x id ative  

anions such as n itra te  and p e rc h lo ra te  did not, h o w ever, y ie ld  such 

favo rab le  re s u lts . He suggested: ’ ’ The function  of an add ition  agent

in an e le c tro ly te  is to m a in ta in  a reducing m en stru u m  around the 

cathode w hich, in  tu rn , causes the deposit to fo rm  denser and sm oother, 

H e n ric k s  (21) has m a in ta in ed  that th is  reducing agent theory  

is untenable. He based his dec is ion  on the o b serva tio n  that f in e ­

gra ined  m e ta l deposits can be obtained fro m  tin  p e rc h lo ra te  solutions, 

acid  copper baths containing n itra te s , and ch ro m ic  acid  baths.

11
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3. C o m p lex  Ion T h e o ry . F .  C. M a th e rs  (22) has suggested  

that e ffe c tive  add ition  agents fo rm  com plex ions w ith  the depositing  

m eta l. In vestig a tio n s  based on re fin in g  s i lv e r  deposits to 

y ie ld  sm ooth, h a rd , e n t ire ly  adh eren t cathodes fro m  s ilv e r  n itra te ,  

n itr ic  acid  baths contain ing ta r ta r ic  ac id  le d  to th is  concept. G. 

Fuseya e t (23) found th a t s i lv e r  and copper fo rm e d  com plex  ions 

w ith m etaphosphoric  acid , ta r ta r ic  acid , and g lycoco ll w h ich  w ere  

p o s itiv e ly  charged . These w e re  the substances w hich  e n te re d  into  

the cathode deposits , in c re a s e d  th e ir  w eight, and caused the c ry s ta l  

size to be s m a lle r . Sugars and h ig h er a lcohols, on the o th e r hand, 

did not fo rm  s ig n ific a n t com plexes w ith  copper and s ilv e r  and did  

not in  any w ay, o r only v e ry  s lig h tly , a ffe c t the cathode deposit.

F ro m  the studies of P a u li  (24) and J. M a tu la  and M . M a ts u -  

m u ra  (25), i t  was in te rp re te d  that p ro te in  has the p ro p e rty  of fo r m ­

ing com plex cations w ith  m e ta l ions. N. Is  g ar is chew (26) a s c e r ­

tained the ex is tence of com plex cations, com posed of g e la tin  and zinc  

o r copper ions. He a ttr ib u te d  the favo rab le  e ffec t of g e la tin  as an 

addition agent to th is  c o m p le x -fo rm in g  p ro p e rty . A ccord ing  to his  

view , the g row th  of c ry s ta ls  is re ta rd e d  upon adding g e la tin  since  

the v e lo c ity  of sep ara tio n  of f re e  m e ta llic  ions fro m  com plex ions 

is not g re a t.
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This v ie w  is to be s h a rp ly  d iffe re n tia te d  fro m  th a t of G.

Fuseya e_t (23) in  th e ir  e f fo r t  to develop the com plex ion th eo ry . 

H ere , w h ile  the p ro p e rty  of fo rm in g  com plex  cations is an ess en tia l 

to m ake g e la tin  a good add ition  agent, the codeposition of the co m ­

plex cations w ith  m e ta llic  ions w il l  be the p r in c ip a l cause of h indrance  

to c ry s ta l g row th .

4. Cathode In te rfe re n c e  T h e o ry . L .  B . Hunt (27) has con­

cluded that the c ry s ta llin g  s tru c tu re  of an e le c tro  deposited m e ta l 

w ill be governed  by the re la t io n  of the m e ta l ion con cen tra tion  in  

the cathode f i lm  to the co n cen tra tio n  of the o th e r constituents of 

that f i lm .  If  the p ro p o rtio n  of m e ta l ions to in e r t  p a r t ic le s  is  com ­

p a ra tiv e ly  high, th ere  w il l  be l i t t le  in te rfe re n c e  w ith  c ry s ta l grow th  

and c o a rs e ly  c ry s ta llin e  deposits w i l l  re s u lt . I f  the p ro p o rtio n  is  

low due to a lo w  degree of d isso c ia tio n , com plex ion fo rm a tio n , high  

hyd ra tion  of the m e ta l ions, o r  p resence  of co llo id  m a tte r  that has 

m ig ra te d  c a ta p h o re tic a lly  into  the f i lm  o r has been jo ined  th e re in , 

there  w il l  be co n s id erab le  in te rfe re n c e  w ith  c ry s ta l grow th , w ith  con­

sequent fo rm a tio n  of m any  n u c le i. The contents of the cathode la y e r  

w ere con sid ered  as com posed of species approaching, leav in g  the 

la y e r , and those ran d o m ly  found in the la y e r .  Species considered  

approaching the cathode la y e r  besides the m e ta l ions are  o th er cations
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such as hydrogen, com plex  cations, w a te r d ipo les , and c o llo id a l bodies  

which a re  cathode m ig ra n t. L ea v in g  the la y e r  a re  anions, com plex  

anions, and w a te r  d ipo les . R andom ly  found in  the la y e r  a re  un d is ­

sociated m o lecu les  and so lven t m o lecu les .

The f i r s t  event on the approach of a cation  to the cathode 

w ill  be the loss of its an ion ic  a tm osphere , w hich w il l  be fo llow ed  

by the loss of the so lvent sheath or the com plex p o rtio n  of the ion. 

The la t te r  m a y  re m a in  adsorbed  to a s lig h t ex ten t and thus be in ­

cluded in the deposit. M o le cu les  adsorbed fro m  the cathode w il l  

re tu rn  into so lution , w hereas c o llo id a l m a tte r  w il l  not, but m ay  a c ­

cum ulate te m p o ra r ily  as a d iap h rag m , a s h o rt d istance fro m  the 

cathode, p r io r  to its  re d is tr ib u tio n  by d iffus ion  o r  e le c tro p h o res is .. 

F u r th e r , c e r ta in  c o llo id a l p a r t ic le s , m ore  p a r t ic u la r ly  those consis ting  

of basic m a tte r ,  w i l l  be adsorbed  m o re  f i r m ly  and in  g re a te r  am ount 

owing to th e ir  a ttachm ent to the m e ta l ion, and w il l  behave in  a 

m anner s im ila r  to com plex ions.

H unt's  th e o ry  of in te rfe re n c e  has been given con sid erab le  

support by considerations of the m echan ism  of la tt ic e  fo rm a tio n , the 

e lec tro n  th e o ry  of m e ta ls , m e ta ll ic  cohesion, in te r fa c ia l phenom ena, 

inclusion of bas ic  m a tte r  in  the deposit, and the deposition of fo re ig n  

cations. I t  was suggested that changes in  p o la r iz a tio n  could not be
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expected to account fo r  the v a r ia t io n s  in  s tru c tu re  of e lec tro d ep o s ited  

m eta ls . R a th e r, each species p re s e n t in  the e le c tro ly te  m u st be 

considered on its  own m e r its  w ith  re s p e c t to the fo rc e s  acting upon 

it and its  b e h a v io r under these fo rc e s .

J. A . H endricks (21) has extended the v iew s of H unt. He has 

considered th a t a b rig h ten in g  p ro ce ss  m ay  be com pared  w ith  the 

L ie  se gang phenom ena w h ich  is often exp la in ed  as a p e rio d ic  s u p e r­

satu ratio n  and p re c ip ita tio n . F o r  b r ig h t deposition , a pu lsa ting  a d ­

sorption of a c o llo id  and the deposition  could exp la in  the p roduction  

of a s tr ia te d  deposit.

P e rh ap s  m o re  s ig n ific a n tly , H e n d ric k s  po in ted  out the p a r a l ­

le lis m  betw een b r ig h te n e rs  and th e ir  p ro p e rtie s  as " in h ib ito r s ' ' 

o r in h ib ito r  p ro p e rtie s  of th e ir  red u c tio n  p ro d u cts . He assum ed the 

fo llow ing  steps in  h is  m echan ism : (a) an active  cen te r of m e ta l at

a h igher p o ten tia l than the surroun d ing  c ry s ta ls ; (b) e le c tro ly tic  r e ­

duction of ad jacen t b rig h te n e rs  at the h ig h e r p o te n tia l, (c) te m p o ra ry  

h a lt of grow th  of in h ib ited  p o in t, (d) un inh ib ited  la y e r  continues to 

grow  u n til each in  tu rn  in c re a s e s  p o ten tia l and becom es f i lm e d  w ith  

in h ib ito r, (e) f ilm e d  cathode sh ifts  to cathode deposition , and (f) 

re p e titio n  of the adsorp tion  cyc le .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



C H E M IC A L S  U S ED

F e rro u s  sulfate, B a k e r  and A dam son.

Cobalt su lfa te , M e rc k .

N ic k e l su lfa te , H a rs h aw , p la ter's  grade.

N ic k e l carbonate. B a k e rs  C . P.

N ic k e l ch lo rid e . B a k e rs  C. P.

N ic k e l fo rm a te .

B o ric  a c id , M erck  A , C, S. S p ec ifica tio n .

E le c tro ly t ic  N icke l anodes.

Steel cathodes.

A c tiv a te d  carbon, N o r i t  À.

Sodium  hydroxide. B a ker.

Sodium  m e ta -s il ic a te , E im e r  and. Amend C . P . 

T r is o d iu m  phosphate.

Sodium  carbonate.

Sodium  aceta te , M a llin c k ro d t, A .  C. S. S p ec ifica tio n . 

C arb on  te tra c h lo rid e .

2 ,7 -N aph tha len e di sulfonic acid, E as tm an  W hite L a b e l.  

G lycera ld eh yd e , p re p a re d  by D r .  Speck.

D -X y lo s e , P h an s tie h l C. P .

D -G lu c o s e , P h anstieh l C. P .
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Lactose h y d ra te , P h a n s tie h l C , P .

Raffinose h y d ra te , E a s tm a n  W h ite  L a b e l.

D e x trin , P h a n s tie h l C. P .

Cam phor, Du P o n t.

p -B rom oacetophenone, E a s tm a n  W hite  L a b e l.

Cinnamaldéhyde-, R e d is tille d , E a s tm a n  W hite  L a b e l.

Acetaldehyde, E a s tm a n  W hite  L a b e l.

C h lo ra l, E a s tm a n  W hite L a b e l.

Pyru-vic ac id , E a s tm a n  W hite  L a b e l.

B utyl c h lo ra l, p re p a re d  by D r .  G o e rn e r. 

b e ta -M e th y l u m b e llife ro n e , K o ppers .

M e th y l c e llu lo s e , Dow, v is c o s ity  400 cen tipo ises .

P o lym eth y l v in y l e th e r -m a le ic  anh ydrid e , Gen. A n ilin e  & F i lm ;  h e re a fte r  
also r e fe r re d  to as P V M /M A .

P o ly v in y l a lco h o l, Du P o n t E lv a n o l 51-05.

A c ry lic  acid, G o o d ric h  G la c ia l.

" M o n a s tra l"  B lu e  BG, D u  P o nt.

C layton Y e llo w , N a tio n a l A n ilin e .

4 ,4 '-D ih y d ro x y b ip h e n y l, Dow.

3 ,5 ,3 ',5 '- T e t r a n i t r o - 4 ,4 ' -d ih yd ro xyb ip h e n y l, p re p a re d  by D r .  H a r t .

Phenol, R e d is tille d , Dow . 

o -N itro p h en o l, E a s tm a n  W hite L a b e l,
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p - N itro pheno l, E a s tm a n  W hite L a b e l.

Chlo race tic ac id , E a s tm a n  W hite  L a b e l.

F o rm ic  acid. B a k e rs  C. P .

o -A m inophenol h y d ro c h lo rid e , E a s tm a n  W hite L a b e l. 

p-A m inophenol h y d ro c h lo rid e , E a s tm a n  W hite L a b e l.

Catechol, E a s tm a n  W hite  L a b e l.

R esorc ino l, E a s tm a n  W hite L a b e l.  

b eta -N ap h th o l, E as tm an  W hite L a b e l.

1 ,4-B utynedio l..

E thy l p y ru v a te , p re p a re d  by a F is c h e r  e s té r if ic a tio n  of p y ru v ic  ac id  
and ethyl a lcoho l and d is t illa t io n  w ith  reduced p re s s u re .

G lyoxal, M atheson 30% solution .

P r im u lin e  Y e llo w , N a tio n a l A n ilin e .

M ethylene B lue N . F .  IX ,  N a tio n a l A n ilin e .

Tolu id ine B lue O , N a tio n a l A n ilin e .
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E X P E R IM E N T A L

The S o lu tion

In  o rd e r  to o b serve  the e ffe c ts  of o rg a n ic  substances upon a 

nickel deposit, a s tan d ard  W atts n ic k e l-p la t in g  so lu tion  was used.

This solution is of p ra c t ic a l im p o rta n c e  f o r  d u ll-n ic k e l deposition  

and is the bas ic  fo rm u la  fo r  m o s t of the p re s e n t b r ig h t-n ic k e l p la tin g  

solutions (28 ). The com po sition  of th is so lu tion  was:

N ic k e l su lfa te  2 40 g . / l .
N ic k e l c h lo rid e  45 g . / l .
B o ric  a c id  30 g . / l .

Because of the e ffe c ts  of im p u r it ie s  in  e le c tro p la tin g  solutions  

on e le c tro d e p o s its , re p o rte d  by E w in g  and G ordon (29) c a re fu l p u r i f i ­

cation of a ll e le c tro p la tin g  so lutions was c a r r ie d  out p r io r  to th e ir  

use in  th is in v e s tig a tio n . C h e m ic a lly  p u re  o r e le c tro p la te r 's  grade  

salts w e re  used and fu r th e r  p u r if ie d  accord in g  to the p ro ce d u re  sug­

gested by P r o je c t  5 of the A m e r ic a n  E le c tr o p la te r s ' Socie ty (30).

This p ro c e d u re  has been fu lly  d es crib e d  in  the re fe re n c e  but, b r ie f ly ,  

consists of the fo llo w in g  tre a tm e n t: (1) a h igh  pH  (a p p ro x im a te ly  5.5)

p re c ip a tio n  of im p u r it ie s  fo llo w e d  by f i l t r a t io n , (2) a low  c u rre n t  

density  e le c tro ly s is , using an e le c tro ly tic  n ic k e l anode and a co rru g a ted
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cathode at cathode c u rre n t  d en s ity  of 5 am p ere s  p e r  square fo o t of 

pro jec ted  cathode a re a , fo r  100 a m p e re -h o u rs  p e r  g a llo n  of so lu ­

tion, and (3) a carbon tre a tm e n t of the n ic k e l so lu tion . C h e m ic a lly  

pure n ic k e l carbonate and s u lfu ric  ac id  w e re  used to ad just the pH  

of the so lu tion . E le c tro ly s is  was c a r r ie d  out at pH  2 .2 , w h ich  is 

the usual a c id ity  of lo w  p H  W atts n ic k e l-p la t in g  so lu tion . A c tiv a te d  

carbon tre a tm e n t consis ted  of an add ition  of 15 g ra m s  p e r  l i t e r  of 

N o r it  A  to the hot so lu tion , coo ling  and f i l te r in g .

The C e ll

F o r  th is  in v e s tig a tio n , m e ta l deposition  was c a r r ie d  out in  a 

H u ll-ty p e  c e ll (31 ). In  th is m an n e r, a la rg e  span of c u rre n t d en s i­

ties could be observed  on a s ingle cathode. A  re c ta n g u la r  glass  

con ta iner 2 j  inches by 5 - 1 /4  inches , and deep enough to hold 1 

l i t e r  of p la tin g  so lu tion , h e ld  the contents of the c e ll.  - Anodes of 

e le c tro ly tic  n ic k e l w ere  p laced  a t one end of the c e ll .  A t the 

o th er end, cathodes of 0 .0 1 6  inch m ild  s tee l, having d im ensions  

2 inches by 4 -1 /1 6  inches (32), w e re  p laced  so th a t the lo n g er d i­

m ension  of the cathode spanned the n a r ro w e r  d im ension  of the m useum  

j a r  and the lead ing  edge of the cathode was 1 -7 /8  inches fro m  the 

anode, w h ile  the t ra il in g  edge was 5 inches fro m  the anode. F ig u re  

1 illu s tra te s  a top v ie w  of the c e ll.  T h re e  am p eres  of c u rre n t w ere
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2 1/2'i

A N O D E

1 7 / 8

4 1 / 6 "

FIGURE 1. A  T O P  VIEW O F  T H E  
CELL USED F O R  D E P O S IT IO N  A T  
VARIANT C U R R E N T  D E N S IT Y .
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passed fo r  20 m in u tes  (3 3 ). F ig u re  2 shows a p lo t of c u r re n t  den s ity  

versus o b served  p la tin g  range fo r  th is  p ro c e d u re .

The e le c tro ly t ic  n ic k e l anodes w ere  dipped in  20 p e rc e n t H C l, 

washed w ith  re d is t il le d  w a te r  and p laced  in  an 8 ounce cotton d r i l l - 

cloth anode bag p r io r  to im m e rs io n  in  the c e ll.  In  o rd e r  to reduce  

contam ination  by the anode bag during  e le c tro d e p o s itio n , a l l  anode 

bags w e re  d es ized  b e fo re  use. Th is p ro ce d u re  con sis ted  o f b o ilin g  

the c lo th  in  0 .0 0 IN .  h y d ro c h lo ric  ac id  fo r  15 m in u tes , w ashing w ith  

d is tille d  w a te r ,  w ashing w ith  0 .0 0 IN .  sodium  carbo nate  so lution , and 

f in a lly  w ashing w ith  copious am ounts of d is t il le d  w a te r . B e fo re  

using the d e s ize d  anode bags, they w e re  r in s e d  c a re fu lly  w ith  doubly  

d is tille d  w a te r .

B e fo re  deposition , cathodes w ere  c leaned in  a conventional 

m anner. T h is  con sis ted  of; (1) p r e l im in a r y  d eg reas in g  in  carbon  

te tra c h lo r id e , (2) anodic e lec tro c le a n in g  f o r  2 m inutes a t 10 am p eres  

p e r square d e c im e te r , (3) dipping in  20 p e rc e n t h y d ro c h lo ric  acid, 

and (4) r in s in g  w ith  double d is tille d  w a te r. Im m e rs io n  rin ses  w ere  

n e c e s s a ry  betw een  steps (2) and (3 ). The a lk a lin e  e le c tro c le a n e r  

had. the fo llo w in g  com position:

Sodium  hydroxide 21 g . / l .
Sodium  m e ta -s il ic a te  15 g . / l .
T r is  odium  phosphate 18 g . / l .
Sodium  carbonate 6 g . / l .
Sodium  acetate  7.5 g . / l .
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This c le a n e r  w as renew ed  e v e ry  fe w  days.

A p pearance  of the D eposit

Based on the c u r re n t  d en sity  d is tr ib u tio n  of F ig u re  2, a se t of 

appearance tab les  w e re  assem b led  using te rm in o lo g y  set down in  

M e ta l F in is h in g  (32) to d es crib e  the deposit o v e r  the range ob served . 

G radations betw een a s e m ib r ig h t and d u ll deposit seem ed inadequate , 

how ever, so the re la t iv e  te rm s , haze and h a z e -b r ig h t w e re  in s e rte d . 

The te rm  haze w as used to in te rp o la te  betw een d u ll deposits and 

s e m ib rig h t deposits ‘w h e re  g ra in  re fin e m e n t is v is ib le . A  h a z e -b r ig h t  

panel a re a  was in te rp o la te d  betw een b r ig h t and s e m ib rig h t. N o rm a lly ,  

in this case, the d ep o s it is m a rk e d ly  b r ig h t w ith  an im p e r fe c t  ca s t  

to be c la s s ifie d  h a z e -b r ig h t .

In  the g e n e ra l schem e, the f i r s t  b ro ad  group of panels  i l lu s ­

tra te  the e ffe c t of single add ition  agents on the deposit ob ta ined  f ro m  

a W atts n ic k e l-p la tin g  so lu tion . Th is  group is  com pared  w ith  panels  - 

obtained  fro m  the p u re  W atts n ic k e l so lution  under the sam e con­

ditions o f te m p e ra tu re  and pH . E ffe c ts  w ere  observed  a t te m p e ra tu re s  

25°, 3 5 ° , 55 °, and 75° C . fo r  solutions at pH  2.2  and 3.8. The am ount 

of v a ria n c e  f ro m  these conditions is in d ica ted  in  the appearance  

tab les . In  no case w as a so lution  used fo r  m o re  than one add ition
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agent e ffe c t. A lw a y s , new  p u r if ie d  n ic k e l so lu tion  was used fo r  the 

next add ition  agent.

The f i r s t  group of panels co m p ris e  e ffec ts  of o rg an ic  su b stitu ­

ents w h ich  b ro a d ly  m a y  be c lassed  as carb o h yd ra tes  (re d u c in g ), c a r ­

bonyl, p o ly m e rs , dyes, and phenols . The carb o h yd ra tes  re p re s e n t  

the m o re  com m on c lasses fro m  tr io s e  to p o ly m e ric  c a rb o h y d ra te .

The carb o n y l group w e re  in  the m a in  chosen fo r  th e ir  re la t iv e  

oxidation  p o te n tia l. The p o ly m e rs  re p re s e n t the m o re  com m on w a te r  

soluble types. The  phenols w ere  chosen to i l lu s tra te  is o m e r ic  and 

s tru c tu ra l e ffe c ts .

The second b ro a d  group of panels  w e re  deposited  w ith  n ic k e l 

in o rd e r  to co m p are  the e ffec ts  of s ingle add ition  agents, o r  r e p r e ­

sen tatives of the c lasses of single add ition  agents, w ith  e ffec ts  in  

the p resence of 2 ,7 -naphthalene di su lfon ic  ac id . H e re , co n cen tra tio n  

of the organ ic  co n stituen t was v a r ie d  and deposition  n o rm a lly  was 

c a r r ie d  out a t 65° C. and pH  3 .80 .

N e x t, a group of a llo y  deposits of n ic k e l w e re  m ad e . H e re  

carb o n y l substituents w e re  added to the eq u iva len t of a c la s s ic a l 

W eisb erg  n ic k e l-c o b a lt  p la tin g  so lution  (34) in  o rd e r  to observe the 

e ffe c t of re p la c in g  fo rm a ld e h yd e  o r  n ic k e l fo rm a te  o r both. The 

choice of ca rb o n y ls  was based on re s u lts  obtained fro m  the f i r s t  

group of p an e ls .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



18

T h ree  so lutions extend ing a llo y  d ep osition  to iro n  w ere  also  

attem pted.

F in a lly ,  based  on the re s u lts  of th ia z in e  dyes .obtained in  

group one, some cathodes w e re  p red ip p e d  b e fo re  dep osition  in  a  

v a ria n t m an n e r.

Roughness of the D ep o s it

The roughness of e lec tro d ep o s its  was eva lu a ted  on a m odel 

SA -2 B ru s h  S u rface  A n a ly z e r . The in s tru m e n t consis ted  of a m o to r -  

d riven  p ic k -u p  a rm , a c a lib ra tin g  a m p lif ie r ,  a d ire c t  inking o s c illo ­

graph, and a R M S (ro o t m ean  square) m e te r . T h is  in s tru m e n t has  

been c a re fu lly  exp la in ed  and i l lu s tra te d  e ls e w h e re  (35).

Since the m e ta l panels  ob ta ined  in  this study re p re s e n te d  a 

range of c u rre n t den sity , i t  was n e c e s s a ry  to iso la te  c u rre n t d en s i-  

ties  on each panel f o r  sm oothness eva lu a tio n . V a lu es  of 9.0 and 6.5  

am peres p e r square d e c im e te r  w e re  chosen. These values a re  found  

at 1 and 1 ̂  inches, re s p e c tiv e ly , f ro m  the h igh c u rre n t d en sity  edge 

of the panel when i t  is  p la ted  in  the c e ll d escrib ed  above. T h e re ­

fo re , a s m a ll m e ta l tem p la te  w as con structed  to id en tify  the a rea s  

on each panel and the p ic k -u p  a rm  of the su rface  a n a ly z e r  was a l ­

low ed to tra v e rs e  the deposited surface  in  a d ire c tio n  n o rm a l to the
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c u rre n t d en sity  v a r ia t io n . Both p ro filo g ra p h s , w h ich  a re  ob ta ined  

fro m  the d ire c t  ink ing  o s c illo g ra p h , and R M S values o f the su rface  

w ere obtained.

Because we w e re  no t p a r t ic u la r ly  in te re s te d  in  the sm oothen- 

ing action of the deposits but ra th e r  in  the re la t iv e  sm oothness of 

each deposit, sm oothness of the bas is  m e ta l was not alw ays m e a ­

sured. H o w ev er, s e v e ra l sam ples of the bas is  m e ta l w ere  eva lu a ted  

fo r  sm oothness and the span of su rface  sm oothness o f the b as is  

m eta l was enclosed  by s tra ig h t lin e s  on a ll  g rap h s .
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D A T A  A N D  IN T E R P R E T A T IO N

A  group of appearance tab les  have been co n s tru c ted  d e s c r ib ­

ing the in d iv id u a l panels  w ith  c u r re n t  d en s ity  lim ita t io n s .. An o u tlin e  

of data has been in c lu d ed  in  o rd e r  to p o in t out the o rg a n iz a tio n  of 

these ta b le s . In  o rd e r  to d es crib e  the p an el ap p earan ce , n o rm a lly ,  

ap p ro p ria te  te rm s  w e re  used s ta r tin g  w ith  the high c u rre n t  den s ity  

end of the p an e l and id e n tify in g  each c u rre n t  zone w ith  the p ro p e r  

re m a rk s .

F o llo w in g  the appearance tab les  fo r  each group of o rg an ic  

compounds in v e s tig a ted , b la c k  and w h ite  photographs of the m e ta l 

panels a re  inc luded . E a ch  photographed p an el contains the nu m b ers  

of the so lu tion  as w e ll as the in d iv id u a l panel n u m b e r, id e n tic a l 

w ith  the nu m b ers  con ta ined  in the appearance ta b le s . The in d iv id ­

ual panels w ere  n u m b e re d  at the low  c u r re n t  d en s ity  end of the pan e l. 

Thus, in  a l l  cases , the h igh  c u rre n t  d en s ity  end of the pan e l is  

located  a t the bo ttom  of the p an el w h ile  the lo w  c u rre n t den s ity  end 

is lo ca ted  a t the top of the panel.

F o llo w in g  the appearance data , tab les  of the sam e g e n e ra l 

o rg a n iza tio n  have been co n stru c ted  to re p o r t  su rface  roughness data  

of the deposit. In  a s im ila r  m a n n e r, fo llo w in g  each group of organ ic

a:
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compounds in ve s tig a te d , p lo ts  o f su rface  roughness w ere  inc luded .

The lin e s  connecting po in ts  of m e a s u re d  roughness a re  in tended on ly  

as possib le  in te rp re ta tio n s  of the tren d s  o f the roughness data .

O u tlin e  of D a ta

A. Single A d d itio n  A g en t E ffe c ts .

I .  W atts  So lu tion  P a n e ls .

I I .  C a rb o h y d ra te s  (red u c in g ).

a. So lution  7 -  G ly c e ra ld e h y d e .

b. So lution  3 - X y lo s e .

c. Solution 4 -  G lucose .

d. Solution 5 -  L ac to s e  h y d ra te .

e . So lution 6 -  R a ffin o se h yd ra te  (nonreducing ).

f .  So lution 8 -  D e x tr in .

I I I .  P o ly m e rs  and U n sa tu ra te d  A lip h a tic  Com pounds.

a. Solution 9 - M e th y l c e llu lo s e .

b . So lution 16 -  P o ly v e n y l a lcoho l.

c . Solution 43 -  A c ry lic  ac id .

d. Solution 53 -  1 ,4 -B u ty n e d io l.

e . So lution  10 -  P V M /M A .

f .  Solution 101, 102, 103 -  M o le c u la r  w e ig h t v a ria n c e  of
P V M /M A .
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IV . C arb onyl Com pounds.

a. Solution 11 -  C am p hor.

b. So lution  12 -  p -B ro m o aceto p h en o n e .

c. Solution 13 - C in n am a ld éh yd e .

d. Solution 26 - A c e ta ld e h y d e .

e. Solution 17 - C h lo ra l.

f . Solution 14 - P y ru v ic  acid .

g- Solution 40 - B u ty l c h lo ra l.

h . Solution 15 - b e ta - M e  th y lu m b e llif  e ro n e .

Dye s.

a. Solution 28 - M o n a s tra l B lue (Phthaloc^

b. Solution 31 - C layton  Y e llo w .

c. Solution 32 - P r im u lin e  Y e llo w .

d. Solution 33 - M eth y len e  B lu e .

e. Solution 34 - T o lu id in e  B lu e .

P h eno ls .

a. Solution 30 - 4 ,4 'D  ihydroxyb  ip h en y l.

b . Solution 27 - 3 ,5 ,3 ',5  ' -  T e t r a n it r o -
- 4 ,4 ' -  d ih yd ro x yb ip h en y l.

c . Solution 41 -  P heno l.

d. Solution 42 -  o -N itro p h e n o l.

e . Solution 48 -  p -A m in o p h en o l h y d ro c h lo rid e .
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f .  So lu tion  49 -  o -A m in o p h e n o l h y d ro c h lo r id e .

g. So lution 50 -  C a tech o l.

h . So lution  51 -  R e s o rc in o l.

i .  So lu tion  52 -  b e ta -N a p h th o l.

B. 2 ,7 -N a p h th a le n e  d isu lfo n ic  A c id  and S ing le  A d d itio n  A g en t E ffe c ts .  

V II .  2 ,7 - naphthalene d isu lfo n ic  ac id  o n ly .

V I I I .  C a rb o h y d ra te  (re d u c in g ).

a . So lu tion  371 -  G lucose .

IX .  C a rb o n y l C om pounds.

a . So lu tion  381 -  C h lo ra l.

X . P o ly m e r  and Un s a tu ra te d  A lip h a tic  Com pounds.

a . So lution  3 6 l -  P V M /M A .

b . So lu tion  46 -  A c ry lic  ac id .

c . So lu tion  531 -  1 ,4 -B u ty n e d io l.

X I. D y es .

So lution  351 -  M o n a s tra l B lu e .

b . So lu tiop  311 -  C lay to n  Y e llo w .

S o lu tion  321 -  P r im u lin e  Y e llo w .

c. So lution  331 -  M eth y len e  B lu e .

So lution  341 -  T o lu id in e  B lu e .

X I I .  P h en o ls .

à . So lution 301 -  4 ,4 * -D ih y d ro x y b ip h e n y l.
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b. So lution  271 -  3 ,5 ,3  ', 5' -  T e tra n itro  - 4 ,4 ' -  d ih y d ro x y b ip h e n y l.

c. So lution  411 -  P h en o l.

d. So lution  421 -  o -N itro p h e n o l,

e . So lu tion  47 -  p -N itro p h e n o l,

f .  So lu tion  481 - p -A m in o p h e n o l.

g. So lution 491 -  o -A m in o p h e n o l.

h. So lu tion  501 -  C a tech o l.

i .  So lution  511 -  R e s o rc in o l.

j .  So lu tion  521 r  b e ta -N a p h th o l.

C . A llo y -C a rb o n y l E ffe c ts .

X in .  N ic k e l C o b a lt.

a . So lution 18 -  C innam aldéhyde.

b. So lu tion  19 - C h lo ra l w ith  am m onium  su lfa te .

c. So lution  20 -  C h lo ra l.

d. So lution 24 -  A ceta ldehyde .

e . So lution  29 -  E th y l p y ru v a te .

G ly o x a l.

f .  So lution  39 - B u ty l C h lo ra l.

g. So lution 44 -  C h lo ra c e tic  ac id  and c h lo ra l.

h . So lution  45 - A c ry lic  ac id  and c h lo ra l.

X IV .  N ic k e l Iro n .

a . Solution 21 -  C h lo ra l,  n ic k e l fo rm a te , ta r ta r ic  ac id .
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b. Solution 22 -  F e r ro u s  su lfa te , c h lo ra l.

c. So lution 25 -  N ic k e l p ro p io n a te , c h lo ra l.

D. E x te rn a l T re a tm e n t o f Cathode.

X V . Solution 2 3 -, F i l t e r  pap er and c innam aldéh yde.

Solution 312 -  D ipp ing  in  C lay to n  Y e llo w .

Solution 332 -  D ip p in g  in  M e th y le n e  B lu e .
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Table 1. Solutions 1 and 2; the appearance o f W atts  n ic k e l so lu tion  
deposits .

Panel
No.

pH
T em p . 
(° C .)

Cathode A p p earan ce

12 2.20 25 E x fo lia te . D u ll above 14.0 a m p ./s q .d m .; *  
haze 14.0 to 3.2 a m p ./s q .d m .; under, d u ll.

13 2.20 35 D u ll to haze  above 14.0 a m p ./s q .d m .;  d u ll 
14.0 to 1.0 a m p ./s q .d m .;  und er, d u ll.

14 2,20 • 54 D u ll.

15 2.30 74 D u ll.

22 3.50 ■ 25 E x fo lia te . H aze  above 14.0 a m p ./s q .d m .;  
s e m ib r ig h t 14.0 to 9-0 a m p ./s q .d m .;  und er, 
h a z e .

23 3.50 35 B r ig h t  a t  h igh c u rre n t d en sity  edge. D u ll to 
h a z e .

24 3.70 54 D u ll above 2.1 a m p ./s q .d m .; und er, h aze .

25 3.80 74 D u ll above 14.0 a m p ./s q .d m .; haze 14.0 to 
3.2 a m p ./s q .d m .; under, du ll.

*  A m p e re s  p e r  square d e c im e te r .
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Table 2. Solution 7; the e ffe c t of g lyce ra ld eh yd e  in  co n cen tra tions of
0.5 g . / l .  and 2.0 g . / l .  on the appearanjce of W atts  n ic k e l
so lu tion  deposits .

Panel
No.

pH
T e m p .
r  C.)

Cathode A ppearance

0 .5  g . / l .  G lyc e ra ld eh yd e

740 2.21 23 E x fo lia te . H a ze  above 9.0  a m p ./s q .d m .;  
sem ib  r ig h t 9.0 to 1.6 a m p ./s q .d m .;  under, 
h a ze .

730 2.24 34 H a ze  above 14.0 a m p ./s q .d m .;  h a z e -b r ig h t  
14.0 to 9.7  a m p ./s q .d m .;  u n d er, haze .

720 2.17 54 H a ze  h igh c u rre n t d en sity  edge. D u ll.

710 2.12 73 D u ll.

71 3.76 23 E x fo lia te  above 14.0 a m p ./s q .d m . B r ig h t  
above 2.1 a m p ./s q .d m .;  under, h aze .

72 3.60 35 B r ig h t  h igh c u r re n t  d en s ity  edge, h aze .

73 3.60 55 D u ll above 9.0 a m p ./s q .d m .: haze 9.0 to 
2 .6  a m p ./s q .d m .; under, d u ll.

74 3.85 76 D u ll.

2.0 g . / l .  G lyc e ra ld eh yd e

750 2.20 26 E x fo lia te . H aze  above 9 .7  a m p ./s q .d m .;  
h a z e -b r ig h t  9 .7  to 6.4 a m p ./s q .d m .; under, 
h a z e .

760 2.20 35 H a z e -b r ig h t  above 11.8 a m p ./s q .d m .; under, 
h aze .

770 2.27 55 H a z e .
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Tab le  2 (Continued)

P an e l
No.

pH
Tem p. 
( “ C .)

Cathode Appearaince

780 2.20 76 D u ll.

78 3.70 26 E x fo lia te . H aze  above 9.0 a m p ./s q .d m .;  
sem ib  r ig h t 9.0 to 5.9 a m p ./s q .d m .; u n d er, 
h a z e .

77 3.70 35 E x fo lia te . H a ze .

76 3,82 54 Sem ib r ig h t  above 15.1 a m p ./s q .d m .; d u ll 
15.1 to 1.6 a m p ./s q .d m .; und er, d ark , d u ll.

75 3.88 75 D u ll

KM*
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Table 3. So lution 3; the e ffe c t of xy lose in  con cen tra tions of 0 .5
g . / l .  and 2.0 g . / l .  on the appearance o f W atts n ic k e l so lu ­
tio n  dep osits .

P anel
No.

pH
T em p . 
(° C .)

Cathode A p pearance

0 .5  g . / l .  X y lo se

35 2.15 26 E x fo lia te . H aze  above 14.0 a m p ./s q .d m .;  
haze to sem ib r ig h t 14.0 to 3.2 a m p ./s q . 
dm .; under, h aze .

36 2.20 35 H aze  h igh  c u rre n t density  edge. H aze to 
sem ib  r ig h t above 11.8 a m p ./s q .d m .; under, 
h a z e .

37 2.18 54 D u ll.

38 2.18 73 D u ll.

31 3.75 27 E x fo lia te . H aze  a t high c u rre n t density . 
B r ig h t  above 8 .6  a m p ./s q .d m .; und er, h aze .

32 3.70 34 B r ig h t  above 14.0 a m p ./s q .d m . under, haze  
to d u ll.

33 3 .85 55 D u ll.

34 3.85 ■ 72 D u ll.

2.0 g . / l .  X y lo s e

330 2.17 24 E x fo lia te . H aze  above 9 .0  a m p ./s q .d m .;  
sem ib r ig h t 9.0 to 4 .3  a m p ./s q .d m .; under, 
haze .

340 2.20 35 H aze  a t h igh c u rre n t d en sity  edge. S e m i-  
b rig h t above 13.0 a m p ./s q .d m .; under, d u ll.
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(Continued)

Panel
No.

pH
T em p . 
(° C .)

Cathode A p pearance

320 2.20 54 D u ll.

310 2 .13 73 D u ll.

350 3.60 24 E x fo lia te  
above 25

above 10.8 a m p ./s q .d m . B r ig h t  
a m p ./s q .d m .; under, haze .

360 3.75 36 H a ze . '

370 3.80 59 D u ll.

380 3.78 73 D u ll.
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Table 4. Solution 4; the e ffe c t of g lucose in  co n cen tra tio n  of 0 .5
g . / l .  and 2.0 g . / l .  on the appearance of W atts n ic k e l
so lu tion  deposits .

Panel
No.

pH
Tem p .
r  c .) Cathode A ppearance

0 .5  g . / l .  G lucose

45 2.00 26 E x fo lia te . H a ze  above 9 .7  a m p ./s q .d m .;  
haze to s e m ib rig h t 9 .7  to 4 .3  a m p ./s q .d m .;  
u n d er, haze .

46 2 .25 35 H aze  a t h igh c u rre n t den s ity  edge. H aze  
to s e m ib r ig h t above 10.8 a m p ./s q .d m .; under 
h aze .

47 2.20 54 D u ll.

48 2.20 73 D u ll.

41 3.50 27 H aze above 14.0 a m p ./s q .d m .; sem ib  r ig h t  
14.0 to 7 .6  a m p ./s q .d m .;  under, h aze .

42 3.45 34 H aze a t high c u rre n t den s ity  edge. S e m i­
b r ig h t  above 10.8 a m p ./s q .d m .; under, haze .

43 3.30 55 D u ll to haze .

44 3.30 72 D u ll.

2.0 g . / l .  G lucose

430 2.17 24 E x fo lia te  above 15.1 a m p ./s q .d m . H aze  
above 9.0 a m p ./s q .d m .;  s e m ib rig h t 9.0 to 
3.2 a m p ./s q .d m .; under, haze .

440 2.20 35 H aze a t h igh c u rre n t density  edge. H aze  
to s e m ib rig h t above 6.5  am p ./sq .dn o .; 
un d er, dull.
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T ab le  4 (Continued)

P anel
No.

pH
T em p . 
(° C .)

Cathode A p pearance

420 2.21 54 B r ig h t  to haze a t h igh c u r re n t  d en s ity  edge. 
D u ll.

410 2.25 73 D u ll.

450 3.85 24 . E x fo lia te  above 11.8 a m p ./s q .d m . H aze  
above 9.0 a m p ./s q .d m .; b r ig h t 9.0 to 2.1  
a m p ./s q .d m .;  under, haze .

460 3.57 . 36 H ig h  c u rre n t den s ity  b r ig h t r in g . H aze  
above 7.0 a m p ./s q .d m .; u n d er, d u ll.

470 3.75 59 D u ll.

480 3.65 73 D u ll.
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Table 5. Solution 5; the e ffe c t of lac to se  h yd ra te  in  co n cen tra tio n s
of 0 .5  g . / l .  and 2.0  g . / l .  on the appearance of W atts n ic k e l
so lu tion  deposits .

P anel
No.

pH
T em p .
( °  C .)

Cathode A p pearance

0 .5 g . / l .  L ac to se  H y d ra te

55 2 .28 26 H aze  above 9 .7  a m p ./s q .d m .;  s e m ib rig h t  
9.7  to 1.0 a m p ./s q .d m .; under, haze .

56 2 .23 35 H a ze  a t h igh  c u rre n t den s ity  edge. H a z e -  
b r ig h t above 9.7 a m p ./s q .d m .; under, h aze .

57 2 .26 54 H a z e -b r ig h t  above 14.0 a m p ./s q .d m .; und er, 
h a ze , p itte d .

58 2 .26 73 D u ll.

51 3.70 27 E x fo lia te  above 14.0 a m p ./s q .d m . H aze  
above 11.8 a m p ./s q .d m .; under, sem ib r ig h t.

52 3.73 34 S e m ib rig h t, p itte d  above 9.0 a m p ./s q .d m .;  
u n d er, h aze .

53 3.80 55 D u ll and p itte d

54 3.80 72 D u ll.

2.0 g . / l .  L ac to se  H y d ra te

5 30 2.20 24 E x fo lia te . H aze above 7.0 a m p ./s q .d m .;  
h a z e -b r ig h t  7.0 to 1.0 a m p ./s q .d m .;, under, 
haze . ,

540 2.22 35 H aze above 14.0 a m p ./s q .d m .; h a z e -b r ig h t  
14.0 to 8 .6  a m p ./s q .d m .; under, d u ll.

520 2.21 54 H aze a t h igh c u rre n t density  edge. D u ll, 
p itte d .
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T ab le  5 (Continued)

P anel
No.

pH
Tem p . 
(° C .)

Cathode A p pearance

510 2.20 73 D u ll, p itte d .

550 3.62 24 E x fo lia te . P it te d , haze above 10.8  a m p ./s q .  
drn.; under, b rig h t.'

560 3.50 36 H aze  a t h igh c u rre n t  den s ity  edge. B r ig h t  
above 9.7  a m p ./s q .d m .;  und er, haze .

570 3.88 59 D u ll.

580 3.87 73 D u ll.
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Table 6, Solution 6; the e ffe c t of ra ffin o  se h yd ra te  in  co n cen tra tions
of 0 .5  g . / l .  and 2.0 g . / l .  on the app earance of W atts
n ic k e l so lu tion  deposits.

Panel
No. pH

T em p .
r  C.)

Cathode A p pearance

0.5 g . / l .  R a ffin o  se H y d ra te

65 2 .22 26 E x fo lia te . H aze  above 9.0 a m p ./s q .d m .;  
h a z e -b r ig h t  9.0 to 3.2 a m p ./s q .d m .;  under, 
h a z e .

66 2 .22 35 ■ H a z e -b r ig h t  above 10.8 a m p ./s q .d m .;  under, 
h a z e .

67 2.20 54 H aze above 1.0 a m p ./s q .d m .;  under, d u ll, 
p itte d .

68 2.20 73 D u ll.

61 3.82 27 E x fo lia te . H aze above 11.8 a m p ./s q .d m ,;  
h a z e -b r ig h t  11.8 to 1.0 a m p ./s q .d m .; under, 
haze .

62 3.85 34 H a z e -b r ig h t  above 11.8 a m p ./s q .d m .; under, 
h aze .

63 3.70 55 D u ll, p itte d .

64 3,70 72

2.0

D u ll, p itte d .

g . / l .  R affino  se H y d ra te

630 2.13 24 H aze , e x fo lia te  above 11.8 a m p ./s q .d m . 
h a z e -b r ig h t 11.8 to 1.0 a m p ./s q .d m .; under, 
haze .

640 2 .22 35 H aze a t h igh c u rre n t den sity  edge. H a z e -  
b rig h t above 9.7  a m p ./s q .d m .; under, h aze .

0
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T ab le  6 (Continued)

P anel
No.

pH
T em p . 
(° C.)

Cathode A ppearance

620 2 .18 54 H a z e .

610 2 .18 73 D u ll.

650 3.88 24 E x fo lia te , haze above 10.8 a m p ./s q .d m .;  
u n d er, b r ig h t.

66o 3.72 36 H a z e -b r ig h t  above 14.0 a m p ./s q .d m .; under, 
h aze .

670 3.88 59 D u ll.

680 3.70 73 D u ll, p itte d .
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Table 7. Solution 8; the e ffe c t of d e x tr in  in  co n cen tra tio n s  of 0 .5
g . / l .  and 2.0  g . / l .  on the app earance  of W atts  n ic k e l so­
lu tio n  dep osits .

Panel
No. pH

T em p .
r  c .)

Cathode A p p earan ce

0.5  g . / l .  D e x tr in

840 2.25 23 E x fo lia te  above 14.0 a m p ./s q .d m . H aze  
above 2 .6  a m p ./s q .d m .;  u n d er, s e m ib rig h t.

830 2.25 34 H aze above 10.8 a m p ./s q .d m .;  h a z e -b r ig h t  
10.8, to 6.5 a m p ./s q .d m .;  u n d er, haze .

820 2.17 54 B r ig h t  above 8.1 a m p ./s q .d m .;  u n d er, h aze .

810 2.12 73 S e m ib rig h t a t h igh c u r re n t  d en s ity  edge. 
D u ll.

81 3.80 23 E x fo lia te  above 14.0 a m p ./s q .d m . H aze  
above 5.4  a m p ./s q .d m .;  und er, h a z e -b r ig h t .

82 3.83 35 H aze above 4 .3  a m p ./s q .d m .;  b r ig h t 4 .3  
to 1.0 a m p ./s q .d m .; under, haze  to d u ll.

83 3.80 55 H a z e -b r ig h t  above 6.5 a m p ./s q .d m ,;  under, 
haze to d u ll.

84 3.75 76 D u ll.

2.0 g . / l .  D e x tr in

850 2.25 26 E x fo lia te  above 14.0 a m p ./s q .d m . H aze .

860 2.20 35 H aze above 1.0 a m p ./s q .d m .; under, b r ig h t.

870 2.18 55 S e m ib rig h t above 5.4  a m p ./s q .d m .;  under, 
h a z e .
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T ab le  7 (Continued)

P anel
No.

pH
T em p .
r  c .)

Cathode A p pearance

880 2.24 76 H aze  a t high c u rre n t d en s ity  edge. D u ll.

88 3.70 26 E x fo lia te  above 14.0 a m p ./s q .d m . H aze  
above 1.6 a m p ./s q .d m .; und er, h a z e -b r ig h t .

87 3.88 35 H aze  above 3.2 a m p ./s q .d m .;  under, s e m i­
b r ig h t.

86 3.88 54 B id g h t above 10.8 a m p ./s q .d m ,; haze 10.8  
to 2.1 a m p ./s q .d m .; under, d u ll.

85 3.73 75 H aze  a t h igh c u rre n t den sity  edge. D u ll.
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F ig u re  3. The e ffe c t of ca rb o h yd ra tes  on the appearance of W atts  
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F ig u re  5. The e ffe c t of carbo hydrates  on the appearance o f 
W atts  n ic k e l deposits a t pH  3 ,8 .
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F ig u re  6. The e ffe c t o f ca rb o h yd ra tes  on the appearance of 
W atts  n ic k e l deposits  a t pH  3 .8 .
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Tab le  8. Solution 9; the e ffe c t of m eth y l c e llu lo s e  in  co n cen tra tio n
of 0 .5  g . / l .  on the appearance of W tts n ic k e l so lu tion  d e­
p o s its .

P a n e l
No.

pH T em p .
C c .)

Cathode A p pearance

910 2.20 28 H aze  above 14.0 a m p ./s q .d m .;  h a z e -b r ig h t  
14.0 to 2 .6  a m p ./s q .d m .;  u n d er, haze.

920 2.20 37 H aze a t high c u rre n t den s ity  edge. H a z e -  
b r ig h t above 8 .6  a m p ./s q .d m .; under, h aze .

930 2.20 57 D u ll.

940 2 ,25 75 D u ll, d a rk .

94 3.82 28 H aze above 15.1 a m p ./s q .d m .;  h a z e -b r ig h t  
15.1 to 10.8 a m p ./s q .d m .; under, haze.

93 3.70 39 D u ll above 2 .6  a m p ./s q .d m .; under, h aze .

92 3.65 58 D u ll.

91 3.81 73 D u ll, d a rk .
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Table 9. So lution  l6 ;  the e ffe c t o f p o ly v in y l a lcoho l in  c o n cen tra tio n
of 0 .5  g . / l .  on the app earance of W atts  n ic k e l so lu tion  d e­
p o s its .

P ane l
No.

pH
T em p . 
(° C .)

Cathode A p p earan ce

1640 2.21 23 E x fo lia te . H a z e , p itte d .

1630 2.20 37 H aze  above 1.0 a m p ./s q .d m .;  u n d er, b r ig h t.

1620 2.20 56 H a ze  above 8 .6  a m p ./s q .d m .;  und er, h a z e -  
b r ig h t.

1610 2.20 75 H a ze  above 11.8  a m p . /  s q. d m . ; unde r , haze  
to m ilk y .

164 3.65 25 E x fo lia te . H a ze  above 14.0 a m p ./s q .d m .;  
h a z e -b r ig h t  14.0 to 8 .6  a m p ./s q .d m .;  u n d er, 
h aze .

163 3.80. 36 H a ze  a t h igh c u rre n t  den s ity  edge. B r ig h t  
above 15.1 a m p ./s q .d m .;  haze 15.1 to '2.1  
a m p ./s q .d m .;  under, b r ig h t.

162 3.82 56 D u ll above 14.0 a m p ./s q .d m ,;  b r ig h t  r in g  
a t 14.0 a m p ./s q .d m .;  u n d er, h aze .

I 6 l 3 .75 75 D u ll,  d a rk .
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Table 10. So lution 43; the e ffe c t o f a c ry lic  a c id  in  co n cen tra tio n s
of 0 .5  g . / l .  and 2 .0  g . / l .  on the ap p earan ce  of W atts
n ic k e l so lu tion  dep osits .

P anel
No.

p H
- T em p ,

C  c .) Cathode A p p earan ce

0 .5  g . / l .  A c ry lic  A c id

4310 2 .25 .25 E x fo lia te . H a z e -b r ig h t  above 10.8  a m p ./  
sq .d m .; und er, du ll.

4320 2 .25 38 H a z e -b r ig h t  above 11.8  a m p ./s q .d m .;  un­
d e r , h aze .

4330 ,2 .5 0 55 H a ze  above 2 .6  a m p ./s q .d m .; und er, d u ll, 
p itte d .

4340 2.25 74 H a ze  above 14.0 a m p ./s q .d m .;  und er, d u ll, 
d a rk .

431 3.88 24 E x fo lia te . B r ig h t  above 11,8 a m p ./s q .d m .;  
u n d er, h aze .

432 3.55 35 S e m ib rig h t a t h igh c u r re n t  d en s ity  edge. 
H a ze  above 2 .6  a m p ./s q .d m .;  und er, d u ll.

433 3.55 55 H aze  a t h igh c u rre n t  d en s ity  edge. D u ll, 
d a rk .

434 3.85 73 D u ll ,  d a rk .

2 .0  g . / l .  A c ry lic  A c id

4350 2.20 24 E x fo lia te  at h igh  c u r re n t  d en s ity  edge. 
Sem ib r ig h t above 10.8 a m p ./s q .d m .;  under, 
h a ze .

4360 2.25 35 H a ze  a t h igh c u rre n t den s ity  edge. H a z e -  
b r ig h t  above 10.8 a m ÿ . /sq .dm .; haze 10.8 to 
2 .6  a m p ./s q .d m .;  h a z e -b r ig h t , p itte d  2 .6  to 
2.1 a m p ./s q .d m .; u n d er, haze .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



46

T a b le  10 (Continued)

Panel
^ o .

pH
T em p .
( °  C .)

Cathode A p pearance

4370 2.25 56 H a z e -b r ig h t  above 11 .8  a m p ./s q .d m .;  und er, 
d u ll.

4380 - 70 D u ll ,  d a rk .

435 3.85 24 E x fo lia te . B r ig h t above 11.8  a m p ./s q .d m .;  
u n d e r, d u ll.

436 3.75 35 H a z e -b r ig h t  above 14.0 a m p ./s q .d m .;  under, 
h aze  to d u ll.

437 3.78 55 D u ll .

438 3.85 75 D u ll ,  d a rk .
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Table 11. S o lu tion  53; the e ffe c t  of 1 ,4 -b u ty n e d io l in  co n cen tra tio n s
of 0 .5  g . / l .  and 2 .0  g . / l .  on the app earance o f W atts
n ic k e l so lu tion  d ep o s its .

Panel
No.

pH
T e m p . 
(° C .)

Cathode A p pearance

0 .5  g . / l .  1 ,4 -B u ty n e d io l

5310 2.20 26 E x fo lia te . H aze  above 10.8 a m p ./s q .d m .;  
h a z e -b r ig h t  10.8 to 4 .8  a m p ./s q .d m .;  u n d er, 
h& ze.

5320 2.20 3? H a z e  a t h igh  c u rre n t  d en s ity  edge. H a z e -  
b r ig h t  above 14.0 a m p ./s q .d m .; under, haze . 
H a z e -b r ig h t  r in g  a t 2 .6  a m p ./s q .d m .

5330 2.20 54 H a ze  above 15.1 a m p ./s q .d m .;  under, d u ll.

5340 2.22 74 D u ll ,  p itte d  above 9.7 a m p ./s q .d m .;  under, 
h a z e , p itte d .

531 3.70 25 E x fo lia te . B r ig h t, p itte d  above 5 .4  a m p ./  
sq .d m .; under, h a z e -b r ig h t.

532 3.80 36 B r ig h t.

533 3.70 57 H a z e -b r ig h t ,  p itte d  above 15.1 a m p ./s q .d m .;  
un d er, b r ig h t.

534 3.75 75 H a z e -b r ig h t ,  p itte d .  

2.0 g , / l .  1 ,4 -B u ty n e d io l

5350 2.20 27 E x fo lia te . B r ig h t, p itte d .

5360 2.20 37 E x fo lia te . B r ig h t, p itted .

5370 2.20 55 B r ig h t , p itte d .
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T a b le  11 (Continued)

Panel
No.

pH
T em p . 
( “ C.)

Cathode A p pearance

5380 2.20 75 S em ib  r ig h t, p itte d .

535 3.60 26 E x fo lia te . B r ig h t, p itte d .

536 3.70 35 E x fo lia te . B r ig h t, p itte d .

537 3.80 55 B r ig h t ,  p itte d .

538 3.75 75 S em ib  r ig h t.
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Table 12. So lution 10; the e ffe c t of P V M /M A ’*̂ (p o lym eth y l v in y l
e th e r -m a le ic  an h ydrid e) in  co n cen tra tio n  of 0 .5  g . / l .  on 
the appearance of W atts  n ic k e l so lu tion  dep osits .

P anel
No.

pH T e m p . 
( “ C .) Cathode A p pearance

104 2.20 28 E x fo lia te . B r ig h t.

103 2.22 39 B r ig h t ,  spotted w h ite .

102 2 .25 ;. 58 H a ze  above 13,0 a m p ./s q .d m .;  under, h a z e -  
b r ig h t, spotted w h ite .

101 2.10 73 H a ze  above 11.8 a m p ./s q .d m ,; under, h a z e -  
b r ig h t  and s trbss  c rac ked , spotted w h ite .

1010 2.50 28 E x fo lia te . B r ig h t.

1020 2.70 37 B r ig h t.

1030 2.75 57 H aze  above 11.8  a m p ./s q .d m .;  h a z e -b r ig h t  
11.8 to 4 .3  a m p ./s q .d m .;  und er, h aze .

1040 3.00 75 H a ze  to d u ll.

1050 2.20 73 H a ze  above 10.8  a m p ./s q .d m .;  under, b r ig h t.

*  S p ec ific  v is c o s ity , 2 .6 .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



50

4310

9

F ig u re  7. T h e  e ffec t o f p o ly m e rs  and u n satu ra ted  a lip h a tic  compounds 
on the appearance of W atts n ic k e l deposits  a t  pH  2 .2 .
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F ig u re  8 . The e f fe c t  of p o ly m e rs  and u n satu ra ted  a lip h a tic  compounds 
on the ap p e a ra n c e  of W a tts  n ic k e l deposits a t pH 3*8.
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Table 13. Solutions 101, 102, and 10 3; the e ffe c t of the sp e c ific
v is c o s ity  of the P V M /M A  (p o lym eth y l v in y l e th e r  m a le ic  
anh ydrid e) on the appearance o f W atts n ic k e l so lu tion  
deposits  w ith  in c re a s in g  con cen tra tions  of co p o ly m e r. 
(S olution  101 s p e c ific  v is c o s ity , 0 .4 ; So lution  102 spe­
c if ic  v is c o s ity , 2 .6 ; S o lu tion  10 3 sp e c ific  v is c o s ity , 3 .2 .)

P anel
No. pH

T em p . 
r  C .)

A d d i­
tio n  (g. 
P V M /  

M A )

T o ta l 
A d d i­

tion  (g. 
P V M /  

M A )

Cathode A p pearance

1011 3.82 57 0.1 0.1 D u ll to haze .

105 * 2.20 75 0.1 0.1 D u ll to haze .

1031 2.80 57 0.1 0.1 D u ll to haze .

1012 2.60 55 - . ■ 0 .1 D u ll to h aze .

106* 2.30 56 - 0.1 D u ll to h aze .

1032 2 .65 55 - 0.1 D u ll to haze .

1 0 1 3 ** 2 .54 55 0 .2 0 .3 D u ll above 6.5  a m p ./s q .  
dm .; under, haze to 
b rig h t, p itte d .

1023 2.62 55 0 .2 0 .3 D u ll above 7 .6  a m p ./s q .  
dm .; under, haze to 
b rig h t, p itte d .

1033 2.60 55 0 .2 0 .3 D u ll above 1.0 a m p ./s q .  
dm .; under, haze to 
b rig h t, p itte d .

1014 2.70 58 - 0 .3 D u ll, p itte d , tre e d .
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T ab le  13 (Continued)

Panel
No. pH

T em p . 
( “ C .)

A d d i­
tio n  (g. 
P V M /  

M A)

T o ta l  
A d d i­

t io n  (g. 
P V M /  

M A )

Cathode A p pearance

1024 2.80 58 - 0 .3 D u ll above 8 .6  a m p ./s q .  
dm .; und er, 'haze

1034 2.72 58 0 .3 D u ll above 1.0 a m p ./s q .  
d rm .; u n d er, haze  to 
b rig h t.

1015 2.62 56 0.1 0 .4 D u ll above 6.5 a m p ./s q .  
dm .; under, b r ig h t,  
p itte d , s tresse d .

1025 2.65 56 0.1 0 .4 D u ll above 10.8 a m p ./  
sq.dm .; under, b r ig h t  
to h a z e .

1035 2.55 56 0.1 0 .4 D u ll to h aze .

1016 2 .74 56 . 0 .1 0 .5 D u ll above 9.7  a m p ./s q .  
dm .; und er, b r ig h t,  
s tre s s e d , p itted .

1026 2.65 , 56 0.1 0 .5 D u ll above 10.8 a m p ./  
sq.dm .; under, b r ig h t  
to haze , s tre s s e d .

1036 2.64 56 0.1 0 .5 D u ll to haze  above 2.1 
a m p ./s q .d m .; under, 
b rig h t, p itte d .

1017 2.82 65 0.1 0 .6 D u ll above 8 .6  a m p ./s q .  
dm .; under, b r ig h t,  
s tresse d , p itted .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



54

Tab le  13 (Continued)

Panel
No.

pH
T em p . 
(° C .)

A d d i­
t io n  (g. 

■ P V M /  
M A )

T o ta l 
A d d i­

tio n  (g. 
P V M /  

M A )

Cathode A p p earan ce

1027 2.65 65 0.1 0 .6 B r ig h t  to h aze , s tre s s e d .

1037 2.65 65 0.1 0 .6

. 1

D u ll to haze above 3.2  
a m p ./s q .d m .;  under, 
b r ig h t, p itte d .

1018 2 .95 65 0 .6 B r ig h t , s tre s s e d  above 
1.0 a m p ./s q .d m .;  
u n d er, du ll, b la c k .

1028 2 .83 65 0 .6 D u ll above 10 .8  a m p ./  
sq .dm .; under, b r ig h t  
to h a ze , s tre s s .

1038 2 .75 65 0 .6 D u ll to haze above 7 .6  
a m p ./s q .d m .; under, 
b rig h t, p itte d .

*  S o lu tio n  102.

* *  A l l  p la te s  n u m b erin g  3 o r  g re a te r  f ro m  the solutions dem ­
o n s tra ted  the p o ly m e r a c tu a lly  depositing  on the cathode.
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F ig u re  9. T h e  e ffe c t of sp e c ific  v is c o s ity  o f P V M /M A  
on the app earan ce  of W atts  n ic k e l so lution  
deposits .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



56

Table 14. So lution  11; the e ffe c t o f cam p h o r in  co n cen tra tio n  of
0 .5  g . / l .  on the appearance of W atts  n ic k e l so lu tion  d e­
p o s its .

P ane l
No. . p H

T em p .
r  C .)

Cathode A p pearance

1110 2.21 28 H aze  above 11.8  a m p ./s q .d m .;  h a z e -b r ig h t  
11.8 to 2.1 a m p ./s q .d m ,;  und er, haze .

1120 2.25 37 H aze above 15.1 am p'-./sq.dm .; h a z e -b r ig h t  
15.1 to 10.8 a m p ./s q .d rn ,;  under, h aze .

1130 2.25 57 H a ze  a t h igh  c u rre n t  den s ity  edge. D u ll.

1140 2.20 75 D u ll,  p itte d .

114 3.70 28 E x fo lia te , h aze  above 11 .8  a m p ./s q .d m .;  
h a z e -b r ig h t  11.8  to 6 .5  a m p ./s q .d m .; under, 
h a z e .

113 3.82 39 H a z e -b r ig h t  a t h igh c u r re n t  den s ity  edge. 
D u ll.

112 3.70 58 D u ll .

111 3,72 74 D u ll.
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Table 15. So lution  12; the e ffe c t  of p -b rom oacetop henone  in  concen­
tra tio n  of 0 .5  g . / l .  on the appearance of W atts  n ic k e l
so lu tion  deposits .

Panel
No.

pH
T em p . 
(° C .)

Cathode A p pearance

1210 2 .13 28 H a ze  above 14.0 a m p ./s q .d m .; h a z e -b r ig h t  
14.0 to 3.2 a m p ./s q .d m .;  u n d er, h aze .

1220 2.24 37 H a ze  a t h igh  c u rre n t d en s ity  edge. H a z e -  
b r ig h t  above 6.5 a m p ./s q .d m .; und er, h aze .

1230 2.20 57 H a ze  above 15.1 a m p ./s q .d m .; u n d er, du ll, 
p itte d .

1240 2 25 75 D u ll ,  p itte d .

124 3.75 28 E x fo lia te . B r ig h t  above 8.1 a rn p ./s q .d m .,  
haze  8.1 to 1.0 a m p ./s q .d m .;  u n d er, h a z e -  
b r ig h t.

123 3.75 39 B r ig h t  a t h igh  c u rre n t d en sity  edge. Haze  
to d u ll above 3.2 a m p ./s q .d m .; h a z e -b r ig h t  
3.2  to 2 .6  a m p ./s q .d m .;  und er, d u ll.

122 3.80 58 H a z e -b r ig h t  above 11.8 a m p ./s q .d m .; under, 
d u ll.

121 3.65 74 D u ll ,  d a rk , p itte d .
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Table l6 .  So lu tion  13; the e ffe c t  o f c innam aldéh yde in  co n c e n tra tio n
of 0 .5  g . / l .  on the app earance of W atts  n ic k e l so lu tion
d ep o s its .

Panel
No.

pH
T e m p . 
(° C .)

Cathode A p pearance

1340 2.22 25 B u rn ed , e x fo lia te  above 11.8  a m p ./s q .d m .;  
u n d er, h aze , p itte d .

1330 2.20 38 H a z e , p itte d .

1320 2.18 53 D u ll ,  p itte d .

1310 2 .18 75 D u ll ,  p itte d .

134 3.77 25 B u rn ed , e x fo lia te  above 7.0 a m p ./s q .d m .;  
h a z e -b r ig h t  7.0 to 3.2 a m p ./s q .d m .;  under, 
h aze .

133 3.80 38 H a z e , p itte d .

132 3.50 58 H a ze , p itte d  above 10.8 a m p ./s q .d m .;  
u n d er, d u ll.

131 3.80 75 D u ll ,  d a rk .
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Table 17. So lution 26; the e ffe c t of aceta ldehyde in  c o n cen tra tio n
of 0 .5  g . / l .  on the app earance of W atts  n ic k e l so lu tion
dep osits .

P anel
No.

p H
T em p .
C c . )

Cathode A p p earan ce

2610 2.20 26 E x fo lia te . Sem ib r ig h t above 1 .6  a m p ./s q .  
dm .; under, h aze .

2620 2 .25 38 H a ze  a t h igh c u r re n t  d en s ity  edge. S e m i-  
b r ig h t above 8 .6  a m p ./s q .d m .;  under, h aze .

2630 2 .28 55 D u ll.

2640 2 .20 75 • D u ll.

264 3.80 26 B u rn ed  above 15.1 a m p ./s q .d m .;  b r ig h t 15.1 
to 8 .6  a m p ./s q .d m .;  und er, haze .

263 3.70 38 B r ig h t  a t h igh  c u r re n t  d en s ity  edge. D u ll.

262 3.80 55 D u ll to haze .

261 3.82 75 D u ll.
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Table 18. So lution  17; the e ffe c t of c h lo ra l in  c o n cen tra tio n  of
0 .5  g . / l .  on the app earance of W atts n ic k e l so lu tion
deposits .

Panel
No.

pH
T e m p .
( “ C .)

Cathode A p p earan ce

1740 2.20 23 E x fo lia te  above 11 .8  a m p ./s q .d m . H a z e -  
b r ig h t  above 2.1 a m p ./s q .d m .;  und er, h aze .

1730 2.25 37 H a z e -b r ig h t  above 11.8 a m p ./s q .d m .;  und er, 
h a ze .

1720 2.22 56 D u ll .

1710 2 .25 75 D u ll,  p itte d  above 2.1 a m p ./s q .d m .; under, 
h a z e .

174 3.80 25 E x fo lia te . H a z e -b r ig h t  above 6.5 a m p ./  
sq .d m .; under, h aze .

173 3.80 36 B r ig h t  above 11 .8  a m p ./s q .d m .;  under, haze .

172 3.75 56 H aze  above 8 .6  a m p ./s q .d m .;  under, h a z e -  
b rig h t.

171 3.78 75 D u ll,  p itte d .
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Table 19. So lution  14; the e ffe c t o f p y ru v ic  ac id  in  c o n cen tra tio n
of 0 ,5  g . / l .  on the app earance of W atts  n ic k e l so lu tion
deposits .

Panel
No. pH

T em p . 
(° C .)

Cathode A p pearance

1440 2.18 25 H a ze  above 14.0 a m p ./s q .d m .;  h a z e -b r ig h t  
14.0 to 2 .1  a m p ./s q .d m .;  u n d e r, haze .

1430 2.20 38 H a z e -b r ig h t  above 14.0 a m p ./s q .d m .;  u n d er, 
h a z e .

1420 2.10 53 D u ll .

1410 2.10 75 D u ll ,  d a rk .

144 3.73 25 E x fo lia te  above 14.0 a m p ./s q .d m .; b r ig h t  
14.0 to 7.0 a m p ./s q .d m .;  und er, haze .

143 3.50 38 B r ig h t  a t h ig h  c u rre n t  d en sity  edge. D u ll.

142 3.50 58 D u ll  above 10.8 a m p ./s q .d m .;  u n d er, d u ll, 
p itte d , d a rk .

141 3,60 75 D u ll ,  p itte d , d a rk .
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Table 20. So lu tion  40; the e ffe c t o f b u ty l c h lo ra l in  co n cen tra tio n s
of 0 .5  g . / l .  and 2.0  g . / l .  on the app earance o f W atts
n ic k e l so lu tio n  dep osits .

P ane l T e m p . »
p t l  (® C ) ' Cathode A p pearance

0 .5  g . / l .  B u ty l C h lo ra l

410 2 .1 3  25 E x fo lia te  above 11.8 a m p ./s q .d m .;  h a z e -
b r ig h t 11.8  to 5 .4  a m p ./s q .d m .;  under, h aze .

420 2 .25  38 H a ze  a t h igh  c u r re n t  den s ity  edge. H a z e -
b r ig h t  above 14,0 a m p ./s q .d m .;  u n d er, h aze .

430 2 .50 55 H a z e -b r ig h t  a t h igh  c u rre n t  d en s ity  edge.
D u ll.

440 2 .25  74 D u ll above 6.5  a m p ./s q .d m .; und er, d u ll,
d a rk .

401 3.70 24 E x fo lia te  above 11.8 a m p ./s q .d m .; under,
h a z e .

402 3.50 35 D u ll above 9.0  a m p ./s q .d m .;  under, haze .

40 3 3.65 55 H a z e -b r ig h t  a t h igh  c u rre n t den s ity  edge.
H a z e .

404 3.65 73 H a z e .

2.0 g . / l .  B u ty l C h lo ra l

450 2 .22  24 E x fo lia te  above 11.8 a m p ./s q .d m .; under,
b r ig h t.

460 2.20 35 H a ze  above 2 .6  a m p ./s q .d m .; und er, b r ig h t.

470 2 .25  56 D u ll above 9 .7  a m p ./s q .d m .; under, b r ig h t.
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T ab le  20 (Continued)

P ane l
No.

pH
T e m p . 
( “ C .)

Cathode A p pearance

480 - 70 D u ll  a t h igh c u r re n t  d en sity  edge. H a z e -  
b r ig h t above 14.0 a m p ./s q .d m .; u n d er, h aze , 
d a rk .

40 5 3.70 24 E x fo lia te  above 11.8 a m p ./s q .d m .; u n d er, 
h a z e -b r ig h t .

40 6 3.60 35 H aze  above 6.5  a m p ./s q .d m ,;  u n d er, s e m i-  
b r ig h t.

407 3.60 55 H a z e -b r ig h t  above 13.0 a m p ./s q .d m .; u n d er, 
h a z e .

408 3.80 75 H a ze .
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Table 21. Solution 15; the e ffe c t o f b e ta -m e th y l u m b e llife ro n e  in
co n cen tra tio n  of 0 .5  g . / l .  on the appearance of W atts
n ic k e l so lu tion  deposits .

P a n e l
No.

pH
T e m p .
r  c . )

Cathode A p pearance

1540 2.22 25 B u rn ed , e x fo lia te  above 11.8 a m p ./s q .d m .;  
h a z e -b r ig h t  11.8 to 1.0 a m p ./s q .d m .; und er, 
h a z e ,

T530 2.20 38 H a z e -b r ig h t  above 8 ,6  a m p ./s q .d m .;  und er, 
h aze .

1520 2.18 53 H a ie  to d u ll.

1510 2.20 75. D u ll.

154 3.80 , 25 B u rn ed  and e x fo lia te  above 6.5 a m p ./s q .d m .;  
unde r , h a ze .

153 3.75 38 H aze  a t h igh c u rre n t  den s ity  edge. H a z e -  
b r ig h t above 13.0 a m p ./s q .d m .;  under, haze.

152 3,88 58 D u ll.

151 3.80 75 D u ll.
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F ig u re  10. T h e  e ffe c t of ca rb o n y l compounds on the  
appearance of W atts  n ic k e l deposits a t  
p H  2 .2 .
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F ig u re  11. The  e ffe c t o f ca rb o n y l compounds 
on the app earance  of W atts  n ic k e l 
deposits  a t  pH  2 .2 .
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F ig u re  12. T h e  e ffe c t o f carb o n y l compounds on the  
app earance  o f W atts  n ic k e l deposits a t  
p H  3 .8 .
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F ig u re  13. The e ffe c t o f ca rb o n y l compounds 
on the appearance o f W atts  n ic k e l 
deposits  a t  pH  3 .8 .
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Table 22. Solution 28; the e ffe c t of M o n a s tra l B lu e *  in  co n cen tra tio n
of 0 .5  g . / l .  on the appearance of W atts  n ic k e l so lu tion
deposits .

P an e l
No. pH

T em p . 
(“ C .)

Cathode A p pearance

2810 2.20 26 H aze  above 10.8 a m p ./s q .d m .;  s e m ib rig h t  
10.8 to 4 .3  a m p ./s q .d m .;  u n d er, haze .

2820 2.17 38 H aze  a t h igh  c u r re n t  d en s ity  edge. S e m i-  
b r ig h t above 10,8 a m p ./s q .d m .;  und er, d u ll.

2830 2 .24 55 D u ll ,  blue spots.

2840 2.22 75 D u ll,  b lue spo ts .

284 3.60 26 B u rn ed  a t h igh  c u r re n t  d en s ity  edge. H a ze , 
p itte d  above 11.8 a m p ./s q .d m .;  h a z e -b r ig h t  
11.8 to 4 ,3  a m p ./s q .d m .;  u n d e r ,-h a z e .

283 3.50 38 H a z e -b r ig h t  a t h igh c u rre n t  d en s ity  edge. 
D u ll, blue spots.

282 3.70 55 D u ll, b lue spots.

281 3.80 75 D u ll,  b lue spots.

*  I t  was n e c e s s a ry  to use tra c e  am ounts of sodium  la u ry l  
sulfonate and a fe w  drops of ethanol to suspend the dye.
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Table 23, So lution  31; the e ffe c t  C layton  Y e llo w  in  0 ,5  g . / l .  con­
c e n tra tio n  on the appearance of W atts n ic k e l so lu tion
deposits .

P an e l
No. pH

T e m p . 
(“ C .)

Cathode A p pearance

3110 2.20 27 H a ze , s treake d .

3120 2 .17 35 H a z e , s tre a k e d -b r ig h t above 1.0 a m p ./s q .d m .

3130 2.20 55 H a z e -b r ig h t ,  p itte d  above 11.8  a m p ./s q .d m .;  
haze 11.8  to 1.0 a m p ./s q .d m .;  under, b r ig h t  
s tre a k , haze .

3140 2.21 75 D u ll a t h igh c u rre n t den s ity  edge. H a ze , 
p itte d  above 6.5 a m p ./s q .d m .;  under, d u ll.

311 3.90 ■•'27 H a ze  to sem ib r ig h t.

312 3.68 37 H a z e  above 10.8 a m p ./s q .d m .;  d u ll 10,8 to 
4 .3  a m p l/s q .d m .; und er, haze .

313 3.65 56 D u ll above 10,8 a m p ./s q .d m .;  under, haze .

314 3.70 72 D u ll,  d a rk .
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Table 24, So lution  32; the e ffe c t of P r im u lin e  Y e llo w  in  0 .5  g . / l .
co n cen tra tio n  on the appearance o f W atts  n ic k e l so lu tion  
deposits .

P an e l
No. pH

T em p . 
( “ C .)

Cathode A p pearance

3210 2.12 27 H a z e .

3220 2.18 37 H aze above 1.0 a m p ./s q .d m .;  und er, b r ig h t.

3230 2.20 56 H a z e -b r ig h t  r in g  above 13.0 a m p ./s q .d m . 
D u ll.

3240 2.20 71 D u ll above 10.8 a m p ./s q .d m .; h a z e -b r ig h t  
10,8 to 5 .9  a m p ./s q .d m .;  u n d er, haze .

' 321 3.60 27 H aze above 5 .4  a m p ./s q .d m .;  under, h a z e -  
b rig h t.

322 3.64 37 Sem ib r ig h t  a t h igh c u rre n t d en s ity  edge. 
H a ze  above 9 .7  a m p ./s q .d m .;  d u ll 9 .7  to 4 .3  
a m p ./s q .d m ., under, d a rk  g ra y , du ll.

323 3.85 56 H aze a t h igh c u rre n t den s ity  r in g . D u ll,  
d ark  above 9.7 a m p ./s q .d m .; under, haze to 
d u ll.

324 3.88 72 D u ll,  d a rk .
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Tab le 25. S o lu tion  33; the e ffe c t  of M eth y len e  B lu e  in  0 .5  g . / l .  con­
c e n tra tio n  on the appearance of W atts  n ic k e l so lu tion  de­
p o s its , '

P an e l
No.

pH
T em p .
r  c . ) Cathode A p p earan ce

3310 2.20 27 D ye deposited  p re fe re n tia lly ^  burned  a t h igh  
c u rre n t  d en s ity  edge.

3320 2.20 37 D ye  deposited  p r e fe r e n t ia l ly ,  s tra in e d  n ic k e l  
a t h igh  c u r re n t  density  edge.

3330 2.25 56 Dye deposited  p re fe re n t ia lly ;  above 3.2 am p . 
sq .dm .; s tra in e d  n ic k e l.

3340 2.25 71 D ye  deposited  p r e fe re n t ia lly ;  above 14.0  
a m p ./s q .d m .;  under, s tra in e d  n ic k e l.

331 3.60 27 , D ye deposited , tre e d  n ic k e l, bu rned  at h igh  
c u rre n t  d en s ity  edge.

332 3.60 37 D ye deposited , tre e d  n ic k e l, s tra in e d .

333 3.50 56 D ye deposited , tre e d  n ic k e l ; above 4 .3  a m p ./  
s q .d m ., s tra in ed .

334 3.00 72 D ye deposited , tre e d  n ic k e l; above 6.5 a m p ./  
sq .d m ., s tra in e d .
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Table 26. Solution 34; the e ffe c t  of T o lu id in e  B lu e  in  0 .5  g . / l .
co n cen tra tio n  on the appearance of W atts  n ic k e l so lu tion  
deposits .

P an e l
No. pH

T e m p .
(° c . )

Cathode A p pearance

3410 2.20 28 D ye deposited  p r e fe r e n t ia l ly ,  burned  a t high  
c u rre n t  d en s ity  edge.

3420 2.20 37 Dye deposited  p re fe re n t ia lly .

3430 2 .25 56 D ye deposited  p r e fe r e n t ia lly ,  sparse tre e d  
n ic k e l.

3440 2 .22 74 D ye deposited , tre e d  n ic k e l.

341 3.80 27 D ye deposited , tre e d  n ic k e l, burned  a t high  
c u rre n t  d en s ity  edge.

342 3.70 37 D ye deposited , tre e d  n ic k e l; above 10.8  
a m p . /  s q .d m ., tre e d .

343 3;80 56 D ye deposited , tre e d  n ic k e l above 14.0 a m p ./  
sq .dm . S tra in e d  a t h igh  c u rre n t den sity  edge

344 3.10 72 Dye deposited , tre e d  n ic k e l; s tra in e d  above 
14.0 a m p ./s q .d m .
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F ig u re  14. T h e  e ffe c t of dyes on the appearance of 
W atts  n ic k e l deposits  a t pH  2 .2 .
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F ig u re  15. The e ffe c t o f dyes on the app earance of 
W atts  n ic k e l deposits a t  pH  3 .8 .
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Table 27, Solution 30; ■ the e ffe c t of 4 j4 *-d ih y d ro x y b ip h e n y l in con­
c e n tra tio n  of 0 .3  g . / l .  on the appearance of W atts  n ic k e l
so lu tion  deposits .

P a n e l
No.

pH
T em p . 
(° C .) Cathode A p pearance

3010 3.60 26 E x fo lia te  a t h igh  c u r re n t  den s ity  edge. H a ze  
above 4 .3  a m p ./s q .d m .;  under, d u ll.

3020 3.82 37 H aze  above 10.8 a m p ./s q .d m .;  under, d u ll.

3030 3.80 56 , H aze  to du ll above 11.8 a m p ./s q .d m .;  
un d er, d u ll.

3040 3.80 75 D u ll,  h a z e -b r ig h t  rin g  a t 11.8 a m p ./s q .d m .

301 2 .19 27 E x fo lia te  at h igh c u r re n t  density  edge. Sem i- 
b r ig h t above 6,5 a m p ./s q .d m .;  und er, haze .

302 2.20 37 S e m ib rig h t a t h igh c u r re n t  den s ity  edge. 
H aze  above 9.0 a m p ./s q .d m .;  und er, du ll.

30 3 2.20 54 H a ze  a t h igh  c u r re n t  den s ity  edge. D u ll.

304 2.27 77 D u ll above 1.0 a m p ./s q .d m .;  haze 1,0 to 
0 .5  a m p ./s q .d m .; under, d u ll.
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Table 28. Solution 27; the e ffe c t  of 3 ,5 ,3 ',5 '- te t r a n i t r o  4 ,4 '-d ih y d ro x y -
b ipheny l in  co n cen tra tio n  o f 0 .3  g . / l .  on the appearance of
W atts n ic k e l so lu tio n  deposits .

P an e l
No.

p H  .
T em p , 
( “ C .)

Cathode A ppearance

2710 2.22 26 B u rn e d , s tre s s e d  above 8 .6  a m p ./s q .d m .;  
u n d e r, b r ig h t.

2720 2.18 38 H a ze  above 1.0 a m p ./s q .d m .; und er, b rig h t.

2730 2.26 55 B r ig h t  above 3 .2  a m p ./s q .d m .; u n d er, d u ll.

2740 2.20 75 B r ig h t  above 1.0 a m p ./s q .d m .; und er, d u ll.

274 2.80 26 B u rn ed  above 2.1 a m p ./s q .d m .; und er, h a z e -  
b r ig h t.

273 2.80 38 B u rn ed  above 10.8 a m p ./s q .d m .; und er, haze  
b r ig h t.

272 3.55 55 B u rn ed  at h igh c u rre n t d en sity  edge. E x ­
fo lia te  to rough above 6.5 a m p ./s q .d m .;  
u n d er, h a z e -b r ig h t.

271 3.70 75 H a z e -b r ig h t ,  rough above 8 .6  a m p ./s q .d m .;  
u n d er, s e m ib rig h t.

275 2.55 63 B r ig h t  above 3.8  a m p ./s q .d m .; under, haze .

[F  ive  
lu tio n

g ram s  of 2 ,7 -nap h th a len e  d isu lfo n ic  ac id  was added to the so- 
and deposits m ade a t 65° C .]

276 3.40 B r ig h t, s tress  a t h igh c u rre n t density.

277 2.88 B r ig h t ,  s tress  a t high c u rre n t density .

278 3.33 B r ig h t, some roughness.
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T ab le  28 (Continued)

P an e l
No. pH

T e m p .
(° C .)

Cathode A ppearance

279 5.55 B r ig h t  above 
b r ig h t.

5 .4  a m p ./s q .d m .;  under. h a z e -

2711 5.16 B r ig h t  above 
b r ig h t.

5 .4  a m p ./s q .d m .;  und er. h a ze -

2712 3.05 B r ig h t  above 4 .3  a m p ./s q .d m .;  und er, 
b rig h t.

h a ze -
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Tab le 29. Solution 41; the e ffe c t of phenol in  con cen tra tion  of 0 .5
g . / l .  on the appearance of W atts n ic k e l so lution  deposits .

P an e l
No.

pH
T em p . 
(° C.)

Cathode A p pearance

4110 2.50 25 H a ze , e x fo lia te  above 14.0 a m p ./s q .d m .;  
haze to s e m ib r ig h t 14.0 to 9.0 a m p ./s q .d m .;  
un d er, h a ze .

4120 2.20 38 H a ze  a t h igh  c u rre n t density  edge. S e m i­
b r ig h t above 10.8 a m p ./s q .d m .; under, h aze .

4130 2.50 55 D u ll.

4140 2.25 74 D u ll.

411 3.00 24 E x fo lia te  above 14.0 a m p ./s q .d m .;  s e m i­
b r ig h t  14.0 to 2 .6  a m p ./s q .d m .;  under, haze .

412 3.30 35 S e m ib rig h t above 13.0 a m p ./s q .d m .; under, 
h a z e .

413 3.75 55 D u ll.

414 3.55 73 D u ll above 14.0 a m p ./s q .d m .; d u ll, d a rk  14.0  
to 2.1 a m p ./s q .d m .; und er, haze .

[F iv e g ra m s  of 2 ,7 -naphthalene d isu lfo n ic  a c id  added to the so lution .]

415 3.50 24 E x fo lia te , b r ig h t above 11.8 a m p ./s q .d m .;  
u n d er, b r ig h t.

416 3.70 35 B rig h t.

417 3.20 . 56 B r ig h t  above 11.8 a m p ./s q .d m .; under, haze .

418 - 70 H a ze .
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Tab le 30. Solution 4 2 ; the e ffe c t of o -n itro p h e n o l in  co n cen tra tio n
of 0 .5  g . / l ,  on the appearance of W atts n ic k e l so lution
deposits .

P an e l
No.

pH
T em p .
(° c j

Cathode A ppearance

4210 2.50 25 E x fo lia te , haze above 11.8 a m p ./s q .d m .;  
unde r ,  h a z e .

4220 2.22 38 H aze  above 9.0 a m p ./s q .d m .;  s e m ib rig h t  
9.0 to 2 .6  a m p ./s q .d m .; under, h aze .

4230 2.50 55 D u ll, p itte d .

4240 2.00 74 D u ll above 11.8 a m p ./s q .d m .;  und er, d u ll, 
d ark .

421 3.50 24 E x fo lia te , haze above 13.0 a m p ./s q .d m .;  
s e m ib r ig h t 13.0 to 7 .6  a m p ./s q .d m .;  und er, 
h a z e .

422 3.72 35 S e m ib rig h t a t h igh c u rre n t den s ity  edge. 
D u ll.

423 3.70 55 D u ll, p itte d .

424 3.80 73 D u ll above 6.5 a m p ./s q .d m .;  under, du ll, 
d a rk .

[F iv e g ra m s  of 2 ,7 -n ap h th a len e  d isu lfon ic  ac id  added to the so lution .

425 3.75 24 E x fo lia te  and b r ig h t above 11.8 am p. /s q . 
dm .; under, b r ig h t.

426 3.80 35 B r ig h t.

427 3.62 56 ' B r ig h t.

428 - 70 B r ig h t  above 6.5 a m p ./s q .d m .;  u n d er, h a z e -  
b rig h t.
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Table 31. Solution 48; the e ffe c t  of p -am in b p h en o l h y d ro c h lo rid e  in
co n cen tra tions of 0 .5  g . / l .  and 2,0 g . / l .  on the appearance
of W atts n ic k e l so lu tion  dep osits .

P an e l
No.

pH
T e m p .
r  c .) Cathode A ppearance

0 .5  g . / l . p - A^minophenol H y d ro c h lo rid e

4810 2.20 25 E x fo lia te . H aze  a t h igh c u rre n t  d en s ity  edge 
S e m ib rig h t above 5 .4  a m p ./s q .d m .;  under, 
h a z e .

4820 2.20 37 S e m ib rig h t a t h igh c u rre n t den s ity  edge. 
H a ze  above 9 .7  a m p ./s q .d m .; s e m ib rig h t 9 .7  
to 3.2 a m p ./s q .d m .; under, haze .

4830 2.22 55 D a rk  h a z e , c ra c k e d  above 4 .3  a m p ./s q .d m .;  
u n d er, d u ll, d a rk .

4840 2.20 73 D a rk  h aze , c ra c k e d  above 14.0 a m p ./s q .d m .; 
u n d er, du ll, c rac ked .

481 3.78 26 B r ig h t , e x fo lia te  above 10.8 a m p ./s q .d m .;  
u n d er, b r ig h t, c ra c k e d .

482 3.60 38 E x fo lia te . H a ze , c ra c k e d  above 3.8 am p. /  
sq .dm .; under, h aze , e x fo lia te .

483 3.86 56 H a ze , e x fo lia te .

484 3.80 76 

2.0 g . / l .

D a rk , e x fo lia te  and cracked , 

p -A m  inophenol H yd ro ch lo rid e

4850 2.22 27 H a ze , e x fo lia te  above 14.0 a m p ./s q .d m .;  
und er, b rig h t.

4860 2.22 38 E x fo lia te . H aze at h igh c u rre n t d en sity  edge. 
B rig h t.
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Tab le  31 (Continued)

P an e l
No.

pH
Tem p. 
( ■ C .)

Cathode A ppearance

4870 2.22 58 B r ig h t , e x fo lia te  above 14.0 a m p ./s q .d m .;  
s e m ib r ig h t 14.0 to 7 .6  a m p ./s q .d m .;  under, 
h a z e .

4880 2.22 75 B r ig h t  above 14.0 a m p ./s q .d m .;  haze 14.0 to 
9 .7  a m p ./s q .d m .; under, d u ll, d a rk .

485 3.60 26 B r ig h t, e x fo lia te  above 14.0 a m p ./s q .d m .;  
b r ig h t 14.0 to 3.2 a m p ./s q .d m .; under, b r ig h t  
e x fo lia te .

486 3.50 38 B r ig h t, e x fo lia te .

487 3.75 54 B r ig h t , e x fo lia te .

488 3.85 74 B r ig h t, e x fo lia te .
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Tab le 32. Solution 49; the e ffe c t of o -am in opheno l hyd ro ch lo rid e
in con cen tra tions  of 0 .5  g . / l .  and 2.0 g . / l .  on the ap­
p earance  of W atts  n ic k e l solution deposits.

P an e l
No. pH

T em p . 
(° C .)

Cathode Appearance

0.5  g . / l . o -A m in o p h e n o l H y d ro c h lo rid e

4910 2.20 25 E x fo lia te  at h igh c u rre n t density  edge. 
H a ze  above 2.1  a m p ./s q .d m .;  under, s e m i­
b r ig h t .

4920 2.22 37 H a ze  above 9 .7  a m p ./s q .d m .; h a z e -b r ig h t  
9 .7  to 4.3 a m p ./s q .d m .; under, s e m ib rig h t.

4930 2.18 55 D u ll ,  c ra c k e d  above 8.6  a m p ./s q .d m .;  
u n d er, haze.

4940 2.20 73 D u ll ,  d a rk . H aze  rin g  a t 14.0 a m p ./s q .  
dm .

491 3.60 26 E x fo lia te . D a rk , haze, cracked .

492 3.80 38 E x fo lia te . D a rk , haze , cracked .

493 3.86 56 D a rk , d u ll, c rac ked .

494 3.65 76

2.0 g . / l .

D a rk , d u ll, c rac ked .

0 -  A  m  inophe no 1 H y d ro ch lo rid e

4950 2 .23 27 H a ze , c ra c k e d  above 10.8 a m p ./s q .d m .;  
h a z e -b r ig h t, c rac ked  10.8 to 3.2 a m p ./  
sq. dm .; under, s e m ib rig h t.

4960 2.20 38 C ra c k e d , e x fo lia te , haze above 6.5 a m p ./ 
sq .d m .; under, s e m ib rig h t.

4970 2.24 58 H a z e .
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T ab le  32 (Continued)

P a n e l
No.

pH
T em p .
r  c .) Cathode A p pearance

4980 2.23 75 H a ze , c ra c k e d  above 4 .3  a m p ./s q .d m ,; du ll, 
b la c k .

495 3.75 26 E x fo lia te , du ll above 10.8 a m p ./s q .d m .;  
u nd er, d a rk , haze , c rac ked .

496 3.80 38 H a ze , e x fo lia te  above 10.8 a m p ./s q .d m .;  
u nd er, d a rk , c racked , h a z e -b r ig h t.

497 3.70 ' 54 D u ll, e x fo lia te  above 13.0 a m p ./s q .d m .;  
u n d er, d a rk , haze , c ra c k e d .

498 3.80 74 D u ll, e x fo lia te , b lack  above 15.1 a m p ./s q .  
dm .; under, d a rk , du ll, c racked .
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Table 33, Solution 50; the e ffe c t of catechol in  concentrations of
0 .5  g . / l .  and 2.p' g . / l .  on the appearance of W atts n ic k e l
so lution deposits:

P an e l
No. pH

T e m p . 
(° C.) Cathode A ppearance

'
0 .5  g . / l .  C atechol

5010 2.20 25 E x fo lia te . D u ll above 10.8 a m p ./s q .d m .;  
unde r , h a z e .

5020 2.20 37 S e m ib rig h t a t h igh c u rre n t  density  edge. 
H a ze , p itte d  above 9 .7  a m p ./s q .d m .; dull 
9.7  to 2.6 a m p ./s q .d m .; under, haze .

50 30 2.25 55 H a ze  above 14.0 a m p ./s q .d m .; under, dull, 
p itte d .

5040 2.20 73 D u ll .

501 3,80 26 E x fo lia te . H aze  above 14.0 a m p ./s q .d m .;  
s e m ib rig h t 14.0 to 7 .6  a m p ./s q .d m .; under, 
h aze .

502 3.80 38 H aze a t h igh c u rre n t den s ity  edge. H a z e -  
b r ig h t  above 14.0 a m p ./s q .d m .; under, du ll.

50 3 3.90 56 D u ll.

504 3.65 76 D u ll.

2.0 g . / l .  C atechol

5050 2.20 27 E x fo lia te . H a z e -b r ig h t  above 3.8 a m p ./s q .  
dm .; under, haze .

50 60 2.20 38 H aze a t high c u rre n t density  edge. H a z e -  
b r ig h t above 11.8 a m p ./s q .d m .; du ll 11.8  
to 2 .6  a m p ./s q .d m .; under, haze.
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T ab le  33 (Continued)

P a n e l
N o . pH

T em p . 
(° C .) Cathode A ppearance

5070 2.25 58 H a z e -b r ig h t  a t high c u r re n t  density  edge. 
D u ll.

5080 2.25 75 D u ll.

505 3.83 26 E x fo lia te . H aze  above 14.0 a m p ./s q .d m .;  
h a z e -b r ig h t 14.0 to 8 .6  a m p ./s q .d m .; under, 
h a z e .

50 6 3.85 38 H a z e -b r ig h t  a t high c u rre n t  den s ity  edge. 
H aze  above 4 .3  a m p ./s q .d m .;  under, h a z e -  
b r ig h t to haze .

50 7 3.80 54 D u ll,  p itte d  above 2.1 a m p ./s q .d m .;  under, 
h aze .

508 3.80 74 D u ll,  p itte d .
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Tab le  34. So lution  51; the e ffe c t of re s o rc in o l in  concentrations
of 0 .5  g . / l .  and 2.0 g . / l .  on the appearance of W atts
n ic k e l so lu tion  deposits .

P an e l
No.

pH Tem p. 
(° C .)

Cathode A ppearance

0 .5  g . / l .  R e s o rc in o l

5110 2.20 25 E x fo lia te . H aze above 10.8 a m p ./s q .d m .;  
s e m ib r ig h t 10.8 to 5.4 a m p ./s q .d m .; under, 
h a z e .

5120 2,20 37 H a ze  a t h igh  c u rre n t density  edge. S e m i­
b r ig h t above 10.8 a m p ./s q .d m .; under, haze . 
H a z e -b r ig h t  rin g  at 2 .6  a m p ./s q .d m .; p itte d .

5130 2.20 55 P it te d  at h igh c u rre n t den s ity . D u ll.

5140 2.20 73 P it te d  at h igh c u rre n t den sity . D u ll.

511 3.83 26 E x fo lia te . H a ze , p itte d  above 14.0 a m p ./s q .  
dm .; h a z e -b r ig h t 14.0 to 9.7 a m p ./s q .d m .;  
u n d er, haze .

512 3.80 38 H a ze  at h igh  c u rre n t den s ity  edge. B r ig h t  
above 13.0 a m p ./s q .d m .; under, dull.

513 3.60 56 D u ll.

514 3.75 ■ 76 D u ll,  p itte d  at lo w  c u rre n t densities . 

2.0 g . / l .  R e s o rc in o l

5150 2.23 27 E x fo lia te  a t h igh c u rre n t density edge.
H a ze , p itte d  above 13.5 a m p ./s q .d m .; h a ze -  
b r ig h t 13.5 to 6.5 a m p ./s q .d m .; under, haze.

5160 2.20 38 H aze  at h igh  c u rre n t density  edge. S e m i­
b r ig h t above 10.8 a m p ./s q .d m .; under, haze. 
H aze  b r ig h t rin g  a t 2 .6  a m p ./s q .d m .; p itted .

1
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Tab le  34 (Continued)

P an e l
No. pH

T em p . 
( “ C .)

Cathode A ppearance

5170 2.20 ' 58 . P it te d  at h igh c u rre n t den sity . D u ll.

5180 2.20 75 D u ll.

515 3.78 26 B u rn ed  a t h igh c u rre n t density  edge. H aze  
above 14.0 a m p ./s q .d m .; h a z e -b r ig h t 14.0 
to 8 .6  a m p ./s q .d m .; under, haze.

516 3.85 38 H aze a t h igh c u rre n t density  edge. H a z e -  
b rig h t above 14.0 a m p ./s q .d m .; under, haze  
to d u ll. ^

517 3.80 54 D u ll,

518 3.70 74 H aze above 11.8 a m p ./s q .d m .; under, d u ll.
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Tab le 35. Solution 52; the e ffe c t of b e ta -n a p th o l in  co n cen tra tio n  of
0.5  g . / l .  on the appearance of W atts n ic k e l solution
deposits.

P a n e l
No.

pH
T e m p . 
i °  C . )

Cathode A ppearance

5210 2.20 26 B u rn ed , e x fo lia te  above 8 .6  • a m p ./s q .d m .;  
h a z e -b r ig h t 8 .6  to 6.5 a m p ./s q .d m .;  under, 
h a z e . ■

5220 2.20 38 B u rn ed , e x fo lia te  above 10.8 a m p ./s q .d m .;  
haze 10.8 to 0 .5  a m p ./s q .d m .;  under, du ll, 
d ark .

5230 2 .22 54 B u rn ed  a t high c u r re n t  density  edge. D u ll, 
d a rk .

5240 2.21 74 H aze a t h igh  c u r re n t  d en s ity  edge. D u ll, 
d a rk .

521 3.70 25 B u rn ed , e x fo lia te  above 9.7 a m p ./s q .d m .;  
h a z e -b r ig h t  9.7 to 1.0 a m p ./s q .d m .; under, 
h aze .

522 3.70 36 B u rn ed , e x fo lia te  above 10.8 a m p ./s q .d m .;  
h a z e -b r ig h t  10.8 to 9.0 a m p ./s q .d m .: under, 
h aze .

523 3.70 57 B r ig h t a t high c u r re n t  den s ity  edge. H aze .

524 3.78 75 H a ze .
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F ig u re  17. T h e  e ffe c t o f phenols on the appearance of W atts  
n ic k e l deposits  a t pH  2 .2.
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F ig u re  18. T h e  e ffe c t o f phenols on the appearance o f W atts  n ic k e l 
deposits  a t  pH  3 .8 .
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F ig u re  19. T h e  e ffe c t o f phenols on the appearance of W atts  
n ic k e l deposits  a t p H  3 .8 .
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Table 36. The e ffe c t of 5 g . / I .  of 2 ,7 , -naphtha lene d isu lfon ic  ac id
on the app earance  of W atts n ic k e l so lu tion  deposits .

P anel
No.

pH Tem p . 
( “ C.)

1
Cathode A ppearance

411-1 3.50 25 D u ll ,  e x fo lia te  above 11.8 a m p ./s q .d m ,  
u n d er, b r ig h t.

;

411-2 3.60 35 D u ll, e x fo lia te  at h igh c u rre n t density  
B r ig h t .

edge.

4 11 -3 3.60 48 B r ig h t  above 4 .3  a m p ./s q .d m .;  under. d u ll.

4 2 1 -3 3.70 58 B r ig h t ,  p itte d  above 9 .7  a m p ./s q .d m .;  
u n d er, du ll, p itte d .

421 -2 3.70 62 B r ig h t , p itte d  above 14.0 a m p ./s q .d m .;  
d u ll.

under.

421-1 3.60 67 H a z e .
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Table 37. Solution 371; the e ffe c t of 5.0 g . / I .  of 2 ,7 -naphthalene
d isu lfo n ic  ac id  and in c re a s in g  co n cen tra tio n s  o f glucose
on the app earance of W atts  n ic k e l so lu tio n  dep osits .

G1 ucose

P an e l
No.

pH T em p . 
( “ C .)

A d d i-  
. tion  

(g.)

T o ta l
A d d i­
tion
(g.)

Cathode A ppearance

371-1 3.80 64 - - H a ze , p itte d .
'

371 -2 3.50 67 0.001 ' 0 .001 B r ig h t  above 14.0 
dm .; u n d er, haze.

a m p . /  s q. 
p itte d .

371 -3 3 .53 65 0 .002 0 .003 B r ig h t  above 14.0 
dm .; und er, haze.

am p . /  s q. 
p itted .

371 -4 3.70 66 0 .0 0 4 0 .007 B r ig h t above 14.0 
dm .; und er, haze .

am p . /  s q. 
p itted .

371 -5 3.65 65 0 .008 0 .015 B r ig h t  above 14.0 
dm .; under, haze.

a m p . /  s q. 
p itted .

3 71 -6 3.88 65 0 .0 1 6 0.0 31 B r ig h t  above 14.0 
dm .; und er, haze.

am p . /  s q. 
p itted .

371-7 3.72 65 0 .032 0 .063 B r ig h t  above 14.0 
d m .; under, h aze ,

a m p . /  s q. 
p itted .

371 -8 3.85 65 0 .064 0 .127 B r ig h t  above 14.0 
dm .; under, haze.

a m p ./s q . 
p itte d .

371 -9 3 .76 65 0 .1 2 8 0 .255 B r ig h t above 14.0 
dm .; under, haze.

a m p ./ sq. 
p itted .

371 -10 3 .82 65 0 .256 0.511 B r ig h t  above 14.0 
dm .; und er, haze.

am p ./s q . 
p itte d .
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Tab le  37 (Continued)

G lucose 1

Panel
No. pH

T em p .
r  C .)

A d d i­
tion
(g.)

T o ta l
A d d i­
tion
(g.)

Cathode A ppearance

The E ffe c t  of T e m p e ra tu re  a t C o n c e n tra tio n  of
P a n e l 371 -10

371-11 • 25 B r ig h t  above 11.8 a m p ./s q .  
dm .; under, haze to d u ll.

371 -12 38 B r ig h t.

371 -13 52 B r ig h t.

371 -14 60 H a z e -b r ig h t ,  p itted .

T re a te d  Solution w ith  0 .5  g . / l . of A c tiv a te d  C arbon

371-15 60 H a ze  above 11.8 a m p . /s q .
d m .; b r ig h t 11.8 to 2.1  
a m p ./s q .d m .;  under, haze.
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Table 38. So lution  381; the e ffe c t of 5.0 g . / l .  o f 2 ,7 -n ap h th a len e
d isu lfo n ic  ac id  and in c re a s in g  con cen tra tions  of c h lo ra l
o n ' the app earance  o f W atts n ic k e l so lu tion  dep os its .

Panel
No. pH

T e m p . 
( “ C .)

C h lo ra l

T o ta l 
A d d i-  A d d i­
tion  tion  

(m l.)  ( m l . /  
g .)*

Cathode A p pearance

381-1 3.77 64 - - H a ze , p itte d .

381-2 3.63 67 0 .0 2 0 .0 2 /
0 .0 3

B r ig h t, p itte d  above 14.0  
a m p ./s q .d m .; under, haze .

381-3 3.80 65 0 .0 4 0 .0 6 /
0 .09

B r ig h t, p itte d  above 14.0 
a m p ./s q .d m .;  under, haze .

381-4 3.62 66 0 .0 8 0 .1 4 /
0 .21

B r ig h t, p itte d  above 10.8  
a m p ./s q .d m .;  under, h aze .

381-5 3.62 65 0 .1 6 0 .3 0 /
0 .45

B r ig h t, p itte d  above 10.8  
a m p ./s q .d m .;  under, h aze .

381 -6 3.78 65 0 .3 2 0 .6 2 /
0 .9 3

M o ttle d  haze and b r ig h t.

381-7 3.65 65 0 .6 4 1.26
1.89

H aze  a t high c u rre n t den­
s ity  edge. B r ig h t.

381-8 3.85 65 0 .7 4 2 .0 0 /
3.01

B r ig h t above 10.8 a m p ./s q .  
dm .; haze 10.8 to 4 .3  a m p ./  
sq.dm .; b r ig h t.

381-9 3.85 65 2.0 4 .0 0 /
6.03

H a ze .

i

381-10 3.50 65 4.0 8 .0 0 /
12.06

H a z e -b r ig h t  above 5.4  am p. /  
sq.dm .; under, haze.
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T ab le  38 (Continued)

C h lo ra l

Panel
No. PH

T o ta l 
A d d i- A d d i­
tion  tion  

(m l.)  ( m l . /  
g . ) -

Cathode A p pearance

The E ffe c t  of T e m p e ra tu re  a t C o n cen tra tio n  of
■ P a n e l 381 -1 0

381-11 28 B u rn ed  above 11.8 a m p ./  
sq .dm .; b r ig h t 11.8 to 5 .4  
a m p ./s q .d m .; under, du ll.

381 -12 38 B r ig h t, p itte d  above 8 .6  
a m p ./s q .d m .; under, du ll.

381 -13 52 B r ig h t, p itted .

381 -14 60 B rig h t.

T re a te d  S o lu tio n  w ith  15 g . / l .  of A c tiv a te d  C arbon

381-15 60 B r ig h t  a t high c u rre n t den­
s ity  edge. H a z e -b r ig h t  
above 5.4  a m p ./s q .d m .;  
und er, haze.

*  W eights  ca lc u la te d  using handbook va lue  fo r  spec ific  g ra v ­
ity  of c h lo ra l 1 .505 2 5 ° / 4 ° .
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Table 39. So lution  S 6 l; the e ffe c t of 5.0 g . / l .  o f 2 ,7 -n ap h th a len e  
d isu lfo n ic  a c id  and in c re a s in g  con cen tra tions  of P V M /  
MAH« (p o lym eth y l v in y l e th e r  and m a le ic  anhydride) on 
the app earance of W atts  n ic k e l so lu tion  dep osits .

P anel
No. pH

T em p ,
( “ C .)

P T M /M A

irtion
, . tion  
'*•> (g.)

Cathode A p pearance

361-1 3.79 64 - - H a ze .

361-2 3.75 67 0 .001 0 .001 B r ig h t  above 14.0 a m p ./s q .  
dm .; under, h aze .

361-3 3.35 65 0 .0 0 2 0 .0 0 3 B r ig h t  above 14.0 a m p ./  
sq .dm .; under, haze .

361-4 3.30 66 0 .00  4 0 .007 B r ig h t  above 14.0 a m p ./s q .  
dm .; under, h aze .

361-5 2 .90 65 0 .0 0 8 0 .015 B r ig h t  above 14.0 a m p ./s q .  
dm .; under, h aze .

361 -6 3.20 65 0 .016 0.031 B r ig h t  above 10.8 a m p ./s q .  
d m .; under, h a z e -b r ig h t.

361-7 3.02 65 0 .0 3 2 0 .0 6 3 B r ig h t, fe w  w hite  spots.

361 -8 3.05 65 0 .0 6 4 0 .127 B r ig h t  above 4.3  a m p ./s q , 
dm .; under, h a z e -b r ig h t.

361 -9 3 .05 65 0 .1 2 8 0 .255 B r ig h t  above 3.2 a m p ./s q .  
dm .; under, h a z e -b r ig h t.

361-10 3.00 65 0 .2 5 6 0 .511 D u ll,  rough w ith  b r ig h t  
unde rto n e .
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Tab le  39 (Continued)

P V M /M A

Panel
No.

pH  A d d i-
tion

(g.)

T o ta l
A d d i­
tion
(g.)

Cathode A p pearance

The E ffe c t  of T e m p e ra tu re  at C o ncen tra tio n s  of
P a n e l 361 -10

361-11 28 D u ll a t h igh  c u rre n t density  
B rig h t.

361-12 38 B rig h t.

361-13 52 B rig h t.

361-14 60 B rig h t.

T re a te d  So lu tion  w ith 15 g . / l . A c tiv a te d  C arb on

361-15 60 B r ig h t  above 5 ,4  a m p ./s q . 
dm .; under, haze .

* S p ecific  v is c o s ity , 2 .6 .
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Table 40. So lution 46; the e ffe c t of 5.0 g . / l .  o f 2 ,7 -n ap h th a len e  d i­
su lfon ic  ac id  and in c re a s in g  con cen tra tions of a c ry lic
ac id  on the appearance of W atts  n ic k e l so lu tion  deposits .

A c r y l ic  A c id

Panel
No.

pH T e m p . 
(° C .)

A d d i­
tion
(g.)

T o ta l
A d d i­
tion
(g.)

Cathode A ppearance

46-1 3.75 65 - - B r ig h t above 14.0 a m p ./s q .  
dm .; under, h aze .

4 6 -2 3.72 65 0 .001 0 .001 B r ig h t  above 14.0 a m p ./s q .  
dm .; under, h aze , p itte d .

4 6 -3 3.72 65 0 .0 0 2 0 .0 0 3 B r ig h t  above 14.0 a m p ./s q .  
dm .; under, h aze , p itted

4 6 -4 3.80 65 0.00  4 0 .007 B r ig h t above 14.0 a m p ./s q .  
dm .; under, h aze , p itte d .

46-5 3.70 64 0 .0 0 8 0 .015 B r ig h t above 11.8 a m p ./s q .  
dm .; under, h aze , p itted .

4 6 -6 3.61 64 0 .0 1 6 0 .031 B rig h t, p itted  above 11.8  
a m p ./s q .d m .; under, h aze , 
p itte d .

4 6 -7 3.60 65 0 .032 0 .063 B rig h t, p itted  above 11.8  
a m p ./s q .d m .; under, h aze , 
p itted .

4 6 -8 3.45 64 0 .064 0 .127 B r ig h t above 7 .6  a m p ./s q .  
dm .; under, h aze , p itted .

46 -9 3.49 66 0 .128 0 .255 B r ig h t above 4 .3  a m p ./s q .  
dm .; under, haze .
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T a b le  40 (Continued)

A c ry lic  A c id

P anel
No.

pH
T e m p ,
( “ c .)

A d d i­
tion  
(g.) --

T o ta l
A d d i­
tion
(g .r

Cathode A ppearance

46-10 3.35 66 0 .2 5 6 0.511 B r ig h t  above 1.6 a m p ./s q .  
dm .; under, h aze .

46-11 3.23 65 0 .5 1 2 1.023 B r ig h t  above 10.8 a m p ./  
sq .dm ,; under, du ll.

46 -12 3.10 67 1.024 2 .047 D u ll ,  c rac ked  above 9.7  
a m p ./s q .d m .; under, b rig h t.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PJIlfïîfSf.w,!

I

I

1 «Jîv:

F ig u re  2 0 . T h e  e ffe c t  o f in c re a s in g  concentra tions o f g lucose, ch lo ra  
P V M /M A ,  a c ry lic  a c id , and 2 ,7 -naphthalene d isu lfon ic  aci< 
on the app earance  o f W atts  n ic k e l deposits.
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Table 41. So lution 531; the e ffe c t of 5.0 g . / l .  of 2 ,7 -naph tha lene  
d isu lfo n ic  ac id  and in c re a s in g  concentrations of 1 ,4 -  
butyned io l on the appearance of W atts  n ic k e l so lu tion  
deposits .

T ,4 -B u ty n e d io l

P anel
No.

p H
T em p .
{“ C .)

A d d i­
tion
(g.)

T o ta l
A d d i­
tio n
(g.)

Cathode A p pearance

531-1 3.80 68 - - B r ig h t a t high c u rre n t  
d en sity  edge. H a z e .

531 -2 3.80 65 0 .001 0 .001 B r ig h t  a t h igh c u rre n t  
d en sity  edge. H a ze .

531 -3 3.75 65 0 .002 0 .0 0 3 B r ig h t  above 14.0 a m p ./s q . 
dm .; under, haze .

531 -4 3.80 65 0 .0 0 4 0 .007 B r ig h t  above 14.0 a m p ./s q . 
dm .; under, haze .

531 -5 3.80 65 0 .008 0 .015 B r ig h t  above 14.0 a m p ./s q . 
dm .; under, haze .

5 3 1 -6 3,80 65 0 .0016 0 .031 B r ig h t  above 14.0 a m p ./s q . 
dm .; under, haze .

531 -7 3.78 65 0 .032 0 .0 6 3 B r ig h t  above 5 .4  a m p ./s q . 
dm .; under, h a z e -b r ig h t.

531 -8 3.80 65 0 .0 6 4 0 .127 H a z e -b r ig h t a t h igh c u rre n t  
d en sity  r in g . B r ig h t.

5 3 1 -9 3.70 . 65 0 .128 0 .255 H a z e -b r ig h t r in g  15.1 am p. /  
sq.dm . B rig h t.

531 -10 3.80 65 0 .2 5 6 0 .511 B r ig h t above 6 .5  a m p ./s q . 
d m . ; unde r, h a z e .
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Table 42. So lu tion  351; the e ffe c t of 5.0 g . / l .  of 2 ,7 -n ap h th a len e  
d isu lfo n ic  a c id  and in c re a s in g  con centra tions of M onas - 
t r a l  B lu e  on the app earance of W atts n ic k e l so lution  
deposits .

Monas t r a l  'B lue

P anel
No. pH

T em p .
r  c .)

A d d i­
tion
(g.)

T o ta l
A d d i­
tion
(g-)

Cathode A ppearance

351-1 3.72 64 - - H a ze .

351-2 3.80 67 0.001 0 .001 H aze.

351-3 3.60 65 0 .002 0 ,0 0 3 H a ze .

351-4 3.80 66 0 .004 0 .007 H a z e .

351-5 3.50 65 0 .008 0 .0 1 5 H a ze . '

351 -6 3.90 65 0 .016 0 .031 H a ze .

351-7 3.80 65 0,032 0 .0 6 3 H a ze .

351-8 3.60 65 0.0 64 0 .127 H a ze .

351-9 3.78 65 0 .128 0 .2 5 5 B r ig h t above 1.6 am p . /s q .  
dm .; under, haze.

351-10 3.85 65 0 .256 0 .511 B rig h t.

The E ffe c t of T e m p e ra tu re  a t C oncentra tion  of
P a n e l 351 -1 0

351-11 28 B rig h t above 11.8 a m p ./s q . 
dm .; under, haze.

351 -1 2 38 B rig h t.
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T ab le  42 (Continued)

M onas t r a l  B lue

Panel
No.

pH
T em p . 
( “ C .)

A d d i­
tion

(gO

T o ta l
A d d i­
tion
(g.)

Cathode A p pearance

. 1

351-13 52 B rig h t.

351-14 60 B rig h t.

T re a te d  So lu tion  w ith 15 g . / l . of A c tiva ted  C arbon

351-15 60 H aze a t h igh c u rre n t den­
s ity  edge. B r ig h t above 
4 .3  a m p ./s q .d m .; under, 
haze.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



107

Table 43. So lu tion  311; the e ffe c t of 5.0 g . / l .  of 2 ,7 -n ap h th a len e
d isu lfo n ic  ac id  and in c re a s in g  co n cen tra tions of C layton  
Y e llo w  on the appearance of W atts  n ic k e l so lution  de­
p o s its .

P anel
No. pH

T e m p . 
(° C .)

C lay to n  Y e llo w  

tion
Cathode A p pearance

311-1 3.45 62 - - B r ig h t  above 6.5 a m p ./s q .  
dm .; under, haze .

311 -2 - 62 0 .001 0 .001 B r ig h t  above 6.5 a m p ./s q .  
d m . ; unde r , h a z e .

311 -3 3.45 62 0 .0 0 2 0 .0 0 3 B r ig h t above 5.4 a m p ./s q . 
dm .; under, haze.

311 4 3.28 62 0 .004 0 .007 B r ig h t  above 6.5 a m p ./s q .  
dm .; under, haze.

311 -5 3.40 63 0 .0 0 8 0 .0 1 5 B r ig h t  above 4.3  a m p . /  sq. 
dm .; under, haze.

311 -6 3.35 63 0 .0 1 6 0 ,031 B r ig h t above 3.2 a m p ./s q . 
dm .; under, h a z e -b r ig h t.

311-7 3.30 64 0 .0 3 2 0 .0 6 3 B rig h t.

3 1 1 -8 3.00 62 0 .0 6 4 0 .127 B rig h t.

311 -9 3.00 62 0 .1 2 8 0 .255 B rig h t. H a z e -b r ig h t  rin g  
a t high c u rre n t density .

311-10 3.20 62 0 .2 5 6 0 .511 , B r ig h t. H a z e -b r ig h t  rin g  
a t high c u rre n t density .
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T ab le  43 (Continued)

C lay to n  Y e llo w

Panel
No.

pH
T em p .
r  c . )

A d d i­
tion
(g.)

T o ta l
A d d i­
tion
(g.)

Cathode A ppearance

[Solution 311 w as tre a te d  w ith  15 g. of a c tiva ted  carbon at 65° C .,
f ilte re d . and cathode was p la te d in  the c u s to m a ry  m an n e r.]

311-11 3.10 62 B r ig h t above 1.6 a m p ./s q . 
dm .; under, haze .

[Cathode was p la te d  at 3 am p s . fo r  22. 5 am p. h o u rs .]

311-12 62 B rig h t. T re e d  at h igh c u r -
re n t density .

[Cathode was p la te d  in  the c u s to m a ry  m a n n e r.]

311 -13  3.00 62 B r ig h t above 10.8 a m p ./s q ,
dm .; under, haze.
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Table 44, So lu tion  321; the e ffe c t  of 5,0 g . / l ,  of 2 ,7 -n ap h th a len e
d isu lfo n ic  ac id  and in c re a s in g  con cen tra tions of P r im u -
lin e  Y e llo w  on the appearance of W atts n ic k e l so lu tion
d eposits .

P r im u lin e
Y e llo w

P ane l
No,

pH
T em p , 
(° C .) A d d i­

tio n
(g.)

. T o ta l 
A d d i­
tion  

(g.)

Cathode A p pearance

321-1 3.45 62 - - B r ig h t above 6,5 a m p ./s q ,  
dm .; under, haze .

321 -2 - 62 0,001 0 ,001 B r ig h t  above 6,5 a m p ,/ sq. 
dm ,; under, haze .

321 -3 2,70 62 0 ,002 0 .003 B r ig h t above 6,5 a m p ./s q .  
dm ,; under, haze .

321 -4 2,75 62 0 ,0 0 4 0 .007 B r ig h t  above 6.5 a m p , / sq. 
dm ,; under, haze .

321 -5 2.90 62 0 ,008 0 .015 B r ig h t above 4.3  am p . /s q .  
dm ,; under, h a z e -b r ig h t.

321 -6 3.20 63 0 ,0 1 6 0 .031 B r ig h t above 3,2 a m p ./s q ,  
dm ,; under, h a z e -b r ig h t.

321 -7 3,15 62 0 .032 0 .0 6 3 B rig h t.

321 -8 3,30 62 0 ,064 0 .127 B rig h t,

321 -9 3,30 62 0 .128 0 ,255 B rig h t, H aze  rin g  at h igh  
c u rre n t density.

321 -10 3.28 62 0 ,256 0,511 B rig h t. H aze  rin g  a t high  
and low  c u rre n t density .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



110

T ab le  44  (Continued)

P r im u lin e
Y e llo w

Panel
No.

pH
T e m p . 
(° C .)

tion

Cathode A ppearance

[Solution 321 was tre a te d  w ith  15 g, of a c tiva ted  carbon a t 65° C .,
f il te re d . and cathode w as p la te d  in  the c u s to m a ry  m a n n e r.]

321-11 3.20 62 B r ig h t  above 1.6 a m p ./s q .  
d m .; under, h a z e .

[Cathode was p la te d  at 3 am ps, fo r  22. 5 am p. h o u rs .]

321 -12 - 62 B rig h t. T re e d  a t h igh c u r ­
re n t den sity .

[Cathode was p la te d  in the c u s to m a ry  m a n n e r.]

321 -1 3 3.12 62 B r ig h t above 6.5 a m p ./s q .  
dm .; under, haze .
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F ig u re  21. The e ffe c t of in c re a s in g  concentrations o f 1 ,4 -b u tyn ed io l 
and dyes; and 2 ,7 -naph tha lene d isu lfon ic  ac id  on the  
appearance of W atts  n ic k e l deposits.
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Table 45. So lution  331; the e ffe c t of 5.0 g . / l .  of 2 ,7 -naph tha lene  
d isu lfo n ic  a c id  and in c re a s in g  concentra tions of M e th y ­
lene  B lue on the appearance of W atts n ic k e l so lution  
deposits .

M e th y le n e  B lue

Panel
No. pH

T em p .
C c .)

A d d i­
tion
(g.)

T o ta l
A d d i­
tion
(g.)

Cathode A p pearance

331-1 3.52 62 - - B r ig h t  above 14.0 a m p ./s q . 
dm .; haze 14.0 to 1.0 am p. < 
sq.dm .; under, b r ig h t.

331-2 - 62 0.001 0 .001 H a z e -b r ig h t  above 1.0 
a m p ./s q .d m .; under, du ll.

331 -3 3.40 62 0 .0 0 2 0 .00  3 B r ig h t  above 1.0 a m p ./s q .  
dm .; under, du ll.

331-4 2.85 62 0 .0 0 4 0 .007 B rig h t.

331-5 3.10 62 0 .0 0 8 0 .015 B r ig h t  above 1.6 a m p . /s q .  
d m . ; unde r , h a z e .

331 -6 3.25 63 0 .0 1 6 0 .031 B r ig h t  above 4.3  a m p ./s q .  
dm .; under, haze .

331-7 3.10 62 0 .032 0 .0 6 3 B r ig h t above 10.8 a m p ./s q .  
dm .; under, haze, e x fo lia te , 
co lo red .

331-8 3.30 63 0 .0 6 4 0 .127 H a z e -b r ig h t, e x fo lia te .
c racked , co lo red .

[Solution 331 was tre a te d  w ith1 15 g. of ac tiva ted  carbon at 65° C .,

f i l te re d . and the cathode was p la ted  in the usual m a n n e r.]
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T ab le  45 (Continued)

M eth y le n e  B lue

P anel
No.

p H
T e m p .
r  c . )

A d d i­
tion
(g.)

To ta l
A d d i­
tion
(g-)

Cathode A ppearance

331-11 3.35 62 S e m ib rig h t hbove 3.2 a m p ./  
sq.dm .; under, haze .

[Cathode was p la te d  at 3 am ps . f o r  22.5 am p. h o u rs .]

331 -12 - 62 S e m ib rig h t. T re e d  a t h igh  
c u rre n t density .

[Cathode was p la te d  in the c u s to m a ry  m a n n e r.]

331 -13 3 .32 62 D u ll above 10.8 a m p ./s q . 
dm .; under, s e m ib rig h t.
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Table 46. So lution  341; the e ffe c t of 5.0 g . / l .  of 2 ,7 -naphthalene
d isu lfo n ic  ac id  and in c re a s in g  concentra tions of To lu i dine
B lue on the appearance of W atts  n ic k e l so lu tion  deposits .

T o lu id in e  B lue

Panel
No. pH

T e m p . 
C C .)

A d d i­
tion
(g.)

T o ta l
A d d i­
tion

(g-)

Cathode A ppearance

341-1 3.20 62 - - S e m ib rig h t.

341-2 - 62 0.001 0.001 S e m ib rig h t.

341-3 3.30 62 0 .002 0 .003 B r ig h t above 5.4 a m p ./s q . 
dm .; under, s e m ib rig h t.

341-4 3.00 63 0 .0 0 4 0.007 B r ig h t (v iv id ly ) above 8.6  
a m p ./s q .d m ,; under, du ll.

341-5 3.00 63 0 .008 0 .015 B r ig h t  above 1.6 a m p ./s q .  
dm .; under, haze .

341-6 3.20 64 0.016 0.031 B r ig h t above 3.2 a m p ./s q . 
dm .; under, haze .

341-7 3.20 62 0 .032 0 .063 B rig h t, e x fo lia te , co lo red  
above 7 .6  a m p ./s q .d m .;  
under, haze.

341-8 3.32 62 0.0 64 0 .127 H a z e -b r ig h t, e x fo lia te , 
cracked , co lo red .

[Solution 341 was tre a te d  w ith 15 g . of ac tiva ted  carbon a t 65“ C.

and- p e rm itte d  to stand o ve rn ig h t, f i l te re d , and the cathode was
p la ted in  the usual m a n n e r.]

341 -11 3.40 62 D u ll above 11.8 am p . / sq. 
dm .; under, sem ib rig h t.
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T ab le  46 (Continued.)

T o lu id in e  B lue

Panel
No.

pH
T em p .
r  c . )

A d d i-  T  Cathode A ppearance  
A d d i-

(g.)

[Cathode was p la te d  a t 3 am ps, f o r  22 .5  am p. h o u rs .]

341-12 - 62 D u ll, tre e d  above 2.1 a m p ./  
sq.dm .; under, s e m ib rig h t.

[Cathode was p la te d  in the c u s to m a ry  m a n n e r.]

341 -14 3.40 62 D u ll above 10.8 a m p ./s q .  
dm .; under, sem ib rig h t.
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Table 47. S o lution  301 ;the e ffe c t  of 5 .0  g . / l .  of 2 ,7 -naph tha lene  
d isu lfo n ic  a c id  and in c re a s in g  co n cen tra tions of 4 ,4 '-  
d ihydroxyb ip henyl on the appearance of W atts  n ic k e l so­
lu tio n  deposits .

P anel
No.

p H
Tem p. 
( “ C .)

4 ,4 '-D ih y d r o x y -
b ipheny l

IZtion

(g.)

Cathode A ppearance

301-1 3.60 67 - - H a z e -b r ig h t  above 14.0 
a m p ./s q .d m .;  under, haze , 
p itte d .

301-2 3.75 • 64 0.001 0.001 H a z e -b r ig h t  above 14.0 
a m p ./s q .d m .;  under, haze , 
p itte d .

301 -3 3.65 66 0 .002 0 .00 3 H a z e -b r ig h t  above 14,0 
a m p ./s q .d m .;  under, haze , 
p itte d .

301 -4 3.80 64 0 .004 0 .007 H a z e -b r ig h t  above 14,0 
a m p ./s q .d m .;  under, haze , 
p itte d .

301 -5 3.85 64 0.008 0 .015 H aze -b  r ig h t above 11.8  
a m p ./s q .d m .; under, haze , 
p itte d .

301 -6 3.95 65 0 .016 0.031 H a z e -b r ig h t  above 11,8  
a m p ./s q .d m .; under, haze , 
p itte d .

301-7 4 .05 64 0 .032 0 .063 H a z e -b r ig h t  above 8.6 am p., 
sq.dm .; under, h aze , p itted .
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T ab le  47 (Continued)

4 ,4  ’-D ih y d ro x y
b ipheny l

P anel
No. pH

Tem p . 
C  C .) A d d i­

tion
(g>)

T o ta l
A d d i­
tion
(g.)

Cathode A ppearance

301-8 3.15 63 0 .0 6 4 0 .127 H a z e -b r ig h t  above 6.5 am p., 
sq.dm .; under haze , p itte d .

301-9 3.25 63 0 .1 2 8  . 0 .255 H a z e -b r ig h t  above 4.3 am p., 
sq.dm .; under, haze .

301-10 3.45 65 0 .2 5 6 0.511 H a z e -b r ig h t  above 11.8 
a m p ./s q .d m .;  under, haze, 
p itte d .

E ffe c t  of T e m p e ra tu re  at C o n cen tra tio n  of
P a n e l 301- 10

301 -12 3.85 47 B r ig h t  p itte d  above 11.8  
a m p ./s q .d m .;  under, haze.

301 -14 3.70 24 E x fo lia te  haze above 11.8  
a m p ./s q .d m .;  b r ig h t 11.8  
to 3.8 a m p ./s q .d m .; under, 
haze .

301 -15 3.80 35 E x fo lia te  above 11.8 a m p ./  
sq.dm .; under, b r ig h t.

301 -16 3.60 55 B r ig h t above 11.8 am p . /  
sq.dm .; under, haze .

301 -17 3.72 75 B r ig h t  p itte d  above 11.8  
a m p ./s q .d m .; under, haze, 
p itted .
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Table 48. So lution  271; the e ffe c t of 5 .0 g . / I .  o f 2 ,7 -naphthalene  
d isu lfo n ic  a c id  and in c re a s in g  concentrations of 3 ,5 ,3 ',  
5 ' - t e t r a n i t r o - 4 , 4 ' - d ihydroxyb ip henyl on the appearance  
of W atts n ic k e l so lu tion  deposits .

P anel
pH

Tem p.

3 ,5 ,3 ',  5 '-  
T e tr a n it r o -  
4 ,4 '-d ih y -  

droxyb iphenyl
Cathode A ppearanceNo. r  c.)

A d d i­
tion
(g.)

To ta l
A d d i­
tion
(g.)

271-1 3.83 67 - - B r ig h t above 14.0 a m p ./  
sq.dm .; under, haze .

271 -2 3.70 64 0.001 0.001 B r ig h t above 11.8 am p . /  
sq.dm .; h a z e -b r ig h t 11.8  
to 1.6 a m p ./s q .d m .; under, 
b rig h t.

2 7 1 -3 3.75 66 0 .002 0 .003 B r ig h t  above 3.2  a m p ./s q .  
d m .; under, h a z e .

271 -4 3.60 64 0.004 0 .007 B r ig h t above 13.0 a m p ./s q . 
dm .; under, haze .

271 -5 3.23 64 0 .008 0 .015 B r ig h t a t  high c u rre n t  
density  edge. H a ze .

2 7 1 -6 3.85 65 0 .016 0.031 E x fo lia te  at h igh c u rre n t  
density  edge. H a ze .

2 71 -7  . 4 .55 64 0.032 0 .063 E x fo lia te  at h igh c u rre n t  
density  edge. B r ig h t above 
11.8 a m p ./ sq .dm .; under, 
h a ze .
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T ab le  48 (Continued)

3 ,5 , 3 ' ,5 '-
T e t r a n it r o -
4 ,4 ' - d ih y -

P anel
pH

Tem p . droxyb iphenyl
Cathode A ppearanceNo. ( “ C.)

A d d i­
tio n

(g.)

T o ta l
A d d i­
tion
(g.)

271 -8 3.62 63 0 .0 6 4 0 .127 E x fo lia te  a t h igh c u r re n t  
density  edge. B r ig h t above 
10.8 a m p ./s q .d m .;  under, 
haze .

271 -9 3.20 63 0 .1 2 8 0 .255 T ra c e  e x fo lia tio n . B r ig h t  
above 10.8 a m p ./s q .d m .;  
u n d er, h aze .

271 -10 3.72 65 0 .2 5 6 0.511 E x fo lia te . H a z e -b r ig h t  
above 8 .6  a m p ./s q .d m .;  
unde r ,  h a z e .

271 -11 3.00 67 - 0.511 T ra c e  e x fo lia tio n . B r ig h t  
above 10.8 a m p ./s q .d m .;  
un d er, h aze .

E ffe c t  of T e m p e ra tu re  at .C o n c en tra tio n  of
P a n e l 271 - 10

271 -1 2 4.45 47 B rig h t, e x fo lia te .

2 7 1 -1 4 3.20 24 D u ll above 3 .2  a m p ./s q .
- dm .; under, b r ig h t.

271 -1 5 3.60 35 E x fo lia te . H a z e -b r ig h t  
above 3.2 a m p ./s q .d m .;  
und er, b r ig h t.
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T ab le  48 (Continued)

3 ,5 ,3 ',5 » -  
Te t ra n it ro  -  
4 ,4 '-d ih y -

^  _  ^ ro x y b  iphenylP an e l „  T e m p . , _ .
p H    Cathode A p pearance

No. ^ (° C .)

tion

2 7 1 -1 6  3 .60 56 E x fo lia te , H a z e -b r ig h t
above 6,5 a m p ./s q .d m .;  
u n d er, haze .

2 7 1 -1 7  3 .72  75 E x fo lia te . H a z e -b r ig h t
above 11.8 a m p ./s q .d m .;  
u n d er, haze .
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Table 49. Solution 411; the e ffe c t of 5.0 g . / I .  o f 2 ,7 -n ap h th a len e
d isu lfon ic  a c id  and in c re a s in g  concentrations o f phenol
on the appearance of W atts n ic k e l so lution  deposits .

P heno l

P anel
No.

pH
T em p .
r  c.)

A d d i­
tion
(g.)

To ta l
A d d i­
tion
(g.)

Cathode A ppearance

411 -4 3.50 63 0.001 0.001 B r ig h t  above 14.0 
dm .; under, h aze .

a m p . /  s q. 
p itte d .

4 11 -5 3.50 65 0 .002 0 .003 B r ig h t above 14.0  
dm .; under, h aze .

am p . /  s q. 
p itted .

4 1 1 -6 3,65 65 0 .004 0 .007 B r ig h t above 11.8  
dm .; under, haze .

a m p ./ sq. 
p itte d .

4 11 -7 3.80 65 0 .008 0 .015 B r ig h t  above 11.8  
dm .; under, h aze .

amp ./s q .  
p itted .

4 11 -8 3.60 66 0 .016 0.031 B r ig h t above 14.0 
dm .; under, haze .

amp ./s q .  
p itted .

4 11 -9 3.68 66 0.032 0.063 B r ig h t  above 14.0 
dm .; under, haze .

amp . /s q .  
p itted .

411 -10 3.82 64 0.064 0.127 B r ig h t above 14.0 
dm .; under, haze .

amp ./s q .  
p itted .

411-11 3.85 66 0 .128 0.255 B r ig h t above 14.0 
dm .; under, haze .

amp ./s q .  
p itted .

4 1 1 -1 2 3.80 65 0.256 0.511 B r ig h t above 11.8  
dm .; under, haze .

a m p ./s  q. 
p itted .
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F ig u re  22 . T h e  effect o f in c re a s in g  concentrations of dyes and of
phenols and 2 ,7 -n ap h th a len e  d isu lfon ic  ac id  on the appear, 
ance o f W atts  n ic k e l deposits.
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Table 50. Solution 421; the e ffe c t of 5.0 g . / I .  o f 2 ,7 -naphthalene
d isu lfo n ic  ac id  and in c re a s in g  concentrations of o -n i t r o -  
phenol on the appearance of W atts n ic k e l so lution  de­
p o s its .

o -N itro p h e n o l

P an e l
No.

pH T em p .
(° c . )

A d d i­
tion
(g.)

T o ta l
A d d i­
tion
(g.)

Cathode A ppearance

4 2 1 -4 3,60 63 0.001 0 .001 B r ig h t above 11.8 a m p ./s q .  
dm ,; under, h aze , p itted .

4 2 1 -5 3 .80 , 65 0 .002 0 .003 B r ig h t above 8 .6  a m p ./s q . 
dm .; under, h aze , p itted .

4 21 -6 3.65 65 0 .004 0 .007 B r ig h t above 5 .4  a m p ./s q . 
dm .; under, h aze , p itte d .

421 -7 3.50 65 0 .008 0 .015 B rig h t.

4 21 -8 3.65 66 0 .0 1 6 0.031 B rig h t.

4 21 -9 3.80 66 0 .032 0 .0 6 3 H a z e -b r ig h t, p itted .

421 -10 3.75 64 0 .0 6 4 0 .127 H a z e -b r ig h t, p itted .

4 21 -11 3.82 66 0 .1 2 8 0 .255 H aze , p itted .

4 2 1 -1 2 3.75 65 0 .2 5 6 0.511 H aze , p itte d .
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Table 51. So lution  47; the e ffe c t  of 5.0 g . / I .  of 2 ,7 -naphthalene
d isu lfo n ic  a c id  and in c re a s in g  con cen tra tions o f p -n itro
phenol on the app earance of W atts  n ic k e l so lution  deposits,

p -N itro p h e n o l

P an e l
No.

pH T em p . 
( “ C.)

A d d i­
tio n
(g.)

T o ta l
A d d i­
tion
(g.)

Cathode A ppearance

47-1 3.55 65 - - B r ig h t  aboVe 14.0 a m p ./s q .  
dm .; under, haze.

4 7 -2 3.85 65 0 .001 0.001 B r ig h t  above 11.8 a m p ./s q . 
dm .; und er, haze .

4 7 -3 3.55 65 0 .002 0 .003 B r ig h t  above 11.8 a m p ./s q .  
d m . ; unde r , h a z e .

4 7 -4 3.80 65 0 .0 0 4 0 .007 B r ig h t  above 11.8 a m p ./s q .  
dm .; under, haze , p itted .

4 7 -5 3.80 64 0 .008 0 .015 B r ig h t  above 11.8 a m p ./s q . 
dm .; under, haze , p itted .

4 7 -6 3.88 64 0 .0 1 6 0 .031 B r ig h t  above 10.8 a m p ./s q . 
dm .; under, haze , p itted .

4 7 -7 3.50 65 0 .032 0 .0 6 3 B r ig h t  above 9.0 a m p ./s q . 
dm .; under, h a z e -b r ig h t.

4 7 -8 3 .86 64 0 .064 0 .127 H aze  above 11.8 a m p . /  sq. 
dm .; h a z e -b r ig h t 11.8 to 
2.1 am p. /  sq.dm .; under, 
h a ze , p itte d .

4 7 -9 3.20 66 0 .128 0 .255 H aze  above 11.8 amp ./s q . 
dm .; under, b r ig h t, ex fo lia te

4 7 -10 3.80 66 0 .2 5 6 0.511  • B r ig h t, e x fo lia te .

%
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Table 52. Solution 481; the e ffe c t of 5.0 g . / I .  of 2 ,7 -naphthalene
d isu lfo n ic  ac id  and in c re a s in g  co n cen tra tio n s  of p -a m in o  
phenol h y d ro c h lo rid e  on the app earance of W atts  n ic k e l 
solu tion  deposits .

p -  A m  inop he no 1
H y d ro c h lo rid e

P an e l
No.

p H
T e m p . 
( “ C.) A d d i­

tion

(g.)

T o ta l
.A d d i­

tion

(g.)

Cathode A ppearance

481-1 3.80 65 - - B r ig h t  above 14.0 a m p ./s q . 
d m .; under, h a z e .

481 -2 3.82 64 0 .001 0 .001 B r ig h t  above 5.4  a m p ./s q .  
dm .; under, haze .

48 1 -3 3.78 65 0 .002 0 .0 0 3 B r ig h t  above 4 .3  a m p ./s q .  
dm .; under, haze.

4 8 1 -4 3.80 65 0 .0 0 4 0 .00  7 B r ig h t .

48 1 -5 3.80 65 0 .008 0 .015 B r ig h t.

48 1 -6 3,82 64 0 .0 1 6 0 .031 B r ig h t.

481 -7 3.86 65 0 .032 0.063 B rig h t.

4 8 1 -8 3.80 64 0.0  64 0 .1 2 7 S e m ib rig h t to h aze .

48 1 -9 3.75 65 0 .1 2 8 0 .255 S e m ib rig h t to h aze , cracked ,

481 -1 0 3.80 65 0 .2 5 6 0 .511 S em ib  r ig h t to h aze , cracked ,

The E ffe c t of T e m p e ra tu re  at C o n cen tra tio n  of •
P a n e l 4 8 1 -1 0

481 -11 3.50 35 H a ze .
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T ab le  52 (Continued)

p -  A m  inophenol 
H y d ro c h lo r id e

Panel
No.

pH
T em p . 
C  C .) I d S -

tio n
<«•> (g.)

Cathode A p pearance

481 -1 2 3.75 49 H a z e , c ra c k e d .

481 -1 3 3.80 59 H a z e , c ra c k e d .
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Table 53. Solution 491; the e ffe c t  of 5 .0  g . / l .  of 2 ,7 -n ap h th a len e
d isu lfo n ic  ac id  and in c re a s in g  con cen tra tions  of o -a m in o  
phenol h y d ro c h lo r id e  on the appearance of W atts n ic k e l 
so lu tion  deposits .

P anel
No. pH

T em p .
( “ C .)

0 -  A m  inophenol 
H y  d r  0 c h lo  r  ide

z ttion
, . tion  

(g.)

Cathode A ppearance

491-1 3.65 65 - - B r ig h t at h ig h  c u rre n t  
den s ity  edge. H a ze .

491-2 3.80 64 0 .001 0 .001 B r ig h t  above 14.0 a m p ./s q .  
dm .; und er, h aze .

491-3 3.75 65 0 .0 0 2 0 .003 B r ig h t  above 10.8 a m p ./s q .  
dm .; under, haze .

491-4 3.80 65 0 .0 0 4 0 .007 B r ig h t  above 4 .3  a m p ./s q .  
dm .; under, h a z e -b r ig h t.

491 -5 3.75 65 0 .0 0 8 0 .015 B r ig h t.

4 91 -6 3.75 64 0 .0 1 6 0.031 B rig h t.

491-7 3.84 65 0 .0 8 2 0 .063 H a z e -b r ig h t  above 4 .3  
a m p ./s q .d m .; under, b rig h t.

4 91 -8 3.75 64 0 .064 0 .127 B r ig h t  above 3.8  a m p ./s q .  
d m .; under, h a z e .

4 9 1 -9 - 3.79 65 0 .128 0 .255 Sem ib r ig h t to haze .

491 -10 3.75 65 0 .2 5 6 0.511 H aze , c racked .
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T ab le  53 (Continued)

o -  A m  inophenol 
H y d ro c h lo r id e

Panel
No. pH

T em p , 
(° C .)

tion

Cathode A ppearance

The E ffe c t of T e m p e ra-ture a t C o n c e n tra tio n  of
P a n e l 4 9 1 -1 0

491-11 3.60  . 35 H a z e , e x fo lia te , c ra c k e d .

491-12 3.80 49 H a z e , e x fo lia te , c ra c k e d .

491 -13 3.80 59 H a z e , c ra c k e d .
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Table 54. S o lu tion  501; the e ffe c t of 5.0 g . / l .  o f 2 ,7 -naph tha lene .
d isu lfo n ic  a c id  and in c re a s in g  co n cen tra tio n s  of catechol
on the app earan ce  o f W atts  n ic k e l so lu tion  deposits .

C a tech o l

Panel
No.

pH
T e m p . 
(° C .)

A d d i­
tio n

(g.)

T o ta l
A d d i­
tion

(g.)

Cathode A ppearance
1

501-1 3.70 65 - - B r ig h t  a t  h igh  c u r re n t  den­
s ity  edge. H a z e .

501-2 3.83 64 0 .001 0.001 B r ig h t  a t h ig h  c u rre n t  den­
s ity  edge. H a ze .

501 -3 3.70 65 0 .0 0 2 0 .003 B r ig h t  a t h igh  c u rre n t  den­
s ity  edge. H a ze .

501 -4 3.82 65 0 .0 0 4 0 .007 B rig h t;  p itte d  above 15.1 
a m p ./s q .d m .;  under, haze .

501-5 3.85 65 0 .0 0 8 0 .015 B rig h t, p itte d  above 15.1 
a m p ./ sq .dm .; under, haze .

501 -6 3.74 64 0 .016 0.031 B r ig h t, p itte d  above 14.0 
a m p ./s q .d m .;  under, haze .

501-7 3.83 65 0 .0 3 2 0 .063 B r ig h t  above 15.1 a m p ./  
sq.dm .; under, haze .

501 -8 3.75 64 0 .0 6 4 0 .127 B r ig h t  above 15.1 a m p ./  
sq.dm .; under, haze .

501 -9 3.80 65 0 .1 2 8 0 .255 B rig h t, p itte d  above 15.1 
a m p ./s q .d m .; under, haze .

501 -10 3.80 65 0 .2 5 6 0.511 B rig h t, p itte d  above 15.1 
a m p ./s q .d m .; under, haze.
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T ab le  54 (Continued)

: C a techo l

Panel
No.

pH
T em p . 
i °  C .)

A d d i­
tion
(g.)

T o ta l
A d d i­
tion

(g.)

Cathode A ppearance

501-14 3.80 65 0 .5 1 2 1 .023 H a z e -b r ig h t  a t h igh c u rre n t  
d en s ity  edge. H a z e .

The E ffe c t of T e m p e ra tu re  a t C o n c e n tra tio n  of
P a n e l 5 0 1 -1 0

501-11 3.50 35 B r ig h t, p itte d  above 3.2  
a m p ./s q .d m .;  under, haze.

501 -12 3.50 49 H a z e -b r ig h t  above 7.6  
a m p ./ s q .d m .; under, haze.

501 -1 3 3.70 59 H a z e -b r ig h t  above 9.0  
a m p ./s q .d m .;  under, haze .

lu s
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Table 55. So lution  511; the e ffe c t of 5.0 g . / l .  o f 2 ,7 -n ap h th a len e  
d isu lfo n ic  ac id  and in c re a s in g  con cen tra tions  of r e s o r -  
c in o l on the app earance of W atts  n ic k e l so lu tion  de­
p o s its .

Panel
No.

pH
T em p . 
(° C .)

R e s o rc in o l

tion
, . tion  

' * • ’ (g.)

Cathode A p pearance

511-1 3.70 65 - - B r ig h t  a t  h igh c u rre n t  
den s ity  edge. H a ze .

511-2 3.85 64 0.001 0 .001 B r ig h t  a t high c u rre n t  
den s ity  edge. H a ze .

511 -3 3.85 65 0 .0 0 2 0 .0 0 3 B r ig h t a t  high c u rre n t  
d en sity  edge. H a z e . .

511 -4 3.80 65 0 .0 0 4 0 .007 B r ig h t a t high c u rre n t  
den s ity  edge. H a z e .

511-5 3.75 65 0 .0 0 8 0 .015 B r ig h t  a t high c u rre n t  
d en sity  edge. H a ze .

511 -6 3.75 64 0 .0 1 6 0 .031 B r ig h t  above 10.8 a m p ./s q . 
dm .; under, h aze .

511-7 3.80 65 0 .032 0 .0 6 3 B r ig h t  above 14.0 a m p ./s q . 
dm .; under, haze .

511 -8 3.70 64 0 .0 6 4 0 .127 B r ig h t above 11.8 a m p ./s q . 
d m . ; unde r , h a z e .

511 -9 3.60 65 0 .1 2 8 0 .255 B r ig h t above 10.8 a m p ./s q . 
dm .; under, haze .

511-10 3.70 65 0 .2 5 6 0.511 B rig h t above 9.7  a m p ./s q . 
dm .; under haze.
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T a b le  55 (Continued)

R e s o rc in o l

Panel __ T e m p . T o ta l ^
p H  A d d i -  C a th o d e  A p p e a ra n c e

N o . ( C .)  A d d i­
t io n

511 -14  3.60 65 0 .5 1 2  1.023 B r ig h t a-^ove 14.0 a m p ./s q .
dm .; haze.

The E ffe c t  of T e m p e ra tu re  a t C o n e e n tr^ ^ o n  of
P a n e l 5 1 1 -1 0

511-11 3.50 35 Haze at c u rre n t den­
s ity  edg6. H a z e -b r ig h t .

511 -12  3,70 49 B r ig h t abo-ve 8.6 a m p ./s q .
dm .; haze.

5 11 -1 3  3.80 59 B rig h t abo^ve 9.7 a m p ./s q .
dm .; under^ haze.
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Table 56, S o lu tio n  521; the e ffe c t of 5.0 g . / l .  of 2 ,7 -naphtha lene  
d isu lfo n ic  ac id  and in c re a s in g  co n cen tra tio n s  of b e ta -  
naptho l on the app earance of W atts  n ic k e l so lu tion  d e­
p o s its .

b e ta -N a p th o l

Panel
No.

pH
T em p .
r  c.)

A d d i­
tio n
(g.)

T o ta l
A d d i­
tion

(g.)

Cathode A p pearance

521-1 3.80 68 - - B r ig h t  a t h igh  c u rre n t  
den s ity  edge. H a ze .

521 -2 3.82 65 0 .001 0 .001 B r ig h t  a t h igh  c u rre n t  
den s ity  edge. H a ze .

521 -3 3.80 65 0 .0 0 2 0 .00  3 B r ig h t  above 10.8 a m p ./s q .  
dm .; under, h aze , p itted .

521 -4 3.80 . 65 0 .0 0 4 0 .00  7 B r ig h t  above 8.6  a m p ./s q .  
dm .; under, haze , p itted .

521 -5 3.80 65 0 .0 0 8 0 .0 1 5 B r ig h t  above 8 .6  a m p ./s q .  
dm .; under, h aze , p itted .

521 -6 3.80 65 0 .0 1 6 0 .031 B r ig h t  above 6.5 a m p ./s q . 
dm .; under, h aze , p itted .

521 -7 3.80 65 0 .0 3 2 0 .0 6 3 H a ze  a t h igh c u rre n t  
d en sity  edge. B r ig h t, p itte d  
above 4 .3  a m p ./s q .d m .;  
und er, haze, p itted .

521 -8 3.80 65 0 .0 6 4 0 .127 H aze  above 15.1 a m p . /s q . 
dm .; b r ig h t 15.1 to 2 .6  
a m p ./s q .d m .; under, h aze -  
b rig h t.
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T a b le  56 (Continued)

- b e ta -N a p th o l

panel
No.

pH
T em p . 
(° C .)

A d d i­
tion

(g-)

T o ta l
A d d i­
tion

(g.)

Cathode A ppearance

521-9 3.80 65 0 .1 2 8 0 .255 H a ze  above 
dm .; under.

9 .7  a m p ./s q .  
h a z e -b r ig h t.

521-10 3.60 65 0 .2 5 6 0 .511 H a ze  above 
dm .; under.

8,1 a m p ./s q .  
h a z e -b r ig h t.
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F ig u re  23 . The  e ffe c t o f in c re a s in g  concentrations of phenols and 
2 ,7 -naph tha lene  d isu lfo n ic  acid  on the appearance of 
W atts  n ic k e l dep os its .
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F ig u re  24 . T h e  e ffe c t of in c re a s in g  concentrations of phenols and 2 ,7 -  
naphthalene d isu lfo n ic  ac id  on the appearance o f W atts  
n ic k e l deposits .
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Table 57 , S o lu t io n  18; the e ffe c t  of 45 g . / l .  n ic k e l fo rm a te , 15 g . / l .
c o b a lt  s u l fa te ,  and in c re a s in g  co n cen tra tio n  o f c in n am ald é ­
h yd e  on th e  appearance of W atts n ic k e l so lu tion  deposits.

C innam aldéhyde

Panel
No.

pH
T e m p .
r  c . )

T o ta l
A d d i­
tion

(m l.)

A d d i­
tion

( m l . /

g-)

Cathode A ppearance

181 3.80 65 - H aze  above 
dm .; under.

2.1 a m p ./s q . 
b rig h t.

182 3.80 65 - H aze above 
dm .; under.

3.2 a m p ./s q . 
b rig h t.

183 3.80 65 0.5 0 .5 /
0 .55»

H aze above 
dm .; under.

5 .4  a m p ./s q .  
b r ig h t.

*  W e ig h ts  c a lc u la te d  using handbook va lue  fo r  sp ec ific  g ra v ­
ity of c in n a m a ld e b y d e  1 .1 1 0  20° / 2 0 ° .
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Table 58. So lution 19: the e ffe c t of 45 g . / l .  n ic k e l fo rm a te , 15 g . / l .
cob a lt su lfa te , add ition  of am m onium  su lfa te , and in c re a s ­
ing co n cen tra tio n s  of c h lo ra l on the appearance of W atts  
n ic k e l so lu tion  deposits .

C h lo ra l

Panel
No. pH

T e m p . 
( “ C .)

A d d i­
tion

(m l.)

T o ta l
A d d i­
tion

( m l . /
g.)

Cathode A p pearance

191 3.80 55 - - H a ze .

192 3.80 65 - - H aze above 
dm ,; under.

3.2 a m p ./s q . 
b rig h t.

193 3.80 65 1 g- - H aze above 
dm .; under.

3.2 a m p ./s q .  
b rig h t.

194 3.80 65 0 .5 0 .5 /
0 .7 5 *

H aze above 
dm .; under.

6.5 a m p ./s q . 
b rig h t.

195 - 65 0 .5 1 .0 /
1.50

H aze above 
dm .; under.

6.5 a m p ./s q .  
b rig h t.

196 - 65 0 .5 1 .5 /
2.25

B rig h t.

197 - 65 0 .5 2 .0 /
3.01

H aze above 
dm .; under.

3.2 a m p ./s q .  
b rig h t.

198 - 65 - 2 .0 /
3.01

H aze above 
dm .; under.

3.2 a m p ./s q .  
b rig h t.

*  W eights ca lcu la ted  using handbook value fo r  spec ific  g ra v ­
ity  of c h lo ra l 1 .505 2 5 ° / 4 ° .
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Table 59. So lution 20; the e ffe c t of 4 5  g . / l ,  of n ic k e l fo rm a te , 15
g . / l .  of c o b a lt su lfa te , and in c re a s in g  co n cen tra tions of
c h lo ra l h y d ra te  on the appearance of W atts n ic k e l so lu ­
tio n  dep osits .

C h lo ra l H y d ra te

Panel
No,

pH
T em p .
r  c . )

A d d i­
tion

(m l.)

T o ta l
A d d i­
tion

( m l . /
g - ) *

Cathode A ppearance

201 3.83 63 - - H aze above 1.6 a m p ./s q .  
dm ,; under, b r ig h t.

202 3.80 65 0 .5 0 ,5 /
0 .75

H aze above 7 .6  a m p ./s q .  
dm ,; under, b r ig h t.

20 3 3.85 63 0,5 1 .0 /
1.51

H aze above 11.8 am p . /s q .  
dm .; under, b r ig h t.

204 3.90 66 0,5 1 .5 /
2 .25

B rig h t.

20 5 4.05 63 - 1 .5 /
2 .25

B rig h t.

20 6 3.78 65 - 1 .5 /
2 .25

H aze above 9 .7  a m p ./s q .  
dm .; under, b rig h t.

20 7 3.87 65 - 1 .5 /
2.25

H aze above 10,8 a m p ./s q , 
dm .; under, b r ig h t.

208 3.90 65 0,5 2 .0 / H aze a t h igh c u rre n t den­
3.01 s ity  edge. B rig h t.

*  W eights ca lcu la ted  using handbook value fo r  spec ific  g ra v ­
ity  of c h lo ra l 1.50 5 2 5 ° /4 “ ,
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Table 60, So lution  24; the e ffe c t of 45 g . / l .  of n ic k e l fo rm a te , 15 
g . / l .  of co b a lt su lfa te , and in c re a s in g  co n cen tra tio n  of 
aceta ldehyde on the appearance of W atts n ic k e l solution  
dep osits .

Ac e ta l de hy de

Panel
No.

pH
T e m p . 
{ °  C .)

A d d i­
tion

(m l.)

T o ta l
A d d i­
tion

( m l . /
g - ) *

Cathode A p pearance

241 3.85 66 - - H aze  above 
dm .; under.

1 .6  a m p ./s q . 
b rig h t.

242 3.85 63 0.5 0 .5 /
0 .39

H aze above 
dm .; under.

1 .6  a m p ./s q .  
b rig h t.

243 3.90 64 0 .5 1 .0 /
0 .7 8

H aze above 
dm .; under.

3 .2  a m p ./s q .  
b rig h t.

244 3.83 72 0.5 1 .5 /
1.17

H aze above 
dm .; under.

1.0 a m p ./s q .  
h a z e -b r ig h t.

245 3.82 67 0.5 2 .0 /
1.56

H aze  above 
dm .; under.

5 .4  a m p ;/s q . 
h a z e -b r ig h t.

246 3,80 65 0.5 2 .5 /
1.95

H aze above 
dm .; under.

7 .6  a m p ./s q .  
b rig h t.

247 - 65 0 .5 3 .0 /
2.35

H aze above 
dm .; under.

8 .6  a m p ./s q . 
b rig h t.

248 3.92 65 0.5 3 .5 / H aze to dull above 8.6
- 2 .74 a m p ./s q .d m . ; under, b rig h t.

249 - 66 0.5 4 .0 /
3.13

H aze to du ll 
a m p ./ sq. dm .

above 7.6  
; under, b rig h t.

*  W eights ca lcu la ted  using handbook value fo r  spec ific  g ra v ­
ity  of aceta ldehyde 0 .783  1 8 * /4 ° .
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Table 6 l .  So lution  29; the e ffe c t of 45 g . / l .  o f n ic k e l fo rm a te , 15 
g . / l .  of c o b a lt s u lfa te , and in c re a s in g  co n cen tra tio n  of 
e th y l p y ru v a te  and g ly o x a l on the app earance of W atts  
n ic k e l so lu tio n  dep osits .

E th y l P y ru v a te

Panel
No.

pH
T e m p .
( “ c . )

A d d i­
tion

(m l.)

T o ta l
A d d i­
tio n

( m l . /

g-)

Cathode A ppearance

291 3.50 63 - - H aze  above 1.0 a m p ./s q . 
dm .; under, b rig h t.

292 3.50 67 0 .5 0 .5 /
0 .5 3 *

H aze  above 1.0 a m p ./s q . 
dm .; under, b r ig h t.

293 3.60 67 0.5 1 .0 /
1.06

H aze above 1 .6  a m p ./s q .  
dm .; under, b r ig h t.

294 - 67 0.5 1 .5 /
1.59

H aze above 1.6  a m p ./s q .  
dm .; under, b r ig h t.

295 3.82 67 - 1 .5 /
1.59

H aze above 2 .6  a m p ./s q .  
dm .; under, b r ig h t.

296 - 67 0.5 2 .0 /
2 .12

H aze above 2 .6  a m p ./s q . 
dm .; under, b rig h t.

297 3.82 68 - 2 .0 /
2 .12

H aze above 2 .6  a m p ./s q .  
dm .; under, b r ig h t.

Solution T re a te d  w ith 15.0 e r ./l. of A c tiv a te d  C arbon , F i l te r e d

30% G lyo xa l

298 3.70 68 1 1 /
0 .3 1 * *

H aze  above 2 .6  a m p ./s q . 
dm .; under, bi-ight.
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Tab le  6 l  (Continued)

Panel
No.

pH
T em p . 
(° C .)

30% G ly o x a l

T o ta l 
A d d i-  A d d i­
tio n  tion  

(m l.)  ( m l . /  

g.)

Cathode A ppearance

299 3.70 67 1 2 /
0.62

H aze above 2 .6  a m p ./s q .  
dm .; under, b r ig h t.

2910 3.82 63 2 4 /
1.24

H aze above 3.2  a m p ./s q .  
dm .; under, b r ig h t.

2911 3.80 65 2 6 /
1.85

H aze  above 2 .6  a m p ./s q .  
d m .; under, b rig h t.

2912 3.75 65 2 8 /
2 .47

H a z e -b r ig h t  above 2.6  
a m p ./s q .d m .; under, b rig h t.

2913 3.62 • 65 2 10 /
3.09

H a z e -b r ig h t  ab o ve '2 .6  
a m p ./s q .d m .; under, b rig h t

2914 4.00 66 2 12 /
3.71

H a z e -b r ig h t  above 2 .6  
a m p ./s q .d m .; under, b rig h t.

2915 4.05 67 2 14 /
4 .33

H a z e -b r ig h t  to haze .

2916 3.90 67 2 16 /
4 .95

H aze above 2 .6  a m p ./s q . 
dm .; under, b rig h t.

2917 3.90 66 4 2 0 /
6.19

H a z e -b r ig h t.

2918 - 65 - 2 0 /
6.19

H a z e -b r ig h t.

*  W eights ca lcu la ted  using handbook value fo r  specific  g ra v ­
ity  of e th y l p y ru v a te  of 1 .060 1 6 ° /4 °  .

* *  W eights c a lc u la ted  using handbook value fo r  specific  g ra v -  
ity  of g lyo xa l 1.14 2 0 ° .
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' M r

F ig u re  25. N ic k e l - c o b a l t  deposits  and the  e ffe c t o f in c re a s in g  con- 
c e n tra tio n s  of ca rb o n y l compounds.
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Table 62. So lution  39; the e ffe c t o f 45 g . / l .  of n ic k e l fo rm a te , 15 
g . / l .  of co b a lt s u lfa te , and in c re a s in g  concentra tions of 
b u ty l c h lo ra l h y d ra te  on the appearance of W atts n ic k e l 
so lu tion  deposits .

P anel
No.

pH Tem p. 
( “ C.)

B u ty l C h lo ra l  
H y d ra te

l i ttion

Cathode A p pearance

391 3.70 6,5 - - H a ze .

392 3.75 65 0.1 0.1 H aze .

393 3.65 67 0.2 0 .3 H a ze .

394 3.70 67 0.2 0.5 H a ze  above 1.6  a m p ./s q . 
dm .; under, b r ig h t.

395 3.72 66 0.5 1.0 H a ze  above 2 .6  a m p ./s q . 
dm .; under, b rig h t.

396 3.75 68 0.5 1.5 H aze  above 3.8 a m p ./s q . 
dm .; under, b r ig h t.

397 3.78 68 1.0 2.5 H a ze  a t h igh c u rre n t den­
s ity  edge. B rig h t.

398 - 67 1.0 3.5 H a ze  above 1.6 a m p ./s q . 
dm .; under, b r ig h t.

399 3.60 70 - 3.5 H a z e -b r ig h t.
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Table 63, So lu tion  4 4 ;  the e ffe c t  of 75 g . / l .  of n ic k e l ch lo ro aceta te , 
ad d itio n  o f c o b a lt su lfa te , and in c re a s in g  concentrations  
of c h lo ra l on the app earance of W atts  n ic k e l solution  
dep osits .

C h lo ra l

P anel
No.

pH
T em p .
r  c .)

A d d i­
tion

(m l.)

T o ta l
A d d i­

tion
( m l . /

g . ) *

Cathode A ppearance

441 2.50 63 - - B r ig h t above 14.0 a m p . /  s q. 
dm .; under, du ll, d a rk .

442 3.80 65 - - D u ll.

443 3.95 65 15 g.
CoSO^

4

- D u ll.

444 4.03 66 0.1 0 .1 /
0 .15

D u ll to haze above 14.0  
a m p ./s q .d m .;  haze 14.0 to 
4.3  a m p ./s q .d m .; under, 
b rig h t.

446 4.03 66 0 .2 0 .3 /
0 .4 5

D u ll to haze above 11.8  
a m p ./s q .d m .; under, b r ig h t.

445 4 .10 64 0 .4 0 .7 /
1.053

D u ll to haze a t high c u r ­
re n t density  edge. B r ig h t.

447 4.12 66 0 .8 1 .5 /
2 .26

D u ll to haze high c u rre n t  
density  edge. B rig h t,

448 4.15 65 1.0 2 .5 /
3.76

B rig h t.

449 4.30 65 1.0 3 .5 /
5 .27

B rig h t.
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T a b le  63 (Contii;iued)

' C h lo ra l

Panel
No. pH

T em p .
r  c.)

A d d i­
tion

(m l.)

T o ta l
A d d i­
tion

( m l . /
g . ) *

Cathode A ppearance

4410 4.38 65 1.0 4 .5 /
6 .77

B r ig h t.

4411 4.48 66 1.0 5 .5 /
8.27

B rig h t.

4412 4.69 65 1.0 6 .5 /
9.77

B r ig h t  above 11.8 a m p ./s q . 
d m .; under, haze .

*  W eights c a lc u la te d  using handbook value fo r  specific  g ra v ­
ity  of c h lo ra l 1 .505 2 5 ° /4 ° .

AM*
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Ta.ble 64. So lution  45, the e ffe c t  of 55.0 g . / l ,  of n ic k e l 3-cryla.te, 
add ition  o f co b a lt s u lfa te , and in c re a s in g  concentrations  
of c h lo ra l on the app earance of W atts  n ic k e l so lution  
deposits .

C h lo ra l

Panel
No.

pH
T em p .
r  c .)

A d d i­
tion

(m l.)

T o ta l
A d d i­
tion

( m l . /
g - ) *

Cathode A ppearance

451 4.00 63 - - E x fo lia te  above 14.0 a m p ./ 
s q ./d m . G re e n  deposit 
above 5 .4  a m p ./s q .d m .;  
u n d er, b r ig h t.

452 4.10 65 - - E x fo lia te  above 0 .8  am p. 
sq.dm .; under, b r ig h t.

453 4.30 65 15 g.
CoSO^

4

- E x fo lia te  above 10.8 a m p ./  
sq.dm .; under, h a z e -b r ig h t.

454 4.50 66 0.1 0 .1 /
0 .15

G re e n  above 4.3  a m p ./s q .  
dm .; under, h a z e -b r ig h t.

456 4.55 66 0 .2 0 .3 /
0 .45

G reen , e n tire  range.

455 4.85 64 0 .4 0 .7 /
1.05

P o w d e ry  g reen  deposit.

457 5.15 66 0.8 1 .5 / P o w d e ry  g reen  deposit.
2 .26

458 5.28 65 1.0 2 .5 /
3.76

P o w d e ry  g reen  deposit.

459 5,48 65 1.0 3 .5 /
5.27

P o w d e ry  g reen  deposit.
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Tab le  64 (Continued)

C h lo ra l

Panel
No.

pH
Tem p , 
r  C .)

A d d i­
tion

(m l.)

T o ta l
A d d i­
tion

( m l . /
g . ) *

Cathode Appearance

4510 5.50 65 1.0 4 .5 /
6 .77

P o w d e ry  g re e n  deposit.

*  W eights c a lc u la te d  using handbook values f o r  specific  g ra v ­
ity  of c h lo ra l 1 .505 2 5 * /4 ° .
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F ig u re  26 . N ic k e l-c o b a lt  deposits  and the e ffec t o f in c re a s in g  con­
c e n tra tio n s  o f carb o n y l compounds.
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Table 65. So lu tion  21; the e ffe c t  of 12.5 g / . l .  of fe r ro u s  sulfate  and
in c re a s in g  co n cen tra tio n s  of c h lo ra l on the appearance
of W atts  n ic k e l so lu tio n  dep osits .

C h lo ra l

Panel
No. pH

T em p .
r  c .)

A d d i­
tion

(m l.)

T o ta l
A d d i­
tio n

( m l . /
g . ) *

Cathode A p pearance

211 3.87 63 - - D u ll above 5 .4  a m p ./s q .  
dm .; under, h a z e -b r ig h t.

212 3.67 65 0.5 0 .5 /
0 .7 5

H a ze  above 1.6 a m p ./s q .  
dm .; under, h a z e -b r ig h t.

213 4.00 63 0.5 1 .0 / B r ig h t  above 9.7  a m p ./s q .
1.50 dm .; under, haze.

214 3.73 66 0 .5 1 .5 /
2 .25

B r ig h t  above 10.8 a m p ./  
sq .dm .; under, haze .

215 3.25 63 45 g. . 
N ic k e l  

F o rm a te

1 .5 /  
2 .25  '

B r ig h t  a t h igh c u rre n t  
d en s ity  edge. H aze  above 
6.5  a m p ./s q .d m .; under, 
b r ig h t.

216 2.70 65 10 g. 
T a r ta r ic  

A c id

1 .5 /
2 .25

H a z e , c racked .

217 3.85 65 - 1 .5 /
2 .25

H a ze , c racked .

218 3.90 65 10 g. 
F e rro u s

. 1 .5 /  
2.25

H a ze , c rac ked .

Sulfate

*  W e i g h t s  • ca lc u la te d  using handbook va lu e  fo r  specific  g ra v ­
ity  of c h lo ra l 1 .505 2 5 ° /4 ° .
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Table 66. S o lution  22; the e ffe c t  o f add itions of fe rro u s  sulfate ,
t a r ta r ic  ac id , and c h lo ra l on the appearance of W atts
n ic k e l so lu tion  dep osits .

Panel
No.

pH T em p .
r  c.)

F e rro u s

A d d i­
tion
(g.)

Sulfate

T o ta l
A d d i­
tion
(g.)

Cathode Appearance

221 3.52 68 5 5 H aze a t h igh den sity  edge. 
D u ll and p itte d .

222 3.80 66 5 10 D u ll above 10.2 a m p ./s q . 
dm .; under, haze .

223 3.72 62 5 15 D u ll, p itte d  above 3.2 
a m p ./s q .d m .;  under, haze .

224 3.72 70 5 20 D u ll, p itte d  above 9.7  
a m p ./s q .d m .;  under, h a z e -  
b r ig h t, p itte d .

225 3.80 65 5 25 H aze , p itte d  above 4.3  
a m p ./s q .d m .;  under, h a ze -  
b r ig h t, p itte d .

226 3.55 67 H aze , p itte d  above 3.2 
a m p ./s q .d m .; under, h a z e -  
b rig h t, p itted .

227 3.28 65 - - D u ll, d a rk .

228 3.74 65 10 g.
T a r ta r ic

A c id

- D u ll,  d a rk , c racked .

229 3.75 64 1 m l.  
C h lo ra l 1

1 m l . /  
.505 g .»

D u ll, d a rk  above 9.7 a m p ./  
sq.dm .; under, h a z e -b r ig h t, 
cracked .
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Tab le  66 (Continued)

F e rro u s Sulfate

Panel
No.

pH
T em p ,
C c .)

A d d i­
tion
(g.)

T o ta l
A d d i­
tion
(g.)

Cathode A p pearance

2210 — 62 1 m l. /
1.50 5 g . .

D u ll a t h igh c u rre n t den­
s ity  edge. H a z e -b r ig h t  
above 13.0 a m p ./s q .d m .;  
under, h aze , d a rk .

*  W eight c a lc u la te d  using handbook va lue  fo r  sp e c ific  g ra v ­
ity  of c h lo ra l 1 .505 2 5 ° / 4 ° .
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Table 67. So lution  25; the e ffe c t  of 12.5 g . / l .  o f fe r ro u s  su lfa te , 
50 g . / l .  of n ic k e l p ro p io n a te , and in c re a s in g  c o n cen tra ­
tions of c h lo ra l on the appearance of W atts  n ic k e l so­
lu tio n  d ep o s its .

Panel
No.

pH

C h lo ra l

T em p .
r  C.)

T o ta l
A d d i­ A d d i­
tion tion

(m l.) ( m l . /

Cathode A ppearance

251 4.50 66 - - D u ll,  d a rk .

252 4.50 66 0 .5 0 .5 /
0 .75

D u ll ,  c ra c k e d .

253 4.48 64 0.5 1 .0 /
1.50

H a ze  a t h igh  c u rre n t den­
s ity  edge. H a z e -b r ig h t  
above 5 .4  a m p ./s q .d m .;  
u n d er, haze .

254 4.60 72 - - H a ze , c rac ked .

*  W eights ca lc u la te d  using handbook v a lu e  f o r  spec ific  g ra v ­
ity  of c h lo ra l 1 .505 Z S °  / 4 ° .  ,
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F ig u re  27 . N ic k e l- ir o n  deposits and the e f ­
fe c t o f va rio u s  add itions.
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Table 68. Solution 23; the e ffe c t on the cathode of f i l t e r  p a p e r in
close contact and p re  dipping in  c innam aldéh yde.

P a n e l*
No.

Tem p. 
( “ C.)

T re a tm e n t of Cathode Cathode A ppearance

231 68 None D u ll.

232 66 W rapped  in  two th ic k ­
nesses o f W hatm an No. 
1, 11 cm . f i l t e r  p ap er.

P it te d , m o re  re fle c ta n t  
than c o n tro l.

233 60 Sam e as above. P it te d , m o re  re fle c ta n t  
than c o n tro l.

234 70 Sam e as above. P it te d , m o re  re fle c ta n t  
than c o n tro l.

235 65 D ipped once in  a  lens  
of c innam aldéhyde f lo a t ­
ing on a W atts  so lution .

H a z e -b r ig h t ,  l ig h t  in te r ­
fe re n c e  p a tte rn .

238 78 Sam e as above (s o lid  
fo rm a tio n  in  le n s ) .

H a z e -b r ig h t , e x fo lia te  
above 2.1 a m p ./s q .d m .;  
und er, no deposit.

237 49 Sam e as above. H a ze , tre e d  above 4.3  
a m p ./s q .d m .; under, 
b r ig h t w ith  in te rfe re n c e .

236 26 Sam e as above. H igh  c u rre n t density , 
burned, du ll.

*  The pH  of the so lu tion  w as 3.8 and depositions w e re  c a r ie d  
out " fo r  tw enty m in u tes .
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Table 69 . So lution  312; the e ffe c t of p red ipp ing  the cathode in  a
n ic k e l so lu tion  contain ing  C layton  Y e llo w  on the app ear­
ance of W atts  n ic k e l so lu tion  deposits (pH , 3.2; dipped  
tw en ty  t im e s ; 20 m in u tes  deposition; 3 a m p e re s ).

P a n e l*
No.

T e m p . 
(° C.)

D ip  So­
lu tio n

D ip  So­
lu tio n  
Tem p .
( “ c .)

Cathode A ppearance

312-1 60 31 25 D u ll.

3 1 2 -2 * * 57 31 25 H a z e -b r ig h t .

312 -3 55 31 60 D u ll above 11.8 a m p ./s q .d m .;  
haze 11.8  to 1.0 a m p ./s q .d m .;  
unde r , d u ll.

312 -4 24 31 64 E x fo lia te  at h igh  c u rre n t den­
s ity  edge. H a z e -b r ig h t  above 
6.5 a m p ./s q .d m .; under, haze.

312 -5 25 311 57 E x fo lia te  at h igh  c u rre n t  den­
s ity  edge. H a z e -b r ig h t  above 
8.6  a m p ./s q .d m .; under, haze.

312 -6 60 311 58 D u ll.

*  The p H  of the W atts n ic k e l so lution  was 3 .2 , the cathode 
was dipped tw en ty  tim es  and depositions w ere  c a r r ie d  out fo r  20 
m in u tes .

* *  D ep o s ited  fro m  So lution  311.
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Table 70. So lu tion  332; the e ffe c t of dipping the cathode in a n icke l
so lu tion  con ta in ing  M eth y le n e  B lue on the appearance of
W atts  n ic k e l so lu tion  deposits .

Panel
No.

T em p .
r  c .)

pH
D ip  So­
lu tio n

D ip  So­
lu tio n  
Tem p. 
(“ C .)

Cathode A ppearance

332-1^ 60 3.15 - - D u ll a t h igh  c u rre n t  
d en sity  edge. H aze  
above 1.0 a m p ./s q .d m .;  
u nd er, d u ll.

332-2^ 60 3.30 33 25 D u ll a t h igh c u rre n t  
d en sity  edge. H aze  
above 1.6 a m p ./s q .d m .;  
u nd er, d u ll.

332-3^ 62 3.45 331 60 D u ll.

332-4 64 3.45 33 66 D u ll a t h igh c u rre n t  
d en sity  edge. H aze  
above 2 .6  a m p ./s q .d m .;  
und er, du ll.

332-5 61 4 .05 33 31 D u ll a t h igh c u rre n t  
d en sity  edge. H aze  
above 2 .6  a m p ./s q .d m .;  
under, du ll.

332 -6 61 4.10 33 45 D u ll a t h igh c u rre n t  
density  edge. H aze  
above 2 .6  a m p ./s q .d m .;  
under, du ll.

332-7 60 4.21 33 63 D u ll a t h igh c u rre n t  
density  edge. H aze  
above 4 .3  a m p ./s q .d m .;  
under, du ll.
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Tab le  70 (Continued)

Panel
No.

Tem p.
r  c .)

pH
D ip  So­
lu tion

D ip So­
lu tio n  
T em p . 
C C .)

Cathode A ppearance

332-8 61 5.10 33 57 D u ll,  p itte d  a t h igh c u r ­
re n t den s ity  edge. Haze  
above 1.0 a m p ./s q .d m .;  
u n d er, d u ll.

332-9 62 3.52^ 33 43 H aze  a t h igh  c u rre n t  
d en s ity  edge. B rig h t.

332-10 60 3.50^ - - H aze  at h igh  c u rre n t  
den s ity  edge. B r ig h t.

000 62 4.5.0 - - D u ll.

4
332-11 25 5.40 33 61 E x fo lia te  a t h igh c u rre n t  

den s ity  edge. H a z e -  
b r ig h t  above 4.3  a m p ./  
sq .dm .; under, haze .

332-12 25 5.40 E x fo lia te  a t high c u rre n t  
den s ity  edge. H a z e -  
b r ig h t  above 6.5 a m p ./  
sq .dm .; under, haze .

1
The p H  of the solution was 3.2 , the cathode w as dipped

tw enty t im e s , and depositions w e re  c a r r ie d  out fo r  10 m inutes. 

2
D epos ited  20 m inutes.

D ep o s ited  f ro m  Solution 331,

Cathode d r ie d  a fte r  dip.
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F ig u re  28. T h e  e ffe c t o f p red ipp ing  o r  f i l t e r  pap er  
in  c lose contact w ith  the cathode, on the  
appearance of W atts  n ic k e l deposits .
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Tab le  71, R M S s u rface  roughness of W atts panels .

Panel N o ,
R M S Roughness (m ic ro  inches)

9.0 a m p ./s q .d m . 6.5 a m p ./s q .d m .

p H  2.2

12 3.2 1.8

13 3.8 4.2

14 7.2 6.6

15 4 .4  

p H  3.8

3.6

22 2 .6 3.4

23 2.8 2.8

24 4 .4 4.8

25 8.0 8.4

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



.161

Table 72. RM S su rface  roughness e ffec ts  of carb o h yd ra tes .

Panel
No.

R M S Roughness  
(m ic ro in c h e s )

P a n e l
No.

R M S  Roughness 
(m icro inches)

9.0
a m p ./
sq.dm .

6.5  
am p. /  
sq .dm .

. 9.0  
am p. /  
sq.dm .

6.5 
amp. /  
sq.dm .

G ly c e r  aldehyde D e x tr in

[0 .5  g . / l . ,  p H  2 .2 ] [0 .5 g . / l . ,  pH  2 .2]

740 2 .8 1.8 840 4.0 4.0

730 0 .7 1.4 830 5 .8 4.8

720 6.0 4.0 820 2.2 1.9

[pH  3.8] [pH  3.8]

71 3.2 3.0 81 2.9 2.2

72 2 .6 1.0 82 6.0 4.0

73 2.2 1.4 83 7 .6 6.0

74 3.2 2 .4 84 7 .4 6.0

[2 .0  g . / l . / p H  2 .2] ‘ [2.0 g . / l - .  pH 2.2]

750 2.4 1.4 ■ 850 5.2 4.2

760 ' 3.6 2 .4 860 5.8 3.8

770 2 .8 2.0 870 5.6 4.6

780 0 .9 2.0 880 9.2 8.6

[pH  3.8] [pH  3.8]

78 4 .2 7.5 88 3.8 4.4

77 2 .6 3.2 87 5.2 5.2

76 2 .6 3.6 86 5.2 4.2

75 8.4 8.4 85 5.2 6.0
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T ab le  72 (Continued)

162

P anel
No.

R M S Roughness 
(m ic ro  inches)

R M S  Roughness 
(m ic ro  inches)

9.0
a m p ./
sq .dm .

6.5  
am p. /  
sq.dm .

P a n e l
No. 9.0  

am p. /  
sq.dm .

6.5
a m p ./
sq .dm .

X y lose G lucose

[0 .5 g . / l . ,  pH 2.2 ] [0 .5 g . / l . ,  p H  2.2]

330 .3.6 4.2 430 3.4 2.8

340 2.4 3.6 440 2.8 3.6

320 8.4 7.2 420 8.4 8.4

310 4 .2

[pH  3.8]

4.4 410 9.0  

[pH 3.8]

7.2

350 2 .6  . 1.2 450 2 .3 2 .4

360 ' 3 .8 3.4 460 3.8 4.4

370 3.2 2.6 470 4 .4 4.0

380 4.2

L ac to se

4.6 480 4.2

R affinose

3.6

[0 .5 g . / l . ,  pH 2 .2 ] [0 .5 g . / l . ,  p H  2.2]

530 3.2 3.8 630 2 .2 3.2

540 3.8 4.4 640 1.6 0.8

520 6.8 7.0 620 3.2 . 3,6

510 . 5 .6  

[pH  3.8]

5.8 610 4.0 

[pH  3.8]

3.4

550 5.4 3.2 650 2.0 1.2

560 4 .8 4 .4 66o 1.4 1.2

570 4.0 4.0 670 1.2 1.2

586 7 .2 8.2 680 4.4 2.2
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25 35 55 75

T E M P E R A T U R E ,  « C ,

F I G U R E  29.  S U R F A C E  R OUGHNESS VS.  T E M P E R A T U R E  
A T  p H  2 . 2 .  9 . 0  A M P . / S Q . D M . ,  AND 2 . 0  G . / L .  F O R:

1 . #  W A T T S
2 .A  G L Y C E R A L D E H Y D E
3 . 0  X YL OS E
4 . A  G L U CO S E
5 . *  L A C T O S E  H Y D R A T E
6 . 0  R A F F I N O S E  H Y D R A T E  
7 . B  D E X TR I N
• • - - " 0 , 5  G . / L .
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p  5 . 0

^  4 . 0

25 35 55
T E M P E R A T U R E ,  ®C.

F I G U R E  30.  S U R F A C E  ROUGHNESS VS.  T E M P E R A T U R E  
A T  p H  2 . 2 ,  E. 5 A M P . / S Q . D M . ,  AND 2 . 0  G . / L .  FOR;

1 . *  w a t t s

2 . A  G L Y C E R A L D E H Y D E
3 . 0  XYLOSE
4 . A G L U C O S E
5 . *  L A CT O SE  H Y D R A T E
6 . 0  R A F F I N O S E  H Y D R A T E  
1 M  D E XT RI N
 0. 5 G.  / L .
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25 35 55 75

T E M P E R A T U R E ,  ° C .

F I G U R E  31.  S U R F A C E  ROUGHNESS VS. T E M P E R A T U R E  
A T  pH 3 . 8 .  9 . 0  A M P . / S Q . D M . ,  AND 2 . 0  G . / L .  FOR:

1 . #  W A T T S
2.  A  G L Y C E R A L D E H Y D E
3 . 0  X Y L O SE
4 . A  G L U CO S E
5 . #  L A C T O S E  H Y D R A TE
6 . 0  R A F F I N O S E  H Y D R A TE  
7 . B  D E X TR I N
'  — - 0 . 5  G . / L .
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T E M P E R A T U R E ,  ° C .

F I G U R E  32.  S U R F A C E  ROUGHNESS VS.  T E M P E R A T U R E  
A T  p H 3 . 8 ,  6 . 5  A M P . / S Q . D M . ,  AND 2 . 0  G . / L .  FOR:

! . #  W A T TS
2.  A G L Y C E R A L D E H Y D E
3 . 0  XYL OS E
4 . A  GL UCOS E
5 . #  L A C T O S E  H Y D R A TE
6 . 0  R A F F I N O S E  H Y D R A T E  
7 . B  DEXTRIN
 0 . 5  G . / L .
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Table 73. R M S  su rface  roughness e ffec ts  of p o ly m e rs  and un sat­
u ra te d  a lip h a tic  com pounds.

Panel
No.

R M S Roughness  
(m ic ro  inches)

P a n e l
No.

R M S  Roughness 
(m ic ro  inches)

9.0  
am p. /  
sq .dm .

6.5
a rn p ./
sq .dm .

9.0  
am p. /  
sq.dm .

6.5
a m p ./
sq.dm .

M e th y l C e llu lo s e P o l v in y l A lco h o l

[0 .5  g . / l . ,  pH  2 .2 ] [0 .5  g . / l . ,  pH  2 .2 ]

910 3.8 4.0 1640 9.8 6.0

920 5 .6 5 .6 1630 3.8 2.4

930 8.6 8.8 1620 4 .8 6.0

940 7 .6 6.6 1610 4.2 3.4

[p H  3.8] [pH 3.8]

94 3.8 5.0 164 3.4 4.0

93 6.2 5.8 163 7.0 5.2

92 5.0 5.2 162 3.6 4.0

91 >10.0 >10.0 161 5.8 6.0

A c ry lic  A c id 1,4 -B u tyn ed io l

[0 .5  g . / l . ,  pH  2 .2 ] [0 .5  g . / l . ,  pH  2 .2]

4310 4.0 3.2 5310 4.0 2.8

4320 2.2 2.8 5320 3.8 3.8

4330 5.6 4 .4 5330 >10.0 8.4

4340 7 .6 8.0 5340 8.0 6.0

- [pH  3.8] [pH 3.8]

431 3.2 4.0 531 3.4 3.0

432 4.0 3.0 532 3.8 3.6

433 8.0 6.6 533 6.4 6.2

434 >10.0 >10.0 534 >10.0 8.0

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



T ab le  7 3 (Continued)

168

P ane l
No.

R M S Roughne s s 
(m ic  ro  inche s)

P a n e l
No.

R M S Roughness 
(m ic ro in ch es )

9.0  
am p. /  
sq .dm .

6.5  
am p. /  
sq.dm .

9.0  
am p. /  
sq.dm .

6.5  
am p. /  
sq.dm .

[2.0 g . / l . ,  p H  2 .2 ] [2.0 g . / l . ,  pH  2 .2 ]

4350 6.2 8.0 5 3.50 2.2 2.0

4360 4 .6 4.0 5360 2.6 2.8

4370 8.0 7.4 5370 0 .8 0 .8

4380 6.0 6.0 5380 1.2 1.2

[p H  3 .8 ] [pH 3.8]

435 4.0 3.8 535 2.4 2.4

436 7.4 6.6 536 4.0 3.4

437 >10.0 >10.0 537 >10.0 4.0

438 >10.0 >10.0 538 9.0 5.0
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m.o

5 . 0

25 7535 55
T E M P E R A T U R E ,  ° C .

F I G U R E  33.  S U R F A C E  ROUGHNESS VS. T E M P E R A T U R E  
A T  p H  2 . 2 .  9 . 0  A M P . / S Q . D M . ,  AND 0 . 5  G . / L ,  F O R :

1 . #  W A T TS
2 . A M E T H Y L C E L L U L O S E
3.  ■  P O L Y V I N Y L  A L CO H O L
4 . • A C R Y L I C  ACID
5 . A 1 . 4 - B U T Y N E D I O L  
- - - - 2 .  0 G . / L .
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25 35 55

T E M P E R A T U R E ,  ° C .
75

F IG U R E  34.  S U R F A C E  ROUGHNESS VS. T E M P E R A T U R E  
A T  pH 2 . 2 ,  6 . 5  A M P . / S Q . D M . ,  AND 0.  5 G , / L .  FOR:  

! . •  W A T T S
z . A m e t h y l c e l l u l o s e

3 . ■  P O L Y V I N Y L  A LC O H O L
4 . #  A C R Y L I C  ACID
5 . A  1 , 4 - B U T Y N E D I O L
*-----2 . 0  G . / L .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



171

10. 0

755525 35
T E M P E R A T U R E ,  * C.

F I G U R E  35.  S U R F A C E  ROUGHNESS VS.  T E M P E R A T U R E  
A T  pH 3 . 8 .  9 . 0  A M P , / S Q . D M , ,  AND 0 . 5  G . / L .  FOR;

1.  #  W A T T S
2.  A  M E T H Y L C E L L U L O S E
3.  ■  P O L Y V I N Y L  A L C O H O L
4.  « A C R Y L I C  ACID
5 . A  1 , 4 - B U T Y N E D I O L
 2 . 0  G.  / L .
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w 4 . 0

2 , 0

755525 35
T E M P E R A T U R E ,  ®C.

F I G U R E  36.  S U R F A C E  ROU GHNES S VS,  T E M P E R A T U R E  
A T  p H  3 . 8 ,  6 . 5  A M P , / S Q . D M , .  AND 0 . 5  G . / L .  F O R:

1.  #  W A T T S
2.  A  M E T H Y L C E L L U L O S E
3.  « P O L Y V I N Y L  A L C O H O L
4 .  «  A C R Y L I C  ACID
5.  A 1 , 4 - B U T Y N E D I O L  
- - - - 2 . 0  G , / L ,
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Table 74. R M S  roughness effects  of carbonyl compounds,

R M S Roughness  
(m ic ro  inches)

RM S Roughness 
(m icro inches)

Panel
No. 9.0

a m p , /
sq .dm .

6.5
a m p . /
sq.dm .

P a n e l
No. 9.0  

am p. /  
sq.dm.

6.5 
am p. /  
sq.dm.

—
C am phor p -B ro m o a c e to p  henone

[0.5  g . / l . ,  p H  2.2]
'

[0 .5  g . / l . ,  pH  2.2]

1110 2.4 4.0 1210 2.0 1.8

1120 3.6 4.6 1220 5.0 7.4

1130 9.2 8.6 1230 7.0 6.8

1140 9.5 6.6 1240 7.8 6.8

[pH 3.8] [pH 3.8]

114 3.6 3.4 124 5.2 1.8

113 6.0 5.6 123 3.0 2.4

112 6.8 7.0 122 3.2 1.8

111 5.8 6.0 121 9 .6  9.8

C in n am a l dehyde Ac eta l dehyde

[0 .5  g . / l . ,  p H  2.2] [0.5 g . / l . ,  pH 2.2]

1340 7.0 4 .6 ' 2610 2.0 1.6

1330 >10.0 >10.0 2620 1.6 2.0

1320 8.0 3.6 2630 8.4 4.6

1310 5.4 2.0 2640 4.8 7.2

[pH  3.8] [pH 3.8]

134 * 3.8 ' 261 10.0 >10.0

133 2.0 2.0 262 7.0 9.6

132 4.0 4.0 263 8.2 8.0

131 4.8 4.8 264 3.2 6.0
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Panel
No.

R M S  Roughness  
(m ic r o  inches)

P a n e l
No.

RM S Roughness  
(m icro inches)

9.0
a rn p . /
sq.drn.

6.4
a m p . /
sq .dm .

9.0 
am p. /  
sq.dm.

6.5
a m p . /
sq.dm .

C h lo ra l P y ru v ic  A c id

[0.5 g . / L ,  pH  2.2] [0.5 g . / l , ,  p H  2.2]

1740 4 .8 4.0 1440 3.6 3.2

1730 6.0 4.0 1430 3.8 4.2

1720 8 .6 >10.0 1420 4.6 3.6

1710 6 .6 5,0 1410 3.2 4.0

[pH  3.8] [pH 3.8]

174 4.5 5.0 144 3.4 2.8

173 7.4 6.0 143 4.4 4 .6

172 8.5 8.0 142 4.0 4.0

171 >10.0 >10.0 141 4.0 4.8

B u ty l  C h lo ra l b e ta -M e th y l  U m b e ll ife ro n e

[0 .5 g . / l . ,  p H  2 .2] [0 .5  g . / l . ,  pH  2.2]

4010 2.6 4.0 1540 6.6 6.6

4020 0 .8 3.0 1530 5.4 6.6

40 30 4 .6 3.4 1520 8.0 8.0

4040 6.6 4.8 1510 9.6 8.6

[pH  3.8] [pH 3.8]

401 3.0 4.0 154 - 8.0

402 4.0 2.6 153 7.0 7.0

40 3 2.4 3.6 152 8.6 9.6

40 4 3.4 4.0 151 >10.0 9.6
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T ab le  74 (Continued)

Panel
No.

R M S  Roughness  
(m ic ro in ch e s )

P a n e l
No.

RM S Roughness  
(m icro inches)

9.0  
am p. /  
sq.dm .

6.5
a m p . /
sq.dm .

9.0 6.5 
am p. /  amp. /  
sq.dm . sq.dm.

[2.0 g . / l . ,  p H  2.2]

4050 1.6 1.2

40 60 1.0 1.4

4070 1.6 1.0

4080 1.2 

[p H  3.8]

2.0

405 3.6 3.0

40 6 2.8 3.2

407 1.8 2.4

408 , 3.6 3.8
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10.0

4 .0

3 .0

2.0

0.0
55 753525

TE M P E R A TU R E , ®C.

F IG U R E  37. SURFACE ROUGHNESS VS. TEM PER A TU R E  
A T  pH 2 .2 . 9 .0  A M P ./S Q .D M ., AND 0 .5  G . / L .  FOR:

1. #  W ATTS
2 .A  CAMPHOR
3 .H  p-BROM OACETOPHENONE
4 . 0  C IN N A M A LD EH Y D E
5 .0  A C E TA LD E H Y D E
6 . 0  CHLO RAL HYD RATE
7 .0  PY R U VIC  A C m
8. A  B U T Y L  CHLO RAL
9 . 0  beU -M ETH Y LU M B ELLIFER O N E 
-  - - - 2 . 0  G. /L .
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in. 0

7525 35 55
T E M P E R A T U R E ,  ®C,

F IG U R E  38 .  S U R F A C E  ROU GHNESS VS. T E M P E R A T U R E  
A T  pH 2 . 2 ,  6 . 5  A M P , / S Q . D M . ,  AND 0 . 5  G . / L .  FO R :

1 . »  W A T TS
2.  A  C A M P H O R
3. ■  p - B R O M O A C E T O P H E N O N E
4 . 0  CRINAM A L D E H Y D E
5 . B  A C E T A L D E H Y D E
6 . #  C H L O R A L  H Y D R A T E
7 . 0  PY R U V IC  C ACID
8. A  b u t y l  C H L O R A L
9. O  b c ta - M E T 'H Y L U M B E L L IF E R O N E  
 2 . 0  G . / L .
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10.0

-â e

755525 35
T E M P E R A T U R E ,  ®C.

F IG U R E  39 .  S U R F A C E  ROU GHNESS VS. T E M P E R A T U R E  
A T p H 3 . 8 ,  9 . 0  A M P . / S Q . D M .  F O R :

1. # W A T T S
2.A  C A M P H O R
3. ■  p - B R O M O A C E T O P H E N O N E
4 . 0  C IN N A M A L D E H Y D E  
5 . U  A C E T A L D E H Y D E
6 . 0  C H L O R A L  H Y D R A T E
7 . 0  P Y R U V IC  ACID
8 .A  b u t y l - c h l o r a l
9 . 0 b e t a - M E T H Y L U M B E L L I F E R O N E  

- - - - 2 . 0  G . / L .
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10. 0

25 35 5 5
T E M P E R A T U R E ,  «>C.

F IG U R E  40. S U R F A C E  ROU GHNESS VS. T E M P E R A T U R E  
A T  p H  3 . 8 .  6 . 5  A M P , / S Q . D M , ,  AND 0 . 6  G . / L .  F O R :

1 . »  W A T T S
2 .  A  C A M P H O R
3. ■  p -B R O M O A C E T O P H E N O N E
4 . 0  CIN N A M A L D EH Y D E
5 . 0  A C E T A L D E H Y D E
6 . 0  C H L O R A L  H Y D R A TE
7 . 0  P Y R U V IC  ACID
b . A b u t y l  c h l o r a l
9. o b e ta - M E T H Y L U M B E L L IF E R O N E  

- - - " 2 . 0  G .  / L .
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T ab le  75. RM S roughness e ffects  of dyes.

Panel
No.

R M S  Roughness  
(m ic ro in ch es )

P a n e l
No.

RM S Roughness 
(m icro inches)

9.0
a m p . /
sq .dm .

6.5  
am p. /  
sq.dm .

9.0
a m p . /
sq.dm.

6.5 
amp. /  
sq.dm.

C lay to n  Y e l lo w P r im u l in e  Y e llo w

[0.5  g . / l . ,  pH  2.2] [0 .5  g . / l . ,  pH  2.2]

3110 4.0 5.4 3210 2.8 4.2

3120 2.2 2 .6 3220 5.6 3.2

3130 >10.0 9.5 3230 6.8 6.0

3140 2 .6  

[pH  3.8]

3.4 3240 3.4 

[pH  3.8]

3.0

311 2.2 3.6 321 2.6 3.4

312 6.0 5.6 322 5.6 4.2

313 5.8 2.6 323 3.0 4.4

314 3.8 5.0 324 5.0 5.6

M o n a s t ra l  B lue

[0 .5  g . / l . ,  pH  2.2]

2810 4.0 4.0

2820 3.2 3.8 -

2830 9.0 8.5

2840 9.0 

[pH  3.8]

>10.0

284 4.0 5.4

283 9.0 9.0

282 >10.0 >10.0

281 >10.0 >10.0
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10.0

2 . 0

35 55 7525
T E M P E R A T U R E ,  ®C.

F IG U R E  41. S U R F A C E  ROU GHNESS VS. T E M P E R A T U R E  
A T  pH  2 . 2 ,  9 . 0  A M P , / S Q . D M . ,  AND 0 . 5  G . / L .  F O R :

I O  W A T TS
2 . #  M O N A S T R A L  B L U E
3 . A  C L A Y T O N  Y E L L O W
4 . a  P R IM U L I N E  Y E LL O W
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10,0

75553525
T E M P E R A T U R E ,  ° C .

F IG U R E  42. S U R F A C E  ROUGHNESS VS. T E M P E R A T U R E  
A T  pH 2 . 2 .  6 . 5  A M P . / S Q . D M . ,  AND 0 . 5  G . / L .  FOR:

1 O W A TTS
2 . #  M O N A S T R A L  B L U E
3 . A  C L A Y T O N  Y ELLOW
4 .B  P R IM U L IN E  Y E LLO W
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10.0

8 . 0  _

7525 5535
T E M P E R A T U R E ,  ° C ,

F IG U R E  43. S U R F A C E  ROU GHNESS VS. T E M P E R A T U R E  
A T  p H  3 . 8 ,  9 . 0  A M P . / S Q . D M , ,  AND 0 . 5  G . / L .  FO R ;

1 . 0  W A T TS
2. #  M O N A S TR A L  B L U E
3 . A C L A Y T O N  Y ELLO W
4 .  « P R I M U L I N E  YELLO W
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10. 0

2  4 . 0

3 . 0

2 .0

7525 5535
T E M P E R A T U R E ,  ° C .

F IG U R E  44 . S U R F A C E  ROU GHNESS VS. T E M P E R A T U R E  
A T  pH  3 . 8 .  6. 5 A M P . / S Q . D M . ,  AND 0. 5 G .  / L .  F O R :

1. O W A T T S
2. « M O N A S T R A L  B L U E
3 . A C L A Y T O N  Y E L L O W
4 .  « P R I M U L I N E  Y E L L O W
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Tab le  76, R M S roughness e ffec ts  of phenols.

P anel
No.

R M S Roughness  
(m ic ro inches )

P an e l
No.

RMS Roughness 
(m ic ro  inches)

9.0 
am p. /  
sq.dm .

6.5
a m p . /
sq.dm .

9.0
a m p . /
sq.dm.

6.5
a m p . /
sq.dm.

3010

4 ,4 -  D ih yd ro x  yb iphenyl  

[0 .3 3  g . / l . ,  p H  2.2]

2 .8  3.4

4

2710

3,5 ,3 , '5 -  T e t r a n i t r o -  
, 4 - d ihydroxybiphenyl 
[0 .33  g /1 .,  pH  2.2]

2.3  3.2

.3020 2.8 3.4 2720 3.8 5.0

30 30 6.0 7.6 2730 4.6 4.0

3040 ‘ 3.6 3.4 2740 3.6 3.0

301

[pH 3.8] 

2.4 2.2 271

[pH 3.8] 

9.0 5.0

302 4.0 4.4 272 - 8.5

30 3 9.0 7.6 273 6.0 6.0

304 10.0 10.0 274 - -

4110

[0 .5

P henol  

g . / l . ,  pH  

5.0

2.2]

4.8 4210

o -N itrop heno l  

[0 .5 g . / l . ,  pH 2.2] 

3.4 3.8

4120 3.0 3.6 4220 3.2 2.4

4130 9.4 8.0 4230 3.8 3.8

4140 9.6 9.0 4240 3.8 3.2

411
-

[pH 3.8] 

3.4 3.2 421

[pH 3.8] 

4.0 4.4

412 4.0 5.2 422 4.8 4.0

413 3.8 , ' 3.8 423 4.4 4.2

414 >10.0 >10.0 424 3.4 3.8
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Panel
No.

RM S Roughness  
(m ic ro  inches)

P a n e l
No.

RM S Roughness 
(m ic ro  inches)

9.0  
am p. /  
sq.dm .

6.5  
am p. /  
sq.dm .

9.0
a m p . /
sq.dm.

6.5 
amp. /  
sq.dm.

p -A m in o p h en o l H y d ro c h lo r id e o-A m inopheno l H y droch lo r id e

[0 .5  g . / l . /  p H 2.2] [0 .5  g . / l . ,  pH 2.2]

4810 2.6 3.4 4910 3.6 4.4

4820 5.2 4.6 4920 3.0 2.8

4830 7.0 7.0 4930 3.4 2.8

4840 4.8 5.0 4940 6.4 4.6

[pH 3.8] [pH 3.8]

481 3.6 2.4 491 2.8 3.0

482 3.4 2.8 492 5.2 4.0

483 - - 493 2.8 2.6

484 - - 494 6.2 5.2

[2.0 g . / l . ,  pH 2.2] [2.0 g . / l . ,  pH 2.2]

4850 >10.0 4.4 4950 8.0 6.2

4860 - - 4960 6.5 5.0

4870 7.6 5.2 4970 4.2 3.4

4880 5.4 6.0 4980 3.8 2.8

[pH  3.8] [pH 3.8]

485 5.4 5.4 495 6.4 5.2

486 _ - 496 6.8 6.0

487 - - 497 5.2 6.0

488 - - 498 6.6 5.0
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Pane l
No.

R M S  Roughness  
(m ic  ro  inche s)

P a n e l
No.

RM S Roughness  
(m icro inches)

9.0  
a m p . /  . 
sq.dm .

6.5
a m p . /
sq .dm .

9.0  
amp. /  
sq.dm.

6.5 
arnp ./  
sq.dm.

Catechol R eso rc in o l

[0 .5  g . / l . ,  pH 2.2] [0.5 g . / l . ,  pH 2.2]

5010 6.0 5.0 5110 3.4 2.6

5020 3.0 3.6 5120 3.2 2.6

50 30 9.0 8.8 5130 9.8 8.6

5040 >10.0 9 .6  ' 5140 >10.0 9.5

[p H  3.8] [pH 3.8]

501 4.0 5.4 511 3.0 3.4

502 3.6 3.8 512 4.4 5.0

50 3 7.0 6.4 513 6.4 6.0

50 4 6.2 5.0 514 8.0 7.0

[2 .0  g . / l . ,  pH 2.2] [2.0 g . / l . ,  pH 2.2]

5050 5.0 3.4 5150 2.4 2.4

5060 4.8 4.0 5160 6.6 3.8

5070 >10.0 9.0 5170 8.6 7.0

5080 >10.0 >10.0 5180 8.6 7.2

[pH  3.8] [pH 3.8]

505 4 .4 4.0 515 4.0 3.6

506 4.0 4 .4 516 5.6 3.8

50 7 6.0 7.0 517 4.2 4.0

508 >10.0 >10.0 518 9.5 7.0
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P an e l
No.

R M S Roughness  
(m ic ro  inches)

P a n e l
No.

R M S Roughness 
(m ic ro  inches)

9.0
a m p . /
sq.dm .

6.5  
am p. /  
sq.dm .

9.0 6.5 
am p . /  a m p . /  
sq.dm . sq.dm.

b e t a -  N  aphtho 1 '

[0 .5  g . / l . ,  p H  2.2]

5210 ' 3.0 3.8

5220 5.0 3.8

5230 5.0 3.6

5240 3.6  

[pH  3.8]

2.4

521 - 3.2

522 4.2 2.8

523 3.2 3.2

524 4.0 2.6
-
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10,0

tow
XuSsu
5
C/Î

i

0 .0
75553525

T E M P E R A T U R E ,  ° C .

F IG U R E  45 .  S U R F A C E  ROUGHNESS VS. T E M P E R A T U R E  
A T  pH  2 . 2 .  9 . 0  A M P . / S Q . D M . ,  AND 0 . 5  G . / L .  F O R :

1. #  W A T T S
2 .A 4 ,4 ' - D I H Y D R 0 X Y B I P H E N Y L  0. 3 G. / L .
3. □  P H E N O L
4 .  A  C A T E C H O L
5. « R E S O R C I N O L
6. •  b e t a - N A P H T H O L  
 2 . 0  G . / L .
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10. 0

9 . 0

8 . 0

—4. 0

6.0

5 . 0

M 4 . 0

3 . 0

2 .0

0

0.0
25 35 55

T E M P E R A T U R E ,  ®C.
75

F IG U R E  46 . S U R F A C E  ROUGHNESS VS. T E M P E R A T U R E  
A T  pH 2 . 2 .  6. 5 A M P . / S Q . D M . ,  A N D 0 . 5 G . / L .  F O R ;

1 . #  W A T TS
2. A 4 ,  4 ' . D IH Y D R O X Y B IP H E N Y L  0. 3 G . / L .
3 .  n  P H E N O L
4 . A C A T E C H O L
5. ■  R E SO R C IN O L
6. #  b e t a - N A P H T H O L  
- - - - 2 . 0  G . / L .
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10.0

(/)w
X
U
s
su
2
w*

55 753525
T E M P E R A T U R E , ° C .

F IG U R E  47. S U R F A C E  ROUGHNESS VS. T E M P E R A T U R E  
A T  p H 3 . 8 ,  9 .0  A M P . / S Q . D M . ,  A N D 0 . 5 G . / L .  FOR;

1 . #  W A T T S
2. A 4 . 4 ' - D I H Y D R 0 X Y B I P H E N Y L  0 .3  G . / L .
3. □  P H E N O L
4. A C A T E C H O L
5. ■ R E .S O R C IN O L
6. • b e t a - N A P H T H O L  
 2 .0  G . / L .
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10.0

7 . 0

7555
T E M P E R A T U R E .  ®C.

3525

F IG U R E  48. S U R F A C E  ROUGHNESS VS. T E M P E R A T U R E  
A T  pH 3 . 8 ,  6 . 5  A M P , / S Q . D M . ,  AND 0 . 5  G . / L .  FO R :

1. #  W A TTS
2. A 4 .  4 ' -D IH Y D R O X Y B IP H E N Y L  0 . 3  G . / L .
3. □  P H E N O L
4. A c a t e c h o l

5. ■  R E SO R C IN O L
6. #  b e t a - N A P H T H O L  
 2 . 0  G . / L .
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10.0

COW
S
s
§
z
CO

i

25 35 55 75
T E M P E R A T U R E ,  ®C.

F IG U R E  4 9 .  S U R F A C E  ROUGHNESS VS. T E M P E R A T U R E  
AT pH 2 . 2 ,  9 . 0  A M P . / S Q . D M . ,  A N D 0 . 5 G . / L .  FOR:

1. •  W A T T S
2. O  o - N IT R O P H E N O L
3. ■  o -A M IN O P H E N O L  H Y D R O C H LO R ID E
4 .  A  p -A M IN O P H E N O L  HYDR OCHLORIDE
5. O  3, 5, 3 ' ,  5 ' - T E T R A N I T R O -4 ,4 ' - D I H Y D R O X Y -

B IP H E N Y L  0 . 3 G . / L .
• ---- 2 , 0  G u / L .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



194

10.0

■ A -

U5 4 , 0

25 35 55 75
T E M P E R A T U R E ,  ®C.

F IG U R E  50. S U R F A C E  ROU GHNESS VS. T E M P E R A T U R E  
AT pH  2 . 2 ,  6 . 5  A M P , / S Q . D M , ,  AND 0 . 5  G . / L .  F O R :

1. « W A T T S
2 . ®  o - N IT R O P H E N O L
3 .B  o - A M IN O P H E N O L  H Y D R O C H LO R ID E
4 . A  p - A M IN O P H E N O L  H Y D R O C H LO R ID E
5 . 0  3, 5. 3 ' ,  5 ' - T E T R A N l T R O - 4 . 4 ' - D l H Y D R O X Y -  

B I P H E N Y L  0 . 3  G . / L .
 2 . 0  G . / L .
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10. 0

in 4 . 0

75553525
T E M P E R A T U R E ,  ° C ,

F IG U R E  51 .  S U R F A C E  R OU GHNESS VS. T E M P E R A T U R E  
A T  pH  3. 8, 9 . 0  A M P . / S Q . D M . ,  AND 0 . 5  G . / L .  F O R :

1 . #  W A T T S
2 . 0  o - N I T R O P H E N O L
3 .B  o -A M I N O P H E N O L  H Y D R O C H L O R ID E
4 . A  p - A M I N O P H E N O L  H Y D R O C H L O R ID E
5 . 0  3. 5, 3 ' ,  5 ' - T E T R A N I T R O - 4 , 4 ' - D I H Y D R O X Y - 

B I P H E N Y L  0 . 3  G M . / L .
 ---- 2 .  0 G .  / L .
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10.0

755525 35
T E M P E R A T U R E ,  ° C .

F IG U R E  52. S U R F A C E  ROU GHNESS VS. T E M P E R A T U R E  
A T  p H  3 . 8 .  6 . 5  A M P . / S Q . D M . ,  AND 0 . 5  G . / L .  F O R :

1. •  W A T T S
2 . ®  o - N IT R O P H E N O L
3 . B  o - A M IN O P H E N O L  H Y D R O C H LO R ID E
4.A p -A M I N O P H E N O L  H Y D R O C H LO R ID E
5 . 0  3 , 5 ,  3 ' , 5 ' r T E T R A N I T R O - 4 , 4 ' - D I H Y D R O X Y -

B I P H E N Y L  0 . 3  G M . / L .
 2 . 0  G .  / L .
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Table 77. RM S su rface  roughness e ffec ts  fo r  2 ,7 - naphthalene d is u l-
fon ic  a c id  and in c re a s in g  c o n c e n tra tio n s * of g lucose.

P ane l
No.

R M S Ro ughne s s 
(m ic ro  inches)

Tem p.  
(° (:.)9.0

a m p . /
sq .dm .

6.5  
am p. /  
sq.dm .

371-1 2.6 3.4

3 71 -2 3.2 2 .6

3 71 -3 2.6 2 .4

3 71 -4 3.2 2.2

371 -5 3.0 2.8

3 71 -6 1.8 1.8

371-7 3.0 2 .6

371 -8 1.6 1.8

3 71 -9 2.0 2 .4

371-10 1.8 1.9

371 -11 2.0 3.8 25

371 -12 2.6 2.8 38

371 -1 3 3.0 2 .6 52

371 -1 4 3.0 3.2 60

3 71 -1 5 3.4 2.6 60

*  R e fe r  to Tab les  37 to 67 fo r  c la r i f ic a t io n  of additions r e ­
fe r r e d  to in  re m a in d e r  of roughness tab les .
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Table 78. RM S su rface  roughness e ffe c ts  fo r  2 ,7 -n a p h th a le n e  d is u l-
fonic ac id  and in c re a s in g  co n cen tra tio n s  of c h lo ra l.

P an e l
No.

R M S  Roughness  
(m ic ro  inches)

T e m p .
r  c . )9.0  

am p. /  
sq.dm .

6.5  
am p. /  
sq.dm .

381-1 3.0 2.9

381 -2 3.8 4.0

381 -3 1,6 5.0

381 -4 2.8 5.0

381 -5 9.0 9.0

381 -6 9.0 9.5

381 -7 4.0 7.0

381 -8 3.0 3.0

381 -9 7.0 7.0

381-10 3.0 3.0
\

381-11 1.9 1.8 28

381 -1 2 >10.0 >10.0 38

381 -1 3 2.2 2 .6 52

381 -14 2.6 3.2 60

381 -1 5 3.6 2.6 60
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10. 0

10 .0  12.08 . 06 . 04 . 02 . 00 . 0
C O N C E N T R A T IO N ,  G . / L .

F IG U R E  5 3 . S U R F A C E  R O U G H N E S S  V S . C O N C E N T R A T IO N  
O F  C H L O R A L  A N D  5 .0  G . / L .  O F  2 ,7 - N A P H T H A L E N E  D IS U L -  
F O N IC  A C ID  A T  65 ® C . F O R  C U R R E N T  D E N S IT IE S :

1 . #  9 .0  A M P .  /S Q .D M .
2 .  O 6 .5  A M P .  /S Q .D M .
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Table 79. 'R M S  surface  roughness e ffec ts  f o r  2 ,7 -naphthalene d is u l-  
fonic ac id  and in c re a s in g  concentra tions of re p re s e n ta t iv e  
p o ly m e r  and unsa tu ra ted  a l ip h a tic  compounds.

R M S Roughness R M S  Roughness
(m ic ro  inches) (m icro inches)

Panel P a n e l
No. 9.0 6.5 No. 9.0 6.5

a m p . / am p. / am p. / am p. /
sq .dm . sq .dm . sq.dm . sq.dm .

P o lym e thyl V in y l  E th e r
A c r y l ic  A c idM a le ic  A n hydride

361-1 2 .6 2 .4 4 6 -1 3.0 3.0

361-2 2.0 1.7 4 6 -2 2.6 2.6

361-3 2.2 2.2 4 6 -3 3.8 3.6

361-4 2.0 2.0 4 6 -  4 3.2 3.0

361-5 2.2 2.2 4 6 -5 4.0 4.0

36l -  6 2 .6 2 .4 4 6 -6 3.4 4.0

361-7 7.6 7.8 4 6 -7 2 .6 3.2

361-8 4.0 2.7 4 6 -8 4.2 3.8

361-9 4.0 4.0 4 6 -9 3.0 3.8

361-10 8.0 9.0 46 -10 4.0 5.0

Pane l
4 6 -1 1 3.6 5.4

N o . / 4 6 -1 2 3.6 2.2
Tem p.
(° C.) 1 ,4 -B u tyn ed io l

3 6 1 -1 1 /2 8 2 .6 3.2 531 -1 5.0 4 .6

3 6 1 -1 2 /3 8 2.8 4.0 5 3 1 -2 6.0 5.0

3 6 1 -1 3 /5 2 5.4 3.8 5 3 1 -3 5.6 5.6

3 6 1 -1 4 /6 0 5.0 3.0 5 3 1 -4 4 .8 5.2

3 6 1 -1 5 /6 0 2.8 3.2 5 31 -5 5.4 5.0
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T ab le  79 (Continued)

Panel
No.

R M S  Roughness  
(m ic ro  inches)

P a n e l
N o .

R M S  Roughness  
(m icro inches)

9 .0  6.5  
a m p . /  a m p . /  
sq.dm . sq .dm .

9.0 
am p. /  
sq.dm .

6.5 
am p. /  
sq.dm .

5 3 1 -6 5.0 5.0

531 -7 6.2 5.4

5 3 1 -8 6.0 5.2

5 3 1 -9 4.0 5.0

531 -1 0 6.0 6.0
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10.0

0 . 50 .40.2 0. 30.10 . 0
C O N C E N T R A T IO N ,  G. / L .

F IG U R E  54. S U R F A C E  RO U G H N ESS VS. C O N C E N T R A T IO N  
O F  AD D ITIO N  A G E N T  AND 5 . 0  G . / L .  O F  2. 7 -N A P H T H A L E N E  
D IS U L F O N IC  ACID A T  9 . 0  A M P . / S Q . D M .  AND 65 * C ,  F O R :

1 , 0  G L U C O S E
2. •  P V M /M A
3. A  A C R Y LIC  ACID
4 .  ■  1 ,4 - B U T Y N E D I O L
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u

0

0

0

0

0

0

. 0

0

0

0
0 . 4 0 .50 . 30. 20.10 . 0

C O N C E N T R A T IO N ,  G , / L .

F IG U R E  55. S U R F A C E  R O U G H N ESS VS. C O N C E N T R A T IO N  
O F  ADDITION A G E N T  AND 5 . 0  G . / L .  O F  2 ,7 - N A P H T H A L E N E  
D IS U LF O N IC  A C ID  A T  6 . 5  A M P . / S Q . D M .  AND 65 » C .  F O R :

I . O  G L U C O S E
2. •  P V M / M A
3. A  A C R Y L IC  ACID
4 . B  1 ,4 - B U T Y N E D I O L
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Table 80. RM S su rface  roughness e ffe c ts  f o r  2 ,7 -n a p h th a le n e  d is u l-
fon ic ac id  and in c re a s in g  co n cen tra tio n s  of dyes.

R M S  Roughness  
(m ic ro  inches)

RM S Roughness  
(m ic ro in c h e s )

Jr’anei
No. 9.0  

am p . /  
sq.dm .

6.5  
am p. /  
sq.dm .

±^anei
No. 9.0  

am p. /  
sq.dm .

6.5  
am p. /  
sq.dm .

C layton  Y e llo w • P r im u lin e  Y e llo w

311-1 2.6  ■ 3.4 321 -1 3.0 4.0

311-2 3.6 4 .4 321 -2 3.8 6.0

311-3 3.2 2.8 3 2 1 -3 3.2 3.8

311-4 3.6 3.0 3 2 1 -4 3.2 2 .4

311-5 2 .6 3.0 321 -5 3.4 3.8

311-6 2.6 4 .8 3 2 1 -6 3.2 3.0

311-7 2.2 1.8 321 -7 3.6 3.2

311-8 3.2 4.0 3 21 -8 2.8 3.0

311-9 3.6 3.8 3 21 -9 4 .8 3.0

311-10 2 ,6 2.2 321 -1 0 3.2 3.2

311-11 3.0 3.0 321 -11 4.0 4.0

311 -13 3.6

M eth y len e  B lue

2.2 • 3 2 1 -1 3 3.6

To lu id in e  B lue

4.0

331-1 3.8 4.2 341-1 2.2 2.0

331-2 4.0 4.2 3 41 -2 2.0 3.4

331-3 3.6 3.8 3 4 1 -3 2.6 2.2

331-4 3.4 3.2 341 -4 2 .6 2.4

331-5 3.0 4.0 341 -5 2.6 3.2

331 -6 2.4 2.8 3 4 1 -6 1.0 1.8

331-7 2.4 1.8 341 -7 2.8 2.2
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R M S Roughness R M S Roughness
(m ic ro  inches) (m ic ro in ch e s )

P anel P a n e l
No. 9.0 6.5 No. 9.0  6.5

a m p ./ am p. / a m p . /  am p . /
sq .dm . sq .dm . sq.dm . sq .dm .

331-11 2 .6 2.0 341 -1 1 6.0 4,5

331-13 ; 4.0  

M onas t r a l

3.8

B lue

3 4 1 -1 3 2.0 3.0

351-2 2 .4 3.2

351-3 4 .4 2.2

351-4 1.6 2.2

351-5 1.8 2.0

351 -6 2 .4 2 .4

351-7 3.6 1.8

351-8 2.0 2.4

351-9 2 .4 5.0 Tem p.

351-10 2.0 2.4 (°

351-11 3.0 2 .4 28

351-12 3.0 4.0 38

351 -13 1.6 2.0 52

351 -14 1.2 0 .8 60

351-15 2.2 2 .4 60
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10. 0

in
W
Xu
S
§
2
CO*

0 . 4 0 . 50 . 0 O.Z 0 .30 .1
C O N C E N T R A T IO N ,  O . ' / L .

F IG U R E  56. S U R F A C E  ROU GHNESS VS. C O N C E N T R A T IO N  
O F  ADD ITIO N  A G E N T  AND 5 . 0  G . / L .  O F  2. 7 - N A P T H A L E N E  
D IS U L F O N IC  ACID A T 9 . 0  A M P . / S Q . D M .  AND 65 ®C. F O R :

1 .  O M O N A S TR A L  B L U E
2. ■  C L A Y T O N  Y E L L O W
3. ▲ P R IM U L IN E  Y E L L O W
4. •  T O L U ID IN E  B L U E
5. *  M E T H Y L E N E  B L U E
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10.0

C O N C E N T R A T IO N ,  G . / L .

F IG U R E  57. S U R F A C E  R O U G H N ESS VS. C O N C E N T R A T IO N  
O F  AD D ITIO N  A G E N T  A N D  5 . 0  G . / L ,  O F  2 . 7 - N A P T H A L E N E  
D IS U L F O N IC  A C ID  A T  6 . 5  A M P . / S Q . D M ,  AND 65 ®C. F O R :

1.  O  M O N A S T R A L  B L U E
2. ■  C L A Y T O N  Y E L L O W
3. A  P R IM U L IN E  Y E L L O W
4.  #  T O L U ID IN E  B L U E
5. •  M E T H Y L E N E  B L U E
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Table 81. R M S  s u rface  roughness e ffe c ts  fo r  2 ,7 -n ap h th a len e  d is u l-
fo n ic  ac id  and in c re a s in g  co n cen tra tio n s  of phenols .

P ane l
No.

R M S  Roughness  
(m ic ro in c h e s )

P a n e l
No.

R M S Roughness  
(m ic ro in ch e s )

9.0  
am p. /  
sq .dm .

6.5  
am p. /  
sq.dm .

9.0  
am p. /  
sq.dm .

' 6.5  
am p. /  
sq.dm .

3,5 , 3 ,5 -  T e t r a n it r o -
1 -u /iiiy u ro x y  uipiieny i

^ -a in y a ro x y o ip n e n y i
301-1 4.0 3.4 271 -1 3.0 3.6

301-2 2 .6 2.8 2 7 1 -2 2 .6 2.4

301-3 2 .8 2.8 2 7 1 -3 3.0 3.0

301 -4 2 .6 3.6 2 7 1 -4 2 .6 2.6

301-5 2.2 2.6 2 7 1 -5 2.4 3.8

301 -6 3.4 2.2 2 7 1 -6 2.6 3.0

301-7 3.0 3.0 2 7 1 -7 3.0 2.8

301 -8 4.0 3.0 2 7 1 -8 2.4 3.2

301-9 2.0 2.0 2 7 1 -9 4.0 4.0

301-10 2.0 3.0 2 7 1 -1 0 >10.0 >10.0

P ane l 
N o ./  

Tem p. 
(° C.)

P a n e l 
N o ./  

Tem p. 
{“ C.)

3 0 1 -1 2 /4 7 3.6 1.6 2 7 1 -1 1 4.0 4.0 (p i

3 0 1 -1 4 /2 4 2 .8 2.2 2 7 1 -1 2 /4 7 4.0 3.6

3 0 1 -1 5 /3 5 3.0 3.0 2 7 1 -1 4 /2 4 >10.0 >10.0

3 0 1 -1 6 /5 5 2.0 2.4 2 7 1 -1 5 /3 5 >10.0 >10.0

3 0 1 -1 7 /7 5 5.0 3.8 2 7 1 -1 6 /5 5

2 7 1 -1 7 /7 5

>10.0

4.0

>10.0

5.2
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P anel
No.

RM S Roughness  
(m ic ro  inches)

P an e l
No.

RM S Roughness  
(m ic ro  inches)

9.0
a m p ./
sq .dm .

6.5
a m p ./
sq .dm .

9.0
a m p ./
sq .dm .

6.5
a m p ./
sq.dm .

P h en o l o -N itro p h e n o l

4 11 -4 2.2 4.0 421 -4 1.8 1.8

411 -5 1.8 2 .6 421 -5 1.9 1.5

4 11 -6 . 3.0 2.2 421-.6 2 .8 5.2

411 -7 3.2 3.6 421 -7 2.2 2.2

411 -8 3.2 3.0 , 421 -8 3.8 3.0

411 -9 3.0 2 .8 4 2 1 -9 3.8 5.2

411-10 4:0 1.8 421 -10 3.6 2 .6

411-11 3.6 3.0 421 -1 1 2.8 2 .8

411 -12 2.4 3.6 421 -1 2 3.6 3.8

p -N itro p h e n o l p -A m in o p h en o l H y d ro c h lo rid e

47-1 5.0 4.2 481-1 5.0 5.0

4 7 -2 4 .8 5.6 4 81 -2 4.0 3.6

4 7 -3 5.6 5.0 4 8 1 -3 5.0 5.4

4 7 -4 5.2 5.8 4 8 1 -4 4 .2 4.0

4 7 -5 5.4 4.8 4 8 1 -5 3.4 3.8

4 7 -6 7.0 7.6 4 8 1 -6 3.6 5.2

4 7 -7 5.4 5.2 4 8 1 -7 3.8 4.6

4 7 -8 6,2 5.4 4 8 1 -8 4 .6 4 .8

4 7 -9 - - 4 8 1 -9 2 .4 3.0

481 -10 3.0 2.4
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Panel
No.

R M S  Roughness  
(m ic ro  inches)

P a n e l
No.

/

R M S Roughness 
(m ic ro  inches)

9.0  
am p. /  
sq.dm .

6.5  
am p. /  
sq.dm .

9.0
a m p ./
sq.dm .

6.5  
am p. /  
sq.dm .

o -A m inopheno l H y d r o ch lo rid e

P a n e l
N o ./

Tem p.
(°

4 8 1 -1 1 /3 5

4 8 1 -1 2 /4 9

4 8 1 -1 3 /5 9

4 .4  4.0

4.4 4.4

4 .4  4.8  

C atecho l

491-1 4.6 5.0 501 -1 6.0 5.8

491-2 5.2 4.0 50 1 -2 6.0 5.8

491-3 ' . 5.0 4:0 50 1 -3 5.4 4.8

491-4 4 .6 4.0 5 0 1 -4 6.0 5.0

491-5 3.0 3.6 5 0 1 -5 5.0 5.6

491-6 4 .4 3.4 5 0 1 -6 4 .6 4.4

491-7 4.0 4.0 50 1 -7 5.4 5.8

491-8 4 .6 4.2 5 0 1 -8 4.4 4.4

491-9 3.4 3.6 5 0 1 -9 7.4 7.4

491-10 3.5 3.8 501 -1 0 4.0 4.2

5 0 1 -1 4 5.0 4.0
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Panel
No.

RM S Roughness  
(m ic ro  inches)

P a n e l
No.

R M S Roughness  
(m ic  ro  inches)

9.0
a m p ./
sq .dm .

6.5  
am p. /  
sq.dm .

9.0
a m p ./
sq .dm .

6.5  
am p. /  
sq .dm .

P anel P a n e l
N o ./ N o . /
Tem p. Tem p.
(° (:.) (° c.)

491 - 11 /35 4.0 6.0 5 0 1 -1 1 /3 5 5.0 5.0

491 - 12 /49 4.0 4 .6 5 0 1 -1 2 /4 9 5.0 5.0

491- 13 /5 9 4.0 4.2 5 0 1 -1 3 /5 9 5.0 4.0

R e s o rc in o l b e ta -N a p h th o l

511-1 7.0 6.2 521 -1 6.0 5 .4

511-2 5 .6 5 .6 5 2 1 -2 6.0 5.6

511-3 6.0 6.4 5 2 1 -3 5.4 6.0

511-4 5.8 5.2 5 2 1 -4 3.8 4.2

511-5 5.8 6.2 5 2 1 -5 5.2 4.8

511 -6 4 .6 4.0 5 2 1 -6 6.8 5.2

511-7 5 .6 5.2 5 2 1 -7 3.0 3.8

511-8 4.8 5.2 5 2 1 -8 6.0 6.0

511-9 4 .8 4 .4 5 2 1 -9 9.0 9.0

511-10 4 .6 4.0 521 -1 0 9.0 8.2

511 -14 4.0 4 .6
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T ab le  81 (Continued.)

Panel
No.

R M S  Roughness  
(m ic ro in ch e s )

P a n e l
N o .

RM S Roughness 
(m ic ro  inches)

9.0  
am p. /  
sq.dm .

6.5
a m p ./
sq .dm .

9.0 6.5  
am p. /  am p. /  
sq.dm . sq .dm .

Panel 
N o . /  

Tem p. 
(° C.)

'5 1 1 -1 1 /3 5 5.0 5.0

5 1 1 -1 2 /4 9 3.2 3.8

5 1 1 -1 3 /5 9 4.0 3.6
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10. 0

0

0

0

0 r

0

0

. 0

. 0

0

0
0 . 50 . 2 0 .40 .1 0 .30 . 0

C O N C E N T R A T IO N , G . / L .

F IG U R E  58 . S U R F A C E  ROUGHNESS V S . C O N C E N T R A T IO N  
O F  A D D IT IO N  A G E N T  A N D  5 .0  G . / L .  O F  2 ,7 -N A P H T H A L E N E  
D IS U L F O N IC  A C ID  A T  9 .0  A M P . /S Q .D M . A N D  65 * C ,  F O R ;

1 . B  4 ,4 '-D IH Y D R O X Y B IP H E N y L
2 . #  3 ,5 ,3 ',5 '- T E T R A N IT R O - 4 ,4 '- D IH Y D R O X Y -

B IP H E N Y L
3. A  b e ta -N A P H T H O L
4. e  P H E N O L
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10.0

0 . 0 0 . 10.1 0 .2 0 .  3 0 . 4 0 .5
CONT CEN TR A TIO N . G . /L.

F I G U R E  59. SURFACE 31GUGHNESS V S .  C O N C EN T R A TIO N  
OF A D D IT IO N  AGENT V ^ N D  5.0 G . / L .  O F  2 , 7 - N A P H T H A L E N E  
D I S U L F O N I C  ACID AT G .  5 A M P . / S Q . D M .  AND 65 ® C ,  FOR; 

1 . 1  4 ,4 ' .D IH Y I= 3 R 0 X Y B IP H E N Y L
2 .  #  3 ,5 , ) i, 5 ' - T E T R A N I T R O - 4 ,  4 ' -D IH Y D R O X Y -

BIPHENYL^
3 . A  b e ta .N A P « 'X H O L
4 . 9  PHENOL
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10.0

8. 0

2 .0

0 . 0 0.1 0 .2 0 .3 0 .4 0 .5
C O N C E N TR A TIO N , G . /L .

F IG U R E 60. SURFACE ROUGHNESS VS. CONCENTRATION  
OF A D D IT IO N  AG ENT AND 5 .0  G . /L .  OF 2, 7 - NAPHTHALENE  
D ISULFO N IC  A C ID  A T  9 .0  A M P ./S Q .D M . AND 65 *C . FOR:

1. ■  o -N ITR O P H E N O L
2. #  p -N ITR O P H E N O L
3. O o -A M IN O P H E N O L HYDROCHLORIDE
4 .  A  p - A M IN O P H E N O L  HYDR OCHLORIDE
5. O CA TECHO L
6. •  RESORCINOL
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10.0

9 . 0

8 . 0

U

g
s
§
ü
2
(O

0 . 0 0.1 0 . 2 0 . 3 0 . 4 0 . 5
C O N C E N T R A T IO N ,  G. /  L .

F IG U R E  61. S U R F A C E  RO U G H N ESS VS. C O N C E N T R A T IO N  
O F  A D D ITIO N  A G E N T  A N D  5 .0  G . / L .  O F  2, 7 - N A P H T H A L E N E  
D IS U L F O N IC  A C ID  A T  6. 5 A M P . / S Q . D M .  AND 65 ° C .  F O R :

1 .  A  o - N IT R O P H E N O L
2 .  •  p -N IT R O P H E N O L
3. O o -A M IN O P H E N O L  H Y D R O C H L O R ID E
4 .  ■  p -A M IN O P H E N O L  H Y D R O C H L O R ID E
5 . □  C A T E C H O L
6. #  R E S O R C IN O L
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Table 82. RM S su rface  roughness e ffe c ts  fo r  n ic k e l cob a lt dep osi­
tions in  the p re s e n c e  of n ic k e l fo rm a te  and in c re a s in g
co n cen tra tio n s  o f c a rb o n y l com pound.

Panel
No.

R M S Roughness  
(m ic ro  inches)

P a n e l
No.

R M S Roughness  
(m ic ro in ch e s )

9.0
a m p ./
sq .dm .

6.5
a m p ./
sq .d m .

9.0  
am p. /  
sq .dm .

6.5  
am p. /  
sq.dm .

C innam aldéhyde C h lo ra l w ith  (N H .) .,S O .

181 6.4 8.0 191 3.6

—

5.0

182 5.0 4 .6 192 7.0 5.0

183 3.8 4 .4 193 >10.0 8.5

194 7.6 6.0

195 >10.0 >10.0

196 8.5 8.0

197 >10.0 >10.0

198 >10.0 9.0

C h lo ra l. Aceta ldehyde

201 4.0 3.2 241 4 .6 5.2

202 4.0 3.4 242 1.8 2.8

20 3 2 .8 4.0 243 4 .6 3.4

204 4.2 4.0 244 3.6 3.2

205 6.4 6.0 245 5.0 2.4

206 3.8 4.0 246 2 .8 3.0

207 3.8 3.2 247 6.6 3.2

208 4.0 4 .6 248 5.8 5.0

249 3.6 3.8
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Panel
No.

R M S Roughness  
(m ic  ro  inches)

P a n e l
N o.

RM S Roughness 
(m ic ro in ch e s )

9.0  
am p. /  
sq.dm .

6.5
a m p ./
sq .dm .

9.0  
am p. /  
sq.dm .

6.5  
am p. /  
sq.dm .

291 3.6 1.8 298 2.8 2.2

292 5.0 3.8 299 4.6 4.0

293 3.2 2.6 2910 5.6 5.0

294 1.8 3.8 2911 5.0 5.4

295 2 .6 6.5 2912 4.0 , 4.8

296 5.5 , 4 .6 2913 5.4 6.0

297 3.8 5.0 2914 7.2 8.0

2915 9.0 4.0

2916 5.0 5.4

2917 4.4 5.2

2918 5.0 5.6

B u ty l C h lo ra l

391 4.2 3.6

392 2.2 2.8

393 1.8 4.0

394 1.6 3.2

395 1.8 2.0

396 4.0 3.4

397 5.4 4.0

398 3.0 3.6

399 5.0 3.6
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10.0

3 .  0 4 .0 5 .01 . 0 2 . 00 .0
C O N C E N T R A T I O N ,  G . / L ,

FIG U R E  6 2 .  S U R F A C E  R O U G H N E S S  V S .  C O N C E N T R A T IO N  
OF A D D IT IO N  A G E N T  F O R  N I C K E L - C O B A L T  D E P O S IT IO N  
IN TH E  P R E S E N C E  O F  N I C K E L  F O R M A T E  A T  9 .0  A M P .  /  

S Q .D M , A N D  6 5  ® C .  F O R :
1. • c h l o r a l  w i t h  a m m o n i u m  s u l f a t e

P R E S E N T
2 . O  C H L O R A L
3. O C H L O R A L  IN  P R E S E N C E  O F  N IC K E L  C H L O R O -

A C E T A T E
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1 0 . 0

9 .0

3 .0

2 . 0

0. 0 1 . 0 2 . 0 5 .03 .0 4 .0
C O N C E N TR A TIO N , G . /L .

F IG U R E  63. SURFACE ROUGHNESS VS. CO NC EN TR A TIO N  
OF A D D IT IO N  AG ENT FO R  N IC K E L -C O B A L T  DEPOSITION  
IN  T H E  PRESENCE O F N IC K E L  F O R M A TE  A T  6 .5  A M P ./  
S Q .D M . AND 65»C . FOR :

1. e  C H LO RAL W IT H  A M M O N IU M  S U LFA TE
PRESENT

2. 9  C H LO RAL
3. O  C H LO R A L IN  T H E  PRESENCE O F N IC K E L

C H LO R O A C E TA TE
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/T ab le  83. RM S surface roughness e ffe c ts  fo r  n ic k e l-c o b a lt  deposi­
tions w ith  in c re a s in g  co n cen tra tio n s  of c h lo ra l in  the
p rese n ce  of o rg an ic  n ic k e l sa lts .

P an e l
No.

R M S Roughness 
(m ic ro  inches)

P a n e l
No.

RM S Roughness 
(m ic ro  inche s)

9 .0  
am p. /  
sq .dm .

6.5 
am p. /  
sq.dm .

9.0 6.5 
a m p . /  a m p . /  
sq.dm . - sq.dm .

N ic k e l C h lo ro a ce ta te N ic k e l A c ry la te

441 4.2 4.6 451 7.6 2 .6

442 6.2 6.6 452 2.2 1.8

443 5.8 6.0 453 4.2  3.6

444 3.0 2.6 454 3.6  3.0

445 3.8 . 4.2

446 5.0 7.0

447 4.0 4.2

448 2.6 4.0

449 4.4 3.4

4410 2 .8 2.2

4411 4.0 3.6

4412 2.4 2.8
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1 0 . 0

6.0

3 . 0 4 . 02 .01 . 0 5 . 00. 0
C O N C E N T R A T IO N ,  G .

F IG U R E  64. S U R F A C E  RO U G H N ESS VS. C O N C E N T R A T IO N  
O F  A D D ITIO N  A G E N T  F O R  N I C K E L - C O B A L T  D E PO SIT IO N  
IN T H E  P R E S E N C E  O F  N I C K E L  F O R M A T E  A T  9 . 0  A M P , /  
S Q .D M .  AND 65®C. F O R :

1. O  A C E T A L D E H Y D E
2 . A  E T H Y L  P Y R U V A T E
3. •  G L Y O X A L
4 .  O B U T Y L  C H L O R A L
5. A  C IN N A M A L D E H Y D E
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1 0 . 0

9 . 0

2. 0

5 . 04 . 03 . 01. 0 2. 00. 0
C O N C E N T R A T IO N ,  G . / L .

F IG U R E  65. S U R F A C E  ROU GHNESS VS. C O N C E N T R A T IO N  
O F  ADD ITIO N  A G E N T  F O R  N IC K E L - C O B A L T  D E PO SIT IO N  
IN T H E  P R E S E N C E  O F  N IC K E L  F O R M A T E  A T  6 . 5  A M P . /  
S Q .D M .  AND 65 ®C. F O R :

1. O  A C E T A L D E H Y D E
2 . A  E T H Y L  P Y R U V A T E
3.  #  G LY O X A L
4 .  9  B U T Y L  C H L O R A L
5. A  C IN N A M A L D E H Y D E
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Table 84. R M S su rface  roughness e ffe c ts  fo r  n ic k e l- ir o n  depositions
w ith  v a r io u s  add itio n s .

P a n e l
No,

R M S Roughness 
(m ic ro  inches)

P a n e l
No.

RM S
(m ic

Roughness  
ro  inches)

9.0
a m p ./
sq .dm .

6.5  
am p. /  
sq .dm .

9.0  
am p. /  
sq.dm .

6.5  
a m p . /  
sq.dm .

F e S O , and C h lo ra l 
4 FeSO ^

211 5.0 3.6 221 3.6 3.0

212 7.8 4.6 222 5.6 6,5

213 8.0 7.0 223 3.0 2.2

214 4.0 3.8 224 3.8 3.6

215 4.0 4.4 225 8.0 4.0

216 3.6 3.6  , 226 5.0 2.8

217 3.8 3.2 227 7.0 3.0

218 3.2 4.2 228 4.0 3.2

229 3.6 5.4

2210 3.8 2.6

N ic k e l P ro p io n a te , F e S q ^ ,
and C h lo ra l

251 6.0 6.4

252 3.2 3.0

253 4.2 2.0

254 1.6 2.2
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F r o m  the appearance and su rface  roughness data, i t  is  im m e d i­

a te ly  ap p aren t th a t these p ro p e rtie s  a re  functions of te m p e ra tu re , pH, 

and c u rre n t density  fo r  n ic k e l deposits obtained fro m  a pure W atts  

n ic k e l so lution . W h ile  n o rm a l o p era tin g  conditions a re  fre q u e n tly  

50 to 65 C . and 1.6 to 5 .4  a m p ./s q . dm . fo r  th is  so lution , i t  m ay  

be g e n e ra lly  stated  that te m p e ra tu re s  less  than 3 5 ° C ., a pH of 

3.8, and c u rre n t d en s ities  g re a te r  than 6.5 a m p ./s q . dm . a re  n ec es ­

sary  in  o rd e r  to obtain  the g re a te s t m o d ific a tio n  of the W atts  n ic k e l 

deposit to w a rd  the b r ig h t appearance range , F ro m  the roughness  

data, the sm oothest deposits w e re  obtained in  the sam e g e n e ra l range, 

but w e re  not so pH dependent. A s , a re s u lt  of these tren d s  ex is tin g  

in  the pure. W atts  p la ting  so lu tion  and since th is  so lution  was used as 

the re fe re n c e  n ic k e l so lu tion  fo r  observ ing  the effects  of v a rio u s  o r ­

ganic substituents w hich w e re  added in  known co n cen tra tio n  p r io r  to 

e lec tro d ep o s itio n , i t  seem ed ad v isab le  to com pare  a l l  e ffec ts  on the 

n ic k e l e lec tro d ep o s its  of s ing le  o rg an ic  compounds added to the W atts  

n ic k e l so lu tion  w ith  those e ffec ts  observed  on n ic k e l deposits obtained  

fro m  the pure  so lution . Thus, the n ic k e l deposits obtained f ro m  the 

pure W atts  n ic k e l so lu tion  a re  fre q u e n tly  r e fe r re d  to as co n tro l de­

pos its , the panels as co n tro l panels .
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W hen a reduc ing  ca rb o h yd ra te  was added to the W atts p la tin g  

solution , an im m e d ia te  w idening of the c u rre n t  density  range fo r  the 

m o d ific a tio n  to w a rd  a b r ig h t deposit was noted and, fu r th e r ,  th is  

w idening was d ire c t ly  re la te d  to con cen tra tion . X y lo s e , g lucose, la c ­

tose, h y d ra te , and ra ffin o s e  h yd ra te  in c re a s e d  the b r ig h t c u rre n t  den­

s ity  range at 2 5 °  C . and pH  .3.8 and m o re  m a rk e d ly  at 2 .0  g . / l .  than  

a t 0 .5  g . / l .  In c re a s in g  the te m p e ra tu re  to 35° C. d e fin ite ly  n a rro w e d  

the b r ig h t range so tha t on ly glucose and lactose  hyd ra te  gave s ig ­

n if ic a n tly  b r ig h te r  ranges than the com parab le  co n tro l panel. In ­

c rea sed  te m p e ra tu re s  d es tro yed  any b rig h ten in g  tendency fo r  these  

sugars as deposits co m p ared  fa v o ra b ly  w ith  the co n tro l pan e ls . A t  

p H  2.2  the sam e g e n e ra l tre n d  was observed , but the b righ ten in g  

p o w er w as co n s id e rab ly  d im in ish ed .

D e x tr in  d em o n stra ted  som ew hat anom olous e ffe c ts . In  the 

f i r s t  p la c e , d e x tr in  was the only substance of th is  group w hich  

y ie ld ed  b r ig h t depositing  ranges at the lo w  pH . S ig n ifican tly  b r ig h t  

ranges on panels 820 and 870, deposited a t 55° C. and pH  2.2 w ere  

o b served . T h ere  was no developm ent o r loss of the b rig h t range  

during  the te m p e ra tu re  v a r ia t io n  w hich  w ould ap p aren tly  po in t to 

the ra th e r  spec ific  n a tu re  of th is phenom enon. Secondly, when the  

pH  was in c re a s e d  to 3.8 , a b r ig h t range developed a t the lo w  c u rre n t
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density a re a  of the p an el and m ig ra te d  to the h igh c u rre n t  density  

a re a  as the te m p e ra tu re  in c re a s e d  to 5 5 ° C. A t 7 5 ° C. the b r ig h t  

range d is a p p e a re d . F in a l ly ,  when the s u rface  roughness cu rve s  w e re  

r e fe r r e d  to, a t  pH  2 .2 , the  roughness of m e ta l su rface s  p la ted  in  the  

p resen ce  of d e x tr in  tended to w a rd  a lo w e r  va lue  a t  3 5 °  C . and a con­

c e n tra tio n  of 0.5 g . / l . and co n s id erab ly  m o re  roughness a t 2 .0  g . / l .  

was o b served . T h is  was in  d ire c t  opposition  to the tre n d s  observed  

fo r  x y lo s e , g lucose, lac to se  h y d ra te , ra ffin o s e  h y d ra te , and the lo w e r  

co n cen tra tio n  of g ly c e ra ld e h y d e . A t pH 3 .8 , h o w ever, the roughness  

curve o f d e x tr in  tended to approach m o re  c lo se ly  the g e n e ra l tre n d  

of in c re a s in g  roughness w ith  in c re a s in g  te m p e ra tu re .

W h ile  g lyce ra ld e h y d e  d em o n stra ted  s im ila r  e ffe c ts  to those  

d iscussed fo r  x y lo s e , g lucose, lac to se  h y d ra te  and ra ffin o s e  h y d ra te , 

i ts  m o re  p o w e rfu l b rig h ten in g  p ro p o e rtie s  w e re  m o re  a p p aren t a t  the 

lo w e r c o n c e n tra tio n  of 0.5 g . / l . A g a in  a t pH 3 .8 , a w ide  b r ig h t  range  

ra p id ly  a ttenuated  w ith  in c re a s in g  te m p e ra tu re . W hen the pH was 

lo w ered  to 2 .2 , the b rig h ten in g  s tren g th  was a p p re c ia b ly  reduced.

W hen the c o n cen tra tio n  was ra is e d  to 2 .0  g . / l . ,  the b rig h te n in g  e ffec t  

was red u c ed . Roughness in c re a s e d  w ith  con cen tra tion , although at 

pH 2.2 and low  te m p e ra tu re  g re a te r  roughness was noted fo r  the  

lo w e r co n c e n tra tio n  of g lycera ld eh yd e .
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The in c lu s io n  of a nonreducing  sugar, ra ffin o s e , in  th is  s e r ie s  

of add itions w ith o u t s ig n ific a n t in te rru p tio n  of the tre n d  o f the data  

is  n o tew o rth y . T h is  w ould tend to in d ic a te  th a t the reducing  n a tu re  

of the c a rb o h y d ra te  could not be s ingled out as a n ec essa ry  p ro p e rty  

fo r  m o d ify in g  n ic k e l d ep o s its . In  add ition  to the p ro p e rtie s  d iscussed, 

the use o f a c a rb o h y d ra te  a d d itiv e  in vo lves  at le a s t th re e  b as ic  con­

s id e ra tio n s  of fu n c tio n a lity . They a re  (1 .) the c o llo id a l aspects ,

(2 .) the ro le  of the c a rb o n y l group, and (3 .) the ro le  of the h y d ro x y l 

group.

In  o rd e r  to study som e of the c o llo id a l aspects, the effects  of 

som e w a te r  so lub le  p o ly m e rs  w e re  observed . M e th y l c e llu lo s e  was 

of p a r t ic u la r  in te re s t  because i t  not only sa tis fie d  the p a r t ic le  concept, 

but i t  a lso  could be co m p ared  w ith  d e x tr in  on the bas is  of rep lac in g  

the h y d ro x y l group w ith  a m ethoxy  1 group. When m e th y l ce llu lo se  

was added to a p u re  W atts  n ic k e l so lution , deposits m ade  fro m  th is  

m ed iu m  w e re  no t m o d ifie d  to w a rd  the b r ig h t ran g e . R a th e r, con­

v e rs e ly , the re s u lt  was to s h ift the deposit to a  d u lle r  range than  

is  n o rm a lly  obtained  f ro m  a pure  W atts  n ic k e l so lution , p a r t ic u la r ly  

a t the lo w e r  te m p e ra tu re . T h is  is  c o n tra ry  to the tre n d  observed  

in  the case of d e x tr in . ' Roughness m eas u rem en ts  tend to support 

th is  tre n d . In  a l l  cases deposits m ade at te m p e ra tu re s  of 5 5 ° C . o r
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less w ere  ro u g h e r than the co m p arab le  W atts  deposit, but. above

o
55 C. the roughness of the W atts  deposit and that m ad e  in  the p re ­

sence of m e th y l c e llu lo s e  becam e m o re  co m p arab le .

W hen p o ly v in y l a lcoho l was added to a W atts  n ic k e l so lution

and e lec tro d ep o s its  m ad e , a s ig n ific a n t m o d ific a tio n  tow ard  the b r ig h t

o o
range was d em o n stra ted  a t 25 C . and pH 3.8  and also at 55 C. and

pH 2 .2 . In  the fo r m e r  case, i t  was a som ew hat continuous m o d if i­

cation  w hich  w as spent a t  both h igh  and low  c u rre n t d en s ities  w ith  

in c re a s e  in  te m p e ra tu re , w h ile  in  the la t te r  case the m o d ific a tio n  

approached f ro m  the lo w e r  c u rre n t d en sities  a t 3 5 ° C \  and spent at 

the lo w e r  c u rre n t den s ities  a t 7 5 ° C . A lso , in  the fo r m e r  case, 

roughness m e a s u re m e n ts  show no change com pared  to the W atts  d e ­

p o s it w h ile , in  the la t te r  case, the deposit is  sm oother than the 

corresponding  W atts  deposit. The g e n e ra l shape of the roughness  

curves fo r  m e th y l c e llu lo s e  and p o ly v in y l a lcoho l w e re  com parab le  

to the p u re  W atts  n ic k e l solution deposit, but the o rd e r  of m agnitude  

of roughness was g e n e ra lly  g re a te r  in  the case of m e th y l ce llu lo se , 

w h ile  i t  was g e n e ra lly  less  in  the case of p o ly v in y l a lcoho l.

The m o s t notable p o ly m e ric  e ffe c t was obtained fro m  the a d d i­

tion  of the co p o lym er of m e th y l v in y l e th er and m a le ic  anhydride  

(P V M /M A )  to the pure  n ic k e l so lution . B r ig h t n ic k e l deposits w ere  

d em o n stra ted  o ve r the e n tire  te m p e ra tu re  ran g e  at a pH as low  as 2 .2 .
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In s o lu b ility  of the co p o ly m e r in  the  n ic k e l so lu tion  at a pH  

g re a te r  than 3 .0  p reve n te d  eva lu a tio n  above th is  po in t, but when the  

pH exceeded 2 .7 5 , a  d is t in c t  n a rro w in g  of. the b r ig h t  ran g e  becam e  

ap p aren t. T h e  c o p o ly m e r deposited  w ith  the n ic k e l m e ta l. I t  could  

be w iped  f ro m  the w et m e ta l  s u rfa c e  and d r ie d  in  ad h eren t w hite  

flec ks  ra n d o m ly  d is tr ib u te d  o v e r  the cathode s u rfa c e . S ince P V M /M A  

is  a good s iz in g  agent fo r  p ap er, a p iece  of W hatm an  No. 2 f i l t e r  

p ap er was p laced  o ve r the cathode and dep os ition  c a r r ie d  out in  the  

m a n n e r p re v io u s ly  d e s crib e d . The p a p e r was d r ie d  and d em o n stra ted  

siz in g  to such a  s tiffn ess  th a t bending once sh a tte red  the p a p e r. The  

deposit b rig h tn ess  was som ew hat reduced  by the p resen ce  of the pap er. 

B ecause the m e ta l su rfa c e  was v is ib ly  covered  w ith  p o ly m e r, no 

roughness m e a s u re m e n ts  w e re  c a r r ie d  out on panels w h e re  P V M /M A  

was the only add ition  to a p u re  W atts  n ic k e l so lu tion .

B ecause of the in flu e n c e  of P V M /M A  on the depositing  n ic k e l,  

the r e la t iv e  e ffe c t of m o le c u la r  w e ig h t on the dep os it was in ves tig a ted . 

T h re e  co p o lym ers  of P V M /M A  w ith  sp e c ific  v is c o s itie s  of 0 .4 , 2 .6 , 

and 3 .2  w e re  added in  aqueous suspension to a p u re  W atts  n ic k e l 

so lu tion  in  in c re a s in g  co n cen tra tio n . E ach  co p o ly m e r dem o n stra ted  

a tendency to b rig h te n  the deposit in  concentra tions of 0.5 to 0.6 g . / l .  

H o w e v e r, the s tro n g es t tendency fo r  m o d ific a tio n  was dem on stra ted  in  

the case of P V M /M A ,  s p e c ific  v is c o s ity , 2 .6 .
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O b s e rv a tio n s  w ith  re s p e c t to a c r y lic  ac id  and 1 ,4 -b u tyn ed io l 

have been in c lu d ed  in  th is  group . B oth  substances in d ic a te d  th e ir  

s tro n g es t tendency to b rig h te n  the n ic k e l dep osit a t pH 3 .8 . The  

s tro n g e r ag e n t a t  lo w e r  co n cen tra tio n s  was 1 ,4 -b u tyn ed io l, bu t the 

in it ia l  p an el f ro m  so lu tion  43, T a b le  10 and the f in a l panels fro m  

solution 46, T a b le  40 tend to i l lu s t r a te  an a p p re c ia b le  b rig h ten in g  

p ro p e rty  f o r  a c ry lic  ac id  in  h ig h e r  con cen tra tions . H o w e v e r, as a 

single ad d itio n  to the p u re  W atts  n ic k e l so lu tion  a t con cen tra tions  

0.5 to 2 .0  g . / l . , the m o d ify in g  e ffe c t of a c ry lic  ac id  was l im ite d  to 

the high c u r re n t  d en sity  a re a s  and h ig h e r pH va lu e . Roughness 

m e a s u re m e n ts  do not p a r t ic u la r ly  b e a r  th is  out, s ince  the e ffe c t was 

m o st a p p aren t a t  c u rre n t d en s ities  above 9 .0  a m p ./s q . d m .- - th e  

highest c u rre n t  density  at w hich  s u rface  eva luations w e re  c a r r ie d  out. 

On the o th e r hand, 1 ,4 -b u tyn ed io l was a v e ry  strong b r ig h te n e r  w ith  

a w ide c u r re n t  d en sity  range and, f ro m  the v iew po in t of co n cen tra tion , 

s tro n g e r a t  pH 3.8  than 2 .2 . In  g e n e ra l, su rface  eva luations p a ra lle le d  

th is . The  a n o m a lity  of th is tre n d , found in  F ig u re s  33 and 35 m ay  be 

exp la ined  by p itt in g  e ffec ts .

F o r  the in v e s tig a tio n  of. the carb o n y l group, the im p o rta n c e  of 

its  o x id iz in g  tendency was studied. A  group of compounds the poten­

t ia ls  of w hich a re  lis te d  in  T a b le  85 was selected  and f i r s t  added to

I
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T a b le  85. O x id a tio n  p o ten tia ls  of ca rb o n y l compounds (36).

E  , m .v .o

C am p h o r 82

p -B ro m o aceto p h en o n e  129

C innam aldéhyde 186

A ceta ldehyde  226

F o rm a ld e h y d e  2 5 7 -2 7 0

C h lo ra l 277

P y ru v ic  A c id  

B u ty l C h lo ra l

E th y l P y ru v a te  297

b e ta -M e th y l u m b e llife ro n e

G ly o x a l
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the p u re  W a tts  n ic k e l so lu tion . F in a l ly ,  the e ffe c t of in c re a s in g  con­

cen tra tio n s  of s e lec ted  c a rb o n y l com pounds was observed  on an a llo y  

deposit, p a tte rn e d  a f te r  the m a n n e r  of W elsh  e rg  and Stoddard  (34 ).

T h is  a llo y  dep o s itin g  so lu tion , w as m ad e  up, in  g e n e ra l, of the co m ­

pounds con ta ined  in  the W atts  so lu tion , as w e ll as su itab le  co n cen tra ­

tions of c o b a lt su lfa te  and, u s u a lly , n ic k e l fo rm a te .

T h e  e ffe c t  o f c a rb o n y l com pounds added to the W atts  n ic k e l  

solution a t  pH  2 .2  g e n e ra lly  fo llo w ed  the tre n d s  of the p u re  W atts  

n ic k e l s o lu tio n  deposits  w ith  som e exceptions. F i r s t ,  c in n a m a ld é ­

hyde caused m a rk e d  g e n e ra l p ittin g  o v e r the e n tire  te m p e ra tu re  ran g e . 

Secondly, b u ty l c h lo ra l m a rk e d ly  b rig h te n e d  the dep osit a t 2 g . / l . , 

w h ile  a t 0 .5  g . / l  i t  did no t extend the b r ig h t ran g e  m o re  than any of

the o th e r c a rb o n y ls . T h ir d ly ,  a l l  of the carb o n y ls  tended to extend  

the m o d ifie d  ra n g e  beyond the  c o n tro l p an e l at the lo w e r  te m p e ra tu re s .  

F in a lly ,  b e ta -m e th y lu m b e ll ife ro n e , b u ty l c h lo ra l, p y ru v ic  ac id , c h lo ra l,  

and c in n am ald éh yd e  in c re a s e d  b u rn in g  of the deposit a t the h igh c u r ­

re n t d en s ity  edge. In  the case of a l l  but c innam aldéhyde the b u rn t  

a re a  had a tendency to dep osit a g re e n  pow dery substance instead  of 

the m e ta l. Roughness eva lua tions  showed a m ix e d  tre n d  com pared  

w ith  c u r re n t  d e n s ity , but g e n e ra lly  a ro u g h er deposit than the con­

t ro l  p an e l, u n less  s ig n ific a n t m o d ific a tio n  o cc u rre d  as in  the case of 

buty l c h lo ra l fo r  p H  2.2  and 3 .8 .
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A t pH 3.8 the sam e g e n e ra l appearance tren d s  w e re  observed . 

H o w e v e r, the c innam aldéh yde e ffe c t was less  apparent. A  darken in g  

of the lo w e r c u rre n t d en s ity  a re a s  by p -brom oacetop henone , a c e ta ld e ­

hyde, and p y ru v ic  ac id , subtly p re s e n t in  the pH 2 .2  panels a t 75° C. 

becam e m uch  m o re  ap p aren t a t  pH 3 .8 . C innam aldéhyde was added  

to the l is t ,  but the e ffe c t d isap p eared  in  the case of aceta ldehyde  

and b u ty l c h lo ra l.  The m a rk e d  b rig h ten in g  by b u ty l c h lo ra l was  

lim ite d  a t 35 C . H o w e v e r, aceta ldehyde and p y ru v ic  a c id  tended  

to extend the b r ig h t m o d ific a tio n  in  the 2 5 °  C. panels and c h lo ra l  

d em o n stra ted  m a rk e d  b r ig h t  m o d ific a tio n  as high as 55° C . F in a lly ,  

the h igh c u rre n t  density  burn in g  a t 2 5 °  C. becam e m o re  app aren t 

at pH 3.8 than a t pH 2 .2 .

W hen n ic k e l-c o b a lt  deposits  w e re  m ade w ith  in c re a s in g  con­

cen tra tio n s  of c a rb o n y l com pound, in  the presence of n ic k e l fo rm a te ,  

the op tim u m  ranges of the b rig h tn ess  obtained a re  lis te d  in  T ab le  86.

E ven  when the la c k  of b r ig h t range of cinnam aldéhyde and 

ethyl p y ru v a te  a re  exp la in ed  by the l im it  of s o lu b il i ty - - fo r  in  both  

cases s o lu b ility  had been exceeded s lig h tly  at the con cen tra tion  in ­

d icated  in  T a b le  8 6 - - i t  is  d if f ic u lt  to conclude that the oxidation  

p o ten tia l is  lin ked  w ith  the s tren g th  of the carbonyl compound as a 

b r ig h te n e r . H o w e v e r, w h ere  s o lu b ility  is  not a p ro b le m , th ere  seems
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Solu­
tion

C a rb o n y l C o m ­
pound Added

A m ount
Added

( m l . /g . )

M o la r ity
of

C arb o n y l

B r ig h t  Range  
(a m p ./s q .d m .)

18 C innam aldéhyde 0 .5 /0 .5 5 0.0037 und er 5 .4

19 C h lo ra l w ith
A m m o n iu m
S ulfate

1 .5 /2 .2 5 0 .0149 e n tire  range

20 C h lo ra l 1 .5 /2 .2 5 0.0149 e n tire  range

24 A ceta ldehyde 3 .0 /2 .3 5 0.0523 un d er 8 .6

29 E th y l p yru v a te 1 .5 /1 .5 9 0.0138 und er 2.6

G ly o x a l 4 .0 /1 .2 4 0.0207 under 3.2

39 B u ty l c h lo ra l 2.5 to
3.5

0.0142
0.0199

und er 15.1

44 C h lo ra l* 3 .5 /5 .2 7  to 0.0357 e n tire  range
5 .5 /8 .2 7 0.0561

45 C h lo r a l* * - ■ ■ -

*  In  p resen ce  of n ic k e l c h lo ro ac e ta te . 

* *  In  p resen ce  of n ic k e l a c ry la te .
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to ex is t som é l im ite d  c o rre la t io n . C h lo ra l w hich has a lm o s t the sam e  

oxidation  p o te n tia l as fo rm a ld e h y d e  y ie ld s  a v e ry  w ide b r ig h t range  

w here the a llo y  is  deposited . A c e ta ld eh yd e  even in  m o re  co n cen tra ted  

solution did not g ive  as w ide a b r ig h t ran g e . B u ty l c h lo ra l, the o x i­

dation p o te n tia l of w h ich  is  not known, gave a p p ro x im a te ly  eq u iva len t  

b rig h t range a t the sam e m o la r  co n cen tra tio n . Thus th e re  seem s to 

be some lim ite d  c o rre la t io n  betw een  the o x id a tio n  p o te n tia l of the  

carbonyl and its  b rig h ten in g  p ro p e rt ie s .

G ly o x a l w as in c lu d ed , though its  p o te n tia l is  a lso  unknown, 

because i t  e x h ib its  h yd ra tin g  p ro p e rtie s  w h ich  have been co m p ared  

fa v o ra b ly . w ith  those of the h ig h ly  halogenated  aldehydes such as 

c h lo ra l and b u ty l c h lo ra l. The fa c t, th a t i t  y ie ld s  such a poo r b r ig h t  

range a t c o m p a ra b le  m o la r  co n cen tra tio n s , seem s to e lim in a te  th is  

p ro p e rty  of the c a rb o n y l compound fro m  c o n s id e ra tio n .

T h e  im p o rta n c e  of the ac id  ion species p re s e n t was co n s id ered . 

As w e ll as n ic k e l fo rm a te , e q u im o la r co n cen tra tions of n ic k e l c h lo ro ­

acetate and a c ry la te  w e re  added to the a llo y  p la tin g  solutions and the 

effec t of c h lo ra l in  in c re a s in g  co n cen tra tio n  also observed . The r e ­

la tiv e  ac id  e q u ilib r iu m  constants of the p a re n t acids a re  fo rm ic  ac id

4 -  3
(46), 2.1 X. lO ” , ch lo ro ac e tic  ac id  (46), 1 .52 x  10 , and a c ry lic  ac id

(47), 5 .6  X lO '^ .
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F r o m  T a b le  86 i t  is  shown that m o re  c h lo ra l is  n ec essa ry  

when c h lo ro a c e tic  ac id  is  p re s e n t than when fo rm ic  ac id  is  p rese n t  

in  the p la tin g  so lu tion . W hen the u n s a tu ra te d  a c ry lic  acid  is  p resen t, 

the w hole b rig h ten in g  m ech a n is m  is  co m p le te ly  in te rru p te d  and no 

re a l  o p tim u m  range is  observed . A s c h lo ra l con centra tion  was in ­

creased  in  th is  la t te r  case, the d ep osition  g rew  s te ad ily  m o re  

u n d es ira b le .

In  the case of n ic k e l-c o b a lt  a llo y  d ep ositions ,, su rface  rough­

ness m e a s u re m e n ts  d id  not po int out any s ig n ific a n t trends w hich  

is o la te  the b rig h ten in g  c a rb o n y l com pounds fro m  the nonbrightening  

com pounds. I t  is  no tew o rth y  that ro u g h e r su rfaces  w e re  obtained fro m  

Solution 19 contain ing s m a ll am ounts of am m o n iu m  su lfate  than fro m  

Solution 20 w hich  y ie ld e d  the sam e optim 'om  l im its  of c h lo ra l con­

c en tra tio n  but sm o o te r deposits  w ithou t am m onium  su lfa te .

The re la tio n s h ip  in  co n cen tra tio n  betw een the organ ic ac id , 

w hich w as used to ad ju s t the pH of the so lu tion , and the aldehyde  

appears to be im p o rta n t. T h is  can be pointed out be r e fe r r in g  to 

Solution 2 0, T a b le  59 w h ere  a fu ll  b r ig h t range was achieved on P a n e l 

205. F o rm ic  ac id  was added to the so lu tion  to re a d ju s t to the p ro p e r  

pH and im m e d ia te ly  the b r ig h t range o f the next panel was notably  

reduced. Successive add itions of c h lo ra l re tu rn e d  the b rig h t range
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that had  been o b ta in e d  p rev ious ly . Solution 39 gave a s im ila r  

phenom enon and is  dem onstrated  in  Panels 397, 398, and 399. W hile  

co n tro llin g  the p H  o f the solutions, attem pt w as m ade to m in im iz e  

this e ffe c t by e l im in a t io n  of acid addition d u rin g  the co u rse  of in ­

creas in g  the c o n c e n tra tio n  of the carbonyl com pound.

W hen the a llo y in g  constituent is changed fro m  c o b a lt to iro n  

a m o re  l im ite d  b r ig h t  range is observed fo r  the o p tim u m  c o n c e n tra ­

tion of c h lo ra l n o ted  in  n ic k e l-c o b a lt deposition. S o lu tion  21, P a n e l  

215 w i l l  p o in t th is  ou t. Addition o f ta r ta r ic  a c id  im m e d ia te ly  in te r ­

rupted the b r ig h te n in g  e ffe c t, how ever, as P a n e l 216 d e m o n s tra te d , 

and caused a b n o rm a l s tress in g  in the deposit. T a r ta r ic  a c id  w ou ld  

not c o n tro l the fo r m a tio n  of a copious yellow -o .range p re c ip ita te  

which fo rm e d  in  the iro n -n ic k e l solutions. W hen  n ic k e l p ro p io n a te  

and c h lo ra l w e re  added to the iro n -n ic k e l p la t in g  so lu tion , a m o d if i ­

cation to w a rd  a b r ig h t  deposit was observed, b u t s tre s s in g  and 

p re c ip ita tio n  could n o t be con tro lled . It  is n o tew o rth y  th a t the so lu ­

tion cou ld  no t be re d u c e d  in pH b e lo w  4.4, w hen n ic k e l p ro p io n a te  

was p re s e n t.

E . Raub and M . W ittum  (45) investigated  the e ffe c ts  of a l i ­

phatic a lcoho ls  in c lu d in g  polyhydroxyl types and found th a t these com ­

pounds had  no r e a l  b rig h ten in g  strength  even a t v e ry  h igh  concen­

tra tio n s . T h e re fo re , in  o rd e r to study some e ffe c ts  of the h yd ro xy l
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group, i t  seem ed d e s ira b le  to use a group of is o m e r ic  and substitu ted  

phenols. The  s e r ie s  se lec ted  can be subdivided fu n c tio n a lly  in to  two 

types: (1.) r in g s  w hich con ta in  the h y d ro x y l group on ly , and (2 .)  r in g s

which con ta in  n itro  o r am in o  groups as w e ll as the h y d ro x y l group . 

The f i r s t  type inc ludes  phenol, 4 ,4 -d ih y d ro x y -b ip h e n y l, b e ta -n ap h th o l, 

catechol, and re s o rc in o l. A t  pH 2 .2 , the g e n e ra l tre n d  of the W atts  

con tro l p an e ls  c a r r ie d  o v e r to deposits m ade in  the p resen ce  of this  

type w ith  fe w  c o m p a ra tiv e ly  m in o r  v a r ia t io n s , except fo r  b e ta -n ap th o l 

which m o d ifie d  the deposit to w a rd  the b r ig h t range m o re  notably and 

caused m a rk e d  burn ing  and e x fo lia tio n  of the deposit a t the h igh c u r ­

re n t d en s ity  edge up to 5 5 °  C . S u rface  roughness m e a s u re m e n ts , 

plotted in  F ig u re  45 and F ig u re  46 p a r a l le l  the trends of the W atts  

panels m a rk e d ly  except fo r  b e ta -n ap h th o l w hich y ie lded  sm oother  

deposits .

A t  pH  3 .8 , the f i r s t  type p a ra lle le d  the W atts panels som ew hat 

less . As w e ll  as b e ta -n ap h th o l, phenol and re s o rc in o l a t  the h ig h e r  

c o n cen tra tio n  of 2 .0  g . / l .  e x e rte d  m od ify ing  effects  w hich extended as 

high as 5 5 °  C. N o tab le  sm oothing of the deposits is  observed  in  the 

su rface  roughness data by these th ree  com pounds.

T h e  second type of phenolic cofnpounds included 3 ,5 ,3 ' ,5 ' -  

t e t r a n i t r o -4 ,4 '—d ihydroxy b ipheny l, o -n itro p h e n o l, o -am inopheno l
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h y d ro c h lo rid e  and p -a m in o p h en o l h y d ro c h lo rid e . A t pH 2 .2  a l l  of 

these phenols m o d ifie d  the deposit to w ard  the b r ig h t ran g e . In  the 

case of the n itro  g roup , 3 ,5 ,3 ' , 5 ' - t e t r a n i t r o - 4 , 4 ' -d ih yd ro xb ip h en y l 

exerted  a s tro n g e r e ffe c t than o -n it r o  phenol w h ile  in  the case of 

the am ino  group, p -a m in o p h e n o l h y d ro c h lo rid e  e xe rted  a s tro n g e r  

effec t than o -a m in o p h en o l h y d ro c h lo r id e . T h is  a lso holds tru e  at 

pH 3 ,8 . Roughness m e a s u re m e n ts  do hot p a r a l le l  the g e n e ra l b r ig h t­

ening e ffe c t. F o r  o - and p -am in o p h en o l h y d ro c h lo rid e  a t pH  2 .2 ., 

there  is  in v e rs io n  of the tren d s  w ith  in c re a s e d  co n cen tra tio n  and 

at pH 3 .8  e x fo lia tio n  by p -am in o p h en o l p reven ts  co m p ariso n . F o r  

both the am inopheno ls  and the n itro p h en o ls  th e re  is  an in c re a s e  in  

roughness w ith  s tro n g e r b rig h ten in g  tendency.

In  ad d itio n  to the fa c to rs  a lre a d y  d iscussed, a group of r e p r e ­

sen tative  dyes w e re  in c lu d ed  since th e ir  use w ith  a n a ro m a tic  sulfonic  

acid in  n ic k e l dep osition  is  c la s s ic a l (7 ,9 ). The effects  of the 

phthalocyan ine dye M o n a s tra l B lu e , of the th ia zo le  dyes C layton  

Y e llo w  and P r im u lin e  Y e llo w , and of the th ia z in e  dyes M eth y le n e  

Blue and T o lu id in e  B lu e , w e re  observed . As single add itions to a 

W atts n ic k e l so lu tion , M o n a s tra l B lue was the le a s t e ffe c tiv e  agent 

a t 0.5 g . / l .  T h e  th ia z o le  dyes w e re  m o s t e ffe c tive  at pH 3 .8 - - lo w  

te m p e ra tu re s  w ith  P r im u lin e  Y e llo w  appearing  to be the s tro n g e r of
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the two in v e s tig a te d . In  g e n e ra l, sm oothness of the dep osit p a ra lle le d  

these o b s e rv a tio n s . A  w iden ing  of the m o d ific a tio n  a t 75 ° C . and 

pH 2 .2  by both th ia z o le  dyes is  n o tew o rth y .

B oth  th ia z in e  dyes m a rk e d ly  in h ib ite d  m e ta l deposition  at a l l  

te m p e ra tu re s  and pH  v a lu e s . The dyes s e le c tiv e ly  deposited  and 

co lored  the cathode w ith  the c h a ra c te r is t ic  c o lo r of each dye. B u rn ing  

and e x fo lia tio n  w as p a r t ic u la r ly  ap p aren t a t high c u rre n t den s ities  

and low  te m p e ra tu re s  in  both cases and extended to 75° C . in  the 

case of M e th y le n e  B lu e . H o w e v e r, w h e re v e r  n ic k e l did deposit, a 

brigh tness was noted on the m e ta l s u rfa c e . S u rface  eva luations would  

be of no va lue  fo r  these deposits and w e re  not executed.

The e ffec ts  of the compounds d iscussed above, o r of r e p r e ­

sentatives of each group , in  in c re a s in g  co n cen tra tio n  a t 65 ° C. and 

pH 3 .8 , in  the p rese n ce  of 5 g . / l .  of 2 ,7 -napatho lene d isu lfo n ic  acid , 

w ere  next o b served  in  a W atts  n ic k e l so lution . T ab le  87 lis ts  a l l  o f 

the compounds studied u n d er these conditions, to g e th er w ith  the f i r s t  

optim um  c o n cen tra tio n  producing  the w id e s t b r ig h t range o f deposition  

and the c o m p a ra tiv e  m o la r  concentra tions of each. T h ir te e n  o f the 

tw enty compounds produced a b r ig h t range over the fu ll  c u rre n t  

density  range of the cathode. B ased on the m o la r  co n cen tra tio n  and 

the b r ig h t range produced , the compounds w e re  lis te d  in  decreas ing
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Tab le  87

M in im u m  
O p tim u m  

C o n c e n tra ­
tion ( g . / l . )

M o la r
C oncen­
tra tio n

B r ig h t C u rre n t  
D e n s ity  Range  
(a m p ./  sq .d m .)

371 G lucose above 14.0

381 C h lo ra l 1.90 0 .0129 e n tire range

361 P V M /M A 0.063 - e n tire range

46 A c ry lic  A c id 0.511 0.00709 above 1.6

531 1 ,4 -B u ty n e d io l 0 .255 0 .00296 e n tire range

351 M o n a s tra l b lue BG 0.511 - e n tir  e range

311 C layton  y e llo w 0.063 0 .0000906 e n tire range

321 P r im u lin e  y e llo w 0.063 0.000132 e n tire range

331 M eth y le n e  b lue 0 .070 0.0000219 e n tire range

341 T o u id iiie  b lue 0.007 0.0000229 e n tire range

301 4 ,4 '-  JDihy d r  oxybi - 
phenyl

0.255 0.00137 above 4 .3 *

271 3 ,5 ,3 ' ,5 ' - T e t r a -
n it r o -4 ,4 '-d ih y d r o x y -
b ipheny l

0.003 0.0000083 above 3.2

411 P heno l 0 .015 0 .000159 above 1 1 .8 *

421 o -N itro p h e n o l 0.015 0.000108 e n tire range

47 p -N itro p h e n o l 0.063 0.000453 above 9.0

481 p - A m inophenol 
h y d ro c h lo rid e

0.007 0.0000481 e n tire range

491 o -A m in o p h en o l 
h y d ro c h lo rid e

0.015 0.000103 e n tire range

501 C atecho l 0.031 0.000281 above 14.0

511 R e s o rc in o l 0.031 0.000281 above 10.8

521 b e ta -N ap h th o l 0.063 0.000437 above 6.5

*  H a ze  b r ig h t.
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stren g th  as b rig h ten ers  in  T ab le  88. The p o s itio n  of P V M /M A  is  

som ew hat in  doubt, s ince its  exa c t m o le c u la r  w eight is not known.

F r o m  the p lo ts  of roughness data, a l l  compounds through the 

dyes lis te d  in  Table 88 show m in im u m  points of RMS roughness value  

at the op tim um  b rig h ten in g  co n cen tra tio n  except a c ry lic  acid . M eth y len e  

B lu e , and To lu id ine B lu e . In  the case of a c ry lic  ac id , the m ax im u m  

value is observed, bu t i t  is v e ry  close in m agnitude to the surface  

value of the basis m e ta l so is no t v e ry  s ig n ific a n t. In  the case of 

M eth y len e  B lu e  and T o lu id in e  B lue the tre n d  is decreasing  w ith  a 

w ide b r ig h t range continuing so i t  also is not s ig n ifican tly  anom olous. 

This  g e n e ra l trend  is also re fle c te d  in  the cases of the phenols.

E x p lo ra to ry  re s u lts  have been re p o rte d  in  Tables 68, 69 , and 

70 f o r  su rface  tre a tm e n t o r  p re  dipping of the cathode fo llow ed  by 

deposition , a pure W atts  n ic k e l so lu tion . Th is su rface  tre a tm e n t of 

the cathode, in  the case of Tab le  68, consisted  of w rapping the cath­

ode w ith  W hatm an N o . 2 f i l t e r  p a p e r o r  dipping through a lens of 

1

cinnam aldéhyde flo a tin g  on the su rface  of W atts n ic k e l solution, 

and then p la tin g  in a  p u re  W atts n ic k e l so lution . In  the case 

of T ab les  69 and 70, the cathodes w e re  dipped in W atts n icke l 

solutions of 0 .5  g . / l .  of C lay ton  Y e llo w  and M ethylene B lu e , r e ­

s p e c tiv e ly . Table 68 d em o n stra tes  some s ig n ifican t m o d ifica tio n  

of the deposit, both by the f i l t e r  p a p e r and the cinnam aldehyde lens.
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Tab le  88

M e th y le n e  B lu e  

T o lu id in e  B lue

p -A m in o p h en o l h y d ro c h lo rid e

P V M /M A

C layton  Y e llo w

o -A m in o p h en o l h y d ro ch lo rid e

o -N itro p h e n o l

P r im u lin e  Y e llo w

M o n a s tra l B lue

1 ,4 -B u ty n e d io l

C h lo ra l

3 ,5 ,3  ' , 5 '-T e tra n itro -4 ,4 '-d ih y d ro x y b ip h e n y l

A c ry lic  acid

b eta - N  aphtho 1

p -N itro p h e n o l

R e s o rc in o l

C atecho l

G lucose

4 ,4 '-D ih yd ro xy b ip h en y l 

P h eno l
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D ipp ing  in  p ro v e n  b r ig h te n e rs , h o w eve r, as shown in  T ab les  69 and 

70, d id  not s ig n if ic a n tly  m o d ify  the dep os it under the conditions of 

the re s p e c tiv e  e x p e r im e n ts  u n t i l  the dipping so lu tion  was d r ie d  on the  

cathode in  the case  of M e th y le n e  B lu e .
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The r e la t iv e  s treng th , as b rig h te n e rs , of the organ ic com pounds  

studied (Table 8 8 ) p rov ides  some in te re s tin g  com parisons j of th e ir  

p ro p e rtie s . I t  appears  th a t functional groups a re  im p o rta n t in  the  

brighten ing  of n ic k e l by phenols. Phenol was the le a s t e ffe c tiv e  of 

the group w hile  the am inophenols w ere  the s tro n g est. N itro p h en o ls  

w ere in te rm e d ia te  in  s treng th  and po ly-hydroxpheno ls  w ere  no t m uch  

b e tte r  than phenol. These data s tress  the im p o rta n c e  of the p a r t ic u la r  

functio nal group. The tre n d  observed by com paring  the re la t iv e  

effect o f 4 ,4 '-d ih yd ro xyb ip h e n y l w ith  phenol and the n itro p h en o ls  

tended to support this.

The fu n ctio n a lity  o f the a ro m a tic  r in g  i ts e lf  is  ap p aren tly  also 

im p o rta n t. A co m parison  of phenol, 4 ,4 '-d ih yd ro x yb ip h en y l and b e ta -  

naphthol shows th a t the naphthyl r in g  m ust con tribu te  some fa c to r  

to the conditions of m od ify ing  the n icke l deposit. W h ile  phenol and 

4 ,4 '-d ih yd ro xyb ip h en y l y ie ld ed  v e ry  s im ila r  re s u lts , b e ta -n ap h th o l 

was ap p rec iab ly  s tronger as a b rig h ten er. A  s ig n ifican t p a r a lle lis m  

at th is  point is  the re la t iv e  double bond c h a ra c te r  p rese n t in  the  r in g s . 

Phenol and 4 ,4 ' -d ih ydroxyb ipheny l a re  d erived  fro m  the benzene
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nuc leus, w hich  is  re p o rte d  to have o n e -h a lf  double bond c h a ra c te r  (37) 

in  th e  carbon to carbon linkage, when its  resonance fo rm s  a re  con­

s id e re d , w h ile  the carbo n  carbon bond in  the naphthalene rin g  has 

tw o -th ird s  double bond c h a ra c te r . I f  we extent th is  po in t fu r th e r  and 

note the  p o s itio n  of a c r y lic  ac id  and 1 ,4 -b u tyn ed io l in  T a b le  88, th e re  is  

a tre n d  to w a rd  in c re a s in g  b righ ten ing  s treng th  w ith  in c re a s in g  un satu ­

ra t io n  of the o rg an ic  substituent. Thus, i t  would seem  th a t the degree  

of u n s a tu ra tio n  of an organ ic  compound as a b r ig h te n e r  should be  

considered  as an im p o rta n t co n trib u tio n . I f  th is is  tru e , in c re a s in g  

the n u m b e r o f h y d ro x y l groups would tend to a ttenuate  the  m od ify ing  

e ffe c t of the o rg an ic  compound. A lthough these data do not s p e c if i­

ca lly  point th is  out, i t  has been observed  that the h y d ro x y l group  

added to the a ro m a tic  r in g  does a c tu a lly  reduce the m o d ify in g  e ffec ts  

of c e r ta in  o rg a n ic  a ro m a tic  ac id s  (38).

The m o le c u la r  s tu rc tu re s  fo r  the  th iazo le  dyes (3 9 ), C layton  

Y e llo w  (I) and P r im u lin e  Y e llo w  ( ll) ,  and th ia z in e  dyes (3 9 ), M eth y le n e

Blue ( I I I )  and To lu id ine B lue (IV ) are shown.

^  SO,N(L
N

S . - C H 3

(p red o m in an tly )

- s

- N

( /  N - H I S

N =  C
I I S O , N Oy
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The s tru c tu re  (40) of phohalocyanine (V )  a n d . th e  n ic k e l coord ination  

cornpound of phthalocyanine (VI) a re  a ls o  s h o w n .  These s tru c tu res  

ape o f  in te re s t in weighing the a p p l ic a b i l i t y  o f  th e  com plex theory  

of brightening a metal deposit versu s  th e  a d s o r p t io n  theory . I t  is  

Obvious in a l l  of these structures that a  c o o d in a t in g  n itro g en  atom  

Is ava ilab le . This is true of a ll  the c o m p o u n d s  lis te d  in  Tab le  88 

down to 1,4-butynediol except P V M /M A  w h i c h  c a n  ac tu a lly  fo rm  a 

n ickel salt and the nitrophenols w hich a r e  c o n s id e r e d  la te r .  Thus  

the compounds with the strongest b r ig h t e n in g  p ro p e r t ie s  in vestigated  

apparently can chemically associate w ith  t h e  o r g a n ic  b rig h te n e r.
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The s itu a tion  fo r  the carb o n y l and the unsatu ra ted  h yd ro xy l 

compound is  som ew hat m o re  in  doubt. In  the case of the carbonyl, 

the com parison  w ith  oxidation  p o te n tia l is  d iscussed and there  a re  

ind ica tions  o f some c o rre la tio n . R e fe re n ce  to the o r ig in a l p ap er (36) 

w h ere  the oxidation  p o ten tia ls  a re  re p o rte d  showed that these po ten ­

t ia ls  a re  obtained f ro m  O ppenauer oxidations of re fe re n c e  carbonyl 

compounds of known p o ten tia l, w hich w ere  obtained independently .

By p o la ro g rap h ic  an a lys is  of su itab le  e q u ilib r iu m  m ix tu re s  of a 

re fe re n c e  carb o n y l compound and the  carbonyl compound of unknown 

p o ten tia l, the ox idation  p o ten tia l was ca lcu la ted  using a fo rm  of the 

N e rn s t equation. W ild s  (41) has re p re s e n te d  the course of the re a c tio n , 

in  con sid ering  the re v e rs e  case, red u ctio n , as fo llow s

R.' H CH. r '  H
\  \  .C H 3

3

Although the exact m ech a n is m  of the tra n s fe r  of one valence bond of 

the a lu m in u m  bond and one hydrogen atom  is  unknown, an in te rm e d ia te  

alum in um  d e r iv a tiv e  of a h e m ia c e ta l (V II)  has been postulated independ­

ently  be V e r le y , M e e rw in , and P o nndorf.
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C .  o    c  ’

V I I

W hether such an h e m ia c e ta l species is  stab le in  aqueous n ic k e l sa lt 

solution and p re s e n t at the cathode la y e r  in  a n ic k e l deposition is  

s t il l  not ce rta in . H o w ever, the am ount of w a te r  w hich is  p rese n t in  

the cathode la y e r , p a r t ic u la r ly  when an o rg an ic  add ition  agent is  

p resen t, is  also open to question. R esu lts  obtained by dipping the 

cathode in  a lens o f cinnam aldéhyde and re p o rte d  in  Tab le  68 m ig h t  

tend to support th is . The f i lm  adsorbed on the cathode was v e ry  

in so lub le , the cathode w etted  w ith d iffu lty , and m a rk e d  m o d ifica tio n  

of the deposit was re p o rte d . Thus a possib le  c h e m ica l association  

between the carbo ny l and the n icke l species could be considered.

T h e  pi e lections of the unsatu ra ted  h y d ro x y l compounds m ay  

also be considered  in  the d iscussion of a m o le c u la r  com plex theory . 

Although re la t iv e ly  l it t le  defin ite  evidence e x is ts  (42), p a r t ic u la r ly  in  

an aqueous solution  state, a pi com plex  of n ic k e l and the organ ic  

h yd ro xy l compound m ay ex is t.
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The com parison  of n ic k e l a c ry la te  w ith  n ic k e l ch lo race ta te  

and n ic k e l fo rm a te  is of in te re s t in the con s id era tion  of p i com plexes.

In  a llo y  deposition  w ith  in c reas in g  concentrations of c h lo ra l, the 

organ ic  ac id  augm ented the action  of c h lo ra l except in  the case of 

a c ry lic  acid . N ic k e l prop ionate  and c h lo ra l also som ew hat augm ented  

each o th er in the case of n ic k e l- iro n  deposition. H o w ever, when  

c h lo ra l was added to the n ic k e l so lution  containing n ic k e l a c ry la te ,  

burning of the deposit in creased  fro m  the high c u rre n t density  edge 

of the panel and a g reen  pow dery substance, p robab ly  n ic k e l salts, 

deposited ra th e r  than the n ic k e l w ith  additions of c h lo ra l. Th is  phe­

nom enon is often exp la ined  by assum ing a t ig h tly  bonded m e ta l ion 

and in s u ffic ie n t en e rg y— v o lta g e --to  d ischarge the m e ta l ion at the 

cathode su rface . A  p a ra lle l  o b servatio n  has been noted fo r  the dep­

o s itio n  of n ic k e l fro m  h igh ly  a lka lin e  m ed ia  in  the presence o f s tio -  

ch io m e tric  am ounts of ethylene d iam ine te tra a c e tic  ac id  when the 

po ten tia l drop across the c e ll was 12 vo lts  (43).

W hether a  com plex m o lecu le  co m p le te ly  contro ls  the m odify ing  

of a n ic k e l deposit, o r  w hether these p ro p e rtie s  discussed above a re  

s ig n ifican t fo r  d es irab le  adsorption  conditions cannot be decided fro m  

the data re p o rte d . A  n icke l com plex w ith  the organ ic  addition agent 

does how ever seem  to help exp la in  a possib le mode of tra n s fe ren ce , in  

addition  to e le c tro p h o re s is , of the organ ic  species into the cathode la y e r .
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The ro le  of the n itro  group p ro v id es  some fu r th e r  c o n s id e ra ­

tion . In  the f i r s t  p lace , the o rth o is o m e r of n itro p h en o l had a m uch  

s tro n g e r e ffe c t on the n icke l deposit than the p a ra is o m e r. This was 

not the case fo r  the am inophenols, but th ere  was less  d iffe ren ce  in  

the strengths of the am inophenol s tru c tu ra l is o m e rs . When 3 ,5 ,3 ',5 '-  

te tra n itro -4 ,4 '-d ih y d ro x y b ip h e n y l was co n s id ered , m o re  than o n e -h a lf  

as m any  m oles was re q u ire d  to produce the b r ig h t range com pared . 

F in a lly ,  the fa te  of the n itro  group is  in  question. E le c tro c h e m ic a l 

p re p a ra tio n  investigations (44) have not re p o rte d  the products of 

reduction  of m ononitrophenols fu lly  in  ac id  and n e u tra l m ed ia  at a 

n ic k e l cathode to date. C a lcu la tio n  o f the F a ra d a y s  re q u ire d  to 

fu lly  reduce n itro  group w il l  show that m in o r am ounts of the c u rre n t  

passed through each c e ll could co n vert the n itro  group to an am ino  

group. Thus it  seem s d iff ic u lt  to a ttr ib u te  the brigh ten in g  ro le  of 

the n itrop heno l fu lly  to the n itro  group, since it  could be reduced  

to the v e ry  e ffe c tive  am ino group.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



S U M M A R Y

V a rio u s  groups of o rgan ic  substances have been added to 

p u re  W atts n ic k e l so lu tio n s , solutions containing 5 g . / l .  of 2 ,7 -  

naphthalene d isu lfon ic  ac id  and n ic k e l-c o b a lt  o r n ic k e l- iro n  a llo y  

depositing so lutions. The fo llow ing  conclusions a re  suggested, based  

on the in te rp re ta t io n  of data w ith  resp e c t to appearance of the deposit 

and its  s u rface  roughness trends.

1. A t  2 5 ° C. and pH 3 .8 , the sugars in ves tig a ted  brightened  

n ic k e l deposits g re a te s t, and of the re p re s e n ta tiv e  group chosen, 

glucose was the s trongest b r ig h te n e r. Smoothness p a ra lle le d  this  

g en era l tre n d .

2. The reducing  p ro p e rtie s  of sugars a re  not re q u is ite  fo r  

th e ir  brigh ten ing  p ro p e rtie s .

3. The group of n ic k e l b rig h ten ers  has been extended to 

inc lude synthetic  p o ly m e rs .

4. The m o le c u la r  w eight of the p o ly m e r, which was re fle c te d  

by its  v isco s ity  p ro p e rtie s , is  a function  of b righ ten ing  strength .

5. The o x id iza tio n  po ten tia l of acetaldehyde and c h lo ra l 

com pare  som ew hat favo rab ly  w ith  fo rm a ld eh yd e . T h e ir  e ffec t on a 

n ic k e l deposit obtained f ro m  a W atts n ic k e l solution o r a n ic k e l-  

cobalt a llo y -d e p o s itin g  so lution  is  also com parab le .
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6. The phthalocyanine dye, M o n a s tra l B lue has been added 

to the c la s s ic a l group of dyes w hich b rig h ten  n ic k e l deposits.

7. The fu n c tio n a lity  of an o rgan ic  compound is  im p o rta n t in  

d eterm in in g  its  b righ ten in g  strength . H o w ever, i t  appears fro m  the 

data that is o m e r ic  s tru c tu re  tends to in c re a s e  o r  decrease b righ ten ing  

strength  of a functio nal group.

8. A  group of o rgan ic  b rig h te n e rs  have been rep o rted  in  

decreasing  o rd e r  of brighten ing  strength .

9. In  g e n e ra l, s ing le  additions of o rgan ic  compounds to a 

W atts n ic k e l so lution  a re  not as e ffe c tive  o r co n trô lab le  as specific  

com binations.

10. The n ic k e l-c o b a lt  a llo y -d ep o s itin g  solution has been studied  

and additions of organ ic  acids have been extended successfu lly  to an 

organ ic  ac id  of K value, s im ila r  to fo rm ic  acid . Additions of 

aldehydes also have been extended to carbonyl compounds of oxidation  

poten tia l s im ila r  to fo rm aldehyde.

11. The balance of fre e  organ ic  ac id  and aldehyde concentration  

tends to be im p o rta n t in  d e te rm in in g  the b r ig h t c u rre n t density range  

of the n ic k e l-c o b a lt  deposit.

1 2. The h yd ro xy l group tends to have l i t t le  apparent b r ig h t­

ening strength  when in su ffic ien t unsatu ra ted  carb o n -carb o n  bond 

ch a ra c te r is  p resen t.
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