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Copper

Copper Plating from Cyanide Baths

R. R. BAIR AND A. K. GRAHAM

Cyanide copper plating is used extensively throughout the metal finishing
industry for many applications. Plating of zine die-cast parts with cyanide
copper offers the only practical method of applying a suitable undercoating
for nickel and chromium deposits. The copper undercoating protects the
zinc die castings from chemical attack by the acidic baths used for plating
nickel; immersion deposition is thereby prevented and the nickel layer over
the copper has excellent adhesion. Copper is also an important factor in
contributing to improved corrosion resistance of plated zinc die-cast parts.
Plating of steel parts with copper before nickel and chromium plating is also
of commercial importance. When copper is applied under the proper
conditions the metal distribution over irregularly shaped articles is excellent
because of the good throwing power of the process. Copper deposits are
readily buffed to a high finish, which reduces polishing and buffing costs on
certain classes of steel parts. Another, unrelated, application involves
deposition of copper as a stopoff to prevent case hardening on selected areas
of ferrous metal surfaces. A high-speed cyanide copper plating process is
used to produce heavy coatings of copper on steel wire for electrical use.

Excellent results are obtained by the use of high-efficiency cyanide
copper baths for plating through holes in printed circuit boards. Copper
from cyanide baths is also oxidized to produce antique finishes.

Before 1915, copper cyanide baths were invariably prepared by dissolving
copper carbonate in alkali eyanide. The use of tartrates is mentioned in early
references [1, 2], but their value apparently was not fully recognized; an
exception was the combination cleaning and plating bath described by Watts
[3] in 1915. Deposits from these early baths were relatively thin and were
used largely as bases for oxidized and other decorative types of finishes.
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) CYANIDE COPPER

There was no great demand for heavy copper deposits until the early
130s, when zine die castings were finding expanded use for automotive
ight trim and other applications. The initial effort to develop heavy copper
idercoatings for nickel and chromium on zine base die castings, as
aseribed by Castell [4] in 1934, was limited to applying thin flash deposits
" copper from a cyanide bath, followed by heavier deposits from acid
spper sulfate baths, which were operated at faster plating rates. This
/stem was not satisfactory in view of the poor metal distribution obtained
ith the acid baths, the attack of the acid electrolyte on the die castings, and
1e inability to produce bright deposits from the acid copper electrolytes.
tapid advances in cyanide copper bath formulations and the utilization of
ovel additives and special techniques for current application permitted
Jating of high-quality bright deposits from these baths.

Early attempts to use higher concentration copper cyanide baths which
vere operated at relatively low [ree cyanide were described by Pan [5, 6].
Deposits from these baths operated at room temperature, however, were
Tull and rough at a thickness of about 25 pm. Polarization of the anodes in
saths containing low free cyanide also presented a problem. The use of
Rochelle salt to improve anode performance in low-metal baths containing
essentially no free cyanide was disclosed in 1932 by McCullough and
Gilchrist [7].

The first commercially successful high-efficiency bath was introduced in
1938. It was used extensively throughout the automotive industry in
subsequent years for plating zine die castings as well as steel parts. High
rates of deposition were achieved by operating at temperatures in the range
77 to 82°C. Alkali was added to improve anode corrosion and to increase the
conductivity of the bath [8]. Alkali thioeyanate was used by Wernlund [9] in
1941 to brighten the deposits. Successful commercialization of the process
required the use of specific surface-active agents to sequester organic
contaminants and prevent pitting [10]. This bath permitted deposition of
smooth, bright deposits in the thickness range 25 to 50 um. The basic
formulations of the proprietary high-cfficiency baths now in commercial
operation are similar to these, except that thiocyanate and other active
sulfur-containing constituents are not recommended in the new processes.

The next major advance in high-efficiency cyanide copper baths was
achieved by employing alternate plating and deplating eycles [11]. Other
current manipulation techniques such as interrupted current, although not
new, are being used to modify the properties of the coatings. A wide variety
of addition agents has also been described in many patents. Improvements
in plating speed, superior brightness, leveling, and other advantages are

claimed,

-

FUNCTIONS OF MAJOR BATH CONSTITUENTS
FUNCTIONS OF MAJOR BATH CONSTITUENTS

Copper cyanide baths used at present may be classificd in (hree

categories: strike, Rochell d hi i i
el e, and high efficiency. Typical formulations are

COPPER CYANIDE
Copper eyanide is insoluble j
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. ‘ ‘ n water but dissolves in aque soluti
i.(:lll'l.hlfll:;]g l;l]knll metal cyanides to form soluble (!omplcxe:. l?lll: 52]:“““]?5
;Tl(r(c:\:] 2[__:1!: most of the metal exists in the form of the tr?mmcmleir
[14]' Thi mnE:ﬂ?;xI:][ :ll}hntlgl:] the hdi- and tetracomplexes are known to tiist
. The alts tormed with sodium or potassium evani imi
in composition but the S b
potassium salts are more soluble
‘ . s t. The us
;:;:;.':ismm.cyalr:;de permits the use of higher current densities lhn{:] ::-T! 10 ;
Kah_-r;a cgan(l} e T:he alka]i" cyanide in excess of the trimm.ple,x
- s ?1 SL;(m ;is;lfhlfr:::]d f:ce c'lyu;]ide. "It is normally determined by
1 > bath, at or below room temperatur i i
nitrate, using potassium iodide as indicator. The e(mccnl'ratl'::: (‘:;_'1;1}1‘:';:::

TABLE 1. Cyanibg Copren Barn Forvurations

Bath No, 1 2
_‘_____-_‘_—-—“___-_-______—_‘_-_‘_‘_ﬂa
- Str;l;e‘ " f.lllt'fl('"(‘, g/l High-Efficiency, gl
E Typic; Limits Typiea Limits
CuCN
e g ;-2 19-45 75 49-127
N : 26-53 03 62-154
KCN —
e 1 — — 115 76-178
B .2 % T &
¥ — 30 22-37
KOH —
Rochelle salt - B . o
(KNaC.;lMOn *4H —_
Wil 20) 45 30-60 Optional —
Copper 110
7 19
F;lt-.e cyanide 6.0 6.0 13:30 ft:: ??_89
P - (12.6)  (12.2-12.8) o

Sodium and
potassivm cyanides and the corr i
esponding hydroxides
may be used in terchangeably in equivalent molecular nlnt}ll: Is —
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ide increases at higher temperatures since lower complexes are formed

free cyanide is thereby liberated [13, 15-17].

E CYANIDE
he ratio of the free eyanide to the copper metal content in the strike and
helle baths is somewhat higher than in the high-efficiency baths. This
yunts, in part, for the lower cathode efficiency. Hydrogen i
at the cathode in the strike and Rochelle baths and
. hydrogen evolution provides additional cleaning. Strike and Rochelle
hs are also operated at a relatively high free-cyanide-tn-melal ratio in
ler to produce the desired type of deposit. The excellent adhesion of
ike deposits can be attributed largely to the high free cyanide combined
th low metal which minimizes any tendency o form nonadherent
mersion deposits. Free cyanide is essential in all cyanide copper plating
ths in order to obtain good corrosion of the copper anodes. 1f it is too low,
¢ anodes polarize and become coated with an insulating film. Free cyanide
mtributes to conductivity in strike and Rochelle baths, butnot siguiiicantly
baths that contain alkali and higher concentrations of the

ultaneously liberated

 high-efficiency
ymplex copper fons.
HDIUM OR POTASSTUM HYDROXIDE

Sodium or potassium hydroxide is added to high-efficiency haths
vimarily to obtain good electrical conductivity and to improve throwing
sower, Alkali is also essential in these baths for good anode corrosion. The
sightness of the deposits from high-efficiency baths is also influenced by
e alkali metal hydroxide. Usually, only small amounts of caustic are added
to strike or Rochelle baths for adjusting or maintaining the pH within the
proper range, Many users of high-efficiency cyanide copper baths base their
formulations on sodium cyanide to complex the cyanide copper and a
potassium hydroxide as a means of introducing the potassium jon.

CARBONATE

Carbonate exerts a strong buffer action ata pH ol 10.8to 11,5in strike and
Rochelle baths (15, 18] and facilitates pH control; it also reduces anode
polarization in these baths. No beneficial effects of carbonate have been
observed in high-efficiency baths that contain substantial amounts of caustic.
Commercial high-efficiency cyanide copper baths contain an average of
about 50 g/l sodium carbonate. It is formed by oxidation of the cyanide
radical at the surface of polarized anodes or insoluble anodic metal surfaces.
xide from the air by the caustic alkali in the bath

Absorption of carbon dio
formed in the

and hydrolysis of the cyanide are other sources of carbonates
high-efficiency baths.
The oxidation of cyanide ¢hould be avoided because it increases the
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cyanide i

c(}:ftl:nl(— E?n:}lllm[r:h(m, causes a rapid buildup of carbonates, and complicate

carbonate rel2(,;ee lfcynmde_' Concentrations up to about 90 g/l I:nl('i? -

seducireg t]::- : HK"’ P"‘ESSlum_carbnnate have no significanf, effe t"Tn

s ,-E,".lif‘,n,_] 1;5, ‘:pced T; high-efficiency baths, If maximum plzli::’;
: 2d, however, the conc ;

these levels. e concentrations should be controlled below

TARTRATES

Tartrates are used prim: i
primarily in the low-effici
N e e -efficiency baths. It is beli
teeu.I ﬁz::::smr(n sa;lturn tartrate or Rochelle salt {KNaC‘;H‘;Oﬁj 4::1280“;‘: -
pn,d"cedyi [l: ;;&élae:cj \a;llth copper by reacting with products of eleetri.?eri:
el cyﬂ“ideumil i :11]. .gﬁl‘hs containing tartrates may be operated \:ith
lower f at higher current densities and efficienci i
b nd efficienc
- :”:,I;‘RE;:::]’;]‘:::;:WHU“ [15, ;l]{i], ()htainingl}clter-qunlit; d:;::;jt:ll_\l:l ltjl:l;
5 slle salt is associated in part with the formati
:]lltll:_llle:{:l_ lp;l;l)a])]y present in the cathode film. Baths nr:'.nll:c::ni(;lmlllb{m SB“?
{,{,ﬁmum"m,;c f,ill::{:::‘e“e sall:. W;gner and Beckwith [16] claim:d 5:::’:&
t n was about 22.5 gfl, with ffi
i ) . g/l, with somewhat lower efficiencie
cmmge n::‘t:lrl!‘eihit"lughrr [\Ir;!]utl;s, The substitution of sndiulr-r:g::;:e:;::
. ‘helle salt as been investigated st
prppnctary compounds of a similar type are r.-]nirm‘gt:lza t(:) 1;”:‘:(5:(1:'?:::;] i
: ages,

STRIKE AND ROCHELLE BATHS

Strike baths are used extensivel
. : ly to apply relati i

xpsiirsﬁi ::1:]ﬂarumtmg fnr' other metals. Rncllg“e bnt}\::,l);nt::::t:;?”;]rf o
i whzuntnm ination as the high-efficiency baths and nre‘usedmi:
iy baﬂ“rj an }ntermedlnte thickness of copper is applied. Deposits
o impom.m ar?-r rom dull to semihrighl; the brightness or luster i

ce in most of their applications. . e
APPLICATIONS

Coppe i i
wpp:)rpu; ::Ir]ilu:i ilmfhs are used primarily for applying a thin coating of
<o cm;un e castings hef(m‘-t plating with other metals. The adherent
e g] :Jr;levm.‘lts chemical attack when the die castin an
high_emdenyc?p }:,::h v:rrl‘;lh ahbcavicr coating of copper from the n’lg:ali;z
e g s.hh et lcz'lmess of strike deposits normally varies from
T d: {,I.;: ough it may sometimes be as high as 2.5 pm. The
is from an acid elljeé;rtmlr;ti“ F':’(';“::::ﬂ:l‘: nl}he s e s v Upel:ﬂﬁ““
ﬂ;:t:‘,:stmgs must be tl:lree to five times a's hl:a:;I;g: ::l::tcfu‘izl:?l':l(m i

: gdi::'{.:l:mpared wl‘th cyanide copper plating. R

n addition to showing good adhesion of subsequent electrodeposits, the
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strd cyanide
copper strike from :
Furthermore, a thin copper slr.*.ke g
has shown improved protective value in

o .d t le d ati al 20 21

compare o lead coatings a one 'l 5 .
% nl sopper st lll“: is :].liﬂ llSI:'.d over Zime (ht-. castings 'II(-‘.{HI (54 l)l'i ’I‘Il FAL
A ll n copper - !

i i inc finish, This
plating and bright dipping to produce a ml? me}:’cmill bl"lﬁll::‘:ui: s
8 : sage of the heterogene !
i s the nonuniform coverage P .o the finish
dlmi)lll:li(ii:m of the castings which occurs when trying to produce
comy ;

without the copper strike.
Rochelle baths are use

atings of copper are not ot i 20
“'III}TT ht:m:':n;?g“'iﬁm 1.5 :lm are obtained without a copper strike. This
thickness o ‘

i 1 -step process
i | step in contrast to the two-$ ‘
._the plating of copper in one s ’ o o
f':;a::‘r:;in; \:illh copper followed by plating from l‘.‘gh'““";'ﬁ:: ]:( baths
:11:;j0r factor in the continued commercial use of this type o 1

baths is an additional cleaning operation,
(1.3 pm) under lead coatings over steel
pheric exposure tests

i i ie casti 1 other metals
lating zine die castings anc er 1 .
el ces 3 required, Good deposits in the

NS AND BATH CHABACTERISTICS

tons of strike and Rochelle baths are given in T'.ll}l((?‘og(.:
operated in the temperature range 40 to 60°C.

OPERATING COND 1T

The operating condi
Strike baths are usually

OPERATING CONDITIONS FOR Typical BATHS

TABLE 2.
3
2
Bath No. 1
_ helle High-Efficiency
ike Rochelle
Bath Type Stri s
R~
_ - } 55-70 60-80
Temperature, "C ) 41-60
Cathode current density, 092 i o
Aldm 03,
Anode current density, — -
.5-1.0 L8-3.
Aldm
Elficiency range, . -
e, % 10-60 i
i:trl::;; e% 95-100 50-70
Ratio of anode to cathode - b
area
s i Merred Either or
F!'éluf.lmde rod Optional Preflerred i
ol (i} 0,754
w4 : 1.3 Unlimited

_imiting thickness, pm 2.5

Limingthicoess o 25 T ——
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The eathode efficiencies are relatively low (10-60%) in the normal plating
range of 1.0 to 3.2 A/dm*. The bath composition and operating
characteristics vary widely in actual commereial practice. Many users prefer
to add 15 to 30 g/l sodivm carbonate; when steel parts are plated, 15 to 30 g/l
sodium hydroxide may be added to improve the conductivity, Rochelle salt,
or its equivalent, is sometimes used to improve anode and cathode
characteristics.

Because of the higher cathode efficiency, heavier deposits can be more
practically produced from Rochelle baths than from strike baths. These
plating characteristics are achieved by operating at higher temperatures,
controlled pH, and higher metal concentration, and adding substantial
amounts of Rochelle salt to the bath. The average cathode efficiency is
approximately 50% higher than that obtained from strike baths, The anode
and cathode efficiencies vary with the temperature and degree of agitation
[15]. Rochelle baths are normally operated without metal-conlaining
addition agents, but lead has been used as a grain-refining and brightening
agent [22].

Polarization phenomena in copper cyanide solutions have been extensive-
ly investigated. Graham and Read [15, 17, 18] studied the influence of bath
composition, pH, and current density on anode polarization of copper and a
combination of copper and iron anodes at 55°C using Rochelle baths. In
general, the polarization curves exhibit two points of inflection which have
been identified with the formation of copper(lj and copper (1T} compounds at
the anode. The effect of bath variables on these reactions was also
investigated [17]. Graham and Read deflined the limiting current density
beyond which excessive polarization occurs for a given set of bath variables.
Excessive polarization causes insulation of the anodes and usually
necessitates their removal for cleaning. Variations in metal content and free
cyanide have little effect on the limiting current density. If the carbonate
content is high, the copper may act as an insoluble anode without exhibiting
excessive polarization. Reducing the pH from 12.8 to as low as 10.3 does not
greatly alter the limiting current density. The presence of tartrates does not
overcome the tendency of the anodes to polarize excessively, but the
allowable current density is raised when both carbonate and tartrate are
present. If insoluble iron anodes are used along with copper anodes, higher
anode current densities may be used because the iron anodes depolarize the
copper.

The throwing power of Rochelle baths is superior to that of high-efficiency
cyanide baths, Most of the published data on throwing power are limited to
current densities below 1.0 A/dm2. The effect of factors influencing the
throwing power of Rochelle baths when operated at more practical current
densities and temperatures may be quite different. The greatest single
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factor contributing to good throwing power and metal distribution appears to
e associated with a decrease in cathode efficiency with increasing current
density, High efficiencies, in general, contribute to poor throwing power,
but there are other factors which also influence it, as discussed later.

MAINTENANCE AND CONTROL

Copper strike solutions in commercial nse vary in metal content but are
usually maintained at a copper metal concentration of about 10 1o 16 g/l. The
metal content inereases during nperatitm because the copper and e
efficiency is higher than the cathode efficiency. It is common practice to use
a combination of steel and copper anodes in the strike baths to obtain an
overall anode elficiency et qual to the average cathode efficiency. The control
of the eritical free sodium cyanide is simplified, and a more stable bath
composition 18 thereby attained, The free sodium eyanide should be
controlled within the range 5 to 11 gl

Continuous _ filtration of strike baths through activated carbon is
recommended for the best results. This prevents particle roughness on the
chell areas of the plated parts and minimizes dragin of organic contamination
into subsequent plating baths.

Control of the pH of Rochelle baths is of major importance in obtaining
the best performance. Operation within the pH range of 12.2 to 12.8 is
recommended (15]. The range 12.5 to 12.8 is pre{urred because the bath is
bulfered in this range by the carbonate. Operation at a pHl in excess of 12.9
should be avoided, owing to decreased anode efficiencies and chemical
attack of the bath on zine die castings.

The pH of Rochelle copper bhaths can be determined by a pHl meter, by
colorimetric methods, or by titrating with hydrochloric or <ulfuric acid. The
first two methods are rapid and simple; the titration method, however, has
the advantage of indicating directly the approximate excess of caustic above
the sulfo-orange sodium carbonate endpoint. The pHl at the sodinm
carhonate buffer point is appmximate'ly 11.5: it can be raised to 12.7 by the
addition of 0.75 g/l caustic soda. The buffer curve (Figure 1) may be used to
adjust to other pH values.

The buffer curve in Figure 1 8 also very useful when colorimetric pH
measurements are employed [23]. The approximate amounts of caustic soda
or concentrated sulfuric acid required to change the pH of a Rochelle
eyanide copper bath can be determined. 1f acid additions are necessary, the
acid should be diluted with about two parts by yolume of water and then
added through a tube with the exit end located well below the surface of the
Dath while vigorous stirring is maintained.

Controlling the free cyanide concentration of Rochelle baths within the
range of 4 to 9 gfl is also very important. Fxcessive anode polarization is
encountered at very low free cyanide, and the quality of the deposits is also
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in decorative plating were summarized by Sample [24] particularly with
reference to earlier results of exposure test programs conducted by ASTM
Committee BO8. It was concluded that an all-nickel basis plate under
chromium offers better protection over steel than a comparable thickness of
copper-nickel. The thickness of the nickel coating was the principal factor
responsible for the protective value of the decorative coating system. Other
findings [25], however, have shown that copper deposits from proprietary
high-efficiency cyanide baths may offer good protection as an undercoat for
selected sulfur-free and sulfur-bearing duplex nickel coatings plus
chromium. The selection of duplex nickel coatings with microporous or
microcracked chromium has permitted the use of substantial thicknesses of
the less costly copper. The combination has contributed to the improved
performance of many automotive parts. There are good indications that the
characteristics of the copper deposits have a profound effect on the overall
corrosion resistance of copper-nickel-chromium coatings on steel,

There are wide differences of opinion on the ideal coating system for
protecting zine die castings. The total thickness specification of the
composite copper-nickel-chromium coatings has been increasing in recent
years. A total thickness of 50 pm is now specified in some cases for plated
automotive zine die castings which are subjected to severe exposure
conditions. The relative thicknesses of copper and nickel vary considerably
throughout the industry; the thickness of copper normally varies from about
7.5 to 20 pm.

Copper is also plated from high-efficiency baths on selected surfaces of
ferrous metal parts to prevent carbon penetration during case hardening.
Thickness requirements vary from 13 to 25 um, depending on the type of
carburizing medium used, time of treatment in the carburizing bath, and
type of surface finish on the steel, Commercial experience has shown that
the newer proprietary high-efficiency cyanide copper plating processes
produce coatings which are superior for this application; this may be
attributed to their reduced porosity.

The use of high-efficiency cyanide copper baths to plate steel wire witha
heavy coating of copper is expanding rapidly in the United States and in
foreign counlries [26). The wire is shaped and plated in the form of a spiral
or helix as it passes through a plating unit deseribed by Kenmore and
Manson [27]. A typical 20-m plating tank will contain approximately 3000 m
of wire. Concentric anodes are located inside as well as outside the wire coil.
The thickness of the coating is regulated by varying the number of turns of
wire in the plating tank and by adjusting the current and the speed of the
wire. Plated wire comes off the line at speeds up to 18 m/min. High current
density (about 10 Aldm?2) is achieved by using pntassiumvfnrmn]atcd baths
containing a high metal content and proprietary addition agents [28]. Good
agitation throughout the solution is also an important factor.
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Th ; L

app“; ; ic:psper p]:}lfed wire is used in electrical transmission and in
o ns requiring good corrosion resistance. Electrical conductivit
o ml; (;:;r;;wlly Pluied to such a thickness that the copper is u]:prm:ima!c:l:kr
i y_w.mght n_f the total, The thickness on 6.3-mm-diameter wirt-y
o dm,sp e,lm approximately 127 to 510 wm, This thickness is very unifurr;';
aid daee n';?h vn:; byimnre ltl]mndl% of the wire diameter. The adhesion is
-} : e wire is readi ‘
through s die ily drawn to smaller diameters by passing it
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OPERATING CONDITIONS AND BATH CHARACTERISTICS
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Solution cireulation or movement of the electrolyte is also important in
obtaining optimum performance. In addition to inereasing the plating rate,
vigorous ecirculation is effective in minimizing pitting caused by hydrogen
bubbles clinging to the surface of the parts being plated. Circulation is
accomplished commercially by pumping the electrolyte or by air agitation.

Many patents have been issued covering metallic and organic addition
agents for use in cyanide copper baths, as described in a review by Passal
[30]. Lead and selenium compounds are apparently being used extensively
in high-efficiency baths; they function as brighteners. Selenium is also
effective in increasing the permissible bright cathode current density plating
range. High-efficiency baths are inherently sensitive to organic contamina-
tion, which can cause pitting and dulling of deposits. Surface-active agents
are used in most of the commercial baths. Betaines [10] and other
proprietary additives are effective in lowering the surface tension and in
sequestering organic contamination, See references 31 to 40 for patented
bright cyanide copper plating compositions.

The plating characteristics of some of the high-efficiency baths can be
improved by utilizing current manipulation techniques. Parts are plated in
the conventional manner for a selected time and are then deplated for a
shorter period by reversing the current, This technique is referred to as
periodic current reversal plating (PR). Direct (plating) eycles of 2 to 40 sec

with 1/2- to 10-sec reverse (deplating) cycles are described by Jernstedt [11].
Longer cycles, in excess of 60 sec direct with reverse cycles in excess of 12,
are disclosed by Wernlund [41]. Current interruption eycles are also used.
For example, zinc die castings are frequently plated using a 10-sec plating
cycle followed by interrupting the current for 1 sec and then repeating the
cycle. The use of current interruption cycles frequently will give excellent
deposit brightness from bright plating baths which are contaminated
sufficiently that acceptable deposits cannot be produced by the use of
continuous direct current.

One of the major advantages gained by employing periodic current
reversal or interrupted cycles is leveling, The degree of leveling obtained is
greatest with PR, particularly with relatively long reversal eycles. Deposits
so plated show a laminar structure, whereas those plated with conventional
direct current are columnar., This is illustrated by the cross section
photomicrographs shown in Figure 2. The degree of leveling obtained with
current reversal is substantial, as shown by comparing the contour of the
surface of the steel and the surface of the copper plate. The polish marks on
the steel surface which has a surface finish of 0.64 to 0.76 um (rms), for
example, can be leveled to values of 0.15 to 2 um (rms) by plating 25 um
copper from a high-efficiency bath containing proprietary leveling agents,
The leveling obtained with current interruption is less than with current

(a)

(b)

(c)

Fig. 2 (a) Conti direct . £

fopper dep ing typical col

NH4OH + Hg0g etchant, 750x (B) Int £ structure.
v 1 errupted direct-current copp depos idoin

structure, Cycle used was 10-sec plate followed by a 1-sec interru e b
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sversal, but it is adequate for covering minor surface marks 51:1(:11 as buffing
heel Tap marks on zine die castings. The uniformity of distribution of th.e
ppper on irregularly shaped parts is also improved when current reversal |s.
sed. It prevents excessive buildup of metal on high-current-density areas
nd yields significant savings in anode consumption. .

The choice between periodic current reversal and current interruFEmn
reatly favors the latter. Periodic reversal has a low net rate of deposition,
ecause on the reversal the copper is being deplated. As an example a 60/20
'R cycle has only a 50% net deposition rate ifithe current applied is the same
or the plate and deplate cycles. The use of PR has not had broad acceptance
yecause of this factor, N

High-efficiency baths that operate at 100% cathode efhcne]}cy.wm.al:l
wormally be expected to have poor throwing power. The metal dlstl'lbl.ltmi'l
on parts plated in high-efficiency baths is better than }UO}l]d be predlct.cd
from the efficiency factor alone. One reason for this is that the high
concentration of salts, particularly alkali, and high npe.!rating temperatures
greatly improve the conductivity and reduce the difference in curren(;
density on protruding and recessed areas. Rochelle baths have goo
throwing power becasue the cathode efficiency decreases with increase in
current density.

MAINTENANCE AND CONTROL

High-quality copper deposits can be produced ‘mnsistcul!‘y from the
high-efficiency baths by following good plating practice. Analytical methods
are available for determining the concentrations of t}‘:e nnrmui. bath
components [42]. Methods are also available for determining cnntamm.ants
such as carbonates, ferrocyanide, and zine. The Hull cell is used extensively
for detecting organic contamination, controlling addition agents, and
determining the effectiveness of various purification treatments.

The composition of the baths in commercial operation varies widely, The
copper metal content of the average bath is maintained at ab(mt:ﬂs to 55 g/l
Baths used for plating steel wire or rod, however, are usually mmr}lnmeﬂ ata
metal concentration of 60 to 90 g/l. The free sodium cyanide is normally
maintained in the range 10 to 20 g/l. The free eyanide can be lower when.the
metal content is low. Baths containing high metal usually require a slight
increase in free cyanide for optimum plating performance. .

An interesting exception to the usual composition and operating
conditions for so-called stable copper eyanide plating haths. has been
described [43]. These are operated under conditions to give high current
efficiencies. The fact that the ratio of anode to cathode areas must be greater
than 4:1 to maintain bath stability is considered a possible disadvantage.

Good cleaning and thorough rinsing of the parts before plating are very
important, since high-efficiency baths are sensitive lo organic contamina-
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tion, which produces dull deposits, and sometimes pitting, Continuous
carbon treatment of the copper strike is recommended as a precaution in
minimizing dragin of organic contaminants. The high-efficiency baths are
normally purified continuously by passing them through a filter packed with
activated carbon. A periodic batch treatment with activated carbon may be
required if excessive amounts of comtaminants are present. The effective-
ness of the purification can, in some cases, be improved by adding about 1
ml/l of 30% hydrogen peroxide to the bath before adding the carbon. The
peroxide can be added safely by first diluting it with 15 parts of water. Its
effectiveness is attributed largely to its ability to convert some types of
organic contaminants to a less soluble form by oxidation,

Excessive carbonate in high-efficiency baths reduces the bright current
density range and produces grainy deposits. Carbonate should be removed if
the concentration exceeds about 90 g/l sodium carbonate or 118 g/l
potassium carbonate. It can be precipitated by adding calcium hydroxide
(hydrated lime). Excess sodium carbonate may also be erystallized out of
sodium-formulated plating baths by cooling the solution to about —30°C.
This procedure is unsuitable for baths maintained solely with potassium salts
because of the greater solubility of potassium earbonate at all temperatures.

Crain and others [44] discuss the causes of carbonate buildup in cyanide
copper plating solutions and control procedures, including a patented
method applicable to both sodium and potassium baths.

Chromate is harmful in the high-efficiency baths even when present in
very low concentrations (5-10 ppm). Its action is similar to that observed in
other cyanide copper plating baths: It produces dull, nonuniform deposits.
In low concentrations it produces blotchy deposits at low enrrent densities;
this condition is extended to higher current densities as the concentration of
chromate increases, Adverse effects of chromate can be eliminated by
adding a chelating agent of the ethylenediaminetetraacetic acid type.
Although chelating agents of this type do not function as reducing agents,
the chromate is probably reduced to a chromium(ITI) compound by the
copper(I) ion in the presence of the chelating agent, The mechanism of the
reaction is not fully understood. Reducing agents such as sugar derivatives
and sodium stannite are also used [45]. In the absence of Rochelle salt, the
reduced chromium will gradually precipitate and is removed by filtration.

Too high a concentration of zinc is objectionable because it codeposits
with the copper to form brass deposits which are somewhat brittle. The
brassy appearance of the deposits can be detected when zine concentrations
are as low as 1.5 to 2.25 g/l. Excessive buildup of zine in high-efficiency
baths can be avoided by removing die castings which fall off the racks into
the plating solution and by applying an adequate thickness of copper in the
strike before the higher speed copper plating. If the zine builds up to an
objectionable concentration, the excess can be removed by dummy

11



180 CYANIDE COPPER

electrolysis using an average cathode current density of 0.3 to 0.5 Aldm?,
Small amounts of sodium thiocyanate are effective in sequestering excessive
zine.

For a discussion of impuritics in copper cyanide plating solutions,
including their effects on the deposit and methods for their removal, see

reference 46,

ANODES

Cast ball, cast elliptical, or electrolytic copper sheet anodes are generally
used with strike and Rochelle baths, Steel anodes are sometimes used in
conjunction with copper in a low-efliciency bath such as a strike to safeguard
against excessive polarization [15, 17] and as a means of controlling the metal
content, Copper compounds formed at the anode are soluble in these baths
when the anodes are operated below the critical current density [17].
Excessive current densities usnally cause polarization of the anodes by
formation of an insulating film,

Copper anodes substantially free of oxide inclusions are recommended for
high-efficiency eyanide baths. Copper oxide particles produce serious
roughness on the plated parts because copper oxide is readily reduced to
particles of copper at the cathode. Electrolytic sheet copper contains
substantial amounts of oxide and other ocelusions and is therefore not
recommended for high-efficiency baths. Crystal structure of the copper is

also an important factor in anode corrosion. A large crystal structure, in
general, is preferred. Several types of good-quality copper anodes which
reportedly are produced by melting, extrusion, or casting under an inert
atmosphere are available,

MATERIALS OF CONSTRUCTION

Commercial experience has shown that rubber-lined steel plating tanks
are more satisfactory than plain steel for high-efficiency eyanide copper
plating baths, The rubber linings should be evaluated for contamination
which may be introduced through leaching of the rubber since all types of
linings are not suitable. When unlined steel tanks are used it is difficult to
avoid stray currents, which may lead to nonuniform current distribution.
Copper will frequently plate on the eathodic surfaces of the steel tank in a
nonadherent form with the net result of producing roughness on the plated
parts. The stray currents produce anodic areas on the tank walls; under
certain conditions this may lead to corrosion of the equipment.

The most satisfactory method of heating the electrolyte is to cireulate it
through an external heat exchanger and return it to the plating tank through
a filter, Particles which may be generated in the heat exchanger are thereby
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APPLICATIONS 183
Acid Copper Electroplating and Electroforming

WiLLiam H, SAFRANEK

HISTORY AND DEVELOPMENT

Acid copper deposition was referred to as early as 1810 [1]. Tt is said that
Bessemer plated small castings in 1833 [2]. A technical report by De la Rue
appeared in 1836 [3] and the first patent for making electrotypes was granted
to Jacobi in 1840 [4]. Smee discussed commercial copper plating processes in
1843 [1]. During the next 70 years progress was directed principally toward
developing specific applications for acid copper electrodeposition. Publica-
tions during this period were reviewed by Bennett [5]. Most of these
references deal with copper(IT) sulfate-sulfuric acid baths, but oxalate [6],
nitrate [7], acetate [7], fluosilicate [8, 9], and copper(l) chloride [8] solutions
are also mentioned.

Several other acid baths were reported from 1930 to 1960, including
sullate-oxalate-borie acid [10], sulfate-oxalate [11, 12], copper(l) chloride
[13], copper(l) chloride-sodium thiosulfate [14], benzene disulfonic acid
[15], copper(l) iodide and bromide [16], fluoborate [17, 18], alkane sulfonic
acid [19, 20], sulfamic acid [21, 22], copper (I1) formate with ammonium
salts [23], phosphate-sulfate [24], and Huosilicate-silicic acid [25] solutions.
Copper(II) glycolate, lactate, malate, and tartrate baths were examined in

1966 [26]. At present, only the sulfate and [luoborate baths are commercially
prominent.

APPLICATIONS

Electrodeposition of copper from acid baths is extensively used for
electroforming, electrorefining, manufacture of copper powder, and
electroplating. Refiners and electroformers, in particular, employ acid
solutions because costs of chemicals and power are low and because the
baths are simple and easy to control. Electroformed copper articles are
produced in several important fields of industry, including electrotypes,
phonograph records, band instruments, heat exchangers, and reflectors.
More than 2700 metric tons of copper anodes are consumed annually in
making electrotypes valued at about $100,000,000. Modern methods of
electrotype molding differ greatly from the procedures of the early forties.
Developments have been announced concerning the electroforming of

complex shapes with reentrant angles, which cannot be made by other
methods, for radar, aireraft, and other industries.
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Many kilometers of steel wire are given a copper cyanide “strike” and
plated with copper in acid solutions to produce a high-strength electrical
cable. Thick deposits of copper (200 um) are applied to steel rolls and then
engraved for use in printing and marking paper and textiles. Stainless steel
cooking vessels are copper plated in acid baths to improve the heat diffusion
characteristics of outer surfaces and avoid local hot spots. Copper plating for
stopping off earburizing on selected areas is accomplished by striking in a
cyanide bath followed by plating in acid solutions. Acid copper plating is
sometimes used for building up worn or overmachined parts, especially
when copper surfaces are desired for protection against fretting corrosion.

Metal powders produced by deposition in acid baths are used for making
sintered compacts and pigments, The powder is deposited from dilute
solutions at high temperatures, brushed off the cathodes, filtered, washed,
ground into fine particles, screened, and blended for use in manufacturing
powder compacts [27, 28].

Acid copper baths containing organic brightening and leveling agents are
used extensively to deposit smooth copper on rough steel, etched plastics,

and unbuffed zine die castings. For example, several million bumpers,
initially given a strike in a copper cyanide or nickel plating bath, are plated
yearly with about 25 um of acid copper before nickel and chromium [29, 30].
Many die castings are plated with approximately 15 pm of leveling acid
copper [31, 32], before nickel and chromium plating, to eliminate buffing
before plating. Because of the excellent microthrowing power of the acid
copper, pits, pores, or crevices in either steel or zine surfaces are well filled
with copper, which improves resistance to corrosion or blistering [33-35].
Copper sulfate baths have also been recommended for plating “low-density”

powder compacts, to fill porosity near the surface [36].

In the electrowinning and electrorefining industries acid baths are
employed exclusively. More than 80% of the domestic production of
primary copper is refined electrolytically.

PRINCIPLES

The copper(IT) (Ct12+) salts in either the sulfate or the fluoborate bath are
highly ionized except for small amounts of less ionized complex salts formed
with certain addition agents. The addition of sulfuric acid to the sulfate
solution, or fluoboric acid to the fluohorate bath, is necessary for obtaining
acceptable deposits. Because of the high conductivity of commercial
solutions, and because anode and cathode polarizations are small, voltages
required for depositing copper are less for acid than for alkaline baths,
Electrorefining plants employ the copper sulfate bath largely for this reason,
Tank voltages for refining copper are frequently as low as 0.2 V for a cathode
and anode current density of 1.6 to 2.2 Aldm?2,
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additional increase in free acid concentration to 200 g/l, which is the level
widely used in electrorefining, reduces the resistivity from 4.2-4.3 to
1.6-1.9 ohm-cm [47]. Cathode polarization decreases when a small amount
of sulfuric acid is added to a solution of copper sulfate, reaches a minimum at
about 0.4 M (38 g/l), and increases with a further increase in sulfuric acid
concentration [43]. Changes in the concentration of copper sulfate have little
effect on grain size, but some grain refinement was detected as a result of
increasing the sulfuric acid concentration to 1.5 N (72 g/1) [48].

If the acid concentration in the fluoborate bath is too low (pH more than
1.7), deposits are dull, dark, and brittle. Boric acid is added to stabilize the
bath and prevent decomposition of copper fluoborate; this increases
resistivity slightly. In a bath with concentration of more than 15 g/l fluoborie

acid or 220 g/l copper fluohorate, an increase in the concentration of either
the salt or the acid lowers the resistivity.

ADDITION AGENTS

Addition agents for brightening, hardening, grain refining, surface
smoothing, increasing the limiting current density, and reducing trees are
frequently added to the acid copper sulfate bath, but the use of a particular
addition must be evaluated for each application, because undesirable
characteristics can then be avoided. For example, many of the addition
agents proposed result in embrittlement of the plate, Deposition potentials
are generally higher when addition agents are added. Cathode polarization is
greatly increased by adding gelatin (0.2 g/1) [48, 49] or glue [43, 50]. These
additions result in grain refinement, but this is chiefly unidirectional,
because the structure remains columnar and becomes more fibrous [48],
Gelatin additions to the sulfate bath introduce porosity, organic inclusions
[39, 51, 52], or both.

The effects of glycine, one of the amino acids formed by the hydrolysis of
gelatin, are similar to the effects of gelatin [53]. Cystine and methionine,
like gelatin, are cathode-polarizing agents [54], On the other hand,
dicarboxylic amino acids appeared more effective than monocarboxylic [55].

Phenolsulfonic acid is used in the electrotyping industry, but results with
it depend on the sulfonation and purification procedures [56]. Deposits
become harder and smoother after a bath has been electrolyzed or dummied
for a short time following an addition of phenol or phenolsulfonic acid [57].

The smoothing and gain-refining tendencies of addition agents are
sometimes associated with the formation of complex ions with copper or of
colloids at or near the cathode interface. Gelatin or glycine, for example,
forms complex ions with copper [58-60] and also exists in colloidal form [61].
Particles of colloids arising from additions of selenious and arsenic oxides

have been observed by ultramicroscopic examination to concentrate at the

cathode [62],
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With 0.14 to 0.42 mg/l selenious oxide and 0.0065 to 0.13 mé;fd] ars»?“:,::
xide gr;ili structure was refined, surfaces were smnt.)th(.rd, 31:1 d cn:leym E
" rc;ved Nevertheless, the ability of a colloidal or ionic a dmon %m o
1mir:r ve t'he deposit cannot be conclusively predicted in ac \-'a:lceI L
lllm:'s"uf a general knowledge of its ionie or colloidal behavior in e (;;: rn:i:e ,a;
b i idal addition agents were effec
i er(11) nitrate bath colloidal ad | { :
Za:]t::;d? ;o{i:}::gers( but did not always result in surface smoothing or grain
refining [63].

Brightening Agents. Thiourea additions brighten copper dep(;:;;t;c{]] F[:;;T
acid sulfate baths. A 1951 patent disclosed the use of 0,002 to Oc.entmtim ni
An appreciable grain-refining effect was repnf‘ted f(?r a cfonl -
0 {20(]3l p;"l or more [65]. The grain-refining and brightening ef e?t:\ 0 s
a;e nltﬁibuted to its adsorption in copper deposits and the resulting effe

Jeation [66]. -
cr};ﬁ;l;:ci:zs"::rﬁ!.al'ﬂd when thiourea dccampnstzs Ir;g“?;(}th;[i]":ﬂ;gs;:
. its [67-69]. Combined with dextrin . 70, s s
{i:;g?'fe;] dfi:;;il::lf[tmates [75], mercaptobenzimidazoles [76],‘ naphtthall.{;?]e
sulfnnit; acid [77-79], or tribenzylamine [80] and uthlm;r Egg:;?);c E%?;h:e“{né
s : i of thiourea were once emplo; :
sp::::lilos‘;zmi:::t]:?lt\::ﬁfeen largely superseded by better brighteners that have
i i ful effect on ductility, .
]“tﬁl‘»:;;';::t:;m;c:t:llhioureu or sulfonated nr!yl ﬂ].:l.d alkyl s]‘;l:is,::';::::

developed for bright copper p
i o e g ilized the sulfonation products of
id baths [81]. Another process utilize . :
:Elltflllri:edqar[nmutic compounds prepa]l;ed by the rcfach:l; dt:-i) ltlc;l:]eur::i:lllx
ide i = of an
hloride or thionyl chloride in the presence of
le::l{::':di: :nd sulfuric acid (82, 83]. Acetyl cyanamide was prup;:set:lnn?e:
brightener for either the sulfate or the f!unboratle bath [84], Severla C;]gsg X
nm?nes were patented as I:n‘ig]'lte:;.IimiIl ndgentts‘ m( 1‘258 l£85—8€a d:r]i.v atr;w) an:ja

ise bination of thichydantoin (a thiou .

o i ituted amino benzene sulfonic acid
inged aromatic amine [88]. A substitu e '
mush(ilrils‘::%:fse;rin another patent for brightening copper dep({s]led f:lomt:l:;
::ppcr sulfate bath [89]. Pu[yacrylamidis []?D, 9Il], t]he reaitgl::rigpalin t::l;ary
i i ines with a high molecular we :
aminothiozole [92], acrylamines wit e
i 87], thiocarbamates [94, 95], thiocarboxy : ;

:::‘::::g;dlifuplrnny] amides [97], homopolymers of.l,S—dluxulan[ﬁgé?sl,r:lltlis;

combination of phenol polyglycols and lhiossm.lcarl:-ln;:;ws are @

i the brightening agents patented since 955.

mcslgﬂlef :;“ Sﬁe brightening agents also induce leveling, For exal.l:l!')];:ég

surface finish of 0.46 pm (rms) can be smoothed to un!yh0.2158 .um[ ;;] Su.;h

‘p:m of good leveling bright copper or to only 0.1 pm wit um [32].
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bright nickel deposits,

OPERATING CONDITIONS

Temperatures may vary from 18 to 60°C;
between 32 and 43°C js common, since
with little or no heating or cooling. A

however, a temperature
it ean be maintained economically

i increase in the temperature resuls in
a higher conductivity and reduced anode and ecathode polarization (48],

Decreasing the temperature from 35 1o 15°C brought about a considerable
grain refinement in plates deposited at 3A/dm2[48]. A temperature helow
30°C is recommended for plating bright copper in acid baths to maintain
good leveling power. These solutions are customarily agitated with air,
Current density and agitation must be balanced in order to obtain deposits
having the desired properties. For producing electrotypes, cathode current
densities of 16 to 22 A/dm2 are generally employed when using the sulfate
bath agitated with ajr., Fast-moving, endless wire can be plated at 50 A/dn 2
[100]. Still higher current densities are used when sufficient agitation can be
supplied. Impinging of jets of electrolyte on the surface of the cathodes is
said to permit a curren| density of 215 A/dm2. When movement of the work
is impractical or when air agitation fails to provide good mixing at gll
significant surfaces, (he current density is usually kept ut 3,7 to 5.4 Aldm2, 1y
is claimed that higher current densities are practical with the fluoborate bath
when agitation is the same as for the sulfate bath [17, 18].
deposits 25 um thick were obtained without agitation at 38 A/dm
In either the sulfate or the fluohorate bath, an increase in current density
results in increased cathode polarization (but not to the extent noted for
many other solutions), Cathode films become more depleted in copper(11)
ion and more concentrated in sulfate ion when the current density iy
increased [101]. Clear evidence has been reported of grain refinement
produced by increasing the current density [102-104]. An increase in
current density from 1 to 7 A/dm reduced grain size to about one-third
[105]. It was reported that high current densities re
refinement but promoted nodules and tree growth [48].
Periodic current reversal is patented for promoating leveling in copper
plate deposited from copper sulfate baths containing 15 g/l zine or cadmium
[106]. A recommended PR eycle includes 2 sec plating and 0.4 sec deplating
at 11 and 16 A:’dmg, respectively. Directing ultrasonic waves with o
frequency of 1000 kHz and an acoustical intensity of 100 w/em? 1o the
cathode resulted in a colloidal suspension of copper instead of an ad herent

deposit [107].

2Ac::eplnhlv

sulted in grain
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The concentration of copper sulfate or copper f]uﬂlwralt'e oar ber
approximated by specific gravity measurements, but the wmtnlmhm] 0
sulluric acid to the specific gravity of the sullate bath must be taken mltn
account, The acid concentration of fluoborate baths is controlled by

ing pH, using colorimetric pH papers. .
m?]::;rl:]iffntratiuﬁ of addition agents is usually em}trnlled hy. empirieal
methods, such as evaluating the appearance of deposits on special .Imnt :r
sloping cathodes immersed in beaker samples (..'!f the plating sn]t]ztmr:[.i ; n
analytical method based on a bromination reaction [57] was developed for
determining the concentration of phenol or phenolsulfonic acid. ) %

Filtration requirements depend on the dirt load of the air, wny [Il’l
brought in by the work, and the amount of detached anode sludge partic es..
If the cathodes are steel and if they are incompletely prnl.Cr:ted w:1th a copper
or nickel strike, particles that become detached from immersion de‘p?sus
will also contribute to the filtration requirements. AItI}mlgh it is pn.ssnh ¢ to

* maintain acceptably smooth deposits with only nccasmn.a] hfll(!h fll.lrahon,
continuous  filtration is usually preferred. Cellulosic filter aids are
satisfactory, but siliceous filter aids should be avoided when the fluoborate
solution is filtered; filter papers are satisfactory,

EFFECTS OF IMPURITIES

i ar baths are more tolerant of ionic impurities than many uth’cr
plzﬁﬁ:‘; :::Ilzg?ﬂns. Many metallic ions introduced regularly I)).r' ca}-ryfwe.r ;vll;lh
the work, by dissolution of impurities in the anode, or by (Il:lsu ution o ] t!a
basis metal (for example, iron, nickel, or zine) can be c».xpf-cse t? ﬂCCl;;!]IIt:B e
in the bath, because conditions are usua]l.:pfr not satlsflcq or effec 1;:}5_:
codeposition of such metallic impurities (nickel, mlml.l ':llnc., hlrnu} w ’
copper. For example, less tha]n 2 I])(pr; ln(:;l](el was codeposited with copper

h containing 15 g/l nicke ;

as;[i?;:]b:;d iron red1g|ce gfe conductivity of the sulfate bath to the s::rnle
degree as an equivalent increase in copper [109]. The depusitfnn ]:}&.)tenﬂzats
of arsenic and antimony are apparently near that of coppe.r in the sullate
bath, since codeposition was reported to occur [110]. Arsen.lc and an}:lr)':t;n‘);
in concentrations of 10 to 80 g/l and 0.02 to 0.1 g/, re?spcctwel)f, t-_‘l]'.ll'l rittle

deposits and roughened surfaces, Additions of gelatin or tannin, nwev:arc,]
effectively inhibited codeposition of these impurities a:;(} pr;ven rie:ts
roughness and embrittlement caused by them. {\nlimtmy re&:l i ymdems”
with copper, but only small amounts of arsenie could be el‘ect.(‘. nz].
Bismuth, like arsenic and antimony, caused granular deposits [112].
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Antimony and bismuth are believed to form insoluble complex compounds
with arsenate [113].

Small concentrations of alkali metal and alkaline earth salts were found to
smooth copper deposits [8], Tin salts were also reported to smooth deposits
and were, at one time, purposely added to the sulfate bath for this reason
[8]. Lead is completely precipitated as sulfate, and silver partly, If silver is a
contaminant, a small amount will be codeposited with copper, A high
current density favors the codeposition of silver [108]. Silver chloride caused
pitting in semibright copper plate [114].

Between 2 and 35 mg/l chloride is added in the form of hydrochloric acid
to electrorefining solutions to precipitate silver and avoid “sandy” deposits
[113]. From 30 to 100 mg/l of chloride is recommended for bright copper
plating with many modern brighteners,

Nitrates were reduced to ammonia at the cathode in copper sulfate baths
[115]). A reduction produet of the sulfate ion, which is said to have a
grain-coarsening effect, can be removed by heating the bath and adding an
oxidizing agent [65], but oxidizing agents such as hydrogen peroxide or
potassium permanganate are said to reduce throwing power [114],

In the Muoborate bath, lead is the only metallic impurity known to
interfere with the deposition of ductile plates; it can he precipitated by
adding sulfuric acid. Besides lead, metals like silver, gold, arsenic, and
antimony might be codeposited with copper, but the effects of such
impurities are not known,

Organic impurities originating from decomposition of addition agents or
leaching of elastomerie tank linings sometimes embrittle deposits, but can
be removed by treating the solution with an appropriate activated carbon,
followed by filtration. a-Naphthylamine was identified as an injurious
contaminant leached from certain rubber tank linings [116]. As little as 10
mg/l a-naphthylamine caused an irregular pattern of uneven copper plate
having ridges and valleys. Treatment with activated carbon js desirable
when a new bath is being prepared—especially the fluoborate bath, which
may be contaminated with impurities leached from rubber shipping drums.

An instance has been reported of embrittlement traceable to impurities
leached from wood tanks [117].

ANALYTICAL METHODS

Methods for determining copper and sulfate concentrations and a method
for determining iron and aluminum in copper sulfate baths are described by
Langford [118], who also presents procedures for determining copper and
fluoboric acid concentration. Methods for determining trace amounts of lead
[119], nickel [120], chromium [121], and chloride [123] have been reported.
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ANODES

Copper anodes in sulfate and fluoborate baths usually become coated with
ms containing finely divided copper and copper oxide particles. A copper
dde film is believed to cause intergranular corrosion, which promotes
isintegration of surface layers into fine copper particles [112]. Some,
owever, have attributed the films to copper particles formed by the
isproportionation of copper(l) ion to copper(IT) ion and metal [123]. The
lms on the anodes in the sulfate bath also contain insoluble impurities such
s arsenic, selenium, tellurium, lead, and silver,

Anode film particles often become detached from the anodes. Air
gitation promotes the detachment, causing some particles to be dissolved
y the free acid. If the work is racked so that cathode shelves lie in a
sorizontal plane, particles will settle out on these areas and roughen the
plate. In such cases, the anode sludge can cometimes be decreased and the
deposits made smoother by raising the bath temperature or increasing the
acid concentration. In one series of tests, less copper was found in anode
films formed in fluoborate baths than in those from sulfate baths [17].

Fine copper particles can be prevented from reaching the cathode by
bagging anodes with woven Dynel or polypropylene. To allow good mixing
of the solution adjacent to the anodes, bags can he made in the form of
envelopes, enclosing several anodes placed edgewise to the cathodes.

Rolled and cast bars and electrolytic copper cheets have been employed as
anodes in sulfate and fluoborate baths. Anode sludge is decreased by using
oxygen-free, high-conductivity copper (124]. On the other hand, the
tenacity of the anode film is improved and the number of particles that
become detached from anode surfaces in air-agitated baths is decreased by
adding 0.02 to 0.04% phosphorus to cast copper (123, 125). The films on
phosphorized copper anodes are responsible for the slight polarization of
about 0.5 V [124]. Rolled copper anodes containing at least 0.004%
phosphorus are customarily recommended by the vendors of brighteners for

plating bright copper in copper sulfate solutions. Chunks of phosphorized
copper are frequently used in titanium anode baskets.

To avoid excessive polarization at any anode in the copper sulfate bath,
the anode current density should not be more than about 5 Aldm*® in

unagitated baths. With vigorous air agitation, the limiting anode current
density is more than 17 A/dm=, The anode current density in an unagitated
fluoborate bath can be as high as 40 A/dm2, and with air agitation, it can be
increased to 55 A/dm®.

Small amounts of silver, sulfur, lead, tin, nickel, and other elements arve
common impurities in rolled, cast, and electrolytic copper [124]. Silver as an
impurity in the anodes employed in sulfate and fluoborate baths is of much
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:l:ss mfmm:;l:m: than it is in cyanide baths, OFHC® and electrolytic copper
ere found to have a lower impurity content tl led ‘ —
anodes, The metallic impurities i s i e 81
R s purities in OFHC and clcctrnlyilc copper totaled
b.(f.‘ram .sizc is (.‘nlls‘id(:rr:d inconsequential [124, 125]. Two batches of
Si!;g] |]-£-l|l;l['f 2:;?11?)&5 \]Mlth ;:ver}z:ge grain sizes of 10 and 0.01 mm performed
. On the other hand, high density is a desirabl istic
bccnu.ffe it promotes uniform anode l'lisv;sulut[nn,"r b
mif]:, ::::n;lﬁ (isd rel?ur{e:ll of a preference for continuously using insoluble
wdes in order to improve deposit thickness distributi :
e ! & 2 : ness distribution [126].
y circulating the solution through ili
electrolytic tank connected in seri i i g
¢ : eries with the electroformi
electrolytic corrosion tank was e i s et o
£ quipped with soluble coppe d
scrap. On each side of a rotating di e
: g disk cathode were mic
diaphragms, which inhibited i -
' d the diffusion of copper ions i
and kept the cathode efficie g b
t mey low. The insoluble anodes i
cleltstrc:ifummg t‘anks were made with silver-lead alloy (1% silver) e
’ (lza”mntammg 3% tin and 3% antimony has been proposed as an
1115: uble anode for facilitating the plating of printing rolls [127]
of n inls]ulnb];: anode that has been used in copper n]ectm@lnni:ng was made
an alloy of copper, silicon, iron; and lead [44]. Graphite i :
! ; n, ; : . Graphite is th
electrically conductive material known to be insoluble aspan anode ?nu:}'zi

fluoborate bath. When used
. s 1 n used as an anode, graphi
finely divided carbon particles. R TR

EQUIPMENT

Steel tanks lined with rubber or i
: ‘ plastic are preferred for large acid co
L}[::I{lll'ltsi:“l:u: ﬁ:?ss-hhﬁr-r{e;nh})‘rced plastic tanks are used for smga][ vn]umg:’ ':i:
. Lining materials that are generally suitable f h
e Lo ¢ for either the sulfate or
properly formulated natural hard rubb
rubber, polyethylene, or plastici i Slymers: Ate Hings exn
A me, or plasticized vinyl chloride polyme i
be made of hard rubber or i e e
polymerized vinylidine chloride. §
of carbon pipe and tubin ici s
g make efficient heat exch ¥ i
Lead is hnwevur sa“sfact 3 Cl al‘lgt.l's ar l’:tmllng CU[]ﬁ.
" ] ory in the sulfate bath and is 1 i
Rubber or rubber-lined Filt sl o
. : ) ers are used for conti ati
stn(l;ﬂes; steel is satisfactory for short periods. R EEAR, B
raphite is recommended for use as he
B as heat exchangers f
fluoborate solutions [128]. For further details, see referencs 129 -

“Trademark, American Metal Climax Ine.
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i med on
Because loose, nonadherent displacement films of .cnpp‘fér c::'pepf:rrlmlhs‘ .
Tml:l zine wiwn these basis metals are immersed in s\;:ttin s
stee -31“ . ser or nickel strike plate is rcquired.he[ure p z? li o
i the le 00:’ 5nola] is completely covered, the strike plate can e
iy NS!E 5 'm is sometimes pre{erred for parts of w;‘np. . .d s
#{1 ‘l"r}:itn t.hc'::yan}de bath, the work should }.;e t}mmnﬁh :r“ru::m,r digpedin
g sulfuric aci .
i i f hydrochloric or . e o
- :llr]“hle\rcilﬁl;;tk!:;;nenmntt'.rial, and rinsed again before plating in the ac
undisso
‘tivate thodic
ha:;: kel or nickel alloys when apprupriately mu"lfacc-ml.;watr:il&:i ‘i:aﬂ:‘ 4
s I : i oo eulfuric acid, or other me .
> rrent etching in sully »
"e‘l‘m'iiﬂ_t r-(t‘\vc::eniuacid copper bath. Contact should be ma&irinh; 2:; ':::hs
p‘af'ied ‘“frc\efshm. Stainless and chromium ste.els ur? p}ate e
hL: ;redil'l"trcnt‘ copper deposits by First striking in a so];mtim c{-‘ld _and g
\s‘::fu:ic ;cid but dilute in copper sulfate: 240 gl sulluric ac
. i i i Chapter 3.
Cu’?lo“us:alllgrnleduius for plating on aluminum are des‘(inln)::‘da:::mim}:m e
A 1:Iid pyruphusphute bath for plating copper adherently
n ac
deseribed in 1958 [131],

2T ING
MOLDS AND MANDHRELS FOR ELECTROFORM

andrels for
i ials are used as molds or m
<. and nonmetallic materia us B o
1 M-c‘aflll::m"il:g. Surface passivity characteristics makﬁ‘crrdnr:lni:trzl: “:; i~ a;
elﬂ"_ﬂ“m magnesium, tantalum, and chromium-pia :emm“ e ing
am:;?ic nl1andre\s that require neither a surf.m:e lre:ml Ayt
mc; ‘Hvity nor a separating film for pm\nding‘ ¥ h?y us,e e o
' “Lf n. Surface-passive metallic mandrels umh. g i
elf:;;outo;te‘:rmediate surface treatmunts;, al‘tl‘mtugtlh: lﬁ:;] s oo
M acilitate > ;
i lied before each use to 1 e
somL!!:“c; a;:[i‘x;tnre of graphite and wax has l)eenbuh];z::lu:qdmsn s
del!;:ln-‘ in the electroforming of tubing that was su 5{:30 o m—
. llll4 dlides [126]. A thin suspension of grap
trombone  § "
: :d or
st 1y once and are then deforme
drels are used only e i
Tempnjarwyhcmna?leptmsilin1i is completed. Luv\r—ml:‘!:;t.mgti ;1‘111:3:; ?}:l:,scl ~
.li::t;m:,i‘:\ bismuth, cadmium, or I?BFCU[TY‘ ;:[ ;ngalli’:.amheq  thato, 92
elted out : ng - 5, :
2 t and recast. In electroform — e
me“{]"rle;::we‘:: employed [132]. Aluminum and z]lm.dmn be cas
mand e
into mandrels and subsequently chemically disso

NO[II[lCtE“‘lL mater la.]s 'IlS?.(l [{)1’ II'I.ﬂ.‘lldie]S are as hestﬂs, as pllﬂlt. CI““I.
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gelatin, glass, paper pulp, plastics, plaster, pottery and other ceramics,

rubber, wax, and wood. Each of these must be made surface conductive by

one of the procedures discussed in Chapter 28 after molding is completed.

Plaster, wood, and ceramics require sealing to fill pores near the surface

before the application of the conductive [ilm.

Thermoplastic sheet, such as vinyl acetate and vinyl chloride copolymer,
has found wide acceptance in the electrotyping industry as a molding
medium. Impressions of printing surfaces are made in the heated plastic
sheet, which is then cleaned, sensitized with a stannous chloride solution,
and silvered by simultaneously spraying an ammoniacal silver nitrate
solution and a solution of a reducing agent such as hydrazine sulfate,
formaldehyde, or hydroxylamine hydrochloride [133]. Such molds largely
replace the graphitized wax and lead molds used formerly. Copper is
deposited on the silver (using a low current density for a few minutes) until
the metal film is thick enough to carry a higher current. Then the current
density is raised to about 22 A/dm? or more for another 40 to 70 min untila
shell 180 to 380 um thick is deposited. Flexing the plastic mold releases the
shell. Edges of the electrodeposited shell are trimmed, and the back is
tinned in preparation for backing up with electrotype metal, a lead alloy
containing 3% Sn and 3% Sb. Fidelity of reproduction of the final
electrotype is good enough to duplicate photoengravings containing more
than 264 dots/mm? in 133-screen halftone subjects.

Original, master phonograph records are cut in wax or lacquered
aluminum disks and then metalized by cathode sputtering gold or copper, or
by silvering; chemical reduction methods like that used in the electrotyping
industry [134] are employed. Alter electroforming and separating the
mother negative from the original master recording, a metal master is
electroformed on the negative and subsequently used as a mold for
electroforming the number of record stampers needed for production of the
record. To [acilitate the separation of record stampers from the metal
master, the master is dipped in a solution of potassium dichromate (15 g/l)
before electroforming is started.

Gravure cylinder shells are examples of electroformed articles that are
detached from their mandrels after their service life is completed. An
immersion nickel or silver deposit, or other separating film, is applied to
copper-plated steel cylinders, A 150- to 200- um thick copper layer is
deposited on the cylinder and etched through a resist of carbon tissue or
pigment paper to produce the printing surface [135]. After the shell is no
longer serviceable because of excessive wear, it is removed mechanically
and replaced with a new shell. The shells are deposited from both sulfate
and fluohorate [136] baths.

In addition to those mentioned, many other kinds of molds, parting
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media, and methods for making surfaces conduetive have been used [137].
Electroless copper or nickel has become popular for metalizing plastic or
other nonconducting mandrels used for electroforming.

TESTS OF DEPOSITS

The thickness of copper on zinc die castings is measured on magnified
microsections, or by anodic dissolution in accordance with coulometric
principles [138]. Magnetic instruments can be used for measuring the
thickness of copper deposits on steel. See Chapter 30,

Copper-plated steel wire for electrical cable is tested for thickness and
thickness uniformity, electrical conductivity, and tensile strength. Elec-
troformed shapes are frequently given physical tests, in order to control
strength and duetility, by determing such properties as hardness, tensile
strength, elongation, and resistance to impact or denting.

PHYSICAL PROPERTIES AND STRUCTURE

Data on the physical, mechanical, and electrical properties of elec-
trodeposited copper were comprehensively reviewed [139]. Table 2
summarizes the ranges for high-strength, hard, lowly stressed, good
leveling, or thermally stable electrodeposited copper. The high-strength
copper was deposited from copper sulfate baths containing triisopropanola-
mine [140] or molasses and thiourea [68] and in copper cyanide baths
containing potassium thiocyanate, operated with periodically reversed
current [141]. Hard deposits also were produced in the copper cyanide-
potassium thiocyanate solution with PR current and in the copper sulfate
bath containing naphthalene disulfonic acid and thiourea [142] or several
other addition agents.

The deposits with a low electrical resistivity were obtained in copper
fluoborate and sulfate baths at 30°C, wich con tained no addition agents [68,
141], These deposits also were thermally stable to 400°C, changed very little
in density, and exhibited low stress, less than 3.0 kg/em®, The properties for
the good-leveling copper were measured for specimens deposited [68] in a
copper sulfate bath containing a sulfonated compound and an azo dye [143].
The influence of modifying the bath formulations and the operating
conditions on the properties and structure of copper electrodeposits is

deseribed in references 68, 139, and 141,

The grain structures of copper deposits usually correspond to one of four
types, shown in Figure 1, Deposils fram the sulfate baths containing no
addition agents are eolumnar (Figurel a). Additions of gelatin, phenolsulfon-

ic acid, and many other agents cause the fibrous structure shown in Figure

Electrical
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1.70-1.73
1.71-1.72
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ching with
ig. Structure of copper deposits—eross-sectional views (about 500%) after et
:':Ir;r"'l hi t‘:“l'c “m_ {a) Col . (b) fibrous: (c) fine-grained, equiaxed; and (d) banded.

1h. Such copper usually is 15 to 20% harder than columnar cnpper‘e;!l'l}e
fine-grained deposit in Figure lc is characteristic uE copper deposit 5 n
copper cyanide solutions at high temperatures (T0-80' f]), copper pyrophos-
phate baths, copper sulfate solutions containing trflsopropnno]amme o;
other amines, and copper sulfate solutions containing popularly use
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Fig. 1 (Continued)

brighteners. The banded copper in Figure 1d is characteristic of copper
deposited with periodic current reversal from eyanide baths containing
brighteners.

Copper is deposited from the sulfate bath as fce erystals that are randomly
oriented [144], unless deposited at less than 1.5 A/dm2, when the basis
metal can exert an influence on the structure so that crystals in the basis
metal and plate are oriented similarly [145]. Hardness has generally been
associated with fine grains [102, 105], yet it can be inereased by introducing
crystal orientation in the absence of grain refinement.

Grain continuity from the basis metal into sulfate-copper deposits has

21
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been detected by many investigators [104, 146, 147]. Thus the stru::-tnre of
the deposit is often influenced by that of the basis metal. The basis metal
structure was reproduced in the copper plate when the copper substrate was
cleaned and immersed in an acid solution before plating [148, .149]. l.}ul was
not reproduced when the basis metal was cleaned but not dipped in acid
solution before plating [149]. The grain size of the substrate appeared to
inifluence the reproduction of the basis metal structure in the copper deposit
[149]. The structure of copper electrodeposited from sulfate solutions was
ot influenced by dislocations such as etch pits in the substrate 51|rfaFe,
unless the etch pits contained oxides or sullides [150]. ()xidg nnd. sulfide
particles in the surface layer of the substrate behaved as nucleation sites.
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