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An Investigation on the Patination of Copper
in Acidic Copper Sulfate Solution

S. R. Yoon

Abstraet

A method of preparation of synthetic inorganic coating on copper {patina) has been presented. An Eh-pH
diagram was constructed for the present Cu-H0-30 system using the most recently available thermodynamic
datz. In the path of the patination at room temperature the general behavior of copper in acidic copper
sulfate solutions with potassium chlorate as an oxidizing agent appeared to follow those predictable in this Eh-
pH diagram. In the presence of 0.05 molar cupric sulfate at a temperature of about 28°C a green brochantite
{CuS0, - 3Cu (OH) ) layer was formed on copper sheet in 20 days. In a solution having an initial pH of 3.5
the development of a brochantite coating has been observed to take place In two stages. In the first, a layer
«of cuprous oxide formed on the copper at.a relatively rapid rate. In the ensuing step the outer layer of cuprite
was oxidized at much slower rate to form brochantite. The synthetic coasings appeared to consist of crystal-
lites of brochantite growing perpendicular to the cuprous oxide surface. The outer tips of the-crystallites werer-
easily broken off and gave to the layer a rather chalky character. Underneath, at the brochantite Cu,O inte-
face, however, the green layers were firmely attached, The effect of reagent concentration, solution agitation,
and moderate temperature increase were investigated to improve the quality of coating. So also in a qualitative

-way were the effect of light.
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Fig, I. EH-pH diagram for the system at 25°C with the fixed concentration of sulfate and chloride

ion 107" and 107* molar, respectively.

{Solid lines indicate stability with respect to the

others. Line indices are same as those in Table 1.)

SAuelAd T g oole] 4SEEe] dd¥dH e
&7é 2 ¢ gliz Wl E Pourbaix® B 7lef e[l
S 2ldle] AEd Eh-pH diagram & F-4 8}
wm Bals] o & Ak 74 Eh EgEgad

Soff e A ghelth welAd Fig. 1o Cu-
,0-80, Al 8] Eb-pH diagram - £ vl 9]l off &) -4
Sl sl 15 A0 o 98 30
g A 52 Table 10) Ty}, d4a84=2:2 %
Aof e vha Kol 7k P Ed Adef 7 }% g = 4A
= A AT A Weg s, old AL e Ay
AEEZEE A Féi‘—ﬁ}ﬁt% Half cell electrode 8 3}
Sugd 3 ATANY TA9E FE4E B, o
E] (31) 7= = ViR gleh,

@A A uksl g} Pt g4t o] £ (CIG;7)

[+

o

Az AEERsd obdle A (32) o] EHAG

BO

b5-of o[ te] coating & (o[ 3f -FHoletm ¥ v

ClC,~+6H* +6e=Cl"+3H,0 {32)

of ol el 484 ==z, Table 1 ¥ Fig. 1
A o8 4%z e YA, v dE
Fol, da il E AdA2 A4sg-2 8 g
%gsE Kol 2 QO ol 22 B 27164 F2jst
b4 3 S Ee YA Sevia AR

Fig. 104 T2, ol & 2 388y 94994 o
A HEE Aeute ﬂﬁiﬁzzoﬂ A" £x= Table
I—-Bio] vret whgae] A5 RS G
@% G2 veEnd A4S oblle] & {a) e (b) = el
W whel ol A Ax 179 9 Fa 17 gl



BRI ME B5E w3

Table 1. Standard free energy for formation of the
substances concerned and equations for
constructing Eh-pH diagram

A) Std. free energy of formation, 4G/, keal/mole

Substances 4G#  Source in Ref,
Culs) 0 6
Cu, O {s) —34. 98 6
CuO(s) —30. 40 6
Cu (OH}, (s) —85. 30 7
Cu'(ag) +11. 857 a
Cu**(aq) +15.53 6
CuCl (s} —28. 40 6
CuCl,™ (aqg) —58. 10 6
CuS0, - 3Cu(OH}, (s) —4£34.62 8
CuS0, - 2Cu(OH).(s) —345.5 8
CuCl, - 3Ca{OH) ,(s) -~131.552 b
H,O @) —56. 69 6
OH~ (ab} —37.595 6
Cl* (aq) —31.35 6
ClO,™ {aq) 0. 62 6
SO, (aq) —177.34 6
HS0,  {aq) —179. 94 6

a, Calculated from Fenwick’s constant® and free
energy of formation of Cu** following Latimer’s
suggestion”™,

b. Calculated from Nisinen’s solubility product
data'®,

B} Equations for constructing Eh-pH Diagram

1. Cu**42 =Cu
E = 0. 337+0. 0295 log[Cu**]
2. Cut+e=Cu
E = 0. 485+0. 0591 log{Cu™]
3. Cu™+e = Cu*
E = (. 159—0. 0591 log [Cu*]/[Cu**]
4. 2Cu**+H,0+2e = Cu,O+2H*
E == 0. 203+0. 0591pH+0. 0591 log {Cu**]
5. CuO+2H*-2¢ = 2Cu+H,0
E =0.471—0. 0591pH
6. CuO+2H*+2e = Cu+H,0
E = 0.570—0. 0591pH
7. 2CuQ+2H*+2e = Cu,O+H,0O
E = (. 6690, 0591pH
8. Cu0+2H* = 2Cu™+H,0
log [Cu*] = —0.735—pH
9. CuO+2H* = Cu**+H, 0

logfCu**] = 7. 89-2pH
10. Cu80,-3Cu (OH) ,+2H*+4e = 2Cu,0+507+4H,0
E = 0. 428~0. 0295pH —0. 0148log[S0O,=]
11. 4Cu0+30,5+2H,0+2H* = CuSQ, - 3Cu (OH),
2pH = 16. 35+ log[ S0,7]
12. CuS,0 - 3Cu(OH),+6H* = 4Cu**+S80,~+6H,0
6pH = 15. 21 —4log[Cu**]—log[S0,~]
13. 3[Cu80, » 3Cu (OH) ;]+ 80~ +2H* = 2H,0
+ 4[CuS0O, - 2Cu (OH) ,]
2pH = 10. 396-+1og[ SO~}
14, 2[CuSO, « 2Cu(OH} ]+ 2H"+8e = 3Cu,0+250.=
+5H,0
E = (. 376—0. 0197 log [SO,~3—0. 0197pH
15. CuB0, - 2Cu{CH) ;4+4H* = 3Cu**+380,~+4H,0
4pH = 8. 805 —3log[Cu**1—log[50.~]
16. CuS0O, - 3Cu{OH) ,+7H*=4Cu**4-HS0Q, " +6H,0
7pH = 17. 11i—4log[Cu**J—logl HSO, ]
17. CuS0, - 2Cu (QH} ,-+5H* == 3Cu**+HS8C,~+4H, O
5pH = 10. 7131 —3log[Cut*]—log[HSO, ]
18. Cu*-+2Cl = CuCl,~
log[CuCl,~J==5. 32+ log[Cu*]+2log[C17]
19, Cu,0+2Cl+2H* = 2CuCl+H.0
pH = 5. 795+ og[C17]
20. Cu**+2Cl"-te = CuCly™
E = (. 474—(. 9591 log [CuCL~)/LCu**J[CI"T*
21. CuCl+-e == Cu+Cl-
E = (. 128—0. 0591 log [Ci™]
22, CuO+2H*+Cl~ +e = CuCl+H,0
E = 1.012—G. 1182pH+0. 0591 log{CI-]
23, Cu**4-Cl-+e = CuCl
E = (0. 546+0. 0591 log[Cu**JCI7]
24, CuCl == Cu**Cl~
log[Cu*] = —6. 530—log[Cl~]
25. CuCl+Cl™ = CuCl,”
log[[CuCl,™] == —1. 210+ log[CI™1
26. Cu,0-+2H*+4Cl- = 2CuCl,~+H,0
pH = 4. 586+ 2log[C1~]—log[CuCl; "]
27. CuCl,”+e = Cu4-2Cl-
E = 0. 199—2logFCi= ]+ log[ CuCl, ]
28, CuQ+2H*+2Cl"+e = CuCl,~+F,0
E = (. 541—0. 1182pH—0. 0591 log{CuCl,/[C1]*
29. Cu**++Cl +4e = CuCl
E = 0. 5464-0. 0591log[Cu**][CI™]
30. CuSO, - 3Cu (OH) ,+4Cl~ +6H* +-4e = 4CuCl+ 80~
+6H,0
E = Q. 770—0. 0887pH 0. 0591 log[Cl™}-~
0. 0148log{ SO~}
31. CuCl, - 3Cu (OH) ;+2H" 4-4e = 2Cu,0+2C1~ + 4H,O
E = 2. 427-0. 0295 pH—0. 0295 log[C1]
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Table 2 Cl° as a reaction product

Reaction time Cl” (p.p.m.)
0. GBM /2

(hs. ) g. Q4M/7* 0. 08M/t*
8 11.6 17.6 20. 4
20 15.8 20.0 21,2
32 19.4 21.1 18.3
44 20.8 2.6 23,2
120 22.8 —

*Concentration of KCIO,

482 ol L& Aakdleiol dluz TAAL o
AL A 5 x4 FH A FAE 800 mI S ol A

A FAel Yol s FoAF
o] ohf /47%51: AL Cu 07t 277dE¢EE &
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7] #ehe] ALlA 0.008 molar KCIO, 0.06-
molar CuS0; - 810 &4 AHgstel o 5% 94
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Table 3 Sulfate content of Brochantite layer

C%H O " Time of

(M/-l) Exposure

Visual 507
pH-Quality of {mg/
oating cm®)

Sample KCIO,
Number (M/I)

i 0.008 .08 72 3.0 Purple none
2 ” ” 168 x Slight green (.4
3 ” " 264 #n Good green Q.65
4 ” " 336 it " 0.65
5 1 ” 408 # Heavy green 1. 04.
5 " " 504 ’ 1 0.97
7 ” " 576 ” " 1.08
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Table 4 Effect of reagenis concentration om
coating time and quality

Sample Ye2gent{mole/l) Time of Visual SO~
Number KCIO, CuSO, - Exposure Coating  (mg/
5H,0 {day} quality  cm?)
1 0.008 GO 23 thin green (.50
2 " 0.06 " heavy green 1.10
3 ” 0.16 ” ” 1.30
4 ” 0,24 " " 1. 40
5 0.0008 0.0t 27 purple 0. 49
6 0.06 #  heavy green 1.14
7 0.10 ” " 1.30
8 0.16 " " 1.27
9 0.24 ” " 1.43
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Fig. Secanning Eleciron Microscope Sindy
from Hemming's Report.
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