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Abstract

The effects of phytic acid (C¢H150.4P6) and calcium phytate (CasCsHO2Ps) on anodic
dissolution of copper and four different copper-zinc alloys are studied in a sodium horate-
boric acid buffer solution at 60°C.

Anodic polarization was made potentiostatically from a corrosion potential up to 0.90 V
vs S. C. E. for copper and 0.50 V for brasses in the unstirred solutions containing phytic acid
or calcium phytate. In the presence of phytic acid both inhibition and acceleration of anodic
dissolution depending on its concentration and pH of the solution were observed, i. e., copper
dissolution was inhibited by phytic acid to an extent less than 10 M of pH 9.2 solution while
it was accelerated in the solutions at lower pHs.

Copper-zinc alloys dissolution was accelerated at more than 1072 M phytic acid for 90/
10 brass, 1073 M for 80/20 brass, and 10~* M for 70/30 and 60/40 brasses in the pH 9.2 solution.
These opposite effects are probably due to the formation of insoluble and soluble chelates of
copper-or zinc-phytate on the metal surfaces depending on phytic acid concentration and
copper/zinc ratio in the alloys.

The solution saturated with calcium phytate (about 4x107* M) inhibited the anodic
dissolution of both copper and copper-zinc alloys.
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H OPO 3Ho

I Cu Zn
Copper 99.92 | ----
l/opo H, H\; 90/10 brass | 90.06 | 9.93
u 0, PO/ 80/20 brass | 79.57 | 20.42
i 70/30 brass | 70.62 | 29,39
HZO3P0\% 0PO3H, 60/40 brass | 60,22 | 39.77
0PO4H, H Sn, Pb, Fe ¢ 0,005
Table 1 Chemical composition
Phytic acid of copper and copper-
Fig.1 Chemical structure of phytic acid. zinc alloys used.
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Fig.2 Anocic polarization curves of cop- Fig.3 Anodic polarization curves of cop-
per in 0.1 M Na,B,0;-0.1 M H,;BO, per in 0.1 M borate-0.1 M boric
at three different temperatures. acid solution in the presence of

phytic acid at 60 °C.
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BROSHE» SFH T L2 LBk UL {-L INHIBITOR | mol/linc ey | ( 7 ) |mesen®y | € 7 )
BB 2B Q B L UEOEREIC Blank o | 7903 | — | 12.68 | —
- 5 e i —
)<F SRRE L E. 275, LE=[(Q Phytic 107° | 69.87 | 11.70| 11.90 | 6.15
Q) /Qo) X100, =T, Qo BLUQ i, acid 107! | 57.96 | 26.75| 11.67 | 7.9
1073 | w756 | w0.02] 12.14 | 4.26
Br, T4 FVBEEEROBIUVINE 1072 | 37.62 | 52.46| 13.85 | - 9.23
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LI ENEEE, 74 FUBRIBE Lo

Table 2 Amount of charge passed during
anodic polarization in the I region

j( L,10°% Mz Uéf{)‘?jﬁ@ﬁfﬂ’ﬁ 2 h3 52. (- 0.10 to 0.30 V) and the II region

o 1B E s, T BRI B LTI, 7 (0.30 to 0.90 V) in the 0.1 M Na,B,
46%1 ﬁg S E@‘EL LI 35 0.-0.1 M H,BO; of pH 9.2 at 60 °C,
4 F VEEOIGIERE, B Thaw, and inhibition efficiency based on

Fig. 4 1%, /GRS L R EBEEAO®E the amount of charge.
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Fig.4 Open-circuit potential decay curves of copper subsequent to poten-
tiostatically polarized at three different potentials Es for 1 hr with
and without 10~% M phytic acid in the borate buffer solution.
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Phytic Cu
PH |acidf) | (ugramf 1.E. (%)
9.2 0 i1 (R
10‘3 26.14 | 121
10'3 22,55 | 20,9 A
e 19.34 | 35,0
10” 19,28 | 35,2
8.5 0 Bl e
10~ 3.17| 38.3
107 2.86 | 4u,y
10 6.19| -18.7
10” 85.70 | -156.7
6.9 0 A
107 1.90 | 65.8 B
107 2,94 | 47,1
107 15,39 | -176,8
65| 0 0,95 | -
IO'E 3,49 | -267.4
10'3 6.19 | -551.6
107 204,76 | -21453 |
Table 3 Inhibition data based -

on copper dissolution
during anodic polariza-
tion.

5

Photo. 1 Microphotographs of
copper specimen
which had been expos-
ed to 0.1 M Na,B,0,-
0.1 M H,;BO; in the
presence of 1072 M
phytic acid at 40 °C for
165 hours. A: x -ray
composition image B:
Phosphorus distribu-
tion C: Copper distri-
bution.
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Fig.7 Anodic polarization cur-
ves of 60/40 brass in the
absence and presence of
different concentrations
of phytic acid.
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Fig. 6 Anodic polarization cur-
ves of copper in the bor-
ate buffer solution of pH
6.5 at 60 °C.
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INHIBITION DATA

1

BRAS | PIWLIC acidy Copper | o jynipirjon| ZIRC, |g innibition| z factor
{ moi/l)  j(pgscm™) (ng/cm”)

90/10 0 14,54 - 2,26 _— 1.4
107 12.88 1.4 1.81 20,0 1.27
107° 10.71 26.3 1.41 37.8 119
107 12,07 17.0 1.21 46.7 0.9l
1073 13,48 7.3 2.4l - 6.7 1.63
107°? 14.79 - 1.7 2.77 - 22.2 1.70

80/20 0, 16,91 — 3,73 — 0.86
107 10.97 35,1 2.26 39,4 1.1
1078 14,82 12.4 2.43 34,9 0.64
107! 17.65 - 4.y 2.04 45,5 0.45
1073 22.40 - 32.4 6.33 - 69,7 1,10
107? 18.83 - 11,4 8.82 - 136.4 i.83

70/30 0 12.86 — 4,95 — 0.93
10': 10,31 19.8 3,67 25.8 0.86
107 11.68 9.1 3,32 33.0 0.68
107 15,71 - 22.2 5.3 -7.2 0.8
10'3 19,69 - 53.2 6.99 - 4.2 0.85
107 18,06 - 40,5 | 15.82 | - 219.6 2.10

80740 0 10.28 — 5.99 — 0.88
1078 9.19 10.6 5,34 10.8 0.88
107° 6.42 37,5 3.87 35,4 0.91
10! 14,97 - 45,6 6.84 - 4.2 0.69
i0° 18.45 - 79.5 9.25 - sh.4 0.76
107% |23 | -128.0 |19.27 | - 2217 1.24

ot
z factor = —X —5 s+ in solution & : in alloy
Cu n

Table 4 Amount of copper and zinc dissolved during anodic polarization of
copper-zinc alloys and inhibition-acceleration efficiency of phytic
acid at different concentrations.

!

INHIBITION DATA

METALS | Inhibitor | COPPEY tg innibition| ZINC, 17 inhibition| z factor
(ng/cm”) (pg/cm”)

Copper 0 24,29 ——

Ca-phytate| 5.39 77.8
90/10 0 14,54 — 2.26 — 141
BRASS | Co-phytate] 4,05 72.1 0.75 69.0 1.68
80/20 0 16.91 — 3.73 — 0.86
BRASS | Ca-phytate| 7.29 56.9 1.47 62.9 0.79
70/30 0 12,86 — 4.95 — 0.93
BRASS | Ca-phytate| 7.86 38.9 1.48 70.1 0.45
60/40 0 10,28 — 5.99 — 0.88
BRASS | Ca-phytate| 5.18 49.6 2,21 63.1 0.77

* Ca-phytate :

(<4 X 1075 M)

Table 5 Inhibition data of calcium phytate for copper and cop-
per-zinc alloys.
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