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Studies on Corrosion Inhibition of Zinc by Organic Inhibitors

SHIGEKI OHsawa, Kazumi HIROE and MakoTo TAKEDA

Abstract — For a better understanding of the corrosion inhibitor mechanism, it should be quite profitable
to know the structure of the films of adsorbed inhibitor molecules or surface films on metals. Most of organic
corrosion inhibitors are chemically adsorbed on metallic surface by the formation of a chemical bond between
their polar atoms and the metal. They cover the surface of metal specimens to separate metals from the
corrosive environment.

The inhibitors used were 2, 5—dimercapto—1, 3, 4—thiadiazole (DMTDA), 2—amino—5—mercapto—1, 3,
4—thiadiazole (AMTDA) and 2—mercaptobenzothiazole (MBT). These inhibitors are all azole derivatives which
have mercapto groups.

The protectiveness of the films formed on zinc was dependent on pretreatment concentration, tempera-
ture and etc. From these results the most desirable protection could be afforded to zinc.

Corrosions inhibitors afforded by pretreating zinc was evaluated. Electrochemical characteristics of
pretreated zinc mirrors were monitored using rapid polarization technique.

The electrochemical polarization results show that the inhibition of the pretreated zinc is mainly
cathodically controlled in the NaCl solution. Polarization curves also showes that the films acted as physical
barrier layers. It appears that the breakdown of protective films initiates at relatively weak spots of its films
such as grain boundaries. Day long corrosion test in aerated, uninhibited 3% NaCl solutions correlated well
with results of electrochemical polarization measurements. Both types of tests indicated that DMTDA were
generally supperior to the other inhibitors tested, both in near neutral and mildly acidic NaCl solutions. The
efficiency of these inhibitors were found to increase in the order, AMTDA < MBT < DMTDA.

The structures of the surface films formed on Zinc was determined with UV, NMR, IR, ATR and ESCA.
Experiment data suggested that the surface films formed on zinc by inhibitors were composed of a highly inert
films. The spectra also indicated that such films continued to grow beyond the chemisorbed monolayer stage
to form films. Film growth involued precipitation of Zn ions as highly insoluble Zn complexes at the slid/
liquid interface. It is concluded that the inhibition is due to protection of deposit type films, but not due to

the chemisorbed films.
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Table 1  Effective condition for pretreatment
Inhibitor Conc. (mol/1l) Temp.(°C) pH Inmersion time Active time{sec)
DMTDA 0.001 25 3.0 1 day 10
AMTDA 0.01 25 8.5 1 day 10
MBT 0.001 80 4.0 60min 10
Active time: Time of 20%CH3COOH immersion
102 Table 2 Ultraviolet Absorp-
tion Spectra of DMSO Solu-
L tion with Inhibitor and its
" Compounds.
|
Z.al e Compounds Max. X (nm)
210"+
~ DMTDA 275 353
z
@ L DMTDA-Zn 270 348
o L
G AMTDA 322
< AMTDA-Zn 331
=001 : Non pretreatment
3 MBT 327
(] - : DMTDA
" - AMTDA MBT-Zn 331
L - MBT
107 L L e AMTDA—Zn, BXUMBT, MBT—Zn DO/
-0.8 -1.0 -1.2 -1.4 _
. L
Potential (V vs. SCE) ANT PNERT

Fig. 1 Polarization curves of zonc in aerated 3%
NaCl of pH6.0 at 25°C after pretreatment
at three different inhibitors.
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Fig. 2 ESCA spectra of a film formed by the reaction between zinc and inhibitors
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Table 4 Binding energy of Zn, ZnS,
DMTDA-Zn, AMTDA-Zn and MBT-
Zn (eV)
Zn 2p3/2 S 2pl/2 S 2p3/2 Clsl/2
Zn 1019.98
Zns 1020.37 160.69 159.67
DMTDA-Zn 1020.99 161.38 159.99 282.40
282.58
AMTDA-2Zn 1020.37 162.16 160.30 584 26
MBT-Zn  1020.87 162128 160.69 283.16
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Fig. 3 Structures of chemical bond.
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Table 5 Infrared Absorption and ATR Spectra with Inhibitor and its
Compounds.
Compounds (vC-8) (6S-H) Other bans
2,5~Dimercapto~1, 3,4~thiadiazole 1120s 1070m 1050sh 940m 918w 1500vs 1450s 1388sh
1048s 750m 710vs 1265vs
655m
zZinc complexe of 2,5-Dimercapto- 1100vs 1048s 780s 1620s 1326vsbr
1,3,4-thiadiazole 690w 665m
Zinc complexe of 2,5-Dimercapto- 1100s 1035s 750m 1470m 1500m
1,3,4-thiadiazole on zinc plate 730s 650s 1380s
2-Amino-5-mercapto-1,3,4~thia- 742vsbr 930m 850m 1600vs 1560s 1530vs
diazole 665m 642w 1495vs 1450sh 1360vs
1170m (vC-N) 1330s 1282sh
Zinc complexe of 2-Amino-5- 757s 742vs  760m 1585m 1560m 1450s
mercapto-1,3,4-thiadiazole 658w 1365vs 1310s 1275m
1158m (vC~-N) 1240s
2-Mercaptobenzodiazole 1076s 1030vs 935w 870m 1600m 1495vs 1455m
850m 1430vs 1322s 1285m
1155m 1128m
1010s (8C-H)
Zinc complexe of 2~Mercaptobenzo- 1086s 1026s 1165sh 1133sh 1570m 1455m 1380vs
diazole 1020s 1315m 1285w 1240m
760vs {8CH)
Zinc comp;exe of 2-Mercaptobenzo- 1084s 1026s 1020s 1450m  1370vs 1303w
diazole on zinc plate 760vs(5ch> 1235m
Abbreviations: s,strong; m,medium; w,weak; sh,shoulder; br,broad
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