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Studies on Corrosion Inhibition of Aluminium

by Organic Compound

Shigeki Ousawa*, Makoto Takepa*, Isao Isaka**

Abstract — The studies of adsorption structures of quinoline derivatives 8-hydroxyquinoline (HQ), 8-
hydroxyginaldine (HQI) and 8-hydroxyquinoline-5-sulfonic acid (HQS) adsorbed on Aluminium surface in
alkaline solution are investigated by IR, ATR, 'HNMR and ESCA. Inhibition effects are discussed based on
corrosion current densities from polarization curves.

(I) On the adsorption structures.
(1) HQ molecules formed 6 coordinate octahedral structure

Three HQ-molecules coodinated with an aluminium ion.

The hydrogen in the —OH group was substituted by the aluminium ion. The nitrogen in quinoline ring

formed coordinate bond with addition of al ion. The same structure as above formed also on aluminium

surface.

(2) HQI had the same coordinate as HQ bonding, but —CH; group disturbed coordinate bonding by the
steric hindrance of HQI forme.

(3) HQS had the same coordinate as HQ bonding, but HQS was not formed soluble complex because HQS
had a solubilizing group —SO;H.

(II) On polarization curves.

(1) HQ had corrosion inhibition effects on anodic and cathodic reactions at pH=7.5~9.5. Especially it
could be seen that HQ solution has good corrosion inhibition effects at pH=38.5.

(2) HQI had not corrosion inhibition effects.

(3) HQS had the same coordinate bonding as HQ had, but HQS was not adsorbed on aluminium surface,
because HQS had solubilizing group —SOs;H and formed soluble complex.
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Table 1 Infra-red absorption spectra of 8-hydroxy-
ginoline, 8-hydroxyqinoline-Al and 8-
hydroxyqinoline-Al surface

8-hydroxyginoline 8-hydroxyginoline~Al 8-hydroxyginoline-Al surface
1590 1600 1600

1578 vC=N 1575 vC=N 1575 vC=N

1500 1490 1498

1467 vC=C 1461 vwC=C 1462 vC=C

1430 1420

1405 1402

1375 1378 1372

1280 1322 vo-al in Sc-0-Al 1325 vo-Al  in C-0-aAl
1270 8C-H in plane

1220 1278 §C-H in plane 1280 §C-H in plane
1200 1222 1225

1160

1090 vC~0 1112 NC-0 1113 NC-0 in plane
1055 1050

970  6C-OH  in plane 1030  6N-Al  in giu—Al 1030  6N-Al  in EEN—AL

890

860

815 §C-H out of plane 820 S§C-H out of plane 821 §C-H out of plane

715 803 802

735 782 783

742 742
705 §0-H out of plane
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Table 2 Infra-red absorption spectra of 8-hydroxy-
qinaldine and 8-hydroxyqinaldine-Al

8-hydroxyginaldine

8-hydroxyginaldine-Al

1595 1605
1560 vC=N 1560 VC=N
1498 1500
1460 vC=C 1450 vC=C
1420 1423
1380 GC-CH3 ' 1380 5C-CH3
1340 yo-Al  in Sc-0-al
1320 1309
1240 §C-H in plane 1280
1210 1230 §C-H in plane
1180
1150 1130
1090 vC=0 1105 vC-0
1040 wN-Al  in SSn-al

865 880
825 §C-H out of plane 825 §C-H
795 790
742 747

718 §0~H out of plane
690

out of plane

Table 3 Infra-red absorption spectra of 8-hydroxy-
ginoline-5-sulfonic acid and 8-hydroxy-
ginoline-5-sulfonic acid-Al

HQS HQS-Al

1700

1600 1600

1580 vC=N 1570 vC=N

1560 1498

1490 vC=C 1460 vC=C

1380 vS=0 in SO.H 1380 vS=0 in SO.H

1360 3 s 3
1320 vo-Al in Jc-0-Al

1290

1220 §C-H in plane 1210 §C~H in plane

1175 1180

1150 1140 vC-0

1125 vC-0 Cs
1090 VN-Al in C,N-Al

1035 1032

940 vS5~0 in SO4H 970 vS-0 in SO4H

850 837

805 §C-H out of plane 815 §C~H out of plane

763 780

718 §O-H out of plane 752 §0-H

out of plane
670 700

153



154 FPRFETF I RER 5365

#1380 & 1°1360cm™"iz Detoni 1 & % S=00D{#
MEIRERIE, 1220cm Uz ik C—HOERNZE AIRE,
1175~1125cm~1Z i3 C— O D (i IR B RIH 8 Bl b h
T3, 7210358 & 18940cm=112 12 S — OD fE4EIRE)
RIS, 785~T763cm Nz iZC—HOENE AIRE, 718
cm N IZ0O-HOZEBIRHRNENHbNLTWw5, &
o ORIE LB L THQS—AID A <7 F VI
1600~1490cm™ 12 BR D R ENRINH, 1380cm™*1ZS
— QO {EHER BN, 1210cm 1 icC—HOHENE AR
g, 1180~1140cm~iz C—O D {H#E IR 8 RIE, 970
cm™HZ S— OD HFEIRBIRIGESED N TV 5,
IheOWRINEHOLR,» SERT S A, ©1320
cm™ 20— Al {EFEIRBIMICE ¥ £ UF1090cm N —
Al (BEIREIRCE »s i iz icBRbh 7z 2 &, @C—0D
fEEIR BRI 231125 & 1140cm™* O & S HEl~ v
ZhLTWBIETHB, IN6DEREIZHQB LUV
HQSEREICAIDOHEDH X DBWRIEB L U+ /Y
VEEONE DRSS L BEEROERERL T 5,

4.2 'HNMRZ~Z FJL
4.2.1 HQ# X UHQ—AIZ <2 b1,

HQ®D A~

(1988)

7 NVTCTERL2OY T F Ik 2 DAEDER 70 b
v, tfEDL.8D Y A NF T OMBEORT O M, ofE
25DV TFNES, 4, 5BLU6DMBEOR
P TH DB, tfHD2.6DY ¥ —T RV Ty DY
TFNVEOHD Y 7V Th b, 2Dy 7L
U THQ—AID Y 7 F 32,670y ¥ — /7% OHED
YTFNVBHEELT0DE, el ADEERDY S
FNE, 1.27B L UL.8rDBET O b DY I F ARy
7L TCERSBDTHD, ZHIE2DMEDY S
FNETDMBDY 7 FLDERS RSO 7
FERT, BB TONMBOBFEEINNSRE L
& VIERBE~DY 7 b3 Bbh b, P9 (H. 2)
4.2.2 HQIB X UHQI—AI

2IRT &I, HQUZL.8z KB u b vy 7
FN, 2.T7EB T DY Fnk vy — T ik—
HROOHD Y 7 F W WSER -7 bDThHb, 7.37D
BO—EHDOY 7 FNVECH,O 7a b ThHb, Th
5Dy 7 FILE B L THQI—AID A7 bV iZid
1.8z ZEfR, 2.6t HERORTu brDY 7L
BEbN TS, L LHQODOHY 7 F Lk LT
Vw5, ZOEEIZFOHOH L AIOBRKIGZRL, 0—Al

(T)
'H NMR spectra of HQ and HQ-Al, HQI-Al

Fig. 2



KE, RHE, HR HRBLEEMC L2 TV =y ADERSl o 155

WEOEREMRT D2 eNTE S,

4.2.3 HQSH X U'HQS—AI
HM2wrahizd o, HQSOB7a b Dy 74
Vi30.27, 0.87, 2.67IcHBT B, ZThEHBELT
HQS—AIDB 7o > Oy 7 F ViFHEL T3, &
NBBEMC L2870 b v OTNERIZERT 3,

4.3 ESCAX~Z ML

IRBEUATRARZ b oBoNI-ERES S
WL SRR 1D HBEBFARY MVORERTT-
720

FAE B & U'HQ, HQL HQS T L 7- R D
FAZ kL% 0 ~1000ev O #E THIZE L 72, IR,
ATRTHRE LR Z2HEEB L OBAKERT 2
C, O, N, AIFu—AF+>BLUTA FAF ¥
DIERD S WDBENSR SN, Ois ¥ — 27 HAIRDEME
THY, FHBECBEEERZEDPTOI L EER
LT, BIELEES L CEEELS DAY D
R EE L T, OHOHOBHRKISIZ XL Al O
HEEOWREEZHQ A2 b v 5400.8evichER T %
ZEMRTEI, E-HQ—AIRR Y M AZIEE 1258
B3 2 LRI N, CREBEBREICHQ—AIR
L UHQI-AIDREEWFEET 2 Z e 2RL T3,
WIZALp A7 bV 5186 T RERIZAITIETS. 4
eviB L UT2.5evic ¥ — 7 3 B, BB BRI S
Alp¥—2 THD, BERAIDY —2 TH 3, HQSXAI
TIET72.5evDALH 2 DD & B e &L,
HEEREA LT3, HQI—AIH HQS—AIX | UL
2RT, HQ-AIBE UE{LERL, BENEDL T2,
Yates & UFBrundle & 929D 5, N, OREFI &
BEBART FADY T FB L OBRICEELEAS
Ny, A7 MVOEEOANENT 5, BRI T
2Zehs, BERLT, RELAIOBRESHL» LR
5720 ET2CLATED ARY b6, HQS—AIA~R 7
N AAZIE, Clug AT MADHERTE 2, N6 DHBHE
» o EBERBDEARZRTEMYO LR S 2Tk
-7, (.3, 4, 5)

4.4 RS

'HNMR, IR, IR—ATR# L U'ESCADENTHEEH» &
HQ—AI, HQID FEDOHEE % i iRET U 7R, E.
DX hiEEEER LD EEZOND, HQ—AIL
HQI—AIB X UHQS—AIBEBA A v L AL TS &
Boxv— MLEWEBRL, SPPRREPE 2K

533[ 3
2859
| .
\J\y HQ-AL //\
//L HQI-AL /Q/k
/\/\V HQS-AL //\A
\,A/\ Al
290 280 (eV) B4 530
Binding Energy
Cis O1s

Fig. 3 ESCA narrow scan

HQ-AL
HQI-AL
HGS-Al Clas
Al
Cis Als  Alp
I.(I)O 360 2(')0 1(1)0 (eV)

Binding Energy
Fig. 4 ESCA wide scan



156 FIRF TEIGITERIR 55365

400.8 75.4

HQ-AL

MWWy

1 1 1

410 390 (eV) 80 70
Binding Energy
Ni1s Al2p
Fig. 5 ESCA narrow scan
0
X N\All -
NT 0y
OH Nag
/

The case of HQ-Al
Fig. 6 The bonding structure

AEMN\ESEEE R DL 3, L LEBERE LTI
RELHEAORESGLICRED 2BOBBEZ N5,
ZITIOREDOBEEMFIRERNT 2700, 7
HEERAN, BERREE L 20w 0IECH»29, SO,
HB 2O DBEDFETH 5,

(1988)

4.5 DB

LIV LAEBERCBIAEEERQLOL
(100) < (11D DIEICKE S &5, ~BCEEEIR
FVIEFCEREhE N, 22T, EEEDORESN
HOENIEDOI> B QIETHE I LCEBLT,
QUIDEE SEREEmELEEL, BEEOEVICIDE
BRED XD BT 20E2RET 20, SElh
BERAEL,

M. 71pH%Z7.5~9.5ICZ b & ¥ 1 RO B S &
BIUESHERKROMEHMBRER T, JORD &Mk
O MBI T / — FEITCOBROEHESE S H 5,
IheRREOBREERICLZ2bDOTHS, —0.65V
AEICBWTAMRBROEINEDbN S OIER{LE
ERHoNnT, €y 2RETILHTHD, E,
BESDBEAREME —1.4VESERED —0.9VIC
LTHRTHBDIE, HFEET VI =7 208Kk
D, BEEZFEERT 220 ThHb, ZOBRKIESERED
pHIZ X D 7/ — FEBROEFHEENPAESAEES R
220 bHLTH S, k- BERKIEpHOEI
L 2BHROBMSRbAET VW I L5, HREEID D
BETH b,

=
o

/u:. PR
J w/
w
g o8
>,10 o v of non frhibit
>"L ® .,
~ LY
a 'l,. g, 0.001 Molsl
< v x ) \<‘H
— X x
L L
Z-15 LR
» X

m L * x

(- %
= * .
0 Tl
o Borx

20 ...;:?

T T N T T B T R
CURRENT DENCITY { A/en?)
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Fig. 9 Polarization Curves of Al(111) in N, saturat-
ed 3% NaCl solution at 25°C; containing
agents (HQ), pH=8.5
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Fig. 10 Polarization Curves of Al (poly) in N
saturated 3% NaCl solution at 25°C; contain-
ing agents (HQ), pH=9.5
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