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ABSTRACT Mass loss and electrochemical methods were carried out to evaluate the inhibition
property and adsorption behavior of imidazole and 2-Phenyl-2—-imidazoline for Cu in 5% H2SO4 solu-
tion. The results showed that the two compounds have obvious corrosion inhibition for Cu in HySO4
solution, and the inhibition efficiency of 2—Phenyl-2—imidazoline was higher than that of imidazole.
Meanwhile, the adsorption property was estimated using the activation energy E, of the corrosion
reaction, the standard adsorption Gibbs free energy change A Gy, and enthalpy change AH,, for the
imidazole and 2-phenyl-2-imidazoline, respectively. It revealed that the adsorption processes were
exothermic reactions on Cu by a monolayer chemisorption—based mechanism, and the adsorption of
the inhibitors followed the Langmuir adsorption isotherm. In addition, the differences of the monolayer
adsorption structures between the imidazole and 2-Phenyl-2—imidazoline molecules on the Cu surface
were investigated, and their inhibition mechanisms for Cu were analyzed.
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msAk A4 (BIT, BIOHT, BIMMT) #1 itk msshk i A7 4=
¥y (POTAS, PDTAS) 3t Cu HIZMR, &BHZEmM
KRR 80% LA L. {EIIESRE FBRFE LW Ik A0 i A Ak
7%, HF-REAR. Ek-Lisac % B 557 HaS04 A
SRkt Cu B ERE, ZIHZMEE R 65%, (H
KW MAREWHIRATTE. AR ErkfrEy (2- %
Fe -2 BROBI) 7€ HoSOy AR Cu B ihEREAT i
EED.

LG R A Rl 1 5 4 JE R T A A B AL
W B SR A R A — RIS, IR R, TR
MR LRI, GlsCREReT. B AT, WRRE A B Rk
Frtk, AL A S R A TR RE B, TR RE
Ht Gibbs HHIRE AGm RIS (B)AH . BUER KN
RFEATFIWr. ausCik [9,10] S@E A R P 515,
AR BZE e H R I = e ke Cu g
e F2 T EEY TR IS AH ., 4331k —48.296, —48.644 FI
—115 kJ /mol, Z&x%HE AT 40 kJ /mol ik 11
I, K EIR B AL £ K. T Ebenso 25 120 i1 Eiika
45 O SR B ST #I0T, A E.<80 kJ/mol /g T
PrREI R, RF 80 kJ/mol #hk2EWRK. (EAREE R
f 2, SCHk (6] R A AR 1 Cu 78 3 Pl FepR AL Uk
a9 (BIT, BIOHT, BIMMT) & & iy g bt # o
g B, 435124 52, 55.20 F1 69.96 kJ /mol, FEE 14 Ea {4
¥/hF 80 kJ /mol, ffLLiAk BIT, BIOHT # BIMMT
1 Cu R BRI IHE S8 T W, (H2, %X
BT 73X 3 Mk &4 Cu R LAYRE AH .,
HAEA BN —37.94, —41.03 #1 —52.25 kJ/mol. #Lk
AH o, FERFWFRE, AT40 BIT 4Bt m BIOHT
5 BIMMT ML f. 1eab, Sk [13] #F &8, +—
P RE R IR AR AL A ZETH A IR R LA TSR R TR S
W, (EZ e R B fHAUCY 27.18—41.97 kJ /mol;
SCHE [14] WikR, 7€ HaSO4 BEMRA A, B A%
TEN R _E AR R A A K, R i B B AU
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FALEW, AT 2 HZEE IR RS W
#lfm De Souza % s@idit#, HEMHEEE Cu
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2 #R5i1e
2.1 ZZihiERE

211 &F&x  F£1 R 5% HaSO4 W51
IIATRFER BEDRE T 2 25 —2- pRkmmikx Cu Fri%R
PR, HIRTTAN, Bl PRy BE R3S, SRS eHs i,
FE7E 0.112 mol /L i}, Rk RIHRAME 68.6%, X5
Ek-Lisac 2 8 gyiiliRas A —30, b5 BuseRmy/.
SR, BE 2 2 2 DRWRIkR BERYBS N, HSR MR —
EHEK, (HA4HBEXF] 0.052 mol/L B, AkEEHE K EE,
ZMBCERIIAKR. IR 1 BFLLEH, %4 2- 3% 2
BRIRBR Y 4 BE AR 0.026 mol /L, G821 bk
MR, HALR AW EES ST 0.112 mol /L. [FI, 2
FHE -2 BRoRRRT Cu S R A T k.

212 #miewgkEx B 1 RE 5% HaSOs W
o, SRS FT R BE KA 2 2Rk —2— DRndenbk il &
PIRRAL I 2R, R AMERE TR 1 i ik i R i X R

B e LS 1 o L 0 20 B LA B RO, LSRR LR 2.

HiE 1 MR 2 FIAL, SEEEBAE, A 2 ¥
He 2 DRUERRAIBRIE 2 FRALEH1E, ANOUR MO A
ANFEREBERIERS, T LI filt e 2 BE ]S [T, AERK I
PRA AR, i ok PR W HL A A J5T e i 4 B34 A T D
/B, TR BE RS 0.112 mol /L ik, Ji& it it 3 2 B I T A
AN HAE 2- FEE 2 DRORORACR 1 ol e 3 BE B
HCAE T Sl A B R BE S BT — LI/, 35X -5 R FLRA TR
HZER B Ml 1R A, R LR, 5
BT L, DIABRIERT 2 255k —2— DRIEIH T X M Y
JEE P L L BE R D0, W DRIEAYT 2 3k 2 BRI
FH AR L A TS A 1 . (HAE PR AR R A, X
TR IR R, AT —0.14 Vi, BRUSR B4R et ik
PIA IR AMHIIE; TRET 2- % -2 DRidfA R, X4
2— R -2 DRPEMRAY M E KT 0.039 mol/L B, Hxt5
A BAR EAR AL AL A W AN R . R, DRmsAT 2

®1 REERAFEMRERIET 2 FEE —2— BRI Cu 78 5% HaSO4 IR MAE

Table 1 Inhibition efficiency n for Cu in 5% H2SO4 solution with addition of various concentrations

of imidazole and 2—Phenyl-2—imidazoline by mass loss method

Material Concentration, mol/L Mass loss, mg n, %
Imidazole Blank 5.10 -
0.028 3.20 37.3
0.056 2.54 50.1
0.085 2.20 56.9
0.112 1.60 68.6
0.140 2.03 60.1
2—Phenyl-2—-imidazoline Blank 5.70 -
0.013 2.00 64.9
0.026 1.70 70.2
0.039 1.43 75.0
0.052 1.19 79.0
0.065 1.16 79.7
0.1 0.1
(a) (b)
0: Blank
1:0.013 mol/L 0
0.0 - 00 2: 0.026 mol/L
0 aa 3: 0.039 mol/L
4:0.052 mol/L
> 5: 0.065 mol/L
T o = o1
0: Blank W
1: 0.028 mol/L
o2l 2: 0.056 mol/L
3:0.085 mol/L o2b
4:0.112 mol/L i
5: 0.140 mol/L 5
-0.3 L 1 1 1 L L
-10 9 -8 7 6 5 -10 -9 -8 7 -6
I9(l, Alem?) Ig(/, Arem?)

B 1 AFEWBERMEAM 2- FEE —2— BRIk Cu HIARAE 5% HaSO4 WP AR AL B 22

Fig.1 Polarization curves for Cu in 5% H2SOj4 solution with various concentrations of imidazole (a) and 2-Phenyl-

2-imidazoline (b) (E—potential, I—current density)
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R 2 BACHIZRHORFE R BEDRMEFD 2— FEEE —2— BRmEIXT Cu 78 5% H2SO4 WA E FE AL AL, LI B IR
Table 2 Free potential Ecory, corrosion current density Icorr and inhibition efficiency for Cu in 5% H2SO4 solution

with various concentrations of imidazole and 2-Phenyl-2-imidazoline by polarization curve method

Material Concentration, mol/L Ecorr, V Icorr, uA/sz n, %
Imidazole Blank —0.1228 0.1778 -
0.028 —0.1165 0.1122 36.9
0.056 —0.1154 0.0891 49.9
0.085 —0.1062 0.0708 60.2
0.112 —0.1014 00491 72.4
0.140 —0.1035 0.0631 64.5
2-Phenyl-2-imidazoline Blank —0.1228 0.1778 -
0.013 —0.1134 0.0620 68.4
0.026 —0.1143 0.0422 76.3
0.039 —0.1176 0.0355 80.0
0.052 —0.1182 0.0316 82.2
0.065 —0.1214 0.0288 83.8
AR —2— BRWRIHR IR DL BHAR L T2 0 TR & T R bl R, R,
2.1.3 wquFmitk RAEAEHTERIE T rsin i
Cu A IEZSEATBIA 0.112 mol /L BkwEFT 0.052 mol /L —

2 R 2 Wkogmikiy 5% HaSO4 WP IMAT A, H

. . N . Bl 3 &AM mERCE K
Nyquist FEIUIFE 2 7, S 3. R Zview % gy g

Fig.3 Equivalent circuit for interface between metal and

=3t NYQUiSt Eﬁ%ﬁé’]?ﬂ%ﬁ%ﬂ%@ 3. corrosive medium
MK 2 T4, HPTiE AN AT, 3 Cu # (R1—charge transfer resistance, Ro—solution resis-
}%‘ﬁiﬁ i %ﬁ%ﬁ%‘é‘%ﬂ Jﬂjﬁ'f* E'C:E E@& %EU 13[175 tance, C1—capacitance of the electrical double layer)
BRIEAT 2 2% -2 DRmkoiki) HoSO4 MW, AHTIE %3 Cu ERMMAHIMA 0.112 mol/L #yBKMEF
BRI, XANEY Cu ££ 5% HaSO4 WY 0.052 mol /L fy 2- FEHE —2— BRIk#kA) 5% H2SO04
BRI Ry UK, T HL 2- 5 —2- DknkwikAy 2 IR B L S
N " o . . . Table 3 Electrochemical impedance parameters for Cu
PR FUBKMR R . BCJR(AIRE, BRIMRER 2 0 —2— DRk in 5% H2SO4 without and with addition of
0.112 mol/L imidazole and 0.052 mol/L 2-
a0l - " Phenyl-2-imidazoline
-
P ../. ° Material R1 Ch n
30 /l/./ o Q-cm?  uF/cm? %
g " Blank 15658  1873.10
N 20F ol Imidazole 52134 3426 69.97
b4 2-Phenyl-2-imidazoline 64381 28.32  75.68
10 < A% —m— 0.052 mol/L 2-Phenyl-2-imidazoline
—o— 0. / imidaz 4| S
V L TR ST TRIIIA. BEBURSRIEI A Cu A HoO B
% 10 20 0 40 50 60 70 wAE Cu HRGEME, A RRSOY TR ZmiEH. mk
Zo k2 3 W ILE BRI, A EAREE 2 bSPTIR

=) £ I G
B2 Cu R 0112 mol/, W 005z moyt, /P S ThO By RISROCTA LA A
2 FEH -2 WKMEWKES 5% HoSO4 WWCHEY B WHHE Cu By HoO B dAL ar iR, s
Nyquist [£] R/, X5 REE A AL #2453 — 3
Fig.2 Nyquist plots for Cu in 5% H2SOy4 solution with ad- 214 A A 2 EA 2 vRvkok 4 Ak
dition of 0.112 mol/L imidazole and 0.052 mol/L 2- 4548 %ot Sy THFICHEERE 2 FiL A 4 B bl B B

phenyl-2-imidazoline (Zre—real part of impedance,

Z1m—Iimaginative part of impedance) W, AR T 30, 40, 50 F1 60 CTF, Cu ZERMAINA
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&4 AFRBET Cu FERIMZHIMA 0.112 mol/L BKMERI 0.052mol/L 2— FH: —2— BRIKIkEY 5%

H2SO4 W RIRAL I 2250

Table 4 Polarization curve parameters for Cu in 5% H2SO4 without and with addition of 0.112 mol/L

imidazole and 0.052 mol/L 2-Phenyl-2-imidazoline obtained at different temperatures

Temperature, C Material FEcorr, V Icorr, ,uA/ch
30 Blank —0.1342 0.2555
Imidazole —0.1163 0.0825
2—Phenyl-2-imidazoline —0.1264 0.0506
40 Blank —0.1463 0.3090
Imidazole —0.1326 0.1646
2—Phenyl-2—-imidazoline —0.1236 0.1207
50 Blank —0.1283 0.4473
Imidazole —0.1302 0.2852
2-Phenyl-2-imidazoline —0.1338 0.2266
60 Blank —0.1142 0.6285
Imidazole —0.1485 0.4047
2—Phenyl-2—-imidazoline —0.1502 0.3381
0.112 mol/L BkmkFl 0.052 mol/L 2- %% 2 Bknk
mRiy 5% HaSO4 WAL HIZ, FFR TSRS -14.0
{5 A T 700 ko G A L TR, SR el
# 4. o~
8 1 e BT f 2B Arrhenius VAR, B csor T,
RRERAR 2 T < s o,
Teorr = AeXp(_Ea/(RgT)) (1) - 1eor ~ - ~_
4 Blank R’=0.97548 ~ °
165} ® Imidazole R°=0.96980 N
A, Ba FRTEEE, Leor AR, A FRiE * 2-Phenyk-2-imidazoline R'=0.95976 .
-17.0 L

BT, Ry WEMER, T MEE. KX HFE A
SRAEL, VA Ineore HPNAEAR, DL 1/T MREARHRIER, 45

mE 4 prs. HEPELAFE (~E./Ry) W% Cu 7
5% HySO4 KVEW F it By E.=24.56 kJ/mol, fii
NBKmBE 2 EEE 2 BRORKK)S, E. 4M518KF] 42.56
1 50.64 kJ/mol. MWIEALRERE, 43 AN BKIER] 2 2
e -2 BRmBukE, T RETEAL AR N, T E AR SR
REEAREREAT Cu Bhh, FA R IH T Cu AIE
S B 2 22— DRWERR{R R S AL AR DR 4
RAPMER, E, HEWEOREL, X 5KEL, R
LRIEF AL PR B R R — . —RIEHT, K
AP A TE AL REYE A 20-—40 kJ /mol, A2
TEALRETEEE Y 4080 kJ/mol'®). [H M, BkmsAl 2- 2
He 2 BRmREE 2 FLEWIAE Cu R R A4k 2R
BF. B, BIURLBETHST, BRIBAT 2 285 -2 BRmkkxf Cu
BRI — S REN TR, RWEX 2 MibEvsa
TFAE Cu Rl EWAFAEE —EFLE IR AT .
I, DR 2- ZEHE 2 BRkmnk 2 FiorTAE Cu HARER
T T f 6, & B A A 2 R, A2 B . (A
BE, WHREXMH Ea<80 kJ/mol g THHMWM., kT

1 1 1 1 1 1
300 305 310 315 320 325 330
77,10°K"

B 4 CuERMASFIMMA 0.112 mol/L BEIEA 0.052 mol/L
2— FHkE —2— BRMERREY 5% HaoSO4 W HAY Arrhenius
E2S

Fig.4 Arrhenius plots for Cu in 5% H2SO4 without
and with addition of 0.112 mol/L imidazole and
0.052 mol/L 2-Phenyl-2-imidazoline (R2—corre-

lation coefficient)

80 kJ /mol ¥ R4k Kt pobrvE (612 xbAcHifsess SutT
HIWT, TIBRMEFT 2 SRHE —2— DRIsk 2 b &44E Cu 3£
TR AT VO R 21 AP BRI . A 17 150 B I P e b o 2ot 1 T
AEHE, THERRE—E 5 FR R Gibbs HHfE AGm
RIS AH o XX 2 FAL &80 W R RR PR T 87
2.2 BRIEFD 2— FE 2 REWAE Cu REAKRK
Th

AT RS BRMEAT 2 SRR 2 BRmRfAE Cu R
WRAT R, SRR EELE (25+1) C T MRS Sk
# n=0 R Langmuir WMERA TS 24

Ke=0/(1—0) 2)
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A, Ky Langmuir ¥, ¢ AEMGFIFKE (mol/L),
0 hFRWHESE K5 AG, H9RRN 29

K = exp(—=AGwn/(RT))/55.5 (3)

AR n FoR RN E 0, ¥ Langmuir %
b <t 77 R A

¢/n=c+1/K (4)

PLc/n Xt c fEE, B2 5 By iR, B 5
ALH, SEEHEEE S Langmuir WEHSEARAEF WIS, B
WA 2 JFE -2 DRIBIRAYAISCHE R B AN 0.94417 F1
0.99869, FHABKMERT 2 JEHFE 2 BRukrk > T4E Cu 3R
T P9 IR 5 Ay B S22 TR

AN, MRPEE 5 H 2 FELMBIE RN 1/K,
R (3) T BRMA 2 JERE -2 BRI A G 5>
Bk —31.94 Fl —40.10 kJ /mol. HyILE AT 4N, BRUEAI
2 ZRHE 2 BKRRKRGY AG, HRME, H 2- 2% -2 Bk
MR A G BR/NFBRIRE) A G, RFFREFE T X
2 FREMF ST B R IR Cu 3R, 2- A% 2
BRIEERAE Cu FETH AW FFHETA] FepRmkss. SCik [15-19] 2
K —AGy /MF 20 kJ/mol B APFERI, —AG, K
F 40 kJ/mol Jfb2EW I, AT 2 & Z R A HEfk 2
MR, EHULTTSN, BRMESFAE Cu R HY R B & oA
AbZEW R, HRMESEMRE S 3, T 2 AR 2 BRurkEY
W B S P AL . X 5K “Ea & 2040 kJ/mol #

0.25
[ ]
e Imidazole R°=0.94417
020+  w 2-Phenyl-2-imidazoline R*=0.99869
0.15
=
o
0.10
0.05 /
000 L L L L L L L
0.02 004 006 008 010 012 0.14
¢, mol/L
B 5 BRMEFD 2— FEH 2 BRmmkAE Cu FH A Langmuir

i 452 1L i 2
Fig.5 Langmuir adsorption curves on Cu surface of im-
idazole and 2-Phenyl-2-imidazoline in 5% H2SO4

solution(c—concentration)

W, E. & 40—80 kJ/mol fRALFWRI 15N
FIBARMERI 45 3, TS “Fa<80 kJ/mol ¥J)g T4#y78
W, KT 80 kJ/mol #hA M"Y R FIWTHRAERT 45
RA—HL

R B2 B AT & —F Arrhenius Wi FE,
# Arrhenius J7fE:

K = Ay exp(—AH,, /(ReT)) (5)
AR (2) JFBXTEAHF]:
lg[6/(1—-6)] =1g A1 +1gc— AHy/2.3R,T  (6)

R, A BRHREILLHMSE. 1E 1gl0/(1-0)] 5 1/T
HIRRE, 4R mE 6 P, HEXRFEA 5Kk
WA 2 ZRFE 2- BRMEmkdE Cu REM AHn, B
AGm=AH~TASy, PR ASw, MRS
RWF 5. 5 A, BRI 2 K 2 BRIKIEAY
AH ., ¥ 5E, FWHHAE Cu FH AT R R
e Jigh, H AS, HWRAE, RUIHEE R R r
1T, RRAFNEGTFAPRES, BUBBCE . s,
DKWL 2- M 2 BRI/ Cu _EE9R BT
40 kJ/mol, FHIHKFEEL WM, X5%H
A G SR R R 46 AR — B AL, Xt R
i “Ea 5 20—40 kJ/mol fRYBEI, F. % 40—
80 kJ/mol BRI 1K AIBrhruERy 45 R —2L,
5 “E,<80 kJ/mol & FHMWK, kT 80 kJ/mol

0.7
0.6 =
05} e Imidazole R°=0.96257 //
04l ™ 2-Phenyl-2-imidazoline R*=0.92434
03} b
02| " a

01} d ’
00} e o
01k - g
02F = -
03} ’
04p
3.00

19[0/(1-6)]

1 1 1 1
315 320 325 3.30

7' 10° K"

3.‘05 3.‘10
6 DRUEFN 2- FEEE -2- BRukuikey 1g[6/(1-0)) 1 1/T KKHE
Fig.6 Plots of 1g[0/(1-0)] versus 1/T for imidazole and 2—

Phenyl-2-imidazoline (f—surface coverage)

RS DKREAN 2- FRE —2- DRIEIRAE Cu KA KM% SR

Table 5 Adsorption thermodynamic values of imidazole and 2-Phenyl-2-imidazoline on Cu surface

Material AGm, kJ/mol AHum, kJ/mol ASm, J/(mol-K)
Imidazole —31.94 —41.22 —30.97
2—Phenyl-2—-imidazoline —40.10 —47.32 —24.23
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BRI Ve FIBRHER 25 AP . B, DL T
fLRE Ea<80 kJ/mol ¥ )g TH3Emfft, i £, >80 kJ/mol
BB B IR ™4
2.3 REEFD 2— FE 2 W Cu R9EHHLIE
H AL T 5 4 i 2R T A A Ak 2 R 84
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Fig.8 Schematic of adsorption for 2-Phenyl-2-imidazoline on Cu surface (A—hydrogen ions

repellent region, B—hydrophobic region)
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