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1.1 iREE A
BG4 3-FH S s bk | SRAL R L 3R T
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Tab.1 The main chemical composition of N80 steel

B 34/ %

C S Si Mn P O N Fe

0.12  0.003  0.19 0.55  0.020 0.02 0.002 AxiE

1.2 TiERREBEBALEMFNER
1.2.1 247 £ 7] 694 %,

DA 3~ B boRn LAk R SRR, Tk 2R T
I il 1T e i AR R IR Ak % ik ) 32 50 (LA AR
GWS) . IR I A g e 78 A, LS A 1.2
HEATHRAE, GWS AL AR, %N 0.90 g/cm’,
FKHIEAR I LA T A &, H s 7 B = an
1R,
1.2.2  Z4kA e A ke

Gzl 3500 5 B ) R B AR AR R CR
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Fig. 1 Reaction equation of GWS
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PERBIEATIEA . T BRA BT 20 Y0 (Bt 4344, T [RD
HCL A8 B ] S 4 by v U8 ih il 36 16 B
180 °C Gk 5 8 43 BUR 5.0 %0 5 I TR o 3 560 VL
R 90 C MR i 40 1.0,

1.3.2 @iz ik

1 AL 2R 6 R ] CHI660C B Ak T AR, i 56
AN TR A FL R i Y 20 %6 R RV VL, I
MREER 30 °C. Hfb2EIEAE ] = BRIk R . Sl
e A i FH SR B AR (SCE) W 4l BB Ay Pr s . TAE
FLAR R SR IR AR B B2, JE R 1 em® AR THI Y
N8O SN . WA 4T L 7 —0.2~0.2 'V,
FRGERE R 5 mV/s, HALEPUE (EIS) 56 78
FEEHALCOCP) T AT $Lh {550 5 mV IE5Z U,
WA B 10 Hz~ 100 kHz, BHHTM & 5 ff
ZSimpWin AT RS 155 EIS 244,
1.3.3 A BALR A iE oM

1 N8O AIAE /il & F I IS5 K an 5.0% &
e 22 17 Y 20 Yo Eh AR, 180 “CIE M 4 h 5, BUH T
Uk, R Quanta 200 4 4l =0 i 7 18 f0BE (g 2%
FETL 28 wD) 3 rialAE J il i 5 R RS OB DL Je &
HICRA .

1.3.4 X H& T g5
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Tab. 2 Orthogonal experimental design

I
TR R RO /b
HZIA)
1 1:1.10 120 8
2 1:1.15 140 10
3 1:1.20 160 12

®3 EXHBER

Tab.3 Orthogonal experimental results

- FEES J i A/
A B C (gem 2+h™h)
1 1 1 1 5.08
2 1 2 3 2.31
3 1 3 2 1.52
4 2 1 3 4.23
5 2 2 2 2.10
6 2 3 1 2.26
7 3 1 2 3.36
8 3 2 1 2.20
9 3 3 3 1.48
Tl 8.91 12.67 9.54 —
T2 8.59 6.61 6.98 —
T3 7.04 5.26 8.02 —
k1 2.97 4.22 3.18 —
k2 2.86 2.20 2.33 —
k3 2.35 1.75 2.67 —
W2z (R) 0.62 2.47 0.85 —
K A3 B3 C2 —
Sy et ey A3B3C2

WHE 22 R H /N, #5E 3 iR R X GWS 2%
TSR () 1 52 1) H R 3 /N IR A B I T B L g
AF ] JEOR) R A 2 L. R B LAY RN B E
GEplsR FE /) GWS G B T2 5% A3B3C2,
B[ 72 (3-HA FEMER) 2 0 (GRALTR) =12 1,20 WL EE N
160 °C R IEEFE A 10 he FEMCARAE T A B 22 ki
FH GWS TE 90 C R MR A 99.80%6, N8O 4K
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Fig. 2 Infrared spectrum of GWS
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Fig. 3 Effect of dosage of GTS on corrosion inhibition
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Fig. 4 Effect of dosage of TC on corrosion inhibition performance
2.3.3 #A# YHT & Bkt
WERRECG R YHT ARG LA e 2 bRl i
brR Mg ERE. R 4 KL 5 AT B RCE A
YHT. 0] LA AR NSO AX A £ R 1A W HP 174 i ok e
M YHT A5 38 oy ) R 5.0 %015, N8O 44
(R Th 3SR Ay 70,25 g/ (m? « h) AR FAT AR,
I e EE A YHT i BB 4340k 5.0%.
*F4 EEF YHT EELLGI K EMBE

Tab.4 Compound ratio and corrosion inhibition
effect of YHT

'UCOH'/
i wars/ % wre/ % wypr/ %

(gem %«h™H)

0 0 143.48

1 1.0 135.38

2 2.0 116.95

5.0 3.0

3 3.0 95.61

4 4.0 84.35

5 5.0 70.25
i bR 25 2R SR 2O S T v T R R TR Ak

L2 GWS-G HE M - 87 Y% 22 ph57) 57 GWS+
5.0% R TG MEF] GTS+3.0% M ELff A= 4 TC+
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Fig. 5 Effect of dosage of YHT on the corrosion inhibition
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Fig. 6 Polarization curves of samples in 20% HCI solutions

containing different amounts of GWS-G
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Tab. 5 Fitting results of polarization curves

IR MEIRSHILE 6., Hh CPE fCRF AL M0
R ACE AL A WA B R AR BT R
Bl 1 R ARIGZIMER 7.

500
00
2400  ©-0.5%
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= 300 v—145%
g °0-2.0%
N 900}
o o S 00 o
100 F % vV Vy - <><>
PN
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B7 iHESTERE GWS-G K 20%HCI i il R 4L 2 BT
Fig. 7 EIS of samples in 20% HCI solution containing different
amounts of GWS-G

8 EXHRE

The equivalent circuit diagram

Fig. 8

Fx6 HBUFHEMEMBEHER
Tab. 6 Fitting results of EIS

Wewse/ R,/ CPE R/ R/
% (Qeem?) Y/(@ Teem 48D n o (Qeem?) %
0 0.53 1.47Xx107° 0.72 4,16 —
0.5 0.63 1.41x10 " 0.77  99.51 95.82
1.0 0.74 1.49x10 " 0.80  232.90 98.21
1.5 0.97 9.95X10 ° 0.79  347.10 98.80
2.0 0.99 7.12X10 ° 0.81 512.90 99.19

wowse/  Eeon/ S eore/ b,/ —b./ 7/
% mV  (mArem 2 (Vedec ') (Vedee V) %0
0 —423.6 5.456X10 ! 68 76 —
0.5 —432.9 1.764X10 2 86 96 96.77
1.0 —449.6 1.570x10° 2 101 126 97.12
1.5 —472.1 7.904x10°° 118 145 98.55
2.0  —479.4 5.398x10°° 138 160 99.01

2.4.2 wALFMIE
FIH ZSimpWin FAEXTE 7 H Nyquist fhZE i
LG S N 8 Fir ™), Ak BT 1A
.32 .
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() AR AR K o H far i B FR BHL AL S T39O, e 22
T AE N8O A9 R Y s i PR I FH AR T & 8 5%
] ) ey A% 3sh , LR 22 1l R 5 1 35, N8O
FEIAITE 5 A R B 65, 10 ok 1 57 8, %o F £ 2% g o o
TR A AR FH R B L 22 D AR Al OB T
2.5 BHEYRFER
2.5.1 SEM-EDS % #7

FH SEM ([E19) AT« Ji i e 2 o~ R O, 4R
A RPACET BEIRI ; 7 6 2% 1oh 7 ) X 50 v v b v TR
P SRR R T AT DALER BIVE £ 8 kb, 8 ik AR ™
IR R TR IMGWS-GJ il FE F i 4% H G
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(a) EBIKHF

B DR . 7E 180 C iR & 1F T, GWS-G fiE
A 8O AW JE ol JCXT N8O AN ELAT R4 £ 47
ROR
H1 7 Al DL . N8O MR i H it 320 Fe 5/
A O.SiANCo 525 HEEAR HE L 7EA T Z2 b5 Y
IRIE VRO E fUs  URERTE CL O &8N, Fe 35
s /b UL AR TE AN B G ) ) 1l B8 v v 4 A
T EE

IR A Z 5 R I C &
BN Fe & EFEAR, XU GWS-G 1R R i P
JT G bR ORI G R TR
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Tab.7 Surface element content of samples under different

test conditions

(b) MM, T & B

Btk o> % %
e e ARBMBFNR BN Y
N80 4 N80 44 N80 4
C 4.81 6.64 17.58
@) 1.05 2.53 1.19
Si 0.75 0.62 0.64
Fe 93.39 90.21 80.59

2.5.2  XPS 4

H 2 8 Al UL JF IR A R 1 Fe 2p MZ5 A HEN
706.49 eV, 5HJT Fe MbrIELS A HE(706.03 eV) HH
VT, VLR LR IARE 1 £ BN Fe, 7RSS
REE WP E e, KA Rm O 1s &5 58N
530.48 eV Ml 535. 53 eV, 4> 5l %F B 2k %A L ¥
(Fe-O) M H,O,

TE55 5.0% GWS-G (1 20 b e ih 4 h s
WRERMEEAH CONLO Fl Fe &% ;C N FER A
T GWS-G; O FEk HidtERm A Y Fe 12
K B R R A JE i D K & R AR, C 1s 1B
FEIXF R 284.78 eV Fll 286.34 eV Z546EE 43 B R T

100 pm 50 pm
(c) EimikHE, SEMmF
B9 ZHEREREASME GWS-GC MIRKBEFKRPE 180 CHEEMFIREFHRE SEM E5
Fig. 9 Surface SEM morphology of blank samples (a) and samples (b,c) after high-temperature corrosion at 180 C in test solutions
without and with GWS-G

C—C/C—H 1 C—N, E £ GWS-G Wk 7k
KI5 EDS 45850 —5. Fe 2p i & PAF1E 4
AN 713.71 eV S Fe, Oy 16,709.67 eV & FeCl,
I ,722.89 eV Fe I§,726.57eV i FeOOH i, iX
P UITE B G2 ) A U6 VA TR v R 2 TR Il )
PRERR T il ) GWS-G Sb, i 41 & Fe, O, FeCl,
VLK FeOOH,
F8 EARGWSGHRWARPEM4h)5,XERE
XPS & E S
Tab. 8 After 4 hours of corrosion in a test solution containing

GWS-G, the XPS spectrum parameters of the sample surface

ZEARE/ eV
o - HEAE/ e : W [ 4
bR (e
284.60 284.78 C—C/C—H
C1S
286.00 286.34 C—N
713.69 713.71 Fe, O,
710.73 709.67 FeCl,
Fe 2p
723.48 722.89 Fe
725.27 726.57 FeOOH
3 & i

(1) DL 3-HISREmEmf AL N R, A L T 22k
FF55 GWS, Hi i E s e b 7 Hail & 2540 48
fJa i TP BE KA 78 90 “C Y 20% Eh R A
LOY%GWS, N8O 4 4 JiF [t 3 %y 1.45 g/ (m’ < h),
GWS B Z %N 99.80% .

(2) Wt BRI, i T T e e £ R 1R 1k 2%
i GWS-G BBy . 78 180 “CHY 20 %0 Eh R . 24
GWS-G JEEAMHON 5.0 %6 B N8O 45 14 J&§ il 32k %y
70.25 g/(m®*h) .3 AT AR

(3) ZBHh3 GWS-G 2 LA BAME 52 1 Ky 3= 1Y
RAAIE MR . BRI 7E NSO M H I 1L T R 4
RSP RE  BELAR T 4 5 7 R I 1) Fi A A5 328 X)L Ak

e 33
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Development of High-Temperature Hydrochloric Acid Corrosion Inhibitor and Its Inhibition Behavior

LIU Jie, GAO Qiang, WANG Zixuan, Al Junzhe
(School of Chemistry and Environmental Engineering, Yangtze University, Jingzhou 434023, China)

Abstract: A quinoline quaternary ammonium salt corrosion inhibitor was synthesized using 3-methylquinoline and benzyl
chloride as raw materials, and the synthesis conditions were optimized using the orthogonal experimental method. And it was
used as the main agent; compounded with enhancers, dispersants, etc. A high-temperature (180 °C) hydrochloric acid
acidification corrosion inhibitor, GWS-G, was developed. Its corrosion inhibition performance was evaluated, and its corrosion
inhibition behavior was studied using electrochemical testing, SEM-EDS, XPS analysis. etc. The results show that the
corrosion rate of N8O steel after 4 hours of corrosion at 180 °C in 20% hydrochloric acid with 5. 0% corrosion inhibitor GWS-G
was 70. 25 g/(m’+ h), which met the industry standard requirements. The corrosion inhibitor GWS-G was a mixed-type
corrosion inhibitor mainly used to suppress cathodes. It formed a uniform and complete protective film on the surface of N80
steel to suppress corrosion, and the protective ability increased with the increase in inhibitor concentration. XPS analysis
results show that the protective film was mainly composed of corrosion inhibitor film, which included corrosion products such
as FeOOH, Fe, O, FeCl,, etc.

Key words: high temperature acidification; corrosion inhibitor; quinoline quaternary ammonium salt; electrochemical test;

corrosion inhibition performance
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