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Tab. 1 The influence of mass concentration on the four single corrosion inhibitors corrosion inhibition performance

o/(mg+ L™ 10 20 30 40 50 100
PASP
7/ % 34.3 12.6 47.1 48.9 50.3 68.7
o/(mg+ L1 5 10 15 20 25 50 100
PAPEMP
7/ % 45.8 56.6 65.4 72.3 70.2 73.6 74.8
o/(mg+ L1 10 20 30 40 50 100
N-API
7/ % 36.5 44.3 50.2 56.7 58.1 73.0
o/(mg+ LD 2 4 6 8 10 50
ZnS0,
7/ % 9.1 12.3 8.7 5.5 8.3 11.8
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BLAT AL 4 A PR R R A R E AR 3 AN T TR KO gk 2 R,
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Tab. 2 Various factors and levels in orthogonal test

Factors
Levels Opasp/(mg« L7 Opapema/ (mg * L) Pmso, /(mg + LD Onapr/(mg s L7
A B C D
1 20 15 2 30
2 30 20 4 40
3 40 25 6 50

F 3 BR T HIESS AR 9 4150 %2 IR e S aUIX 9 2 5 28 Y % ik M g L TR A K BT A SE B
TEAEFRKF TR B P (840 R BP0 380 8 A DR 08 G B b 7K P 18 o 37, AR B P 240 (K)o i 22
{E (RO LA 5 B4 PR A 52 A AT 4 Bh B — G2 0l 7] 9 28 TR 75 1E 28 S 50 i B9 41 5 R 3 B R Y g2
o, AT B i D IR VE . AR AS TR 8 DRI 9 K BB 5 1 2 45 25 90 1 S5e e /KT, AR B A 25 (5 (RO W 5 T i
FIMIE 5 Wi 2% oh A% AR 4 28 1l ) K YK K s PASP, N-API, PAPEMP, ZnSO,. & & 2% th 7] it it 1 241 & PASP,
PAPEMP,N-API,ZnSO, 53514 30,20,40 Al 4 mg/L. A& B0 1 &L A 0922k g, H 98 o]
ik 97.6%.
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(975 1) B8 Bl 1 AR /N A X F B — G )L 2 AR B G2 i R, Tafel ith 2k i i it %% B 1] #L U 25 BEAR 19 7
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Tab. 3 Intuitive analysis of orthogonal test and combination optimization
Factors
No.
A B ¢ D 7/ %
1 1 1 1 3 72.6
2 1 2 2 2 85.3
3 1 3 3 1 75.4
4 2 1 2 1 82.7
5 2 2 3 3 92.2
6 2 3 1 2 93.6
7 3 1 3 2 82.8
8 3 2 1 1 79.0
9 3 3 2 3 86.8
K, 77.767 79.367 81.733 83.867
K 89.500 85.500 84.933 87.233
K; 82.867 85.267 83.467 79.033
R 11.733 6.133 3.200 8.200
Optimized factor A, B C, D,
Optimized composites A2B,C3 D 97.6
R4 208 BRINE 0.5 mol/L H,SO, B HMMLSHE
Tab. 4 Polarization parameter parameters of 20 # carbon steel in 0.5 mol/L H,SO,
Corrosion inhibitor o/(mg+ L™ P s S/ B/ B 0,/ %
SCE)/mV (pA s cm?)  (mA < dec™') (mA - dec™)
Blank 0 510 2232 104.4 116.7 —
PASP 100 492 T47.7 188.0 120.1 66.5
ZnS0O, 100 502 1178.5 140.8 125.8 47.2
PAPEMP 100 488 388.4 215.2 139.5 82.6
N-API 100 488 341.5 227.9 129.7 84.7
Composites Opase * Opapemp © ONAPL F Pzuso, — 30 40°# 20 # 4 436 87.0 272.3 142.1 96.1

K 2 W~ TFE 500 mL 0.5 mol/L H,SO, &, 25 A4l MBI A 100 mg/L 4 Fh#i—Z2 5] PASP,
PAPEMP,N-API,ZnSO, L4 & 8 4 2 ph | (PASP, PAPEMP, N-API, ZnSO, 43 %k 30,20,40 f1
4 mg/L)HIE BT L BN 19 32 i BT I (Nyquist) B0 2 BF7R 5 A 2 b 70 4 He L i A G ik 35 )5 A B ol 4
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Fig. 1 Polarization curves of four single inhibitors and
the optimal combination of composite inhibitors

in 0.5 mol/L H,S0, solution
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Fig.2 Impedance curves of four single inhibitors and
the optimal combination of composite inhibitors

in 0.5 mol/L 1,80, solution
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JE& T A S5t A B AN R T L A AFTE S PB4 SR L T (8 i G I ROR L L B 4 2R SR T AR T b b
AEGGMAIG 20 # BN REUS 15 BIAR G A ORI, JE— 2D RS2 1, I B O 37 JBE 1) T 180 14 1 0 8 ol ) R 47
PERE DT 2 B 00 5 114 22 Tl P i
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Tab. 5 EIS parameters of 20 # carbon steel in 0.5 mol/L H,SO,

Corrosion inhibitor o/(mg+ L1 R,/(Q+cm %) n R./(Q +cm™?) e/ %
Blank — 1.31 0.85 8.64 -
PASP 100 1.28 0.84 89.0 78.8
ZnSO, 100 1.25 0.81 85.6 60.2

PAPEMP 100 1.90 0.86 90.1 86.9
N-API 100 1.83 0.85 90.3 89.2
Composites Opasp * OpapEMP © ONAPL | Pzuso, — 30 F 40+ 20+ 4 1.96 0.86 91.0 95.5

50, um 50 wm

(a) AR 17 (D) BUANARASE i)

B TRARIGSEMI AT

I'ig. 1 SEM analysis of carbon steel
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JET 4 B i) 00 W R VE . 45 32 8, i1 PASP,PAPEMP, N-API, ZnSO, 2H & 1) & & S8 b 3 19 d5¢ 1 T &
WHE S 3 h 30,20,40 Fil 4 mg/L, M AN 35 97.6 %0 5 AL Ak 22 03K 38 W% & & b RE by BHAR D22 fh 5] L o8 B
BREIE LT — 2P 2 30 T 4 003 A AR AR G R, 2 80 B 2 i D IR s SEML 4 A7 485 SRR B L 7
AR A GG XF 20 £ BN HAT 538 A0 28 Dl R

2 X% X #

[1] AL-SHIHRY SS.SAYED A R.ABD EL-LATEEF H M.Design and assessment of a novel poly(urethane-semicarbazides) containing thia-
diazoles on the backbone of the polymers as inhibitors for steel pipelines corrosion in COz-saturated oilfield water[ J].Journal of Molecular
Structure,2020,1201:127223.

[2] GAO Y H,WARD L,FAN L H,et al.A study of the use of polyaspartic acid derivative composite for the corrosion inhibition of carbon
steel in a seawater environment[ J].Journal of Molecular Liquids,2019,294:111634.

[3] HOUBS,ZHANG Q H,LI Y Y,et al. A pyrimidine derivative as a high efficiency inhibitor for the corrosion of carbon steel in oilfield
produced water under supercritical CO; conditions[ ]J].Corrosion Science,2020,164:108334.

[4] ONYEACHU I B,OBOT I B,ADESINA A Y.Green corrosion inhibitor for oilfield application II; The time-evolution effect on the sweet

corrosion of API X60 steel in synthetic brine and the inhibition performance of 2-(2-pyridyl) benzimidazole under turbulent hydrodynam-



112

TR F RO RAF ) 2021 4

(5]

L6]

(7]

(8]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

ics[J].Corrosion Science,2020,168:108589.

DEVIKALA S, KAMARAJ P,ARTHANAREESWARI M,et al.Green Corrosion inhibition of mild steel by Asafoetida extract extract in
3.5% NaCl[J].Materials Today:Proceedings,2019,14:590-601.

FENG L,ZHANG S T,QIANG Y J,et al. The synergistic corrosion inhibition study of different chain lengths ionic liquids as green inhibi-
tors for X70 steel in acidic medium[J].Materials Chemistry and Physics,2018,215:229-241.

BRI AR R R R A SRR PG 28 b A7) 1 i AL 2 WAL 0. ok UK 5 K . 2007,38(5) 1 12-15.

MAO H Y,XU Z F.Quantum chemistry study of polyaspartic acid scale-corrosion inhibitor[]].Industrial Water &. Wastewater, 2007,
38(5):12-15.

ZHANG Y.YIN H Q.ZHANG Q S.et al.Synthesis and characterization of novel polyaspartic acid/urea graft copolymer with acylamino
group and its scale inhibition performance[ J].Desalination,2016.395:92-98.

WANG C,CHEN J X,HAN J,et al.Enhanced corrosion inhibition performance of novel modified polyaspartic acid on carbon steel in HCI
solution[ J].Journal of Alloys and Compounds.2019,771:736-746.

CHAIC X,XU Y H,LID Y,et al.Cysteamine modified polyaspartic acid as a new class of green corrosion inhibitor for mild steel in sulfu-
ric acid medium ; Synthesis, electrochemical , surface study and theoretical calculation[ J].Progress in Organic Coatings,2019,129:159-170.
CHAI C X,XU Y H,SHI S C,et al.Functional polyaspartic acid derivatives as eco-friendly corrosion inhibitors for mild steel in 0.5 M
H, SO, solution[ ] ].RSC Advances,2018,8(44):24970-24981.

WIAATE WIREAR A0 2 . S5 WK e DR ATT A 40 % Tl 19 R A RO R B4y T L) ) W B4R 2 24 4. 2009, 25(12) £ 2524-2530.

HU S Q.HU J C,SHI X,et al. QSAR and molecular design of imidazoline derivatives as corrosion inhibitors[ J]. Acta Physico-Chimica
Sinica,2009,25(12) :2524-2530.

PR BRI » T HTB 1 3. 2- R R e ik S A2 1 % fo 59 7 25 B L ORI VR v 1 R i R LD LB 5 B 47 2009, 30 (1) 775-777.

REN X G,WANG X Y.,XU W.Inhibition efficiency of 2-methyl imidazone and its compound corrosion inhibitor in high hardness electro-
lyte solution[ ]].Corrosion & Protection,2009,30(11):775-777.

CHAI C X,XU Y H,XU Y,et al.Dopamine-modified polyaspartic acid as a green corrosion inhibitor for mild steel in acid solution[ J ].Eu-
ropean Polymer Journal,2020,137:109946.

Wl A E B AT A A LB SR YWY B9 82 il v BE T4 [0 4 il R 2 24 4T CH SR B2 R 2 2000, 24 (6) : 55-56.

YANG G H,WANG H Z,YANG P J.et al.Property evaluation of organic phosphoros corrosion inhibitor YWY in bitter salt water[]].
Journal of the University of Petroleum,China(Edition of Natural Science),2000,24(6) :55-56.

ZHANG B R,HE C J,WANG C,et al.Synergistic corrosion inhibition of environment-friendly inhibitors on the corrosion of carbon steel
in soft water[ ] ].Corrosion Science,2015,94;6-20.

AT ) A AR A R & B 25 DL/T 523-2007 Ak 2% 1§ 18 G2 1 550 B2 ) 4 BE 3 40 438 A B i 58 05 26 ) (S A &0 v B AR o b it
2007.

LW FY o B /N A AF R R A B R 5 3R I R 45 D IR] 49 1T A6 2 b BEL Y 1 BE AT 52 [0 ). W I AK 12,2020, 37(4) - 11-14.

JIANG Y L,LYU X G,CEN S H,et al.Study on corrosion and scale inhibition of polyaspartic acid with polyacrylic acid synergistic[]].
Henan Chemical Industry,2020,37(4) :11-14.

Study on preparation and performance of green composite corrosion inhibitor

Wang Xiaohui', Li Zhenhua', Wang Hongzheng', Liu Ruixue’, Li Xianghui', Deng Gang'

(1. Isotope Institute Co., Ltd., Henan Academy of Sciences, Zhengzhou 450015, China;

2. College of Material and Chemical Engineering, Zheng Zhou University of Light Industry, Zhengzhou 450002, China)

Abstract: A green composite corrosion inhibitor was prepared from polyaspartic acid (PASP), polyamino polyether
methylidene phosphonic acid(PAPEMP) ., N-(3-aminopropyl)imidazole(N-API)and zinc sulfate(ZnSO,). Its synergistic effect

on inhibiting 20 # carbon steel corrosion in 0.5 mol/L. H,SO, solution was studied. The experimental results show that when

the m
tively
hibits

ass concentrations of PASP, PAPEMP, N-API and ZnSO, in the composite inhibitor is 30, 20, 40 and 4 mg/L respec-
, the inhibition rate can reach 97.6%. The electrochemical tests show that the inhibitor is an anodic inhibitor, which in-

the dissolution of metal and cathodic process, showing obvious synergistic effect. SEM surface analysis shows that the

composite corrosion inhibitor has significant corrosion inhibition performance.
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