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ABSTRACT: Objective To study the inhibition effect of thiourea on corrosion of Non-quenched and tempered steel in HCI
solution. Methods The polarization curves and electrochemical impedance were measured by electrochemical workstation. The
corrosion morphology of Non-quenched and tempered steel was observed by three-dimensional video microscope. Results The
corrosion potential of non-quenched and tempered steel in HCI solution without corrosion inhibitor was —0.566 V, and the corro-
sion current density was 12.57 mA/cm?. With increasing concentration of thiourea in HCI solution, the corrosion current density
of Non-quenched and tempered steel gradually decreased, the interfacial electric double layer capacitor (Cy;) gradually decreased,
the reaction resistance and inhibition efficiency gradually increased, the cathodic polarization curves almost coincided and the
anodic polarization curves gradually shifted positively. When the concentration of thiourea was 5 g/L in HCI cleaning solution,
the corrosion inhibition efficiency reached up to 91.17%. The corrosion inhibition effect of thioureai was better than that of the

commercial inhibitor AS-30. Thiourea could eliminate the emerging of pitting in HCI solution. Conclusion Thiourea had ob-
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vious inhibition effect for non-quenched and tempered steel in HCI solution and could effectively eliminate the corrosion pitting.
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Fig.1 Polarization curves of non-quenched and tempered steel
in HCI solution
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Tab.1 Fitting results of polarization curves for
non-quenched and tempered steel in HCI solution

System Eore (vs. Jeon/ , n!
SCEYV  (mA-cm?) %
0.65 mol/L HCI (Bulk)  —0.566 12.57

Bulk+ 40 g/L AS-30 —0.492 4.596 63.44
Bulk+ 0.5 g/L TU —0.548 2.289 81.80
Bulk+ 2.0 g/L TU -0.535 1.391 88.93
Bulk+ 5.0 g/L TU -0.534 1.110 91.17
Bulk+ 10 g/L TU -0.533 1.042 91.71
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Fig.2 Relationship between corrosion inhibition efficiency 7
and thiourea concentration
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Fig.3 Nyquist plots for non-quenched and tempered steel in
HCI solutions
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Fig.4 Equivalent circuit diagram for EIS of non-quenched and
tempered steel in HCI solution
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Tab.2 Fitting results of EIS for non-quenched and tem-
pered steel in HCI solution

System Ry / . Ca/ | R,/ .

(Q-cm”) (uF - cm™) (Q - cm?)
0.65 mol/L HC1(Bulk) 0.27 187.9 7.16
Bulk+ 40 g/L AS-30 0.23 171.7 9.15
Bulk+ 0.5 g/L TU 0.23 118.1 12.49
Bulk+ 2.0 g/L TU 0.29 92.96 16.78
Bulk+ 5.0 g/L TU 0.33 84.62 21.58
Bulk+ 10 g/L TU 0.45 93.43 23.00
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Fig.5 Corrosion morphology of non-quenched and tempered steel in HCI solution with different corrosion inhibitors: a) bulk, b)
AS-30,¢) 0.5 g/LTU, d)2 g/LTU, e) 5 g/L TU, f) 10 g/L TU

A, BRI A AR R, HBEE T
Ok BE 3 hn L Al I BT 2 W R A BRI £, &
SR ] 74 [FeCIOHT,,, M7 35 6 4 R,
i ol A AR, Ry AR BT A 14 T ot e U
Jeore BWIFEAL (LK 2 KR 1), b2z AL fH
R BB (WL 3 K3 2), kR n &y
K, B i SR

3 it

1) BRBRREEE BN 7E HCL 7 h B B 5 1 2%
TSN, HEMACR A T i IR VESE phii AS-30, fiE
A O BRAE TR AN HCL FRYEIR P B8 TRk A5

2) FiE HCL W IRk BE 3 m , AR5
B A JE R (Jeon ) FEAL, MALZE N
B (Reo) M, ZRicRB s, 24 HCl W
HOMA 5 g/L kT, SRk 91.17%,

3 ) B MR A A I A AN S I Tl
fEH

22 30k
(1] =EAcH, (RN, . e eFR ] bt

(2]

B3]

(4]

[3]

1R Tolk i ARcHE, 2000.

DONG Cheng-rui, REN Hai-peng, JIN Tong-zhe. Micro-
alloyed Non-quenched and Tempered Steel[M]. Beijing:
Metallurgical Industry Press, 2000.

WYESE, YRIETC, REE, AF. ARRBUN I e e
FORN I, #AAbHE, 2013(4): 1—7.

XIE Wei-li, SHEN Zheng-yuan, WU Hui-qin, et al. Me-
chanical Properties and Applications of Non Quenched and
Tempered Steels[J]. Heat Treatment, 2013(4): 1—7.

VR, XUFRE, RO, AF. RRUGZE AN v AL AN AR ok
AEBL ML), FRITTHIA, 2010, 39(5): 48—50.

XU Bin, LIU Chun-ming, HAO Jian-jun, et al. The Influ-
ence of Corrosion Inhibitor for Pickling on Phosphating of
Coid-roll Steel Sheets[J]. Surface Technology, 2010, 39(5):
48—50.

H, WlaAR, KU, S RUEANTP NN-ZIRILR
JIRFBRIRAS A3 0 L A RDO LEBESE D). R IR,
2010, 39(1): 51—55.

NIE Jin-yan, SI Yun-sen, YU Qiang, et al. Contrast Study on
the Inhibitive Effect of N,N-diphenyl Thiourea and Thiourea
on the Corrosion of A3 Steel in Acid Medium[J]. Surface
Technology, 2010, 39(1): 51—55.

SRS . BRIRAE 0.5 mol/L i MRV W H o0 A3 HNZE it 1]
e AW )]. R ITHA, 2009, 38(4): 36—38.

HAN Qian-qgian. Study on the Effect of Thiourea on the
Inhibition of A3 Carbon Steel in 0.5 mol/L H,SO, Solution

with Electrochemical Methods[J]. Surface Technology,



Fa5t el

K BT AR TR BT NTE HCL PRSI W 1Y 22 iV T - 191 -

(6]

[10]

(1]

2009, 38(4): 36—38.

ZHANG Zhe, TIAN Ning-chen, ZHANG Ling-zhi, et al.
Inhibition of the Corrosion of Carbon Steel in HCI Solution
by Methionine and Its Derivatives[J]. Corrosion Science,
2015, 98: 438—449.

HOSSEINI S M A, SALARI M, GHASEMI M. [-Methyl-
3-pyridine-2-yl-thiourea as Inhibitor for Acid Corrosion of
Stainless Steel[J]. Materials and Corrosion, 2009, 60(12):
963—968.

AL-SABAGH A M, MIGAHED M A, ABD EL-RAOUF
M. Corrosion Inhibition of Carbon Steel during Acid
Cleaning Process by a New Synthesized Polyamide Based
on Thiourea[J]. Chemical Engineering Communications,
2012, 199(6): 737—750.

PRIYANKA S, QURAISHI M A, EBENSO E E. Thiourea-
Formaldehyde Polymer a New and Effective Corrosion In-
hibitor for Mild Steel in Hydrochloric Acid Solution[J]. Int
J Electrochem Sci, 2014, 9: 4900—4912.

MAHENDRA Y, SUSHIL K, INDRA B, et al. Corrosion
Inhibitive Effect of Synthesized Thiourea Derivatives on
Mild Steel in a 15% HCI Solution[J]. Int J Electrochem
Sci, 2014, 9: 6529—6550.

ASIFUL H S, MOHAMMAD R K. Corrosion Inhibitory

[12]

[15]

Effect of Thiourea on Recrystallized E-34 Microalloyed
Steels in Acidic Media[J]. Anti-corrosion Methods and
Materials, 2015, 62(4): 212—219.

INE A, B, AN, 55 BB R X80 A LN/
PR P AT RRE )], R IECAR, 2015,
44(2): 93—98.

SUN Yan-wei, CHEN Ji, PIAO Nan, et al. The Effect of
Plasma Nitriding on the Corrosion Resistance of X80 Pipe-
line Steel in Alkaline Soil Simulation Solution[J]. Surface
Technology, 2015, 44(2): 93—98.

CHIN R J, NOBE K. The Corrosion of Iron in Hydrochloric
Acid [J]. J Electrochem Soc, 1972,119(9): 1457—1465.
AEEZ . FBHGUEAE 7 kon) A 6 R b Bk 1 22 A H
(1. BRBUKFIHL )R 224K, 1994, 27(6):713—719.

LI Zheng-feng. Inhibition Effect of Thiourea on Iron in
Dilute Hydrochloric Acid by Impedance Method[J]. Jour-
nal of Wuhan University of Hydraulic and Electric Engi-
neering, 1994, 27(6): 713—719.

PILLAI K C, NARAGAN R. Anodic Dissolution of Mild
Steel in HCI Solutions Containing Thioureas[J]. Corrosion
Science, 1983, 23(2): 151—166.



