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The Effect of Plasma Nitriding on the Corrosion Resistance of
X80 Pipeline Steel in Alkaline Soil Simulation Solution

SUN Yan-wei, CHEN Ji, PIAO Nan, XU Zhi-xian, CHEN Xiao-ming

( Department of Mechanical Engineering, Liaoning Shihua University, Fushun 113001, China)

ABSTRACT: Objective The surface of commercial X80 pipeline steel was modified using plasma nitriding, to study the corrosion
resistance and rule of plasma nitriding X80 steel immersed in Ku'erle soil simulation solution for 30 days, 60 days, and 90 days.
Methods The effect of the nitrided layer on the corrosion resistance of X80 steel was investigated by potentiodynamic polarization
and electrochemical impedance spectroscopy (EIS) measurement, The morphology and composition of the corrosion products were
investigated using SEM, XRD, and EDS. Results The results showed that; with the increasing corrosion time, the corrosion cur-
rent density of nitrided X80 steel decreased to 1.33 wA/cm’, the corrosion potential increased to =225 mV, and the corrosion rate

was significantly reduced; the corrosion products were mainly composed of Fe,0,, FeO (OH), Fe(OH), and Fe;0,. Conclusion
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As compared with the X80 steel, after immersion for the same time, the specimen treated by plasma nitriding had a more positive

corrosion potential, the corrosion current density was decreased by one order of magnitude, the charge transfer resistance was in-

creased by two orders of magnitude, and the corrosion resistance was higher.
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Fig. 1 Cross-section topography of X80 after plasma nitriding at
530 °C for 8 h (100x)
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2.3 BHEFMHRRES

3 FIE 4 4051k X80 45 2k B0 75 128 /R ) + 1A
PR E AT S B SEM JESH, nTLLE R, 2% 1
BRI J5 , RS k= /0 | 6 = WOk K
I 5 ot i ) 4 0 8 ok = 2 A G U Sy X80 4
LR B R T A S B T OSSR, R 41N T

50 pin g } i 50 pm

b 60d

K3 5l X80 AL NAE R /K i LRI b SEM JE R A
Fig.3 SEM corrosion morphology of original X80 Steel in Ku‘erle

¢ 90d

soil simulation solution

K4 BRATEER ) SR SEM R IR 5
Fig. 4 SEM corrosion morphology of X80 Steel after plasma nitri-

ding in Ku‘erle soil simulation solution

B P A 22 AR S
2.4 REBHF=YHH

5 Sl X80 45 Lk AR AE i /R 8l - eI W iR
W90 d J5IIE =Y EDS F XRD 4007, 4558 %

Fe
0 Plasma nitriding
= Ee Fe
@
£
=
I A_/\ X80
01 2 3 4 5 6 7 8 9 10
Energy / keV
a EDS/rr
| Fe 0, A FeO(OH)
® e, *Fe(OH),
fy
@
£
=

1020 30 40 350 60 70
20/(°)
b XRD/ ¥t

5 X80 ELANE ™) EDS A1 XRD 43-#Hr
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Fig. 6 Polarization curves of X80 pipeline steel after different im-

mersion time in Ku’erle soil simulation solution
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Fig. 7 Nyquist of X80 in Ku’erle soil simulated solution



Faat H2 W

INEARAE B T AT X80 LM A - HERLLIA W P B T AT o (2 - 97 -

WA AR SRR R ME 5 B, R BB K, L A
R ad R E AT, 68 Tl R /N At SR UL 2
RPEE T X80 HAMNM M rhtEfE, LB AL
Ji , B T Ik (R A 300, F er e A% FELBHL R 1B R R
(9 22.3 kQ-cm® HEANE 2630 kQ-cm? , M2 2 R
G, i W B T8 b B[] A 184, 98 R0 X80 /5 4 AN 1 T ot
PEREMAT . DL ES5 R S th & 45 R —3

%2 Nyquist B Z&I& 2R
Tab. 2 Fitting data obtained from Nyquist plots

- i fa] R/ Y,/ ] R,/
/d (Qeem®)  (Frem™s™) (Q-cm?®)
5 30 35.93 1.40x10>  0.49 2.23x10*
/ﬂ’ﬁ 60 37.77 6.92x107°  0.62 8.24x10*
90 38.59 9.64x10°  0.71 2.63x10°
30 47.13 1.14x1072 0.4 1.42x10°
X80 60 34.60 9.14x107 0.36  1.20x10°
90 39.08 1.22x107%  0.42  3.63x10°
3 it

T IR ) T B i TR R B, X80
LR A R BRI i RN R

FFIA BN -

0,+2H,0+4e—40H" (1)
BRI S«

Fe—Fe’ +2e (2)
Fe’+20H —Fe(OH), (3)
4Fe(OH),+0,+H,0—4Fe(OH), (4)
4Fe(OH),+0,—2Fe,0,+4H,0 (5)
Fe(OH),—FeO(OH)+H,0 (6)
8FeO( OH) +Fe’ +2e—3Fe,0,+4H,0 (7)

FIE(3) oA B Fe (OH), 4 4k 25 4% AL
Fe,0,, KW (7) F1HY FeO (OH) 5 X80 454k 44 < 1 1)
Fe™ 256 1 Fe, 0,10, DI 76 AN JE 1R 36 T TR W — )2
FE T WD REE 2 ) e 0 R 2 o s () P 3
Bl > AR TR X AR SR B T — i AR PV, BEBH LR
(R 5 EL S b S A SR T, A T ek s 1 1)
P20 B A (AR il R B

g Farady 2 @800, HE M IREE 58
THHR R FE O FR T LR J0 2 R )N | ok i
AN AR Pl RE AR A, PR AR A2 s SR e
FER AR B T B 92 268002 149 1 G ol R 0 % S S K
TG X80 LN A i % B, & B AL

IS, TE X80 MR L e-Fe, N AHFN y'-Fe, N #H,
e FHAG 7 (LU M0 T) 18 4. 55% ~11.0% Z 1],
VAR RAES. 7% ~6.2% Z 0], P& R &R, A
P s R FEAR LT, 7T DA ik 25 e A R S e R o7, T P
A B ol 2 07 B X R A 5 A B e A U, W
0 E R AIRAR I 1 T ol R 3 285 AV ok S I 32, DA
T ol B o B A, s T BT il B

4 #Fig

1) BT3B AL X80 HLNEMENT e
Fe, N A y'-Fe, N, AT LA &b 25 £ 5 JFCJ ol e £57, £ /L
I i sy SR AR BARH) B A 7 AU T
] S AN ) 6 ol 9 7 R R AU ot R
BE 1B RAL P 25 4 = A S A B P - SR L v
it JE A R

2) B JE Gk s [R] A 35, 2 A X80 45 4N Y I
LGRS N E N R i A S AR 68
H i A 1L BEL W 25 8 K B ol 440800, 33X T B H
T BEE T s TR 438G o, 3 TR o 7 0 B R )RR
BELLE V200 A 8 1 AR o 81 9 R AR T, T X
PR B — 2 TR

S Sk

(1] B, FE2E W4 45, X80 48 LAY 1 13 1 $h il 1 4

LUV VL v ) T 8 e PR RE AT 5 [0 ). B9 Bk AIE 5 24 4l
2010,22(3) .42—46.
XU Cong-min, GUO Rong,HU Hai-jun,et al. Corrosion Re-
sistance of X80 Pipeline Steel in Simulated Solution of Sea-
side Saline-Alkali Soil [ J]. Journal of Iron and Steel Re-
search,2010,22(3) ,42—46.

[2] FL#E#R, T, ST, X80 HAM /s T2 5H 8
RERTFE[T]. FORHPAL BEEC AR ,2011,40(24) :20—23.
KONG Xiang-lei, HUANG Guo-jian, HUANG Ming-hao.
Effect of Composition and Process on Microstructure and
Propertyof X80 Pipeline Steel [ J ]. Material & Heat Treat-
ment,2011,40(24) ,20—23.

[3] SOSA E,ALVAREZ R J. Time-correlations in the Dynamics
of Hazardous Material Pipelines Incidents [ J]. Journal of
Hazard Mater,2009,165(3) :1204—1209.

[4] ALAMILLA J L,ESPINOSA-MEDIN A, SOSA E. Modeling
Steel Corrosion Damage in Soil Environment[ J]. Corrosion
Science ,2009,51(11) :2628—2638.

[5] AEH, 5k, EF HLUESXS X80 & Lk 1 M fE i 52 Wil
(1], AEmTRHE R 22441, 2007 ,29(8 ) :798—802.



- 98 - x® oW AR

2015 4202 H

(6]

(7]

(8]

[9]

[10]

REN Yi,ZHANG Shuai, WANG Shuang. Effect of Structure
Pattern on the Performance of X80 Pipeline Steel[ ] ]. Jour-
nal of University of Science and Technology Beijing,2007,
29(8) :798—802.

kDA /M T . X80 5K AR 43 i e A My i A 46 B
HAFPERE MY S [ 1], FLAL A 50, 2009, 10 (45) : 628—
634.

ZHANG Wei-hua, CHEN Xiao-wei, WEN Kang. Identifica-
tion of Nonmetallic Inclusions and Their Influernce on the
Properties of X80 Pipeline Steel [ J ]. Physical Testing and
Chemical Analysis,2009,10(45) .628—634.

LIANG P,DU C W, LI X G. Effect of Hydrogen on the Stress
Corrosion Cracking Behavior of X80 Pipeline Steel in Ku'er-
le Soil Simulated Solution[ J ]. International Journal of Min-
erals, Metallurgy and Materials. 2009 ,16(4) .407—413.
Wi AL, B2, X80 HAAE BE R AN pH {8 + 35
AR AT A ()] 28 & 558 TR ,2012,9(1) ;
41—44.

YANG Zhi-guo, HU Chuan-shun, LIANG Ping. Corrosion
Behaviors of X80 Steel in Ku'erle and High pH Soil Simula-
ted Solutions [ J ]. Equipment Environmental Engineering,
2012,9(1) :41—44.

CHEN Xing,ZHEHG Yue-ping, LI Lei. Study of Corrosion
and Protection Technology of Oil and Gas Pipeline [ J ].
Pipeline Technique and Equipment,2010(2) ,49—53.
L IR RAR A E S S B ()] A i A R
2012,26(8) :1—5.

MA Ping. Corrosion and Protection of Submarine Gas Pipe-

line[ J]. Total Corrosion Control,2012,26(8) :1—5.

[11]

(12]

[13]

[14]

[15]

[16]

LI, FREEE, WILRZR. XT0 il X80 A5 £ 5 i) L 1 27 6 okt
FFRLT]. MORHRAL B4 ,2011,32(10) :151—153.

LI Hong-ying, KANG Wei, HU Ji-dong. Electrochemical
Corrosion Behavior of Grade X70 and X80 Pipeline Steels
[ J]. Transactions of Materials and Heat Treatment,2011,32
(10) :151—153.

TANG J G. Surface Modification of Ti-6Al-4V Alloy by
Cathode Assisting Discharge Setup and Conventional Plas-
ma Nitriding Methods [ J ]. Science China ( Technological
Sciences ) ,2013(8) :35—38.

DLAZGUILLE N. Surface Properties of Fe4N Compounds
Layer on AISI 4340 Steel Modified by Pulsed Plasma Nitri-
ding[ J]. Journal of Materials Science & Technology,2013
(3) :287—289.
BV Sk i, WL
STARALLA W P S e A T
62—67.

LIANG Ping, ZHANG Yue-xia, HU chuan-shun. Effect of

Corrosion Product Films on Corrosion Behavior of X80 Pipe-

JES P BT X80 #XTEFE SR i 1
BRI [T ]. AR TR, 2012(4) .

line Steel in Ku'erle Soil Simulated Solution[ J]. Materials
Science and Engineering,2012(4) .62—67.

HER R i BTSRRI [ M. de et Ak T
b H A ,2002.

CAO Chu-nan,ZHANG Jian-qing. An Introduction of Elec-
trochemistry Impedance Spectroscopy [ M ]. Beijing: Science
Press ,2002.

DU C W, LI X G,LIANG P. Effect of Microstructure on Cor-
rosion of X70 Pipe Steel in an Alkaline soil [ J]. Journal of
Materials Engineering Performance ,2009,18(2) :216—220.

(L#F 72 )

[10]

[11]

(12]

[13]

GALKIN M P,LIBMAN M A,ESTRIN E I. Phase Transi-
tions Use for Gradient Materials Creation[ J]. Materials Sci-
ence,2014,3.25—28.

ZHANG N,CHEN S P,LIANG L J,et al. In-situ Synthesis
of (TiC)pNi/TiAl/Ti Functional Gradient Materials Via
Field-activated[ J |. Rare Metal Materials and Engineering,
2011,40(4) .25—38.

SURYAKUMAR S,SOMASHEKARA M A. Manufacture of
Materials Using Weld-deposition
[ C]//24th International SFF Symposium — An Additive
Manufacturing Conference. [ s. 1. ] :SLSFF,2013:939—949.
k. 2R b R AT T T10 X0 R Z WA M AR T
&/ﬂ\:miiﬁ'*ﬁ[ D]. TR TR K2 ,2011:22—23.

XU Tao. Analysis the T10 Carbon Tool Steel Accumulative

Functionally Gradient

Macrography Plastometric Set and Mechanism at the Multi-
shock Compression[ D]. Suzhou;Soochow University,2011 ;
22—23.

[14]

[15]

[16]

BB, T8 5B, 7280, w2 Rk RO 2R
WC-Ni 4 52 & bF R[] [ O, 2009 (12) -
3262—3266.

YANG Jiao-xi, WANG Zhi-yong,ZUO Tie-chuan. High Pow-
er Diode Laser Cladding Aggregate Tungsten Carbide-Ni
Based Superhard Composites [ J ]. Chinese Journal of La-
sers,2009(12) :3262—3266.

Ao BRI FERAE, 5. 16NiCo 58 I AR R RE AL/ 1 Ak
PESHLER[ )], K, 1997 (4) :55—59.

SHI Rong, CHEN Da-ming, KANG Mo-kuang, et al. Cyclic
Hardening/Softening Behavior and Mechanism of 16NiCo
Steel[ J]. Iron & Steel ,1997(4) :55—59.

R, WL, AR M. U5 i R
2006.

DAI Zhi-rong, ZHANG Ming-yuan. Engineering Materials
[ M]. Beijing: Higher Education Press,2006.



