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Abstract.: Effects of Cr on microstructures and acid corrosion properties of X120 grade pipeline steel
were studied with SEM and TEM and mass loss.

hE 2%
crostructures of four tested steels are all tempered martensites, and the mechanical properties are all

\1/\

The mechanical properties results show that the mi-
up to X120 grade. Yield strength and tensile strength of the four tested steels are improved with the
increasing of Cr content. The precipitated phases of tested steels are (Nb, Ti) (C, N). Precipitation
of Cr is little, and was only discovered in the 3Cr steel through the experiment. The corrosion experi-
ment results indicate that the corrosion scales on the four tested steels have two layers structure under
the condition of CO,/H,S. The outer layer is mainly containing FeS, the inner layer FeCO,. Cr enri-
ches in the inner layer, and the content increases with the increasing of Cr element in matrix. The Cr-
rich enhances the compactness of the corrosion scales, and the scales have ion-passing-selectivity,
which hinders the moving of anion to matrix, and finally the resistance to CO,/H,S corrosion increa-
ses.

Key words: Cr content; X120;CO,/H;S corrosion;Cr-rich;ion-passing-selectivity

A LR IR A R AR R P A 1 TR W,

2 b 7 A0 75 JEE P9 O U2 R RE O 42 1K B TR T 2

B, AR COL BRI K B 82 R 10 40 )2 1A
CO, My B & RWRZ L TR AK R 15% ~200., H
CO, 2 T K rbty S ™ T 14 J8 o ) 250 17 L 9ol P A
TP EE S A CO, M H,S, FHE LM CO,/H,S
JE& o ] A 8 T TR b P X A £ B A T ok EEOR
Bk Mt Y HORT R R R EEA =
- U T % e 50 A B R A U U2 DA B AN B

R W AN 13Cr S [RIRAR S Y% 13Cr [T
RAGEAILL K 22Cr SUH A5 A9 45 3k Se A8 v & 47 K i
TEASICE A BB BB AR R . T L X g
AN 2 Mk RE A 22, B HL S R 7 i ik 24 M B
AT

H AT & G058 X120 900 & L APt H.S/CO, J§
Pl g Y SOk AR, X120 J& APT SL 4% 28 A9 47 o h



Cr & i X X120 Z048 2k B 2H 20 e Tinf R 1 g b A 1 1) 52 o

33

i 3 SR A A, — PR U AR iR R e HL T ik
@ﬂ% el ¥ & BEA L5 09 1 2E PERE L IRl ) ELA
B ST e P ) v RO A R I R A R ]
S‘C@H‘étﬂ”””,cr F9 A AT LA e B9 0 T kP L Cr g
ol Ji b RS AR AR B B A B R X B Cr 48
.ajﬁx}mﬂmiﬁﬁaé%ﬁ ARTAEET T A, Cr i 4
BTN 0.5% 1%, 2% F 3%, WF58 T Cr & & X &
G LR B AL SURN 24 VR BB 19 52 L FR R R Y
W SE PR ok T8, WF9E T Cr & i X 48 4 W9 19 i
CO./H, S J& v R 152

1 SEBHBEHIE

B pa A Cr 5 & 5> 53 ok 0. 5%, 1%, 2%,
3% (LA # 0. 5Cr, 1Cr, 2Cr, 3Cr #X) 1Y 52 4K, 52
PRk 2= 4y W3R 1, @ = hm il s, L 2
9mm, AL TZSHWN T IFELEE 1150°C, & 5L
J# 850°C AL I BV K, 450°C [al J, [nl IR TR ] Dy
Th, MRS (4 84 H I 2 B GB/T 2975 — 1988 HJ L
PR R B AR AR BE ) 50mm, 9 10mm;
i K 55mmg 98 10mm, 7E MTS810 fidift i 5
BLE A7 0 i 5 mﬂiﬁﬁt
S5 ki J 30°C
fﬂﬂmtﬁéﬁfﬁi Hel % | R fifE DU R A LA AR S
L i\*ﬁwﬁ#ﬁﬁﬂﬁém;‘ﬁ IE R 4% (R
g&,TH)E@ﬁﬁ@mﬁﬁ/&&&ﬁmﬂ,ﬁﬁ%%i ZEISS
ULTRASS R #3751 4l B 455 (SEMD WL H 2, 4]
BURSF 9 10mm X 10mm X 0. 3mm [ 37 5 i R, 1
WPARAT S 2 50pm. WHAF IS VEJG - ZE 4T FL 2% AT HL 63
(AR o 5 00 14 1 G T TS G 8 ROGE R i 1 AT FL 7 L
Mg, R I Y R 4 D0 A TR T RS I TR TS 7E A
23 W B A IS iR, 4K S 8 V6 e SR TR TS RS VA IR R AT HR
il B . % 5 B B (JEM-2000F X)) Xof X3 5 1 46 B
Jei BB i EA T TR S5ORATT HH ) e 5%

F1 ZHHRMELERS(RESH/ %)

Table 1  Chemical composition of tested materials
(mass fraction/ %))
Steel C Si Mn Al Cu  Mo+Nb+Ti Cr Fe

0.5Cr 0.046 0.24 1.13 0.045 0.25 0.50 0.50 Bal
1Cr  0.048 0.20 1.11 0.048 0.22 0. 50 1.12 Bal
2Cr 0.049 0.22 1.08 0.045 0.26 0.50 2.10 Bal
3Cr 0.045 0.23 1.10 0.044 0.25 0.50 3.19 Bal
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Table 3 Mechanical properties of the tested steels
Yield strength/ Tensile strength/ Elongation/ Impact energy

Stecl MPa MPa % (—301C)/]
API 5L 827 931 15 231
0.5Cr 875 960 18.90 242
1Cr 880 985 19.72 258
2Cr 965 1090 17.98 251
3Cr 1020 1100 17. 44 237
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Fig. 2 TEM images of tested steels
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(a)0.5Cr; (b)1Cr; (¢)2Cr; (d)3Cr

0.5um |

(a)0.5Cr; (b)1Cr;(c)2Cr; (d)3Cr

(a)0.5Cr;(b)1Cr; (¢)2Cr; (d)3Cr
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Fig. 3 Precipitates and energy spectra of tested steels (a)0.5Cr; (b)1Cr;(c)2Cr;(d)3Cr
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Fig. 4 Corrosion morphology of the surface to the scales
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Fig.5 XRD patterns of corrosion products formed of tested steels

(a)0. 5Cr; (b)1Cr; (¢)2Cr; (d)3Cr
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Table 4 Results of EDS analysis (mass fraction/ %)

Steel Cr S C (0] The rest

Outer layer 0.24 17.72 1.98 11.42 68. 64
0.5Cr
Inner layer 0.67 9. 84

o

.72 20. 05 63.72

Outer layer 0. 50 21.87 4.27 14. 46 58.90
1Cr
Inner layer 2.58 6. 82 6.22 24.63 59.75

Outer layer 1.74 25.56 3.49 8. 44 60. 77
2Cr
Inner layer 7.62 4.79 6.02 27.69 53. 88

Outer layer 1.97 28.83 2.41 5.33 61.46
3Cr

Inner layer  15.24 3.08 6.92 28.90 45. 86
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Cross-section morphologies of corrosion product film of tested steels
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