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ABSTRACT The X80 pipeline steel based on acicular ferrite was tested by different heat treatment.
The behavior of different microstructures such as poly ferrite and lath martensite of X80 steel was in-
vestigated by the hydrogen-induced cracking (HIC) susceptibility test and hydrogen permeation in H2S
environment. The result shows that the HIC susceptibility of different microstructure X80 steel is in the
order of water-quenching> air-cooling> original. Hydrogen trapping efficiency of the steel is one of the
main factors of HIC sensitive. The more the values of hydrogen flux J∞ and hydrogen diffusion coefficient
Deff , the fewer the pipelines steel is prone to HIC.
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Table 1 Chemical composition of X80 pipeline (mass fraction, %)

Element C Mn S P B Si Cu Al Ti Cr Ni Nb Fe

0.041 1.67 0.005 0.010 0.003 0.196 0.258 0.042 0.011 0.031 0.246 0.095 Bal

'.C23�50614, ��$>)*"�#2�
H2S ��$ HIC  %��01�

1 =�>?
7DE X80��&$$�345)4 1�? X80

�8F#6146$@6@ 1300 5, 6G 15 min "

4'.C50�2314, 78��)!+$)*�
8F�E Nova nana 4009�9:7(A+$8>:
X80 �614#"�)*�

A;��)!)*� X80 �8F, ;B NACE

TM0284–2003 <C [10] =8� HIC  %��>E A

/8, 7D# pH D4 2.72, 7D" pH D4 3.85�7

D.C 96 h ";?8F, <B&@9:C"E Ax-

ioplan H$D+EI+$8>:A=)�!�=)&

B��;�, ��! %<&�!B�<��!F�

<4'4�! %<: CSR =

∑
(a×b)

W×T ×100%&�!

B�<: CLR =

∑
a

W ×100% ��!F�<: CTR =∑
b

T ×100%��$ a 4�!B� (mm); b 4�!F�

(mm); W 48F;� (mm); T 48FF� (mm)�

J=C) X80 ��EFGK;F, ?�@03

A>H4 20 mm×20 mm F�4 1.15 mm �-�

8F, AEEL>G?8F�?>@9�:C�>E
3.� Davanathan–Stachursky -�56 (@ 1) .

C-�7D�?8FIC)?D�A@(J, EA

#?A@(J�>H4 1 cm2, -�56�MKF
4 NACE <C TM0284–2003 A /8 (344 5%

NaCl+0.5% CH3COOH5/8),NKF4 0.1 mol/L

NaOH /8�7D"O? NaOH GBNKFACB

D)� N2 *HE/8$�/L5�BFNK(P
4 250 mVSCE�IJK(CQC"KMKF@B

� 1 4FGHI
Fig.1 Hydrogen permeation equipment
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Fig.2 Microstructures of X80 steel after heat treat-

ment, (a) original, (b) aircooling, (c) wa-

terquench
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Table 2 HIC performation of different microstruc-

ture of X80 steel

Sample CLR/% CTR/% CSR/%

Acicular ferrite 0 0 0

Polygon ferrite 3.28 0.49 0.05

Lath martensite 6.96 0.98 0.096
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Fig.3 EDS of the inclusion at crack of air cooling

sample
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Fig.4 Hydrogen permeation curves
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Table 3 Hydrogen permeation data

Original Aircooling Waterquench

TL/s 4084 6939 7658

I∞/A 2.00×10−5 1.22×10−5 8.76×10−6

J∞/mol·cm−2·s−1 2.07×10−10 1.26×10−10 9.08×10−11

Deff/cm
2·s−1 5.40×10−7 3.01×10−7 2.89×10−7

C0/mol·cm−3 4.41×10−5 4.69×10−5 3.62×10−5
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