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Table 2 Chemical composition of X80 pipeline steel w/ %
£ 5 Sample C Al Si Mn P S Cu Cr Ni Nb Mo Ti A%
X80 0. 020 0. 050 0.270 1. 83 0. 005 0.013 0.230 0. 330 0.210 0. 089 0. 350 0.018 0. 057
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Fig. 1 Metallograph of crack zone in X80 pipeline steel
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Fig. 2 Analysis area of pipeline steel sample
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Fig. 3 Effects of different ablation carrier gas flow on element signal intensity (a),oxide yield (b) and elemental fractionation (c)
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Fig. 4 Effects of different ablation spot sizes on element signal intensity (a) and RSD (b)
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Fig. 5 Effects of different ICP-MS carrier gas flow on element signal intensity(a),

oxide yield(b) and elemental fractionation(c)
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Fig. 7 Effects of internal standard calibration on

elemental fractionation factor(a) and signal stability(b)
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Table 3 Calibration curve
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Isotopes Content range w/ % Calibration curve RSD of Y(n=6)/%
2T Al 0.009 3~1.51 Y=0.314 3 X—0.001 8 0.999 9 2.39~13.91
9 Mn 0.12~1.96 Y=0.557 1 X+0.005 4 0.999 7 2.59~6. 20
60 Ni 0.102~1.94 Y=0.096 2 X—0.001 4 0.999 9 2.35~5.24
5 Cu 0.08~0.999 Y=0.112 5 X—0.001 0.999 9 2.54~5.61
9 Mo 0.116~1.02 Y=0.1271 X-+0.000 5 0.999 9 2.24~17.82
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Table 4 The limit of detection and limit

of quantification

o 2 R ZSEPRMEMZE R g R
Isot - Sensitivity/ Standard deviation LOD/ LOQ/
sotopes
P TCPS/(ug/@)] of blank/CPS  (ug/®)  (ug/®)
2T Al 671.2 316.7 1. 415 4.719
% Mn 1 288 306. 0 0.713 2. 375
60Nj 203.7 167.9 2.473 8. 244
5 Cu 236.9 201.5 2.552 8. 507
% Mo 273.2 21.12 0.232 0.773
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Fig. 8 The two dimensional distribution of different elements by LA-ICP-MS



T 0 85 AR AR, AU - 55 JE T 500 0 (- SRR A 55 S (A5 3 110 A8 42 N 24 4 X S8 40 A A BT O TR IR
B4 T, 2017,37(4) 1 1-9

Intensity

(20 40 60 80 100 120 140 160 180 200 220

N0 —— =
W00 ¢ /\_/JL
P 'y
WE—3S 3
20F . s A i ,
0F A A =t 3
100 Mn
S E e -rd("l-.._-:.k.“-. g s Amada
40f — Cu E
20 MAAMAAAAAN i St
Il_)i — Mo E
:)} 3 r*—w—-ﬂv-—r--——r—hﬂ."\_:/.\.:—r——«v—‘«w-—-——r— k
020 40 60 80 100 120 140 160 180 200 220
Xfum
b

ac A b L ai R .
B9 EPMA ZIT&R
Fig. 9 The analysis results of EPMA

2.6.3 RERXRBETEFHLERITR

LA-ICP-MS #2411 %5 155 25 0] 3 E R 1 45 0 R
TSy AT PR W TR S AS TR AL AL 25 T B 1 A
BEBR S 0] X & SOF 2L T 9048 40 07 5 3 A
MAE— & R B8R B AW A BRI (DAl
JUE AL S G X2 E AR AT . X R WIRE S i R BOT
ATRES AL O, JeZ2 Wi TE A s (2) Mo TR R
B X IR IE BT . FE 5 Mo ST i s A SR iF
DURGMAR AN B B 05 (M/ AD I 78 T M/ A & 3 3
UMWY AZ IR AP R B A2 T B 1 B RE i A SO
2000 (3)C LR TE R 4 KM E AT 8 N ™ 8. X
A BB A7 76 SO0 A R & R A s (O S ST R TE
AR EMmAT. S5 Mn A[JE B MnS Je 224,
P SCHRARGE L X Rl e e et AL IR 5 AR T O K
SR HAalb A R 2 AEET O S TEEA. B
RABIFARIFEHEZ —; (5)CuNi JT K 75 2L4% X 1,
BRI, BT FE R R L CuNi TR B
B 1) T T ok B S AR P A B (0=>0. 2 00) 1]
DL 3 s bt A BOT 24k Re . R, 448 X3 Cu,
Ni JC % # 12 FE AR T 58 5 BOZ X 0 1ok 58 AR
HEM BT

25 F oA X80 IXI AN A BUT A T RE S AL O; .
MnS &2 & fAH 9 AEAE & Mo JTTZ b4 ¢ .

3 Zit5RE

KXLRGAA T LA-ICP-MS (11X 25 2 %, 4
N R T LW 1 LA-ICP-MS GE & 43 #r U7
L IR ROV T 2L 4k IX A% 0 & 1 4y o A
G3tr. BIUER & B T4 R 5 ICP-AES I & {8 AH
WG & ICE i 45 R 5 EPMA 2844l 45 R 5L
A—F L UEE T LA-ICP-MS J5 ik i H T & &N A

i 43 A 43 AT 0 A P R At

ISk LA-ICP-MS $2 41 (1 5 8 25 ] 43 B 2R 14 45
TG F 4R S A B OO R B TR AN [ AL 45 T R
(8 O BT DR 285 AT E — 2548 7% S SO 2P A i R A%
M ATRE S Al O, . MnS 32 22 ¥ . & ik A 1Y A7 76 K
Mo JEE MM A XK. B, A1 He A% 58 7 i, LA-ICP-
MS HA R m 2 B B R ARAE 5 e L A
R A BT ZEWLBLAE T Kb BRI & 48— Flof 24
a3 M B 5T A T B

S E Mk

(1] EF .20 KA % . RsmEE S
EAk 0% TN IR I AR ES TR L R A B S
(13):92-93.

WANG Qin, LI Shuang, WEI Chen-dong, et al. Analysis

of corrosion problems and protective measures in oil and

TG o ) 50 %
Jii 5, 2016, 36

gas pipelines[ J]. China Petroleum and Chemical Stand-
ard and Quality,2016,36(13):92-93.

(2] sdete XUl g, 5 . P08 AN A BOT 2T 8 0F
FELCI/ /v g b e A 2 B i i 7 vk %l %% 51 2% 2012
FARESWCE - WA P EE S B e S
2 B g5 2 %l & B 2%, 201281,

(3] FLA4K . X80 HLRMMBF 7 5 M LT ). BRI RIF & 5
2Z53%,2011,21(36) :120-124.

KONG Ling-ran. Discussion on the research on and ap-
plication of X80 pipeline steel[ J]. Sci-Tech Information
Development &. Economy,2011,21(36):120-124.

(4] EM.PRw . 1 o 0, 55 . X80 &M A BT TR

(1. #4112 ,2013,42(16) : 208-211.
WANG Ping.CHEN Fu-giang.SHI Yun-feng,et al. Research
on hydrogen induced crack of X80 pipeline steel [J]. Hot
Working Technology .2013,42(16) :208-211.

(5] 22 W1 320, X0 53 1oL 45 . O ) ol B 5 45 8 T 1A

7



YANG Li-xia,CHEN Jian, SONG Quan-wei,et al. Study on distribution analysis method in crack zone of pipeline steel
by laser ablation-inductively coupled plasma mass spectrometry. Metallurgical Analysis,2017,37(4):1-9

[6]

7]

[8]

[9]

Joui Bk X Ao E L. 43 #r 4k 5, 2001, 29 (11
1345-1352.

LUO Yan, HU Sheng-hong, LIU Yong-sheng, et al. Recent
trends in laser ablation inductively coupled plasma-mass
spectrometric microanalysis[ J]. Chinese Journal of Analyti-
cal Chemistry,2001,29(11) :1345-1352.

BT B . i)‘?ﬁi’ﬁiﬁ’ﬂiﬁ#%@%A%%’??w
3T BRI BE R K N AT LT .06 4 4y BT, 2004, 24 (1)
29-36.

HU Jing-yu, WANG Hai-zhou. Progress in the analytical
technique of laser ablation inductively coupled plasma
mass spectrometry and application[ ]J]. Metallurgical A-
nalysis.2004,24(1) :29-36.

AW R DTURLE . BOLE S & g R AL ST
O3 ARG AT IR E A RN B TP I T R AT L) ). 1R a4
#r,2014,34(1) :1-9.

LI Dong-ling. JIN Cheng, MA Fei-chao, et al. Original
position statistic distribution analysis combined with la-
ser induced breakdown spectrometry for the element
segregation in tire cord steel rod[J]. Metallurgical Anal-
ysis,2014,34(1) . 1-9.

Carpenter P K, Zeigler R A, Jolliff B L, et al. Advances
in electron-probe microanalysis and compositional map-
ping: applications to the analysis of meteorites[J]. Mi-
croscopy & Microanalysis,2009,15(S2) ;534-535.

TREAY . A g . A HEVE R B B A R TR E
AT IR 1R 4 4. 2016,36 (1) :67-70.
ZHANG Xiao-ju, LI Jian-long. Discussion on the quanti-
tative analysis method of carbon content distribution in
carburized coating of gears by electron probe X-ray mi-
cro-analyzer[ J ]. Metallurgical Analysis, 2016, 36 (1)
67-70.

[10] Jakovljevic S. SEM-EDS analysis of slip cast composite

Al, O;-ZrO, ceramics[ C]//International Conference Me-
chanical Technologies and Structural Materials. Hrvatska

znanstvena bibliografija i MZOS-Svibor,2014.

[11] Koch J,Giinther D. Review of the state-of-the-art of la-

[12] 5 B =i BRS04 . Otk

ser ablation inductively coupled plasma mass spectrom-
etry[J7]. Applied Spectroscopy,2011,65(5):155-162.

’fﬂ*%lﬁ‘fi%/*%%?
MSF‘?‘ B TE B A 2 Tl X 20 A7 40 ) O P e L .

%2 5 563% 43 B, 2014, 34(8) 1 2238-2243.

ZHANG Yong, JIA Yun-hai, CHEN Ji-wen, et
al. Progress in the application of laser ablation ICP-MS to
surface microanalysis in material science[ J |. Spectroscopy

and Spectral Analysis,2014,34(8):2238-2243.

[13] Yang G.Li Y, Tong L.et al. Petrogenesis and tectonic

implications of early Carboniferous alkaline volcanic

8 J—

[17] B fl4e .

[197 ol £ LV F . 4ot 4 .

rocks in Karamay region of West Junggar, Northwest
Chinal J]. International Geology Review,2016,58(10) :
1278-1293.

[14] Susnea I, Weiskirchen R. Trace metal imaging in diag-

nostic of hepatic metal disease[ J]. Mass Spectrometry

Reviews,2016,35(6) :666-686.

(15 =47 T8 0% 10 . 55 . B 728 5 3R A4x L g X A8 44

ABOTRAT R W) fiha™ F P 2010,39(4)
77-82.

LI Xuan, LIU Dao-xin, XU Zi-peng, et al. Effect of de-
formation and residual stress on hydrogen-induced
cracking behaviors of pipeline steels[J]. Oil Field E-
quipment,2010,39(4) .77-82.

[16 ] Gutierrez-Gonzalez A, Gago C G, Pisonero J, et

1. Capabilities and limitations of LA-ICP-MS for depth
resolved analysis of CdTe photovoltaic devices [ J].
Journal of Analytical Atomic Spectrometry, 2014, 30
(1):191-197.

NEFHBUSE SGE T 53 A 23 A B0 BIE 58 A 55 10 1% 5
M L) ok 72 3 BTOE A LA LD b 5t B8 5 A
BE, 2014,

(187 ik /b . Bt [ L i Al . 8OG30 ol v SRR 5 26 8 T4

T3 ¥ T 5 B A B TR A AR e B B LT . R & A
#r,2012,32(3) :1-6.

JIN Xian-zhong, CHEN Jian-guo, XIE Jian-mei. Deter-
mination of lead,cadmium,arsenic, tin and antimony in
coating layer of galvanized steel sheet by laser ablation
inductively coupled plasma mass spectrometry [ J].
Metallurgical Analysis,2012,32(3):1-6.

PO ) b F RS S SR B T IR T
T S B AR AR A T AR BT R LT . k2, 2014,
42(1):123-126.

ZHOU Hui, WANG Zheng,ZHU Yan,et al. Quantita-
tive analysis of trace elements in silicon carbide device
by laser ablation inductively coupled plasma mass spec-
trometry[ J ]. Chinese Journal of Analytical Chemistry,
2014,42(1) :123-126.

[20] Wan K K,Koh S U, Yang B Y,et al. Effect of environ-

mental and metallurgical factors on hydrogen induced
cracking of HSLA steels[J]. Corrosion Science, 2008,
50(12):3336-3342.

(217 8358 . Wt .S imE L MA RGBT [D]. BB

B3 T K2, 2014.

(227 ARZLAG . P fil , 7 5% 45 . X80 ZUA5 4N i BT S BOR LIk

fiel)]. 4@ #b B, 2016,41(4) : 63-70.
HAO Hong-mei, CHEN Jian, WANG Bing, et al. Hy-
drogen induced crack-resistance of X80 pipeline steel

[J]. Heat Treatment of Metals,2016,41(4) :63-70.



T 0 85 AR AR, AU - 55 JE T 500 0 (- SRR A 55 S (A5 3 110 A8 42 N 24 4 X S8 40 A A BT O TR IR
B4 T, 2017,37(4) 1 1-9

[23] BRGHT . HET - FMTT - 45 4R AN A 8 (HIC) #1h of elements responsible for hydrogen induced cracking
0T, W45 .2004,33(6) :20-26. (HIC)of steel for linepipe[ J]. Steel Pipe,2004,33(6):
YIN Guang-hong,SHI Qing,SUN Yuan-ning. Analysis 20-26.

Study on distribution analysis method in crack zone of pipeline steel by
laser ablation-inductively coupled plasma mass spectrometry

YANG Li-xia' ,CHEN Jian*,SONG Quan-wei’"*, LI Dong-ling',JIA Shu-jun’,LI Xiao-jia*'
(1. Beijing Key Laboratory of Metal Material Characterization, Central Iron and Steel Research Institute, Beijing 100081, China;
2. Institute for Engineering Steel,Central Iron and Steel Research Institute,Beijing 100081, China;

3. State Key Laboratory of Petroleum Pollution Control, Beijing 102206, China;

4. CNPC Research Institute of Safety and Environmental Technology, Beijing 102206, China)

Abstract . It is significant that distribution micro-analysis technique based on laser ablation-inductively cou-
pled plasma mass spectrometry will contribute to the hydrogen induced cracking mechanism. Both the
working parameters of laser ablation (LA), including carrier gas flow, ablation spot sizes, ablation rates,
and the working parameters of ICP-MS, such as carrier gas flow and integral dwell time of isotopes, are
optimized. After the matrix *"Fe is used as the internal standard,the calibration curve are obtained by the
line scanning ablation of GSBH40068-X-93 standard samples. Then, the quantitative analysis method of
Al, Mn, Ni, Cu and Mo in pipeline steel by LA-ICP-MS is established, which is successfully applied to
component distribution analysis for the crack zone of X80 pipeline steel. The quantitative analysis results
of LA-ICP-MS can match the found values of inductively coupled plasma atomic emission spectrometry
(ICP-AES), the two-dimensional distribution of the elements in the crack zone are basically consistent
with line analysis results by electron probe X-ray micro-analysis (EPMA), which demonstrate that the
proposed method for distribution analysis in pipeline steel samples by LA-ICP-MS is of accuracy and effec-
tiveness. In addition, the two-dimensional distribution graphs of the elements can reflect the segregation of
elements, which further reveals that the formation of cracks in samples may be related to the the presence
of Al,O;, MnS inclusions, and carbon-rich phase as well as the segregation of Mo. Accordingly, the pro-
posed method will provide an efficient kind of analysis and quality control measurement for the hydrogen
induced cracking mechanism and the development of new materials.

Key words: laser ablation-inductively coupled plasma mass spectrometry; pipeline steel; crack zone; distri-

bution analysis;element segregation



