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Fig.1 Schematic diagram of dual gun automatic welding
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Table 1  Parameters of U-shaped groove with narrow gap
BEJE WT/mm 10.5

AN £ B /o 5+1
WD A BE a/° 4x1
[IN42 R/mm 2.4£0.2
B R T/mm 1.9+0.1
I TS8R H/mm 543

PR E L/mm 0.10.1
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Fig.2 U-shaped groove with narrow gap
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Fig.3 Bead sequence of U-shaped groove

with narrow gap
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Table 2 Composition of X52 steel base material and welding wire w,%

ok C Si Mn P S Cr Mo Ni A% Ti +Zr Cu N Fe
API X52 0.110 0.310 1.500 0.017 0.004 0.040 0.002 0 0.002 0.030 0.040 0.002 97.943
ER70S-6 0.090 0.870 1.450 0.008 0.007 0.020 0 0.010 <0.010 <0.010 0.160 0.003 >97.362
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Table 3 Welding parameters of root and hot bead

HLIR PR/ V BEEEMG A RAEIE (mmin)  PRE S B EBE LR

moH R, R/ FepE/ RS AREE/

it B it = Hite B (mm/s)  min~! mm ms ms

TEPLILSL AR/ ()
0 24 25.0 265 235 12.0 10 100 200 0.6 100 100
15 24 25.0 265 235 12.0 10 102 200 0.6 100 100
45 24 25.0 270 235 12.0 10 108 200 0.6 100 100
90 24 25.0 275 240 12.0 10 116 200 0.6 100 100
130 24 25.0 270 235 12.0 10 108 200 0.6 100 100
160 24 25.0 265 235 12.0 10 102 200 0.6 100 100
180 24 25.0 265 235 12.0 10 100 200 0.6 100 100
Jazh 25 25.5 270 240 11.0 9 100 200 0.4 100 100
=1k 19 19.0 210 210 12.5 10 15 200 0.4 100 100
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Table 4 Welding parameters of cap bead

LAV WA/ REE/(w/min) RS BRE RE ARE

WA W, BUR/ SEE/ REE/ RAEY
Wit ke pike JRfe it A (mm/s)  minT' mm ms ms
FEHLHLL FE/ (°)
0 24 24 230 220 9.0 9.0 76 200 1.8 100 100
15 24 24 230 220 9.0 9.0 78 200 1.7 100 100
45 24 24 230 220 9.0 9.0 80 200 1.6 100 100
90 24 24 230 220 9.0 9.0 84 200 1.6 100 100
130 24 24 230 220 9.0 9.0 80 200 1.6 100 100
160 24 24 230 220 9.0 9.0 76 200 1.7 100 100
180 24 24 230 220 9.0 9.0 70 200 1.8 100 100
Ja s 25 25 240 230 8.5 8.5 78 200 1.4 100 100
&1k 19 19 200 200 10.0 10.0 15 200 1.4 100 100
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Fig.4 Metallograph of pipeline steel X52 base material
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Fig.5 Metallograph of weld seam zone

7 AREHEE
Fig.7 Metallograph of fusion zone
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Fig.8 Distribution of hardness measurement

point positions
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Fig.9 Scattergram of hardness test result
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Summary of the application of full-automatic welding for
X52 material large diameter steel pipe

Li Chaohua, Liu Jingkun
(SINOPEC Petroleum Engineering & Construction Zhongyuan Corporation, Puyang, Henan 457001)

Abstract. For the full-automatic welding joint of X52 line steel, the welding process parameters were ad-
justed and optimized while fully considering the mutual influence of double torch and the influence of construc-
tion environment. Mechanical tests such as tensile test, bending test, nick break test, and hardness test were
conducted to verify the reliability of the welding process, forming a welding process evaluation; At the same
time, the problems encountered in on-site welding were analyzed and solved, and the key points for optimizing
the welding process parameters of dual torch automatic welding were summarized , forming a full-automatic
welding technology with copper backing for X52 pipeline steel. By conducting metallurgical analysis and hard-
ness test on the weld seam, the distribution of the microstructure of the weld metal was analyzed from a micro-
scopic perspective. The positive correlation between the hardness distribution of the X52 pipeline steel weld
seam, heat affected zone, and base metal and the content of pearlite in the corresponding metallographic struc-
ture was obtained, further verifying the consistency of the metallographic structure of the weld metal and heat
affected zone under the welding process conditions. The results indicated that the full-automatic welding
process for copper liners could be applied to the welding of large diameter steel pipe, and the use of this
process could significantly improved welding quality and efficiency.

Keywords: X52 material, large diameter, steel pipe, automatic welding, welding equipment, welding

process, welding performance, hardness test
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Study on electrochemical performance of

petroleum coke lithium-ion battery anode materials

Liu Shumin', Liu Tianbo®, Zhao Lei*, Feng Zhenheng’, Wang Jitong'
(1. Statel Key Laboratory of Chemical Engineering, East China University of
Science and Technology, Shanghat 200237 ;
2. SINOPEC Jinan Refining & Chemical Company, Jinan, Shandong 250102)

Abstract; The quality of anode material is the key factor determining the performance of lithium-ion bat-
teries. Artificial graphite is an important anode material for lithium-ion batteries. Petroleum coke has low ther-
mal expansion coefficient, low porosity, low impurity content, high conductivity and easy graphitization. This
study selects three types of common petroleum coke, and prepares artificial graphite by graphitization. Analyze
and characterize three types of original petroleum coke samples and three types of graphitized samples, study
the changes of petroleum coke after graphitization, and verify whether the performance of petroleum coke after
graphitization reaches the level of commercial lithium battery anode materials through electrochemical analysis.
The experimental results show that after graphitization treatment at 2,750 °C , compared with the original petro-
leum coke sample, the graphitized samples rearrange their structures and have a more obvious regular layered
structure ; the carbon content increases, and the content of other miscellaneous elements such as H and O and
metal elements decreases; all show lower electrode potential and stable charge-discharge platform, with the in-
itial coulombic efficiency of 85.00% , 78.20% and 82.96% , respectively. After 150 cycles, the mass specif-
ic capacities are maintained at 273.00, 259. 00 and 226.20 mAh/g, respectively, and the coulombic efficien-
cy is close to 100% , which is a potential precursor of lithium-ion battery anode materials.

Keywords : petroleum coke, lithium-ion battery, anode material, electrochemical performance, degree of
graphitization, initial coulombic efficiency (ICE) , specific capacity
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