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Fig. 2 Typical morphology of acicular ferrite
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Fig. 4 The scene and fracture morphology of pipeline burst test

700

600 | 77
©

o
500 f
=

43 400
= S

300
el
H 200 3

100 |

0 1 1 1 1 1 1 1 1 1

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20
TENE/%

(a)LIEN - i 4k

Bl 5 X70 IAERELNENHAT LR

) 1B IL T AR

WFFE IR R V5 ERE 243050 (DWTT) ] L fE ff b
J A ROCFARAS W 34Tk L B 11 40 25 S A IR SRR )
R KRR 2 R IR 25 5K, 55 Charpy Mii;
R (CVN) AL, DWTT 4" i 8 it G 5 47 M R AF 9
ORI

24 WEMHGENTZIHEXEM TR

5% 0 I 725 A 28 B A8 o EL AT 8 82 1 g T - g
AT R (E Sa), HAHZUEE R — M R B AR+ DL IR R+
M(A)( L [RARFIER AR BLICAR ) (18] 5b), B LUE R L
By 5 IAVEAS I S AR TR T HE Ry o/ Ryyo T Rys.o/Royo TER
HEREEE R R . RGEMIEME T X70/X80 KR ARG
SRR IREQIP S v N (=1 N A A U R o | RN B
SR o (40 0 B 2 3R AS 9 A 1 s
MR AR A, W R

—0.845 08 —0.022 332 9
7 = 0.070 547 x (%) « (i) <

Py
~0.138 764 6.150 51
gy €s0
—_ x —_
E €10

Fig. 5 The stress-strain behavior and microstructure of X70 high strain pipeline steels
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Progress and prospects of research and applications of high grade pipeline

steels & steel pipes in China

FENG Yaorong, HUO Chunyong, JI Lingkang, LI Helin

State Key Laboratory for Performance and Structure Safety of Petroleum Tubular Goods and Equipment Materials, CNPC
Tubular Goods Research Institute, Xi’an 710077 China

Abstract This paper reviews the research, development and achievement of high grade pipeline steels, steel pipes and oil and

gas pipelines in China and their development trends. In China, the research and development of oil and gas pipelines, high grade
pipeline steels and steel pipelines has the following characteristics. 1) The research and development cycle is short; 2) The
research results can be applied quickly; 3) The application effects are good. After nearly 20 years of effort, China has reached an
advanced level in the following two aspects. One is the parameter optimization technology of pipe type, steel grade, materials
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and size of oil and gas transportation pipelines with large-diameters and high pressures. Another is the research and application
of high grade pipe steels. Basic research into steel and pipeline technologies has achieved substantial progress in China. This
includes the materials selection of X70/X80 grade steel, the identification and examination of the acicular ferrite pipeline steel
microstructures, the pipe type selection and the residual stress control technology of spiral submerged-arc welding pipes, the
fracture control technology of high pressure gas pipelines, pipeline deformation control technology in the areas of strain-based
design, the testing and evaluation technology of high grade and thick wall pipeline steels and steel pipes and the embrittlement
mechanisms, fracture occurrence and prevention technology of the high grade steel pipeline steels in heat affected welding areas.
The design factor of class I area was enhanced to 0.8. A lot of new technologies were also developed in product research. The
X70/X80 hot rolled plate and the large-diameter thick wall longitudinal submerged arc-welded pipe manufacture technology, the
induction bends and the fitting material design and the manufacture technology were exploited. The diameter of X80 steel pipes
was expanded to 1422 mm. The preliminary research into X90 pipe has been finished. In order to better meet the requirement
of large-diameter high-pressure pipeline engineering, the basic applications research must be deepened further. We need to
cooperate to develop products and technology. The optimization technology between the transportation capacity of large-diameter
high grade steel gas pipeline and other parameters (pressure, steel grade, design factor, pipe diameter, wall thickness, etc.) needs
to be developed. We also need to establish or improve the theory and methods of strain-based design, reliability-based design
and fracture control of high-pressure gas pipelines. The key technical problems such as yield to tensile-strength ratio, strain
aging, low temperature toughness, yield strength tests of X90-X120 high grade steel and pipes should be studied and solved.
The correlation between composition, microstructure, process, property and performance of high grade pipes has to be mastered.
Mass production capabilities require collaboration between metallurgy enterprises and pipe-makers. X90-X120 pipe field
welding technology has to be developed and the girth weld performance level improved. A major breakthrough in high grade
steel pipeline steels and the steel pipes production and application technology is required.

Keywords high grade pipeline steel; high grade steel pipe; pipeline; basic research; research progress; development prospect
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