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Abstract: Mechanical property testing and microscope analysis were applied to evaluate the microstruc
ture and mechanical properties of a high niobiunr microalloyed X80 pipeline steel. The results show
that the high niobium-microalloyed pipeline steel possesses higher strengthrtoughness and lower duc
tile brittle transition temperature, and was already successfully applied to the Second Westeast Gas
Pipeline Project in China. The effects of niobiunrmicroalloyed element on grain refinement, micro-
structure strengthening and precipitation hardening of pipeline steel were analy zed.
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1 X80 ( %)
Table 1 The chemical constituent of X80 steel (mass fraction/ %)
C Si Mn P S Nb Mo+ Cr+ Ni+ Cu
0 038 0 21 1 60 0 0058 0 0017 0 095 0 749
AY Ti B Al N P CE
Q0 007 Q0 019 0 0004 0 035 - Q16 0 39
Note: CE= C+ Mun/6+ (Cr+ Mot V)/5+ (Cut Ni)/15
Poy= C+ Si/30+ (Mn+ Cu+ Cr)/20+ Ni/60+ Mo/ 15+ V/ 10+ 5B
174 , 2
10mm X 10mm X 55mm ( Charpy) V
.,V 21
GB/T 229—1994  JB-800 Nb X80
1/4 (Drop , HTP R 2
Weight Tear Test, DWTT), 300mm X 2 s X80
75mm X , A% , (Ros) (Rm)
JI-30000 DWTT APIRP5L3 (A) (Ros/Ru)
RECHART MEF3A 2007  API SPEC 5L ,
, T ESLA-BS-300 X80 093 ,
, JEM 200CX X80 0. 93, ,
2 X80
Table2 The mechanical properties of X80 steel
Samol Tensile testing Charpy im pact testing(— 20C) DWTT(- 15C)
ampre R,MPa  Ros/MPa  A4/% Rys/R, A /] SA/%  FATTgon  SA/%  FATTggurr
Rectangle 693 608 41 0 0 88
X80 361 100 <-79C 93 -39C
Baculine 683 563 245 0 82
[13 ”» _ 60 °C ,
1 X80 (Aw) ~ 60~ 20C
(Shear Area, SA) s 300] ) 50%
, 2 DWTT (SA) ( Fracture Appearance Transt
2 1 s tion Temperature, FATTso), - 79C
(- 20C) X80 361) X80  DWTT
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1 X80 (a) (b)
Fig 1 The serial changed temperature curves of Charpy impact toughness (a) and shear area (b) of X80 steel
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Fig. 2 The serial changed tem perature curve of ’ Nb 006%
DWTT shear area of X80 steel 950°C , Ti V
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4 X80 SEM
Fig 4 The SEM microstructure of X80 steel
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Fig 3 The OM microstructure of X80 steel
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5 X80 TEM
Fig 5 The TEM microstructure of X80 steel
[12] _Nb  M/A
X80 M/ Nb 0.064% , M/A
A , Nb 0. 064% ,M /A

6 X80 (a) :(b) (0
Fig 6 The island structure of X80 steel
(a) bright field; (b) dark field; (¢) diffraction spot
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Nb a , X80

7 X80
(a) Nb(C,N) ;(b) Nb(C)
Fig 7 The precipitation of carbide and nitride of X80 steel
(a) Nb(C,N) precipitation; (b) Nb(C) precipitation
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