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ABSTRACT The influence of cooling process on microstructure of high—strain pipeline steel X80
with its low yield ratio has been examined by SEM and in situ TEM. The results illustrate that
ferrite+bainite dual phase structure is obtained after proper relaxation and chilling down process,
while the terminate temperature of relaxation is the decisive factor. When the stop temperature for
relaxation ranges from 690 to 705 ‘C, the combination of strength and ductility reaches the need for
the use of X80 pipeline steel. The reduction of relaxation stop temperature results in increases of the
volume of ferrite phase and grain size, which leads to lower yield ratio. Tensile test shows that the
lower yield ratio mainly attributes to the cooperative deformation mechanism between soft ferrite and

hard bainite.

KEY WORDS pipeline steel, high strain, yield ratio, relaxation, cooperative deformation

PR F 7 e PR T 5 908 B 1
Gy ST AFLRAR AR, R TR, b
REAF DL BRI RTRAUT R (IR, J—FELATREFRIERE
(O EFLRHT, T(LEUA REHIE  BEBIYERN L RO R B R, T

*EE A—d BB H 2006 BAE03A06
WeEIBIAG H A 2009-02-16, Wik H B - 2009-05-11
fEF A - fZH, 5, 1980 44, Wt

EhEGE TR DA BRRAR B RAR
(BB B 77 ¥ %0 R [ 4 A 2 4 T80 e A T A R
TIEHEREHEAT T AT, 25 R0, FUA 31555 24 Hfai
FHLLZUA RN BRI . MR B 09 e P . (51
6 1 S22 ) 22 SRR L SCRRARGE. AT N4 T
PALIIB R BFTE RIF RGN PO — Rk oK
PN, OB R BE AR, A N . IR
W5 AN R ORI, S, (ELR R A,
ARSI, 24 ARUR. XEAR PR R 4



1112 & B ¥ W

245 &

FIFRHEZESR, BT LABFSE BOHE AR P T2 AR AT R, =2
PRSI A RE AN M HAR 2= H, R
A R R B A R AR A T — PR B AR
FRMAT, RAREALKRIL, AMEFRME. B4
BT BT T B R AL S A, DR AL IR =R +
KV il BEXT R SR AL, GV O] A B ok 4
TR AR, XU 2123 BT ML 64 T
I

1 XRFAE

S5 A A AT A sy (B %, %) A C
0.040, Si 0.20, Mn 1.78, Ti 0.018, Ni 0.25, Cr 0.22,
Nb 0.06, P 0.0064, S 0.005, Fe 41, B 2R
R, HEREE RS, BHERERE MR 90 mmx90 mmx
120 mm FRIRETE#I SR, R HIAEE DIL—S805A RZAKk{X
R 250 PN AE 2508 26 AF TR AHZAR IR Aps (710 C).

1 AR AT I FLVL R AT I BeRE AL 20K
BERELH R N 15 mm 9. BARELH TESEOy:
Bk P2 1200 CORRE 1 h JE 5L L7 s X
LRI A TR 45 it DAL A P A B BLtEA T, P4 i X LR E
1150 C, ZELEEFERIFE 1050 C, R AEIAF]
60%; AL it DX AL 0 FFFLIR BEHE I E 950 C, A4
J§ 4 850 C, BRVEE AN 68%. FLIG 24 g R
JE G NIK 1, NoKve EIE AR/ 20—30 C /s Juf M,
TR LR FEAE 350—400 CyE iy, EARELH| % #1 T
ZmE 1R, AR TESEEER AT No.1 k=S
kIR E] 720 C, LA 28 C/s MIKIREERHE 395 C;
No.2 iRFEZ B35 700 C, Bl 25 C/s fIKAHEEL
H% 392 C; No.3 iAPEZL M F] 680 C, L 28 C/s
KIS A HIE 400 C.

XA 4 1 2 P REAGE 3 SR T 4 B B i) MR 12 A 1K
P, BUREALEAERIAR L 1/4 &b, WORED7 115 B AL 7
AT AR TGS, AR 4% HIRERR
TR 1, 7€ Zeiss &40 %5 (OM) K& SUPPASS
GRS T BEE (SEM) B 4005,

BEH G (TEM) AL 64 7 ik a T #

aNo.1

1150 °C
Recrystallization
1050 °C region

C
Non-recrystallization
¢ region
A,(710°C)
Water-cooling
20-30 °C/s

Temperature

Time

1 R AL S AE KR TR E R
Fig.1 Schematic of rolling and cooling processes of the sam-
ples of pipeline steel X80
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Fig.2 Effect of cooling process after rolling on microstruc-
ture of the tested steel (OM)
(a) sample No.1, A.C. to 720 ‘C, W.Q., acicular fer-
rite 4 little amount of granular bainite
(b) sample No.2, A.C. to 700 C, W.Q., acicular fer-
rite, polygonal ferrite + little amount of granular

bainite
(c) sample No.3, A.C. to 680 ‘C, W.Q., polygonal
ferrite + little amount of acicular ferrite
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Table 1 Mechanical properties of the tested steels
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Fig.3 Changes of the plastic property (a) and the strength (b) of the sample with relaxation temperature
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Fig.4 SEM photographs of the steels relaxed to different

temperatures

(a) sample No.1, little amount of polygonal ferrite
(b) sample No.2, more polygonal ferrite
(c) sample No.3, much more polygonal ferrite (80%)

and the grain size increased
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Fig.5 Effects of average grain size and volume fraction of

ferrite on yield ratio
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Fig.7 TEM in situ observation of cooperative deformation between ferrite and bainite during tensile

(a) before tensile

b) tensile displacement of 0.04 mm, arrows showing piled—up dislocations

c¢) tensile displacement of 0.08 mm, arrow indicating new dislocations

e) tensile displacement of 0.14 mm, dislocation density in ferrite grain decreased

(
(
(d) tensile displacement of 0.12 mm, dislocations concentrated at interface
(
(

f) tensile displacement of 0.16 mm, a part of boundaries disappeared and stress relaxed due

to compatible deformation between ferrite and bainite
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