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Effect of heating temperature on the mechanical properties and
microstructures of X80M pipeline steels

Xu Haijianl, Han Chufei', Guo Cheng2, Long Shan', Tian Yongjiul, Sha Xiaochun'

(1. Anshan Iron & Steel Co., Ltd., Anshan 114009, Liaoning, China; 2. Anshan Iron & Steel Construction Co., Ltd., An-
shan 114009, Liaoning, China)

Abstract: The effects of heating temperatures on the prior austenite grain size, microstructure and
mechanical properties of X80M pipeline steels with a large wall thickness were investigated in this pa-
per. The results showed that the heating temperature has a great effect on the drop weight tear test
(DWTT) properties of X80M pipeline steels. The austenite grains continued to coarsen with enhancing
the heating temperatures. The average austenite grain size was within 35 pm by controlling the heating
temperature below 1210 °C. The finer prior austenite grains provide more nucleation sites of acicular
ferrite (AF) and granular bainite (GB), and improve the low temperature toughness of steel plates dur-
ing the subsequent rolling and cooling processes. Moreover, the higher solution degree of alloy ele-
ments in the casting blank promotes the formation of finer NbC precipitates with the sizes less than
20 nm by increasing heating temperature. It also leads to the grain coarsening and the decrease of AF
and GB proportions in the microstructure. Therefore, the DWTT properties of X80M pipeline steels
with the large wall thickness can obviously be improved by controlling the heating temperatures below
1 210 °C and ensuring the acicular ferrite (AF) and granular bainite (GB) phase contents more than 60%.
Key words: X80M pipeline steel, heating temperature, drop weight tear test properties, acicular ferrite,
granular bainite
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Table 1 Main chemical composition of thick-wall X80M
pipeline steel %

C Si Mn P S Al Nb+Ti  Cr+Cu+Mo+Ni

<0.05 0.2 1.7 <0.10 <0.002 0.030 0.07~0.11  0.61~0.75
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Fig.1 Microstructures of prior austenite grain of thick-wall X80M pipeline steel at different heating temperatures

TR A0 B2 AR T REX 20 0 A1, S #Aai
fI&F 1203 °C B}, #B4> Nb Hl Ti AR A ALY 7 50
DX IEIF LR A, 3 B R 1S N L % B2 AR, fefi %)
R PCAA SRR T LA PSS , e (i B FG AR ey T
K RAAL, SRR SF I 45 pm DAL, Hof T
S, AT XSO A A S ARG AR AT L
TIJSSRAFAE, PN fRr K R A B AR E AR IH AR AE,
B 500 LI ANUE TRV T 70 2 8 TR 0 A ) .21 2 A
1203 °C B, B CAAR GoRDR AL AN B e, H Fy 5544
HIFELE Nb FTi B B ALY A 58 S A, 7RIS
L R b 25 S BT H A RO R, 52 KA
R, e HOR R ERYERE . PRIUL, 38 DL A pr T
1, KT IERE Y X8OM 45 LR 4K, 445 10 (1 I AL 7
PEHIAE 1210 °C LAN,

2.2 XNRHORZHZ AR

2 HEMRIELE LR T ESHT, SeE
A IHGRE FiRE 1/4 AARHSIESR . s 2 7]
AL, ARINGERE T, JERE X80M & 2k 4141 £ 2
PIZ B ZE AR (PF) | £HIRERZ AR (AF) FIURLIR DL IR
TR (GB) 4L A . Bl 25 B BE T, AR 1/4 &by
PF & H 2 0, AF 1 GB & 538 #i /b, 8 i
Imagel PG 53 BT BAF 43 0 485 SR mT 80, n AR B 7
1150, 1180 °C F1 1210 °C i}, AF HAFlZ51h 58%.
46% H1 25%, PF L 1] 53 5 14%. 25% F1 38%,
GB L1435 K 28% ., 29% Fi1 37%:; 4 Bl i 35
F] 1240 C W}, PF He il il 34 0 (75%) , 1fii AF Al
GB LBt 25%. J5 R B8 FCAAR i b RO sE R/t

(¢) 1210°C; (d) 1240 C

Ary W8S PR AR R, B EG AR R4, A TR
JEE SRR G, B 2 AR SRR /], 4 B AR ok AN
B, A R0 A A T R LA B AR 2ok i o7 A8 2 1 15
REAZ 1IN AF F1 GB A% A&, A R T oS540 7%
HRVERE . PF AR RIPEAR AT (4 E8cre d et i b &
BRI IRPEASIE, S T A I 2k RE . AHOCAT
KRB, M INHGE L 1210 °C, PF A EHiE
it 40% iF, T AF F1 GB HCBIRRAR, A a4 &
RAEAE PF W, PF G 4% 1 3k SERH B AR Y 43 25 5 A Fl,
S BT AR 1 R A RN 2 BRE S, K il 2
G314 PF 4T 40 4 e 40V FH 2e it 5, PRk
SECHVEERYERERFIC. LAk, Moy Rl | 441
L R 25K T 15919 AF I, 24408 ez 3| BH A,
QURTE TGy SRR i
2.3 XA AT AL AR

AN [E N BGR E R JEEBE X80M 45 4 4% bt AR
BARREOLUNE 3 Frn . Kl 3 A%, X80M 4k
H (R AT AR F R ORCST R /N AT 43 T R — A 2
20 ~ 100 nm YR IGTHT i AH, —Ff2& 20 nm LI 1Y
YH/NKTHRE o X H TR TR ARG BE AT, Bl 0 A
TRFE TR, 20 nm LR /NI H AR A4 EL 312 0 o,
20 nm Ph_b B R RSH BT H AR He BB, A
HRTEM X33 $E ] RSB A I AR S5 4 57 743
Br, AnE a5 R an&l 4. 5 Bin . Kl 4(a) RSF2R 15 nm
H/NRSERT A B HRTEM g2, 18 4(b) M
HHAG L AR 40 (FFT), & 4(c) I/ A 25
FFT 1338/ HRTEM 14, Ze il i, O ) i )



- 142 - W gk Pl K

2024 455 45 5

43514 0.258 nm 1 0.223 nm, 1IN 56°, X
BIHT AR B A [0 1 -1], 20 PDF 7 HLIE, By
HAH R ST D7 Z5 K9 NbC. [l 5(a) i RSHA 40 nm
FAR RSB HHAH ) HRTEM 54814, 18 5(c) AR

ST AR 200 FFT 24 38 9 HRTEM 1%, Zead il &,
R A THIA]EE 23514 0.242 nm F1 0.253 nm, 5 1
SR 600, X Ry B4 H AR A Rl R [0 1 -1], 2
FLHE, BT H A A ST S5 Y TiN

(a) 1150 C;  (b) 1180 °C;

(c) 1210 C;  (d) 1240 C

2 PFGREERT X80M BH LN BB RN
Fig.2 Effect of heating temperatures on microstructure of X80M pipeline steel
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Fig.3 Morphologies of precipitates of X80M pipeline steel at different heating temperatures
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Fig. 4 TEM analysis of small NbC precipitates
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Fig.5 TEM analysis of large Ti,N precipitates
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Table 2 Mechanical properties of X80M pipeline steel at
different heating temperatures
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