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Effect of tempering temperature on the microstructure and low-
temperature impact toughness of vanadium-contained X80 pipeline steel
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Abstract: In this paper, in order to clarify the influence of tempering temperature after thermo-mechan-
ical control process on the low-temperature impact toughness of vanadium-contained X80 pipeline steel,
the microstructural variation including nano-scale precipitates, microstructure, grain boundaries, and
crystallographic characteristics, in experimental steels processed under six different tempering temperat-
ures were investigated by multiple microstructural characterization methods. Furthermore, the relation-
ship between the steel microstructures and low-temperature impact toughness was revealed. The results
showed that with increasing tempering temperature from 450 °C to 650 °C, the size and number of nano-
scale precipitates in steel increased, while the size and quantity of granular acicular/lath ferrite and bain-
ite decreased. Under these conditions, the low-temperature impact toughness was primarily dominated
by the size and quantity of precipitates, exhibiting a gradually decreasing trend. Meanwhile, the number
of polygonal ferrite increased and the ratio of high angle grain boundaries decreased. These microstruc-
tural changes led to a gradual decrease in low-temperature impact toughness. However, as the temper-
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ing temperature increased to 700 °C, the ratio of fine precipitates in steel decreased and the average size
increased. Moreover, the microstructure composed of coarse polygonal ferrite, with a significant in-
crease in the ratio of high angle grain boundaries and X3 grain boundaries. Under tempering treatment at
700 °C, the structural characteristics of grain boundaries were the main factors influencing low-temper-
ature impact toughness. The impact energy of the steel tempered at 700 °C has been greatly improved,

reaching up to 307.28 J.

Key words: tempering temperature; X80 pipeline steel; vanadium; low temperature toughness

0 Bl&

BRI HATRERED | AL SCR R,
R, AR EREE M EE L, H
T, R A o B Ak T R e S B B, 7 TR R g
V52 4 s 5 T A AL O R SR 8l T, 4wl
TERBGH R, SRy “emE—akm” 4% m",
UL 2025 4F, FRE FEWAEBE LK ECHED 10
T3 km, P4 E A E AL IS E] 21 7 km
ZiA, Bk RIRSHE TN 2020 4E 1 2 230 12 m’ 14
2 HAT K 394012 o™, 5 R R, 7E B R
N BARIESIR, HREE AT B A m ok O
1. 2 | R SR AR RO R, R
BRZE YRS T R

TR R B RS T 2 5, B R N
ARG, Hirp X80 U LR AR H R i iy tERE
BCA B R 8 o S 0 R A AR O R R, B
P MR ERER — 4. =4 WL P RE
LRAESCAEREIR B k™ BRI, BTk & B AT
FHPR R TRZAL T, R S FES R AR
FERT ) RIS T, ST X80 A LAN HAT AL
R AR v 0k, [ P9 AN 9 2 2 A T K
FETAEY, mipeng & AU BF 58 & PR, 17 X80 454k
BRI 0.005 0% B9 o024, W] REREIMEEE A
T, R RGN @ i x)
FEAFoE B, 5 B | 508 &% = 0.075% 1Y
X80 LA L, P8 & 7 M 0.055% 1) X80 44
R DL FAAR LS L B 5 /), HARR wh b v o s
BEFVRRSE KRB, Cr SCE R HIAAS SRR T KOk
AR UL [CAARTE 51X ], % X80 4548 A9 Kt 4 wp o ) Mgy
KR, HREAE N AR5E & B, W5 HimT LA
ik X80 B LR AN AE S G I X () bz, A7 SR T
JRAE (AR TR i Bk . 3 RS NP 38 BB
I IR X80 2548 FH A AN RN n#iad 72, 3545
B MNP A 980 °C, IR T 4K B A4 1 ph 4013k
AP R DT FRAAR A 2 PR A/ B ER AR (MUA) B R i, -45 °C
MR e s s T35 %)) 200 T, Yang 25 AV BF5¢
KB, X100 45 A9 {001} <110>Z g i o ) e

ASH, 2 i DX ) (R TR LS ] (A R N R A
AN/ NSRS v B . B AR A X 4
NPVF5E & B, Sl R LS T4, (A5
F& X8OM &L AIE B LAERIRER R Aok 32, DL D &
AT AR M/A S5 B A S St ), BERS IR ik e
S SR RAFRCA, P RTE I s, Ak,
A 27 R BAAE [ KL SR A 4 v oo P IR L
i TR DL P A TR R [ S E 2 A i i
NP SE AN ] [ KIR S 1000 MPa 2444
T A T PR RE IR R & B, e 5L)R VK HL 540 C
1580 °C 1] K AL 20 & A B B 1T 42, M 2R A 4%
REACIE D, AR vh P bE W s . R #E 5%
AP PL 500 MPa 2% E T AP MBS XT 42, KR
Bl Tm] JCRLRE T, S 3 FE FRRAIR, A o A A3
T, PIA SRS R, S pRMIG IR vhvis 4
Mo 78 BRI BB ZE Hh B UESE, ZEA TR A i L4
B-K T 25T X80 SR sl & =i s
% 0.12% ~ 0.14%, ] & 4N H 4 B S FE B
YR RUBE AT H AR, DT R0 X80 24N Y
PABOF A AP R BRI R, SR,
[] K3k B8 X6 I 2L A v 1Y X80 A5 A AN I e
T PERERZ I A 5T R AN BT 4G

R, 288 LASHLE N 0.12% 1 X80 LMk
ST B AR, iz H 4 PR i i T e . F A
R . U AT I AR S TFBL, kAR
BEERIE T 450 ~ 700 °C 3 ol =] JGRBE X B bt AH |
il PO ZE AR R PR R R ), I T H S IR
il A I 2R o

1 RBAHRE Ik

1.1 iR

FIH Z2G-0.01 78 v i B 25 J8& N 0 16 1 15 )
X80 ELANAIRIRN, LA an e 1 i Bk
U5 B i BRI 1 s A T T A AT Ak B
HR 408 7 4 38 96 A9 1) 5L o] oK LB Al 22 5, 8 Tl ok
TR BE 3 512k 450, 500, 550, 600, 650, 700 °C iz
I ) 5E Sk H450., H500., H550. H600, H650.
H700,



£ 4 4

K BH, A LGREEXT B X80 A AN . (A S AL b P A2 )

- 127 -

1.2 Wk

TER I M) 1/4 JEEEAE B 10 mmx 10 mmx
8 mm iREE, Zoad T 1 . W LA M 4% (IR FUE 4380
il i T I TR A Dl J ZE 0 3 e S AR S R B
NRZERE] 5 76 P L 0 L o] RS ] 2L i P~ T o
T B2 RURE &, 358 A A BRI 1) 5 40 W 325 O L B
(HRTEM ) 23 M1 £ b 4l i R b A, 8 3 Tm-
age J ARG TTHT H AR A B R AR HRRAE s (S5 Bl 7
B HUH AT SR (EBSD) 20 Hr 75 R 5640 11 ditokir B
) F i B2 80 5 5 1, EBSD RE S 45 S H LA+ i

fil, Horb BRI E IR S%(IRFLE %0 AR
PRV, B 30 V, LT 0.75 A, IRE-10 °C, 13
HKH 0.4 pm/s,

WE 2 frs, R ELE MAGLE 172 )R
JEERb IR GB/T 229-2007¢ 4 J@ #1kF B Lo 1245k whils
I AR 3 A ilkE, R ZBC2452-
B A3 X o o I S ML T-20 °C AR o ik
6, IRIELA EN A 5 R TR RIS RS VR A, il
B3 AR R IIME, fiH JSM-6480LV i HLEE
(SEM) X 451206 v By 11 64 T 22 WA ML .

1 R X80 BLNLER S

Table1 Chemical composition of experimental X80 pipeline steel %
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Fig.1 Schematic diagram of hot working process for experimental steel
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Fig. 2 Schematic diagram for sampling impact test speci-
mens of experimental steel
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Table 2 Average diameter of precipitates in experimental steels nm
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Fig. 5 Microstructure of experimental steels after tempering at different temperatures
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Fig. 7 Distribution of CSL grain boundaries in the experimental steel after tempering at different temperatures
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Fig. 10 Microscopic morphology of impact fracture surfaces of experimental steels after tempering at different temperatures
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R AR JE i A I ATE—20 °C R A8 ol T 45 il
T B Z IR DG ST, Fa R 2 SR AT LA
Wi Ay, 5 KMAE B Pyacs Z ISR K
A,=201.87P,\st185.02, LEVEF XA R2 K 0.621 3,
AL JB T A, X S EAR T 2 5 R
JEIRE] 700 °C B, 408 22 KRS AL AU H AR X
MR B E A 0 b, fh FEEs X AN bt
R E R LA N, R B =3 AR A,
WINARAR s A R v, R T A R B 2 e,
NAEG 5 R TTEE MR L IWE, Ge8 &2
Fhop e ge a3 3 E 7 R RIRAN KA
JE A EL BN CSL S5t o Fe o AR 45 58 T LAY, 24
[m] KR 650 °C #5700 °C B, X R A

S LA 23 S, B H Y R N, W R T T
MR s, AR L 2 T, [ KRR 650 °C
f) H650 A4 fi SR X Honp it e o AN A Xt
T[] G AR EAR A TLZH R0, 3 A A kb2
SN, TG 100 KCHRLRE A 450 °C Y H4A50 40K A
FELE AR B AR AN = T 173, XEH A S npii )
PEIRTFEA HE TTER .

ZEA AT DL AR R G . A
DL KA B AL G A CSL AL o 25 A [] [
R B X80 45 B AN IR v 490 1) 52 e ] A,
[m] kIR AE 450 ~ 650 °C I Bl P B, 56 40 11
TR SUR A AR 25 S /N, AR vp e I 3R B
Z AT AR B R ST R AR 5, ELBT AR
SR O Ry S 3, PRI S B B ] TR B T, I
BN s P T A A5 Y I GREE T2 700 °C
i, SIS E IR M K T2 ER T, At A RT
WS AR SRR Y R A R KA R,
AR pck 30 1 0 e i R AR AL S R A S
Al PSR AR AL e IR R T L Rt e, LR fA
i A L (=65%) Fil 23 A L (=6.5%) /Y 8 3
B R R R TR SRR R 2K, K0 T AT
AHFEAR A Sk B AR 5200, {8 H700 807E-20 C FHE
A i T, SR, 25 R B8 3 AT AR AE
ANTRVEL S 8] 025 1L X80 45 4R AN BT A BB 41
IV RE B 5% i) B EEAIE 28 45 55, L) 1) R E A
550 ~ 580 °C, FIMF BT SR b KR pIPE 25 Ak R
eflt

3 &%

1) 581 X80 B LM H 4>k RUBEHT H AH L2
BISN VC, VG, %, H 5L B 81 IR BE 78 450 ~
650 °C 785 [l PN, 10 Jh gL e s D)2 v g K RUBE A i
B2, I JORESE R E] 700 °C, B aib )
Bt AH BB L, (HSF-34 RT R R

2) B A5 HLJ5 11 Kl BEFE 450 ~ 650 C Yol N
PAR=E (LR SUBIZ e LN EA RN LN &S 2N
i 5 R AR 2R AR %) RS NS REAIG, A9 b R A B R A
A7 LI, T Rl JGRLEE B = 2] 700 °C, X R i 4L
MR Z IR M £, B KA E AR 23 M5
A7 KR 55

3) & X80 LM FI KR EETE 450 ~650 °C 7
R A S, 8RR HE R 18 RO RS0 R R X IR o
PR SEH, BGREEE ] 700 °C B, A4S
FFE RO ARG IR s B0 0 R R R, TR
L2 AT AAL B AR5
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