55 44 ff“ﬁ 41 RN Vol. 44. No. 4
20

- 88 - 8 H SPECIAL STEEL August 2023

ZE NS EI X IT 20Cr1Mol1 VTIiB & iR 214K
(KB IR 220
ZEE BRER B R K ES

(1 P EJEFRERFEIFIE R, AL 5T 10241352 BIEBIFIT S b A FR A W R AN BT 9T B , Ik 5% 100081
3 Jb R R AR I B AR B R A G, JE st 100083)

O E R, $ 9 T W (SEM) L S T R (TEMD (HE -5 B 7 5 (EBSD ) S5 oMl 20 41
DTy % DR T 1 K 515 =6 20Cr I Mo L VTIB H9 88 4 $8 R PR AL B S ) 2= PR RE N2 A o 45 SR 3R 1], 1 040 "CHLIT
IRALAEFE 1 h )5, SR FH K ¥ VK RE % 30 A 500 1 58 B2 5 AU TR e M D, SR FH 9 8 YR i B AR A AN K AR b i
P 2R T B, g — SRRV R RR b P M 8 b . IR LA S R 2 K e — 28—
P SEUR AT S0 P AR S B R M AR D G AR — bR DT TR + A 25K DL LG AR — Btk D1 [ — e R AR . 700 “C Il sk
Jei o B 2% DUERAA b HRRE A8 /N R I, AR DL PR MYA 5 rPobfr it B — s U] 728 20 3 A1 Y MLC Rl fb . B8 IR ARk b
PG 4 SR BRAE , ML CAH RUST BOK, WE MY/A B i e RAERR BB s o VR v B 2 K V8 [ 2 0%, S B0 IR b i 0
PEAL B = ARG IR, 43500 DU AR 5% SEA6 A B2 B LB R RER DL AR ZH 2 MY/A G2 T e 2 28
I3 A M,C oA o MLCBRAL YT L2000, O ZE80d 4R AL TR BRI 18 |, J2& 5 BRI vl o5 0 R Dl T [ ) 32 2
KGR ERIREE R s VAR = IR B s RDIR DL IR ML CaRiEH)

DOI:10. 20057/j. 1003-8620. 2023-00006 FESES:TC156. 31

Effect of Quenching Cooling Method on Low—temperature
Impact Toughness of 20Cr1Mol1VTiB High
Temperature Bolting Steel
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Abstract: The effect of quenching cooling method on the mechanical properties of 20Cr1Mol1VTiB steel bar after overall
heat treatment was studied through microstructure test methods such as mechanical property test, scanning electron micro-
scope (SEM) , transmission electron microscope (TEM) , and electron backscattered diffraction (EBSD) . The results
show that when quenching water cooling after austenitizing treatment 1 h at 1 040 °C, good strength and low-temperature
impact toughness can be obtained. When quenching water cooling, the strength does not change much, but the low-
temperature toughness decreases sharply. When the quenching cooling rate continues to decrease, the low temperature im-
pact toughness performance continues to deteriorate. After austenitizing treatment, the cooling method changes from water
cooling— oil cooling— air cooling — furnace cooling, the transformation process of the matrix structure is slatted bainite
— granular bainite + slatted bainite— granular bainite —« ferrite. When tempering at 700°C, the precipitated phase of
the slatted bainite is finely dispersed, and M,C carbides with a certain orientation and continuous distribution are precipi-
tated from the granular bainite M/A island. The slower the quenching cooling rate, the larger the M,C phase size and the
higher the degree of aggregation along the edge of the M/A island. The deterioration of impact toughness performance
caused by the decrease of quenching cooling rate from water cooling to oil cooling is mainly caused by three factors, which
are the widening of bainite slats, the decrease of the proportion of grain boundaries at large angles, and the continuous dis-
tribution of M,C carbides in the M/A fraction of the granular bainite tissue. The continuous distribution of M,C carbides
providing a low-energy channel for crack growth is the main reason for the rapid decline of low-temperature impact tough-
ness.

Key Words: High Temperature Bolting Steel; Quenching Cooling Method ; Low-temperature Impact Toughness; Granular
Bainite; M,C Carbides
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Fig . 1 Metallographic structure of 20Cr1MolVTiB steel bar

after annealing
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Table 1 Chemical composition of 20Cr1Mo1VTiB steel bar %
it H C Cr Mo A Ti B Si Mn S P
Frife v Rl 0.17 ~0.24 0.90 ~ 1.40 0.80~1.10 0.70 ~ 1.00 0.05 ~0.12 <0.005 <0.20 <0.50 <0.010 <0.010

pnw e 0.22 1.17 1.02 0.91

0.056 0.004 0.042 0.28 <0.010 <0.010
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Table 2 Heat treatment process of 20Cr1MolVTiB steel
bar
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Fig. 2

Strength (a) and low temperature impact energy (b) at different cooling methods after austenitizing treatment
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Fig . 3  Microstructure of different cooling methods after austenitizing treatment : (a) Water—cooled—without tempered , (b) Oil-

cooled—without tempered , (¢) Air—cooled—without tempered , (d) Furnace—cooled—without tempered , (e) Water cooled—

tempered , (f) Oil cooled—tempered , (g) Air cooled—tempered , (h) Furnace cooled—tempered
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Fig. 4 Instrumented charpy impact curves of different cooling methods : (a) Water cooling , (b) Oil cooling
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Fig. 5 Impact fracture morphology of different cooling methods : (a) Water cooling , (b) Oil cooling , (¢) Air cooling , (d) Fur-

nace cooling
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Fig . 6 TEM morphology and second phase diffraction spot calibration results of different quenching cooling methods :
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(a) Micro-

structure morphology—water cooled, (b) Second phase—water cooled, (¢) Microstructure morphology—oil cooled, (d) Second phase—

oil cooled
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Fig. 7 Images of grain boundary distribution under different quenching and cooling methods :
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