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Effect of Quenching Cooling Rate on Structure and Mechanical
Properties of Heat-Resistant Steel 1Cr12Ni3Mo2 VN

Xie Xuelin', Yang Gang®, Fu Jun', Wang Zezhong' and Yong Qilong’
(1 Dept of Materials Engineering, Sichuan Engineering Vocational Technology College, Deyang 618000 ;
2 Institute for Structural Materials, Central Iron and Steel Research Institute, Beijing 100081)

Abstract Structure of heat-resistant steel 1 Cri2Ni3Mo2 VN quenched at 1 040 °C for 1 h oil cooling, furnace cooling
(5 C/min), 1 C/min and 0.5 °C/min cooling and mechanical properties of the steel quenched at 1 040 C for 1 h with
different cooling rate + tempered at 565 “C for 2 h have been studied. Tesl results show that mariensite structure of the
steel quenched with four cooling rate is obtained, but Ay, value of the steel by quenching, oil cooling and tempering is
156.5 J, while that by quenching, 5 ~0.5 C/min cooling and tempering is 40.5 ~16. 5 J. The thermal decomposition of
retained austenite in steel slow-cooled is main reasons for impact energy marked decreasing, i. e. during quenching slow-
cooling at 720 ~ 820 °C, a large amount of carbide precipitates at original austenite grain boundary led to obvious decreasing
alloying elements and carbon content in residual austenite and poor stability of residual austenite in quenched structure.

Material Index Heat Resistant Steel 1Crl12Ni3Mo2VN, Quenching Cooling Rate, Structure, Mechanical Properties

R BRERAYHZERS B (L FRE) , &
KRR 29 & R BRI & AR SO
T HE @B IR A K B RBR PR B M F (1100
mm ) 1Cr12Ni3Mo2 VN I B {4 it £ 40 788 ok ¥ ) 3 )&
XHA ML R S PEREAI A

1 RBMBRFGE

SIS AR AE P B D220 mm 8RBT, 16 R
TZ.:30 ST IEHR + BB HIA (2.5 1), LHH
B L 22 4 (%) ;0. 14C . 0. 17Si . 0. 77Mn
0.0055.0.016P,11.41Cr,2.96Ni, 1.67Mo,0.26V .
0.039N, AntF#JEF B i EAR R 0 3R, BI i
KH2 0.5 C/minZEe 7 N2 HB 45 3 5 [RIAH 4,
RIEIZE1 040 C 1 h B RO A 5 B K 1K (565
C2h =R, BKBRAMERERMME (2200
C/min) ¥ (235 C/min) (1 C/minf1¥% 0.5
C/minff 48 4 R HF 2, 53 ABHH M A [F]
PR B T 20, #1040 1 h BC{KMLS

$ 0.5 C/min}" 8 Z 820 ~ 140 C R [EIE B 2
YL R (565 C 2 h 5% LUAK N P AR R B
RIRRE
2 ZRERSHW
2.1 FERIFEREIR 4T

B3 1 Al B A v 20 A0/, b g JE
R, WA, B EETRRAR, 1 °C/minfp ¥ 5 35 %)
I KA 220 MPa; Ji AiRGEFE R, , ALK, TH A B
N RAE] 020 MPa; fif FF HRC S5HiH5RE R, 21k
s — B, e us O R, TR RS RO AR, R A
C/minf ¥ if ik B K{E 37. 4 HRC; BEE KR A
B AN, i AR A BRI, W B K (E
19.3% ,0.5 °C/min ¥ i} F i/ ME 17. 0% 5 B T 1
A 7 BTG, K, AHR 2] 1 C/ming%,
BRI R R, Z 1 71. 8% &3 68% , i A 1 °C/min
B 0.5 C/min ¥ T, Z H 68% [ 5
62.3% ; ppir M B TR, R, R B A T



- 58 - 30 H3E

AR, 1 156.5 1 FREEI40.5 T, A
l‘“fﬁi l z i O £1 RNSHEET 1CrI2N3Mo2VN 714 1 EERIRIN
R E] 0.5 min § 7%, T %, Table 1 Effect of quenching cooling rate on mechanical properties of

40.5 ] FREE116.5 ], T, AL HIHE  steel 1ICr12Ni3Mo2VN
FE X IR T R Z e PR e AT 54'13/ R&[o].)z/ Y {7/ AT/ (Eﬁ%
Bk LR it B B R 00 C I R a5 T2k
HE 1A OL,1040 C#£ 0.5 C/min - =%

P B AN [ L JBE 23 O A X 47 i 8 10;“1;%5‘02?}‘?(?,% /minBE o015 978 1.5 69.0 40.5 374
R, JEMRGRE Ry, A A Zld A IE?;tO ;Léslogxz;ﬁ

b +
K 7E 720 ~ 820 C, Fifi % W 2 AR AR, i 1040"(3th§}5/;>(
Y R Z BB RIEER T, A 820 _F&iR) +565 C
CHYy 73.3% T &2 720 C /Y 65% , 1F
140 ~ 720 °C, B & B A REAR, 1k
2%,7E 720 ~820 °C B A& R WAL, vhifs )t B 3%
TR, 820 CHI164.5 ] FF#H|720 C 23 I, 1£

1160 1020 19.3 71.8 156.5 36.1

1220 985 18.0 68.0 24.5 37.4

1155 1015 17.0 62.3 16.5 354

140 ~720 C ,FEERE MR, A K.
2.2 SMHARSH
EEE]ZTJWLA ﬁ’%lﬁjﬁk fﬂl_ H/JQHV/\

1250 - H LK R, B R (AR 4% + 47 H B AL, T g
g T SRR PR A NER % WA, 4140
S ttoof FE (A 8 WA T4 , 0N R A 7 3 o ST
R o0 | ateez—a— et (8 2a) B Ve K T BE OB/, 4280 T o

501 12 BB S ARG R K REE A

op TLHBRAL AR 4 (1 2b,d,e) .

! A E I ESULTE R R L e b
N ARV TE— S R AT AR E S A
<ol BT (T 3a @5 TS AL) , TR T IR PENT 2L B 1 K

2l WHIEE 8 B E W/, 1.1 C/min 128 0.5

of C/mingf ¥y = 2 6007 T S080 A A E RO B0 1

0100 200 300 400 500 600 700 800 90 %%ﬁm ’ E?%’@%ﬁ%( lg 3b’ Cs d) ’ ﬁtp ’ ip%%%

1040 TR0 5 Tlmind? 4 RAE T “mﬁ%#”ﬁ’" TR TR, BB B % (1
B 1 1040 C # 0.5 C/min ¥ 41 J5 25 % 8 F x b HikAr#EAL) .1 C/minfP ¥ 0.5 C/minfP ¥ %
Cr2NBMO2VN 40112 R B %a@“nm#”%,ﬁwgffﬁmzzmm,wf%ﬁ

Fig. 1 fect of ai Li aff .5 3 N
ig- 1 Efect9 air cooling temperature terat.1040 C,0 (B 3c,d Sk B AL ) FT UL, AR X F A (5

C/min  cooling on mechanical properties of steel

1Cr12Ni3Mo2 VN C/min) ,1C/min¥" ¥ 0. 5C/min {7 ¥ ¥ # 59 #E

(d)

B2 kA HIERE ST 1CrI2NBMo2 VN M4 2R B350 2 (a) 31318 5 ()5 C/min. (¢)1 C/minFi(d)0.5 C/mind #

Fig.2 Effect of quenching cooling rate on structure of steel 1Cr12Ni3Mo2 VN oil cooling (a); S C/min (b), I C/min (¢) and 0.5
C/min (d) cooling
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Fig.3 Effect of quenching cooling rate on morphology of impact fracture of steel 1Cr12Ni3Mo2 VN oil cooling (a); 5 C/min (b), 1

°C/min (c) and 0.5 C/min (d) cooling, arrow;secondary phase particals
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Fig. 4  Morphology of precipitates at interface of laths, 0.5
°C/min furnace cooling; (a) bright field; (b) dark field
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