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Effect of Nickel on Continuous Cooling Transition Law and
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Abstract: The continuous cooling transition curve (CCT curve) and impact energy curve of QDH of the new hot work die
steel with 0. 8% Ni and without Ni were determined by thermal expansion phase change instrument and impact testing ma-
chine, and the influence of Ni on the continuous transformation law and impact energy of QDH steel were analyzed by com-
bining the microstructure and hardness. The test results of thermal expansion curve show that Ni element can significantly
reduce the critical phase transition point (A, A_, and M) of QDH steel, expand the austenite phase region, shift the CCT
curve to the right as a whole, reduce the critical cooling rate of pearlite from 0. 03 “C/s to less than 0. 02 °C/s, and reduce
the critical cooling rate of martensitic from 0. 4 “C/s to 0. 2 “C/s, which improves the hardenability of steel. The test results
of impact energy curves show that the first type of tempering brittleness and the second type of tempering brittleness of the
two experimental steels are in the tempering temperature range of 350 ‘C-500 °C and 550 “C-620 °C, respectively, and the
impact energy of Ni-containing steel in the whole tempering temperature range is higher than that of Ni-free steel, indicat-
ing that Ni element can improve the hardenability of QDH steel and improve its toughness.
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Fig. 1
process diagram, (b) schematic diagram of the heat treatment

Process of the experimental steel: (a) CCT curve test
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Fig. 2 Temperature—expansion curve and tangent method for phase transition point measurement : (a) A and A of ONi steel, (b)
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Fig. 3 Microstructure of ONi steel cooled at different rates : (a) 5°C/ls,M; (b) 1°C/s,M; (¢) 0.6 C/s,M; (d) 0.5 °Cls,M; (e)

0.4 °C/s,M; (f) 0.1 °C/s,B+ a small amount of M (g) 0.05 °C/s,B; (h) 0.04 °C/s,B; (i) 0.03 °C/s, B+ a small amount of P; ( B

- bainite, M — matensite, P — pearlite)
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Fig. 4 Microstructure of 0. 8Ni steel cooled at different rates. (a) 5°C/s,M; (b) 1 °C/s,M; (¢) 0.4 °C/s,M; (d) 0.3 C/s,M; (e)

0.2 °C/s,M; (f) 0.1 °C/s,M+ a small amount of B; (g) 0.04 °C/s,B; (h) 0.03 °C/s,B; (i) 0. 02 °C/s, B+ a small amount of P; (B-

bainite, M—matensite, P—pearlite)
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Fig. 6 Hardness of the experimental steel at different cooling

rates



% 6 4

SRMFIE 55 - X T B AR L i

SRV WAL S nh s D R - 113 -

T AT 43 A S B A [) ¥4 S 1 2 ik il 2
BELEATRIVA T 1A AH A T i T B RN AR AR 45 AROR R
IG5 AR TEAS RV BT 1Y) 0 il 21 20 0 b Al i
ghE L B AT ONG B4R 0.8 N 4 114 14 L2 ¥4 H i AR
ek, iE 7 iR . ONiAN7E 3 78 30 FL N & A=
T 3L oy W BRO G IRFE A (A—P) LK
R AR (A—>B)  H [GIRFE AR (A—-M) . MBI H A<
0.03 “C/s B}, EZ R AEBICME A R HIs AL T
0.04~0.4 °C/s B}, T2 K A D FOARILAR 5 2408 H1d i
>0.4 C/s it , H A B IR 0.8NiNE A T
NiJCZ, P KB AR X, KK TS i v
B CIR AR P Ml C 2R A R FEMR A A 205k
R T R R A A ST DL AR A AR A
(44 F R 8 At 1 DL CCAAR AR AR T 4 T 2 R AA
AHAES TR, 0.8Ni AR 7E 15 A 1 v sV R N I kA
T 2L 4y 50 DRI A5 (A—B) (5 [T
R AR (A>M) o B HE LT <0.1 Cls i), -
B A UL EG AR e A 5 2404 1 B AL T 0.1~0.2 °C/s
A, JEBEE AR Sy ) ORI DL AR TR A 41205 4R H)
B >0.2 Cls B, H kA [RIREE AR . 0.8%Ni 9N
AAH45 ONi X 5 G AR T AR 1 % 3 0.4 °C/s F#AIR
0.2 °Cls, om0 T L ERAN I R PE
2.2 X QDH SN it W e T 5

i 2 0 2 ONG 49 1 0.8 N 44 1Y) 32 42 ¥4 1 s 7 iy
A WA T Ni G X SEE A B MR 2 . R TR
VERS LR UL, B G A M 2 i PR L IR A 5 v i T
BEREZ — , G, A DB — 2 BT Ni A A Ak Xt
S A e I ) A R . X ONG AR T 0.8 N 4K adE
137 AS TR g (] A A B $Ah BT 25 4n 8] 1 (b) i
I, X AN R ] 2 BE T AR 2R 7T v b W i 4
S0 g, el R 8 s . AT LVE Y, 7E

1100 (a)
1000 - S A,=937(3 /min)
i AR
Carbides W,,=802(3 k/min)

10°

7

200~650 “CHF, 19 S 56 40 157 B 1 I [ 2kt B 1)
T, vhas D) R B ERG, RO H BT[]
HrP e 350~500 “C A& A58 — 2 Il I | 3k 2 [l ok
Jif 1k SRR T 3 [ A2 3 T AT ) [l ke
DX a3k 2 ] i & A A 3 D L IR
[ kB AR 2R W ks e A 43 A, AFLER T [0 2k il B
L0 (3 A R VAT L i 9 T ANR N (a1 RN S LS PRkl
B Ji L REANUR PR 25 1 HIGE AL 78 NS AT
/N e B ALD , BERT, I A SO e AR R o A A
e AL 2 L (8] KBS TR, 4D & AL TE AR A5 57
M H BRI PERE AR, 7F 550~620 “Clal ki
FE, vhal WO PR B S 2 ] M
X2 [ i & A ) F2 L R R Cr P A5 T 2R ] i
TR LA & 5 2R, R AR e JLAS It JEE B 1 B
SN DR P I R AR by N (i 5 4
ONi 41 0.8Ni 4K Fy ot W g 2 5 el 2 A8 Ak it 42, A
DL, 0.8Ni X ZEBEA™ ] ik DX [) fry v o W Wi 2y
Y F ONi 4K, H 0.8Ni 4K 7E 600 “CIa] J iif H 8 o
W ST S R AR AR, AH HE T ONG £ (620 °C) A Tl . A
SCHkTE 2 N et —r S fE A & on R AR
[l L R B BT X T BB SR G & o R R R,
S 2R MU MR R ) — T Ni T R
[ 5 S P, 25 A R AR R T AZ A B AR TRl
Ay e B AR v i RSO L R IR R RO E A
FIFHE = A oh s W s . 3k 5 AR SCH 0.8Ni 4N 1
I R AT 3 3 7 T ONG A9 1) S B 45 SRAH A%

W 9(a~c) FIT7R , ONi B9 28 600~650 “Clal K Ji5 )
S AR ZURT LLRR I A 2 B G AR AL (PAGB) | 1
HH A it B EC AR i S A A7 7 7T 2R D 2R 55 ke Ak 4 1) b
o Horp 7E 620 “Clul Ak JE IR R S A R B L U
B 6 4 JC ZE7E i Ak 1) O 3R e o 7 i, JFE s i

1100
1000F
900 F
800
700
600 |
500
400
300
200 |
100 KU
e T e

A,;=915(3 k/min)|

NN
\ \ \\\ C"“‘“i’_\,imca k/min)

:

SN S HIE AR I (CCTHhZR) : (a)ONifN, (b)0. 8Ni 4N

Fig. 7 Continuous cooling transformation (CCT) diagram of the experimental steels : (a) ONi steel, (b) 0. 8Ni steel
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Fig. 8 Impact absorption energy and hardness variation curve of experimental steels : (a) tempering temperature range: 200 “C
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Fig. 9 Metallographic structure and fracture morphology of ONi and 0. 8Ni steel impact samples : (a)—(c) is the metallographic

structure of ONi steel tempered at 600 ‘C, 620 °C and 650 °C; (al)-(cl)is the morphology of the fracture of the impact specimen after

tempering at 600 “C, 620 °C and 650 °C of ONi steel; (d)—(f) is the metallographic structure of the 0. 8Ni steel tempered at 600 C,

620 °C and 650 °C; (d1)—(fl) is the morphology of the fracture of the impact specimen after tempering at 600 °C, 620 °C and 650 °C

of 0. 8Ni steel
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