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Effect of Nb Content during Heat Treatment on
Microstructure and Mechanical Properties of a Novel DHA
Hot-Work Die Steel

Sun Changliang', Xin Guanghan®, Geng Xin’
(1 Technical Center of Fushun Special Steel Co., Ltd., Fushun 113001, China;
2 School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: Hot-work die steel (DHA) steel was selected as the research object and adds Niobium (Nb) elements with mass
fractions of 0, 0. 009%, 0. 019%, 0.028%, and 0. 038% to the steel. The influence of Nb on the microstructure and me-
chanical properties of DHA steel was investigated. The results show that Nb addition promotes the formation of large-sized
primary carbonitrides during solidification, and aggravates the secondary dendrites segregation in the as-cast microstruc-
ture. Nb addition refines the grain size of the experimental steel after tempering. With the increase of Nb mass fraction,
toughness gradually decreases after tempering at 560 °C and 590 “C, and first increases and then decreases after tempering
at 620 “C. Strength first increases and then decreases with increasing Nb content. Considering the comprehensive mechani-
cal properties, when the mass fraction of Nb element is 0. 019%, DHA steel has the best performance.
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Table 1 The chemical composition of experimental steels %
G C Si Mn Cr Mo A N Nb P S
o* 0.3~0.4 0.2~0.8 0.2~0.5 4.5~5.5 1.1~1.75 <l1.0 0.04 0 <0.03 <0.005
1" 0.3~0.4 0.2~0.8 0.2~0.5 4.5~5.5 1.1~1.75 <1.0 0.04 0.01 <0.03 <0.005
2* 0.3~0.4 0.2~0.8 0.2~0.5 4.5~5.5 1.1~1.75 <1.0 0.04 0.02 <0.03 <0.005
3* 0.3~0.4 0.2~0.8 0.2~0.5 4.5~5.5 1.1~1.75 <1.0 0.04 0.03 <0.03 <0.005
4* 0.3~0.4 0.2~0.8 0.2~0.5 4.5~5.5 1.1~1.75 <1.0 0.04 0.04 <0.03 <0.005
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Table 2 Chemical composition of ingot of vacuum induc-

tion furnace %
P Nb N 0 P S

0* - 0.038  0.0008  0.003 0.004

1" 0.009 0.038  0.0008  0.004  0.004

2* 0.019 0.035 0.0005  0.004  0.004

3* 0.028 0.037  0.0006  0.004  0.004

4* 0.038 0.038  0.0005 0.004  0.004
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Fig. 2 OM microstructure images of as—cast ingots :

(al) Edge of 0steel ingot, (a2) Edge of 17 steel ingot, (a3) Edge of 27 steel

ingot, (a4) Edge of 3" steel ingot, (a5) Edge of 4* steel ingot, (b1) Center of 0% steel ingot, (b2) Center of 1* steel ingot, (b3) Cen-
ter of 2% steel ingot, (b4) Center of 3* steel ingot, (b5) Center of 4* steel ingot
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Fig. 4 Optical micrograps of primary precipitation carboni-

tride of 0* and 4* steel : (a) 0%, (b) 4*
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Fig. 5 SEM micrograps and EDS result of primary precipitation carbonitride : (a) Metallogram of 0% steel, (b) Metallogram of 4*

steel, (¢) Energy spectrum of point P1 in 0% steel, (d) Energy spectrum of point P2 in 4* steel, (e) Energy spectrum of point P3 in 4*
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A e B B R R 0P K F A Nb
TG A LA o 1 o ) 1 4 A 58 3 O Y K
ZE B RTR A ] GHR FEARAR (S B0, S50 89 14 o
DI BESN H Nb J5T 2 2 R S /)

IR R AE T Nb HAT [ A Ve ml 65 B At
G 40 R SR E R AL, TR HE ffoRLZH 4 5 {5 Nb
S FREER A KEN . 55, 4Nk >
EEATRALY . T N B ok T E 0
AN T LA, i SRR O, — T A K i 4 v B A 24
LUy R AR T, A S AR . EUR FE
AR I T 2B T A A A (I 2= A B A
AEFEYRE . AE 4R R Y i B R (A 474K
HOE B9 R 2L a0 T REPE G G, B LA, Honp s Ty
AT 0" .
2.6 FEXTIRAEARELNGE R0 EE 14 AU 52 M

FRAE 2 P, AN [R) [l gL BT S A
rhism B Jw ARaE B AR 3R DI 4E R A SR an 1A
12,13 7R o 812 Ry SEse g o i A2 Ak a3 6 13
S AR YA AR ARG

FRAE I 12 7] LU H 1] ket B 0 g | P o B
TR R 5 36 U 114 s A — B, ASTR] [l kI T 2

BT R B R AR 5 B e K . TR AE 620 CInl sk
I, 2% 8 A B 5 B JeE R R R L L e S P A R
oo LRI AR 1 i A Al 5, L R
AR TE 8t 558 v R IR BE 22 0 o R S B P
TR . BERHAZEAN B Nb 2 5, 3 B R B H o
TR R RER A 1 R R Nb B nT L
AR R BB E . A5 NI T = ok
TR e HR R & W AR L bk
S G 48 R A AR A 1) D R R T A B R D, N 2 el sk
RACEWUTVE , Nb B VE A2 W I 1, — 7 1 i
A B T R 48 v A T R SR AR A L 55— T T 9
S E , SR AnAl, X B ERAR A5k B . 4 T
ArcRE AL, 75 560 “C a1k i B AR I Ao B, (H 4n 2R
(e R 2 3, AT b A ) 2R AR N KT e L,
IR B AL B R A R b SE Al S 56 A S o
i, PR TR

H1 13 Ca) AT, [T 2O 3 ko, R i o
T T A 4 bR JRLIE X Nb G R AR S o T
PAVE B S AL B E . 2P TE 560
620 “Clal K Jm 2 B B 0 s R 6 590 °C IRl 2k
Jei 3PS BT B 0 i SR R Y B



*6 - 5 R W

ngfn‘;_ R lpm
Fl6 SR ERAGIE K4 2 OM IR HI SEM IR« (a) 07, (b)
1%, (¢)2*,(d)3*, (e)4*

Fig. 6 OM and SEM photographs of isothermal spheroidized
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Fig. 9 SEM pictures of O # and 4 # steel tempered at different temperatures : (a)0*,560 “C; (b)4%,560 °C; (¢)0%,590 °C; (d)4*,
590 °C; (e)0*,620 °C; (£)4*,620 C
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Fig. 10 OM photos of experimental steel quenched at 1030 °C and tempered at 620 °C : (a)0", (b)1%, (¢)2”, (d)3", (e)4"
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