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Effect of Forging and Conditioning Heat Treatment on Grain
Size of Super-High Strength Steel 23Co-Ni

Wang Rui, Gong Wei, Jiang Zhouhua and Xue Xiangxin
(School of Materials and Metallurgy, Northeastern University, Shenyang 110004 )

Abstract The test steel (/% . 0.24C, 0.01Mn, 0.06Si, 0.001S, 0.002P, 13.42Co, 11.32Ni, 3.05Cr,
1. 18Mo, 0. 015A1, 0. 015Ti) @300 mm bar is forged with 3 times upseiting and forging-out from ®600 mm ingot melied by
6t vacuum induction furnace + vacuum arc remelting process and annealed at 650 °C for 20 h ( grains rating 6.0). The
effect of temperature (900 ~1200 °C) forging the ®300 mm bar to ®250 mm bar ( deformation 30% ) and conditioning
heat treatment ( normalizing at 860 € and 900 “C) on grain size of steel has been tested and studied. Results show that
with forging at 1 000 ~1 140 C and deforming 30% , the steel has fine and complete recrystallization grains ( rating 7. 0).
With normalizing at 900 °C the steel has homogeneous and fine grains (rating 7.0).
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Fig.1 Morphology of grains in ®300 mm bar of steel 23Co-Ni

annealed at 650 °C for 20 h (rating 6.0)
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Fig.2 Effect of heating temperature on rating of grains in 250

mm bar, air cooling, forged from ®300 mm bar, steel 23Co-Ni
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Fig.3  Effect of heating temperature and forging deformation (30% ) on morphology of
grains in steel 23Co-Ni: (a) ®300 mm bar, heating at 1 100 °C, before forging, air cooling, grain
size rating 7.0; (b) ®250 mm bar, heating at 1 100 °C , after forging ( deformation 30% ) , air cool-
ing, grain size rating 7.5; (c) ®300 mm bar, heating at 1 140 °C | before forging, air cooling, grain
size rating 7.0; (d) ®250 mm bar, heating at 1 140 °C , after forging ( deformation 30% ) , air cool-
ing, grain size rating 7.5



H6 4

E G REMBUE AL BN R5E B 23Co-Ni RoRLE BRI v - 41-

300 mm BB ETTE BN 30%
J& ®250 mm [E#E#f

HE4 TLUEN, 2 AFH
FIEK TEHTHAROEE W
ﬁx“#, embLE RAE— 2 WAL,

B’AE 2B R R A Y

5], R ERRL A/ SRR R M 2
8K, 860 C 145 min IF KR,
B R SR RF a3k 70 ~ 80
pm, T/ SRR 10 pm 2
%o T 900 °C 145 min iF K4l B
Figs A HE A SohL LY 860 °C 145
min #|EHBEH/NISBRZ

Ik R— 4 R R
L 2, 23Co-Ni B9 Ac, 1R
BEH 82T C,EHIEXBEN
Ac, Pk 30 ~50 C,#EH#t—Er

B4 BisPab B BE R

RN

S5 SE T4 SR B B2 - S8 AT D300 mm- (a)860 T 145

T, AT AN AR T
b IE kR BE A KT 860 °C.,
7 860 ~980 CIF A, BARHIRE
AR R R [ 82 /]S , fHLBE [ A
BEL BT R i R B, BRIR A
I B FEE &t T BB AR K. BT

min, 23 ¥%,6.5 %%, (b)900 °C 145 min, 25¥,7.0 4 i J5 ®250 mm (A5

30% )- (c)860 °C 145 min,z5¥,6.5 &%, (d)900 °C 145 min,25¥%,7.0 4%
Fig. 4 Effect of conditioning heat treatment on grains in test steel before and after forging:
before forging, ®300 mm bar- (a) heating at 860 C for 145 min, air cooling, rating 6.5;
(b) heating at 900 °C for 145 min, air cooling, rating 7. 0; after forging, ®250 mm bar
( deformation 30% )- (e) heating at 860 C for 145 min, air cooling, rating 6.5; (d)
heating at 900 °C for 145 min, air cooling, rating 7.0
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