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Strengthening and Toughening of 280kg/mm? Grade Maraging
Steel through Thermomechanical Treatment

Synopsis:

Yoshikuni KAwaABE, Seiichi MunNexi,

Kozo Nakazawa, and Haruo Yajr

In order to improve the strength and toughness of 280 kg/mm? grade maraging steels, the effects of two
types of thermomechanical treatments by multiple~pass rolling and single-pass large reduction pressing
followed by annealing, on the microstructure, tensile properties and fracture toughness have heen investigated.
The excellent combination of strength, ductility and toughness can be achieved by the former treatment,
particularly in low finishing temperature of the rolling, because uniform and fine grained structure is obtained.

However, the latter treatment leads to the poor ductility, because mixed structure with fine and coarse
grains is produced. The strength and ductility of maraging steel could be improved by grain refinement
and warm working below recrystallization temperature, but the toughness is essentially unaffected by those

factors.
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Table 1. Chemical composition of the steels used (wt%).

Steel C Si Mn P

S Ni Co Mo Ti Al

K73 0.002 0.010 0.003 0.002
K75 0.003 0.007 0.003 0.002
K76 0.003 0.006 0.004 0.002
0.002
0.003

0.005 13.05 | 14.70 | 10.58 | 0.17 0.066
0.005 13.01 14.92 | 10.21 | 0.16 0.014 -
0.006 13.04 | 14.71 10.13 | 0.12 0.055,

SuU92 0.010 0.003 0.002 0.006 15.03 | 23.81 7.79 | 0.20 0.075",
SU9%4 0.008 N‘ 0.003 0.003 0.005 15.12 | 24.14 7.50 | 0.17 0.060:
Application
K73 Multlp]e-pass rolling type TMT* for plate (1)
K75 for bar (1)
K76 Single large reduction type TMT ()
SyU92 Multlple—pass rolling type TMT for plate (1)
SU94 for bar (1)
* Thermomechanical treatment
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a) Thermomechanical treatment by multiple-pass rolling
b) Thermomechanical treatment by single-pass large
reduction pressing

Fig. 1. Schematic drawing of the two types of
thermomechanical treatment.
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Photo. 1. Optical micrographs of the plates of SU92 and K73 produced by thermomechanical
treatment by multiple-pass rolling, showing the effect of finishing temperature.
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Fig. 2. Effect of finishing temperature on a)
microstructure and b) mechanical pro-
perties in the plate produced by ther-
momechanical treatment by multiple-
pass rolling.
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Fig. 3. Effect of finishing temperature on a)
microstructure and b) mechanical pro-
perties in the square bar produced by
thermomechanical treatment by multi-
ple-pass rolling.
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Photo. 2. Optical micrographs of the square bar of SU94 produced by thermomechanical
treatment by multiple-pass rolling, showing the effect of finishing temperature.

Finishing temp : a) 910°C b) 710°C
Photo. 3. Transmission electron micrographs of SU94, showing the effect
of finishing temperature of rolling on martensite lath size.

— 75 —



1696 % & W

% 63 & (1977) #10%

L

Photo. 4.

P

a) one b) two

Photo. 4 1%, {& LK LHIEOEONIIEE, T
b SUM ko MikFAL T, EERK TIRE 875°C
DFEFT DN, EEGROETITHE S r o ba R
LcbDThsd. ZOMBICIIRD 2ZOo0BERETRIN
TWwa. —olE, FE/ AT ECEEERSEL, 7/
FyIEwAmR LT 2 L THB. tho—D2ik, FEUEDW
RTeRR Y £l oTh, BT HEME A
KX DEN{LEhTWwW T ETHSD.

3.2 FVLRCEKBZI—EAMIOINIZHNE

T OMI AR TIE, 1250°C 1T ingh Uizt s
SE D H Ul L, 1050, 975, 900, 825°C (283 5% &
PR XY —RBIORMTEE 278, BEbic 975°C
CHNEARRE L, TGO ET L.

Photo. 5 V¥, TH&EGRFENC I IETHIITIEE & hnZh
HERSIOREZ R LD TH D, I, EbHICK
FIEBEANZZ S DIE a), b) @A L. IMIREREW
BN, KMoEELLTEY, PEMICEN L riro
KBS MBEOT WS, MIIRES &L LS &L, &
DRGSR DE LI B E EDIT, BES LS T
DrHOREINFLIMIL LS.

TUAMIZ T2tk Ebic 975°C wingiL
BAEOT{L, FrAMIEE 825°C oflx c)~e)

c) three
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temperature of rolling is 875°C).
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Optical micrographs of K76 produced by thermomechanical treatment by single-

pass large reduction pressing followed by annealing, showing the effect of working
temperature and annealing time at 975°C.
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Fig. 4. Effect of annealing time at 975°C im-

mediately after single-pass large reduc-
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tensile properties.
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Fig. 5. Effect of aging time at 500 and 550°C
on tensile properties and fracture tough-
ness of 13Ni-15Co-10Mo maraging
steel.
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