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Influence of Solution Treatment under Unrecrystallized Austenite

(Unrecrystallized Solution Treatment) on Strength and Toughness

of 1826Ni Maraging Steel

Synopsis:

Kazuhiko KURIBAYASHI and Ryo HORIUGHI

An addition of small amount of boron, at most several tens ppm, to 18%Ni maraging steel raised
remarkably the recrystallization temperature of reversely transformed austenite up to about 1200 K. This
effect of boron addition was utilized to solution treatment of 18%Ni maraging steel under unrecrystallized
austenite. It was shown that martensites transformed from unrecrystallized austenites, which contain a
numerous number of dislocations, have a marked quality for their high strength and toughness. In
consequence, solution treatment under unrecrystallized austenite was found to be a promising heat
treatment to improve the mechanical properties of 18%Ni maraging steel.
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Table 1. Chemical compositions of the present
189 Ni maraging steels.

Ni Co Mo Ti B
A steel 18.2 8.7 4.9 0. 86
B steel 18.0 9.1 5.1 0. 60 0.001
C steel 18.2 8.5 5.3 0. 48 0. 003

C,P,S: <0.004 Si,Mn: <0.04 Al: 0.08~0.11
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Fig. 1. Tensile and compact tension type specimens.
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a: A steel, 1473K, 4ks-WQ+ 1048K, 4ks-WQ, b: A steel, 1473K, 4ks-WQ+ 1098K, 4ks-WQ
c: B steel, 1473K, 4ks-WQ+ 1123K, 4ks-WQ, d: B steel, 1473K, 4ks-WQ+ 1173K, 4ks-WQ,
e: C steel, 1473K, 4ks-WQ+ 1173K, 4ks-WQ f:0Q steel, 1473K, 4ks-WQ-+ 1198K, 4ks-WQ,

Photo. 1. Optical micrographs of A, B and C 189 Ni maraging steels showing grain structures
of reversely-transformed austenites, before and after recrystallization, respectively.

esoF ZBOPERL TS, REROFETIE, FEFRH
—o= A steel . . .

—e— C steel LLT Pt 2V, BERHIBEESREFLLS
I 5w LcAmRO AR Ve, Fig. 3 (a) Tk
810K FHEHE X 5 B8R bh b4, REDO LA
o THERRIC I % RBSIE L AT O BEEC L 5
W B E I Ot M e RE IR B I h D, HER
B X OBBEOET RRBLRHSE LR VRBEEL
1IC1>0 12'00 _ TXh b, ZOME» B2 100K fnt &2 bhs.
Temperature / K e Lohut 0.1K/s o dEgif /s FEER OHBATH
Fig. 2. ) Variation of vickers hardr}ess as a function n, —EEER 4ks FE L& LR, W
of luion et s s AU o RO 3 ) R EOME IR 0
T, BB — 7 RWEE — 7 ORBEPKE SRFEEE

[
o
Q

[$)]
%]
o]

Vickers Hardness

500

1
1000

e &R LTI, CAREE LT LT 570, HHSERRD ERES FImIH

Fig. 3 (a) LCHMEIoWC 143K pbfEAhi BTHH, BCRHLBHALEURVCRBERE TS

T SR A EEN S 0.1K/s DRRERETCMBALIHEAOR ORIEHTHS. Lidt>C, HbrLO—ERETH
— 135 —




2112 & &

# 72 4 (1986) #15%=

/\ Heating rate 0.1Ks-t
| !

(a) 800 900 1000
Temperature / K

9
Heating rate 0.1 Ks- |
TK,4ks 7 {

|

]

} 1082K
L

| 1098K

| —

] il It

800 900 1000 1100
Temperature / K

(b)

Fig. 3. DTA(differential thermal analysis) curves
in G steels, (a) DTA curve, heated continuously
at a rate of 0.1K/s from room temperature to
1130K. (b) DTA curves, heated subsequently to
the isothermal holding at 988K, 1 008K, 1 028K,
1052K and 1098K for 4 ks, respectively.
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Fig. 4. Variation of vickers hardness during iso-
thermal aging at 753K in C steels, experienced
through three kinds of heat and mechanical pre-
treatments.
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Fig. 5. Variation of mechanical properties with
solution treatment temperatures in C steels, aged
at 753K for 18ks.
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Fig. 6. Variation of mechanical properties with
solution treatment temperatures in C steels, aged
at 753K for 72ks.
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Fig. 7. Changes of ¢4, and K;¢c due to 309,
marforming and various unrecrystallized solution
treatments in C steels.
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Fig. 8. Variation of 4dg,.,, increments of o4,
with solution treatment temperatures in G steels.
Upper part of this figure indicates 4oy, in aus-
tenite tested at 653K and lower part of this figure
in martensite tested at room temperature, respec-
tively.
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Table 2. Variation of mechanical properties due
to solution treatment under unrecrystallized aus-
tenite in coarse-grained and fine-grained C steels.

d (gm) | 69,2 (MPa) | o8 (MPa) | ¢(%) | Kic(MPam) D
R 1870 1930 26 91.5 1.00
300
U 1990 2040 30 97.0 1.29
R 1940 1990 56 85,3 1.04
30
u 2030 2090 58 92.3 1.31

R: Recrystallized solution treatment

U: Unrecrystallized solution treatment (1 093K, 4ks—»WQ)
Aging condition: 753K, 72ks

D: Index of strengthening and toughening
D='(Kire/K1c®) (00.3/90.2°) %

Where Ki¢® and 6 3° are values of standard material
heat-treated at 1 473K for 4ks
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MBEMTH B, 1 BERZE 300 pm ORARLE 7
DTB. 18%Ni = = — I T 7 RO B
LI IEMEAE (MY, &20), HHE, BHEHEOTTE
A EXEs EMEIRTNEY. L2 CTEAH
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