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Influence of Solution Treatment under Unrecrystallizing Condition for Au-

stenite (Unrecrystallization Solution Treatment) on Martensite Structure
of 18% Ni Maraging Steel

Kazuhiko KURIBAYASHI and Ryo HORIUCHI

Synopsis : :

Influences of solution treatment under unrecrystallizing condition for austenite (the unrecrystallization
solution treatment, URST) on micro-structures of lath martensite in 18%Ni maraging steel were investi-
gated using optical and electron microscopes. In the present alloy, a small amount of boron was inten-
tionally added to retard the recrystallization of the reversed austenite. Morphological changes of marten-
site structure by URST relate with dislocation density in austenite. In the lath martensite transformed
from the recrystallized austenite, it is possible to identify the hierarchic structure which was constructed
with lath, block and packet. The URST at relatively low temperature, may not only decrease the widths of
@ laths and blocks markedly but also destroy the hierarchic synthesis of lath martensite. The present
- irregular distribution of block and packet is similar with those of steels containing carbon atoms more than
0.4% in mass fractions. The URST at relatively high temperature, however, realizes the fine but hierar-
chic structure of lath martensite, which is similar with those of steels with less than 0.3% carbon in mass

fraction.

Strengthening and toughening due to URST are sustained by these subdivided micro-structures.
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Table 1. Chemical composition of the present 18%Ni maraging steel.

C Si Mn P S Ni

Co Mo Ti Al B Fe

0.002 0.05 0.02 0.003 0.001 18.2

8.5 5.3 0.48 0.10 0.003 bal.
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a : Solution treated at 1 473K for 4 ks b : Re-solution at 1 033 K for 4 ks

The photograph b is taken at the same area as shown in a.

¢ : Re-solution at 1 173 K for 4 ks, respectively

Photo. 1. Optical micrographs of the present 18% Ni maraging steel chemical-etched with FeCly

aqueous solution, showing martensite block structures.
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a :1473K, 4 ks—480K (Mg : 487K)
K, 4

b :1473K, 4ks—+=WQ+ 1033 K, 4ks—433K
(Ms : 440K)

Photo. 2. Optical micrographs of the
present 18% Ni maraging steel taken
after Greninger-Troiano heat treat-
ment, showing martensites structures
transformed at temperatures slightly
below Mg points.
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a : Bright field image. ;
b : Diffraction pattern taken at the selected area enclosed by a circle in a, showing that the region contains
two crystallographic variants of laths, belonging to <001> 4 and <111 respectively

¢ : Dark field image formed using the reflection from {111y
Photo. 3. Transmission electron micrographs of the present 18% Ni maraging

steel solution-treated at 1 473 K for 4 ks.
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a : Bright field image

b : Diffraction pattern taken at the
selected area enclosed by a circle in a

¢ : Dark field image formed using the re-
flection <012> y

d : Dark field image formed using the re-
flection <3135, respectively

Photo. 4. Transmission electron
micrographs of the present 18%
Ni maraging steel re-solution
treated at 1 173 K for 4 ks which
is the unrecrystallizing condition
for austenite.

a : Bright filed image

b : Diffraction pattern taken at the whole
area in a

¢ : Dark field image formed using the re-
flection from <001>

d : Dark field image formed using the re-

flondion oo o /71110 rachnertive 1as
fiection irom <111,y respectiveiy

The arrow in c¢ indicates the reflection be-
longing to the variants rotated with /6
around <111y

Photo. 5. Transmission electron
micrographs of the present 18%
Ni maraging steel re-solution
treated at 1 033 K for 4 ks which
is the unrecrystallizing condition
for austenite.
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Fig. 1. Streographic projection showing crystal-
lographic orientations of three different K-S
variants transformed from one austenite.
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Temperature / °C
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'\a’: Testing at 298K
- ‘\. B
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800 T~
~e
o 4ks, Solution treatment
% 600 653K
= .
~ Ms Testing
o - Mgy _ 298K
o
5 400}
200y y : Testing at 653K
- T T -0
1 I Il 1 A\
oIOOO 1050 1100, 1150 1200 1473

Solution Treatment Temperature / K

Fig. 2. Variation of ¢ ¢, with re-solution treat-
ment temperatures. Open circles indicate 045 in au-
stenite tested at 653 K and black dots in martensite
tested at 298 K.
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(a) Solution treated at 1473 K for 4 ks
(b) Followed by re-solution at 1 073 K for 4 ks

Fig. 3. Histgrams of laths width distributions.
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