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Embrittlement Due to the High Temperature Solution Annealing
in 18% Ni Maraging Steels
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Synopsis:

Embrittlement due to the high temperature solution annealing (H.T.S.A.) in 189,Ni maraging steels
has been reported, but the mechanism is not known. A study has been made of the effects of the
solution annealing condition, aging condition and cold working on this embrittlement, and discussions
are given on the cause of the embrittlement.

The embrittlement is not observed in high temperature solution annealed condition. However, it
becomes pronounced with increase in the aging temperature or aging time. The degree of the em-
brittlement becomes larger with higher solution annealing temperature or with increase in the strength
level. The embrittled specimens show the characteristic bamboo blind-like fracture surfaces. When
the cold working is applied after the H.T.5.A., the toughness recovers. On the other hand, H.T.S.A.
specimens as-quenched show a very large uniform elongation in the liquid nitrogen, probably due to
the twin deformation. From the above results and the microstructure observations, it is infered that
abnormal precipitation on the lath boundary is accelerated during aging in the H.T.S.A. specimens
because of the characteristic martensite substructure (lower dislocation density or grid-like dislocation
arrangement), and consequently that the cracks can form easily in the H.T.S.A. specimens.

It is also made clear that stringer-like martensite is introduced when quenched from the tempera-

tures below austenite recrystallization temperature, while blocky martensite is formed from recrystalli-
zed austenite.
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Table 1. Chemical composition of specimens.

Grade c Si Mn P S Ni Co Mo Ti Al Fe
250 0-016 0-028 0-005 0:006 { 0'010 | 17-87 | 7-80 5-10 0-42 0:071 bal.
300 0-010 0-033 0-021 0-002 | 0:004 | 1786 | 9-28 4-82 0-76 0-140 bal.
350 0-004 0-010 0-011 0-005 | 0:003 | 17-55 | 12-08 4-60 1-45 0-102 bal.
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Optical micrographs of 300 grade 189 Ni maraging steel (T°Cxlhr WQ).
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Fig. 5. Effect of prior austenite grain size (dy) on
the reduction of area in 250, 300 and 350
grade 189,Ni maraging steels.
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Photo. 2. Scanning election micrographs of 2mm V notch charpy impact specimens in 300
grade 18%Ni maraging steel (T°Cx lhr WQ +490°C % 3hr AC aged).
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Photo. 3. Scanning electron micrographs ot 2mm
V notch charpy impact specimens in
350 grade 189,Ni maraging steel (T°C
x lhr WQ +510°C x 3hr AC aged).
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Photo. 4. Scanning electron micrographs of ZmmV
notch charpy impact specimens in 350
grade 189 Ni maraging steel (1150°CGX
lhr WQ +510°C % 3hr AC aged).
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notch charpy impact specimens in 350
grade 189,Ni maraging steel (1 150°Cx
lhr WQ+510°C x3hr AC aged).
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Fig. 8 Nominal stress-strain curves of 300 grade
1895 Ni maraging steel at —196°C (as qu-
enched).
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Photo. 6. Transmission electron micrographs of 300
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Photo. 7. Transmission electron micrographs of 300 grade 189%Ni maraging steel after
tensile test at-196°C (1 150°Cx lhr WQ).

L, XTDHBOTHIETT 5. BRI, AT
X O THEIRIBEHILIE LR RS BRI £ 5 & & 5%
LTHY, MRt E 7257150450 virgin
a REEHBITIZX DEELE L2 L BEIND.

4. # =

4-1 Stringer I ILF Y4 MZDINT

18% Ni <)V x— oL 7o S B sS Eig i
XDE, —BRAIrROBICHEI LSy b, Bk
CF ey sBEDLREY. Z0Xdkvs T a
fix block fk o' LIFEZ LIt 5. LaL, BHILE
BT X>Thx Photo. 1 WD SN X 57 iR St-

ringer Ik a' $AEkE T4 LHHB. Stringer W a' i
PVTRTTZREZINTEH OIS, oA E
BT 815°C OFFEHKLME % T & Stringer 1 af 25
£C, HRDBFEE block ik a’ #4F 5 & vibh T e
A1112)

REBRFERIC XL, Stringer ik a' 1 820°C Fiip
DEMMLLBBRFIRICHH L BB ETTE Y, oS
TEERRIV r OFRFEDSKELESLTWS EE2 5
L. LT a' »y TEBIV r 0OFES% Stringer
K o' (B OBMRZIATEIC T 572 250 Grade %
AWCLITOERE 22/ 2{@D 3% 350
T, B—EEEEES72H 1200°Cx 1 hr k8 0E2 35

—112 —



"

18%Ni ==~ v IR 2EIBRERILEL 1021

E
£ L, .
"D 220 _—0 ,,_.-—o—-——_—_':f__A:::.e:_:;_—,—_:—A‘
g’\f o~ /”A o =T === Q;—-’—‘_:,’—‘ O .
5% 20T e | 2 a— Y il
§ § 180 0__”—4:,//0 A ‘/ ‘QBS
Sy or o ST
0 = A .
NE 1SOF T T 3% 490 550°C
o -~ A
> | s B ——— A ———&
) %0 Te~ao ik N "
[ N ——bp_ A
g 40 a
S
s 30} \
c 4 a
g ok v \‘ \‘
é \‘. \‘ A\
€ 10f \A\‘ A
= 15
e = 0 —
._; ok A\‘:; —-————0 O e e _O____O___o______,-o e g————0
g o\‘ \
o] S5 ——
§ .\.\o ° —
w oL ) L ! ) L 1 )
3 5 10 | 10 30 | 5 10
Aginy time (°C) ——=—0 &a—-—— B850°%x Ilhr WQ
° & 1150C x thr WQ

Fig. 9. Effect of aging condition on the tensile properties in 300 grade 189, Ni maraging steel.
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Fig. 10. Effect of cold rolling reduction on the
tensile properties in 300 grade 189,Ni
maraging steel (cold rolled after 900°C x
lhr WQ, and 490°Cx 3hr AC aged). )
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Fig. 11. Effect of cold rolling reduction on the
tensile properties in 300 grade 189%Ni
maraging steel (cold rolled after 1150
°Cxlhr WQ, and 490°Cx3hr AC
aged). .

b, #Forhiz Stringer 3k a' LKL T WD DR
L. Fir oy bEBWET R v I EHRINEHHTOF
iz 1200°C kBB Th bR FFOVTWH XK
flEmxnhs, —K, 1000°C FEgik oz 2785
L, rRRERESERIL, b0 rERRA B

WL, TORCERSN: o DA, 1200°C %

— 13—



1022 & r #

%61 & (1975) #7172
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Photo. 8. Optical micrographs of 250 grade 189,Ni maraging steel.
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Photo. 9. Optical micrographs of 250 grade 189,Ni
maraging steel (1 200°C X thr—T°C OQ
or WQ+800°Cx lhr WQ).
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Photo. 10. Transmission electron micrographs of
300 grade 189,Ni maraging steel
(1 150°Cx 1Thr WQ +490°C x 3hr AC
aged).
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Photo. 11. Transmission electron micrographs of
300 grade 1894;Ni maraging steel.
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Fig. 12. Effect of solution annealing temperature
on the Mg and AM; temperatures in 350
‘grade 189, Ni maraging steel (cooling rate;
100°C/ min).
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Fig. 13. Effect of solution annealing temperature
on the 2ZmmYV notch charpy impact ene-
rgy, pre-cracked charpy impact energy and
Gic in 300 grade 1894Ni maraging steel.
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a) 820°C b) 1150°C

Photo. 12. Scanning electron micrographs of notch
tip of 2ZmmV notch charpy specimens in
300 grade 1829,Ni maraging steel (T°C
X lThr WQ +490°C % 3hr AC aged).
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Photo. 13. Optical micrograph of fracture profile
of 2mmV notch charpy impact speci-
men in 300 grade 189%Ni maraging
steel (1 150°C X lhr WQ +490°C X 3hr
AC aged).
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