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Effect of B Contents on Toughening by the Solution Treatment under Unrecrystallized
Austenite in 18%Ni Maraging Steel

Takuya Y asuno, Satoshi Suzuki, Kazuhiko Kursavasmy, Tadashi Hasecawa and Ryo Horwcnt

Synopsis

reverse-transformed vy increased with B contents.

: Effects of B contents on strengthening and toughening by the solution treatment under unrecrystallized austenite were
examined in 2.1GPa grade 18%Ni maraging steels.

Because addition of B retarded the recovery process, and further
to the suppression of recrystallization, when B was added in 1895 Ni maraging steels, recrystallization temperature of the

In addition of B more than 0.0020mass%, however, toughness

decreased on the solution treatment under unrecrystallized austenite of a higher temperature side at 1123K. This
decrease of toughness is a phenomenon called thermal embrittlement. The thermal embrittlement was caused by the
precipitation and growth of borides at the prior austenite grain boundaries. The optimum amounts of B addition is about
0.0010mass% for strengthening and toughening due to the solution treatment under unrecrystallized austenite as well

as avoiding the thermal embrittlement.
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Table 1. Chemical composition in mass% of the 18
9%Ni maraging steels employed.

(mass%)
Ni Co Mo Ti B
B-free 17.8 9.00 5.12 0.58  0.00002

0.0005%B 178 905 5.12 0.58  0.0004
0.0010%B 176 900 5.14 0.58  0.0010
0.0020%B 178 885 5.12 0.57  0.0021
0.0040%B 177 890 5.12 0.56  0.0037
0.0080%B 1771 877 5.06 0.55  0.0077

C,P,S : 0.001 Si,Mn: <0.02 Al : 0.06~0.10

U7z 272, Beshigifbhif & b BOWRME L 23 D%
A6 0T, CTNROBAIZ b 2ksFHLiZIs v THES b8
B totz, Lo T, RERTIE, LUFCR~ %M

PEORE D TR — 7R YS T 5753K, 72ks%

BB L LT,
3. REER

B-freeft O#BILEE - £ 5 #HHE L # Fig. 1 (2R T, (a) 1
WFEM21023K, 4 ks DAL EZ R LIZ D TH Y, 1H
YRR VHHIR CBISR S URFE S RETH AL 2 L bh 5,
(b) i FEAT 12 1048K, 4 ksDFEMALUH L L 72 b DT,
IHy ks &SR AT 2 U 70 P Sokr & 2TRAE L T 5 —B
WIRIETH 5., (o) WX HRMIZ1073K, 4 ksinfRfbinst %
BLIZLDT, (@), ()D& 5 WHKZIHyRD R G a7
Y, FELEPRIZTCEZ LD b5,

0.0010%B#1 £ 0.0040% B ORI 5 M ELE 2
nZNFig. 2 D (a), (b), (c) &£ (d), (&), () 12/”F,0.0010%
BMTI, (a) D1123K, 4 ksDEAALILATR I AR dhiIk
A8, (b) D1148K, 4 ksT & —EBHHESIKTEE, (o) D1173K,
AksTHHERIIZET LTV %,—77,0.0040% BT, (d)
D1148K, 4 ks’C WEARTHE LIKEE, (e) D1173K, 4ksTid

— IR TS SR, () D1198K, 4 ksTIXFHAEMRIZET L T
B, DL &%ﬂﬁ@ﬁmml%b L A IBE R 2 LD
AR @%Tablez IRT . D ORI MAKTE, BHT—
IR SHRTE, @YV HAEMIREEZRL T35, RLOVUT
Dzt iJ‘JFJJ %, -é‘ b b, B-freet Tix1073K DA AL

i THEMYR T T4, FELIEER, 0.0010%B#MT
GiB—freeTifi b b #T00K EH-L T1173K & e Y, S 5142
0.0080%BMTIx150K b EH-L T 5, LIcH’- T, Bl
BOMIMCECTERS SMIREY R L, ARRERBERMC L
TEALZCOTY, REHEHEEEIIED S 2 L2 65
TH b, 7£3,0.0040% BT, Fig. 2 () PIZREITRL

Fig. 1. Optical micrographs of B-free 18% Ni maraging steel.
(a)1473K, 4ks—>WQ+1023K, 4ks—>WQ
(b) 1473K, 4ks—>WQ+1048K, 4ks—>WQ
(c) 1473K, 4ks—>WQ+1073K, 4ks—WQ
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Fig. 2. Optical micrographs of 0.0010%B and 0.0040%B containing 18% Ni maraging steels.
(a)0.0010%B; 1473K,4ks—>WQ+1123K,4ks—WQ
(b)0.0010%B ; 1473K,4ks—>WQ+1148K,4ks—>WQ
(c)0.0010%B; 1473K,4ks>WQ+1173K,4ks—>WQ
(d)0.0040%B; 1473K,4ks—>WQ+1148K,4ks—>WQ
(e)0.0040%B; 1473K,4ks—>WQ+1173K,4ks—>WQ
(£)0.0040%B ; 1473K,4ks—>WQ+1198K,4ks—>WQ

Table 2. Recrystallization temperature of various
18%Ni maraging steels.

1023K 1048K 1073K 1098K 1123K 1148K 1173K 1198K 1223K

B-free O
0.0005%B | —
00010%B| — — —
0.0020%B | — —_ -
00040%B| — — —
00080%B| — — —
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QO Unrecrystallization
(P : Partial recrystallization
@ : Full recrystallization
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Fig. 3. Variation of mechanical properties with
amounts of B addition, aged at 753K for
72ks.
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Fig. 4. Change in Vickers hardness during iso-
chronal annealing. Measurement was made
at 623K on the samples heated at the pre-
scribed temperature (1023-1273K) for 1lks
and then cooled down to 623K.
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Fig. 5. Change in Vickers hardness of the starting

materials during isothermal annealing at
1073K.
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Fig. 6. Scanning electron micrographs of fracture surfaces.

(a)0.0010%B ; 1473K,4ks—>WQ+1073K,4ks
—-WQ+aged at 753K for 72ks

(b)0.0010%B ; 1473K,4ks—>WQ+1123K ,4ks
—WQ+aged at 753K for 72ks

(c)0.0040%B ; 1473K,4ks—>WQ-+1073K ,4ks
—->WQ+aged at 753K for 72ks

(d)0.0040%B ; 1473K,4ks—>WQ+1123K ,4ks
—-WQ+aged at 753K for 72ks

Fig. 7. Optical micrographs of boron containing 18%Ni maraging steels solution-treated at 1123K for4ks. (a)0.

0010%B, (b)0.0020%B, (c)0.0040%B.
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Fig. 8. Secondary ion images of !'B*, **Mo*, and *"Ti* on the surface of 0.0040%B containing 18% Ni maraging

steel solution-treated at 1123K for 4ks.
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