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Precipitation Hardening Produced by Ausaging of 245kg/mm? Grade

1826 Ni Maraging Steel

Synopsis:

Ké SOENO and Tetsuré KurRoDA

Ausaging behavior in 245 kg/mm? grade maraging steels has been investigated. Appreciable precipita—
tion—hardening is produced by ausaging at temperatures below about 625°C. The precipitation harden-—
ing is considered to be due to relatively high titanium content. It is also observed that elongation and
reduction of area are decreased with increasing ausaging temperature. The decrease in ductility is con—
sidered to be caused by the formation of coarse precipitates at the austenite grain boundaries. The
coarse precipitates are greatly suppressed when ausaging temperature is decreased to about 550°C. After
ausaging at 550°C. from 3000 min to 6000 min, the following mechanical properties are obtained;
ultimate tensile strength: 200~210 kg/mm?, elongation: 10~15%, reduction of area; 60~65%. How—
ever, the ductility of specimens ausaged at 550°C for longer times tends to decrease because of the forma-
tion of relatively coarse precipitates at the austenite grain boundaries.
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IHIcA— A~ (ausage) L7zglfla SR AN
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(marage) 3% &3BHE ORLEDGE X D &V iRER
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<, INCO ! 245 kg/ mm? % 189Ni < L= — 2§D
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BAuvziglBlofpkiz Table 1 2773, 245 kg/ mm?
ez =D — AT FA MRTON L
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Table 1. Chemical compositions of 189, Ni maraging steels investigated.

Strength
level No.

Chemical composition (%)

(kg/ mm?) Ni } Co ’ Mo Ti

Al G Si Mn P S

245-A 17.15 | 12.70 | 3.71 1.73
245 245-C 17.54 | 12.60 | 4.13 1.66
245-D 17.39 | 12.50 | 3.70 1.60
245-E 17.50 | 12.80 | 4.00 1.70

0.12 0.005 | 0.06 0.05 0.007 | 0.004
0.12 0.006 | 0.07 0.01 0.004 | 0.006
0.10 0.005 | 0.04 0.04 0.003 | 0.005
0.08 0.004 | 0.05 0.03 0.005 | 0.005

210 210-C 18.36 9.28 1 5.17 0.85 0.10 0.004 0.01 0.02 0.003 0.004
12.5Co
“4Mo 17.4 12.5 4 0.15
10Co
“5Mo 18 10 5 0.15
~ t:05mm Solution :
‘:ﬁr;—__g—r 820°C,1hr or 790°C,1hr.
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Fig. 1. Tensile test specimen.
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% 2.4mm¢ T THMRS] BTERADIT7%) Lictk,
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Fig. 2. Procedure of heat-treatment.
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Solution~treated at 820°C for 1hr, ausaged

and cooled to room temperature. °

600°C-aging
Qe O

200 E 2
. — 550C-aging
O .

o o——¢ 625 C~aging

T

s

g

—

(3

o
T

/ 650°C- aging

700°C~ aging

Tensile strength (Kg/mm?)

T—As solut:on treated
100 AL 5 £33t L T RN |
10 10° 10*

Ausaging time (min)

Fig. 3. Room temperature tensile strength of the
ausaged 245-A maraging steel.
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Fig. 4. Room temperature tensile strength of the
ausaged 245-C maraging steel.
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Solution-treated at 820°C for 1hr, ausaged
at temperatures ranged from 550°C to 625°C
for 24br and cooled to room temperature.
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Fig. 5. Room temperature tensile strength of the
210-C, 12.5Co-4Mo and 10Co-5Mo
maraging steels.

Solution - treated at 790°C for 1hr,
ausaged and cooled to room temp.
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Fig. 6. Strength, reduction in area and elongation
of the ausaged 245-A maraging steel.
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Solution ~treated at 790°C for 1hr, ausaged
and cooled to room temperature.

ié 80[ . e, Reduction in area

E i \\\\ o

L A * e

c 60F N o .
% | \\‘ 550" C~-aging
3 \

8 \

ac 40 B o \,

= i 625 C~ 3 o

&é Elongqﬁon A\ 600 C-

5 o Emoﬂ\o\o‘

€ - _ 550 C Qagi
S 25 gng
2 L 5 c- eodt

'
120 140 150 180 200 220
Tensile strength (Kg/mm?)

Fig. 7. Strength vs, ductility of the ausaged 245-

C maraging steel.

Solution-treated at 790°C for 1hr, ausaged
at 550°C for various times and cooled

to room temperature.
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Fig. 8. Strength vs, ductility of the 245 kg/mm?2
grade maraging steels, ausaged at 550°C
for various times.
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DR L TR VIEE 2 85 D TEERL TW
5. Lol Ti SERSOCHE 245-A (1.73%Ti) »
245-E (1.70%Ti) o4, #9 200 kg/ mm? L) Edié
& L AOVTEEMEDS A AT B DD

7r¥ 0.29% (HOCHENT ST (do2) &TERES
(08) LD (002/08) 1¥, F—AT—THHMILL
7oetkhic Wiy 0.87 T, ZOfEEF ~Ax—VRE
iz & A EpEXN . 210 kg/ mm? fRis JO° 245
kg/ mm? iz & D v — OREBRERICEET <V
T — F B3R ORFEIRIRTIX, de2/op & LTH0.98
PESND DT, *+—2xT—THELL7 245 kg/mm?
ez —UMOE0.871%, MR VNSV LIRS,

X 64 500 % 3/4
(a) Ausaging : 625°C, 24h

%64 500 3/4
(b) Ausaging : 600°C, 100h

X 64 500x3/4

(c) Ausaging : 550°C, 100h

Photo. 1. Transmission electron micrographs of the
ausaged 245-A maraging steel.

3.3 EoAKORKRE

BECISHEL 72X 51, A — AL~ URERELT 50
B DHWVIE 550°C O —2x— T3 Ti §HEOLEK
B W ERL 2 BRI 5 LMK T B T
DERZASHCT B2, F—AT—2 LiziBlof
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F— 2 x—ERElOERSILOEELFRICL D & A&
B b s O FI% Photo. 1 WRT. A —AL—Y
EEREWIEE, Photo. 1(a), (b)itALNE X5k
M AR, T OREEICIE LA SRR SRR
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X 1000x4/5 X 1000x4/5
Ausaging : 550°C, 3 000min. Ausaging : 625°C, 3 000min
op 20lkg/mm?2, El 12%, R.A.58% op 180.5kg/mm?2, El. 6%, R.A. 38%

Photo. 2. Fractographs of the ausaged 245-A maraging steel.
Table 2. X-ray diffraction of the 245-A maraging steel ausaged at 600°C for 100h.

Observed y-NigTi1) Laves—Fe, Tié) afiFges* ajs_Fsem*
d(A) yi, | fdentit g ky | g | ok [ a(Ay | B | bk | d(A) | Bk | a(A) | b
3.89 | VW | 002
! 3.65 | VW | 101
‘ 2:39 | W | 110
2.37 A% Laves
2.21] 20 | 200
2.20| s 103
2.19 w Laves
2.13| 50 | 201
2.07| 50 | 004 | 2.07| Vw | 200
2.06 | 111
2.04| S 112
2.03 S a-Fe 2.03 | 110
2.00 w Laves 2.00 S 201
1.95| 100 | 202 | 1.95| w | oo4
1.83| W | 202
1.79 | 200
1.76 | VW | 104
1.72| 20 | 203
1.62| Vw | 203
1.5¢ | 10 | 122
1.51 | 20 | 204
1.43 VS a-Fe 1.43 | 200
1.38 | VW | 300
_ 1.3 M | 123
1.33| 20 | 205
1.30 .30 M | 006
1.28 | Strong ” 1.28 | 50 | 220
& 1.26 | 220
Broad (+Laves) 1.25 M 205
1.23
1.22| vw | 124
1.20] M | 220
1.17 VS a-Fe 1.17| 20 | 206 1.17 | 211
1.10 10 401
1.09 | 50 | 224
1.08 | 311
1.07 | 50 | 402

* The lattice. constants of iron containing 20%Nil5’ were used for calculation.
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245 kg/mm? #% 18% Ni <=L =— VO 4 — 2 = — I X 547 K1k 93

A BREEINS. F—-AT—URER 550°C KT 5
L, KM OERIIE LIS n 508, RIFROKR
habBhaid, BRI IEARD A — 2 7 A Md
PRI TV B0 b (Photo. 1 (¢) &
HR), MEMERBOBELFRRICR D EFE2bND.

HERED AL L B & ORI DWW T DB, T
ARERER T ORI OZ b DB THRY L EZ BN D.
Photo. 2 TG DB TTH, F— 2= —BENEL
THEMENRSL U7 mUB OB v, BH S i 5wkl
BFERLTVS.

F =27 F 4 bR Fe-Ni-Ti §4&TRAKA I 57 HE
LT, ERDOMMFE T OHLNTINTWDHDIE 7'~
NiyTi (FCC, #i8#F CusAu % 4 7)), »-Ni; Ti(Hex.
DO, #4 7) 3X Ot Laves—(Fe,Ni),Ti 7t & Th5b
75, np-NigTi & ¢'-Ni,Ti & 3HEUOEET, ©hbo
B2l —213/08X<, Al OofFfFEiX>T 7' 18
DOLEEMEZ BEINT 5 ZEBMS5NT VwWHEVD. L
ST 245 kg/ mm? # 18%%Ni v /L=~ Oiick\W»WTd
F—ATFA MET O FHE(LIT FE5 LT WBDIE,
7'-NigTi, 7-NiyTi 7 KOHIEEFE 2 LR 5.

Fe-Ni-Ti 5404 ~2A5F4 METOHETIE, Fr
BREG  (Cellular precipitation) 2334 L3O, -
NigTiv® & 5\ % 7' -NipTiv® 7o & ORAHT A K
INAEERHLH LD L OBRT WS RHARIGT
7'-NigTi HERT AT, WO X DKL 9-
NigTi DR LT WS ORI TV AH1P 15 5.
—7 Fe-Ni-Ti ROIKREXDIT X 5 &, RHEHIEEE
MrHAEVE Laves—(Fe,Ni),Ti L #E X, SpecH [T
Fe-30Ni-6Ti iz 3\ T, 88 1 EXORRNIS ra—re+1-
Ni,Ti T 7z & 7-NigTi & OEIRKEREL, 22 ROk
B 7B+ n-NigTi—yc+ Laves-(Fe, Ni), Ti TX 51z
Kz BHRMHEEEZ AR T B2 L2HELTW5D.

EshBEEAZELT 5L, +—XFF4 Mg Photo.
1(a), (b)DX S HKMEIARTHDIE, Bz
AT GERDIAE» B BT, MRS L 5 EHEES N
%. Table 2z 600°C T 100h L, AN HIES
%< U7-abBhe XfgRlT Ui e mas, #8 (BCC
) oL EFFEE oMz, Laves-(Fe,Ni),Ti 3} X8
p-NiTi X% 2 LRBEIHIRL RS, Kk
FCC #&F d=2.06A X0t d=1.79A ofE iz B
MBBLNEVDT, BEX— A7 54 MIRWEHRT
Xv. 9-NiTi ORISR d O/ WHER Ta~ K
(broad) 175> T\5 D%, Laves-(Fe,Ni),Ti 1z X%
Bl d=1.258 OEEREL LTWAHTREELH 5 .

Table 2 5, 5-NigTi * gk HEIND

Laves-(Fe, Ni),Ti OFENER S 7223, XEREHTT
VI UL BT AR R B B i LB VWSRO
T, RAPTHARE LT r'-NigTi 23RS Tcwa e
FEMEVI 7 B BETER V.

4. & =

(1) 245 kg/mm? §f 189,Ni < v = — U§lE, *—
AT =Xy, EETHLIEFCH BT S, T
HE (Lo R Ti SFHES K E W2 T, Ti %
G LI WGBS HIEE(E L ig .

(2) 625°~550°C D+ — 2 T — TR WT, KL
RELZE L T 53 ER—EE L v TOMY, &0 H5K
W52 ERHLPIT LS, ThIXNREZ &L T
5 &L — AT F A MRLFIT HBAPH K 7 R SR 3 T ik
EINBELDTH5.

(3) 550°Ciz3si) %4 — 2 = — & TR ARENH
fkoE s gl s, 5l5RIES (0p) 200~210 kg/mm?
THUOHY 15%, D #965% o5, Lo LERHH
DR T — AT F 4 MRSIT BT K I AT HIAR 3
BEN, T &I WEESKRT 5. st —2A T
— O THIL LB D go2/0p 1HY 0.87 THEMEILM
B 2oV — U LIl H ORI TS S5 E (£90.98)
B LT IR D /NS .

(4) 600°C ¢ 100h Ausage L, #7H{¥% Hosi
KA L7230 o X [ElH > 5, Laves-(Fe,Ni),Ti F X
O p-NigTi (2 & % & H#EE S5 RIS Bh .

AR LTI 5K D, BEDO—HETEoTniK
WEARE—K, BAMRK, LRERK, LHREFRIC
R HHEELERT S,
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