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Resistometric Study of Precipitation in Maraging Steels

Ko Sorno and Tetsuro KUuropA

Synopsis:

Precipitation characteristics in 189, 209% and 259, nickel type maraging steels were mvestlgated by
measuring the changes in electrical resistivity at liquid nitrogen temperature. Generally, the changes in
resistivity are large in the remarkably precipitation—~hardened steels, and the aspect of the changes in
resistivity well coincides with that of the changes in tensile strength.

In the 189 nickel type maraging steel, the precipitation kinetics and its mode are assumed to be
different in the temperature ranges above about 425°C and below. Consequently, the precipitates
formed 'in the temperature ranges also seem to'be different with each other. = Activation energy for precipi-
tation is about 35 kcal/mol, and it can be deduced from this result that the precipitating atoms may diffuse
through martensitic matrix with the help of some kinds of lattice defects. However, at the stage of over
about 709 in total resistivity change, the activation energy seems to be increased to 44~49 kcal/mol.

In the case of 209, and 259 nickel type maraging steels, the resistivity increase, assumed to be due to the
formation of cluster zone, was found at the early stage of precipitation. Activation energy for the formation
of cluster zones was determined as 55~65 kcal/mol but, in the early stage of the formation, the activation
The precipitation rate in the 259, nickel type maraging steel
was faster than that of the 209, nickel type maraging steel and the maximum precipitation—hardened state
In comparatively higher aging temperature range,
stable austenite, retained even in liquid nitrogen temperature, was formed and resulted in resistivity in—
crease. The formation of austenite was more easily in the 189, and the 259, nickel maraging steels than
in the 209, nickel maraging steel, and was accelerated by cold work.

Precipitation rates in nickel maraging steels were accelerated by cold work but its effect was not so

energy was calculated as about 35 kcal/mol.

appeared in the stage of the growth of cluster zones.

51gmﬁcant as might be expected.
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Table 1. Chemical compositions of alloys used.

Ni - Co Mo Al Ti

No 1 Nb Mn e N + H

%) (%) (%) (%) (%) (%) (%) | (ppm) | (ppm) | (ppm) (ppm)
1 18 9 0-15 tr. 56 313 1'9
2 18 9 3 0-15 tr. 7-5 213 2'5
3 18 9 5 015 tr. 12-0 90 2:7
4 18 9 5 05 015 |- tr. |- 17-0 60 1°5
5 20 0-15 tr. 4-0 76 3:7
6 20 0'5 1-8 0-15 tr. 19-0 63 28
7 20 05 1-8 05 0-15 tr. 120 122 36
8 20 05 0-15 tr. 11-0 113. 44
9 25 0-15 tr. 27 73 29
10 25 05 1-8 0-15 tr. 18-0 60 2-5
11 25 05 1-8 05 0-15 tr. 11-0 365 20
12 25 0-5 0°15 tr. 14-0 101 40
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Fig. 2. Variation of electrical resistivity during
isochronal aging (30 min at each tempe-
rature), and effect of aging temperature
on tensile strength.
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Fig. 4. Resistivity change at liquid
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aging, .Specimen No 3, 189 Ni-maraging steel,
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Fig. 5. Change in tensile sirength during isothermal aging.
Specimen No 3, 189,Ni-maraging steel.
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Fig. 6. Relation between temperature and time
Specimen No 3, 189;Ni-maraging steel.
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Changes in resistivity and tensile strength during isothermal aging.

Specimen Neo 3, 18¢,Ni-maraging steel.
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Fig. 11. Change in tensile strength during isothermal aging. Specimen No 7, 209;Ni-maraging steel.
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P 189%Ni v vz — TR LNIFEE b 2 v X
Y RE L, a-Fe hOBERREHR T OWHE» L FEEN
HEEREVETE . 73 cluster zone DA FKMRET
T HEETHE L T, W-3EQ 30 1/2 T 5 .
Fig. 13 WX FENCL 5 53R D 3x D 2k s

SWEOPIEE ST, 25% Ni v vz — OGO HEE R

20%Ni L TR E V. HTHAES Nig(Al, Ti) &
B, AL Ti p—ETH (Table 1 280 Ni §a588
T 5 EBEANFENCH TS Nig(ALTi) Oi@EaFIEE 14
MLTWBZ Lt d. HHEEDEX IR L >TH
PahL>. '

Fig. 14 1 dp O K{E (BLF dom LWEED) & F5%h
RE L DBEBRTH D, dpom 13 20%Ni LT 25%

\Io‘ . e
F (1D 20%nNi = moraging steel, @ : 6673 keal/mol o@ '

- @ 20%Ni— maraging steel, W : 620keal/mol -

" (3) 25%Ni— maraging steet, @ : 587kcal/mol

() 25%Ni— maraging steel, W : 555 kol/my
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Fig. .13. Arrhenius plot constructed from maximum
“ resistivity increase. -
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Fig. 14. Variation of maximum resistivity increase
with aging temperature.
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Fig. 17. Arrhenius plot constructed from resistivity data Fig. 15, 16.
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B% Fig. 15 X0 Fig. 16 TR3. T ERZL
DREIE BRD I fEAL = 2 V¥ % Fig. 17 RT85,
189% Ni <= —CHHOFEREILT 2 VY L FEEEOED
Boni. Thbbif Ml witkb v ¥
THHREFBIEHTHZLERTIOT, TDDDIK
BB L LT, 72& XINBRIEFLOZE L IO
BB &, AL OBFRIFREN LT HEFZ
EXDHUEHRDD-

* Fig. 9 X O* Fig. 10 »SALPR XS0, dpu I
FERITE T D dp ORFEELXEM TRV, 215°C
LT O Th, 7z& x1E Fig. 16, W-3Ho 185°C
RSB ERIC . 55 L5 WHEHTRWIEANRHS. 18%
Ni = VI~ UHETHRABT, 2OX>7 dp OB
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215°~155°C floo#r e < 3 HIgyugms b &bl
WZ &5, cluster zone DAEFRANELHS TRESIENCT
TR EINTWSAREESE 2 5N, ik 18% Ni
TN — P TRITHOERLT 2 v FLhEL, 20%
Ni ® 259 Ni =z —Ufi0 X 5 kfE (55~65 kcal/
mol) G Shiu.

4. 8 &

=y v 2~ RO A REERIBE TS
LHIEMAL» ORFA L cERZ2ENTHERDESRD
Tab.

(1) #HTHAEE(LASE LV Bk SR HZE i — AR IT K
&<, TREBITHOBIEIC VT Ik OZE{LE§]
RVRESOE(LE IS L K —FH LTV

(2) 18%Ni =z —Hix§ 425°C 2iEiC LTS
& BIRM & T OETHARL D, Lo THIH
PBIDEPHD LHEINS. THOEMR (LT 2 vF i
#) 35kcal/ mol T/hXL, WHEFO ILEHEEL LT
1, MADLPORBFRGERN T HEELE 2 DUE
BHHEEDbRS. L LitHaSetiEig (ko0
DA EEFT U ERRE T, &M b= v ¥ 25 44~49 keal/
mol 21NN T SR REME D H 5 .

(3) 209%Ni =T — i gL T 25% Ni =1
= — O HEET KE v, vwWihd R
clustre zone 0)_&._}5,%&._3: 5 EWESIND | IS S
Fo:bﬂé HARI OB R IIREShIBE IV I &R E <
Fiz 259%Ni v v — DTS BREV. X LILFE—
TR M IR D3 5 Mk E V. cluster zone 4
FRDEMAL = 2V F 129 55~65kcal/ mol T3 5 A3, 4
BANEIT 3T 35 keal/ mol @/ S WMET W HHETF2E
BT 5 EEXOLNS. Ik RO Hi#{kiZcluster zone
DOREEETH Sbhb.

(4) ERMRZHT, MEERPZESL L5 o
Y4 MELAWEELA — A5 54 bB3EKL, o
FAREUASE NN 5. REA — A7 F 4~ D4 RK{EMIZ20
%Ni 2 )T — O FITHET L T 18%Ni 35 L (F 259%Ni =
VI —OPNBKE L, RBEMIIT X 2T HAakHs{E
EXNSIEMRHS. 18% Ni v vz —OETREA —
A7 F 4 b OERMFRA K E VT LV, A NigMo
DES57 NI LD{LEWM TN EETELTHWS A
bhs.

(5) HREMICIO>THHIREEINDGD, TOF
BXHEDKREL L. o & 2T 2096Ni & 259Ni <
wx — 28O cluster zone DA THET S L,
75% OB 1M IR T /2 @R s 5.

Bb ) CERRZ ETT DR D BOEETHESR
ﬁﬂt¢%%m§E,mavkﬁ$@—Ek%Eﬁ6ﬂ
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