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Study on Precipitation Hardening of Martensitic Fe-Ni-Si Alloys

Masao KANAO, Toru ARAKI, and Keishi NAKANO

Synopsis:

Age hardening behaviours and precipitation process of martensitic Fe-Ni-Si alloys containing 10~18
2% Ni and 0~ 59, Si were investigated. The results obtained are summarized as follows:

1) Fe-Ni-Si alloys having lath martensite structure were remarkably hardened by aging in the
temperature range between 300 and 525°C after water quenched from austenite region.

2) When aged isothermally at 500°C or below, the age-hardening process of the Fe-Ni-Si alloys

took place in two stages.

3) The first stage of hardening, which was accompanied by increment of electric resistivity and
slight contraction of lattice parameter of martensite matrix, seems to be due to the formation of
solute rich clusters (or zones) in the bcc matrix. In the electron diffraction patterns from thin foil
specimen, there were faint super lattice spots suggesting the clusters are ordered (DO; type) ones.

4) 1In the second stage of hardening, electric resistivity decreased and lattice parameter of marten-
site increased. Observations by transmission electron microscopy indicated that the hardening of the
second stage seems to be due to the precipitation of a transition phase on dislocations.

(Received Sept. 3, 1970)
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Table 1. Chemical composition of alloys tested (wt%).

Alloy No| Ni si |« Mn P S Cu Al SN Fe
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Fig. 2. The changes in hardness of Fe-189;Ni-39;,
Si alloy after aged at 400°C, 450°C and
500°C as afunction of aging time.
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Fig. 3. Effect of aging temperature on hardness of
Fe-189,Ni-39,51 alloy as a function of
aging time.
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Fig. 4. The change in hardness and austenite
content of Fe-189,Ni-39,Si alloy as a
function of aging temperature.
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Fig. 6. The stress-strain curves of Fe-1895Ni-39,

Si alloy aged at various temperatures for
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Photo. 1. Microstructures of Fe-189,Ni-394,Si alloy
solution treated at 1000°C and aged for
(a) 5hr, (b) 100hr at 500°C, and (c) 3hr
at 575°C.
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Photo. 2. Transmission electro;micrograp of Fe;
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450°C. ’
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Photo. 3. Transmission electron micrographs of Fe-
1894 Ni-3945i alloy aged for 8hr at 450
°C. (a) Bright field, (b) Dark field mi-
crograph.
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Photo. 4. Transmission electron micrograph of Fe-

182,Ni-39,Si alloy aged for 8hr at 450
o
C.
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Table 2. d values determined by electron diffraction
of thin foil specimen of Fe-18%Ni-3%5i
alloy aged 8hr at 450°C.

d (A) d (A d (Ayjt| " d Ay
2426 1-336 1-091 0883
1-954 1-300 1-078 0848
1-830 1:-246 1:056 0-813
1-708 1-221 1-036 0:795
1608 1-176 0-984 0-770
1395 1-141 0-933
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Photo. 5. Transmission electron micrograph of Fe-
189, Ni-324Si alloy [aged for 200hr at
450°C..

R R RS PO “ .
Photo. 6. Electron micrograph of Fe-189,Ni-39%,5i
alloy aged for 100hr at 500°C.
(Extraction replica)
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Fig. 7. Changes of hardness, lattice parameter and
electric resistance of Fe-189,Ni-39Si alloy
as a function of aging time at 450°C.
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Photo. 7. Electron diffraction pattern of Fe-189,Ni-
5%5i alloy aged for 0‘lhr at 450°C.
Showing several super-lattice spots.
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Fig. 8. The hardness changes of Fe-69,5i-0~69%Ni alloys as

a function of aging time at 475°C.
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Fig. 9. Effect of Si content on hardness of Fe-15
9, Ni-Si alloy as a function of aging time
at 475°C.

V- R LEE SR T 5.
CDXSIELZTL BE, MBS
7B FRAE< MY 2 20BAkic X 5B
DT, HAROZELTH S b0 L Bbi
5. FTEELONT TR Fe-Ni-Be §& TR~z
LUK, BRFLECBRETLRCBAR I 722 — (B
BV —2) BERENGZ LT oTELL, £z
25 2% —RBAMLEN TWvB g ke LTHREANE

N 15%Ni-0%Si (475°C)
o3 _o 1 -
2:870 P‘ﬂ]° 00
ot N
= a ISNi-2Si (4753 a |
. 2865 L JONIZ2Si (4750) | Lo
5 »
: |
g 18Ni-35i (45010 ]
o 2860 Fo=0-0 —
2 '&m—ssa (asoc) 1 x 1]
3 et |
\\4§N>69(475 ) A z
2855 LSSLADT )
2850 LA~

0 ol | 10 100
Aging time. (hr)

1 000

Fig. 10. The changes in lattice parameter of various
Fe-15~189,Ni-Si alloys as a function of
aging time.

400
)/O,—O\(i;
S oo \o
/ N
z 350;
- 4 A
» 3 G
5 8
Yo
By
300 bnv— = 0
As solution Ol | e 100
treated Aging time (hr)
Fig. 11. The change in hardness and austenite con—

tent of Fe-1894Ni-3%Si alloy as a func-—
tion of aging time (Aged at 500°C).

— 9] —



1190 g% & 0

W57 £ (1971) BT 5

.
. - ! . .
o4& z 2 v " S .
PR £ A oL R, 8,
. ; ; >, P
Lo , i LS TR T
o . .
- R S LR
. o V%% T MR
AR S\

O GV

Photo. 8. Microstructures of Fe-159,Ni-Si alloys aged for 500hr at 475°C.
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