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Effect of Rolling Temperature on Strength and Low Temperature
Toughness of Fe-132Ni Alloys

Keisuke ISHIKAWA and Kazuo Tsuva

Synopsis:

Thermomechanical treatment was applied to Fe-139%Ni cryogenic alloys for the improvement of the
strength and the toughness. The rolling temperature was varied and the relative appreciation was made
on the proofstress at 300 K and the impact energy at 77 K of the alloys thermomechanically treated at various
temperatures of 900°C, the lower austenite temperature region, 650°C, the «—y two phase region and 23°C.
In the material treated at latter two temperatures, no difference was observed in the combination of the
strength and the low temperature toughness. The better combination was obtained by rolling at 900°C
and reheating. Anisotropy of the impact energy at 77 K was found to be increased with increasing the
strength.

The addition of Ti together with Mo showed marked increase in strengthening and increased the strength

of Fe-13%Ni alloys without reducing the low temperature toughness.
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Table 1. Chemical composition and unified symbols (unless otherwise mentioned)

of each material used.

. Ni Mo Ti Al G P N S Directions
Specimen
Number (wt%) (ppm) t]a %?5;} Transverse
1 13.26 — 0.10 0.048 30 40 15 60 O o
2 13.40 — 0.22 0.047 30 40 10 60 A A
3 13.22 2.92 0.087 0.024 30 30 20 60 v v
4 13.22 2.89 0.24 0.027 30 30 10 60 0 ]
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Table 2. Transformation temperatures of the
materials (°C).

Specimen
Number My M 4s Af
1 370 420 610 670
2 365 430 635 670
3 270 330 645 670
4 270 330 650 670
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Fig. 1. Sequence of thermomechanical treatments,
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Fig. 3. Average proof stress at 300K v.s. re-
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at 900°C.
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Fig. 6. Impact energy at 77K v.s. reheating
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Fig. 7. Impact energy at 77K v.s. reheating
temperatures of materials rolled at 900°C.
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Fig. 8. Impact energy at 77K v.s. reheating
temperatures of materials rolled at 650°C,
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Fig. 9. Impact energy 77K v.s. reheating tem-
peratures of materials rolled at 23°C.
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Fig. 10. Relative appreciation between proof
stress at 300K and impact energy at
77K of materials rolled at 900°C.
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Fig. 11. Relative appreciation between proof
stress at 300K and impact energy at
77K of materials rolled at 650°C.

3.4 TIK [CHITIEEEDESK

IR THRIN TS X 5T, BEEE & (EEEH:
DHAFCENT D, RBRARIRAMIC X 5282300 X
ScRbohs. LCHEHBEORFHITFELYL. 0E
HEECFHFURT (a) ZRROXSKERFRLT, it
NBXOFHEEWE (L, THROEHEED V) it
LTHWiE R Fig. 13 (a), (b) TH5.

L OV (CVN) 2 (1)
2 " (QVN);—(CVN) 7

— 75 —



1734 ok L W 4 64 4 (1978) 2%
1000 1000 — —
FOR THE HIGHEST IMPACT ENERGY
~ -~ QUENCHED AND REHEATED
Q & ‘
%
: BN : |
x 750 o M0 N— x 750 — with Mo ="~
g v v VoY g ve —— ' A
& A A S | b
< “‘.\ 8.2 A0 o~ v~ withouf Mo
e el 0y
(6)) ST \O] g))
'é 500 ; l@ 500 OPEN MARKS : PROOF STRESS
) ROLLED AT 23°C AND 5 SOLID MARKS :  TENSILE STRESS
W REHEATED AT VARIOUS
S TEMPERATURES
@
* 250 | | 2505 07 02
0 100 200 300 Ti (wt% )

IMPACT-ENERGY AT 77 K (J )

Fig. 12, Relative appreciation between proof
stress at 300K and impact energy at
77K of materials rolled at 23°C.

20 - 77 oz
o vaoa
(a) -4 ({lﬂ) eAvnm
(Iv) gSgFp
G
10
P 14

oe

2o
SEW o v
a4 VV 1 A

o AA.%! wfno ¥ O

Y FACTOR OF IMPACT ENERGY AT 77 K
(=}

500 750 1000
20 PROOF STRESS AT 300 K(MPa )
(b) P
o
10
S o
hs 7 8
8 v WGl %d
~ oo a"v‘sgi@ é\-*‘ l. vv
0 100 200 300

AVERAGE IMPACT ENERGY AT 77 K(J )

Fig. 13(a). Isotropy factor of impact energy at
77K v.s. proof stress at 30K of
the materials.

(b). Isotropy factor of impact energy at
77K v.s. average impact energy
of the materials.

EEEOSHFHIIRELY EAS €5 LB L, HEME
B bR XELEHENT 5. EEEEOZEITIHED X 5T
BhTwd vk,

3.5 Mo B&U Ti OHR
Fig. 10, Fig. 11 X * Fig. 12 @k ThmEh

Fig. 14. Effect of alloying elements Mo and Ti
on strength of materials quenched and

reheated.
300

i
Xx .
o~ o l
—~ e ——
< Vo Twithout Mo
D
S |
@
% 100+— FOR THE HIGHEST PROOF STRESS __.|
W QUENCHED AND REHEATED
S
g
=
~y

0 0.1 0.2

Ti (wt % )
Fig. 15. Effect of alloying elements Mo and Ti
on impact energy at 77K of materials
quenched and reheated.

TW5 X5, Mo DI HEEIEZERTIES Z
L L it R T W, EEANTFINEOIEEM I
BIHHEOHEERIUCMAIEEX5HEOM IR X
OEEEEI 3 X8+ Mo, Ti of#yx Fig. 14, Fig.
15 CRIN5G. 3&E~AD Ti OFRIT Mo OFFEIC X
DENS. fAEREIC S WTIE Mo 2SFEFE LTS Ti
OEEINE, HIbE BN Lichi>T Fe-139Ni &
40 Mo & Ti OBEETINC X D @Es WEIND
zrici b, ZOBEMTEEREEZELSETD, K&
KRR L, HBOMAN2H 2 555 0EEHNEC S
XiEd Mo X Ti og# Fig. 16, Fig. 17 ¥

— 76 —



wesaaesessene . A e, A .

Fe-139,Ni 44 0k & REWKICE X ET EEEE 0 ZE 1735

300
~
X
{: 200
~
q
>
&
W
& 100
[,
it’ FOR THE HIGHEST PROOF STRESS
X ROLLED AT 900 °C AND REHEATED
. | |
0 0.1 0.2
Ti ( wt%)

Fig. 16, Effect of alloying elements Mo and Ti
on impact energy at 77K of materials
rolled at 900°C and reheated.
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