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Grain Refinement and Superplasticity in Ni-30Cr-5Al Alloy

Isao KUBOKI, Yoshinobu MOTOHASHI, Mamoru IMABAYASHI and Kenzou KATO

Synopsis: )

The Ni-30Cr-5Al alloy which is used for an ornamental material is relatively soft in an as-solid-solution
state, and the alloy can be strengthened to about 600 in Vickers hardness by precipitation hardening. In
the present study, a possibility of superplasticity in the alloy is examined by refining its microstructure
using a thermomechanical treatment. The thermomecahnical treatment is composed of a cold rolling of at
least 80% in rolling reduction followed by a precipitation and recrystallization at temperatures below 1 225
K. A fine-grained dual phase microstructure in which fine round a-Cr phase particles are uniformly dis-
persing in 7-Ni phase matrix can be obtained by the treatment. An alloy which was undergone such treat-
ments shows the total elongation of more than 500% and the strain-rate sensitivity index of about 0.4 when
deformed at 1225 K. The deformation at temperatures below 1225 K obeys thermally activated process
and the activation energy found is 251 kJ mol ™ !. It can therefore be concluded that the Ni-30Cr-5Al alloy

which has undergone the above-stated thermomechanical treatment shows superplasticity.
Key words : Ni base alloy ; grain refinement ; superplasticity ; mechanical properties.
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Fig. 1. Schematic diagram of the thermomechani-
cal treatment to obtain specimens for tensile test.
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Fig. 2. Effect of cold-rolling reduction on the
hardness of Ni-30Cr-5A1 alloys cold-rolled and
then annealed at 1 175K for different times.
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Fig. 3. Effect of annealing temperature on the
hardness of Ni-30Cr-5Al alloys, having various
amounts of cold-rolling reduction, annealed for 0.6
ks, 3.6 ks or 18ks.
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Fig. 4. Effect of annealing time on the hardness
of Ni-30Cr-5Al alloys, having various amounts of
cold-rolling reduction, annealed at various temper-
atures.
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Optical microstructures of Ni-30Cr-5Al alloys, having various amounts

of cold-rolling reduction, annealed at 1 175 K for different times.
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Photo. 2. Optical microstructures of Ni-30Cr-5Al alloys, having various amounts of
cold-rolling reduction, annealed at various temperatures for 18 ks.
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$iZett d, Spe. C L[EBR) IS8T BREREREE, 5IRM
EBIXUBW E COREADMEIIZ, ZhFh 882MPa,
1097MPa, 0.22 Th 5. 4B, REOBEIMZIE D W
FERTARE, SIRME IHAIIETL, BT COEEA
GHRICHEMT S, Z2C, BIKEELFRERENKT
DEFIBEREEDIZ ) FREERZRLTWS., =
nEHERMOMMILIc X > CRRILERKECTEL L
EERL TS, &5, ME-BEEOKRTICE D 2V,
Wl £ COEEADMIACILE L T, EHFICEDB[R
SREEATBBUART 3 % I8 (BESE R c~d) 2FET 5.
ShED, FIERRBICBYBIEN L ELOBRLS b
HAREZHO DI TAIENTEL DD EEDRLS

4. # ]

Ni-30Cr-5A1 A& DEEA (AT H - B4 S0P % 5 =
U CHEEHIE 217V, B ol Rtddgt a3
HBR IOV THRB L UERFERRZITO R,
DT o##REHE:.

(1)RLK o HAH— 58 L 72 R S 2 18 2 7
BTk, FETH 80 %L, BEstiERE 875~1225K, %
HRIR, BB THESBICERITB2EL S5
VERD 5.

(2) T hoOBRMEHDOREBR 2BV TLRALMY
BILUBRNRBIEH 2 RTRREE R 1225K TH 5
A, RREMULRTEABRE KR, R OB
BRI CEEAEENICRITT 5.

(3)1225K %32 LTEREBHEIBEO MR LS.
125K 2 B HIRECRBYUMML2EREZRS 2w
A, 1225 K LT TIRHEK 500 % DEoeMue ik
mfEN 0.4 LLEERLAZEDS, BN S EE
RBEEERLLTVABLDEEZONSL, DL 31BY
BHEEOFEHALT NV F—13 251 kJ-mol™ ! THo1:.

(4)yHBEXU a0 1225K 2B BMEEIX, Z
NZRARIEE, KRB Z>TXRENS. $72, a
FEE 0.6um, Y HIE 1.5um 2 BT H2REBH OKiRT|E
ABR T, BRKGREE, 5IRME B L OB E COEEA
i ZhZh 882MPa, 1097 MPa, 0.22 T 575, RIK
RIZE D VRO, 5IRMEIZEBICIETL, B
TCTHOEFEAIHERBICHWINT S, 2512, OB
IICE O TR ERELKTHI L HTREE 2 5.
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