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Effect of Grain Size on the Strength of Ll, Intermetallic Compounds

Yoshihiro OvA, Yoshinao MisSHIMA, Keisuke YAMADA and Tomoo SUZUKI

Synopsis :

Temperature dependence of strength in Ni;Al and Ni,Si with various grain sizes, 4 to 275 ym, are investi-
gated through compression tests. The finer the grain size is, the positive temperature dependence of strength
appears to be weaker. Thus Harr-PeTcH parameter, ky, for both alloys is evaluated at various test temper-
atures and is found to decrease above 200 K for Ni;Si and 600 K for NiAl. The apparent decrease in
magnitude of the positive temperature dependence of strength in these alloys is then interpreted as stress
relaxation which is found to become pronounced at higher test temperatures for finer grain sizes and for lower

strain rates.

It is concluded that grain boundary sliding is responsible for the stress relaxation and the

activation energy for this thermally activated process is deduced to be 23 kJ/mol.
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Table 1. Schedule to obtain NizjAl and Ni,Si with various grain sizes.

Alloy NisAl(24.0 at% Al)+B NigSi(24. 0 at%Si)

1 327(86)—1 173(173)—1 073(86)—F.C.

Homogenizing [K (ks) ] 1327(180)—F.C.
Cold working {%] — 40 —

Thermal cycling (1132 K—1373 K) = — — — _ - — 1 2
Annealing [K(ks) ] —  1327(72) 112%72) 1053(72) 1023(72) 930(72) — 1073(1 200) 1073(518)
Grain size [p#m] 275 112 28 11 8 4 88 39 30
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Fig. 1. Temperature dependence of 0.2 pct flow Fig. 2. Temperature dependence of 0.2 pct flow

stress of NisAl with various grain sizes, where solid
circle is the value for ¢, obtained in Fig. 3.
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Fig. 3. The relationship between grain size and
0.2 pct flow stress for NizAl at various tempera-
tures.
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Fig. 4. The relationship between grain size and
0.2 pct flow stress for NigSi at various tempera-
tures.
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Fig. 5. Temperature dependence of the HaLrL-
PETCH parameter, ky, for NizAl and Ni;Si. The
data previously reported for CugAu, Ni,Fe,
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Photo. 1. Scanning electron micrographs illustrat~
ing grain boundary sliding characteristic in Ni;Si
with fine grains.
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405 ¢ stress relaxation caused by grain boundary sliding.

Fig. 9. Schematic flow stress vs. temperature
curves to illustrate the contribution of various
strengthening effects.
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Fig. 10. Logarithmic plots of stress relaxation term
dos vs reciprocal temperature for NiAl poly-
crystals. According to eq.(6), dog can be derived
in two ways. The flow stress decrement for lower
strain rate with reference to the flow stress curve
for §é=1.4x10-3 s-1 under a fixed grain size of
4 pm is obtained from the result in Fig. 7 (open
marks). That for finer grain size with reference
to a hypothetical flow stress curve under a fixed
strain rate of 1.4x10-4s-1 is obtained from the
result in Fig. 1 (solid marks). The hypothetical
curve is constructed so that the contribution of
grain boundary strengthening for finer grains, 4oy
defined in eq.(4), is added to the flow stress curve
for d=275 pm.
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X 7.2kJ/mol FMELTWB. RREITD ki Rk
PEELTWBZ LaEL Abe5 L AERTCE bR
Qs DEZZYIETHS. ¥k Fig. 1 SR EOE
fbiext3% dos OFHE%TT 5 Bz, d=28 pym [J Lo
KRR LTI dos REHTEDZ E0bhb, %
FEEHE LT OTE—#oD L, £EMEAYMOHRTE
WTE D ToteA b B W ORIEN 40~400 pm OEIFI 5
DT, MIDOEDOREKRFEZBEL 2B dos D%
REZERTHLENR W LGN TH D,

MR DIDER LT % X 5 & BRI AW —Bm
CHEME AR TORNAEECER L TR Y, MR LRA

& 70 4 (1984) ®15%

DHHETLEEDO N IcBIRZEBRT S 2 LREETD
5. RETRY 24 CHD5EE, Tihbb by BMET
LI AIREN NigSi & NiAl Tk & BAoTUW5D
DHZOZ LIBERSD EBbhs. BMXDOEDORE
KEMEER I\ L, £BRLADo\WT Z 0B o5
REITH T LXARTHY, AR THEEOR
LDOADERERFEETT FeGeP it D\ T & EREY
FIR LR EHE LR Lot & &
MEELTHEL.

7% LEBRANT 5t (100) Hfzo NigAl BEE o
BOEREERERCOWTHE LTLW5%, thick
AT IPRAYRTRE (Te) ¥ CREEEERFHE
g LA ERD BT Fig. 6 ofiOBAELRETH
. ThboERIIEREE S KEAR-WILSDORF #HE,
Tichb (111) XD o AMG L B8y 52 7
WZEERRLTWAS., —HELXEE R (100) +Xh
BAShDRE Tr RE LB 525, BREE
RSB E T BEBA BT 00 K&
AORERFEY Lo (100) TXh OB AMIEINT ¥
TREREDEAEEERFMEZ B 5. LEBR-
ANT LORERIIRE FR & & L cliEssn LT <R
B\ T BHELRBLEERFMS 74T 5 Fig.
7 OMREABIOBE LR ABHNCREABETH 5.

1. f5 =

(1) NizAl, NigSi @ 0.2% JEIGIIVTFho
HREER R VTS Hatr-PercH o BHRRHREL, B
BTD ky 0B A-RRAEES S > L, HEBT
B EFABECHETHS.

(2) NiAl 12 500K, NigSi Tt 200K 72258
Eo bR Xh R ky OETHELRS.

(3) HRRRTIE EBR%E 7ok TRTo BLEE
T, FMERAMCRBVWELREECSWTHIZIhS
EERBIOEDREREMIED DhD. —F, FN
AHTRBAEESEL LT &, BIXOEOREXK
FHOBEIRFEED, DWiRiINEE L L Sk 5.

(4) A% - BIRE - EELEEOLH TR WTIE
HBIOBREREENZD b, BELRL LI
ky REB BT LTWLE Ok BuFH BB X 2R
FTARYEZ X OTIRTIRERMD T LERTE S,

ABRET 5T hic b Kl RFEBM TR nRE
BECVE BEHEINMCOWT,  F fodbmE ks T3 8E 0
HHE, EHERRLCREESBABC OWTERR
ERORP A\ ALE, Z CE L AL LR B RE
TH5. FRAPIISGHER#PZRE No. 57420051
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