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Abstract Ni-33.3at%Si elemental powder mixtures were mechanically alloyed by a high-energy ball mill, followed by
CIP (cold isostatic pressing) and HIP (hot isostatic pressing) for different processing conditions. Only elemental phases
(Ni and Si) were observed for the 15 min mechanically alloyed (MA 15 min) powder, but Ni.Si and elemental phases
were observed to coexist for the 30 min mechanically alloyed (MA 30 min) powder. Elemental Ni and Ni;Si phases
were observed for the HIPed compact of MA 15 min powder at 100 and 150 MPa for 2 hr at 800°C. Only the Ni.Si
phase was, however, observed for the HIPed compacts of MA 30 min powder. For the HIPed compacts, the highest sin-
tered density was obtained to be 99.5%of theoretical density by a HIP step at 1100C at 150 MPa for 2 hr. The hardness
values of the HIPed Ni.Si compacts at 1100°C at 100/150 MPa for 2 hr were higher than HRC 66. The densification
and mechanical property of HIPed Ni.Si compacts were found to depend on more HIP temperature than HIP pressure.
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F47F 33E (intermetallic compounds) & 7o] #-20
A e A # 7F3-o ofego] el 7|E A= u
9o R Ao B3, J|AH HAFe] A gol o]
H st Bug 7] Y AR Azuyge bR
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Si ¥ AHE-EHch. NiSi #ghEe) 2Au)e| we} Ni-
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(CIP, cold isostatic pressing) & ©]43}¢] 360MPa %¥
Bholl A 23F AL shgict LS £ 2AE Q7] fshod
TEoAA 23 7haE o]4dE 5 Uit &7 el
HIPE o]43sict. ojdf AH&¥ Ual87]2 SUS 304
stainless steel can& AMS-8412™, canl¥9} 43 o7
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3.1 Ni-33.3at %Si 22| M= o My

7\A A g3t d8 A2F Ni-33.3at%Si 229 A
FAZ £48) 7)) A SHS vhg A Fof B A
st7] A Z1A A FF3 Al wet A2 2Ee X-4
FAEA 2AFAE Fig. 19 2odF 3 ik, MA 15 min o)
dloll A= Nigt Sie) 4 E5F Awte] Ta=son), MA
30 min °))4 SHS uh-g-ol) 9Js) FA4E NiSidst ol
w3 i EF Aol A3 EAEHY Ut eoldl we
F 7} £, &, SHS ¥ A ¥4= MA 15 mins
kg 3o BtE MA 30 ming A=ty Ay 44 A
z3}4ich.

MA 15 min} MA 30 min ¥2¢] £4 2% FAA3}
7] 915t Lo w& 2t Bde) A HEE Al AlA

+ 4 (DTA, differential thermal analysis) 3 44 A
+ FAd% F 9le X-A IHAEAE A% A5 Fig. 29
3ol Zz} el et MA 15 min 2o & 757C A
Aokl 2 peakdE BodFa 93, MA 30 mindA=
865°C ol A 2t W peak®E R F3 rh AA A4S
)5t 7] 98t MA 15 min ¥%¢¢ 800°C/0 min 2]
T MA 30 min ¥ 900°C/0 mindlA AT Axje]F
, 7 Ee X-A 8A £493k9dt). Fig. 3ol debd |
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& g Ut} ol wel 4 Fel £ 2=F 8007 (0.
70T. K), 1000°C (0.84T. K) % 1100C(0.90T. K) =
AAstgic).
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Fig. 1. XRD patterns of Ni-33.3at%Si powders mechanically
alloyed at various MA times.
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Fig. 2. DTA,s of Ni-33.3at%Si powders mechanical alloyed for
15 min and 30 min,
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Fig. 3. XRD patterns of the annealed Ni-33.3at%Si powders at

different temperatures after mechanical alloying for 15 min
and 30 min.
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Fig. 4. XRD patterns of the as-15 min MAed Ni-33.3at%Si
powder and the hot isostatically pressed compacts at 150 MPa
for 2 hr at different temperatures.

t}. 800C/2 hrof A& m) Wh-&-3k NiAk e} of3-2 Ni,
Si‘ge] gal=ed, 57} Frbgel wel NiSiAtate]
A =E3 HHAEr) Frlske e B9Fn ek NisSi
49 B F7Er) 213 A2 NisSi 247 o) 4As7) o
T4 Zolek. £33 100 MPa ¢3ellAe] HIP 2} %o
A& oje} ZHE AFE A% 4 U

MA 30 min £ (SHS 3-8 %) XIS 9o} 22
ZRR Azd 2449 X-4Al 3™EA A}E Fig. 5

- AT A I Hel A% Ni-333at%8i £ oo 747

0 o

800°C / 2hr

0% C

0% g
l i 1000 / 2hr
1200C / 2hr

00
20 30 40 50 60 70 80
29 (degrees)

Intensity (Arbitrary Unit)

Fig. 5. XRD patterns of the as-30 min MAed Ni-33.3at%Si
powder and the hot isostatically pressed compacts at 150 MPa
for 2 hr at different temperatures.

F'v—l“—%; T —
MA 15min

100}

(2.5}
<
T
L
o0
[

3
T
I
|
3

s

Sintered density (%)

80 —c—100MPa | 180
/ —0O— 150MPa
25 7800 000 1200
HIP Temperature (°C)

Fig. 6. Effect of HIP temperature on the sintered density of Ni,
Si HIPed compacts at different pressures.
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d Aolct}, o]g} e A7} 100MPa ¥ H$olx vl
7129l Ao Bol, HIP X2jA] NiSig] AL A44%
2 gHEThE MA A7k HIP 259 24 o&gichs
A& 2+

Fig. 6& HIP 7o o8& z+ 229 &4 H= & e}
W Ao Zt Bk 24A ¢ dhsjA HIP 257} 5713
of e} 272 Uxr} A HAAHHe R FIlslE A & 5
olth. 100 MPa ¢t3el4 1000°C/2 hra} 1100°C/2 hr
<k HIP X2)gk 23}, MA 15 min £%9] 273 ¥=+=
Z+z 9459 99.1% 192, MA 30 min9 #H$-ol= Zzt
94.95% 99.3%°1lch. 150 MPa ¢34 1000°C/2 hr
3} 1100°C/2 hr¥ek HIP A& A%, MA 15 min9 3
Lol 24 ¥xe 2zt 9599 99.4%°lx, MA 30
min® 7%l A& 77 96.3% 99.5% ¢t

o]g} ko] HIPo) &jgk MA 15 min3 MA 30 min &
2e] 27 Ye HIP ¢yiciE HIP X6 o 2)#3
ol g vt g o F g, 9o AsEE 100%
9 27 UEE desy BT Ay U= HIP A ¥
%), HIP A7, = =& 4HE VM=, FAd =
E Z2¢EH Y g8 mAlG F3Y F97)FE 2EAAE
4 31& 7ol

a8 AF 249 A9, SHS uhgo] doju}r] ¢k
MA 15 min ¥ 248+ 7] w58 d4Fe] 24 1
Ao 4] SHS Hh-g-oll w2 A 579w o 3o 9
g 224 R 2 oo 7o @ o] dojd 2ZA
whol] A& 4= glgich. WA SHS #k-g-o] dofid MA 30

min =% £Z23 s 8L o} 2 G4E Holx
wotth, 28y MA 30 min ¥ A 427 Ux
1100°C/2 hrollA 77.6% %2 272 A A3¥A9 Augy
(62.2%) ol vl 1549% ol Fr)sbA] edokeh®

ole} Zro] AF 27 A, 24 YEF ¥o]7] A
£ SHS ko] oot Bahg AREsAY, AYgE e Z
W7 B YA e g Fole Aol wigtAEd o
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(AT 47t &%) == HIPY & Wy d oj438ld iU
7l #3 $0g £28AE AZY 5 s Aol
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elfigich. MA 15 min % 2484 (Fig. 7)) 914 800
C/2 hrd) A%, 22 257} Yo vlere) 2zt
4% 7% 7|71 ZE (open pores) ©] EA8l0, 424 AL
o] Y S BTz olc). HIP 257} Z71gel o
g} A sy} A8 se] LAH ) LEE R 71FFel
48t3, nAlIEE T2 #H7]FE (closed pores) Tto] &)
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o}
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MA 30 min ¥ 224 (Fig. 7(b)) o4} 800°C/2 hr
) %%, MA 15 min®) H$-uch 2747 229 Zojg
7135o] Ztastedon, HIP £57} 271 ne} Zojgh

MA 15min

MA 30min

150MPa

5

1}03 1100TC

(a)

100MPa

150MPa

1100C

(b)

Fig. 7. (a) Microstructures of the hot isostatically pressed Ni.Si compacts. (a) 15 min MAed powder and (b) 30 min MAed powder.
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Fig. 8. Effect of HIP temperature and pressure on the hardness
of Ni,Si HIPed compacts.
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MA 30 min ¥%& HIP xajsta& =l 800C/2 hr
BE o) ued 92 S BAEA ¢ NiSidds
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