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Abstract The present study was carried out to investigate the effect of MA processing variables on the
microstructural properties of composite powders and the coefficient of thermal expansion of pulse electric current sin-
tered AIN-Cu powder compacts. The AIN-Cu powders had a size of less than 15 mm with 25 nm size of copper crystal-
lite after MA 32 hours. The finely distributed AIN-Cu powder compacts were completely achieved after PECS. The
residual oxygen was considerably removed after hydrogen reduction treatment. The residual carbon was completely
removed to 97%. The CTE of AIN-Cu powder compacts showed a good consistency with Kingery- Tuner model when
the volume fraction of copper was less than 60 %. When it was more than 60%, the CTE had a good agreement with

Series model.
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7144 23} (Mechanical Alloying : MA)® 4
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BEHnatol AL AIN-40vol.%Cu (AIN-64.5wi.%
Cw), AIN-60vol.%Cu (AIN-80.3wt.%Cu), AIN-

70vol.% Cu (AIN-86.4wt.%Cu),
(AIN-91.6wt.%Cu) & 47}1A 2 3t}

1AA $E3 THE planetary ball mill (Fritsch
Pulverisette 5) & ©|-&38tgon 250 cc 2H|gld~ 4-7)
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B 322171742 gEtd e A F3 AT s
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2.2 AIN-Cu SEEUS E4 =A

MA ZHE 5314 203 AIN-Cu B39 4 o
A7)= FA A0 7 (SEM, JEOL, JSM-5400) o & &
ZAstgict ZAAR TEEE £9Y N2 A @4
B33 A%e odolry] sl X-4A HHAIY (Siemens,

AIN-80vol. %Cu

D5000 X-ray diffractormeter, Cu-Ka) & #stolom,
3 Adn)z9 wrlEe 2R ZAYY A7)F AT o]
) FASEE 10°/mine & slgen, FAEE 20° ~
130° o]det.

A 238 2eln 28] FAHF AIN-Cu 5§
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C/S E471E AHa-3ksdct.

23 HAEN oA (Pulse Bectric Current Sintering :
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2 e e WA 434X (Izumi Tech. Comap.) &
o]-g3led, 2748 50 MPa, $24% 200 C/min, &%
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(Olympus, PMG3) & o435}t 245},
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AIN-Cu 4&7ZAY QHAAS (Coefficient of Thermal
CTE) & F-3+4rt.
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& FAAYu 7 (SEM) o2 33T AREA, 21 &
FEe oF 15 m 3Z7] o]5he] FYo) 77k BE S B
olz St} ol 7IAIY &3 F ¢AHA o] wtEAg-
o o3 EgtETEe] v[AEHA FHEHA] diol
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Stoleh, 2ol A ¥ £ Qe wiel ol ZAIH $FHE 1
AlZrellA] 32417k 2 A A1 AYF A9, 7 Cugd AIN
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Pow 2 3d w7lELE gol@dh ol 71AA §53 ¥
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gko] Z7151Q7) w&olch. vIE 324179} AA|1Z ¥F-5
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Fig. 1. SEM morphology for AIN-60vol.%Cu powders mechani-
cally alloyed in a planetary ball mill with 200 rpm for 32 hours.
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Fig. 2. X-ray powder diffraction patterns for AIN-40vol.%Cu
powders as a function of mechanical alloying time.
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Fig. 3.-Copper crystallite size measured by Sherrer equation for
AIN-40vol.%Cu and AIN-60vol.%Cu powders as a function of
mechanical alloying time.

Bate 7|AF gEstele X-A HAANEE 3 3, o
X-A 3Adv=ze vlrtEo BEE Al (1) 2] Sherrer HHA
Althg o] 23le} Cud) BAAY 2715 T34t

0.94

r= Bos (6)

(D
od7)x f= X-A FHH=z9 ¥lE, 6= Bragg

angle, A= X-A HA (CuKa), T 2AY 273 Jeid

t}. AIN-40vol.%Cu 239 #H-9-7} AIN-60vol. %

o] 2| A - o)& el - F )% - T. Weissgaerber - B. Kieback : ZAZ Aol 98 A= AN-Cu tx=5gHE8 - 865

AIN-40v0l%Cu

2.0
—a—0
1.5+ *—C
10 v v v T T 7~ J
0 5 10 15 20 25 30 35
MA Time (h)

(@)

¢ &
(-]
e

g o009
é 354 /' ——— o
8 2o
2
@
5 25
§ 20 // AIN-60vOI%Cu
-g —~a--0
5 159 *-C
[&]
10 , ; . —— . ,
0 5 10 15 20 25 30 35
MA Time (h)

(b)

Fig. 4. The content of oxygen and carbon in (a) AIN-40vol.%
Cu and (b) AIN-60vol.%Cu powders as a function of mechani-
cal alloying time.
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4 e MA 27) o 18wt 2ZHE "aHe2 MA
A7kt Bo] Z78lbr MA 1617 el A 2.3 ~2.4wt.
%, MA 3227l A& 3.1 ~3.3wt.% & veliodd). F
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2] AAgk okg Yelfigicl, AIN-Cu EFE4 o 5t
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Table 12 71413 ¥F3= AIN-40vol.%Cu, AIN-
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Halal o] Bakg- 600°C, FEH7NA 2417 &< 24
He)lehel e o 2 B o] Exfshes Ab: 2 wb: PEF
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Table 1. Effect of H. reduction on the amount of oxygen and carbon in mechanically alloyed AIN-Cu powders.

Composition | MA time Oxygen (wt.%) Carbon (wt.%)

(vol.%) (h) Before After Decrement(%) Before After Decrement(%)
AIN-40Cu 8 2.197 1.587 27.8 2.944 0.085 97.1
AIN-60Cu 8 2.138 1.332 37.7 3.570 0.078 97.9
AIN-70Cu 16 2.636 1.012 61.6 3.428 0.063 98.2
AIN-80Cu 16 2.138 0.642 70.0 3.413 0.051 98.5

H3E Jehd Zolth © AIN-40vol%Cust AIN-
60vol. %Cu® =AL 847k, AIN-70vol.%Cu™ AIN-
80vol.%6Cu®] AL 16A12F Bt 71AA 38 By

Edolth. FollA & 4 gl nle} 3Fo] AIN-Cu Bg3n
Well SAeh= Ab4 2 'hio] BB $2297)59 3
HAxe] Fof ge Zrastdoh. Ak Feke Cudl ¥
Fol FSTE FATA g3 wel MAASAL. AIN-
80vol. %Cudl Z-¢olle & 70% 74 A7) 24 Hwg
of AAF 2 0.64wt. %] HFAL7} BET Vo
A =tk 53] FujR He AF v Ffol
5 2T MA A7k BAIgle) < 97% o) AMA" A
2.2 ole} UF 75T 4 Y F9 EuleAe
(2) & (3) o el e},
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(3)

MO+ H;— M+ H.O
CxHy + HLO— CO+ CO: + H,

H|E 4 32 $57] P8ke] 5 ppm o|8tE Ao FgY
Zlgk Cu AFE (MO) o] =A F46 s #U=o] 4]
(2) ¢} 7ol Jd9] H, 08 BT F, o] HO EA}Eo] o}
Al A (3) 3} o] AFekiel uh-g-dle] 'k E CO9t CO,
7h EFEE XNFFo 2N Gt dAdo) 7)oyt o B Ay
Zhgoh #AF0) Cuy AAY WHiE g 4 (1) 9
Sherrer A& o]-8-3ted F& e, 35 A BA G o
YA 20~24 nm 27)% 29 Cu ZAA YL LAY
Fol 77~89 nm ZAZE, <k 70% A= HAAY A%o)
dojyte},

Fig. 5 AIN-60vol.%Cu9 &3842 32 A7t T
714 A gF3tste] A A7 F FAHAY Ao #
A Aoty AIN-Cu B3EDL $48HY93Y F 9]
5 Cudl ZAFY 442 ey Ed=3r)e Wil gigl
ok & 26l A9} o] TrlEE A YL wel:= nAF
27]19] AIN ¥¥3} CuBdEe] 4MZ 23 (agglomera-
tion) o] Aslem, =& AIN-Cu 2gEREo] wdrjx
T3 &) B} ok33 (porous) el gl

Fig. 6-& AIN-40vol.%Cu2} AIN-60vol.%Cud &%
e 7IAA st 93 3o X-A FHA
H& AT Aselot. U4 Table 16]4T & 4 9lgl v}
o} 7o) 2~3wt.% HE2] A4 2 ehh Feko) 4w
e AFel] W) S E Btz X-A FHEAY
Aol A= AbglE o) BiElE o) 31d =28 BET ¢l
Aok & F =4 ZF AAHY T ANFA 2E H3s

Fig. 5. SEM morphology for mechanically alloyed AIN-60vol.%
Cu powder after H. reduction at 600°C for 2 hours.
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Fig. 6. X-ray powder diffraction patterns of MA AIN-40vol.%
Cu and MA AIN-60vol.%Cu powders before and after H, reduc-
tion at 600°C for 2 hours.
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Fig. 7. Optical micrographs of AIN-60vol.%Cu powder compacts after PECS
at 900°C for 5 min: (a) MA 8 h and (b) MA 32 h.
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Fig. 8. Linear thermal expansion of AIN-Cu powder compacts
after PECS at 900C for 5 min: (a) AIN-40vol.%Cu, (b) AIN-
60vol.%Cu and (c) AIN-80vol.%Cu.
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A2z olt}. Fig. 89 249l 71¢7]| 23] 4] (4) & o]
83t AlAbE AIN-40vol.%Cu, AIN-60vol.%Cu, AIN
-80vol.%Cu &3 24 d4RATE 22} 7.9 ppm/
T, 9.6 ppm/T, 145 ppm/TC9 & deidigic =
AIN-Cu E¥ 2754 Cuy gado] 21842 o
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AIN-Cu &89 d4ZASTE “rule of mixture”
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Fig. 9. Comparison of the measured and the modeled thermal
expansion coefficient for AIN-Cu powder compacts as a func-
tion of copper content.
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At}

4) AFALZAR  AIN-40vol. %Cu,

2 lo o

AIN-60vol.%

Cu, AIN-80vol.%Cu Y1 B8% A e JdfdAsE= 2t
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Cud] A Aui=le o2 dadElglony 7o) A
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