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Sintering and kinetics of Al,O3;/Mo nanometer powders by
molding formation
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Abstract: By molding formation, the isothermal sintering processes of pure Mo and Al,Os/Mo green compact were
investigated in the temperature range of 1 700—2 000 C. And combined with sintering model, the sintering kinetics was
studied. The microstructures of the composites were analyzed by SEM and TEM. The results show that the green compact
density and the adding amount of Al,O; are related, and the composite density is higher than that of pure Mo in high
temperature sintering process. During Al,O;/Mo composite sintering process, the sintering mechanism is proved to
contain volume diffusion and grain boundary diffusion, and with the increase of Al,O; content, the latter trend is obvious.
The sintering activation energies of pure Mo and Al,O; composites with volume fractions of 5%, 10% and 15% are
254.24, 234.04, 221.40 and 164.37 klJ/mol, respectively. The addition of Al,O; can promote the uniformity and refining
for the grains.
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Table 1 Green compact density

Volume fraction of  Green compact Relative density/

ALOy% density/(g-em °) %
0 6.67 65.3
5 6.08 61.5
10 5.69 59.4
15 6.48 69.9
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Table 2 Effect of sintering temperature and volume fraction

of Al,O; on relative density at sintering time of 120 min

Volume fraction of Relative density/%

ALOY/% 1700 °C 1800°C 1900 °C 2000 C
0 76.7 81.2 86.6 96.2
5 74.8 80.8 87.7 97.4
10 74.3 80.2 86.9 97.0
15 78.2 83.2 89.9 97.2
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Table 3 Relationships among shrinkage rate and volume

fraction of Al,O;, sintering temperature and sintering time
Shrinkage rate, (AL-Ly ')/%

1700 °C 1800°C 1900°C 2000 C

Sintering  Volume
time/  fraction of
min Ale 3/ %

0 3.54 4.41 5.46 6.93
5 4.29 5.47 6.92 8.32
% 10 4.92 6.0 7.33 8.87
15 4.45 5.31 5.98 6.51
0 4.22 5.40 6.75 8.70
5 4.93 6.68 8.49 10.57
0 10 5.69 7.26 9.04 10.98
15 5.27 6.56 7.44 8.32
0 4.68 6.30 7.90 10.22
5 5.61 7.75 10.25 12.38
% 10 6.49 8.5 10.72 12.97
15 6.07 7.38 8.56 9.43
0 5.24 7.02 8.97 12.12
5 6.34 8.73 11.20 14.23
120
10 7.20 9.55 11.93 15.08
15 6.73 8.48 9.37 10.40
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Fig. 1 Sintering kinetics lines of composite materials with different volume fractions of Al,Os: (a) 0%; (b) 5%; (c) 10%; (d) 15%
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Table 4 Values of exponent n in Eq.(1) of composite
materials
Volume n
fraction of
ALOy% 1700 ‘C 1800°C 1900°C 2000 C
0 3.622 2.978 2.816 2.546
5 3.632 2.986 2.827 2.618
10 3.669 3.007 2.832 2.656
15 3.367 3.043 3.076 2.974

HIU AT AR B I AR, BT iR
PR HLEIE R . Pk, 48 Mo I sl e 4 bl
A AR O . B ALOs MR 4 1
L, BG4 sh AR a 8o 2.81 8501 £1 3.03,
WHIE SR RS E I R, WA UG R Y,
YT R AL B ARARG TR T O R L 20
AR B LA ST RO

2.4 IRELHIERRE

M AT S RE AT AW S R A I AL
i, DA hlE S B R LRIt R . ZME )
PRy AT LAHPR T SObe i fig, 12 20 1d 5%
e 4 s P PR Al S B R ST R 52 2 30
N AU TR E B S5 P 2 — i T 24 )
Jiik, ik OAE LR BRI BE v ST
FURRIHEE ], Wak ALO; Hidsat ALOS 'Y, Hifk
B A A e R AT, B B e o 7 A SR TR
S NI A R KL K AR T HIRAR, Bl

K =%= Bexp[-Q/(RT)] (3)

K O NERGEHATRE: T NI 2AEE: R R
SARE L, BUE 8.314 J/(mol-K); B A S .
XGOS, w1

lnt:£+lnB' (4)
RT

K Ine 5 UT REMRR. QR NWHLEMREE, i



5523 5 10 MR [, 5 ALOs/Mo GUKM AR OB beds kI3 J) 2% 2821
P E L RPR LT LAR ISR 45 0H BE Q. 72K 1 Fiosir) X 15% ALOs/Mo,
I EEA, DHMAR InAL/L) MM, A2 1h=1.977x10*7! —5.31 (8)

4 PR In ¢ 5 T WRIESEEEEIE, ln A
PABKER, VT ARiAbFrezEl, wI133040 Mo Fl ALO; &
BTN 5% 10%F 15%Z A5 ME Int 5 UT FIR R,
Wik 2 s

B2 PRI PLEH, 7E 1 700~2 000 “CHJEaf
W, SR UL R E R, & — o PER 4 #n]
3B HE TR F

Xf -4l Mo,
Int=3.058x10*77! —10.61 (5)

%+ T 5% ALOs/Mo,

Int=2.815x10*7"1-9.79 (6)
Xﬂ‘a: 10% A1203/MO ’

Int=2.663x10*T7"'-8.73 (7

s0l®

In(#/min)
> R
o n

w
()}
T

»
o
.

N
W

44 4.6 4.8 5.0 52
T71/104K™!

In(#/min)
w > & S
o) o [} o
T T T T

w
(e
T

4.4 4.6 4.8 5.0 52
T7/1074K™!

2 A ALOs RSB B AR In e 55 1T (R

N FH B 82 5 4 A AU TH LR 4E Mo M2 ALOs £
TN 5% 10% 1 15% 1) 5254 BRI 25 305 GE 7>
Wk 25424, 234.04. 221.40 1 164.37 kJ/mol. wJLL
i, BIAE ALO; SR, MEHOPEL IS e
FRARA R . 7EsKie B FHIPIR G 8 K, Mo Al ALO;,
PARIRIURL RO AHZEBOR, BN RGTI ALO; 7 &
Sap:cy I N 67 NG AP T & e T ey DA A BRI a5
BEMRpea T M 5 2 TR A E IS I, AR i
S HUREAT . 41 Mo IS5 B BRI a2 DA Ho sy
TREHLHEI LAERY 08 5 B ALO; ARFR 73 481
KRN e G5 FE R Ty, B PAORIURL 2 [R] PR EE 25 AN W ik
AN, RFEEETECEAL, LSRRG, kgl AL
AR LA B T, DRI ee S5 0 R TR A
S A5 RABIGUE T 2507 F N AR oS e T

5.0

(b)
4.5¢

4.0r

35F

In(#/min)

3.0f

2.5F

44 4.6 4.8 5.0 52
T71/1074K™!

5.0

(d)

461

»
o

In(#/min)

w
[oe)
T

34}

44 4.6 4.8 5.0 52
T7/1074K™!

Fig. 2 Relationship between In 7 and 1/7 of composite materials with different volume fractions of Al,Os: (a) 0%; (b) 5%; (c) 10%;
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Fig. 5 Microstructures of pure Mo and Al,0s/Mo composite materials: (a) 0% Al,Os; (b) 5% Al,Os; (¢) 10% Al Os; (d) 15% Al,O4
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