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Microstructure and optical property of transparent AIN ceramics
by spark plasma sintering with Cak:

XIONG Yan, FU Zhengyi, WANG Hao
(State Key Laboratory of Advanced Technology for M aterials Synthesis and Processing,
Wuhan University of Technology, Wuhan 430070, China)

Abstract: Transparent AIN ceramics were prepared by spark plasma sintering (SPS) technique with 3% ( mass
fractin) CakF2 as sintering additive. Samples achieved 99. 5% relative density and 52. 4% maximum transmittance af-
ter 15 min holding time by spark plasma sintering at 1 800 C and 30 M Pa. The results from XRD, SEM, TEM and
EDX show that the sintered bodies are densely compacted and highly pure with fine grain size and uniform micro-
structures, and no secondary phases are observed at the grain boundaries or triple grain junctions. The presence of
CaF; induces liquid phase sintering, which promotes the growth of AIN grains and the densification of the sintered
bodies. The resultants of fluorides and Ca-AFO compounds from reaction between CaF, and AIN can evaporate from
sintered bodies and further purify the sintered bodies, which indicates that CaF: is an effective sintering additive.

SPS is an effective method for the fabrication of transparent AIN ceramics.
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Fig.1 Experimental device of

discharge plasma sintering
1 —Sintering die; 2 —Graphite plates;
3 —Ram; 4 —Graphite punch; 5 —Sample;
6 —Onroff pulsed generator; 7 —Optical pyrometer
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starting AIN powder

F1 AINBRPIRRFOTRN G &
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AIN powder (mass fraction, %)
(0} C Ca Si Fe

0.83 0. 034 0.0007 0.0009 < 0.0010
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Fig.3 Appearance of sintered AIN

ceramics slice of 0. 5 mm in thickness
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curve of sintered transparent AIN ceramics
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Fig. 5 XRD pattern of sample
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Fig. 6 SEM photograph of sample
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Fig.7 TEM micrograph of sample

(a) —Triple grain junction; (b) —Grain boundaries
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transparent AIN ceramics

WL, T AIN Vs ELA A0 BL IR 22 P B
3 i

1) KHAASAN, FHEHEZE 100 C/min, 30
MPa £/ F, 1800 C SPS %4, f#¥ 15 min,
%7 HA 20 mm KEW] AIN K& . SPS H AR 2l
HIBEH AIN F&ERE BT .

2) HIFMIEH AIN lERA R4 TE
A, FEREVR BN 1 815 em™ ' b IR B B KB it R
54.7%, KULE AN B&EEP AN B R/ EE
L% .

3) WA EFREIBCRE A, RIS
WL TE NI des AR 25 40, SR = A1 i TR AL L AN
BN AL . RIFI RS W ORIE T FE i R 4F
o PERE .

4) CaF» M5 NGEMEA RLE AIN P8 i 308
g, [FIR R YA )AL Ca AFO (L&Y
Nt Wpedithra i, RIS AR matifE, &
T4 AIN BB R R e g 7] .

REFERENCES

[1] Slack G A. Nonmetallic crystals with high thermal
conductivity[ J]. Phys Chem Solids, 1973, 34: 321 ~
335.

[2] Harris D C. Durable 3 =5 Bm infrared window materi-
als[ J]. Infrared Physics & Technology, 1998, 39(1):
185~ 201.

[3] Yasushiro K, Kazuaki U, Hideo T, et al. AIN sub-



FASHEE 11 i

16, 55 CaF2 BRSO SEE T Hesb B ] AIN B % MITO0 45 H At 22 1 ik

* 1709 -

[10]

[ 11]

strates with high thermal conductivity [ J]. IEEE,
1985, 8(2): 247 ~252.

Kuramoto N, Taniguchi H. Development of transpar-
ent aluminum nitride ceramics[ J]. Ceram Bull, 1989,
68(4): 883~ 887.

Kuramoto N, Taniguchi H. Transparent AIN ceramics
[J]. J Mater Sci Lett, 1984(3): 471 ~474.

Kuramoto N, Taniguchi H. Translucent AIN ceramics
substrate[ J]. IEEE, 1987, 9(4): 386 ~390.

JAtE, A4S, R, 5. 3R AL R
ZJ]. BB IR, 1999, 44(15): 1617~ 1619.
ZHOU Yarrping, WANG Darfeng, XI Yrming, et
al. Fabrication of transparent AIN ceramic[ J]. Chi
nese Science Bulletin, 1998, 44(15): 1617 = 1619.
JAHEF. JUMEAC D M B B A . T2 AP RE K
KA[D]. big: bRgEERRERFIT, 1999.

ZHOU Yarrping. The Relation between the Micro-
structure, Processing and Properties of Nitride Ceram-
ics[ D]. Shanghai:
Chinese Academy of Sciences, 1999.

Shanghai Institute of Ceramics,

Mamoru O. Sintering, consolidation, reaction and
crystal growth by the spark plasma system (SPS)[]].
Mater Sci Eng A, 2000, A287: 183 ~ 188.

Groza J R, Risbud S H, Yamazaki K. Plasma activa-
ted sintering of additive-free AIN powders to near
theoretical density in 5 minutes[ J]. ] Mater Res,
1992, 7(10): 2643 ~ 2645.

Hensley J E, Jr Risbud S H, Groze J R, et al. Plas-
maactivated sintering of aluminum nitride [J]. J Ma-

ter Eng Perform, 1993, 2(5): 665 ~ 670.

[12]

[ 17]

Risbud S H, Groza J R, Kim M ]J. Clean grain
boundaries in aluminum nitride ceramics densified
without additives by a plasme activated sintering
process[ J]. Philosophical Magazine B, 1994, B69:
525 = 527.

Khor K A, Cheng K H, Yu L. G, et al. Thermal
conductivity and dielectric constant of spark plasma
sintered aluminum nitride[ J]. J Mater Sci Eng A,
2003, A347: 300~ 305.

Qiao L, Zhou H P, Li C W. Microstructure and
thermal conductivity of spark plasma sintering AIN
cermics| J]. Mater Sci Eng B, 2003, B99: 102 ~105.
XN, IEX, £ i BBESEE TRARMLEE
W R &I ] . REFR Bh2% 4, 2003, 31(3): 320~
323.

LIU Jurrfang, FU Zhengyi, WANG Hao. Study of
AIN transparent ceramics by spark plasma sintering
[J]. Journal of Chinese Ceramics Society, 2003, 31
(3): 320~ 323.

FUZY, LIUJF, HED H, et al. Spark plasma sin-
tering of aluminium nitride transparent ceramics| J].
M aterials Science and T echnology, 2004, 20: 1097 ~
1099.

Surey S, Lepkova D, Yoleva A, Influence of sinte-
ring additives on the phase composition and the ther-
mal conductivity of aluminum nitride ceramics|[ J].

Mater Sci Eng B, 1991, B10: 35 ~40.

(it BRE)



