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Synthesis of aluminum nitride fibres from
aluminum silicate fibres by carbothermal
reduction method*
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Aluminum nitride (AIN) fibres were synthesized by carbothermal reduction of aluminum
silicate fibres and carbon black in a flowing nitrogen atmosphere. XRD and SEM were
employed to study the phase structure, chemical composition and morphologies of the
products. It is suggested that aluminum silicate fibres can be converted into AIN fibres by
carbothermal reduction. SEM confirmed that the fibres maintained the morphologies of
aluminum silicate fibres during reduction, but their details of surface have been altered. A
carbothermal nitriding model of the aluminum silicate fibres has been developed. © 7999
Kluwer Academic Publishers

1. Introduction ance for electronics, the high thermal conductivity and
Aluminum nitride has excellent potential for use asstability of ceramics, coupled with the low dielectric
a substrate material for high-density, high-power, andconstant and ease of processing of polymers [3, 4]. It
high-speed integrated circuit applications. It exhibitswas also indicated that the composite of AIN fibres or
high thermal conductivity, low thermal expansion mis- whiskers with polymers would promise such kinds of
match relative to Si, high electrical insulation, high di- balance. The theory calculations for a quasi-isotropic
electric breakdown strength, good mechanical strengttgomposite of 50 vol % AIN fibres in Teflon fluoropoly-
ease of cutting and polishing, excellent chemical stamer, predicted a composite with thermal conductivity
bility and nontoxicity [1]. Recently, there was much in- 25-60 W/m K, coefficient of thermal expansion 4—
terest internationally in synthesis of aluminum nitride 5 x 10-%/°C (20-200'C) and dielectric constant 2.8-5
powders and fabrication of aluminum nitride ceramics.(1 MHz) [5]. Whereas, the key problem affecting this
Meanwhile aluminum nitride fibres and whiskers havetechnique to be used is how to synthesize or fabricate
attracted much attention, as their perfect or near perfedarge mount of AIN fibres and whiskers at low cost.
crystal structure and higher thermal conductivity thanAlong these lines, many researchers have already devel-
polycrystal aluminum nitride ceramics [2]. At present oped effective ways to synthesize and fabricate AIN fi-
the materials used as substrate and package of micrbres and whiskers. Up to now, among the methods used
electronics mainly are alumina, polymer and glass, etcto synthesize or fabricate AIN fibres and whiskers [6],
The ceramics used as substrate and package have hitile most important and potential to commercial use
thermal conductivity and low thermal expansion mis-were carbothermal reduction of A3 and pyrolysis of
match to Si, but its dielectric constant is too high for thermoplastic organoaluminum precursor. In 1988 Bolt
high-speed integrated circuits. The polymer-based maet al.developed a synthesized route to AIN with pyroly-
terials used as substrate and package have unique als of thermoplastic organoaluminum [7]. Caceres and
vantage as their low dielectric constant and ease fabriZhou et al. respectively in 1994 and 1996 successful
cation, but their thermal conductivity is too low to use synthesized AIN whiskers using carbothermal reduc-
broadly. Both of them are difficult to meet the need oftion [8, 9]. Since the thermoplastic organoaluminum
high power integrated circuits package and very largdor pyrolysis to fabricate AIN fibres was very expen-
scale integration (VLSI) substrate. Recent developmertive, and the yield of AIN whiskers by carbothermal
indicated that a composite of ceramic fibres or whiskerseduction was very low, it is necessary to develop a
with polymers could achieve an excellent property bal-new method to synthesize AIN fibres or whiskers.
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In this paper, a new method has been developed telement resistance furnace. Aluminum silicate fibres
in-situ synthesize aluminum nitride fibres by carbo- and black carbon were used in this study. Raw alu-
thermal reduction method using aluminum silicate fi-minum silicate fibres were chopped to produce suitable
bres and carbon black as the raw materials. This papéength fibres, slurry of carbon black was prepared by ul-
describes initial observations on AIN fibres from alu- trasonic dispersion in ethanol. The chopped fibres were
minum silicate fibres by carbothermal reduction, andfed into the slurry and dispersed by ultrasonic stirring
the technical process df-situ synthesized AIN fi- for 1h. The slurry with chopped fibres was filtered. The
bres by carbothermal reduction of aluminum silicatefiltrate containing the fibres was dried in an oven at
fibres. XRD and SEM were employed to study the60°C for 24 h. By this treatment the aluminum sil-
phase, chemical composition and morphologies of thécate fibres were uniformly coated with carbon black.
products. A model of the carbothermal nitriding of alu- The dry coated fibres were placed in a graphite crucible
minum silicate fibres has been developed. of 2.5 mm wall thickness and the crucible was closed

with a graphite lid and heat-treated in the graphite re-

. sistance heating furnace. Heat treatment of the coated
2. Experimental , , ~aluminum silicate fibres was conducted at 166Gor
All carbothermal reduction experiments were carrieds p in a flowing nitrogen atmosphere. The nitrogen flow
out in a vertical, controlled-atmosphere and graphitgate was maintained at 0.6 I/min. The heating rate was
40°C/min. A Rigaku X-ray diffractometer (DMAX
[1IB) with Ni-filtered CuK, radiation was used for X-
ray diffraction (XRD) analysis. The synthesized prod-
ucts were decarburized at 700 in a conventional muf-
fle furnace for 5 h. The remainder was considered to be
AIN, the converted fibres were examined by scanning
electron microscope (SEM, OPTON CSM950).
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3. Results and discussion
3.1. The X-ray diffraction analysis and SEM
observation of the products
. . . . ) , . The XRD pattern of synthesized products is shown
20 30 40 50 60 70 80 in Fig. 1. The XRD pattern confirmed that the only
200(°) phase is AIN. SEM micrographs of aluminum silicate
fibres and synthesized products are shown in Fig. 2. The

Figure 1 The X-ray diffraction pattern of AIN fibres. aluminum silicate fibres was polycrystal with smooth
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Figure 2 The SEM morphologies of aluminum silicate fibres and AIN fibres.
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surface, their diameters range from 5 to i (Fig. 2a  relatively low synthetic temperature, e.g. 16@) the
and b), and the synthesized products were polycrystall,O3 dissociation became difficult, so the AIN for-
fibres with small grains in micrometers (Fig. 2c and d),mation was conducted by solid phase reaction. In this
and they retained the original aluminum silicate fibrescourse, the rate of reaction was controlled by gas phase
morphology. diffusion, so the products maintain the morphologies
of the raw materials. In this study, the synthesis of
AIN fibres was undergone at temperature 1650n
3.2. The mechanism and a model of AIN flowing nitrogen atmosphere. At this temperature the
fibres formation fibres with sillimanite phase will dissociate into mullite
The aluminum silicate fibres were usually used as re{3Al203-2Si%,) SiO, and some liquid phase, butin this
fractory materials and heat insulated materials. It ha§ase, the AOs and SiQ will be reduced by carbon
two kinds of amorphous fibres and polycrystal fibres.in flowing nitrogen atmosphere to yield AIN, SiC or
The polycrystal fibres were fixed compound compositeSisNa. However, before the formation of SiC or;8ia,
with Al,O3 and SiQ [10]. In this study, the sillimanite  SiOz will dissociate into SiO and & subsequently
fibres were used containing 62.92%@k and 37.08% reduced by carbon to yield SiC or nitrided by flowing
SiO,. N> to yield SgN4. The SiC or S§N4 were transferred to
In the procedure of AIN formation, through the the outside of the furnace with flowing nitrogen, so the
carbothermal reduction of 1903 in aﬂowing N, atmo- SiC or SBN4 C.OUId not be d.iscovered in SyntheSized
sphere, the carbothermal nitridation mechanism mayproducts. Butif the heating time decreases, they do not
include intermediate gas phase reactions and solid-statéansfer to the outside of the furnace fully, so the SiC
reaction at temperatures above 150011, 12]. Asthe O SN4 will exist in products. In order to determine
temperature increasing, the 8 will dissociate into  this proposal, a sample was made by short time, XRD
Al,0 or Al vapor, which may be reduced by carbon orpatterns conflrmgd that there was SiC in this sample
CO and subsequently nitrided to yield AIN. In this case,(Fig. 3), but the N, weren't found. AbOz in the raw
the solid-gas reaction mechanism played a determiningiaterials will be reduced by carbon and subsequently

role in the kinetics of carbothermal reduction. But atnitrided to yield AIN, and in this course, the subse-
guent reaction was by gas-phase diffusion, the main

reaction of carbothermal reduction was solid-phase

1,2 reaction mechanism. So after the reaction the products

1.2 1-AIN, 2-SiC maintained the morphologies of raw materials fibres to
yield AIN fibres. According to above analysis, a model
of AIN fibres in-situ synthesized by carbothermal

reduction of aluminum silicate has been developed

(Fig. 4).

4. Conclusions
1. AIN fibres were successfuliy-situ synthesized
. ‘ ‘ , . . by aluminum silicate fibres carbothermal reduction.
20 30 40 50 60 70 80 2. In the process of AIN fibres synthesis, the alu-
minum silicate fibres was carbothermally reduced by

20/(°) . . .
solid-phase reaction which was controlled by the gas
Figure 3 The X-ray pattern of AIN with SiC. phase diffusion, subsequently nitrided to yield AIN
N O—
co «—(0
cC O—
AL+ N — AN 341,510, 5 53 41,0,28i0, + Si0,
Al,O+ N +C-»24IN +CO e 3
Si0 +2C — SiC +CO A0, ———241 +20,

Si0 +§N2 +C—>-}-Si3N4+CO ALO, 5% 5 41,0+ 0,
J >
1
SisN, +3C = 3SiC +2N, Sio, L""C)Si0+502
C+0— CO

Figure 4 A model of the carmothermal nitriding of aluminum silicate fibres.
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fibres. So the products remained the morphologies of3. 3. b. BoLT,D. P. BUTTON andB. A. YOST, Mater. Sci.

raw materials fibres.

3. The AIN fibres were polycrystal fibres composited *

with small grains, and as the heating time increasing the

grains will grow larger.
4. Before AbO3 was reduced by carbon, the SiO

in aluminum silicate fibres was first dissociated into

SiO and @, subsequently, SiO will react with carbon

to yield SiC, which are transferred to the outside of
the furnace with the flowing nitrogen, so the SiC didn’t

exist in synthesized products.
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