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Carbothermal synthesis of aluminium nitride 
at elevated nitrogen pressures 
Part I Effect of process parameters on conversion rate 

B. F O R S L U N D ,  J. ZHENG 
Stockholm University, Department of Inorganic Chemistry, Arrhenius Laboratory. S-106 91 
Stockholm, Sweden 

This paper is the first part of an investigation of carbothermal nitridation of alumina at elevated 
nitrogen pressure. The effect of some process parameters on nitridation rate was studied at 
different temperatures (1 300-1700 ~ and pressures (0.1-5 M Pa). The experiments were 
performed in a graphite furnace permitting a controlled nitrogen flow through the sample 
holder, and continuous measurement of CO in the outlet gas. The products were characterized 
by X-ray diffraction, BET and elemental analyses. The nitridation rate was found to be a 
function of the process parameters. For a suitable temperature and pressure, e.g. 1 600 ~ and 
1 MPa, pure AIN was obtained after just 1 h, with very low residual oxygen content (0.4 
wt%). At a high gas-flow rate ( >~5 Imin-1), the optimum range of pressure was 0.5-1 MPa 
at 1550-1700~ The nitridation was hampered by even small amounts of CO added to the 
system. No intermediate phases formed under the experimental conditions studied. 
Thermodynamic calculations on the A I -O -C-N  system were performed in a search for 
explanations of the results. 

1. I n t r o d u c t i o n  
The carbothermal reduction and nitridation (CTN) ol 
aluminium oxide is an important preparation method 
for high-quality A1N powder. The overall reaction 

A1203(s) + 3C(s) + Nz(g ) , 2A1N(s) + 3CO(g) 
(1) 

is believed to proceed via a two-ste p process at 
T > 1500 ~ [1-3]; first the formation of aluminium- 
containing gas species, such as Al(g) and AlzO(g ) 

A1203 + 3C , 2Al(g) + 3CO(g) (2) 

11203 + 2C -----, A120 (g) + 2CO (g) (3) 

These subsequently react with nitrogen in the presence 
of carbon to produce aluminium nitride, as follows 

2Al(g) + Na(g ) , 2alN(s) (4) 

and/or 

al20(g) + N2(g ) + C(s) , 2A1N(s) + CO(g) (5) 

and/or 

A120(g) + N2(g ) + CO(g) , 2A1N(s) + CO2(g ) (6) 

followed by 

CO2(g) + C(s) , 2CO(g) (7) 

Some authors stress the significance of solid-solid 
interactions between carbon and alumina and thus the 
importance of a careful mixing procedure for a high 
overall reaction rate [3, 4]. 
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Generally, desirable properties of nitride and oxide 
powders, intended for high-performance ceramics, are 
high purity, small particle size ( < 1 p.m), narrow size 
distribution and minimal agglomeration. These re- 
quirements seem to be met fairly well by A1N powders 
prepared by CTN [5]. Thus, a reactive starting mix- 
ture, consisting of a colloidally dispersed alumina 
precursor and a carbon-containing resin, was reported 
I-6] to produce a homogeneous A1N material, with 
0.3 gm mean particle diameter and 5 m 2 g-  1 surface 
area, after 6 h in flowing nitrogen at 1575 ~ 

A less-sophisticated preparation procedure is wet- 
mixing/ball-milling of a mixture of carbon and A1203 
powders. It has the merit of simplicity, and has been 
found to yield relatively fine-grained powders, how- 
ever usually agglomerated to some extent. A material 
with mean grain size 0.5 lain was obtained after 5 h 
heating at 1500 ~ of an attrition-milled mixture of 
high surface-area carbon black (500 m 2 g-1)and  cal- 
cined alumina (9 m 2 g-1) [3]. In this case, 10% A1N 
powder had been added to the starting mix; such a 
"seeding" procedure is a common trick in CTN syn- 
theses of Si3N4 and A1N and has been found to have a 
controlling effect on the particle size. 

In unseeded samples, the A1N particle size was 
found to be larger, the higher was the temperature [2]. 

Suppression of the residual carbon and oxygen 
contents of the samples is a constant concern for the 
preparative chemist using CTN. A large carbon excess 
is normally used in the starting mixtures, as this has 
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proved to be beneficial to the conversion. The excess 
carbon left in the samples is burnt off in air at 

650 ~ 
It seems, however, that the oxygen levels reported in 

papers on laboratory CTN-synthesis experiments are 
generally relatively high, 2%-3% also for low surface- 
area materials ( < 5 m 2 g-1), and this is indicative of 
oxygen being introduced during the decarburization. 
To be able to take full advantage of the excellent 
intrinsic thermal conductivity of A1N, e.g. for use in 
electronic devices, one must reduce the residual oxy- 
gen content in the powder [5]. The low oxygen values 
specified for some exclusive commercial A1N materials 
have probably been obtained by post-treatment pro- 
cedures, e.g. purification by means of a reactive gas. 

The present work is the first part of an investigation 
of CTN of A120 3 at elevated nitrogen pressure. It was 
undertaken in order to study the effect of an increased 
nitrogen pressure on the conversion to A1N. A sub- 
sequent paper [-7] will discuss the combined effects of 
pressure and other process variables, such as gas-flow 
rate, on the size and shape of the A1N particles. 

2. Experimental procedure 
2.1. Starting materials 
Four solid reagents were used as raw materials: coarse 
~-A1203, fine y-A1203 and two kinds of carbon black. 
Their physical and chemical characteristics are listed 
in Table I. The fine 3,-A1203 was a poorly crystallized 
decomposition product of ammonium alum. The ni- 
trogen gas ("Nitrogen PLUS", AGA Co., Liding6, 
Sweden), with impurities 02 <5p.p.m. and H20 
< 5 p.p.m., was used without further purification. Gas 

mixtures of carbon monoxide and nitrogen of the 
same purity were used in some experiments. 

The starting materials were five mixtures of alumina 
and carbon black powders, denoted A, B, C, D, and E 
in Table II. 

T A B L E  I Properties of raw materials 

Reagent Grain size BET Source, grade 
surface 
(mZg- 1) 

a-A12Oa 1-10 gm 0.55 Fisher Scientific Co., A-591 
?-A120 3 < 1 gm 138 made in-house 
C ~ 30 nm 82 Nordisk Philblack Co., 

N330 
C* ~ 20 nm 115 Nordisk Philblack Co., 

N220 

T A B L E  lI  Compositions and theoretical relative weight change 
of starting materials 

Symbol Weight ratio Molar - A m / m  o for 
ratio complete 

conversion (%) 

A ~-AlzO3/C = 3 0.353 38.8 
B ~-AIzO3/C = 2/3 0.078 22.0 
C "y-AI/O3/C = 2/3 0.078 22.0 
D ~-A1203/C* = 2/3 0.078 22.0 
E ?-A1203/C = 2 0.235 36.6 

Stoichiometric ratio 2.83 0.333 40.6 

Every composition was homogenized by milling 
an ethanol slurry in a plastic bottle with SiA1ON balls 
for 4 days. The slurry was subsequently dried to a 
plastic mass and then pelletized to granules (diameter 
= 1.5mm, length = 1-6mm). These were further 

dried to remove the alcohol prior to charging into the 
autoclave. 

2.2. Appa ra tu s  
The carbothermal nitridation of alumina at elevated 
nitrogen pressure was performed in a gas autoclave 
with a vertical graphite furnace (Fig. 1). The furnace 
tube and sample holder (Fig. 2) were made of a pure 
graphite material and designed so that the nitrogen 
gas introduced into the autoclave was forced through 
the charge and then the shortest way out via a redu- 
cing valve and a flow meter. 

The nitrogen flow rate, qb, and pressure, p, in the 
autoclave were in the range 0.5-25 l(stp)min -1 and 
0.1-5.0 MPa, respectively. The carbon monoxide con- 
tent in the outlet gas was continuously measured by 
means of an infrared detector (Leco Corp., Svenska 
AB, Sundbyberg, Sweden). The sample temperature 
was measured with a W-Re thermocouple, calibrated 
against the melting points of gold, palladium and 
platinum. The maximum deviation of the measured 
temperature from the actual value was found to be 
within ___ 5 K, while the plateau temperature could be 
kept within + 1 K. 

< 
1 

) 

7 

Figure 1 The autoclave with the graphite furnace. 1, Gas inlet; 2, 
thermal insulation; 3, furnace tube; 4, sample holder; 5, pressure 
vessel; 6, IR detector (CO); 7, gas outlet. 
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Figure 2 The sample holder (graphite). 1, perforated lid; 2, sample 
holder with screw ring; 3, perforated graphite foils and spacer rings; 
4, sample; 5, AI20 a and graphite thermocouple shielding tubes. 

2.3.  S y n t h e s i s  p r o c e d u r e  
A charge of about 0.7 g was used in every run and 
spread on a perforated graphite foil in the sample 
holder. In order to eliminate oxygen from the auto- 
clave before reduction, the autoclave was flushed sev- 
eral times with nitrogen (1 MPa) at room temperature 
and three times during heating (at about  200, 400 and 
600 ~ 

A standardized temperature programme, controlled 
by a PID regulator, was followed in all runs: rapid 
heating at a rate of 20 K m i n -  1 to a plateau temper- 
ature, holding at this level and then cooling at 
30 K m i n - 1 .  The exact time of opening of the gas 
outlet valve was not important  for the degree of 
conversion below 1300~ Normally the gas outlet 
valve was opened at 1100 ~ on heating and closed at 
1400~ on cooling. Residual carbon in the reacted 
samples was removed by heating in air at 700 ~ for 
5-22 h. 

2.4. C h a r a c t e r i z a t i o n  
Phase analysis of the experimental products 
was performed by X-ray powder diffraction 
(Guinier H/igg-type focusing cameras). The oxygen, 
carbon and nitrogen contents were determined by an 
independent laboratory, using a fusion gas analysis 
method. Carbon was also determined by thermo- 
gravimetry ("TGS-2", Perkin-Elmer  Co.) in an oxy- 
gen atmosphere. Surface areas of the samples were 
determined by the BET method ("FlowSorb II  2300", 
Micromeritics Co.). 

2.5.  T h e r m o d y n a m i c  c a l c u l a t i o n s  
In order to explain some of the experimental results, 
free-energy minimization calculations on the system 
A I - O - C  N were performed. The computer program 
SOLGASMIX [8] was used. We have considered 
product mixtures containing 34 different gas species as 
well as 7 condensed phases (A1, C, A1N, ~-A1203, 
7-A1203, A14C3 and A1404C ). The gas phase was 
regarded as ideal. All AG~ data were taken from the 
JANAF Thermochemical Tables excep t  those of 
A1404C which was taken from Frank et al. [9]. 

3. Results 
The carbothermal reduction rate was found to be very 
sensitive to the reaction temperature, corroborating 
earlier studies [1, 2]. The experimental results demon- 
strated that aluminium nitride begins to form slowly 
at 1300 ~ The rate of reduction grows markedly with 
increase in temperature up to 1400 ~ then sharply 
increases at about 1500~ This is shown in Fig. 3, 
where the relative weight change (RWC), Am/too (too is 
the charge weight), is used as a measure of conversion. 

Figs 4 -6  show the resulting degrees of conversion 
versus gas-flow rate or nitrogen pressure in a number 
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Figure 3 Conversion ( - Am/mo) as a function of temperature for 
4h runs at different p(N2) and ~(N2)= 1 lmin -1 with different 
starting mixtures. Full conversion corresponds to: A, -Am/rn o 
= 38.8%; C, - Am/m o = 22.0%; E, - Am/m o = 36.6%. (&) C, 

4 MPa, N 2 + 2% CO; (O) E, 0.5 MPa; (N) C, 5.0 MPa; (11) C, 
0.5 MPa; ([1) A, 5.0 MPa; (�9 A, 0.5 MPa. 
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Figure 4 Conversion (RWC ratio) as a function of gas-flow rate for 
1 h runs at 1500~ and 0.5 MPa with starting mixtures (�9 B and 
(N) E. The RWC ratio is defined as the observed relative weight 
change (RWC, - Am~too) divided by the maximum RWC, calcu- 
lated for full conversion. 
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Figure 5 Conversion as a function of nitrogen pressure for 1 h runs 
at 1600 ~ and different gas-flow rates with starting mixture A. Full 
conversion corresponds to - Am/m o = 38.8 %. Flow rate (1 min-1): 
(l~) 10, (O) 5, (O) 3, (0) 1, (A) 1, N 2 + I% CO. 
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Figure 6 Conversion as a function of nitrogen pressure for 1 h runs 
at 1600~ and different gas-flow rates, with starting mixture B. 
Flowrate (1 min-1): (0) 5, (N) 2-3, (13) 1. 

of n i t r ida t ion  runs. These results were ob ta ined  under  
condi t ions  giving a somewhat  lowered convers ion 
rate, i.e. at low tempera ture  and for a shor t  t ime or  
with a relat ively high A1203/C ratio.  Here  the yield 
was found to increase with gas-flow rate up to a 
cer tain level, and  also with ni t rogen pressure in runs 
with high gas flows. If  low gas-flow rates were used, an 
increase of pressure apparen t ly  had  a negative influ- 
ence on the convers ion rate  (Fig. 5). 

The relative weight change, RWC,  is but  a rough  
measure  of conversion; in fact it can be misleading,  a s  
R W C  is not  exclusively due to C O  losses following 
React ion  1, but  also par t ly  to irreversible evapora t ive  
losses of a lumin ium-conta in ing  species, such as Al(g) 
and AlzO(g ). This can be inferred from mass-ba lance  
calculat ions based on accurate  ni trogen,  oxygen and 
ca rbon  analyses and also from observat ions  that,  
under  certain condi t ions ,  AIN whiskers form in the 
furnace dur ing the ca rbo the rmal  synthesis, down-  
s t ream from the sample. 

Fig. 7 gives the calculated par t ia l  pressures of alu- 
minium and A120 in N 2 + C O  gas mixtures  equil ib-  
ra ted  with ca rbon  and A120 3 at  different pressures 
and C O  contents.  

More  app rop r i a t e  measures  of conversion,  par t i -  
cularly in highly reacted samples, are the residual  
ca rbon  and oxygen contents.  The result ing ca rbon  

3 1 2 8  

~-6 

q. -7 ,o(At)in ............... - ............ = equilbrium with C, .................. ._2 %___C .0_ ........ 
AI203 and AIN 

- 9  , , , r , , , , l , , , , l  . . . .  I . . . .  l i , 4 p r l i l r r l i l r l l r l r i l t ~ r  f l  

0.0 0.5 1.0 1,5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 

p (N 2) (MPo) 

Figure 7 Calculated partial pressures (bar) of aluminium and AI20 
in (supersaturated) mixtures of carbon and AlzO3, equilibrated with 
nitrogen atmospheres of different CO contents and at different 
pressures. Shown also ( ) p(Al) and (- - -) p(Al20) in equilib- 
rium with carbon, A1203, A1N and the gas. 
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Figure 8 Residual carbon contents in samples of starting mixture E, 
run for (�9 1 and (n) 4 h at 1500 ~ 0.5 MPa and different gas-flow 
rates. 
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Figure 9 Residual carbon contents in samples of starting mixture E, 
run for 4h at 1600~ different gas-flow rates and nitrogen 
pressures. Figures in parentheses are the oxygen values calculated 
for decarburized samples. Flow rates (1 min-1): (A) 10, (N) 5, (n) 2, 
(o) i. 

values after 1 h runs with mixture  E in Fig. 4 are 
shown in Fig. 8, which once again  i l lustrates the posit-  
ive f low-rate dependence  of  conversion.  Fig. 9 shows 
the residual  ca rbon  and oxygen contents  after 4 h runs 
at  1600~ with mixture  E and different flow rates. 
Fig. 10 shows the residual  ca rbon  values in the 1 h 
runs in Fig. 5, with A at  1600 ~ p rov ing  that  there is 
a posit ive dependence  of  conversion on ni t rogen 
pressure,  p rovided  sufficiently high gas flows 
(5 1 r a i n -  1) are used. 
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Figure 10 Residual carbon contents in samples of starting mixture 
A, run for 1 h at 1600~ different gas-flow rates and nitrogen 
pressures. Flow rate (1 rain-l):  [] 10, (�9 5, ( 0 )  3, (13) 1, (Ill,) 1, N 2 
+ 1% CO. 
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Figure 11 Residual oxygen contents in samples of starting mixtures 
(O) B and (N) D, run at 1600~ 5 lmin  1 and different nitrogen 
pressures, B for 1 h and D for 4 h. 

For mixtures B, C and D, with a large carbon 
excess, the residual oxygen content is the most sensi- 
tive measure of conversion, as well as a parameter  of 
technological importance. Fig. 11 shows the oxygen 
values, corresponding to the RWC data in Fig. 6, for 
B samples run 1 h at 1600~ and ~(N2) = 5 lmin -1. 
In the same diagram are plotted oxygen figures after 
4 h with mixture D at 1600 ~ Evidently, the residual 
oxygen levels in these samples were suppressed by an 
increased nitrogen pressure in the range 0.1 0.5 MPa. 

Surface areas between 2 and 3 m 2 g-1  were meas- 
ured for completely reacted samples, after removal of 
excess carbon by heating in air at 700 ~ 

The nitridation proceeds relatively rapidly for the 
samples with large carbon excess (B, C and D); alumi- 
nium nitride and carbon were the only phases in the 
products after 1 h runs at 1600~ and a suitable 
nitrogen pressure, even using small gas-flow rates. 
After 4 or 6 h heating the residual oxygen content was 
0.3%, which seems to be the minimum value. The 
corresponding figure, calculated for a carbon-free 
sample is 0.7%. Decarburization would increase the 
oxygen content slightly. 

With mixture E, of lower carbon excess, it took a 
long time to reach full conversion. Even a 4 h run at 
1700 ~ 5.0 MPa  and 5 1 min -  1, yielded a mixture of 
unreacted ~-A120 3 together with A1N and carbon, 
unless a very large gas-flow rate was used (10 1 min -  t). 

Mixture A was substoichiometric with respect to 
carbon, and so exhibited a relatively slow reaction 
rate. The only solid product phases found in samples 
run at 1500 and 1600 ~ were carbon, A1203 and A1N. 
No trace of oxynitride was ever detected, even after 
very short holding times (0-0.5 h). Transient "A1ON" 
formation has been reported to occur [10] under 
similar conditions, though. 

A convenient way to follow the carbothermal reduc- 
tion is to  monitor continuously the concentration of 
carbon monoxide in the outlet gas. Fig. 12 shows the 
CO amounts given off by an A sample at p(N2) 
= 0 . 5 M P a ,  1600~ and qb(N2)= 1 and 51min -1 

with a typical temperature programme. One can note 
that the CO level, after a fairly sharp maximum when 
the plateau temperature is reached, stays relatively 
high for about half an hour, and then gradually 
decreases. 

A few experiments with N2/CO gas mixtures have 
also been made. A retarding effect on the nitridation 
rate was found, even with additions as small as 1% 
CO to the N 2 gas, as seen in Figs 3 and 5. 

As Reaction 1 is reversible, the concentration of 
carbon monoxide in the system controls the nitrid- 
ation rate to a large extent. The p(CO) values limiting 
A1N formation from C + A120 3 in nitrogen at differ- 
ent pressures and temperatures are shown in Fig. 13, 
based on thermodynamic calculations with the SOL- 
GASMIX program. Shown are the maximum values 
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Figure 12 Typical curves of the temperature programme and CO 
contents of outlet gas in runs with starting mixture A at 1600 ~ for 
4 h, p(N2) = 0.5 MPa  and ~(N2) = 1 and 5 1 rain t. 
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Figure 13 Curves indicating the maximum CO contents in nitrogen 
for stable coexistence of A1N with carbon and ~-At203 at ( . . . . .  ) 
1500, (- - -) 1600 and ( ) 1700 ~ and different pressures. 
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of Vco/Vto~ in equilibrium with solid A1N, 
~-A1203, carbon and the gas for different nitrogen 
pressures and temperatures. Aluminium nitride can- 
not form in the area above each curve. Obviously, the 

'carbothermal nitridation is more sensitive to the con- 
centration of carbon monoxide, the lower the temper- 
ature and the higher the pressure. 

4. Discussion 
The continuous CO recordings (Fig. 12) revealed that 
p(CO) in the outgoing gas may rise to more than 1% 
Ptot for a considerable period (an hour) in a typical run 
with moderate qb(N2). Deliberate addition of 1% CO' 
to the feed nitrogen in a 1 h run with A at 1600 ~ 
0.5 MPa  and 11 min-  z did not appreciably reduce the 
conversion (Fig. 11), compared to an ordinary run. 
Therefore, we conclude that the CO content inside the 
reacting granules during the introductory period of 
synthesis will reach higher values than 1%, maybe 
close to the calculated upper limit in Fig. 13. With 2% 
CO added to mixture C at 1600 ~ 4.0 MPa, A1N was 
found to have formed after 4 h, but unreacted A120 3 
was in large excess in the sample, and the relative 
weight change rated at only 10%. 

A high gas-flow rate means more efficient removal 
of carbon monoxide from the sample space. It is clear 
that flows about 51rain -1 are needed with a 1 g 
charge in order to eliminate the influence of gas-flow 
rate on the conversion rate in the present experimental 
apparatus at 1600 ~ and p(N2) = 0.1-1 MPa (Figs 5 
and 10). The results in Figs 4 and 8 suggest that still 
higher flow rates, in excess of 101 min-  z, must be used 
to make the rate of A1N formation flow-independent 
at 15"00 ~ 0.5 MPa. This can be understood from the 
thermodynamic calculations (Fig. 13), implying that 
the barrier to AIN formation, set up by a specific CO 
concentration in the gas, will increase when the tem- 
perature decreases and/or the total pressure increases. 
A consequence of this is the decrease of conversion 
with increasing pressure from 0.5-5 MPa, observed in 
4 h runs at 1500~ and a low gas-flow rate with 
mixtures A and C (Fig. 3). Such a change with pressure 
was also found for A mixtures at 1600~ (Fig. 5), 
while nitridation in the more reactive C mixtures 
evidently had gone to completion within 4 h at 
1600~ even at 5 MPa and 1 lmin -1 (Fig. 3). 

However, superimposed on this negative pressure 
effect on conversion, active via the p(CO) dependence, 
is also a positive dependence of the overall nitridation 
rate on the nitrogen pressure. This becomes evident 
when the screening effect of p(CO) is eliminated by use 
of sufficiently high gas-flow rates. In short runs (1 h) 
with mixture A at 1600~ and qb(N2) = 5 lmin -1, a 
marked increase in conversion was found with in- 
creasing p(N2) from 0.1-0.5 MPa (Figs 5 and 10). Even 
the reactive mixture B, which is almost fully converted 
after 1 h at 1600 ~ and 0.3 MPa in gas flows of only 
2-3 lmin-1,  turned out to be less nitrided at atmos- 
pheric pressure but otherwise similar conditions 
(Fig. 11). 

The observed effect of nitrogen pressure on the 
residual carbon and oxygen levels could be due to 
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more favourable kinetics for reactions such as 4, 5 and 
6 at higher p(N2). A shift of equilibrium between solid 
oxygen-, carbon- and nitrogen-containing phases is 
also a possibility. In order to clarify the phenomenon 
in the future, a primary task should be to find out 
what are the host phases for carbon and oxygen 
during the final stage of nitridation. Are these phases 
still unreacted carbon and alumina, or are they transi- 
ent carbides or oxynitrides? 

In the present work, no systematic assessment has 
been made of the relative reactivities associated with 
different reactant types and C/A120 3 ratios. We can 
state though, like previous authors [1, 3], that a large 
carbon excess promotes nitridation. This raises the 
question whether a stoichiometric C + A120 3 mixture 
can be fully converted to A1N within reasonable time, 
at 1600-1700 ~ An incentive for using stoichiometric 
starting mixtures is to obviate the need for subsequent 
removal of extra carbon in the samples by heating in 
air, as such a procedure is likely to introduce some 
oxygen in the A1N powder. Our results for E mixtures, 
demonstrated the relative inertness of this composi- 
tion, compared with the more carbon-rich B, C and D, 
and so prospects did not seem very bright for a 
stoichiometric mixture. However, the conversion rate 
in A, which is understoichiometric with respect to 
carbon, was not extremely low, and an increased p(N2) 
had a large impact on conversion at 1600 ~ for both 
A and E (Figs 5 and 9). Furthermore, successful at- 
tempts to prepare A1N from stoichiometric C 
+ A120 3 mixtures by long-term heating in atmos- 

pheric nitrogen have been reported [11]. 
Indeed, the result of a single synthesis experiment 

by the present authors, using a mixture of carbon and 
~-A120 3 (Table I) in strictly stoichiometric propor- 
tions, and prepared in the same simple way as the 
ordinary mixtures A-E, turned out to be promising. 
After 8 h at 1600 ~ 0.5 MPa and 5 lmin -1 a remark- 
ably pure A1N powder was obtained with just 1.0% 
residual oxygen. Apparently continued synthesis ex- 
periments with stoichiometric C + AI20 3 mixtures in 
pressurized nitrogen are worthwhile, with the aim 
of finding an optimal set of process parameters (T, 
AT/At, p(N/), ~(N2) , . . . )  for the preparation of a 
powder with minimal oxygen and carbon contents. 

The difference in reactivity found between samples 
B and C, with coarse c~-A120 3 and fine-grained 
~'-A1103, respectively, was not great. Nor  did the use 
of different carbon powders (a coarser one in B and a 
finer one in D) cause any appreciable difference in 
conversion rate between these mixture types; other 
parameters, such as p(N/) and qb(N2) turned out to be 
decisive. For practical purposes, carbon black with a 
BET area 82m 2g-1 seems to be fine enough for 
nitridation of coarse 0~-A120 3 (0.55 m 2 g-  1). 

5. Conclusions 
1. In the carbothermal preparation of A1N, starting 

with mixtures of A120 3 and carbon powder, the con- 
version rate was found to increase with increasing 
temperature, in the range 1400 1700 ~ and gas-flow 
rate up to 5 1 min-  1 



2. At a high gas-flow rate, the degree of conversion, 
either expressed as the relative weight change or the 
residual carbon and oxygen contents of a sample, was 
enhanced by an increase in pressure in the range 
0.1-1 MPa. 

3. The A1N formation was hampered by even small 
amounts (a few per cent) of CO added to the nitrogen 
reactant gas, as predicted from thermodynamic con- 
siderations. This hampering effect is more serious the 
lower the reaction temperature and the higher the 
total pressure. 

4. With starting mixtures of even fairly coarse- 
grained A120 3 and carbon powders in the mole ratio 
1/13, the reaction to A1N went virtually to completion 
after 4 h at 1600 ~ and p(N2) = 0.5 MPa. The oxygen 
content of such a powder, having a carbon excess, was 
0.3 wt % and the BET surface area (of A1N) was 
~ 3 m 2 g  -1. 

5. A stoichiometric C + A120 3 mixture yielded an 
A1N powder with only 1.0 wt % residual oxygen, after 
8 h heating at 1600 ~ 0.5 MPa. 
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