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Aluminum nitride powder was synthesized by a combustion synthesis method using
various additives. Each additive was mixed with Al powder, and the powder mixture
was then pressed into a compact. The combustion reaction was ignited by heating the
compact under Natmosphere of 0.4 MPa. Additives containing halogens were found
to have a catalytic effect on the combustion reaction. High product yields were
obtained when using additives of NM, CO(NH,),, CH5(CH,),,COOH, and
CO,H(CH,),CO,H. In all these cases, eggshell-like skins were observed to form on
the Al particles at the early stage of combustion. The catalytic effect, formation of the
eggshell-like skins, and their effects on the combustion process were investigated and
discussed.

[. INTRODUCTION proceeding with combustion. To synthesize AIN under
Aluminum nitride is among the most exciting techni- low nitrogen pressures, it is essential that the Al particles

cal ceramics currently under development for high-tectfl0 not coalesce during heating and combustion. If this

applications. Commercial interests result from the re-2CCurs, the nitrogen available to the combustion reaction

markable combination of its properties such as high therWi" be limited to inside the pores because coalescence of

mal conductivity, high electrical resistivity, good the Al particles inhibits N from diffusing into the com-

corrosion and thermal-shock resistance, low thermal exPact: As a result, a high Noressure will be required to
pansion coefficient, and a low dielectric constiAtlt complete the combustion reaction and to achieve a high

has been considered for many applications, such as eleroduct yield.

tronic substrates, packaging materials for integrated cir- N Our previous stud§,a SHS method was developed
cuits, heat sinks, high thermally conductive compositd©' the synthesis of AIN powder under low nitrogen pres-
materials, and hardware for containing or processing’eS: In this method, NfX (X = F, Cl, Br, or I) was
molten metals and salfs' Although many processes added to Al and the powder.mlxture was pressed mto a
have been developed for manufacturing AIN powders, €omPact, which was placed in a reaction chamber filled
development of new processes for producing AIN IOOW_W|th N,. The combustion reaction was ignited by heating
der at low cost is still an interesting research topic. e compact, and high product yields were obtained un-

Our research objective has been to investigate the u&¥r nitrogen pressures of around 0.5 MPa. The compact

of combustion synthesis (SHS) method for the producas observed to retain its shape and to become highly

tion of AIN powder. The SHS method, originally devel- POrous during heating. Nitrogen thus could diffuse easily

oped in the former USSRhas been applied to synthesis in_to the compact, resqtling in complete combustion and
of various materials including ceramics, intermetallics,Nigh product yields. Since a compact composed of only

and composites. It has many potential advantages such 4% Particles (i.e., no additives) could melt and collapse
low processing cost, energy-efficiency, and high producduring heating, NiX was considered to be capable of
tion rate’ preventing the Al particles from coalescence. However,

In the combustion synthesis of AIN from Al and,N the details and the mechanism of this effect remained

since the combustion temperature is much higher thaHnclear. _ _
the melting point of Al, Al particles will melt before N this work, four different types of compounds (i.e.,
additives including NEX) were examined for their ca-

pability of preventing the Al particles from coalescence.
The details and the mechanism of this effect were inves-
a)address all correspondence to this author. tigated. Also investigated were their effects on the com-
e-mail: slchung@mail.ncku.edu.tw bustion process and the product yield.
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II. EXPERIMENTAL a graphite plate as heating element, the electric power
Listed in Table | are the characteristics of the reagentsequired for ignition was greatly reduced as compared
used in the present study. The additives are classified ito 1600 W in our previous stufywhere a tungsten coil
four groups: (i) those containing both NHx and X (halo- was used.)
gens); (ii) those containing only NHNaN; is consid- Variation of the temperature at the top surface of the
ered to contain N wherex = 0); (iii) those containing reactant compact was measured by using 0.127-mm-
only X; (iv) those containing neither NHor X. Alumi-  diameter W 3% Re-W 25% Re thermocouples. As
num powder and one of the additives were thoroughlyshown in Fig. 1, the thermocouple insulated with
mixed at the desired proportions, and 1 g of the mixturel.2-mm-diameter alumina tube was held to form an angle
was pressed into a cylindrical compact (referred to a®f approximately 30° with the top surface of the com-
reactant compact or compact) by applying a pressure gsact. The thermocouple junction was placed at the center
approximately 169 MPa. (The compact compositions aref the top surface where a shallow hole (0.5-mm diam-
all expressed as weight ratios in the present study.) Theter and 0.2-mm deep) had been drilled. The thermo-
compact thus formed had a diameter of 10 mm and &ouple was pressed down with a small pressure to assure
length of approximately 8 mm. The reaction chambera good contact with the top surface.
used in the present study has been shown schematically Formation of the product was determined by x-ray
in our previous study.The reactant compact was placed diffraction (XRD) analysis. The quantity of residual Al in
on a height-adjustable stage, which was adapted sihie product was determined by a gas evolution tech-
that the top surface of the compact was 2—-3 mm belowique® Approximately 100 ml of 15 wt% HCI| was
the heating element, a graphite plate (instead of a tungadded to 5 g of the combustion product which had been
sten coil). The reactor was evacuated to 650 Pa by fluslground todso, 05 pwm. The quantity of the residual Al
ing with nitrogen between the evacuations. After thewas obtained by calculation from the volume of the hy-
evacuations, the reactor was back-filled with nitrogen atrogen gas thus evolved. The product yield was defined
the desired pressure (0.1-0.5 MPa). The combustion res the weight ratio of the Al that had been converted to
action was ignited by heating the top surface of theAIN to that initially contained in the reactant compact.
reactant compact with an electric current (approximatelyThe morphology of the product was analyzed with a
600 W) passing through the graphite plate. The heatingcanning electron microscope (SEM), and elementary
power was turned off after ignition. (Note that by using analysis was carried out with an energy dispersive x-ray

TABLE I. Characteristics of the reagents. A
Particle Purity Mp
Category Reagent size (%) (K)
Reactant Al -325 mesh 99.5 943
N, 99.9 —_—
Additive (i) Containing both NHand X A \_’/
NH,F 92 468
NH,CI 99 610
NH,Br 99 664
NH,I GR grade 620
(i) Containing only NH, 8
(NH,),CO, 99 330" B
NH,HCO, 99 333
CO(NH,), 99 406
NaN, 99 603 L
(ii) Containing only X
AlCl, 99 450 -
NaCl 99 1164 v
Kl 97 954
(iv) Containing neither NKnor X
KNO, 99 606 (679)
Ba(NQ,), 99 865
CH4(CH,),,COOH 99 343 “—— 10 ———»
CO,H(CH),CO,H 99.8 458
FIG. 1. Configuration and location of the thermocouple for tempera-
@Decomposition. ture measurements: (A) thermocouple; (B) reactant compact (unit:
bSublimation. mm).
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spectrometer (EDS). The particle size distribution wasistory of a reactant compact without any additives for
measured by a centrifugal-sedimentation particle siz@urpose of comparison. In each case, the temperature was
analyzer. seen to increase as the heating power was turned on.
After a thermal equilibrium was reached approximately
1773 K, the temperature increases abruptly. This abrupt
. RESULTS increase in temperature was coincident with the visual
ignition of the combustion reaction. The temperature at
the point of the abrupt increase was thus defined as the
ignition temperature. The thermocouple was soon burned
Depending on the type of additive used, two differentout after ignition due to a substantial increase in tem-
kinds of combustion phenomena were observed. Wheperature. In the case of using urea or stearic acid as
using additives which melt upon heating [e.g.,additive, the combustion wave propagated down the
CO(NH,),, CH5(CH,),¢COOH, and CQH(CH,),CO,H], = compact very quickly and reached the bottom end of
a liquid film appeared on the outside surface of the uppethe compact within 1 s. In the case of no additives, the
portion of the reactant compact as the heating power wasombustion reaction extinguished soon after ignition,
turned on. The liquid film was seen vaporizing as evi-leaving a large portion of the compact unreacted. Each
denced by bubbling and smoke evolution. Appearancerofile in Fig. 2 is also seen to have a drop in temperature
of the liquid film and its bubbling and smoke evolution at its early stage of heating. When using urea or stearic
was observed to propagate down the compact, which weecid as additive, the temperature drop was coincident in
similar to the propagation of a combustion wave. Aftertime with visual appearance of the liquid film; it was thus
disappearance of the bubbling liquid film and completionconsidered to be caused by melting of the additive. When
of the smoke evolution, another liquid film was observedusing a compact without any additives, the temperature
to form at the top surface of the compact and, subsedrop was considered to be caused by melting of Al par-
quently, ignition of the compact was observed to occutticles. It is noted that this temperature drop occurred at a
(indicated by a glow of red light). When using thesetemperature higher than that when using urea or stearic
additives, typical temperature—time histories measured atcid, following the order of their melting points (see
the top surfaces of the reactant compacts are shown ihable I).
Fig. 2 where urea and stearic acid were taken as ex- When using additives which decompose or sublimate
amples. Also shown in Fig. 2 was the temperature—timeipon heating (e.g., NgX and AICl;), evolution of smoke
from the top surface of the reactant compact was ob-
served as the heating power was turned on. This evolu-
3000 tion of smoke propagated down the compact, appearing
; similar to the propagation of a combustion wave, which
= has been described in our previous stfidgnition was
: observed to occur at the top surface of the compact dur-
! ing propagation of the smoke evolution. Shown in Fig. 3
i are typical temperature—time histories measured at the
top surfaces of the reactant compacts. Temperature drops
were also measured during heating and were observed to
be coincident in time with the onset of smoke evolution.
These temperature drops were thus considered to be
. caused by decomposition or sublimation of the additives.
R, 0.4 MPa The time periods of heating required for ignition to occur
Al:urea=3:1 (defined as ignition times) were much shorter than those
shown in Fig. 2. The ignition times and ignition tempera-
Al ; stearic acid = 3 : 1 tures for various additives are listed in Table Il. Since the
Al ( no additives ) increase in temperature due to ignition in cases such as
T these two was not apparent (compared to those shown in
120 1860 200 Fig. 2), their ignition times were determined by visual
o T observation. Propagation of combustion in these two
0 4|° - 8|° | 1f° T “fo | cases was much slower than those shown in Fig. 2. Fur-
0 40 80 120 thermore, the combustion was observed to occur twice as
TIME(sec) evidenced by twice of visible glow of red light, which is
FIG. 2. Typical temperature—time histories of reactant compacts con@lS0 in agreement with the two peaks in the temperature
taining urea, stearic acid, and no additives. profiles.

A. Combustion phenomena and
temperature variations

TEMPERATURE( K)
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B. Effect of additives on product formation highest product yield. The compact containing NaN

Figure 4 shows the XRD patterns of the products Syn_could not be ignited; instead it melted and collapsed dur-

thesized using additives containing both NHx and X (i.e./nd heating. Figure 6 shows the XRD patterns of the
ammonium halides). As can be seen, the relative interP’0ducts synthesized using additives containing only
sity ratios of the characteristic peaks of AIN to Al follow N@logens. When using Alglas additive, the product

the order of the measured product yields for these addi{i€!d was lower than those when using ammonium ha-
tives. Among these, the product yield when using,NH lides (see Fig. 4), and the product contained a small
was the highest where no residual Al was detected. How2mount of oxide, which might be caused by the moisture
ever, AR, was detected to form in the product. Figure 52dsorbed on AIGL When using either NaCl or KI as

shows the XRD patterns of the products synthesized yLdditive, combustion reaction could not be ignited and
ing additives containing only NHAmong the four NH- the compact was observed to melt and collapse during

containing compounds, urea [CO(MH generates the heating. Figure 7 shows the XRD patterns of the products
synthesized using additives containing neither, Nidr

X. As can be seen, the product yields when using stearic
acid and succinic acid are much higher than that using
2500 KNO; or Ba(NG,),, where, in addition to large amounts

of residual Al, oxides were also detected.
R, :0.4 MPa
2000 N ------ Al:NHF=3:1
< Al:AICL=3:1 A Al
] . NH:F ® AIN
& . + AIF
D 1500 — @® Product yield =99.4 % 3
|—
P [ J
o
wl
o
= ™
W 1000 + h +
® NH.CI
500 — ® Productyield=94.7 %

T 1T T 1 ®

80 120 160 200

TIME(sec)

[ ]
A A ﬂ
D

FIG. 3. Typical temperature—time histories of reactant compacts con
taining NH,F and AICL,.

RELATIVE INTENSITY

TABLE Il. Ignition times and ignition temperatures for NH.Br
various additives. Product yield = 93.8 %

[
®
Additive Ignition time (s) Ignition temp. (K) PY
NH,F 30-40 1300-1500 A A JL

NH,CI 30-40 1300-1500

NH,Br 30-40 1300-1500

NH,| 30-40 1300-1500

AlCI, 20-30 1300-1500 ° NHdl

CO(NH,), 80-100 Approximately 1850 e Productyield=293.5%

No additives 80-100 Approximately 1850 [ ]

NH,HCO, 80-100 Approximately 1850

CH4(CH,),,COOH 80-100 Approximately 1850 g

CO,H(CH,),CO,H 80-100 Approximately 1850 A A A

NaN, N2 T 1 1 T Lm— T T T

Nacl N 30 35 40 45 50 55

Kl N 20

KNOg N

Ba(NQ,), N FIG. 4. XRD patterns of the products synthesized using additives
containing both NH and X (Al:additive = 3:1; nitrogen

aN: could not be ignited. pressure= 0.4 MPa).
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4 A Al A Al
@ AIN ® AIN
NaN; ¢ Na ® ¢ AlO:s
could not be ignited AlCls Z NaCl
° ® Productyield=77 % Ki
A
o JL ©
JU L s . o
. . k
A JL_
° (NH,),CO, - N
Product yield = 80 % 7]
- e ¢ z
0 o NaCl
E A [ = v could not be ignited
= A w
Z A A 2 .
S < v
£ 2
E ° NH,HCO, L
Product yield = 87 % A
o ©
R PY Kl
J : i could not be ignited
X
o x
) CO(NH,), A
° Product yield = 99.7 % JL ’\ T A X
A
¥ I ) I T I 1 ' I
b 30 35 40 45 50 55
. e 2
! | ' | ! | ! I ' FIG. 6. XRD patterns of the products synthesized using additives
30 35 40 45 50 55 containing only X (Al:additive= 3:1; nitrogen pressure 0.4 MPa).
20

FIG. 5. XRD patterns of the products synthesized using additives Figure 9 shows typical SEM photographs of the frac-

containing only NH (Al:additive = 3:1; nitrogen pressure=

0.4 MPa).

C. Effect of additives on reaction process

tured surfaces of the compacts which had been heated for
approximately 100 s under Ar atmosphere. Listed in
Table lll are the elementary compositions of various
spots shown by arrows on the SEM photographs. In the
To investigate the effects of additives, several reactantase of using AlG] as additive [Fig. 9(a)], many spheri-
compacts containing different additives were heated uneal particles are seen on the surface of a dense body.
der Ar atmosphere for approximately 100 s. The compactVith reference to the elementary compositions listed in
melted and collapsed when it contained no additives oifable Il (i.e., spot A), these spherical particles are be-

contained AIC}. However, the compact retained its lieved to be formed from melting of the Al particles,
shape and became highly porous when it containeavhich were also seen to be partially oxidized. A few of
NH_X, urea, stearic acid, or succinic acid. These porousnore heavily oxidized Al particles are also seen in
compacts could be ignited and brought into completd=ig. 9(a) (e.g., spot B). Below these distinct particles is a
combustion after replacing the Ar with,hh the reaction large and dense body, which is believed to be formed
chamber. Figure 8 shows the XRD patterns of the comfrom melting and coalescence of Al particles. This is
pacts after being heated under Ar atmosphere. As can lmnsistent with the observation that the reactant compact
seen, a small amount of AIN was detected for the commelted and collapsed after heating. In the cases of using
pact initially containing NHF but no AIN could be de- NH,F, urea, stearic acid, and succinic acid as additives,
tected for other compacts. The compacts containing uredie compacts were seen to become highly porous and be
stearic acid, and succinic acid became gray to dark imomposed of distinct particles [Figs. 9(b)-9(f)]. These
color after heating, which might be caused by depositiorparticles all have eggshell-like skins, which are com-
of carbon from decomposition of the additives. posed of fine particles and are quite separate from their
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A
AAl initially containing A A|
A KNO; @AIN ®AIN
+K.0 AICL +AIF;
EBa0 A @ ALO:
s s ) A
N 4 L + ‘\ ° n
NH«F
Ba(NO;), n
> > e ool 4} t_
% = i g A
° ’ 17
E M Py L . | : Ig urea
w w
E ° = A
[
é ° CH;(CH,);s<COOH < J - L
14 Product yield = 99.5 % ﬁ
A
stearic acid
)
JL A '
e CO.H(CH:).CO,H JL L
Product yield = 98.9 % A
succinic acid
® A
JL L |
T [ J | T ! | ' | ! I ' | !
30 45 50 55 30 35 40 45 50 55

20 20

FIG. 7. XRD patterns of the products synthesized using additived|G. 8. XRD patterns of the compacts after being heated under Ar
containing neither NK nor X (Al:additive = 3:1; nitrogen  atmosphere for approximately 100 s (Al:additive3:1; nitrogen
pressure= 0.4 MPa). pressure= 0.4 MPa).

IV. DISCUSSION

interiors [Figs. 9(b) and 9(f)]. The elementary composi- Since the temperature during combustion is much
tions listed in Table Ill suggest that the eggshell-likehigher than the melting point of aluminum, aluminum
skins are mainly composed of nitrides and oxides of Al inparticles will melt before proceeding with the combus-
the case of using NiF as additive [Fig. 9(b)]. When tion reaction. As mentioned previously, when using a
using urea as additive [Figs. 9(c) and 9(d)], the skingeactant compact composed of only Al particles (i.e., no
contain also carbon in addition to nitrides and oxides ofadditives), the compact melted and collapsed during
Al. When using stearic acid and succinic acid as addiheating. Although it could be ignited, the combustion
tives [Figs. 9(e) and 9(f)], the skins consist mainly of reaction extinguished soon after ignition. When using
oxides and carbon. In all the cases, the interiors arsuch a reactant compact, the nitrogen available to the
mainly Al as suggested by the elementary compositionsombustion reaction is limited to inside the pores be-
listed in Table Ill (spots | and L). Shown in Fig. 10 are cause coalescence of Al particles inhibits nitrogen from
SEM photographs of the fractured surfaces of the proddiffusing into the compact. A high Npressure would
ucts synthesized using additives of (a) MHand (b) thus be required to complete the combustion reaction and
urea. Many eggshell-like structures are clearly seen, into achieve a high product yield.

dicating that the eggshell-like skins observed when heat- Munir** calculated the B pressure required for
ing the compacts under Ar atmosphere were indeedombustion synthesis of AIN and other nitrides. By as-
formed during the combustion synthesis reaction. suming that the available Nis limited to inside the
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1588x

FIG. 9. SEM photographs of the fractured surfaces of the compacts after being heated under Ar atmosphere for approximately 100 s. Additives:
(a) AICI3; (b) NH,F; (c,d) urea; (e) stearic acid; (f) succinic acid (Al:additize3:1).

pores, he found that, for the synthesis of AIN, afdes-  TABLE Iil. Elementary compositions for the spots shown in Fig. 9.

sure of 6 x 16 atm is required to achieve a product yield
of 100% for a compact having a porosity of 0.5. Cos- i
tantino and Firp®® studied the combustion synthesis of Fig. 9

Spots

Elementary composition (wt%)

monolithic AIN by burning AI-AIN mixtures and found
that a N, pressure of 100 MPa or higher was required to
achieve densified products with 80—-95% of AIN mass
fractions. Coalescence of Al particles not only limits
the nitrogen availability but also reduces significantly the
gas—solid (liquid) interface area, thus retarding greatly
the combustion reaction. To obtain a high product yield
with a low nitrogen pressure, coalescence of Al particles
must be minimized during combustion reaction.
As described previously, when using DK urea,

stearic acid, and succinic acid as additives, high product
yields were obtained (Figs. 4—7) with a nitrogen pressure

Al N (0] C F Cl
A 80.2 11 13.4 51 0 0.2
B 64.5 0 30.2 3.7 0 1.6
C 74.1 2.4 16.8 1.4 0 5.3
D 61.6 25.1 8.8 15 2.9 0
E 38.9 3.6 42.8 11.6 2.2 0
F 55.2 29.7 12.4 2.7 0 0
G 47.8 14.9 18.0 19.3 0 0
H 52.4 15.1 13.7 18.8 0 0
| 87.1 8.4 2.4 2.1 0 0
J 57.3 35 17.9 21.3 0 0
K 44.6 4.7 10.7 40.0 0 0
L 94.3 0 4.5 1.2 0 0
M 55.3 0.3 27.6 10.8 0 0
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As listed in Table Il (and also shown in Fig. 2 and 3),
the compacts containing additives of WK and AICI,
required shorter ignition times and were ignited at lower
temperatures than those containing CO(NH
(NH,),CO5;, NH,HCO,;, CH3(CH,),sCOOH,
CO,H(CH,),CO,H, and no additives. It is therefore be-
lieved that the additives of NEX and AICl; have cata-
lytic effects on the combustion reaction. Furthermore,
since the compacts containing CO(NK (NH,),CO;,
NH,HCO,, CH;(CH,);¢COO0H, and CQH(CH,),CO,H
have the same ignition time and the same ignition tem-
perature as the compact containing no additives, these
additives are believed to have no catalytic effects on the
combustion reaction. Because ¥and AICl, all con-
tain halogens and those additives containing only, NH
[i.e., CO(NH,),, (NH,),CO; and NHHCO;] have no
catalytic effects, the catalytic effects are believed to be
caused by halogens.

Nickel et al*® performed a thermodynamic and ex-
perimental study on AIN formation from AlGlby
chemical vapor deposition. According to their calcula-
tion, the nitridation reaction

2AICI5(9) + Nx(9) ~ 2AIN(9) +3CL(9)

is impossible under any temperature conditions because
- of a strongly positiveAG value. Besides, AIG(g) is
(b) thermally stable even at 1800 K and thus any essential
FIG. 10. SEM photographs of the fractured surfaces of the productioreakdown of AICL(g) (to species e.g., AIG| AICI, and
Synthesized using additives of (a) Wand (b) urea (Aladdlthe= 3: C|) in the temperature range Of interest does not take
1; N, pressure= 0.4 MPa). place. They also pointed out that in the presence of Al,
AICI; can react with Al at temperaturés1000 K to
produce AIC} and AICI, which can react easily with N
of 0.4 MPa (compared to 6 x ¥@tm and 100 MPa in to form AIN. When using AIC} as additive in the present
other studie¥*9. In these cases, the compacts were obstudy, AICI and AIC}, (referred to as AIG) were gen-
served retaining their shapes during combustion reactiorerated (by reaction of AlGland Al) at the top surface of
The results of heating them under Ar atmosphere showethe compact during heating. Since AlCéact more eas-
that the compacts not only retained their shape but alsily with N, than Al does, the combustion reaction was
became highly porous after heating. These additives thugnited at a lower temperature (i.e., a lower ignition tem-
have two effects on the combustion reaction: First, theyerature) and thus a shortest ignition time is required than
produce numerous pores inside the compact (by vapowhen using no additives. AlGthus has a catalytic effect
izing, decomposing, or sublimating themselves). Secondyn the combustion reaction.
they prevent the Al particles from coalescing. (Nitrogen For the compacts containing NM, HX generated
could thus diffuse easily into the compact, resulting infrom their decomposition can react with Al to produce
high product yields.) AlX, (i.e., AIX and AIX,). Again, the AIX react more
In contrast, when the reactant compacts contained theasily with N, than Al does. NHX thus have a catalytic
other compounds listed in Table | as additives, the comeffect, enabling the compacts to be ignited at lower tem-
pacts either could not be ignited [when containing NaN peratures than those without any additives. (In these
NaCl, Kl, KNOg, and Ba(NQ),] or had an incomplete cases, the NEifrom decomposition of NEX may further
combustion resulting in low product yields [when con- decompose to Nand H, before ignition occurs). Since
taining AICI;, (NH,),CO;, and NHHCO;]. Toamore or  the combustion was ignited at lower temperatures, the
less extent, these compacts all melted and collapsed durembustion took place at temperatures (2000—-2200 K)
ing heating or combustion. Because of coalescence of tHewer than when using additives with no catalytic effects
Al particles, diffusion of nitrogen was retarded, resultingsuch as urea, where the combustion temperatures were
in no ignition or incomplete combustion. so high that the thermocouples were burned out. As
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described previously, the combustion was observed tparticles [Figs. 9(c)-9(f)]. Because of their high melting
occur twice when using AlGland NH,X as additives. points, the eggshell-like skins prevented the Al particles
The nitridation reaction was apparently not completefrom coalescing. The compacts containing these addi-
during the first combustion due to the low combustiontives thus retained their porous structures throughout the
temperatures. A certain amount of Al was thus left, leadcombustion process, leading to complete combustion and
ing to the second combustion. thus achieving high product yields.

When the compacts containing NWKlwere heated un-
der Ar atmosphere, AlX(generated by reaction of HX
and Al) reacts with NH (or N,, its decomposition prod- V. CONCLUSION
:Jhcft!)gtgng?f?aeer‘TenuAclzll\le'aﬁgnnciftmsN rg,%(g![ce)g ;aEEZeplr?Srit%r Effects of variou; additives on the combustion process
of fine particles. AlX will also react with HO (from the nd the product yield for the combustion synthesis of

. . . _AIN were investigated. Additives containing halogens
moisture absorbed on the reactant particles) to form f'n‘\a/vere found to have a catalytic effect on the combus-

particles of aluminum oxides. Deposition of the fine Pa4ion reaction. This catalytic effect was attributed to

tlples of the nitride an(_:i oxides is believed to _be respony o formation of AIX and AlX, which can react more
sible for the formation of the eggshell-like skins

surrounding the Al particles [Fig. 9(b)]. Because ofeaSIIy with I, than Al does. High product yields were

the high melting points of the nitride and oxides, theObtalned when using additives of NK, CO(NH,),,

eggshell-like skins prevent the Al particles from coalesc-CH3(CH2)16COOH’ and CGH(CH,),CO,H. In all these

ing during heating and combustion. The compacts thu§e. " eggshell-like skins were formed on the Al par-
9 9 9 : P X ﬁcles, consequently preventing the Al particles from coa-
retain their porous structures throughout the combustio

rocess. enabling the.No diffuse easilv into the com- Pescing. The compacts thus retain their porous structures
Eacts aﬁd thus Igadingzj to high produc%/yields throughout the combustion process, resulting in high
When the compact containing AICIs heated under product yields. The eggshell-like skins were believed to

be formed by deposition of AIN, oxides, or carbon par-
Ar atmosphere, although AlCkould be formed by the . L .
reaction of AICL and Al, neither i nor NH, was avail- ticles or by surface oxidation of the Al particles.
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