Journal of the Korean Ceramic Society
Vol. 23, No. I, 1988

NH-AICL-H, 7|At6rgiol HGars] HETA 2

[

..Lu.':'?_: E AIE{ 'e=|l-)‘c5!

=™
¢r]

i

(198 104

il =1
(=1 ER)

0
0]
t!
. A

A E R 2g T
1

Thermodynamie Equilibrium Compositions for a NH-AlCI,-H,
Vapor-Phase Eeacting System and Synthesis of a High-Purity AIN

Sang-Heen Hyun and Jun-Hak Kim

Department of Ceramic Engineering Yonsei University
(Rceeived 17 Gelober, 1885)

ABSTRACT

The synthesis of a high-purity AIN by a vapor-phase reaciion was investigated using the AlC[-NH~H,

reacting syatem, The theoretical yields of AlN

were determined from the Lhermodynamic equilibrium ccriposi-

tions, It was shown that the yields ahove 93¢ could be obizined even in the range of relatively low cemper-

ature of 800-1200 K. The reaction lemperature and the initial amounts/ratics of the reacring sases showed

sigpificant effecls on the vields, bat the tewl pressure did ool

The experimental results showed that a high-purity AIN having a needle shape was the only product as a

solid phase and its amounl produced increased

tion of the synthesized AIN increased with the

with the reaction temperature. While the degree of zgslomera-

reaclion temperature, the size of each particle consisting of Lhe

agglomerates was independent of the temperature but grew from 0.09 to 0.115 gm with the fow rate of Nifs

These experimental results were compared with the Lheoretical aspects far the synthesis of a high-purity AIN,
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Table 1. Equilibrium Compositions {T=1200 K, P= 1 atm).

o Lniniak moles) gy ajel—g 1 0. 01 6. 001 0. 6001 0.0000L | 0053301
Come. \ Hy=0.8 0. 95 0. 998 5. 9993 0. 99993 | . 99906
AlN(s) | 30850 E —01 ! 68275 —02 | L 93134E —03 | . 83220E —0d | L 98873E —05 | . 9751912 —06
ALCD) 0 ' 0 0 0 0 0
Hg CODSSEE 00 | LO8453E 400 | L9980 E 00 | 99220F --00 ) 99998 E --G0 | . 100a0E 10
NH; LO7854E —04 | L7388OE —05 | L 11115E —05 | . 172102 —06 | 41085 E —07 | . L4071 E —07
AlCl, LG8392E —01 V303848 —02 | LBIBYAE —04 | . 39081E —03 | . 16690 F —0S8 0
AlCl, L8152 —(04 | L 99221E —07 | .28060E —10 0 0 G
AlClg | BE500E—03 | .12362E —03 | .16704E —04 | . 11895E —05 | . 508955 —07 147885 —08
AlCH .32373E —06 303267 —06 | L 27867 —06 | . 18998E —06 | . 80103 —07 | . 233291 =07
11C1 JB93217E —01L | L20BIFE —O0L ) . 28113E —02 | . 29331 E —03 | . 208183 —Qd | . 297372 —05
Cia 0 0 ] G 0 0
Cl oL J79R3E 07 35449 —08 | L 49145E —02 ) LGIT20E —10 0 | ]
N L2456l E —01 15825 F —02 | . 33773FE —04 | . 80409F —06 | . 45791 —07 | . 53708E —08
I 0 0 0 0 0 0
H L1964 FE —06 19560 —05 | 019694E —06 | . 198025 06 | . 19303 E —0G 193052 —06
MNH 0 0 [ ) 0 0
NHa 0 0 0 0 0 {1
i, 0 0 0 0 0 0
NH, 9 8 0 0 0 B
Al 0 [ 0 0 0 g
AlN b} 0 b { ] Q
AT 0 0 0 ] 0 0
* precimion 1071 mole
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Variation of equilibrium vields of AIN
and aluminium chlorides using the AiCI;—
MNHz;—Ha system with reaction {omperalure

Fig. 2
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. Variation of equilihrium vyields of AIN
and aluminium chlorides using the AlICl;
—H3—Is system with reaction lempera-
ture (M° a0 = Ny, =0. 00001 mol, Nqg,=
0. 99953 mol).
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Table 2. Amount of AIN Deposited at Various Reaction Conditions.

. o -0 ° . .
S E | WS | el | oo 1 NS e DetmoD
1 473 13 7. 7051078 5.200%1072 | 1.45x1079 4 ®
2 573 773 6. 161079 5.899x107% | 1.16x1073 4 =
3 623 923 7.32x1078 5,209 1077 | 1.38x1079 4 1.092x 1073
4 623 1033 7.19:<1078 5.299%1072 1.36= 1078 4 1.2943<107%
5 I 623 1153 7. 851078 5.209x 1078 | 1.39x1073 4 1. 7441073
] \ 623 923 7. 44% 1078 7.948:107% | 0.3G6x107t 4 3, 5593104
7 C 623 1033 7 17 %1075 7-948x107% | 9.02x107¢ 4 7,522 107
8 !‘ 623 1153 7 31X 1078 7.948:1072 | 9,20x107 4 1.66% 1072
Mote : Nas Deposited Moles of AIN, *; Not detected. B
Ti: Mixing Zone Temperature, Ts; Reaction Zone Temperature.
al ] £95 FA e A3 Age 298 2
FelAE AGen ¥H ALAgE A P
|3 24 E4o ARG B, Foxd Qe _
AICI;5h 3h 2oj2 £zl A8 =z 29 99 o | |
Aol slere b AolA, ) Ak #9RE | |
AlCh B2, B2} AIC 8| 951 & A g | ,!
sl gohe AN s 38 FE £ 9le, -t . A e
(P=Pucy,) Paic, =M, Napep, -oemeemremeemmeemeees (8] &
o714 Pe frvetE YA ool @9 e LY g |
e AgkE HEE Ny 2349 Ggos 1y (‘
AaE F28] @A FelFm E5elw -‘\
EF Nz 9 %2 L 8~1.90/min ?ﬁ—?]r:/ﬁ 5. 3 en JL__;G_.J ! HL_;D
1072~7. 95 % 10~2mole/min < & 1}8lu], Edldo]e] & ’ " ec'T:, i
T 5=z 62K 2 zAsY e e dL 773~1153 S I
Kz yistdei(z2). "
Z 24 Naw & 3HE Frad Ax §4583 |
3~10%F e eeln, ok Ha F9F Ak [, P Y,
b Helgoln FAFE ® ool4] & & gl g . R
of el gl =, F£A # Azt zowk 94847 Fig. 8. X-ray diffraction patterns; (a)AlCly, ()
T EE EFT FE 9 F) wEel AEY 34 NHCL () AIN
EF&E TEb e g R 2A g
1 f3e 9% of 4Fsew Fel L2/minz FrEEE |
Ga8] kS 46 co/ming Flm B2 LR E 3] WA "1 A4 AAe] #44E & 7 Ad
47K =2 F71 a9 E o= ghrlole] fake] B gl =E Al deyets Bl ofE 4 dFd
o] TRK £E GAd A FAZwE Ere] AzEg ol B T A 2¥ 7oA NHy B7) gorer &
v, ool AREE 25 X flZEAs 34 FoorHE wb 3 (M (E)ehA) W 55 gle wlak Ao
Fola 2gd 89 BHAAR & F YR HE HF i ¥ 3= HClE NHCl= +547224 §
Fe] EEEE AARA g2 AlN 2= 2 F4e Eokad WEE Thm, md HdbEg dof AINA A
= sputtering o 2|8 AIN film 2] 74 7e] 4 2L 3hE 7 +allw A 4 A wEel
gz AlCls(g) + NHy(g) —AIN(s) +3HCI(g) oo )]

$oz (DWOE MTEE & S gUme,
=}

Vot fekel 130mincl AL #93 $e] A5 AIN

MHa (g, excess) -+ HCI (g} —NILCL(S) -~ ereevee (8

A 23514 1 % (1936) (39)
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Fig. 11. Metallurgical microscopy (X200} of AIN parlicles;
{c) 11583 K and 1.3I/min WNH;, {d) 1033 K and

(by 1033 K and 1.3//min NH,.
1.94/min NH;.
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