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Fine AIN powder was synthesized continuously at 1350°-1550°C by the floating nitridation technique, The nitriding temper-
ature was reduced by using ultrapure Al and N, gas as raw materials. The obtained AIN powder was pure with trace
amounts of metallic impurities and oxygen. The primary particle size of AIN powder obtained was 0. 1 um with 86 % secon-
dary particles in the range from 0.1 to 0.8 um. The hollow spherical powder was obtained when unreacted-Al remained.

The formation process of the fine AIN powder was presumed to be constituted by several elementary reaction processes, 1. e.

Sformation of a thin oxide layer on Al particles; disintegration of the thin oxide layer; formation of an AIN layer;
disintegration of the AIN layer; eruption of ultrafine Al droplets and Al vapor from the inside of particle; and formation of
fine AIN particles by reaction of these Al's and N, gas. This AIN powder had good sinterability, and transparent AIN cera-
mics were obtained without any sintering aids. [Received December 1, 1987 ; Accepted March 24, 1988)

Key-words . Al powder, N, gas, Fine AIN powder, Particle size distribution, Continuous synthesis, Floating nitrida-
tion technique, Nitridation mechanism, Transparent AIN ceramics
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Fig. 1.

Schema of experimental apparatus,

A : Source of supply,

B : Nitriding reactor,

C : Separator,

1 : Container for Al powder, 2 :N, gas inlet, 3:Al
powder inlet, 4 . Agitator, 5. Al,O, tube, 6 : Heater,
7 . Separator, 8 : N, gas outlet, 9 : Silicone tube
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Fig.2. Change in percent conversion to AIN with
nitriding time.
Symbols correspond to respective nitriding tempera-
tures as @ : 1550°, A :1500°, W :1450°, W :1400°,
and 4 :1350°C
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WA U B0 R RIS B T 2 RUSHER
20% T HE, BEUIHKLR., F1z, 1400°C 1L
FTORISEEIZE T A TH, KIGKILF—RICHE
XL TEELLHALL., FORE, KIGK 100 % D
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WRIE, MESHEZRS 100 ORED:# FA
L, BROBEEKICEZEEL U, FEARERROD
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Fig.3. SEM photographs of AIN particles.

(a) Al-starting powder, (b) Synthesized at 1350°C for 4.5s, (c) and (d) Synthesized at 1550°C for 2.6s

20T, Z20—f%B3I1RY. i, (a) 13ER
ROALTHB., REDEOPBIRRFTHDEN
ir s, (b) BWRISEE 1350°C, RIGHER 4.5 (N,
H AW 0.7 I/min) TEILULKIGEKR 5% ORF T
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~0.2 um E XD AIN #E% B> T, HEBORKIG Al
BROCH U B OADBR I NS, 0D &3 mHhZeskiR
EMER T B0 IT1d, KM OREI % 5 RKIG Al
BEVRBETH S, (c) & (d) IRISERE 1550°C, K
JOREH 2.6 s TEIL U LKIGE 100% ORFTh 5. (c)
1359 0.1 pm D 1 WP T H5EEE U <HY 10 wm D 2 Yk
FEERLTBY, (d) EIhd 1 R HS5EIR
BIZHBEIICREE., ThoDH b, FHERICHES
N5RIGER100% O AIN BRI (d) OIROT DAL
SEESI. 5B, (c) ORTFIELANOTEFICLD
BRI (d) ofRICHBRETE. 201 KEFH
0.1um DKE S FZHOREYCHEOLNIZBEOHEST
Hotz. TOEEBHIZODVWTIREEDE ZARHETH 5.
RiIT, RIGEE 1550°C, KIGHRE2.6s T2 U7
RIGE 100% OMKROKEN G #FE 4 I1ITRT. ZOHEK
BA YT VEM0.35 um, E— FEH0.30um TH Y,
0.83um IFOH DB 86wt %% Eds. Zhik, WK
D AIN ¥R & B4 5 Sl TRIEST IR, »o
WMITH 5. Fi, HREBEOWEME 8mY/g L0,
RULKTBEBRD 2B EDfEE 5572, chbDI &
»H, TOMRBEEEICEG EPHEINS.
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Fig.4. Particle size distribution of the powder synthe-
sized at 1550°C for 2.6s.

FEORIGHE 100 % D AIN ¥ khiIzEEh 548
A, BRBOBFROER2E2I1TRT. Fe i3 11 ppm,
Sid 36 ppm, MRIL1.2wt %TH Y, BNMEEEEED
BT X5 L MEINTOHBITHIRMED Fh 51N
HTdHs.
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Table 2. Properties of AIN powder THRE < FHERICHKET S Z EPAFEIZE 5.

synthesized at 1550°C for 2.6s.

Specific surface area:
8n*/g
Nitrogen content: 33.3wt%
Oxygen content 1.2wt%
Metallic impurities, ppm:

Fe 11

Si 36

Cu 10

Mg 2

Cr 4

Zn 1

Mn 1

Ti 1

AR IEESE IZHIE X hz AIN RO KES M2 b
DTHHEDDL, WTREICERT 5 AIN BIEO F
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LR ISDEPLEIERGE V0 RO ERE XN TS
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BETORTEREICNT 2 AIN WIRAERSEZ 5129,
SALRISHETT 2 £ 51055, )iz, 20 AIN g (8
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TRINRE L, NEOBRM Al RUNEREIRICE > T
ROHTELELIZ Al DERENE LS (FERRE
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SHRIG, Bio AlgUhmiE s N, 72 & ORRIRIG
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(e

num

£

S S

3.4 AIN R OB

SOG R 1550°C, ISR 2.6 s D ZBILRIG TA K
L7 RIS 100 % © AIN 5 KIc>W\WT, &y 7L
ABERE U 12 E O EE 2R 3 10N Y . BEIERER 180
min OFE, HRFBEE I, 1700°C OBERETIZ91.0 % T
HolzbDW, ERERERAES TAHICDOhTARELZY,
1900°C D BEARE T 1% 98.0 %, 2000°C T 99.9 %ITE L
1. WOz, HERO AINBEK % 2000°C ¢FE U £
HIHERE U2 & 2 A, HNEEIL8.2%E%0, Kt
gecBiz AINBKROS BRELL fo. HEXIEE A 98.0
% LA b D8R s AR, < Ui 2 A L T
0.7mm ODEXIZULIEE, WIhbECEZRL .
Bz, MRS 99.9 % DEEREKIE DT M ITERLT
WizbDD, B5(a) KRT &9 ICHERBIERD TOXFH
IR 223 EEREIEBALTO. 2D ELDH,
BiFls U T hB 2R e 3 St @EnpEicd
BT EMDH B, FHEESEMEEZRT L OITE KA
INEWT &, 20EBD RN E, BE2HPEFEELZL
ZERENBRELINSED, K5(b) X (a) WKWRLT
PSR OBIEO SEM BEETH 5. RFICEIKAH 5
WIZE 2 OB BER IR, Jhid, AB5RT
B AIN BRI L OEMETH D Z LITERT S
LOEEZLNS.

Table 3. Relative densities of AIN
ceramics hot-pressed under 30 MPa.
Temperature| Time| Relative density
°C)  |(min) %)

1700 180 91.0
1800 180 95.0
1900 180 98.5
2000 15 95.5
60 98.5
120 99.5
180 99.9

Fig.5. Photographs of AIN ceramics hot-pressed at 2000°C for 180 min under 30 MPa.
(a) Demonstration of transparency, Thickness: 0. 7 mm ; Diameter: 8 mm, (b) Fracture surface
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MR DER, »HIL5.

(5) AIN oy R I3BERE I BN, 1900° K O 2000°C
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s
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