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The Synthesis of Si,N, (Part 1)

The Mechanism of Thermal Decomposition of Si(NH),

Kiyoshi KASAI
Koiit TSUKUMA
Takaaki TSUKIDATE

The mechanism of the thermal decomposition of a binary product, Si(NH), and NH,Cl, obtained from

the vapor phase reaction of SiCly and NH; has been investigated in the atmosphere of NH, The results

are summarized as follows;

1) In the primary step Si(NH), releases NH; to give Si,N,H; 2Si(NH),——Si,N,H+NH,. The inter-
mediate Si,N;H then reacts with HCI liberated from NH,CI to afford Si,N,H,Cl which, after removal of
NH,C! by sublimation, releases HCI to yield Si,N,H again.

2) Si(NH), was calcined in the atmosphere of NH, at 1000-1600°C and the product was examined

by infrared spectroscopy, X-ray diffraction, and electron microscopy. When kept above 1150°C for more

than 1h, porous, sphere-shaped particles of Si(NH), underwent a gradual transformation into fine needles

of @-Si;N4, accompanied by a decrease in specific surface area.
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Fig. 2 Apparatus for synthesis of Si3N, powder

Na-A TRiAK L7 4 9 NH; » 2 %5%R T, KM TR
&8P, Si(NH),, NH,ClR &8 Ha 87,

(2] Si;Ns Bkam%

Fig. 2 wABBEEOWME %573, SiNH), NH,CI
BEMRL 7v— 728, 7 29T, SiyN, glx— 1 s
], 73 HRLENER B, NH, FAFEE, o
Va=, FMESFTMB L,

(3] ERHDOAE

(1) {tE5tr

AR OEERIL, SNy %7 4 ) dE, ERH

I DERE L, BRIIIEBEOIHC O TITr 4 & —

(24)

A, PR SiNe @0 7 A U BRI b
J&E Lfc NHy % 0.2N H,SO; K%Y S 258
Lo BRI, Ar XSBREEETHC LY, &
AHEREFRE 7 4 BN, BORCEE X b eR
L7z,
(@) FIMBERZ <Y M L
RIRILA 7 b Ay, EEREBUEATSEL IR-27G % F
W, KBr %, %25 — A83cRlE L,
(3) x@Emr
HARTH JSDX-100S % v Cu-K, iz X bl
Lo

-\ N T



Si;Ngy @

NH;

!

Vacuum %
o

]

AC3T0) 99

@

] “
{6

5

&
H:0
) @ (é
N\
(D Hg manometer @ jacket @ C. A. thermocouple
@ flask (1.50) ®) silica tube electric furnace
(® water bath (25°C) ® silica boat
‘ Fig. 3 Apparatus for tensimetric measurement
4) tExREEAE 100
Perkin-Elemer %! sorptometer 212D = & 0 fl5E L7, H
G) EEWEFE BFEEH -
A TH JSM-50A EHMEH L p HFOMEL. S |
HZBEATS HU-12 i & 0 BAHRIEHT 247 - 720 g r
6) FtA AEHE 280
KEOBMRY Fig. 3 (RTe -7, 7 AN BT
T, AR FRE, AEBCHEL, RN EEHSE, el J(Si)NH .
FIREED NHy # A% HAF5 o PFE0 RRHE TR - tee Sl
WHMEL, KHl~/ 2 -2~k o FSR il Lic, i
"%

3. R L EE

(11 SICI-NH; O RS
SiCly i NH; ¢ #¥EBETHLEFCRIEL
SiCly+ 6NH,——Si(NH),+ 4NH,CI (1)

WX T/RSh s SiNH),, NHCl BEAWEHAERT 5,
SiNH), o H,0, O, x5 Kkt <, 5T
BB CIKI R, BLIhIERE Si0, 4ERT %,

Table 1 wABMHOCFELITEY, Fig. 4 hstk
A7 b A%RT, 1550 em™! OB SNH,, 1150

Table 1 Chemical analysis of the reaction product

between SiCl; and NH,

Si N cl
- wi%) | we%) | (wi%g)
Product 10.1 30.5 51.9
Cale-Si(NH),~4NH,CI 10.3 31.0 52.1
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Fig. 4 Infrared absorption spectrum of Si(NH),
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Table 2 Chemical anahsis of Si,N;H,Cl and Si,N,H

~Si N ] Cl
Si(NH) - B L (wt%) | (wtZ) | (wt%)
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Table 3 Characteristics of Si;N4 powder

Run Heat-treatment Chemical analysis Crystallinity a-phase content | Specific surface
No. temp. (°C) N Cl 0 (%) (%) area (m?/g)
I %) | i) | wgp) | B

1 1150 37.0 | <0.05 , 0 0 1: 375

2 1200 37.5 | <0.05 | 20 83 " 180

3 1300 36.5 | <0.05 ' 42 93 73

4 1400 39.0 | <0.05 90 9 : 20

5 1500 38.1 | <0.05| 1.7 87 95 12

6 1600 39.2 | <0.05| 0.8 100 92 i 13
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Fig. 9 X-ray diffraction patlern for SiaNy powder
Table 4 Mass spectrographic analysis of Si3Ny
powder
Element ’ ppm
Fe | 1000*
Al | 500
Cl <500*
Na 200
Mg, V, Cr <100
Mn, S, P |' <100
* chemical analysis
Table § Free Energies of High-Temperature Reactions
Free energy (Kcal/mol)
Reaction — = —

35i(s) + 2N, (g) - SizNy(s)
35i0(g) +2N,(g) =Si;N4(s) +3/20,(g)

3510(g) + 2N,(g) +3H, =Si,Ny(s) +3H,0(g)

SiOy(s)+ Hy(g)= Si0(g) + H,0(g)

1500°K

1600°K

—63.8 —54.1

99.3 114.9
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Fig. 10 IR absorption spectra of SizgN, powder
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Fig. 11 (D)

(A) powder 2; calcined at 1200°C
(B) powder 3: calcined at 1300°C
(C) powder 4; calcined at 1400°C
(D) powder 5; calcined at 1500°C
(E) powder 6; calcined at 1600°C
Fig. 11 Electron micrographs of SisN,

powders
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Fig. (12)

Fig. 12 Electron diffraction pattern of
SizsNy needle-like particle
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