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Silicon Nitride Preparation via Nitridation of Silicon Powder Catalyzed
with In Situ Synthesized NiO
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Abstract: The NiCOH), was precipitated on the silicon powder surface by chemical precipitation method,
and then the in situ synthesized NiO was used to catalyze the nitridation of silicon powder to prepare the Si;N,
powder. The effects of in situ synthesized NiO content (0—2.0wt%) and nitridation temperature on the nitridation
of silicon powder were studied. The results show that the in situ synthesized NiO improved the nitridation of silicon
powder. With the increase of NiO content, the nitridation rate of silicon powder first increased then decreased. With
the increase of nitridation temperature, the nitridation rate of silicon powder increased gradually. The silicon powder
with NiO content of 1.0wt% was nitrided completely at the temperature of 1 400 °C. The prepared Si; N, showed a

whisker-like shape with diameters of 65— 497 nm and its growth accorded with the solid-liquid-gas-solid (SLGS)

growth mechanism.

Key words: silicon powder; silicon nitride; catalytic nitridation; NiO

0 3

FALTESE A AL BE (Si; N, /SIO) Z SRR A
P58 S22 P RE A B I A R TR e Ktk F R E
e RNl R s VA= i Al B O = e A

il 1

R EHA:2015-11-30; 81T B #3:2016-04-27

ESTB:ERARPERLES W R I H (51272188, 51472184,
51472185) ;973" i WA 9 & T4k 4 WE B30 H (2014CB660802) 5
WL FARBLA 4 U B0 H (2013CFA086) 5 i1 b 25 Bl
B SR SR A AR 35T H (2013BHE002)

TEF BN B 1990—) , 5 B b 28 L i WFoT R

S - K A

B A A AR E H LLRE B I SIC 8 S R,
3 S B A HAR SR A L2 AR A K
FEAE 5 FHRE B AL AN 58 42 45 [n] L, DR AR 5 N O 2%
T DA G it 1 4 o ek by SR A o R %) 1 50 e X
T AT 7 Pavarajarn 255 2 WF 58 T 45 Al
R AT 4 A e A0 R A Ry AU AR Y 52, i A 1Y) BT
AU 0.125 Yo I B AT $2 w5 ik A 0P R0 s B
A AT DAAE B AR FE T 48 m Ry i Ak . (H
G JE A AT S A AE TS PEAR K L B AR RN 43 vk
2545 [n)

AALr A T H A SRR A AR, O HL
A L S ARG A A 0] SR R~ ) 32 4 A Ak 5 Y

65



ML EH

MATERIALS FOR MECHANICAL ENGINEERING

FRE,E. RAEA R NIO A H RACH & RACAE

Ti5 P I G o TRD AT AR DA £ 2 R s
LR, R DA R A 300 AT LA 4 T i k5
TERAL I AR P AFAE A I BT, NIO i Ak 71 75 b 2 450,
R Iz E A DA G IR R R Ak 1 5 e fF
I8, PR VE 35 R R AR 22 UO3E 7 2908 NiCOHD, T 3E T
REM T A NiCOHD, 76 R b ad 72 b R A Bl 1

NiO Xy Z AL A7 44k, 5T T 2 A Bl NiO &
i MR AL IR X RE R A A I R B R

1 AEHESKEAE

R IO S B A T ANk 1 R BT A
JERER 2 SR 4 B R .

21 KEERMSHREEST K
Tab.1 Parameters and manufacturers of raw materials for experiment
Jk [ie= v FLAS AT
il TR Ni(NO3)2+9H, O 2 AL T 999 R 3 Al TR AR A BR 2
e e A R A CisHz9NaO3 S AE AR T 99% ) 24 4 T Ak 2 10 A BRAS W
KA N:H,+H,0 4 EAMLT 80% ] 245 42 A1 4k 2 100 A BRAS W
4 Si B 2 pm, SRR T 99.5% BT 2 TR Ry CRERD) Sl A FRA 7]

VEZAERTIABE " R B, Y kB 4 HIOLE 25
B K e G TR A R A, PRI T DAGE o R
W BEE AR 2 A Ni* T IR AR E R R L AR S NLHL
H,O Bt OH 5 Ni*" ok NicOHD, B IT
VEFRER R AE A AL R P AR A NiCOHD,
OMEA L NIO Gk BOkE . 36 Tk B sy 25 S 3T
R TTR L 0,0.04,0.08,0.12,0.16 g Ni(NO,),
9H, OUF A7 A= 1L NiO 19 J5T 2 43 053 98 0,0.5%
1.0%,1.5%,2.0%) 400l 5 2 g #EH J 0.05 ¢ T =
Jot 3 A R AN A 25 oK L el 1 BERE 30 min,
P 4L 20 min, B FF NoH, « H, O 23 A
PR pH A N UURE, K2 1 h
J5 BRI TR TR S R R E T AR
A H 4y B AE 1 200, 1 250, 1 300, 1 350,
1400 ‘CEAL 2 h BB EFIR,

K H X' pertpro B X B 2k 777 B (XRD) 4341 &
AR5 R AR B W) A 2 B, 2R ] Rietveld 238 #1415
&M S, DT A B AR R Y ATk R R
Nova400NanoSEM #I 37 & §F H1 fii ®8 F W% L 53

1. Si
2. a-Si,N,
| 3 BSIN,
1 1
l i To
& J
) A Al L - 0.5%
[N T = 1.0%
2 22232%3 3922230 5 15y
Loea Lo 20%
10 20 30 40 50 60 70 80 90
20/(%)
(a) XRDi

B 1

(SEM) ML A Ji o R 1) S 4544
2 REBERSITE

2.1 NiO §EM &MY

L 1 Ca) T, 40 fE RS (NIO iR 0, it 43
B, NEDAE 1 250 CAM 2 h )5, H XRD i 3%
Sy e AT S 06 L Sty N AT S WG AR B8 1 BH R 43 Rk
WA & BAL R NIO F i 7E 0.5 %~ 1.5 % i, Fifi
F NIO 75 it B340, fF 09 07 5 0 5 B T BT Sis N,
3 R, LI NIO 19 51 AR 3 T #E 8 19 21k 2
NiO SR LM 2 2.0% i . fik B 77 55 16 58 BE X
WA 3G R L AR NIO s L mflaE A k.
Bl 1Cb) af 1, 4l £ kY A AL J5 A B R 1Y o Gk
89% ;24 NiO & &M 0.5%.,1.0%,1.5%,2.0%
B, AR5 B A b B B A o O 40 40, R [RD 43
SR 6000,48% 225,40 % . Hi 5% B Ak A & B NiO
RIS R R

A 0 Al DL, NiO - a] DL AT &4 Hl 4 3F 6 4 14k, (2
M ik 2 i, S I AR R AL L X RT RE SR A

100 e Si
—e— a-Si,N
80 + BSiN,
g /
=60
%t
1 40
i
ob -
0 05 1.0 15 2.0
NiOJii & 73 #/%
(b) ZMHRENEE

1250 CREL2hERENOEETHEN XRD EREYHMNENEE

Fig.1 XRD patterns (a) and relative phase content (b) of powders with various NiO content after nitriding at 1 250 ‘C for 2 h
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Fig.2  XRD patterns (a) and relative phase content (b) of powders with 1wt% NiO after nitriding at different temperatures for 2 h
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Fig.3 SEM images of powders with 1wt% NiO after nitriding at different temperatures for 2 h (a—c) and EDS results at spot d (d)
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