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ABSTRACT

The nature and composition of the surfaces of silican nitride and B-Sialon powders were investigated using
high voltage and high resolution iransmission electron microscopy (TEM) and X-ray photoeleciron spectroscopy
(XPS). p-Sialon powder was produced from Hadong kaolin by the carbothermic reduction and simultaneous
nitridation. XPS showed that Al was contained in Lhe surface of B-Sialon powder besides 5i, N and O compone-
nts, which is different from that of silicon nilride. It was supposed that Al in the surface of pB-Sialon was
bonded with oxygen from the oxygen-nitrogen ratio and the measurement of Al Zp binding energies. After
both silicon nitride and B-Sialon powders were oxidized at 800T for 24 b in air, nitrogen duln’l exist in the
surfaces and the depth of the oxide layer increased. The measurement of 5i Zp binding energies showed
that the chemical shifts occurred from SN, and/or 5i.N.0 to 5i0); phase
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Table 1. Pauling Charges on Si Atoms in Reference

Materials®
Materials Telrahedral Pauling
Subunit Charges
510, Si-(0y) 254
SigN:0 Si-(ONy) 181
SiaN, Si-(Ny) 156
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ball milling, 15h

Synthesis 1350, 13 h nilrogen
atmosphere
Decarbonization 700C, 5h

Acid Treatment 28% HCI, 90 min

— 325 mesh

Sieving

Redecarbomuzation | 700C, 3h

Fig. 1. Shematic diagram of B-Sialon powder prepared
from Hadong kaohn.
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Table 2. Conditions of Surface Oxide Manipulation

Notation | Condition of Surface Oxide Manipulation

Powder 1 | As-Prepared

Powder é Heat-treatment at 550C for 8h in a.
Powder 3 | Heat-treatment at 800°C for 24h in air
Powder 4 | Heat-treatment at 1300T for 2h in argon

Table 3. Reference Material Binding Energies®”

Line Spectru|Bindig Energy (eV)| Chemical Compound
Si{2p) 101.4-1017 Sificon Nitride
Si(2p) 101.7-102.3 Silicon Oxynitride
Si(Zp) 103.6-103.7 Silica
N{ls) 397.3-397.7 Silicon Nitride or

Silicon Oxynitride
(ils} 5326 Silicon Oxynitride
O(1s) 5297 Fe,0s, adsorbed
impurities
F(is) 687.6 Fluorinated Si
Cl{2p) 200.8 Chlorinated Si
C(1s) 2846 Free carbon and
hydrocarbons
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Fig. 2. XPS spectrums for powder 1 of p-Sialon obtain-
ed from a survey scan between 0 and 600 eV.
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Fig. 3. XP5 spectrums of powder 1 obtained from a
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Fig. 4. XPS spectrums ohtamed from a survey scan
hetween 62 and B82eV.
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Table 4. The Relative Intensity of N 1s/ O 1s of SizN,
and (-Sialon Powders form XPS5
N 1s/0 1s
S13N, B-Sialon
Powder 1 2114 0.247
Powder 2 1.493 0.258
Powder 3 0.032 0.031
Powder 4 0.674 0.330
Fig. 523} 6] vjel|glel. Si;N,2F B-Sialon %3 25 Po-
wder 1, 2 3 48] A~ E<]2] AHLE F8] fabstedoh

281}, Pawder 3¢ 4= N 1s =le]e] 54 =7} A2
k=] x gksivh Powder 173 Powder 3ol4l& N 1s
Azl el 400 eV §22] e e vl wste] B Fig,
7ol 48} 7Fe]. Powder 3+14i= N Algjz} 4] g
g)zhat .ﬁ: 9\1 R =9 1_ A]-;‘s‘_]_ioﬂ ;1;\7], 7_{ o]
Zie® A ZrElth(SyN2t p-Sialon £
A 7331]'% vrepd ). A/ akd Ak Fk ]
Squi B¢ Ao Powder 14
Eedell E7ll5Hs ke ofe) %‘HE
BEE- 3&’:‘,3}‘”13]’ old] Pawder 4¢14 Crimp &
¥ A gko] gk 712 o} 22 FhAnle

m[m

5

HL



A=
Ny (a)
O ala 513
N A
AJ\LL__,_%_%_NL\J

= (b}
g —’\J L———«J\
= m—_,,,.....,.r«,—k-——-r-'-‘-/\.‘

W -

A

BGD ]

Binding Energy, eV

Fig. 5. XPS spectrums of Si;N; powders obtained from
a survey scan between 0 and 600 eV.
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Fig. 8. High-resolution transmission ¢lectron microgra-
phs of B-Sialon powders.
(a), (@) Powder 1 (b), (b") Power 3
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Table 5. Si 2p, N 1s and O 1s Binding Energies of
Silicon Nitride Powder derived from XPS

51 2p N 1s O 1s
Powder 1 101.8 397.7 5328
Powder 2 1017 397.5 532.9
Powder 3 103.6 - 533.2
Powder 4 102.1 3979 532.8

Table 6. Al 2p, Si 2p, N 1s and O 1s Binding Energies
of B-Sialon Powder derived from XPS

Al 2p Si 2p N 1s 0 1s
Powder 1 4.4 1017 397.2 531.8
Powder 2 74.2 101.6 396.6 5317
Powder 3 74.6 103.1 — 5324
Powder 4 744 1011 396.8 5318
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