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Fig. 1 Gibbs free energy of oxidation and nitridation reactions
varies with temperatures in Si-TiB2—AlB2—N2—-02 system
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Fig. 2 TG-DSC curves of TiB2 and AlB2 micro-powders in high purity N2 atmosphere
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Fig. 3 XRD patterns of TiBz and AIB2 micro-powders heat-treated
at 1400 “C in high purity N2 atmosphere
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Table 1 Crystal phase content of TiB2 and AIB2 micro-

owders heat-treated at 1400 °C in high purity N:

atmosphere
w(Crystal phase)/%
Diboride type typetype  TiB; TiN BN AIB,  AIN
TiB, 60.10 32.06 7.84
AlB, 946  90.54

w—Mass fraction.
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A AT, S8 BN AT k. R (11)nTiH

P

N /
< -/
Glass phase
Surrounded structure.

(a) SEM image of TiB,
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(d) EDS spectra of AlB,

(b) SEM image of AIB,

Box 4

(e) TEM image of TiB,
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Fig. 4 SEM images, EDS spectra and TEM images of heat-treated TiB2 and AlB2 micro-powders
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WL R SRR R . FHER 2 TR, R B
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Fig. 5 Effects of TiB2 and AlB2 micro-powders on bulk density and apparent porosity of SisNs—SiC refractories

2 TiB2H0 AlB2 X SisNa—SiC it A S it [ E SR A
Al

Table 2 Effects of TiB2 and AIB2 micro-powders on
compressive strength of SisNs-SiC refractories
at room temperature

w(Additon)/%
Diboride 0 0.2 0.4 0.6 0.8 1.0
TiB, 121 150 155 162 151 148
AlB, 121 139 148 157 149 136
232 YIRHLLHR G 1 6 1% 3 42

N0 TiBo Al AIB, ik SisNa=SiC i kA4 ¥} XRD
W E R, 6 Al L, WEE A et
0-SiC. B-SiC. a-SisNa. B-SisNa F1SizN,O, Hrh,

0-SizNav B-SisNa Fl SioN.O ¥4 Si B =4, MK

3 A%, B TiB2 1 AIB, ISIHERIE N, SioN.O
S BB HIR /N, SisNg AHEEZWIG . 456
Si-N-O & R LA XAHE], 2 HTIAAE TiB, il AlB;
O AR N T3 p(O2) B, f2H SiaN20 #4H
JEAR N SisNg AHIO, TiB, fH: ¥ I & =0.2% i
SioN.O & RITLEIA RIS, 10 AIB, fiokn s i &
5 =0.6%, ULH] TiB, MR ZETE R, HRER
FZRHRMIX p(02). FEFE TiB, A1 AIB, 7N 1Y
I, o/B-SisNg LLAEIZHETIR/DN, ERI0 TiB2 ok ik
o/B-SisNg FLAE AR fLIE B K, HH 3.85 SLf% % 0.08,
X5 TiB, HE AR PR E R, JERE BOs
AR ERE N, {AEESY> o-SisNg IS AE-HT H AL AR
9 B-SisNt,
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Fig. 6 XRD patterns of SisN4—SiC refractories with TiB2 and AlBz additives
3 A0 TiB2 A0 AIB: ffi# SisNe-SiC T KM RIS RIEE 2
Table 3 Crystal phase content of SisN4-SiC refractories with TiB2 and AlB; additives
w(crystal phase with TiB, additives)/% w(Crystal phase with AIB; additives)/%
w(Additon)/%
SiC SizNzO Q-Si3N4 B-Si3N4 Si3N4 G/B-Si3N4 SiC SizNzO G-Si3N4 B-Si3N4 Si3N4 G/B-Si3N4
0 76.73 241 16.56 4.30 20.86 3.85
0.2 76.92 211 14.19 6.78 20.97 2.09 75.74 2.39 11.08 10.79 21.87 1.03
0.4 77.39 1.53 5.74 15.34 21.08 0.37 75.87 2.23 9.23 12.67 21.90 0.73
0.6 77.38 1.19 4.46 16.97 21.43 0.26 75.81 2.01 7.71 14.47 22.18 0.53
0.8 76.64 1.17 1.60 20.59 22.19 0.08 75.82 1.23 6.69 16.16 22.95 0.41
1.0 77.09 1.13 1.58 20.03 2161 0.08 76.78 1.20 5.65 16.07 22.02 0.35
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il KARHE>50, HHEJEGETE B —4E 25 4540, H
78K ER > LB (B 70), PRIk kE B AL R KR
FEAK. 8N 0.4% AlIB2 ok XA SiaNa df ATEE L
%, MERUAHL ERKER, H4A— KEZ 1-3um
(Kl 7c), BUBARRA KN 0.4%TiB, ok il FF,
LK 5 85—, #—DaMriin 0.4%TiB, ks
BFEAH SisNg ST RS . T SisNg ff 21 E
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Fig. 7 SEM and TEM images of SisNs-SiC refractories with TiB2 and AIB2 additives
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Fig. 8 Diagram of relationship between microstructure evolution and densification effects of diboride additives
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Relationship Between Microstructure Evolution and Densification Effects of Diboride
Additives in Preparation Process of SisNs—SiC Refractories

LIAN Xiaoging®, CAO Huiyan?, Wang Longging?, LI Tiejun', HUA Xiaohu!, DENG Lirong*
(1. Collage of Materials Science and Engineering, Xi'an University of Science and Technology, Xi'an 710054, China;
2. State Key Laboratory of Advanced Refractories, Sinosteel Luoyang Institute of Refractories Research Co., Ltd., Luoyang
471039, Henan, China)

Extended Abstract

Introduction Reaction-bonded SisN4-SiC refractories are preferred thermally conductive materials for waste incinerators. However,
their high apparent porosity limits their high-temperature wear resistance and resistance to water vapor oxidation. Promoting the
growth of SisNs whiskers is an effective approach to improve the densification of SisNs—SiC refractories. Related researches have
mainly focused on catalytic nitridation to facilitate the direct nitridation reactions, while there are few studies on enhancing the partial
pressure of SiO and promoting the indirect nitridation reactions. In addition to ultrafine silicon powders, diborides are new additives
that can enhance the partial pressure of SiO and promote the densification of SisN4—SiC refractories. Nevertheless, the relationship
between their microstructure evolution and densification effects remains unclear. In this work, the phase composition and
microstructure evolution of TiB2and AlIB2 micro-powders during the preparation process of SisNs—SiC refractories were investigated,
as well as their effects on the bulk density, apparent porosity, phase composition and microstructure of the refractories. This study is
expected to enrich the nitridation mechanism system of silicon powders, and provide a theoretical basis for selecting densification
additives for SisN4—SiC refractories.

Methods To investigate the oxidation and nitridation reactions of TiBzand AlB2 micro-powders during the preparation process of
SisN4-SiC refractories, thermodynamic analysis of the Si-TiB2—AlB2—N2—02 system was performed using HSC Chemistry software,
and TG-DSC analysis in high purity N2 atmosphere was conducted with a synchronous thermal analyzer. The phase composition and
microstructure evolution of TiBzand AIB2 micro—powders heat—treated at 1400 ‘Cin high purity N2 atmosphere were characterized by
X-ray diffraction (XRD), scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), and transmission electron
microscopy (TEM). Moreover, quantitative analysis of the phase composition was implemented via the K-value method.
Reaction-bonded SisNs-SiC refractories were prepared with TiB2 and AIB2 micro-powders as additives. The bulk density and
apparent porosity of refractory samples were determined via the Archimedes drainage method. A universal testing machine was used
to measure the compressive strength of the refractory samples at room temperature. XRD, SEM, EDS, and TEM were employed to
analyze the phase composition and microstructure evolution of SisN4—SiC refractories, with particular attention on the morphology,
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quantity, and distribution of SisNs whiskers. Based on the above mentioned analyses, the relationship between the microstructure
evolution and densification effects of diboride additives was established.

Results and discussion Thermodynamic analysis results show that the oxidation and nitridation activities of AlIB: are slightly
higher than those of TiBzand significantly higher than those of Si. According to TG-DSC analyses, the initial temperature of the
nitridation reaction for TiBzis 150 ‘C higher than that of AIBz, which is consistent with the thermodynamic analysis results. After
heat treatment at 1400 ‘Cin high purity N2 atmosphere, over 60% of TiB2 micro—powders remains unreacted and a glass phase
surrounded structure can be observed. In contrast, the content of unreacted AIB2 content is below 10%, and few glassy phases are
observed. That’s because B20s glassy phase has reacted with Al203 to form a new solid phase of AlsB20s. With an appropriate
addtion, both TiB2 and AlB2 micro-powders improve the densification of SisN4—SiC refractories, reduce the content of Si2N20 phase,
and lower the ratio of a/B-SisNa. The optimal addition amount for both additives is 0.6%. Under the same addition amount, TiB2
exhibits a superior densification effect. When the TiB2 addition amount is 0.6%, a large quantity of B-SisNawhiskers are generated,
with an average diameter of approximately 200 nm and an aspect ratio exceeding 50. These whiskers entangle with each other to form
a three-dimensional network structure, and their growth follows the gas-solid mechanism.

Conclusions The microstructure evolution of diboride additives modulates the SiO partial pressure and SisN4 whiskers growth
during silicon powder nitridation, which in turn affects the densification of SisNs—SiC refractories. For instance, the oxidation
products of TiB2 do not undergo further chemical reactions but instead form a protective glassy phase. This phase protects most TiB2
from consumption until the nitridation reaction stage, thereby effectively reducing the partial pressure of O2. Since the partial pressure
of SiO in the SiO-N2-O2 system increases as the partial pressure of Oz decreases, TiB2 micro-powders are effective to enhance the
partial pressure of SiO and promote the indirect nitridstion reactions, producing a large number of B-SisN4 whiskers. Therefore, they
are highly suitable as densification additives for SisN4—SiC refractories.

Keywords silicon nitride-silicon carbide; titanium diboride; aluminum diboride; partial pressure of silicon monoxide; microstructure
evolution; densification



