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Abstract: The application of ceramic materials is limited due to the complicated 

preparation process and intrinsic brittleness. In this work, a pressureless manufacturing 

route that enables the formation of barium aluminosilicate (BAS) glass-ceramic 

consisting of internal β-Sialon fibers with enhanced thermal conductivity is developed. 

By adjusting the carbon source content, composites with different Sialon contents can 

be easily fabricated. The thermal conductivity of the sample with 3.5 wt.% is improved 

to 5.845 W/m ∙ K with the Sialon content of 26 wt.% in the composite, which is 112.64 % 

higher than that of the pure BAS matrix. The theoretical models suggest that the 

enhanced thermal conductivity is mainly ascribed to the thermal conduction network 

constructed by Sialon fibers. This work provides a method with industrial application 

mailto:xialonghit@gmail.com


prosperity to fabricate the high temperature ceramic matrix composite of different sizes 

and complex shapes. 

Keywords: Ceramic matrix composites; In-situ synthesis; Pressureless sintering; 

Thermal conductivity  

 

1. Introduction 

 

As the aeronautics and space industries develop dramatically fast, a surging number of 

rigorous demands are imposed on the thermal stability of structural materials [1-4]. A 

major requirement of these areas is to develop high temperature materials that combine 

enhanced strength with high thermal conductivity and low coefficient of thermal 

expansion [5-7]. In these cases, glass-ceramic material has attracted great attention as 

a promising material for high temperature structural matrix [8,9]. Compared with other 

ceramic materials, glass-ceramic material has the advantages of better thermal stability, 

lower coefficient of thermal expansion [10-12]. Barium aluminosilicate (BaAl2Si2O8, 

BAS) is an advanced glass-ceramic material known for the excellent high temperature 

stability. It possesses high melting point (~1760 ℃) [13], and the monolithic BAS 

(celsian) exhibits good thermal shock resistance due to its low coefficient of thermal 

expansion of 2.29×10−6 ℃−1 from RT (room temperature) to 1000 ℃ [14]. Significantly, 

its most distinct characteristic is that a large number of instant Ba–Al–Si–O liquid 

phases appeared during the sintering process promoting the densification of the 

composites [15]. Therefore, BAS glass-ceramic is not only a structural matrix, but also 

acts as a liquid phase sintering additive [16]. However, the intrinsic brittleness of the 

BAS has become the neck problem for its broad application, and several manufacturing 



routes have been proposed to enhance its toughness [17-24]. Methods that allow for the 

incorporation of nano-scale second phase of high thermal ability have been found to be 

effective in simultaneously enhancing the strength and thermal stability of the 

composites [25-27]. In these approaches, the second phases, such as BN [25], Si3N4 

[26], were added by being mixed with ceramic precursor powders and formed by hot 

compression molding method. Although the mechanical properties have been improved, 

the bonding between the second phase and matrix presents unsatisfactory due to the 

external introduction. Moreover, industrial challenges have been posted for 

commercializing this technique, since the size and shape of materials prepared by hot 

pressing have certain limitations [28-30]. 

Sialon is one kind of structural ceramic widely used in high temperature engineering 

systems, except for the superior wear and thermal shock resistance [31-35], the 

advantages of low-cost preparation and easy manufacture make it often used in in-situ 

synthesis process [36-38]. Carbothermal reduction nitridation [39-42] has been proved 

to be a common method to synthesize the Sialon phase in the Al-Si-O-N-C system. 

However, the disadvantages are equally notable that the degree of nitridation is limited 

by the hot pressing and preforming process, resulting in relatively low production and 

surplus of raw material. Thereby, the novel combination of the BAS and Sialon has both 

advantages of them, BAS could promote the formation of Sialon phase through 

pressureless process, meanwhile, the in-situ synthesized Sialon phase would strengthen 

and toughen the BAS matrix. 

On the other hand, few reports have been found with respect to the influences of second 



nano-scale phase distribution on the thermal conductivities of ceramic matrix 

composites. The construction process of the thermal conduction network built by the 

second phase requires an appropriate approach supported by a theoretical framework. 

Herein, we report a one-step approach to fabricate the BAS matrix and the internal 

Sialon phase simultaneously by direct powder sintering without pressure. Sialon phase 

appears as one-dimensional structure, and the content and distribution of which are 

related to the carbon content. It has a significant enhancement effect on the thermal 

conductivity and thermal shock resistance of the composite. Further, the influences of 

structure on the thermal conductivities are investigated systematically. This work 

potentially provides a new preparation method for the ceramic matrix composites in 

complex shapes, which could meet the requirements of the aerospace industry 

enhancement. Meanwhile, a new perspective is introduced to explore the relationship 

between the microstructure and the thermal conductivity of the ceramic matrix 

composite. 

 

2.Experimental 
 

2.1 Materials 

 

Al(NO3)3·9H2O, Ba(CH3COO)2, LiNO3 and Fe(NO3)3·9H2O were purchased from 

Shanghai Sinopharm Chemical Reagent Co., Ltd. (AR 99.9 %). SiO2 sol (solid content 

30 wt.%) was purchased from Qingdao Yuminyuan Silica Reagent Factory. And 

ammonia and acetylene black were purchased from Technological Development Zone 

Fine Chemical Plant and Dongguan Kelude Chemical Company, respectively. 

 



2.2 Preparation process 

The fabrication steps are illustrated in Figure 1. In this work, the sol-gel method was 

adopted to prepare the barium aluminosilicate with iron ion precursors powder, and 

detailed process are available in our previous work [22]. Additionally, LiNO3 was added 

to accelerate the formation of hexacelsian in BAS matrix [43]. The carbothermal 

reduction nitridation was employed to in-situ synthesize β-Sialon fibers. The proper 

amount of acetylene black, as the carbon source, and precursors powders were mixed 

thoroughly with alcohol by ball milling process at 700 r/min for 8 h, followed by drying 

for 12 hours. The dried mixture was then ball milled to powders with particles size 

under 200 mesh. The precursor powders were put in the crucible directly, then placed 

in the tube furnace sintered at 1400℃ for 3 h in nitrogen. Finally, the dense bulk 

samples were prepared, which were denoted as C2.5, C3, C3.5 and C4, corresponding 

to 2.5 wt.%, 3.0 wt.%, 3.5 wt.% and 4.0 wt.% carbon content, respectively. The 

chemical composition of the samples is listed in Table 1. It is noteworthy that samples 

could imitate the shape of the crucible (Figure. S1, Supporting Information, ESI).  

 

TABLE 1 Chemical composition of composites with different carbon content(wt%) 

 

Sample Carbon Al(NO3)3·9H2O Ba(CH3COO)2 LiNO3 SiO2 sol Fe(NO3)3·9H2O 

C2.5 2.5 52.94 14.43 1.95 28.18 4.88 

C3 3.0 52.67 14.36 1.94 28.03 4.85 

C3.5 3.5 52.40 14.28 1.93 27.89 4.83 

C4.0 4.0 52.13 14.21 1.92 27.74 4.80 

 

2.3 Material characterization 

 

A field emission scanning electron microscope (MERLIN Compact, ZEISS) was used 

to carry out morphological characterization on the fracture surfaces of samples sputter-



coated with gold. The X-ray diffractometer (XRD, DX-2700) equipped with Ni-filtered 

Cu Kα radiation was carried out to identify the phases in the sample. High resolution 

transmission electron microscopy (HRTEM) analysis was performed on the JEM2100 

microscopy to determine the micromorphology of samples, the crystal plane spacing of 

the samples was measured by HRTEM, and compared with PDF card. The TEM 

samples were prepared by traditional mechanical grinding method followed by the final 

Argon ion-beam thinning.  

The thermal conductivity is calculated according to the following Eq. (1):  

 pCK    (1) 

Where ρ, α, and Cp are the density, thermal diffusivity, and specific heat capacity of the 

samples, respectively. Density was calculated by the Archimedes method. Specific heat 

capacity and thermal diffusion coefficient were measured by using the DSC instrument 

and the flash method using a thermal diffusivity analyzer, respectively. 

The coefficient of thermal expansion was measured by using a thermal expansion 

analyzer (DIL 402c, Netzsch) on the rectangular-shaped samples with size of Φ5.5-6 

mm×5~15mm. The thermal shock resistance of composites can be estimated by the 

residual strength after quenching. The thermal analysis was conducted with a 

thermogravimetric-differential scanning calorimetry (TG-DSC, Mettler Toledo) from 

50 to 1500 ℃ with a heating rate of 10℃/min. 

The flexural strength of composites was measured using three-point bending method 

conducted on the Instron 5967 universal test machine with a span of 30 mm at loading 

rate of 0.5 mm/min. The ceramic composites were ground into 4 mm thick using surface 



grinding machine equipped 600 mesh grinding wheel. After this, 5 testing specimens 

with a size of 3×4×40 mm were cut out by inside diameter slicer. The flexural strength 

was calculated by following Eq. (2): 

 
22
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Where σf is the flexural strength, P is the maximum load (N), L is the span (mm), b and 

W are the width and height of sample (mm). 

 

3. Results and Discussion 

 

3.1 The process of sintering 

 

In this work, the sintering process involves relatively complex crystallization and phase 

transformation process, which can be divided into two parts, the formation of BAS 

matrix and Sialon fibers. In order to track the detailed material transmutation, the DSC-

TG scan was carried out in a temperature range of RT-1500 ℃ with a heating rate of 

10 ℃/min in a nitrogen atmosphere. Figure 2 presents the DSC-TG scans of the C3.5 

sample. A conspicuous endothermal peak appears in the plot at about 630 ℃, which is 

attributed to the melting of the BaO-Al2O3-SiO2 glass, based on the previous research 

on BAS matrix [44-45]. A large amount of Ba-Al-Si-O liquid phases appears when the 

temperature reaches the eutectic temperature of the BAS glass, promoting the 

densification of the sample. This is also the principle that the precursor powders can be 

directly used for sintering. As the temperature continues to rise above 1000 ℃, the 

curve maintains smooth upward trend, some exothermal peaks could be seen in the 

marked yellow area, which indicates the crystallization of the BAS, the BaAl2Si2O8 



crystal forms from the liquid phase [46]. Then Sialon fibers start to grow on the BAS 

matrix by the V-L-S growth mechanism (the detailed growth process of Sialon s was 

discussed in our previous work [47]), which are reflected in the exothermal peak at 

1370 ℃. Due to the crystallization of the BAS and the growth of the Sialon, the mass 

of the sample is increased in the corresponding temperature range, as red curve shown 

in Figure 2. It is noteworthy that the rise of the curve becomes suddenly steeper as 

marked in figure 2, which represents that the phase transformation process becomes 

different. It can be explained that the crystallization and the growth of the Sialon take 

place simultaneously as temperature continues to rise. During the cooling process, the 

Ba-Al-Si-O liquid phases transform into the amorphous Ba-Al-Si-O glass phases, 

combined with the BaAl2Si2O8 crystallized before, the BAS glass-ceramic matrix is 

formed. The theoretical schematic of the sintering process is shown at the bottom of 

Figure 1. 

 

3.2 Structure and morphology 

 

Figure 3 shows the SEM images of the samples with different carbon contents. As 

demonstrated in the four samples, the string-like structures with large aspect ratio could 

be seen. Moreover, it can be observed obviously that the quantity and the distribution 

of the fibers are moderated with the carbon content, which plays a role of providing the 

growing points. For sample C2.5, the fiber-like structures are distributed evenly in 

matrix, however, the content of the fibers is so low that they could not connect with 

each other. From 3.0 wt.% to 3.5 wt.%, the quantity of the fibers increases and they 

tend to gather together into the cotton-like network structure (Figure 3(e) and (f)), the 



high contact area of matrix particles facilitates the approaching of fibers, resulting in 

the partially formation of the thermal conductivity path. And the diameters of the fibers 

are about 50-300 nm. As the carbon content reaches 4.0 wt.%, the diameters of the fiber 

increases to about 500 nm, and the quantity of the fibers reduces significantly, which is 

attributed to the liquid phase appearing in the sintering process promotes the 

accumulation of the fibers (Figure 3(h)), then fibers with larger diameter forms. 

Additionally, the density of the samples is presented in Figure S2 (ESI), due to the same 

preparation method, the density of the material is similar in the range of 2.62-2.89 g/cm3. 

And the density of the samples increases with the increasing Sialon fiber content, which 

can be attributed to the existence of Sialon fibers enhances the binding force between 

particles and fills the gap between particles. Thus, the influence of density and porosity 

on heat conduction can be excluded, the structure and contribution factors of the Sialon 

fibers should be emphasized. 

Compared with our previous study [47], the content of the material is adjusted in this 

work, Li+ is added to promote the phase transformation of monoclinic-celsian matrix, 

which has better compatibility with Sialon phase [48]. The XRD patterns of composites 

with different carbon contents are shown in Figure 4. The monoclinic-celsian phase 

(BaAl2Si2O8) is the main phase in all samples, the diffraction peaks of β-Sialon 

(Si2Al4O4N4) were detected at 2θ = 13.21°, 22.99°, 26.70°, 32.51°, and 50.9°, which 

correspond to (100), (110), (101), (301) diffraction planes of β-Sialon, respectively. The 

content of Sialon phase was calculated, and results and the related parameters are 



presented in Table 2 and Table S1 (ESI), respectively. The Sialon content in sample 

C3.5 reaches the maximum corresponding to the microstructure shown in Figure 3. 

Figure 5 shows the TEM images of the C3.5 sample. Typical TEM images of the rod-

like structure of β-Sialon are shown in Figure 5(a) and (b). The high aspect ratio fiber-

like Sialon structure is combined well with the matrix. The spacing between adjacent 

lattice planes is 0.343 nm, which corresponds to (100) of β-Sialon (Si2Al4O4N4). As 

shown in Figure 5(e), the Si, Al, O, N elements are distributed evenly in rod-like 

structure, which is consistent with the constituent elements of Sialon phase.  

 

TABLE 2 Semi-quantitative amount of Sialon in sample with different carbon contents 

 

Carbon 

content 
2.5wt% 3.0wt% 3.5wt% 4.0wt% 

β-Sialon 
Content 8 11 26 17 

 

3.3 Thermal conductivity behaviours of Sialon/BAS composites 

 

The influences of Sialon fiber content on the thermal conductivity of the BAS glass-

ceramic matrix composite are shown as green line in Figure 6. Actually, a pronounced 

enhancement of effective thermal conductivity is achieved by the growth of the Sialon 

content in composites. Compared with the pure BAS glass-ceramic matrix synthesized 

by the same method, the thermal conductivity of the composites could be enhanced by 

22.2 %- 133.8 %. As to the samples with lower Sialon content, Sialon fibers are 

dispersed in the matrix with small contact area between each other. Hence, the 

insufficient content of fibers and limited contact points result in a limitation to the 

efficient phonon transfer path. For samples with high Sialon fiber content (Sample 



C3.5), as shown in Figure 3, Sialon fibers construct the network with largely increased 

contact areas, moreover, the fibers dispersed in the BAS matrix could enhance the 

thermal conductivity of composite and improve the network-density. The large contact 

area permits ease of heat flows and promoted phonon diffusion in the composites to 

form a highly effective heat conduction network. Therefore, the thermal conductivity 

of C3.5 sample has been significantly improved, whose value reaches 5.845 W/m ∙ K. 

3.4 Theoretical modeling of thermal conductivity in composites 

To further explore the influence of fiber content and distribution morphology on 

thermal conductivity of the composites from a theoretical point of view. Two classical 

heat conduction models, parallel conduction model and series conduction model are 

employed to describe the thermal conductivity of the samples [49-50]. In the parallel 

conduction model, thermal conductivity of the composite would reach the highest 

theoretical value under the assumption that all fillers tend to gather to a conductive 

block and another block of ceramic is arranged in parallel in the direction of thermal 

flux, which is also assumed that particles fully contact with each other to form an ideal 

heat conduction network. And for the series conduction, thermal conductivity is the 

lowest in the case where filler area and matrix area are arranged in a series in the 

direction of thermal flux [51], the detailed information was provided in ESI. Above all, 

the extreme values of the thermal conductivities could be estimated according to the 

distribution of fillers in the composite. Thereby the distribution morphology of the 

Sialon phase, which acts as filler, could be predicted by comparing the experimental 

value with the calculated value. 



Figure 6 shows the experimental data of the composites compared with the calculated 

values by parallel model and series model. It presents that the experimental results are 

closer to the series conduction model value at lower Sialon content. With the increase 

of the Sialon content, the experimental data curve appears an upward trend approaching 

the parallel model calculated curve. Generally, it is demonstrated that the heat transfer 

model of the composites changes from the part series conduction model to part parallel 

model with the increase of the Sialon content. One of the mechanisms accounting for 

the transform is the increase of the Sialon filler with higher thermal conductivity. 

Nevertheless, the content factor alone cannot explain the significant enhancement in 

the thermal conductivity. The main reason could be attributed to the thermal 

conductivity networks formed by the fibers dispersed on the BAS matrix. 

In order to get insight to the heat conduction mechanism in the composites, two 

theoretical models, Hashin-Shtrikman (HS) model [52] and Y. Agari’s semi-empirical 

model [53] are employed to further improve the accuracy of the theoretical value in the 

practical situation. In these two models, the BAS is considered as a whole matrix while 

the Sialon is considered as the filler with high thermal conductivity. 

The Hashin-Shtrikman model including two boundary values pays attention to the 

arrangement behavior between filler phase and matrix. The Hashin-Shtrikman lower 

boundary (KHS− ) is obtained with an assumption of a high conducting phase (Sialon) 

surrounded by a lower conducting phase (BAS matrix), and the upper boundary (KHS+) 

is in the case that the BAS is surrounded by Sialon phase, which can be calculated by 

following Eq. (3) and (4), respectively: 



 𝑲𝑯𝑺− = 𝟐𝑲𝒎+𝑲𝒇−𝟐𝑽𝒇(𝑲𝒎−𝑲𝒇)𝟐𝑲𝒎+𝑲𝒇+𝑾𝒇(𝑲𝒎−𝑲𝒇) 𝑲𝒎 (3) 

 𝑲𝑯𝑺+ = 𝟐𝑲𝒇+𝑲𝒎−𝟐𝑽𝒎(𝑲𝒇−𝑲𝒎)𝟐𝑲𝒇+𝑲𝒎+𝑽𝒇(𝑲𝒇−𝑲𝒎) 𝑲𝒇 (4) 

Where 𝐾𝑚  is the thermal conductivity of the BAS matrix, Kf is the thermal 

conductivity of the Sialon fibers, Vf  is the volume fractions of Sialon phases in the 

composite, Vm is the volume fractions of BAS matrix in the composite.  

The Hashin-Shtrikman upper and lower boundaries are presented in Figure 7(a). The 

experimental values present a rising tendency from the lower boundary to the upper 

boundary, which indicates that the model of high effective thermal conductive Sialon 

network surrounding the particles of BAS matrix is more suitable to describe actual 

heat conduction process in the composite with the increasing Sialon content. 

Moreover, based on the Hashin-Shtrikman model, determined factor Xinterconnectivity is 

introduced to quantitatively estimate interconnectivity of the conducting phase; the η 

represents the thermal conductivity improvement of the composite per 1 wt% loading 

increase (The details see the ESI). 

As illustrated in Figure7 (b) and (c), the Xinterconnectivity and  are raised with the 

increasing content of Sialon content, which are increased by 118.7 % and 285.2 % at 

Sialon content of 26 wt.%, the overlapped area and junction of the filler phase increases 

with the dispersed state of Sialon phase in C3.5. With the increase of thermal 

conductive filler, the thermal conductivity also presents an increasing trend. In view of 

the results, the parameters Xinterconnectivity and  provide a new perspective for the 

efficiency evaluation of the heat transport for Sialon/BAS composite. 



The Y. Agari’s semi-empirical model focuses on the disperse state of the filler and the 

intrinsic characteristic of the matrix, which is introduced as following Eq. (5),  

 𝒍𝒐𝒈 𝑲𝑪 = 𝑽𝒇 𝑪𝟐𝒍𝒐𝒈𝑲𝒇 + (𝟏 − 𝑽𝒇)𝒍𝒐𝒈(𝑪𝟏𝑲𝒎) (5) 

Where C1 and C2 are obtained via fitting the experimental data, C1 represents a factor 

relating to the intrinsic crystal characteristic of the matrix, and C2 indicates a factor 

presenting the theoretical possibility of the formation of the conductive network of the 

filler phase. The closer the value of C2 is to 1, indicating that it is easier to form a heat 

conduction path. As shown in Figure 7(d), Agari model appears to fit the experimental 

data, the parameters C1 and C2 are given in Table S2 (ESI). As shown in Table S2, 

square values of fitting correlation coefficient (R2) is 0.972, suggesting that the Agari 

model can effectively describe the thermal conductivity behaviors with high precision. 

Most notably, the fitting value C2 value of the composite is 1.04, indicating that Sialon 

fiber tends to form a heat conduction path in the composites.  

To sum up, the formation of the heat conduction network arranged by the highly 

dispersed Sialon phases could be confirmed the microstructure and theoretical model 

analysis. However, the thermal resistance caused by the overlapped areas between the 

Sialon fibers should be taken into consideration, which can be classified into interfacial 

thermal resistance and contact thermal resistance. The interfacial thermal resistance is 

formed due to the difference of phonon spectra between filler and matrix, which is 

related to the arrangement and density of atoms [54], the interfacial thermal resistance 

in the composite could be calculated as follows [55]: 



 
𝑲𝒄𝑲𝒎 = 𝟐/𝟑[𝑽𝒇−𝑽𝒇𝒄(𝒑)]𝒕(𝒑)𝑯(𝒑)+𝟏/( 𝑲𝒙𝑲𝒎−𝟏) + 𝟏 (6) 

where Km represents the thermal conductivity of the matrix, p represents the aspect 

ratio (p = L/d, L and d are the length and diameter of the Sialon, respectively), Kx 

indicates the effective thermal conductivity of the Sialon phases, Vfc(p) is the critical 

volume fraction for the nonlinear conductivity variation (Vfc(p)~1/p), and t(p) is a 

critical conductivity exponent for a given aspect ratio(p). H(p) is well-known 

geometrical factors which could be calculated using the aspect ratio p (See details 

equation in ESI). 

The theoretical fitting curve calculated by Eq. (6) and experimental data for samples 

with different Sialon contents are shown in Figure 7(e). It can be seen clearly that the 

interfacial thermal resistance model could provide the best fit for the experimental data 

with the R2 higher than 0.976, and well described the nonlinear thermal conductivity 

behavior in the sample. The resistance exists in the overlapped areas of the fibers, 

however, it barely affects the heat transfer in the composite due to the strong bonding 

interface between the in-situ grown fiber and the matrix. The relative parameters are 

presented in Table S2 (ESI). 

On the other hand, the Sialon phases are overlapped with each other above the 

percolation threshold, which would create a barrier to the heat conduction and results 

in the ineffective heat flow. The contact thermal resistance could be described by 

following Eq. (7) [56]: 



 𝑲𝒄 − 𝑲𝒎 = 𝑲𝟎 𝑾𝒇−𝑽𝒇𝒄(𝒑)𝟏−𝑽𝒇𝒄(𝒑) 𝒕(𝒑)
 (7) 

where K0 is a parameter that takes into account the conductivity of Sialon phases and 

their contacts with each other, which can represent the effective conductivity of the 

filler concerned with the practical construction; t(p) is a critical conductivity exponent 

for a given aspect ratio(p). The experimental value and the fitting curve are shown in 

Figure 7(f), the curve is in good agreement with the experimental data, and the fitting 

correlation coefficient value given in Table S2 (ESI) is 0.968, which proves that the 

model could describe the heat conduction behavior in the composite and the contact 

thermal resistance exists between the Sialon fibers. The fitted K0 value is 15.45, which 

presents the effective thermal conductivity of the Sialon heat conduction path. The 

calculated value is close to the theoretical conductivities of Sialon phase (16.48), which 

means that the contact thermal resistance in the Sialon-Sialon contact is relatively low. 

Due to the highly dispersed and closely accumulation of the fibers, the extensive contact 

and continuity of network structure would reduce the interfacial and contact thermal 

resistance caused by transitional contact, and it will not hinder the heat transfer in the 

contact area. 

The Schematic of the composites with different Sialon contents combined with heat 

conduction path are presented in Figure 8. As shown in Figure 8(a), with Sialon fibers 

increasing in the matrix, the overlapped areas between Sialon fibers build more heat 

conduction pathways, which are beneficial to phonon transmission. However, the 

contact thermal resistance at line-line interconnections is limited due to the highly 

dispersed fibers and the continuous network. Owing to the reduction of the Sialon-BAS 



matrix interface, the contact thermal resistance plays a dominant role in the thermal 

conduction. As shown in Figure 8(b), for the sample with lower Sialon content, the 

dispersed distribution of the Sialon fibers grown in the BAS matrix made it difficult to 

overlap with each other. Therefore, the thermal network would hardly be constructed 

between the Sialon phase, phonon transmission between fillers would be affected. 

Above all, the difference of thermal conductivity between samples with different Sialon 

contents could be explained. 

3.5 Numerical simulation of thermal conductivity 

 

The temperature field of the samples with different Sialon contents is simulated by the 

finite element method. Based on the script of random distribution of fibers, a three-

dimensional geometric model of the composite is obtained. The length and diameter of 

the Sialon fiber are assigned as the average value of 1000 nm and 200 nm, respectively. 

And the volume fraction is set according to the actual measured value. Then the model 

is imported into finite element method software. The Steady-state thermal module in 

workbench plant form is employed to simulate the heat conduction process. The related 

engineering data used in the simulation could be found in Table S3 (ESI). According to 

the actual situation, the heat convection between samples and air at the top boundary is 

considered to simulate heating process at room temperature. The initial temperature is 

set at the bottom face as 500 ℃, and at the top face as 22 ℃ presenting the heat source 

and flowing air, respectively. The final state temperature distributions of all formulas 

are shown in Figure 9. As shown in the Figures 9(a)-(d), from the bottom to top, the 

distribution of the temperature in samples with different Sialon contents present 



different gradients. The sample with more Sialon contents (C3.5) in Figure 9(c), the 

temperature distribution is relatively uniform, the maximum temperature at the top is 

493℃. While the temperature in the sample with lower Sialon content (C2.5) in Figure 

9(a) has a large gap, the maximum temperature is 485 ℃. Based on the principle that 

the heat could be transferred efficiently in a material with higher thermal conductivity, 

the simulation provides a relatively intuitive result to prove that the samples with high 

Sialon contents have higher thermal conductivity. 

4.Conclusions 

 

In summary, bulk BAS matrix composites with different contents of in-situ synthesized 

Sialon fiber was fabricated by pressureless powder sintering method, and the samples 

could imitate the shape of the crucible. The morphology and distribution of the Sialon 

fibers could be tailored by the carbon content, and the experimental results reveal that 

the thermal conductivity of composites is increased with the Sialon content increasing. 

By incorporating the structure and distribution factors of Sialon phase, the dependence 

of the thermal conductivity on Sialon content is well fitted by analytical models. The 

considerable overlap areas of the Sialon phase which promote the construction of highly 

effective heat conduction network is the main reason for the enhancement of the thermal 

conductivity. Consequently, the pressureless sintered Sialon/BAS composites create a 

critical contribution to meet the application requirements of high temperature materials 

in different sizes and complex shapes. 
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FIGURE CAPTION 

Fig. 1 Schematic diagram for the preparation of Sialon fibers/BAS composites. 

Fig. 2 DSC-TG scans of the C3.5 samples. 

Fig. 3 SEM images of samples with different carbon contents: (a)(b) 2.5 wt.%; (c)(d) 3.0 wt.%; (e)(f) 

3.5 wt.%; (g)(h) 4.0 wt.%. 

Fig. 4 XRD patterns of the samples with different carbon contents. 

Fig. 5 TEM images of the β-Sialon fiber: (a)(b)(d) Typical TEM images of the rod-like structure of 

β-Sialon; (c) high resolution image of β-Sialon; (e)The elemental distribution of C-3.5 sample in (d) 

area. 

Fig. 6 The whole curve of theoretically values predicted by parallel conduction model and series 

conduction model. 

Fig.7 (a) The whole curve of theoretically values predicted by Hashin-Shtrikman conduction model 

compared with the experimental data; (b) The parameters Xinterconnectivity based on Sialon content; (c) 

The parameters based on Sialon content; (d) The whole curve of theoretically values predicted by 



Agari conduction model; (e) The surface thermal resistance model compared with the experimental 

data; (f) The contact thermal resistance model compared with the experimental data. 

Fig. 8 Schematic illustration of thermal conduction mechanism of composite with different Sialon 

contents: (a) Low Sialon content; (b) High Sialon content. 

Fig. 9 The temperature distribution of samples with different Sialon contents based on finite element 

method: (a) C2.5; (b) C3; (c) C3.5; (d) C4. 

 



Figures

Figure 1

Schematic diagram for the preparation of Sialon �bers/BAS composites.



Figure 2

DSC-TG scans of the C3.5 samples.

Figure 3

SEM images of samples with different carbon contents: (a)(b) 2.5 wt.%; (c)(d) 3.0 wt.%; (e)(f) 3.5 wt.%; (g)
(h) 4.0 wt.%.



Figure 4

XRD patterns of the samples with different carbon contents.



Figure 5

TEM images of the β-Sialon �ber: (a)(b)(d) Typical TEM images of the rod-like structure of β-Sialon; (c)
high resolution image of β-Sialon; (e)The elemental distribution of C-3.5 sample in (d) area.

Figure 6

The whole curve of theoretically values predicted by parallel conduction model and series conduction
model.



Figure 7

(a) The whole curve of theoretically values predicted by Hashin-Shtrikman conduction model compared
with the experimental data; (b) The parameters Xinterconnectivity based on Sialon content; (c) The
parameters Xinterconnectivity based on Sialon content; (d) The whole curve of theoretically values
predicted by Agari conduction model; (e) The surface thermal resistance model compared with the
experimental data; (f) The contact thermal resistance model compared with the experimental data.



Figure 8

Schematic illustration of thermal conduction mechanism of composite with different Sialon contents: (a)
Low Sialon content; (b) High Sialon content.



Figure 9

The temperature distribution of samples with different Sialon contents based on �nite element method:
(a) C2.5; (b) C3; (c) C3.5; (d) C4.
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