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Abstract: Thermal properties of AlN−Si−Al composites produced by pressureless melt infiltration of Al/Al alloys into porous 
α-Si3N4 preforms were investigated in a temperature range of 50−300 °C. SEM and TEM investigations revealed that the grain size 
of AlN particles was less than 1 μm. In spite of sub-micron grain size, composites showed relatively high thermal conductivity (TC), 
55−107 W/(m·K). The thermal expansion coefficient (CTE) of the composite produced with commercial Al source, which has the 
highest TC of 107 W/(m·K), was 6.5×10−6 K−1. Despite the high CTE of Al (23.6×10−6 K−1), composites revealed significantly low 
CTE through the formation of Si and AlN phases during the infiltration process. 
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1 Introduction 
 

AlN possesses high thermal conductivity (TC) of 
150−200 W/(m·K) [1], low thermal expansion coefficient 
(CTE) of 4.5×10−6 °C−1 [1], high electrical resistivity of 
1014 Ω·cm [2], low dielectric constant of 8.7 at 1 MHz 
[2], high melting temperature and good oxidation 
resistance at elevated temperatures [3]. Moreover, AlN 
has the advantage of a relatively low density, good 
resistance to molten metals [4] and being an ecologically 
safe material [5]. Inspite of these superior properties, 
high price of fine powder and non-aqueous powder 
processing procedures exposed to water have restricted 
widespread usage of AlN ceramics [6]. Also, as same as 
all other ceramic materials, AlN has a very brittle nature 
and thus has relatively low fracture toughness. One of 
the prevailing ways to improve toughness of the ceramic 
materials is addition of a ductile phase such as Al into 
brittle ceramic. 

Al and its alloys are very attractive candidates as 
matrices for the production of ceramic reinforced metal 
composites due to their high TC of 180−230 W/(m·K) [7], 
low density of 2.7 g/cm3 [7], capability to be 
strengthened by precipitation [8], good corrosion 
resistance [8] and high damping capacity [8]. Also Al 
alloys are easily processed compared with other high TC 

metals such as copper [7]. The main drawback of pure Al 
is its high CTE of 23×10−6 K−l, but via alloying with Si, 
CTE of the alloy can be decreased to some extent 
(~18×10−6 K−1) [7]. 

AlN−Al composites are preferable for either 
structural or electronic applications mainly due to their 
attractive electronic, thermal and mechanical properties 
[5,9,10]. CTE of AlN−Al composite is similar to silicon 
and has high TC, thus it can be used in semiconductor 
packaging in aerospace structures [11]. Owing to their 
favorable thermal properties, they may also have a 
potential for refractory applications. Most of the 
researches on the AlN reinforced Al ceramic−metal 
composites have been focused on the wetting behavior, 
processing, mechanical properties and microstructure 
evolution [3−5,11−26]. AlN/Al composite is a promising 
candidate for electronic packaging and heat sink 
applications, thus recent researches on the thermal 
properties of these materials have increased significantly 
[4,17,18,21,27−33]. 

AlN−Al composites can be produced via various 
solid or liquid state based fabrication methods such as 
spark plasma sintering [27], pressureless [13], pressure 
[12] or vacuum [14] infiltration, squeeze casting [34], 
mechanical alloying [35], gas bubbling method [15], DC 
arc-discharge method [36] and directed melt nitridation 
[16]. Pressureless metal infiltration technique is the 
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most attractive processing technique since it can 
potentially combine low-cost, production of high volume 
fraction AlN−Al composites with near-net shape. 
Additionally, this technique also provides uniform 
distribution of the ceramic phase and high dimensional 
stability. 

AGHAJANIAN et al [13] produced AlN matrix 
composites by using a pressureless melt infiltration 
technique. They carried out pressureless infiltration 
studies with 100% Si3N4 and 70% Si3N4+30% SiC 
preforms. It was determined that during the pressureless 
infiltration process, Al reacted with the Si3N4 phase and 
as a result of this interaction (Eq. (1)), AlN and Si phases 
were formed as the reaction products. This production 
technique ensures an economical process for the 
fabrication of AlN based ceramic−metal composites at 
relatively low temperatures [13]: 
 
Si3N4+4Al→4AlN+3Si, 

ΔG1200°C=−355 kJ/mol, ΔH1200°C =−494 kJ/mol  (1) 
 

In this study, instead of using expensive sub-micron 
AlN powders, an economical α-Si3N4 powder was 
selected as the ceramic starting material. Sub-micron 
AlN based ceramic−metal composites were produced by 
the pressureless melt infiltration of Al and Al alloys into 
the porous α-Si3N4 preforms under an argon gas 
atmosphere. The aim of this study is to demonstrate the 
possibility of producing sub-micron AlN (∼0.3 µm) 
based ceramic−metal composites, possessing a relatively 
high TC and low CTE, which can be considered as a 
suitable thermal management material, by using an 
economical α-Si3N4 starting powder and pressureless 
melt infiltration technique. 
 
2 Experimental 
 

Ceramic−metal composites were produced by melt 
infiltrating the Al/Al alloy blocks (Table 1) into porous 
α-Si3N4 (Silzot HQ, Fig. 1) preforms prepared by 
uniaxially pressing under 70 MPa. The relative green 
density values of the ceramic preforms were ∼46%. 
Infiltration process was carried out under an Ar gas 
atmosphere at 1200 °C for 1 h without applying any 
external pressure. Heating rates applied was 5 °C/min up 
to 900 °C and 10 °C/min onwards up to 1200 °C. 
Cooling rates from 1200 °C to 900 °C was 10 °C/min  

 

 
Fig. 1 SEM micrograph of starting α-Si3N4 powder 
 
and then 5 °C/min down to room temperature. 

Density of the produced composites was calculated 
by Archimedes’ displacement method. X-ray diffraction 
(XRD) was performed to identify phases on Rigaku Rint 
2200 X-ray instrument by using monochromatic Cu Kα 
radiation (λ=1.5406 Å). Scanning electron microscopy 
(SEM) investigations were carried out using Zeiss Supra 
50 VP microscope. Samples were prepared through a 
standard procedure, using mechanical polishing steps, 
followed by Ar-ion thinning method for transmission 
electron microscopy (TEM) investigations. Afterwards, 
the sample was characterized with a 200 kV field 
emission Jeol 2100F TEM. 

The heat capacities of the Al sources and produced 
composites were calculated via rule of mixtures (ROM) 
by using the heat capacity at 50−300 °C obtained from 
the MTDATA thermodynamic program for each 
component. Thermal diffusivities of the Al sources and 
produced composites were characterized by laser flash 
technique (Netzsch−LFA 457) using 10 mm×10 mm×   
2 mm square samples. Then TC values of these materials 
were calculated with the equation given below:  
λ=cpρα                 ( 2 )  
where λ is the heat capacity; cp is the specific heat; ρ is 
density; α is the thermal diffusivity. The coefficient of 
thermal expansion (CTE) measurements of the samples 
were performed on a Netzsch−DIL 402 PC dilatometer. 
The dimensions of the CTE samples were 5 mm×5 mm× 
40 mm. CTE and thermal diffusion (TD) measurements 
were done between 25−275 °C and 25−300 °C, 
respectively. These temperatures are close to typical 
application temperature for electronic packaging materials. 

 
Table 1 Room temperature properties of used Al sources 

Al source Composition/% Density/(g·cm−3) Heat capacity*/ (J·g−1·K−1) TC/(W·m−1·K−1) 
Commercial Al > 99 Al 2.69 0.90 223 

Al−Mg 4.56 Mg 1.73 0.91 129 
2024 4.90 Cu−1.80 Mn 2.79 0.89 160 
7075 2.30Mg−1.30Cu−5.30 Zn 2.82 0.89 179 

*: Theoretically calculated by rule of mixtures as described above. 
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3 Results 
 

Bulk density and residual open porosity content of 
composites are given in Table 2. Open porosities of all 
the samples were below 1% and bulk density of the 
composites increased slightly (2.84−2.93 g/cm3) 
depending on the chemical composition of the used Al 
source. 
 
Table 2 Bulk density and open porosity of the composites 
produced with different Al sources. 

Al source 
Bulk density/ 

(g·cm−3) 
Open porosity/%

Commercial Al 2.85±0.01 0.71±0.07 

7075 2.86±0.01 0.65±0.05 

Al−Mg 2.89±0.01 0.71±0.21 

2024 2.92±0.01 0.66±0.09 

 
X-ray diffraction analysis (Fig. 2) of the composites 

revealed that all samples mainly contain AlN, Al and Si 
phases. When 2024 alloy was used, it was observed that 
CuAl2 precipitate phase was also formed (Fig. 2). 
 

 
Fig. 2 XRD patterns of ceramic−metal composites produced by 
using commercial Al metal (a), Al−Mg (b), 7075 Al alloy (c) 
and 2024 Al alloy (d) 
 

Formation of AlN grains takes place by dissolution 
of α-Si3N4 grains within Al/Al alloy followed by 
nucleation and growth of AlN grains during the 
infiltration process. Direct contact between Al and 
α-Si3N4 particles is achieved just after removing the SiO2 
surface layer on the α-Si3N4 particles. Surface SiO2 layer 
is consumed via reacting with Al phase during the 
infiltration process. 

It was determined that all α-Si3N4 phase was 
consumed during the reactive melt infiltration process 
(Fig. 2) according to Eq. (1). After the infiltration 

process, it was observed that needle like Si crystals have 
grown on the residual Al metal source remaining on 
surface of the composite. Some of these crystals were 
several millimeters in size. The released Si metal phase 
was diffused to the liquid Al source through the 
interconnected liquid channels and during the cooling 
process, Si was crystallized in the residual Al metal 
source. 

SEM investigations of the composites indicated that 
these materials are highly dense and have a very fine  
(<1 μm) microstructure (Fig. 3). Fracture surface 
investigations of these composites also revealed that the 
brittle fracture mode of fine AlN particles and ductile 
failure mode of Al/Al alloys (Fig. 3). TEM investigations 
of these samples revealed that the particle size of the AlN 
is ~300 nm (Fig. 4). These observations (Fig. 5) confirm 
the XRD results (Fig. 2) which shows that α-Si3N4 
starting powder is consumed completely during the 
reactive melt infiltration process. Microstructure 
investigations demonstrate that in situ formed AlN 
ceramic particles are distributed uniformly within the 
Al/Al alloy and therefore it is expected that composites 
should exhibit isotropic properties. 
 

  
Fig. 3 SEM images of fracture surface of produced composites 
by using commercial Al (a) and 2024 Al alloy (b) 
 

The contents of the AlN, Si and Al of the 
composites were calculated according to Eq. (1) 
considering the green density of the porous α-Si3N4  
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Fig. 4 STEM HAADF (a) and BF (b) images showing 
microstructure of composite produced by using commercial Al, 
and EELS spectra (c) of Al L3,2 edge, Si L edge and N K edge 
collected from grains labeled as “1” and “2” in (a) 

 
ceramic preforms. Phase content of the composites was 
calculated by the following assumptions. 

1) Voids of the porous α-Si3N4 pellets were fully 
filled with Al/Al alloys during the infiltration step. 

2) α-Si3N4 starting powder is consumed completely 
(Figs. 2 and 5) during the reactive melt infiltration 

process according to Eq. (1). 
3) Phase assemblage of the composites includes 

only AlN, Al and Si (Fig. 2). 
4) Diffusion of the released Si to the Al source is 

ignored. 
Composition of the composite produced using 

commercial Al metal is calculated at aforementioned 
conditions as 11.1%Al, 37.2%Si and 51.7%AlN (in 
volume fraction). 

TD values of composites in the temperature range 
of 25−300 °C are given in Fig. 6. All TD values of the 
samples decrease with increasing the temperature. 
Composite produced with a commercial Al source has 
the highest TD value of ∼42×10−6 m2/s at the room 
temperature; while the lowest value is ∼21×10−6 m2/s 
obtained for the composite produced with an Al−Mg 
alloy. 

Figure 7 shows variation of TC values of the 
composites depending on the temperature. TC values of 
composites were directly affected by the composition 
and TC of the Al source. With commercial Al that 
contained the lowest impurity amount, the prepared 
composite had the highest TC value of 107 W/(m·K). 
Moreover, with increasing the TC value of Al source, TC 
values of the composites were enhanced. The lowest TC 
value was obtained as 55 W/(m·K) for Al-Mg alloy that 
has the lowest TC value among the Al sources used. 

TC of the ceramic−metal composites is provided by 
the electron and phonon conduction. Electron thermal 
conduction is the dominant conduction mechanism for 
the metal components such as Al. Phonon conduction, 
the dominant conduction mechanism for the electrically 
insulating AlN ceramic, can be ignored for the metal 
phases. 

Each individual component of composite has very 
high TC (Table 3). However, actually measured TC 
values of composites (Fig. 7) are remarkably lower 
compared with AlN, Al and/or Si (Table 3). This 
behavior can be explained mainly by the following 
effects. 
 
3.1 General properties of composite 

TC of the produced ceramic−metal composites is 
significantly affected by the connectivity of the phases 
and porosity of the material. 
3.1.1 Connectivity of phases 

The difficulty of achieving homogenous distribution 
of the major phases (AlN, Al and Si) reduced the 
connectivity of the phases which lower the TC. The other 
reason for the poor TC was the reduction in the amount 
of Al phase as a result of the substantial consumption of 
Al during the infiltration process. Besides them, 
sub-micron particle size of in-situ formed AlN also 
reduced the TC values of composites. 
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Fig. 5 EFTEM 3 window elemental mapping showing zero loss image (± 20 eV) (a), general distribution of Al, N, Si and O elements 
(b), Al K edge (1560 eV) (c), N K edge (401 eV) (d), Si L edge (99 eV) (e) and O K edge (532 eV) (f) 
 

 
Fig. 6 TD of the composites as function of temperature 
 

 
Fig. 7 TC variation of the composites with temperature 

Table 3 Some selected properties of AlN, Si and Al materials 

Material
Density/
(g·cm−3)

CTE/ 
(10−6°C−1)

TC/ 
(W·m−1·K−1) 

K/ 
GPa 

G/ 
GPa 

AlN 3.26 [37] 4.3 [39] 120−210 [39] 200 [37] 130 [37]

Si 2.33 [38] 2.5 [38] 141 [38] 100 [41] 52 [43]

Al 2.71 [38] 23.6 [38] 237 [40] 67.6 [42] 25.9 [42]
K: Bulk modulus; G: Shear modulus. 

 
3.1.2 Porosity 

Porosity of the composite material can considerably 
decrease the TC via enhancing the phonon scattering 
[27,44]. DUN et al [27] reported that even a relatively 
low improvement (1.9%, from 97.1% to 99.0%) in the 
density of the AlN/Al composite produced via spark 
plasma sintering resulted in a significant improvement 
(25.1 W/(m·K)) in the TC of the composite and 97.5 
W/(m·K) was obtained for the 99% dense material. TC of 
the AlN/Al composite is very sensitive to the relative 
density of the material [27] and composite produced in 
this work is ∼99%. Thus, further improvement of the 
densification probably may improve the TC of the 
produced composite. 
 
3.2 Properties of ceramic phase 

Initial ceramic powder properties (α-Si3N4), as well 
as the end-product ceramic phase (AlN), have an 
essential effect on the TC of the composite material. 
Especially, particle size and impurity level of the starting 
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α-Si3N4 powder have a remarkable effect on the TC. 
3.2.1 Particle size of ceramic phase 

When the particle size decreased to sub-micron size, 
a substantial increase in the grain boundary volume 
occurs. Increasing grain boundary volume resulted in the 
enhanced scattering of the conducting electrons, leading 
to a lower TC. The grain boundaries reduce the TC by 
decreasing either the mean free path (MFP) or the 
effective electron density along the MFP [45]. Smaller 
grain size induces more interfacial thermal resistance 
compared to coarse grain size counterparts since 
interface volume fraction is inversely proportional to the 
grain size. Therefore, TC decreases with reducing the 
grain size of the ceramic particles in the composite. SEM 
(Fig. 3) and further TEM (Fig. 4) studies revealed that 
composites produced in this study contain very fine AlN 
grains (∼300 nm). In spite of sub-micron AlN grain size, 
the TC values attained for the produced ceramic−metal 
composites (Fig. 7) are sufficient for electronic 
packaging application [4]. 
3.2.2 Intrinsic properties of ceramic phase 

Theoretical TC of pure single crystal AlN is 
calculated to be 320 W/(m·K) at room temperature [46]. 
However, actually determined TC of polycrystalline AlN 
ceramics has a notably lower value. Material 
characteristics such as temperature, impurities, grain size, 
porosity and preferred orientation affect the phonon MFP, 
thereby changing TC [47,48]. When the frequency of 
phonon scattering increases, TC reduces because the 
phonon MFP is decreased. TC (k) of AlN can be 
expressed by 
 

〉〈= lCk ν
3
1                                  (3) 

 
where C is the heat capacity of AlN; ν is the phonon 
velocity; 〈l〉 is the phonon MFP [49−51]. 

During the formation of AlN particles, some 
impurities may be incorporated into the lattice and also 
some defects within the phase lattice may be formed, 
which may have a detrimental effect on the TC of the 
in-situ formed AlN grains. Particularly, the 
lattice-dissolved oxygen has a substantial decrease on the 
TC of AlN and TC of AlN is inversely proportional to the 
oxygen content dissolved in the AlN lattice [49,27]. 
When oxygen diffuses into the lattice at high 
temperatures, Al vacancies are formed, then the TC of 
the polycrystalline AlN ceramics decreases by enhancing 
the phonon scattering. Impurities such as oxygen are 
solid-dissolved in AlN crystal lattices or a composite 
oxide forms, such as Al−O−N, which hinders the 
propagation of the thermal oscillations of the lattice. 
These impurities are incorporated into the AlN lattice by 

substitutional solution in the nitrogen site, creating 
aluminum vacancies, according to the following reaction 
(Eq. (4)) [52]: 
 
Al2O3→2AlAl+[·]Al+3ON                      (4) 
 
where [·]Al denotes an Al vacancy. Vacant Al site can 
cause mass and strain misfits. These misfits increase the 
scattering cross section of phonons, which decreases the 
phonon MFP, thereby lowering the TC [52]. 

TC of the AlN ceramic is inversely proportional to 
the formation of Al vacancies and even at low 
concentrations, oxygen promotes the formation of Al 
vacancies and thus decreases the TC of the AlN [53]. Al 
vacancy concentrations is directly proportional to the 
oxygen concentration and with increasing the oxygen 
concentration and coalescence of Al vacancies, formation 
of stacking faults and some other defects also increases, 
which in turn decreases the TC of the material [54]. 

YU et al [55] reported that secondary phases along 
grain boundaries or at grain junctions have a detrimental 
influence on the TC of AlN materials and microstructural 
changes are found to disrupt the connection between the 
AlN grains, resulting in a decrease in the TC of the 
materials. AlN−Si−Al composite system has different 
phase contents, thus the presence of distinct phases 
between the AlN grains may lead to a appreciable 
decrease in the TC of the material. 
 
3.3 CTE of AlN−Si−Al ceramic−metal composites 

Al has a very high CTE compared with AlN and Si 
phases, which are formed via the reaction between 
α-Si3N4 and Al during the pressureless melt infiltration 
process, and have very low CTE (Table 3). Figure 8 
depicts the measured CTE values of the composites 
produced with commercial Al and 2024 Al alloy metal 
sources at temperatures varying from 25 °C to 275 °C. 
 

 

Fig. 8 CTE variation of AlN−Si−Al ceramic−metal composites 
produced with commercial Al and 2024 Al alloy with 
temperature. 
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As is clearly seen from Fig. 8, room temperature 
CTE of the composite produced with commercial Al 
source is 6.8×10−6 °C−1 whereas it is 8.7×10−6 °C−1 at 275 
°C. This value is significantly low compared with the 
CTE of the commercial Al or Al alloys (Table 3). 
Composite produced with 2024 Al alloy has even a lower 
CTE of 5.7×10−6 °C−1 at room temperature and 7.8×10−6 
°C−1 at 275 °C. This effect is attributed to the   
formation of Si and AlN phases during the infiltration 
process which has low CTE values (Table 3) and 
prevents the expending of Al phase during the thermal 
expansion process. The CTE of the produced composites 
(Fig. 8) is very close to that of Al2O3 (8×10−6 °C−1) [4], 
which is a commonly used material for electronic 
substrates. 
3.3.1 CTE models 

The measured CTE of the composites were 
compared with the theoretical predictions calculated 
according to the ROM and Turner [56] models (Table 4). 
The first scientist who took the elastic constant into 
account to calculate the CTE is TURNER (Eq. (6)) and 
the predicted CTE value by this model is lower than that 
by ROM prediction. According to ROM, the simplest 
theoretical CTE prediction model, the CTE of the 
composite, produced by using a commercial Al source, is 
calculated as 5.8×10−6 °C−1 at room temperature. The 

Table 4 Theoretical prediction models used in this study to 
determine CTE 

Model Predictions 

ROM mmp2p2p1p1c VVV ∝+∝+=∝∝  (Eq. 5)

TURNER 
[56] p2p2p1p1mm

p2p2p2p1p1p1mmm
c VKVKVK

VKVKVK
++

∝+∝+∝
=∝ (Eq. 6)

K: Bulk modulus; V: Volume fraction; Subscript c: Composite; Subscript m: 
Matrix phase; Subscript p: Second phase. 
 
calculated CTE value for the same composite by the 
Turner model is lower than that by ROM approximation, 
4.8×10−6 °C−1. Both these values are lower than the 
measured CTE of the composite, 6.8×10−6 °C−1 [57]. 
3.3.2 Comparison of achieved CTE and TC values with 

literature data 
In this study, AlN−Si−Al ceramic−metal composites 

are produced by pressureless reactive melt infiltration 
process and an economical α-Si3N4 starting powder was 
used instead of expensive sub-micron AlN powders. 

A short summary of the literature survey about the 
CTE and TC of AlN/Al composites is given in Table 5. 
ZHANG et al [32] used coarser AlN starting powder and 
achieved a higher TC value but also a higher CTE value 
(Table 5). In this study, a simple production technique 
was used. However, achieved CTE and TC values are 
readily comparable with the counterparts produced via  

 
Table 5 CTE and TC of various AlN/Al composites produced via different production techniques with AlN or Si3N4 starting powders 

Starting 
powder 

Volume 
fraction/% Particle Production method and conditions CTE/ 

10−6 °C TC/(w·m−1·K−1) Reference

 85 AlN: 1−10 µm 
Al: 10−60 µm 

Spark plasma sintering 
(at 1550 °C for 5 min under 70 

MPa) 
 97.5 [27] 

 20 AlN: 0.4 µm 
Al: 71 µm Hot extrusion   [28] 

AlN 4, 8, 15, 24, 
 30, 39 

AlN/Al 
nanoparticles 

Production of AlN/Al nanoparticles
by arc-discharge plasma evaporation

followed by hot pressing 
(500 °C, 1 GPa, 

in vacuum of 10−4 Pa) 

13.9 50 (39%) [29] 

 50 AlN: 4 µm Squeeze casting 11.2 130 [32] 

 42, 45, 48  Squeeze casting at 130 MPa 

6.5 (AlMgSi0.5− 
42% HCS AlN) 
 8.6 (AlMg3− 
48% HCS AlN) 

 8.9 (AlCu4Mg1−
45% ESK AlN) 

131 (AlMgSi0.5− 
42% HCS AlN) 

85 (AlMg3− 
48% HCS AlN) 
89 (AlCu4Mg1− 
45% ESK AlN) 

[33] 

 56.5 AlN: 1.5 µm  9 100 [4] 

36 Si3N4: 0.2 µm Pressure infiltration method  95 [30] 

Si3N4 
61.9  

Pressure infiltration at 800 °C and 
90 MPa with presintered Si3N4 

pellets used 
7.3 75 [21] 

 



Ayse KALEMTAS, et al/Trans. Nonferrous Met. Soc. China 23(2013) 1304−1313 

 

1311
 
expensive production techniques and by using high 
purity starting materials (Table 5). 
 
4 Conclusions 
 

1) The main attractive features of the produced 
AlN−Si−Al ceramic−metal composites are high 
densification rate (∼99%), low density (2.84−2.93 g/cm3), 
utilizing the near net shape capability of pressureless 
reactive melt infiltration process and usage of an 
economical α-Si3N4 starting powder instead of expensive 
sub-micron AlN powders. 

2) Composite produced with a commercial Al 
source has the highest TC value, 107 W/(m·K), which is 
enough for the heat dissipation of the electronic 
substrates [4], even though produced composite consists 
of sub-micron in-situ formed AlN grains. 

3) Generally, recommended CTE values for the 
thermal management materials used in electronics 
packaging are between 4×10−6 and 7×10−6 °C−1 to match 
the CTE of semiconductors. CTE value for pure Al is 
very high but produced composites possess fairly low 
CTE values, (5.8−6.8)×10−6 °C−1, which is suitable to be 
used as the thermal management materials. 

4) Overall properties attained for the produced 
composites are sufficient for electronic packaging 
application. 
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摘  要：采用无压熔渗法将 Al/Al 合金渗透到多孔 α-Si3N4中，并对 AlN−Si−Al 复合材料在 50~300 °C 的热性能进

行研究。SEM 和 TEM 结果表明，AlN 的晶粒尺寸小于 1 μm，另外，AlN−Si−Al 复合材料还表现出较高的热导率

55~107 W/(m·K)。采用热导率为 107 W/(m·K)的商用 Al 得到的 AlN−Si−Al 复合材料的热膨胀系数为 6.5×10−6K−1。

Al 的热膨胀系数高达 23.6×10−6K−1，而 AlN−Si−Al 复合材料却具有低的热膨胀系数，其原因是在渗透过程中形成

了 Si 和 AlN。 

关键词：AlN；陶瓷基复合材料；热性能；金属溶渗 
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