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Abstract

A creative and environmentally friendly preparation of high-porosity open-cell ceramic foams was investigated.
The samples were prepared from the α-Al2O3 slurry with 25 wt.% solid loading in which a tiny amount of
boehmite (γ-AlO(OH)) sol was added for the formation of particle-stabilized foams without introducing any
sacrificial phases. The volumetric shrinking of γ-AlO(OH) enables the formation of open-cell while avoiding
the generation of polluting gases. The resulting alumina ceramic foams have a synergistic increase in porosity
and compressive strength, reaching a compressive strength of 1.17 MPa and an ultra-high porosity of 94.8%.
This is due to the fact that the pore struts (connecting neighbouring cells) are almost defect-free, while the
high sintering activity of γ-AlO(OH) promotes the sintering of ceramic phase and formation of alumina with
small grains which has the strengthening effect on the obtained structures. By achieving open-cell, the heat
conduction path increased, which reduces the thermal conductivity of the ceramic foam. This work provides an
alternative and environmentally friendly new strategy for open-cell ceramics processing.
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I. Introduction

Open-cell ceramic foams are widely used in cataly-

sis, filtration, energy storage and other fields due to their

unique three-dimensional interconnected structure [1].

It has been a hot topic of current research [2–4]. Light

weight is one of the requirements for a growing number

of applied engineering materials, and for ceramic foams

this should be an advantage in itself due to their high

porosity [5,6]. Unfortunately, open-cell ceramic foams

with a porosity of more than 90% have been rarely re-

ported.

Preparation methods for open-cell ceramic foams

mainly include sacrificial fugitives, replica templates,

polyurethane foaming method, etc. and the open-cell

mechanism of the above methods is essentially achieved
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by introducing and pyrolyzing sacrificial phases to form

pores [7–9]. These sacrificial phases include organic

sacrificial phases (polyurethane, starch, proteins, etc.)

as well as inorganic sacrificial phases (carbon pow-

ders) [10–12]. The pyrolysis of the sacrificial phases

produces a large number of gaseous pollutants includ-

ing CO, CO2, NO, NO2, S2O3, SO2, etc. which aggra-

vates environmental pollution and bring harm to humans

and nature [13]. At the same time, the sacrificial phases

discharging process consumes more energy and the re-

sulting corrosive gases can damage the heat treatment

equipment, severely reducing the lifetime of the device.

The introduction of the sacrificial phase also generally

leads to a reduction in the mechanical properties of the

ceramic product, and after pyrolysis of the sacrificial

phase obvious defects inevitably occur in the ceramic

matrix. When these defects are present in the pore col-

umn, they can severely affect its ability to withstand

a load, thus reducing the mechanical properties of the

foams [14]. Therefore, there is an urgent need for an en-
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vironmentally friendly method to prepare open-cell ce-

ramic foams that can satisfy conditions of high porosity

and suitable mechanical properties.

To this end, a new open-cell mechanism must first

be developed, i.e. where the opening of the pores can

be achieved without introducing any sacrificial phases.

Deng et al. [15] reported that when using aluminium

hydroxide mixed with α-alumina prepared by cold-

pressing, the 60% volume shrinkage that occurs when

aluminium hydroxide is converted to α-alumina in-

creases the porosity of ceramic samples. This is clearly

a new porosity opening mechanism, but it has rarely

been reported in the preparation of ultra-high porosity

ceramic foams. Boehmite (γ-AlO(OH)) and aluminium

hydroxide both belong to the class of hydrated alumina

and can also achieve open-cell by volume shrinkage

[16,17]. However, boehmite has superior properties, in-

cluding grains of only a few nanometres in size, high

specific surface area and sintering activity. As a result,

boehmite is able to achieve open-cell while promoting

sintering and thus increasing strength without generat-

ing contaminants.

In this study, we utilized α-Al2O3 as a raw mate-

rial and added a small amount of γ-AlO(OH) to fab-

ricate open-cell alumina foams via particle-stabilized

foaming. The relevant properties of ceramic foams were

characterized, mainly including microstructure, poros-

ity and mechanical properties and thermal conductiv-

ity. The analysis focuses on the mechanism of compres-

sive strength enhancement, supporting the application

of open-cell ceramic foams in industrial areas.

II. Experimental

2.1. Preparation of ceramic foams

α-Al2O3 particles (CT3000 SG, 99.8%, Almatis Co.

Ltd.) were mixed with deionized water by ball grind-

ing to obtain the slurry with a 25 wt.% solid load-

ing. Then, long-chain surfactant sodium alpha-olefin

sulfonate (AOS in short; chemically pure; Shandong

Yousuo Chemical Technology Co. Ltd, Linyi, China),

used as the hydrophobic modifier, was dropwise added

at a lower stirring speed of around 500 rpm, at con-

centrations of 0.03–0.05 wt.% based on the total mass

of the suspension [18]. Then γ-AlO(OH) (Hangzhou

Zhihuajie Technology Co. Ltd, Hangzhou, China) was

added in a concentration of 2, 4 and 6 wt.% in rela-

tion to α-Al2O3. Once well mixed, the stirring speed in-

creased gradually to 2000 rpm and held for 10 min to

prepare stable wet foams. Afterwards, 2 mol/l ammo-

nia solution (Sinopharm Chemical Reagent, Shanghai,

China) was added to adjust the pH value to 6.0–8.0,

and the agitation remained for another 5 min to stabilize

the foams. The stable foams were then poured into the

moulds (stainless steel, 50 mm × 68 mm × 68 mm). Af-

ter setting for 5–10 min, the wet foams could hold their

shape, followed by demoulding. The wet foams were al-

lowed to dry at room temperature for 24–48 h. The dried

foams were sintered in air at a temperature of 1500 °C,

with a heating rate of 5 °C/min and a dwelling time of

2 h. The preparation procedure for open-cell alumina ce-

ramic foams is depicted in Fig. 1.

2.2. Characterization

Morphology of specimens was observed using a

scanning electron microscope (SEM; Merlin VP Com-

pact, Carl Zeiss, Jena, Germany). The appropriate

amount of the boehmite particles was dispersed in

ethanol, sonicated for 20 min, and then deposited onto

a copper electron microscope grid to observe their

microstructure by transmission electron microscopy

(TEM, S-5500, Hitachi, Japan). Phase composition of

the ceramic foams was characterized by X-ray diffrac-

tion using Cu Kα radiation (XRD, D8 ADVANCE,

Bruker, Karlsruhe, Germany).

Compressive strength of the alumina ceramic foams

was measured using a universal material testing ma-

chine (AG-IC 5 kN; Shimadzu Corporation, Kyoto,

Figure 1. Schematic diagram of the procedure for alumina ceramic foams preparation
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Japan) at a load of 1 mm/min. Three samples with di-

mensions of approximately 10 mm × 20 mm × 20 mm

were tested, and the mean and standard deviation of

compressive strength were determined. The thermal

conductivity of the ceramic foams was characterized by

a thermal constant analyser (TPS 3500, Hot disk, Swe-

den) at room temperature. The pore size distribution

of the ceramic foams was determined by Nano Mea-

surer software (invented by Fudan University, Shang-

hai, China), where more than 200 pore diameters were

collected and analysed. The open porosity (P) and bulk

density (D) of ceramic foams were measured by the

Archimedes principle using intelligent ceramic porosity

(MAY-120SD; Miaozhun Technology Co. Ltd, Guang-

dong, China) according to following equations:

P =
m1 − m2

m1 − m3

· 100 (1)

D =
m2

m10m3

· ρH2O (2)

Herein, m1, m2 and m3 represent wet weight, dried

weight and weight of samples when suspended in wa-

ter, respectively. The linear shrinkage during the sinter-

ing process (S ) was calculated by Eq. 3:

S =
ld − ls

ld
· 100 (3)

where ld and ls are the side length of dried foam and

sintered ceramic foam.

III. Results and discussion

3.1. Microstructure and sintering of ceramic foams

SEM micrographs of the raw powders (Fig. 2) show

that the α-alumina has particles with the size of about

few hundred nanometres, while particles of the γ-

AlO(OH) are much smaller, only a few nanometres.

XRD analyses of the ceramic foams are shown in Fig.

3. Both α-Al2O3 and γ-AlO(OH) phases co-existed in

the dried foams and all of them were converted into

α-Al2O3 after sintering at 1500 °C. This provides sup-

port for the preparation of single component alumina

ceramic foams.

Figure 4 shows SEM micrographs of the prepared ce-

ramic foams. In the ceramic foams without γ-AlO(OH)

the pore morphology definitely belongs to the closed-

cell structure, but after the addition of γ-AlO(OH) open

pore structure was obviously formed. The pore struc-

tures consist of the cells referring to the larger pore in

the foam (Fig. 4e), struts acting as a support for the pore

structure (where the walls of the cell meet, as shown in

Fig. 4f) and windows, i.e. the pores that appear in the

wall of the cells (as shown in Fig. 4g).

Figure 5 shows the sizes of the cell and window at

different amounts of γ-AlO(OH), which gradually de-

creased from 102.6 ± 1.6µm in the sample without the

addition of γ-AlO(OH) to 97.8 ± 0.7 µm in the foam

with 6 wt.% γ-AlO(OH). With the increase of the γ-

AlO(OH) amount from 2 to 6 wt.%, the size of window

gradually increased from 14.8±0.9µm to 37.2±3.7µm.

This demonstrates the ability of γ-AlO(OH) to partici-

pate in the formation of open-cell structure.

The open-cell structure is achieved by the volume

self-shrinkage that occurs when γ-AlO(OH) is trans-

Figure 3. XRD patterns of the foams dried at room
temperature (RT) and sintered at 1500 °C (precursor

suspension contained 4 wt.% γ-AlO(OH))

Figure 2. SEM image of α-Al2O3 particles (a) and TEM image of boehmite particles (b)

246



Y. Zhang et al. / Processing and Application of Ceramics 18 [3] (2024) 244–250

Figure 4. SEM images of alumina ceramic foams with a solid loading of 25 wt.% α-Al2O3 and different amount of γ-AlO(OH):
(a, e) 0 wt.%, (b, f) 2 wt.%, (c, g) 4 wt.% and (d, h) 6 wt.% (samples were sintered at 1500 °C)

Figure 5. Cell and window sizes distributions of alumina ceramic foams prepared with different amount of γ-AlO(OH):
a) 0 wt.%, b) 2 wt.%, c) 4 wt.% and d) 6 wt.% (samples were sintered at 1500 °C)

formed into α-Al2O3 during the sintering process. The

density of γ-AlO(OH) is 2.42 g/cm3, while that of α-

Al2O3 is 3.97 g/cm3 [19,20]. A 39.04% volume shrink-

age occurs when γ-AlO(OH) is converted to α-Al2O3

during the sintering process, providing the required vol-

ume for the opening pores. Although only a slight

amount of γ-AlO(OH) is added, due to the volume

shrinkage, the particles of γ-AlO(OH) and the adjacent

alumina particles produce obvious gaps. When this oc-

curs in large quantities, distinct weak regions on the cell

wall and tearing effects are generated [21]. As the sin-

tering progresses, the tearing effect becomes more pro-

nounced as the grain grows, and these weak regions

gradually form windows of tens of microns in size. It
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is important to note that the windows almost invariably

appear on the cell walls rather than on the cell struts,

that is, the structure of the cell struts is not significantly

altered. This is quite different from the way how the

opening is achieved with the introduction of a sacrifi-

cial phase. This plays a very crucial role in the stability

of the mechanical properties of ceramic foams [22].

3.2. Porosity and compressive strength

Figure 6a shows the porosity and compressive

strength of the obtained alumina ceramic foams. With

the increase of the γ-AlO(OH) addition, the porosity

first increased and then decreased, and the correspond-

ing compressive strength showed opposite trend. Com-

pared with the control group (i.e. the foam without γ-

AlO(OH)) with a compressive strength of 0.94 MPa at

the porosity of 94.02%, the porosity and strength of the

ceramic foam after the addition of γ-AlO(OH) increased

at the same time. The porosity reached 94.81% and the

compression strength reached 1.17 MPa for the sample

with 4 wt.% γ-AlO(OH), while the density was only

0.21 g/cm3. The increase in porosity is mainly due to the

opening of the pores formed by the volume shrinkage of

γ-AlO(OH).

Compared with the mechanical properties of the alu-

mina ceramic foams prepared by the sacrificial phase

method, the specific strength of the alumina foams pre-

pared in this work is significantly higher, as shown in

Fig. 6b [9,23–26]. The synergistic increase in poros-

ity and strength of the alumina ceramic foam after the

addition of γ-AlO(OH) is mainly due to the following

points:

• Firstly, the cell struts, which are the main load com-

ponents, do not have apparent defects due to the open-

ing, as shown in Fig. 7a,b. As mentioned earlier, the

presence of a window in the cell wall has a minor

effect on the compressive strength of the ceramic

foams. This is significantly different from the way the

sacrificial phase was introduced to achieve the open-

ing, which resulted in large defects in the pore pillars.

• Secondly, γ-AlO(OH) has the effect of ceramic

binder. With the increase of γ-AlO(OH) addition, due

to the tiny grain size of γ-AlO(OH), it has elevated

specific surface area and high sintering activity. This

promotes sintering and form strong grain bonding

through reactive bonding [15,27]. At the same time,

the small α-Al2O3 grains, formed by transformation

of γ-AlO(OH), play a role in the dispersion strength-

ening of the ceramic matrix [28], as shown in Fig. 7c.

In addition, the reduction of pore size due to the addi-

tion of γ-AlO(OH) (Fig. 5) can also improve the com-

pressive strength of alumina ceramic foams [29,30].

Figure 6. Porosity and compressive strength of ceramic foams prepared with different amount of γ-AlO(OH) and sintered at
1500 °C (a) and strength of the open-cell ceramic foams obtained in this work compared with the strength of bulk alumina

foams reported in the literature [9,23–26] (b)

Figure 7. SEM images of the strut in alumina foams with 2 wt.% γ-AlO(OH) (a, b) and SEM image of the small grain of
α-Al2O3 produced by the reaction of γ-AlO(OH) (c)
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Figure 8. Porosity and thermal conductivity of alumina ceramic foams prepared with a solid loading of 25 wt.% α-Al2O3 and
different amount of γ-AlO(OH) and sintered at 1500 °C (a). Schematic representation of the conduction path of heat on the

wall of the ceramic foams: b) closed-cell and c) open-cell

3.3. Thermal conductivity

Figure 8a shows the porosity of the alumina ceramic

foam and the corresponding thermal conductivity of the

samples with different γ-AlO(OH) amounts. The ther-

mal conductivity of the open-cell alumina ceramic foam

was significantly reduced compared to the control group

with a closed-cell structure. The porosity of the ceramic

foam prepared without γ-AlO(OH) is 94.02% and the

corresponding thermal conductivity is 0.33 W·m−1·K−1.

With the increase of the γ-AlO(OH) amount the ther-

mal conductivity decreased at first and then increased.

The thermal conductivity was 0.19 W·m−1·K−1 when the

porosity reached 94.81%. When γ-AlO(OH) is further

added, the porosity decreases and the thermal conduc-

tivity increases. This confirms that porosity still has a

significant effect on the thermal conductivity in open-

cell ceramic foams.

The reduced thermal conductivity of the resulting

ceramic foam is mainly due to the open-cell struc-

ture, since in porous ceramics heat is mainly conducted

through the solid material. A large number of windows

appear compared to the closed-cell structure in the con-

trol group without γ-AlO(OH) addition (Fig. 8b), result-

ing in an increased path during heat conduction, then

resulting in a decrease in thermal conductivity (Fig. 8c)

[31]. At the same time, increasing the porosity by im-

plementing open pores is also an influential cause of

the decrease in thermal conductivity [32]. Therefore,

the preparation of open-cell structures is an effective

method to reduce the thermal conductivity of ceramic

foams. This provides a current strategy for the applica-

tion of ceramic foams in the field of thermal insulation.

IV. Conclusions

In this paper, instead of introducing a sacrificial

phase, a small amount of γ-AlO(OH) (boehmite)

was added to the α-Al2O3 slurry to produce open-

cell alumina ceramic foams with high porosity and

strength. The 39.04% volumetric shrinkage of γ-

AlO(OH) achieves the open-cell structure while avoid-

ing the generation of polluting gasses. The resulting

open-cell alumina ceramic foams have a very high-

porosity of 94.32–94.81% and a corresponding com-

pressive strength of 1.16–1.26 MPa, which is signifi-

cantly higher than the sacrificial phase method of open-

cell ceramic foams. This synergistic increase in poros-

ity and strength is mainly due to the fact that the open-

ing of the pore is achieved without creating significant

defects on the pore struts. In addition, the added γ-

AlO(OH) has a high sintering activity, which promotes

the sintering of ceramic grains, and the small grains of

α-Al2O3 formed by the γ-AlO(OH) reaction are evenly

distributed in the matrix, which plays a role in the dis-

persion strengthening. The implementation of an open-

cell structure makes the path of heat conduction longer

and thus reduces the thermal conductivity. This paper

provides a new strategy for the preparation and applica-

tion of new environmentally friendly open-cell ceramics

that can be widely used in filtration, catalyst support, ad-

sorption, thermal insulation and other fields.

Acknowledgements: This research was supported by

the National Natural Science Foundation of China

(grant No. 52072202), Scientific Research Fund of

Liaoning Provincial Education Department (grant No.

249



Y. Zhang et al. / Processing and Application of Ceramics 18 [3] (2024) 244–250

LJKMZ20220845). The authors appreciate the grants

from these organizations.

References

1. U.T. Gonzenbach, A.R. Studart, D. Steinlin, E. Tervoort,

L.J. Gauckler, “Processing of particle-stabilized wet foams

into porous ceramics”, J. Am. Ceram. Soc., 90 [11] (2007)

3407–3414.

2. A.R. Studart, U.T. Gonzenbach, E. Tervoort, L.J. Gauck-

ler, “Processing routes to macroporous ceramics: A re-

view”, J. Am. Ceram. Soc., 89 [6] (2006) 1771–1789.

3. T. Ohji, M. Fukushima, “Macro-porous ceramics: process-

ing and properties”, Int. Mater. Rev., 57 (2) (2012) 115–

131.

4. L.T. Cao, Q.X. Fu, Y. Si, B. Ding, J.Y. Yu, “Porous mate-

rials for sound absorption”, Compos. Commun., 10 (2018)

25–35.

5. W. Huo, X. Zhang, S. Hou, Y. Chen, Y. Wang, J. Yang,

“Aerogel-like ceramic foams with super-high porosity

and nanoscale cell wall from sol nanoparticles stabilized

foams”, J. Am. Ceram. Soc., 102 [6] (2018) 3753–3762.

6. W.-L. Huo, X.-Y. Zhang, Y.-G. Chen, Y.-J. Lu, W.-T. Liu,

X.-Q. Xi, Y.-L. Wang, J. Xu, J.-L. Yang, L. Gauckler,

“Highly porous zirconia ceramic foams with low thermal

conductivity from particle-stabilized foams”, J. Am. Ce-

ram. Soc., 99 [11] (2016) 3512–3515.

7. M.D.M. Innocentini, P. Sepulveda, V.R. Salvini, V.C. Pan-

dolfelli, J.R. Coury, “Permeability and structure of cellu-

lar ceramics: A comparison between two preparation tech-

niques”, J. Am. Ceram. Soc., 81 [12] (1998) 3349–3352.

8. X. He, X.G. Zhou, B. Su, “3D interconnective porous alu-

mina ceramics via direct protein foaming”, Mater. Lett., 63

[11] (2009) 830–832.

9. X.Y. Tang, Z.J. Zhang, X.Y. Zhang, W.L. Huo, J.J. Liu,

S. Yan, J. Yang, “Design and formulation of polyurethane

foam used for porous alumina ceramics”, J. Polym. Res.,

25 [6] (2018) 136.

10. Q. Leng, D. Yao, Y. Xia, H. Liang, Y.P. Zeng, “Microstruc-

ture and permeability of porous zirconia ceramic foams

prepared via direct foaming with mixed surfactants”, J.

Eur. Ceram. Soc., 42 [16] (2022) 7528–7537.

11. Y.A. Song, Q. Xu, X.L. Liu, Y.M. Xuan, Y.L. Ding, “High-

performance thermal energy storage and thermal man-

agement via starch-derived porous ceramics-based phase

change devices”, Int. J. Heat Mass Transf., 197 (2022)

123337.

12. F.Q. Tang, H. Fudouzi, T. Uchikoshi, Y. Sakka, “Prepa-

ration of porous materials with controlled pore size and

porosity”, J. Eur. Ceram. Soc., 24 [2] (2004) 341–344.

13. S. Li, C.A. Wang, J. Zhou, “Effect of starch addition on

microstructure and properties of highly porous alumina ce-

ramics”, Ceram. Int., 39 [8] (2013) 8833–8839.

14. F.A.C. Oliveira, S. Dias, M.F. Vaz, J.C. Fernandes, “Be-

haviour of open-cell cordierite foams under compression”,

J. Eur. Ceram. Soc., 26 [1-2] (2006) 179–186.

15. Z.Y. Deng, T. Fukasawa, M. Ando, G.J. Zhang, T. Ohji,

“Microstructure and mechanical properties of porous alu-

mina ceramics fabricated by the decomposition of alu-

minum hydroxide”, J. Am. Ceram. Soc., 84 [11] (2001)

2638–2644.

16. P. Raybaud, M. Digne, R. Iftimie, W. Wellens, P. Eu-

zen, H. Toulhoat, “Morphology and surface properties of

boehmite (gamma-AlOOH): A density functional theory

study”, J. Catal., 201 [2] (2001) 236–246.

17. M. Dronova, E. Lecolier, L. Barre, L.J. Michot, “Phase

diagram, structure and rheology of boehmite dispersions:

role of electrostatic interactions”, Colloids Surf. A, 631

(2021) 127564.

18. V.R. Salvini, P.R.O. Lasso, A.P. Luz, V.C. Pandolfelli,

“Nontoxic processing of reliable macro-porous ceramics”,

Int. J. Appl. Ceram. Technol., 13 [3] (2016) 522–531.

19. Y. Zhang, X. Zhang, Y. Li, Z. Xia, H. Yu, J. Yang,

X. Wang, “High-strength, 3D interconnected alumina ce-

ramic foams with high porosity comparable to aerogels”,

Ceram. Int., 49 [23] (2023) 39070–39075.

20. C. Chuanuwatanakul, C. Tallon, D.E. Dunstan, G.V.

Franks, “Controlling the microstructure of ceramic parti-

cle stabilized foams: influence of contact angle and parti-

cle aggregation”, Soft Matter, 7 [24] (2011) 11464–11474.

21. J.J. Yang, X.Y. Zhang, B.R. Zhang, F.M. Liu, W.H. Li, J.X.

Jian, S.G. Zhang, J.L. Yang, “Mullite ceramic foams with

tunable pores from dual-phase sol nanoparticle-stabilized

foams”, J. Eur. Ceram. Soc., 42 [4] (2022) 1703–1711.

22. R.A. Lopes, A.M. Segadaes, “Microstructure, permeabil-

ity and mechanical behaviour of ceramic foams”, Mater.

Sci. Eng. A, 209 [1-2] (1996) 149–155.

23. S. Carstens, K. Dammler, M. Scheffler, D. Enke,

“Reticulated alumina replica foams with additional sub-

micrometer strut porosity, Adv. Eng. Mater., 21 (12),

(2019) 1900791.

24. P.K. Sharma, V.V. Varadan, V.K. Varadan, “A critical role

of pH in the colloidal synthesis and phase transformation

of nano size alpha-Al2O3 with high surface area”, J. Eur.

Ceram. Soc., 23 [5] (2003) 659–666.

25. M.W. Zhang, X.D. Li, M. Zhang, Z.M. Xiu, J.G. Li, J.P.

Li, M. Xie, J.L. Chen, X.D. Sun, “High-strength macro-

porous alumina ceramics with regularly arranged pores

produced by gel-casting and sacrificial template methods”,

J. Mater. Sci., 54 [14] (2019) 10119–10129.

26. G.D. Shi, Z.J. Wu, C.Y. Jiang, S.T. Peng, J. Yan, Z. Wang,

“Porous alumina ceramics produced by physical vapor de-

position assisted freeze-casting method”, Mater. Lett., 161

(2015) 580–582.

27. N. Claussen, S.X. Wu, D. Holz, “Reaction bonding of alu-

minum oxide (RBAO) composites: Processing, reaction

mechanisms and properties”, J. Eur. Ceram. Soc., 14 [2]

(1994) 97–109.

28. S.J. Wu, L.C. DeJonghe, M.N. Rahaman, “Sintering of

nanophase gamma-Al2O3 powder”, J. Am. Ceram. Soc.,

79 [8] (1996) 2207–2211.

29. I. Levin, D. Brandon, “Metastable alumina polymorphs:

Crystal structures and transition sequences”, J. Am. Ce-

ram. Soc., 81 [8] (1998) 1995–2012.

30. W. Huo, X. Zhang, Y. Chen, Z. Hu, D. Wang, J. Yang, “Ul-

tralight and high-strength bulk alumina/zirconia composite

ceramic foams through direct foaming method”, Ceram.

Int., 45 [1] (2019) 1464–1467.

31. V. Sciamanna, B. Nait-Ali, M. Gonon, “Mechanical prop-

erties and thermal conductivity of porous alumina ceram-

ics obtained from particle stabilized foams”, Ceram. Int.,

41 [2] (2015) 2599–2606.

32. L.J. Gibson, M.F. Ashby, Cellular Solids: Structure and

Properties, 2nd Edition, Cambridge University Press, Cam-

bridge, 1997.

250


	Introduction
	Experimental
	Preparation of ceramic foams
	Characterization

	Results and discussion
	Microstructure and sintering of ceramic foams
	Porosity and compressive strength
	Thermal conductivity

	Conclusions

