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Abstract.  Ceramic  foams,  a  porous  material  with  a  gyroid  structures,  are  becoming  highly 
demanded for various applications such as heat insulation, bone implantation and filtration, because 
of their unique properties such as high specific surface area, high porosity and low heat transfer rate. 
In  this  study,  the  development  of  ceramic  foam  utilised  white  clay  with  a  combination  of 
precipitated calcium carbonate (PCC). The ceramic foam was successfully developed using this 
combination after the sample was sintered at 1250 °C for 2 hours holding time. The various 
compositions of PCC (10.0, 12.5, 15.0, 17.5, 20.0, 22.5 and 25.0 wt.%) affected the chemical 
composition and compressive strength of the ceramic foam. The chemical composition of ceramic 
foam was analysed by using X -ray fluorescence (XRF) and the result indicated that the PCC was 
successfully transformed into calcium oxide (CaO) after the sintering process. The mineralogical 
composition of the ceramic foam was evaluated using X-ray diffraction (XRD) and has shown the 
presence of mullite (3Al2O3.2SiO2), gehlenite (Ca2Al2SiO7) and anorthite (2CaAl2Si2O8) after the 
sintering process. The scanning electron microscope (SEM) analysis showed that the presence of 
porosity on the strut of the ceramic foam. Meanwhile, the compressive strength of the ceramic foam 
increased from 0.03 to 1.31 MPa, which is directly proportional to the increased amount of PCC. 

 
Introduction 

 

Ceramic foam is a porous material containing interconnected cavities with a diameter ranges from  

nanometer  (nm)  to  millimeter  (mm).  According  to  the  International  Union  of  Pure  and Applied 

Chemistry (IUPAC) classification, the diameter (d) of pores were classified into three sections, which 

were microporous (d smaller than 2 nm), mesoporous (d between 2 nm and 50 nm) and macroporous 

(d larger than 50 nm) [1]. Basically, ceramic foam contains about 70 percent to 95 percent of open 

porosity and has a gyroid pore network structure [2]. In fact, gyroid structures have a high pore 

interconnectivity and large surface area [3]. 
Clays are hydrous aluminosilicates that consist of a mixture of complex minerals such as quartz, 

feldspar, mica, smectite, chlorite and others [4]. In fact, the phase transformation that occurred in 
the clay after the heating process will increase the strength and  thermal stability of clay [5]. 
Precipitated calcium carbonate [CaCO3]PCC is a purified or synthetic calcium carbonate (CaCO3) and 
the chemical formula is similar to other types of CaCO3 such as chalk, limestone and marble [6]. The 
objectives of this study are to develop and characterise the ceramic foam by utilising white clay and 
controlled amount of [CaCO3]PCC. Subsequently, the transformations of chemical and mineralogical 
composition of ceramic foam after the sintering process are studied and the compressive strength of 
ceramic foams is evaluated. 
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Chemical 

composition 

(wt.%) 

 

10 wt.% [CaCO3]PCC  + 90 wt.% white clay 

Before Sintering After sintering 

SiO2 

Al2O3 

K2O 

Fe2O3 

TiO2 

CaO 

55.80 

35.20 

3.95 

3.07 

1.04 

- 

51.80 

27.00 

3.42 

4.67 

0.88 

11.40 

 

 
 

 

Experimental Procedure 
 

The fabrication of ceramic foam was done using a replication method. A polymeric foam was 
used as a template material. A mixture of distilled water, clay powder and controlled amount of 
[CaCO3]PCC powder were mixed using roll mill machine. The [CaCO3]PCC was obtained from HAZ 
NANO BIZ. The controlled amounts of [CaCO3]PCC i.e., 10.0, 12.5, 15.0, 17.5, 20.0, 22.5 and 
25.0 wt.% were added into white clay in order to investigate the chemical composition and physical 
properties of [CaCO3]PCC after sintering process. After that, the polymeric foam was dipped into the 
slurries and then the foam was squeezed to remove excessive slurries. Then, the foam was dried 
in the oven for 24 hours. Finally, the sample was sintered in the furnace at 1250 °C. The thermal 
properties of [CaCO3]PCC was analysed by using thermogravimetric (TGA, Pyris TG/DTA model). 
The chemical properties of the ceramic foam were analysed by using X-ray fluorescence (PAN 
analytical, MiniPAL 4 model), meanwhile the mineralogical characterisation was  determined  by  
using  X-ray  diffraction  (Bruker  D2  Phaser  model).  Then,  the  surface morphology was analysed 
by using a stereo microscope (SZ61 Olympus model) and scanning electron microscopy (SEM-
JEOL JSM-6460 LA model). The compression test was carried out using Universal Testing 
Machine (Instron, 5569 model) in accordance to ASTM C 773 − 88 (Reapproved 2011). 

 
Results and Discussion 

 
Chemical Composition. Table 1 represents the chemical composition of ceramic foam before and 
after sintering process. Based on the result, the added 10.0 wt.% of [CaCO3]PCC was successfully 
transformed into calcium oxide (CaO) after the sintering process. Eq. 1 shows the reaction equation 
of calcium carbonate to calcium oxide [7]. The decomposition of [CaCO3]PCC in this study was 
proven by the TGA result as shown in Fig. 1. The continuous weight loss of [CaCO3]PCC were 
between 650 to 792 °C indicating the decomposition of [CaCO3]PCC to CaO. Mustakimah et.al 
also claimed that the [CaCO3]PCC began to decompose at 700 °C [8]. 

 
CaCO3 (s)                   CaO (s) + CO2 (g)                                                                                         (1) 

Table 1 Chemical composition of ceramic foam before and after sintering processes.



    
 
 
 

 

 
 

Fig. 1 TGA result for [CaCO3]PCC. 
 

 
 

Mineralogical Characterisation. Fig. 2 shows the XRD pattern of ceramic foam before and after 
sintering process. Basically, clay without sintering contains kaolinite, quartz, and illite. Based on 
the result, after the addition of controlled amount of [CaCO3]PCC and sintered at 1250°C, the 
formation of new crystalline phases occurred. The major phase was anorthite (2CaAl2Si2O8) and 
the minor phases were gehlenite (Ca2Al2SiO7), mullite (3Al2O3.2SiO2) and quartz (SiO2). 

Based on the XRD pattern, anorthite peaks can be seen at the position between 2θ = 20° to 2θ = 
40°. Besides, for the compositions of [CaCO3]PCC between 10.0 wt.% to 17.5 wt.%, the mullite peaks 
were detected at position 2θ = 35°. However, when the amount of [CaCO3]PCC increased more than 
20.0 wt.%, the mullite peaks were diminished. In fact, lower phases of gehlenite, mullite and quartz 
were due to the reaction of anorthite that occurred simultaneously [9]. According to the previous 
research, anorthite phases were formed by the crystallisation process of gehlenite with quartz and 
corundum. Eq. 2 shows the reaction equation of the anorthite formation [10]. 

 
Ca2Al2SiO7    +     3SiO   +   Al2O3                        2CaAl2Si2O8                                                           (2) 

(Gehlenite)       (Quartz)     (Corundum)          (Anorthite) 

 
It  can  be  deduced  that  the  formation  of  calcium  aluminosilicates  such  as  anorthite 

(2CaAl2Si2O8) and gehlenite (Ca2Al2SiO7) were from the reaction of calcium oxide with the 
decomposed product of clay minerals. Furthermore, the increasing amount of [CaCO3]PCC had 
assisted the formation of anorthite phase. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 2 Mineralogical characterisation of clay without sintering and ceramic foam with different 

percentage of [CaCO3]PCC additions after the sintering process. 

 
Surface Morphology. Fig. 3(a) shows the surface morphology of a sintered ceramic foam that was 

prepared with a 22.5 wt.% of [CaCO3]PCC. A gyroid structures with the interconnected pores were



    
 
 
 
 

observed. As explained by Yasmin et.al [11], the ceramic foam has a hierarchical pore structure. On 
the other hand, there were two type of pores (open pore and closed pore) were presented in the ceramic 
foam. A factor that contributed to the formation of closed pore was from excessive slurries that 
entrapped between the interconnected pore. It occurred during the impregnation process of slurries  
into  the  polymeric  foam.  Andrew  [12]  found  that  the  excessive  slurries  caused  the formation 
of closed pore due to the slurries bridging between the strut. Fig. 3(b) shows an enlarged image of a 
strut from the ceramic foam. From the microscopic view, numerous fine pores were observed on the 
strut. The diameters of the pores are below 10 micron as seen in Fig. 3(b). In fact, the pores that were 
generated on the strut were formed by the decomposition of the [CaCO3]PCC during the sintering 
process. In another work [13], a mixture of quartz and limestone were pressed to form a green pellet 
and was sintered at 1180 °C. The pores were observed around the pellet and they claimed that the 
pores were formed from the degassing process of calcium carbonate. 

 

 
 

(a)                                                                           (b) 
 
 
 
 
 
 
 

Closed pore Open pore

 
Fig.  3  Surface  morphology  of  ceramic  foam  with  the  addition  of  22.5  wt.%  [CaCO3]PCC 
(a) Ceramic foam (20x magnification); (b) Strut from ceramic foam (2000x magnification). 

 
Compressive  Strength.  The  compressive  strength  of  ceramic  foams  as  a  function  of  a 
[CaCO3]PCC composition is shown in Fig. 4(a). The compressive strength increases from 0.03 MPa 
to 1.31 MPa with the increasing amount of [CaCO3]PCC. The ceramic foam developed with 22.5 
wt.% of [CaCO3]PCC was found to have the highest compressive strength. Sangsuk et.al [14], 
found that the increasing amount of [CaCO3]PCC increased the strength of the ceramic bodies. 
According to Ewelina et. al [9], the strength of the ceramic bodies were increased due to the formation 
of a new crystalline phases (anorthite, gehlenite, mullite, and quartz). However, after the amount of 
[CaCO3]PCC surpassed 22.5 wt.%, the ceramic foam became dimensionless. Fig. 4(b) shows a stress-
strain curve for ceramic foam under a compression test. As can be seen from the graph, there is no 
plastic deformation during the compression test because the ceramic foam is a brittle material. Besides, 
there is a horizontal plateau at the curve that shows the ceramic foam starts to crush. The damaged of 
the sample were started layer by layer due to the breakage of the strut. Thus, the strength of the 
ceramic foam was depending on the strut. In addition, the strength of ceramic foam fabricated from 
the replication method was lower due to the high porosity and thin strut [15].

(a) (b)

 

 
 
 
 
 
 
 
 
 
 
 

Fig.  4  (a)  Compressive  strength  (MPa)  of  ceramic  foam  with  different  composition  of 

[CaCO3]PCC; (b) Typical stress-strain curve for ceramic foam.



    
 
 
 

 

Conclusions 
 

Based on the result obtained from this study, the following conclusions are drawn: 
1) The ceramic foam was successfully developed utilising a white clay and [CaCO3]PCC after the 

green ceramic was sintered at 1250 °C. However, the addition of [CaCO3]PCC into white clay 
has a limit. The highest amount that can be added was 22.5 wt.%. After the amount exceeded 
22.5 wt.%, the ceramic foam became dimensionless. It occurred due to the high porosity 
formed along the interconnected strut. Thus, the strut at the centre of ceramic foam was not 
connected with each other and the gyroid structure of ceramic foam was destroyed. 

2) The porosity on the strut was due to the decomposition of [CaCO3]PCC during the sintering 
process. It shows that the decomposition process transformed the [CaCO3]PCC into the calcium 
oxide. The main phase present in the ceramic foam after the sintering process was anorthite 
(2CaAl2Si2O8), which contributed to the increased compressive strength of the ceramic foam. 
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