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Abstract. This study aims to determine the effect of 
binder concentration on the ability of porous 
ceramics as TiO2 support catalyst. The porous 
ceramic synthesis used was the gelcasting method 
using natural clay as matrix, cassava starch as binder 
and CMC as dispersant. The concentration of 
cassava starch binder used were 2%, 4%, 6%, 8%, 10%. 
The methods used in catalyst supporting are 
adsorption method and sol gel coating method. 
Analysis of TiO2 catalyst content in porous ceramics 
using XRF instrument. The results obtained showed 
that the concentration of cassava starch affects the 
ability of porous ceramics as TiO2 catalyst support. 
The largest percentage of TiO2 catalyst with 
adsorption method was achieved at a binder 
concentration of 8% with a catalyst percentage of 
38.9% while with sol gel coating method was 
achieved at a binder concentration of 4% with a 
catalyst percentage of 20.11%. 
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INTRODUCTION 

Ceramic are an industrial product that is very important and was growing 
rapidly lately. This is due to the rapid development of science and technology which 
has influenced and changed various aspects of life. As is the existence of science and 
technology about ceramics, a ceramic product can be produced for various needs of 
the mechanical, electronic, filter and even aerospace technology industries. 

   One type of ceramic that was being developed is porous ceramic. The 
synthesis of porous ceramics has been widely carried out, including using the dry-
pressing method (Harefa,2009), extrusion (Mongkolkachit, 2010), and slip casting 
(Ramlan, 2009;Tambunan, 2008; Sukania, 2007). These method has several 
constraints, for example it requires large pressure, must use a porous mold, and the 
manufacturing method is quite complicated Yang, 2018. One method that can 
overcome its limitation is the gelcasting method.         

The gelcasting method is a colloidal ceramic synthesis method that involves 
in situ polymerization in a ceramic body. The basic principle of the method is the 
polymer dispersed into the silica alumina geopolymer. In the gelcasting process, the 
ceramic powder is dispersed in a solution containing monomer and crosslinker. To 
obtain high porosity ceramics, monomer and crosslinker ratio variations were studied 
due to pore formation in the ceramic body based on the loss of the polymer system 
in the ceramic body when sintering.  

Similar research has been carried out by Dhara, 2002 and Liu, 2001 to make 
porous ceramics based on alumina and kaolin, AMAM monomer and MBAM initiated 
by APS with tetramethyl ethylene diammine (TEMED) catalyst with an APS: TEMED 
ratio of 2:1. The resulting pore diameter was about 1.50 μm on average. The ratio of 
monomer and crosslinker as binder affects the porosity of the ceramic, the higher the 
ratio of monomer and cross binder, the porosity increased. The monomer and 
crosslinker ratio also affects the pore character Putri, 2018 and the hardness of 
ceramic Putri, 2016.  

Previous research has carried out the synthesis of porous ceramics using the 
gelcasting method with polyacrylamide polymer as a binder. The monomer used is 
acrylamide (AM) with a crosslinker of methylene bisacrylamide (MBAM) Putri, 
2013Putri, 2018. However, this polymer is toxic, so an alternative is needed in 
producing environmentally friendly porous gelcasting ceramics. using several natural 
materials as a binder including starch Alag, 2018, sago starch Jamaludin, 2014, 
Jamaludin, 2015, rice flour Wan, 2014. In this study, polymers from natural materials 
will be used, namely cassava starch (starch) as a binder. which will play the role of the 
pore template. 

Porous ceramics have been successfully made and used as filters in the 
pouring of liquid metals, are used as absorbents for organic and inorganic waste, also 
can be used as catalyst carriers for the photodegradation of dyes Putri, 2018. One 
type of catalyst that is most widely used in the photodegradation process is TiO2, 
because it has a fairly high photocatalytic activity. 

Several methods used in the process of application porous materials as a 
support catalysts are impregnation, ion exchange or adsorption, co-precipitation, 
and coating or deposition methods. The impregnation method is a method 
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commonly used to carry catalysts on metals but the method is less efficient because 
the method is quite complicated. Another method that is easier and most often used 
is the adsorption by Barmeh, 2019; adsorption of the Al2O3 catalyst onto the ceramic 
body was carried out by Ismagilov, 1997; adsorption of the catalyst onto the Ag-
ceramic bodies was carried out by Julbe, 2001. 

Another method is coating Musa, 2017; TiO2 catalyst coating to tubular 
ceramic bodies Wang, 2008, TiO2 catalyst coating was also carried out Li, 2007Yang, 
2018Barmeh, 2019Shakeri, 2018. There are several coating methods, namely the dip 
coating performed by Wang, 2008, sol gel coating using precursor Ti(SO4)2 and 
polyvinylpyrrolidone (PVP) conducted by Kishimoto, 2003. The catalyst carrier 
method that will be used in this research is the adsorption and coating method to 
investigation which method is the most effective to use as a TiO2 catalyst support. 

RESEARCH METHOD 

Synthesis of Porous Ceramics using Gelcasting Method 

5 g clay and 0.1 g CMC dispersant are added to 1.5 mL distilled water. The 
suspension is mixed and added with cassava starch with a variation concentration of 
2%, 4%, 6%, 8%, 10% by weight of the clay. The suspension was molded, aerated to dry 
and heated to 70 oC for 2 hours. The ceramic body is then sintered at a temperature 
of 600 oC at rate of 60 oC/hour and up to 1100 oC at rate of 300 oC/hour. 

Porous Ceramics as a TiO2 Catalyst Support 

a. Adsorption Methods 

A total of 2.4 g of PVA was dissolved in 150 mL hot distilled water (70 oC), 
stirred until the PVA was completely dissolved. Add 40 mL of TiCl4, 120 mL of ethanol, 
and 6 mL of acetic acid. The solution was stirred for 3 hours using a magnetic stirrer 
with a temperature of 105 oC. Furthermore, porous ceramics were added to the 
solution and immersed for 17 hours. Then the ceramics that have been induced are 
dried at 60 oC and calcined at 600 oC for 3 hours. 

b. Sol-Gel Coating Method 

A total of 25 mL of ammonium hydroxide (NH4OH) and 25 mL of ammonium 
sulfate ((NH4)2SO4). The mixture was put into TiCl4 solution, then stirred for 6 hours 
at 85 oC using a magnetic stirrer. The porous ceramic is then immersed in the mixture 
for 5 minutes while still stirring it, then the ceramic is removed from the mixture. For 
drying, it is carried out at 60 oC, and calcined at 600 oC for 3 hours. 

Analysis of TiO2 Content Carried Out in Gelcasting Porous Ceramic  

Gelcasting porous ceramics were analyzed for their metal oxide content 
using Thermo Fisher Scientific's XRF with x-ray path: air, Eff. stationary: 13.0 mm and 
Eff. Area: 132.7 mm2. The same treatment was done for porous ceramics that have 
been used as support catalyst to determine TiO2 content successfully carried in the 
ceramic body. 

 
 



The Effect of Binder Concentration – Suriati Eka Putri et al. (51-60)   54 
 

RESULTS AND DISCUSSION 

Cassava starch is used as a binder because it is a natural polymer which, when 
heated, releases small molecules which act as pore templates. Cassava starch will 
release CO2 and water molecules from the ceramic body when sintered, according to 
the equation (1). 
 
                                                           + O2         Δ          nCO2  +.  nH2O 
 
 
       cassava starch        (1) 

Porous ceramics were analyzed for metal oxide content to compare the TiO2 
content before and after it was applied as a catalyst support. The XRF spectrum of 
gelcasting porous ceramics with various binder concentrations was shown in Fig. 1. 

 

Fig. 1. XRF spectrum of gelcasted porous ceramic 

Based on the XRF spectrum in Fig. 1., it can be concluded that there is metal 
oxide TiO2 with a very small intensity. The results of the spectrum interpretation are 
in Fig. 1. shown in Table 1. 

Table 1. Percentage of TiO2 on gelcasted porous ceramic 

Concentration of cassava starch  
(%) 

Percentage of TiO2  

(%) 

2 1.77 

4 2.01 
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6 2.20 

8 2.16 

10 1.77 

Porous ceramics are then used as catalyst support for TiO2. The methods 
used to develop TiO2 catalysts are the adsorption method and the sol-gel coating 
method: 

Adsorption Methods 

The adsorption method or ion exchange is the process of exchanging Ti4+ 
ions from dissolving PVA which is then added to TiCl4 as a Ti4+ source which will form 
Ti(OH)4 with the addition of acetic acid as a source of OH and ethanol as a solvent, 
the reaction shown in equation (2): 
 

 

+ TiCl4 

 

+ 4HCl 

PVA  Tetrapolivinil titanium  

 

 
+ 4CH3COOH 
 

      

+ Ti(OH)4 

Tetrapolivinil 
titanium 

 Polivinil asetat                                    
             
                           
(2) 

The adsorption method aims to insert Ti(OH)4 into the ceramic pores by 
immersing the ceramic in the mixture for 17 hours to maximize the process of 
inserting Ti(OH)4 into the ceramic pores. Furthermore, the calcination process at a 
temperature of 600 oC aims to oxidize Ti(OH)4 to TiO2, besides the second sintering 
process aims to remove residues such as water and polyvinyl acetate. The results of 
this method showed that there were differences in the levels of TiO2 that were 
successfully carried into ceramics with different starch concentrations. The results of 
the analysis using XRF are shown in Fig. 2. 

Based on the spectrum in Fig. 2, it shows an increase in the intensity of TiO2 
metal oxide before and after adsorption. The interpretation of the percentage of TiO2 
catalyst successfully developed is shown in Table 2. 

Based on Table 2, the concentration of cassava starch 2% to 4% decreased the 
percentage of TiO2 and increased to 8% cassava starch concentration and decreased 



The Effect of Binder Concentration – Suriati Eka Putri et al. (51-60)   56 
 

again at 10% concentration. This is thought to be related to the process and character 
of the pores formed in the ceramic body. The optimum binder concentration in 
porous ceramics as catalyst support for TiO2 by the adsorption method occurs at a 
concentration of 8% cassava starch with percentage of TiO2 about 38.9%. 

 

Fig. 2. XRF spectrum of gelcasted porous ceramic as a support catalyst by adsorption 
method 

Table 2. Percentage of TiO2 on gelcasted porous ceramic as a support catalyst by 
adsorption method 

Concentration of cassava starch  
(%) 

Percentage of TiO2  

(%) 

2 9,10 

4 6,77 

6 9,96 

8 38,9 

10 5,20 

Sol-Gel Coating Method 

The sol-gel coating method is a method that aims to grow a thin layer on the 
surface of a porous material evenly. The sol-gel coating method begins by mixing 
ammonium hydroxide (NH4OH) and ammonium sulfate ((NH4) 2SO4) first as a source 
of OH- ions which are then added to TiCl4 solution which will then form a Ti(OH)4 
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solution which will fill the pores. and coat the ceramic surface. The reaction that 
occurs shown in equation (3). 

NH4OH                   (NH4)2SO4.            NH4
+OH- 

 

                  4(NH4
+ OH-)  +  TiCl4                                  Ti(OH)4.  +  4NH4Cl   (3) 

The mixture was stirred using a magnetic stirrer for 6 hours at 85 oC which 
aims to accelerate the formation process of Ti(OH)4. The stirring process also affects 
the size of the Ti(OH)4 particles formed. Furthermore, the ceramics were immersed 
in the solution while still stirring for 5 minutes then calcined at a temperature of 
600oC for 3 hours. The results of the analysis TiO2 content that were successfully 
carried into the ceramic by the sol-gel coating method are shown in Fig. 3. 

 

Fig. 3. XRF spectrum of gelcasted porous ceramic as a support catalyst by coating sol-
gel method 

Based on Fig. 3 shows an increase in the intensity of TiO2 metal oxide before 
and after coating. The interpretation of the percentage of TiO2 catalyst successfully 
developed is shown in Table 3. 
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Table 3. Percentage of TiO2 on gelcasted porous ceramic as a support catalyst by 
coating sol-gel method 

Concentration of cassava starch  
(%) 

Percentage of TiO2  

(%) 

2 7.82 

4 20.11 

6 8.03 

8 6.03 

10 6.39 

 
Based on Table 3, the concentration of cassava starch 2% to 4%, there was an 

increase in the percentage of TiO2 and decreased to 10% cassava starch concentration. 
This is presumably because the greater concentration of cassava starch used, it will 
produce a type of blind pores so that the catalyst cannot enter the ceramic surface. 
The optimum binder concentration in porous ceramics as catalyst support for TiO2 by 
the adsorption method occurs at a concentration of 4% cassava starch with 
percentage of TiO2 about 20.11%. 

The percentage of TiO2 catalyst that was successfully impregnated into the 
porous ceramic body was still lower compared to the research results of Barmeh, 
2019 which succeeded impregnate about 48.10% using coating method. It was also 
done by Li, 2007 which succeeded  in impregnating as much as 80% TiO2 catalyst in 
the ceramic body using the coating method. Thus, it is necessary to carry out further 
studies related to the characterization of gelcasting porous ceramics using cassava 
starch as a binder.  

CONCLUSIONS 

The results obtained showed that the concentration of cassava starch 
affects the ability of porous ceramics as TiO2 catalyst support. The largest percentage 
of TiO2 catalyst with adsorption method was achieved at a binder concentration of 
8% with a catalyst percentage of 38.9% while with sol gel coating method was 
achieved at a binder concentration of 4% with a catalyst percentage of 20.11%. 
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