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Abstract. This work demonstrates the comparison techniques between conventional and rapid 

thermal processing (CTP Vs RTP). It is to fabricate the interlayer-free P123 carbonised 

template silica membranes. The aim of this work is to understand the performance of fabricated 

membranes for water desalination. The silica sols pH 6 were prepared from a two acid-base 

catalyzed sol gel method by applying tetraethyl orthosilicate (TEOS) as the precursor. Triblock 

copolymer of Pluronic P123 was used as the templating agent and mixed homogenously with 

silica sols. The mixtures were calcined in two method called CTP and RTP. CTP is a slow 

calcination and takes 4 hours with 1 ᵒC min-1 for dwelling time. On the other hand, RTP is 

rapid technique calcined in air (1 h without dwelling time). CTP confirms higher surface area 

(50 % higher), porosity (34 % higher) and thinner (60 %) than RTP. RTP technique is 

supposed to save time, energy and cost during membranes fabrication. 

1. Introduction 

Main problems which mostly facing in developed country especially is water scarcity. Portable water 

would be hard to get due to high population of citizen. Membrane technology can be alternative option 

to desalination application. It have some advantages such as does not need chemical addition, high 

selectivity and save more cost production [1].There many types of membrane material widely used for 

desalination, such as organic by PSf (Polysulfone) [2, 3], and inorganic membrane using zeolite [4] 

and silica [5-7]. 

Lately, most common material which often get attracted in many studies is silica. The silica 

membranes give a good performance [8, 9], thermal stability [10] and good molecular sieving 

properties that contribute to obtained high performances in desalination. However there is drawback of 

silica because the hydrophilic reacts with water and can resulting poor performance [11]. 

Some studies have been reported to improve silica ability material for water treatment including 

carbon template [11, 12], hybrid organic-inorganic [7] and metal oxide embedded [13].  

Recently, for the first time Elma, Wang [5] are prepared TEOS-P123 templated (Tetraethyl 

orthosilicate-Triblock Copolymer of Pluronic) without interlayer. Whereas other works introduce 

smooth support with required interlayer coupled with many thin films at the top layer. Indeed, 

interlayer-free can reduce membrane thickness and offered higher water flux. But these process spend 
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long of time production as known conventional thermal processing (CTP) with slow calcination and 1 
oC min-1 for dwelling time [11]. Hence, rapid thermal processing (RTP) could be an option in terms of 

saving time because during calcination, there is no need dwelling time [14]. In this work we 

demonstrate the comparison between CTP and RTP method to produce interlayer-free P123 

carbonised template silica membrane. 

2. Methods 

2.1. Materials, Xerogel Preparation and Characterisation 

The synthesized of silica sols  by a dual acid-base sol gel method have been done as to previous 

research of Elma, Wang [5], Elma, Wang [15]. Tetraethyl orthosilicate (TEOS, 99.0 %, Sigma-

Aldrich) as precursor of silica was added drop wise ethanol (EtOH, 99 %) and stirred for 5 min in cold 

condition at 0 ᵒC to avoid hydrolysis reaction followed by addition of (0.00078 N HNO3, Merck) and 

refluxed for 1 h at 50 ᵒC. Diluted of (0.0003 N NH3, Merck) was added drop wise into the silica sols 

and stirred for 2 h at the same condition. The pH sol was adjusted to pH 6 ± 0.1 by dual catalyst. After 

that, the templating agent that used is P123 (triblock copolymer Pluronic, Sigma-Aldrich) was added 

into silica sol. The silica-P123 sol was conducted with the final molar ratios is the 

TEOS:EtOH:H2O:NH3:HNO3:P123 sol were calculated to be 1:38:5:0.00008:0.0003:x, where x was 

varied of pectin concentration such as reported in [5]. In this research we choose the optimum molar 

ratio of P123 from our previous research [5] of P123-35 (35 %) for calcined at 350 ℃  in vacuum with 

CTP technique. Then, for the RTP technique with the same concentration that calcined in air at the 

same temperature. The final molar ratio is the TEOS:EtOH: HNO3:H2O:NH3:P123-35 sol were 

calculated to be 1:38:0.0008:5:0.0003:0.00024. 

The silica-P123 sol was dried into oven at 60 ℃ for 24 h to obtain the dried gel then grounded into 

powder and calcined in air condition at 450 ℃ for 4 h (CTP technique) with 1 ℃ min-1 of ramping and 

cooling rates in a furnace and 1 h at 350 ℃ (RTP Technique) with no ramping rates. The vibrational 

bands and peak wave of silanol, siloxane and carbon was measured by FTIR at wavelength range 400-

4000 cm-1, to performing of FTIR spectra deconvolution by using the Fityk computer program with 

Gaussian peak fitting as the preferred curve. The specific surface area also measured and was 

determined from Brunauer, Emmett and Teller (BET) method. 

 

2.2. Membrane Fabrication and Characterisation 

Silica-P123 thin film were coated four times directly onto macroporous alumina substrates (α-Al2O3 

tubular support (Ceramic Oxide Fabricators, Australia)) via dip-coating process with dwelling time of 

2 min and dipping and withdrawl rate of 10 and 5 cm min-1, respectively. Then the membrane layer 

was dried into an oven then calcined in a furnace for 4h per layer (for CTP) and 1 h per layer (for 

RTP) at 350 °C. the total layers of membrane is 4 layers. The membrane morphology and thickness 

were characterized by SEM (Scanning Electron Microscopy), FESEM JOEL 7001. 

 
Figure 1. Dip-coating set up in membrane fabrication 
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3. Results and Discussion 

3.1. Xerogel Characterisation 

As shown at Figure 2 (a) shows that silica-P123 calcined by RTP technique was higher vibrational 

bands at wavelength 600-1400 cm-1 than with CTP technique. The peak of siloxane bridges (Si-O-Si) 

was assigned at 1070 cm-1, silanol groups at 960 cm-1 and then Si-C at 800 cm-1. The copolymer P123 

here has a function as carbon templated that changes the Si-O-H bonds to Si-C. A carbon that contains 

in P123 is replacing a hydrogen that bonds with silica. As can be seen at Figure 2 (b) the peak area 

ratio between Si-OH against Si-O-Si shows the lowest one is P123 with RTP techniques. The highest 

ratio of Si-OH against Si-O-Si indicate the silanol contain in network was higher than siloxane and 

vice versa. The lowest peak area ratio could be explained that the Si-OH was replaced as Si-O-Si 

bridges or new bonding of Si-C [16]. So, it suggested that the silica-P123 using RTP technique is more 

hydrophobic rather than silica-P123 via CTP. The similar results were reported by Yang, Elma [7] that 

fabricated silica-carbon membrane from TEOS-TEVS-P123, then Saputra, Astuti [16] that synthesized 

silica thin film from inorganic-organic materials of TEOS and DMDMS. Both of that research obtain 

the hydrophobic materials. 

Meanwhile, if we compare both of membranes that calcined via RTP and CTP, the membrane with 

RTP technique is higher although the concentration of P123 was same. That happened because the 

different condition of calcination included of calcine temperature and method of carbonisation. P123-

CTP was calcined in vacuum condition at 450 ℃ of calcine temperature, whereas the P123-RTP was 

calcined in air at 350 ℃. These condition was affected to the bonding in silica-P123 matrices and of 

course on the membrane surface. Ibrahim, Nagasawa [17] reported that calcination under air could 

improve the hydrophilicity. However, from different literature reported the peak ratio of Si-H groups 

was lower when membrane calcined under air atmosphere. Especially at lower temperature that caused 

the oxygenation of Si-H groups were started coincide with the forming of Si-OH groups [18]. That’s 

why the membrane calcined under air condition via RTP contains more Si-O-Si bridges and Si-C 

bonds. 

  

Figure 2. (a) FTIR spectra of xerogels calcined in air by CTP and RTP technique (b) peak area rations 

between silanol (960 cm-1) and siloxane (1070 cm-1) 

 
Furthermore, the surface area and pore properties were analyzed by N2 sorption as can be seen at 

Figure 3 that shows the differences hysteresis of both silica-P123 membrane. The P123-CTP sample 

started hysteresis at 0.40 p/pᵒ. While the P123-RTP the hysteresis occurred at relative pressure 
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approximately 0.45 p/p°. The results categorized all membrane as mesoporous structures as 

synchronized to pore size as shown at Table 1. If compare of both xerogels, the sample that prepared 

via CTP techniques has a higher surface area, although the pore volume and pore size for pure silica 

were similar [19]. This could be explained due to the CTP techniques can lead to forming the close till 

dense network in silica matrices as the function of time of calcination. The samples were calcined 

under vacuum for 4 h per layer then via RTP techniques is faster only spend 1 h per layer. A long time 

of calcination influence the carbonization of carbon chains and the evaporation will done well and 

avoid to thermal stress. However, this work contrary to Wang, Wang [14], Wang, Wang [20] that 

reported the higher surface area can achieved via RTP. This could be happened due to the different of 

water molar ratio used in this work and different material of silica precursor that they used ES40. 

However, the dual catalyst using in this work makes the mesoporous structure that able to membrane 

fabricated for desalination. 

 
Figure 3. N2 sorption of xerogels in air condition by CTP and RTP techniques 

 
Table 1. Surface properties of bulk xerogels calcined in air 

Membrane type 
BET surface 

area (m2.h-1) 

Pore volume 

(cm3.g-1) 

Average pore 

size (nm) 

Thickness 

(nm) 
References 

Silica-P123 calcined in air at 

350 °C by RTP 
572 0.31 2.21 

~1000 
This work 

Silica-P123 calcined under 

vacuum at 450 °C by CTP 
965 0.50 2.31 

~400 
[5] 

 

3.2. Membrane Morphology 

The effect of different condition of vacuum and air calcination must be concerned. The xerogel sample 

calcined under vacuum condition that led to slight densification of silica structures. Elma, Wang [5] 

prove that the highest decomposed of carbon was obtained in calcination under air than under vacuum 

or N2 atmosphere particularly at high temperature. The carbon templated of P123 is retained in the 

networks by calcine under N2 and vacuum calcination. The materials calcined under vacuum condition 

were more hydrophobic due to the higher carbon retained in the carbon–silica matrices [7], opposite to 

calcination under air. As shown at Figure 4 the surface and cross section of membrane calcined via 

CTP and under vacuum condition there is no defect films formation on the top of the substrate that 

suggested the sol-gel infiltrated into porous substrate. The vacuum pressure opposed the capillary 

stresses during the calcination process that caused to dense pore of film matrices. On the other hand, 
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RTP SEM image in air condition led to wide spread of cracks on top film like shown on Figure 4. It is 

because RTP technique calcined in air without dwelling and cooling rate time, so it suggested cause of 

thermal stressing. 

   
Figure 4. P123 CTP technique at 450 °C (vacuum) and P123 RTP technique at 350  °C (air) SEM 

image respective 

Li, Chen [21] was reported the calcination under air in high temperature can enhanced the shrinkage. 

The decomposition some materials such as carbon can be happened with the significant effect if 

calcine in air (with the oxygen presence). Ibrahim, Nagasawa [17] also reported in BTESE membrane 

that calcine under N2 gas atmosphere showed low weight loss compared calcine in air that explained 

the calcine method with N2 was slow decomposition of the organic bonds and makes the structure 

more rigid. Figure 5 shows the illustration of carbon chains bonding in silica matrices. There’s 

different carbon chains consist in multiple techniques (CTP and RTP). The membrane that calcined 

via CTP has more carbon chains rather than RTP techniques. The higher carbon chains in silica 

network could improve mechanical properties that makes these material more strengthen [5]. So that 

gained best desalination performance of membrane. 

 
Figure 5. Illustration of carbon chains connected to Al2O3 particles of mesoporous alumina support for 

silica-P123 membrane calcined via CTP and RTP 

4. Conclusion 

The different of membrane fabrication technique have crucial affect toward of membrane 

characterisation obtained. Comparison technique between conventional and rapid thermal processing 

(CTP Vs RTP) for fabricate the interlayer-free P123 carbonised template silica membranes was 

conducted in this work. RTP results in great reducing time fabrication less than 1 day over CTP 

technique. Whereas CTP is a slow calcination and takes 4 hours with 1 ᵒC min-1 for dwelling time. In 

other hand, CTP confirms higher surface area (50 % higher), porosity (34 % higher) and thinner (60 

%) than RTP. RTP technique is supposed to save time, energy and cost during membranes fabrication. 
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