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Abstract 

Polymer-derived SiC and SiOC aerogels have been synthesized and characterized both from 

the microstructural point of view and as sorbent materials for removing organic dyes 

(Methylene Blue, MB, and Rhodamine B, RB) from water solutions. Their adsorbent 

behavior has been compared with a polymer-derived SiC foam and a commercial mesoporous 

silica. The aerogels can efficiently remove MB and RB from water solution and their capacity 

is higher compared to the SiC foams due to the higher surface area. The SiOC aerogel 

remains monolithic after the water treatment (allowing for an easy removal without the need 

of a filtration step) and its maximum capacity for removing MB is 42.2 mg/g, which is higher 

compared to the studied mesoporous silica and many C-based porous adsorbents reported in 

the literature. The reason for this high adsorption capacity has been related to the unique 

structure of the polymer-derived SiOC, which consists of an amorphous silicon oxycarbide 

network and a free carbon phase. 
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1. Introduction 

Ceramics obtained through polymer pyrolysis, generally known as Polymer-Derived 

Ceramics (PDCs), are a novel class of multifunctional nanostructured materials [1]. The PDC 

family derived from Si-based preceramic polymers is by far the most studied one and 

comprises ceramics of the Si-C (silicon carbide), Si-O-C (silicon oxycarbides) and Si-C-N 

(silicon carbonitrides) systems [2]. The PDC route allows the synthesis of unusual ceramic 

structures, which cannot be obtained with any other method. The PDC structure consists of an 

amorphous network built-up from mixed silicon units, SiCxO4-x or SiNxC4-x, 0<x<4, in which 

Si atoms are bonded simultaneously with oxygen, nitrogen and carbon atoms [3]. Often, a free 

carbon phase made of sp2 C layers organized to give amorphous carbon, turbostratic or 

nanocrystalline graphite is also present [4]. Accordingly, PDCs can be properly defined as 

nano-composite materials.  

The chemical composition and the phase assemblage of the PDCs can be controlled by the 

chemistry [2] and the architecture [5, 6] of the pre-ceramic polymers and by the pyrolysis 

atmosphere: for example phase pure silicon oxycarbides without the free carbon phase, are 

obtained through pyrolysis in H2 flow [7, 8]. The unique properties of PDCs, such as the 

extremely low creep rate [9, 10], the excellent chemical durability and oxidation resistance 

[11, 12], semiconducting and gas sensing behavior [13, 14] and the high Li-storage capacity 

[15, 16, 17] have all been related to the distinctive nanostructure described above. 

The polymer pyrolysis method offers another important advantage compared to the traditional 

powder processing of ceramic materials: a wide range of forming techniques are available to 

shape the components in the polymeric state which is then retained in the final ceramic state. 

Consequently, PDCs fibers, films, ceramic matrix composites, MEMS and a variety of macro-

, meso- and micro-porous ceramics (even with lotus-type porosity [18]) have been obtained 

via the PDC route and several comprehensive reviews are available on this topic [19, 20, 21]. 

Concerning the processing of porous materials, the synthesis of PDC aerogels has been 
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recently proposed by some of us [22] and SiC, SiOC and SiCN aerogels have been obtained 

and characterized [23, 24, 25].  

 

The treatment of industrial wastewater deriving from textile sector is an important issue for 

the quality of wastewater generated. In fact, about 30% of the dye used in the textile process 

is deactivated, thus causing the discharge of dyes in wastewater at amounts of tens of mg/L 

[26]. These concentrations must be considered significant since, according to the Ecological 

and Toxicological Association of Dyes and Organic Pigments Manufacturers (ETAD), levels 

of dye higher than 0.1-1 mg/L originate visual pollution [27].  

The removal of colour from wastewater of textile districts through different treatment 

techniques, i.e. coagulation/flocculation, ultrafiltration, biological degradation, adsorption, 

oxidation and advanced oxidation processes, has been the object of numerous papers and 

specific reviews [28, 29, 30].  

Within adsorption methods, the widest employed adsorbent is activated carbon [31] where 

adsorption of dyes is controlled not only by adsorbent microstructure such as surface area and 

porosity, but also by the surface functional groups (types and areal density). However other 

substrates like mesoporous silica-based materials have been proposed for dyes removal [32], 

due to their high surface area, large and uniform pore size, and tuneable pore structure. These 

sorbents can be either used as such [33] or after grafting functional groups selective towards 

special pollutants [34, 35].  

The study of porous PDCs as sorbent materials for water purification has been rarely reported 

in the literature. Riedel’s group described the use of mesoporous SiOC loaded with TiO2 or 

ZnO nanopowders for the adsorption and photodegradation of organic contaminants [36, 37]. 

Mesoporous SiOC obtained via a liquid-liquid phase separation at the preceramic stage 

followed by pyrolysis, showed a good adsorption capacity toward organic dyes (Rhodamine 

B) [38]. Porous PDCs obtained from polysiloxane and sewage sludge have been studied as 
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adsorbents for pharmaceutical from aqueous solutions [39]. A recent paper reported very high 

adsorption capacity of methyl-blue for a porous Si-C-N [40]. Our group has recently reported 

the adsorption behaviour of macroporous silicon carbide foams made from preceramic 

polymers toward non steroidal anti-inflammatory drugs (NSAIDs) and their metabolites [41].  

 

In general, the most important features that a material should display in order to be 

successfully used as a sorbent are: (i) high specific surface area (SSA) and porosity and (ii) 

the surface should contain specific functional groups for bonding the target compounds. From 

this point of view, PDCs seem the ideal sorbent candidates: indeed PDCs with SSA up to 600 

-700 m2/g can be easily obtained and their structure displays, at the same time, a variety of 

different functional groups which could make this material able to adsorb, with high 

efficiency, different molecules or metals. Accordingly, porous PDCs could lead to the 

development of novel multi-target adsorbents in contrast to the commercial ones, which are 

designed to efficiently remove only one, or few, types of pollutant. 

 

In our laboratory, porous PDCs aerogels showing hierarchical porosity ranging from some 

microns to few nanometers and with high SSA in the range 100 - 700 m2/g have been recently 

synthesized [42]. Moreover, their structure contains different types of chemical bonds (Si-O, 

Si-N, Si-C, C=C, C=O) and functional groups (OH, NH, COOH) depending on the 

composition and pyrolysis atmosphere [23, 24, 43]. This unique combination of hierarchical 

porosity, high SSA and broad range of surface chemical functionalities makes the PDC 

aerogels ideal candidates as sorbent materials for water purification. In this work, we 

proposed to use SiC, SiOC aerogels and a PDC SiC foam as adsorbents for organic dyes to 

purify contaminated water and we compared their behavior with a commercial mesoporous 

silica. The rationale for testing SiC foams, even if they display much lower SSA compared to 

the PDCs aerogels and therefore will probably show lower adsorption capacity, is related to 
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the possibility of easily removing the adsorbent for regeneration without requiring any 

additional filtration step. This could be an important advantage compared to many other 

commercial adsorbents such as active carbons and could open the way to the fabrication of 

integrated filtering cartridges. 

The dyes tested in this study are two model basic dyes, namely Methylene Blue, MB, and 

Rhodamine B, RB, and were chosen for their water-soluble properties and for their 

widespread use in textile industry [44].  

 

2. Experimental procedures 

2.1 Synthesis of the PDCs aerogels and foam 

The preceramic aerogels were prepared crosslinking two Si-based preceramic polymers 

bearing Si-H moieties with divinylbenzene (DVB, technical grade, 80%, CAS: 1321-74-0, 

Sigma-Aldrich, St. Louis, MO, USA) in the presence of a platinum catalyst (Platinum(0)-1,3-

divinyl-1,1,3,3-tetramethyldisiloxane complex solution, in xylene, Pt ~2 %, CAS: 68478-92-2, 

Sigma-Aldrich, St. Louis, MO, USA) and using cyclohexane (90 vol%) or acetone (80 vol%) 

as solvent. The SiC aerogels were prepared from a liquid allylhydridopolycarbosilane (SMP-

10, Starfire Systems, Schenectady, USA) while for the SiOC aerogel a linear 

poly(methylhydridosiloxane) (PMHS, MW~1900, CAS: 63148-57-2, Alfa Aesar, Ward Hill, 

MA, USA) was used. Details of the synthesis of the preceramic aerogels can be found in the 

literature [23, 25]. The preceramic samples were converted in the corresponding PDCs by a 

pyrolysis process in controlled atmosphere (Ar, 100 cm3/min). An alumina tubular furnace 

(Lindberg Blue) was used for the pyrolysis: the furnace was purged for 5 h at room 

temperature and then heated at 5°C/min up to 900 °C with 1 h holding at the maximum 

temperature before free cooling at room temperature. 
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SiC foams were prepared from polyurethane foams following a replica method recently 

developed in our laboratory [45]. SMP-10 was dissolved in cyclohexane together with the Pt 

catalyst and used to impregnate the PU foam (60 PPI, from A.R.E. s. r. l., Rosate, Milano) 

with a weight ratio SMP-10/PU = 3. Details of the impregnation process have been published 

elsewhere [41]. The impregnated PU foams were then pyrolyzed at 1200 °C for 1 hour in Ar 

flow into the corresponding SiC foams.  

For comparison purposes the adsorption studies have also been performed on a commercial 

mesoporous silica SBA-15 (ACS Material LLC, CAS: 7631-86-9, Pasadena, CA, USA). 

 

2.2 PDCs characterization 

Chemical bonds present in the structure of the ceramic aerogels were characterized by 

infrared spectroscopy (FT-IR). FT-IR spectra were collected on aerogels powders using a 

Nicolet Avatar 330 spectrometer (Thermo Electron Corporation, Waltham, MA, USA) in 

transmission mode using KBr. Spectra were recorded in the 4000 – 500 cm-1 range collecting 

an average of 64 scans with 2 cm-1 resolution.  

Microstructural characterization designed to evaluate the specific surface area, SSA, the total 

pore volume, TPV, and the pore size of the PDCs aerogels was performed by N2 

physisorption at -196 °C with a Micromeritics ASAP 2010 instrument. Samples were degased 

at 150 °C and the SSA was calculated in the relative pressure (p/p0) range between 0.05 and 

0.30, by applying the Brunauer-Emmett-Teller (BET) multi-point method. Pore size 

distribution was evaluated by Barrett-Joyner-Halenda (BJH) method from desorption branch 

of the isotherm. 

FE-SEM images of the fracture surface of PDC aerogels were acquired with a Zeiss supra 60 

equipment (Carl Zeiss NTS GmbH, Germany) operating in high-vacuum mode at 2.00 kV and 

after sputtering the samples with a thin gold film. 
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The bulk density of the aerogels was calculated on regular cylindrical samples while the 

skeleton density was measured with a Micromeritics 1305 He picnometer (Micromeritics 

Norcross, GA, USA). Thermogravimetric analysis (TGA) was recorded with a Netzsch STA 

409 equipment (Netzsch Geraetebau Gmbh, Selb, Germany) at 5 °C/min in air flow (30 

cc/min) up to 1300 °C. Microstructural characterization of the SiC foam was already 

performed in a previous work and the details are available in the literature [41, 45].  

 

 

2.3 Adsorption studies 

2.3.1 Chemical and standard solution 

Solutions of MB and RB (both from Sigma-Aldrich) were prepared by dilution of stock 

solutions (1000 mg/L). For eluent preparation, HCOONa and HPLC grade CH3CN from 

Sigma-Aldrich were used. High-purity water (18.2 MΩ cm-1 resistivity at 25 °C) was 

produced by an Elix-Milli Q Academic system (Millipore, Vimodrone, MI, Italy).  

 

2.3.2 Instrumentation 

Dyes were quantified by reversed-phase liquid chromatography (RPLC) using a Varian 9012 

HPLC Gradient Pump, equipped with a 25μL loop, a reversed-phase C-18 analytical column 

(LiChroCart PuroSphere RP-18, 125 mm x 3.0 mm, 5 μm, Merck).  Dyes were eluted by 46% 

of 50 mM sodium formate buffer (pH 3), and 54% CH3CN (eluent flow rate 0.5 mL/min). 

Dyes were detected by spectrophotometric detection (at 660 nm and 550 nm for Methylene 

blue and Rhodamine B, respectively) by a 4000i UV-Vis absorbance system (Dionex, Thermo 

Fisher). Limits of detection (LODs) and limits of quantification (LOQs) were calculated as: 

LOD = 3x SDxy/ b and LOQ= 10x SDxy / b (where SDxy is the standard deviation and b is the 

slope of the calibration curve) [46] and were 34 µg/L and 104 µg/L for MB, 28 µg/L and 86 

µg/L for RB. 
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2.3.3 Adsorption procedure 

Adsorption of MB and RB was assessed by batch experiments. In detail, 0.1 g of SiC foam, 

SiC and SiOC aerogels and SBA-15 were put in contact with 17.5 mL of dye solutions (1 

mg/L, pH 5.0) and stirred on a rotary shaker. Samples were withdrawn at 48 h, centrifuged 

(10000 rpm, 5 min) diluted 1:1 and analyzed by RPLC. 

For the system MB-SiOC aerogel only, adsorption studies at high concentrations (100 mg/L) 

were also performed. All the experiments were performed in triplicate. 

The percentage of dye adsorbed (Rads) was calculated as follows: 

 

                                                    Rads= (C0-C)/C0 *100  

where C0 (mg/L) and C (mg/L) are respectively the initial and the remaining concentrations of 

dyes in solution after adsorption. Finally, for the SiOC aerogel (and for comparison, for the 

mesoporous silica, SBA-15) the adsorbent capacity was also evaluated following a similar 

procedure at 800mg/L MB after 172 h of contact time.  

 

 

3 Results and discussion 

3.1 Characterization of the ceramic aerogels and foam 

Figure 1 shows digital photo images and FE-SEM pictures of the studied aerogels. After 

pyrolysis at 900 °C in Ar flow monolithic aerogels samples were obtained having a colloidal 

nanometer-sized microstructure. Particles forming the SiC aerogels are larger compared to 

those observed for the SiOC system. In both samples, large pores in the hundreds nm range 

can also be noticed. 
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INSERT FIGURE 1 

Figure 1. Digital photo images of typical aerogel samples: (a) SiOC pre-ceramic aerogels; (b) 

SiOC ceramic aerogel after pyrolysis in Ar at 900 °C and FE-SEM pictures showing the 

microstructure of (c) SiC and (d) SiOC ceramic aerogels. 

 

Microstructural information derived from the N2 physisorption analysis (see Fig. S1) and He 

picnometry are reported in Table 1. The combined FE-SEM and N2 physisorption studies 

verified the expected formation of highly porous PDC aerogels having hierarchical porosity 

ranging from ten to hundreds nm and high SSA values [25]. At a first inspection the values of 

skeleton density of the SiOC and SiC aerogels may seem low compared to the typical values 

reported in the literature for silicon oxycarbide glasses (2 – 2.4 g/cm3) and polymer-derived 

SiC (2.5 – 3.05 g/cm3) [1, 2]. However, we must consider that the studied materials have been 

pyrolyzed at low temperature (900 °C) and, as will be shown later on, contain an important 

amount of free C. Finally very close density values have been reported for SiOC [47] and SiC 

[48] PDCs pyrolyzed in the 800 – 1000 °C temperature range. 

 

Insert Table 1 

The chemical bonds present in the aerogel structure have been investigated with FT-IR 

measurements (Figure 2). 

INSERT FIGURE 2 

 

Figure 2. FT-IR spectra recorded on the SiC, SiOC aerogels and on the SiOC aerogels after MB 

adsorption test using a starting MB concentration of 800 ppm, as described later on. 
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The FT-IR spectrum of the SiC aerogel shows a main adsorption at 780 cm-1 related to the Si-C 

bonds of the amorphous silicon carbide network and a band at 1580 cm-1 assigned to the C=C bonds 

of the free carbon phase [49, 50]. A shoulder at 1010 cm-1 suggests the presence of few Si-O bonds, 

arising from the reaction of the aerogel with O2 and/or H2O, which is known that may occur at any 

stage of the aerogel processing, i.e. before, during or after pyrolysis [51].  

 

The IR spectrum of the SiOC aerogel has a main band at 1020 cm-1 and a less intense one at 800 cm-1 

related to the Si-O bonds of the amorphous silicon oxycarbide phase. Similarly to the SiC aerogel, 

the presence of the free carbon phase leads to the band at 1600 cm-1 (C=C bonds), however, in the 

SiOC spectrum an adsorption at 1700 cm-1 is also visible indicating the existence of C=O groups [49, 

50, 52]. C=O moieties could have been formed during pyrolysis or after exposing the pyrolyzed 

aerogel to the laboratory atmosphere [51]. Finally, for the SiOC aerogel a broad band around 3400 

cm-1 and a shoulder at 3635 cm-1 reveal the presence of O-H and Si-OH moieties, respectively. The 

IR investigation of the SiC foam was already reported in a previous work and showed similar 

bonding related to Si-C, Si-O, C=C and surface OH groups [41]. 

 

In order to have a quantitative estimation of the amount of the free carbon phase existing in the SiC 

and SiOC aerogels a TGA in air flow has been recorded on the two SiC and SiOC aerogels. The 

amount of free carbon can be easily estimated from the weight loss observed in the TGA analysis 

according to the oxidation reaction: C(solid) + O2(gas) CO2(gas). The TGA patterns are shown in 

Figure 3. Both curves display similar features: a small weight loss below 150°C associated to the 

evolution of adsorbed water, a minor weight increase step, which spans from 200 up to   300 °C for 

the SiOC and from 200 up to  400 °C for the SiC aerogel, and a large weight loss step in the range 

400 – 650 °C. The slight weight increase at low-temperature is due to the oxidation of C atoms 

bonded to Si atoms with the formation of new Si-O/Si-OH bonds leading to a corresponding net 
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weight increase [53] while the large weight loss between 400 and 650 °C is directly associated to the 

amount of free carbon present in the samples [54]. Accordingly, the SiC and SiOC aerogel contains  

61.5 wt% and 42.4 wt% of free carbon, respectively.  

INSERT FIGURE 3 

 

Figure 3. TGA curves recorded in air flow for the SiC and SiOC aerogel. The weight losses between 

400 and 650 °C are due to the oxidation of Cfree present in the aerogel microstructure. 

 

 

The microstructure of the SiC foam is shown in Figure 4. It is a typical reticulated open cell foam 

with cell, window and strut sizes of 490, 170 and 55 m respectively. Interestingly, unlike the foams 

obtained through the replica method using ceramic slurries, which have hollow struts, in the present 

case the struts are dense. The SiC foams have bulk and skeletal density of 0.16 and 2.41 g/cm3 

respectively resulting in 93 % open porosity (see Table 1) and they are X-ray amorphous [45]. 

 

INSERT FIGURE 4 

 

Figure 4. SEM image of the SiC foam pyrolyzed for 1 h at 1200 °C in N2 flow. 

 

 

3.2 Adsorption studies 

The adsorption studies of MB and RB were carried out according to the batch analytical procedure 

detailed in the “Experimental” section. Adsorption experiments were conducted at pH 5, i.e. in 

conditions were MB is positively charged, while RB is mainly present in the zwitterionic form (85%) 

and positively charged for 15% [55], as reported in Figure 5. 
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INSERT FIGURE 5 

Figure 5. The molecular structures of representative dyes:  (a) methylene blue (MB); (b) 

rhodamine B (RB) (zwitterionic form). 

 

The two organic dyes have both a molecular structure based on polyaromatic-conjugated structure, 

but RB has a more complicated bulky structure with a greater steric hindrance. The results of the 

adsorption tests are reported in Table 2.  

Insert Table 2 

 

Considering the tests performed with an initial concentration of 1 ppm, after 48 h of contact time 

the SiC and SiOC aerogels and the mesoporous silica remove 100 % of both MB and RB while the 

SiC foam removes 65.3% and 35.5% of MB and RB respectively. The lower adsorption of the SiC 

foam compared to the aerogels could be related to the SSA of this sample which is approximately 

3 orders of magnitude lower compared to the aerogel (SSA SiC foam 0.1 – 0.3  m2/g) [41]. On the 

other hand, to discuss the different adsorption of the MB and RB on the SiC foam it is useful to 

analyze the adsorption mechanism. The interaction dyes-substrate can be attributed either to: (i) 

Van der Waals forces between the aromatic structure of the dyes and the sp2 free carbon phase 

which is generally present in the Si-based PDCs as a result of the pyrolysis process and to (ii) the 

electrostatic interaction between the carbon-oxygen complex (C-O/C-OH) or Si-OH moieties 

present at the silicon-carbide surface [41] and the positive charge of the organic dyes. Between the 

two mechanisms the most likely to occur is probably the latter one since the amount of free carbon 

in silicon carbide-based ceramics obtained from self crosslinked SMP-10 is of the order of  2-4 

wt% [56]. Accordingly, the organic dyes are adsorbed onto the SiC foam surface via electrostatic 

interactions and the lower RB adsorption of the SiC foam compared to MB could be simply due to 

the lower positive charge (≈15%) of RB in the adsorption experimental conditions (pH 5).  
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It is worth noting that SiOC aerogel maintains a monolithic structure at the end of the experiment 

while the SiC aerogel breaks up into fine particles. Although the reason for this difference is not 

clear at the moment and needs to be further investigated, this result can certainly be considered an 

advantage of the SiOC system compared to the SiC aerogel since will lead to an easy removal 

after wastewater treatment without requiring a further filtering step. Consequently, we decided to 

investigate the MB adsorption behaviour of the SiOC aerogel using solutions with higher initial 

concentration of MB of 100 mg/L. Accordingly, after 48 h of contact time of the SiOC aerogel 

with the 100 mg/L MB solution the 87.4 % was removed which corresponds to 14.8 mg/g of MB 

adsorbed by the SiOC aerogel (Table 2).  

 

In order to estimate the maximum adsorption capacity of the SiOC aerogels we increased the 

initial concentration up to 800 mg/L, and we measured the equilibrium concentration of MB in the 

solution after 172 h of contact time. For comparison purposes, the same experiment has been 

performed with the mesoporous silica, SBA-15.  SBA-15 was chosen since there is a growing 

interest in using this adsorbent for the removal of various pollutants due to its high surface area, 

pore volume and tunable pore size [57, 58]. The results of the adsorption experiments with the 

highest initial dye concentration are reported in Table 3 and compared with similar results 

published in the literature for different types of active carbons.   

Insert Table 3 

Accordingly the maximum adsorption capacity measured for the SiOC aerogel was 44.2 mg/g 

while, for the same experimental conditions SBA-15, in spite of the fact that it has roughly 3 times 

the SSA that has the SiOC aerogel (490 m2/g for SBA-15 [57] vs 163 m2/g for the SiOC aerogel), 

shows a lower capacity of 41.2 mg/g. The presence of the adsorbed MB on the surface of the 

SiOC aerogel after 172 h of contact with the 800 ppm solution of MB has been confirmed by FT-

IR (Figure 2): MB leads to two new bands in the FT-IR spectrum in the range 1600 – 1300 cm-1. 

The absorption capacity of the SiOC aerogels is also higher than the capacity reported in the 
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literature for different types of porous carbons (Table 3). The higher adsorption capacity we 

measured for the SiOC aerogel compared to other adsorbents, SBA-15 and C-based porous 

adsorbents, could be related to the multifunctionality of the SiOC aerogels surface which can 

adsorb MB either via a strong adsorbate-adsorbent ionic interactions with the amorphous SiOC 

network as well as via Van der Waals  interactions with the free carbon phase. The MB 

adsorbance capacity of the SiOC aerogel can be estimated knowing the cross-sectional area of the 

MB molecule and the SSA of the adsorbent. Thus, based on the minimum and maximum 

projection radius values reported in the literature for MB (4.12 – 8.35 Å) [55] and considering a 

SSA of 163 m2/g for the SiOC aerogel (Table 1) we estimate (assuming a monolayer formation) 

the following range for the adsorption capacity: 40 – 160 mg/g. Accordingly, the measured 

capacity value (44.2 mg/g) seems to fit well in the estimated range.  

 

 

4. Conclusion 

In this work three different porous silicon carbide-based polymer derived ceramics have been 

synthesized and tested as adsorbent for organic dyes removal from water solution. In details, one SiC 

foam, one SiC and one SiOC aerogels have been synthesized and characterized. While the SiC foam 

displays high porosity but low surface area the PDC aerogels are more than 70vol% porous and have 

SSA in the range 100-160 m2/g.  

All the tested samples adsorb the organic dyes (MB and RB), however the SiC foam display lower 

capacity due to its lower surface area compared to the SiC and SiOC aerogels. Between the two 

aerogels samples only the SiOC remains monolithic after the water treatment allowing for an easy 

removal from the solution without the need of a further filtration step. The SiOC aerogels has been 

studied in more in details and revealed a maximum capacity for MB removal of 44.2 mg/g, which is 

higher than many C-based adsorbent reported in the literature. A commercial mesoporous silica, 

SBA-15, shows, in the same experimental conditions, a lower absorption capacity of 41.2 mg/g in 
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spite of having approximately 3 times the SSA of the SiOC aerogel (490 m2/g for SBA-15 vs 163 

m2/g for the SiOC aerogel) This higher capacity observed for the SiOC aerogel may be due to the 

simultaneous presence, in the aerogel structure, of free carbon which interacts with the organic dye 

via Van der Waals interaction and of the inorganic SiOC network which may develop stronger ionic 

interactions. Taken all together these data suggest that Si-based PDC aerogels can efficiently adsorb 

organic dyes and further studies on this topic are worth to be pursued. 
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Figure Captions 

Figure 1. Digital photo images of typical aerogel samples: (a) SiOC pre-ceramic aerogels; (b) 

SiOC ceramic aerogel after pyrolysis in Ar at 900 °C and FE-SEM pictures showing the 

microstructure of (c) SiC and (d) SiOC ceramic aerogels. 

 

Figure 2. FT-IR spectra recorded on the SiC, SiOC aerogels and on the SiOC aerogels after 

MB adsorption test using a starting MB concentration of 800 ppm, as described later in Table 

3. 

 

Figure 3. TGA curves recorded in air flow for the SiC and SiOC aerogel. The weight losses 

between 400 and 650 °C are due to the oxidation of Cfree present in the aerogel microstructure. 

 

Figure 4. SEM image of the SiC foam pyrolyzed for 1 h at 1200 °C in N2 flow. 

 

Figure 5. The molecular structures of representative dyes:  (a) methylene blue (MB); (b) 

rhodamine B (RB) (zwitterionic form). 
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Tables 

 

Table 1. Properties of the studied PDCs aerogels and SiC foam 

 

 

Table 2. Results of the adsorption tests: percentage of dye adsorbed (Rads) after 48 h of contact 

time for the SiC foam, SiC/SiOC aerogels and SBA-15 mesoporous silica as a function of the 

initial dye concentration. Test conditions: mg of sorbent/ml of solution at pH 5/time, h = 

0.1/17.5/48. 

Sample Initial Concentration Rads (%) 

  MB RB 

SiC foam 1 mg/L 65.3  35.5  

SiC aerogel 1mg/L 100 100 

SiOC aerogel 1mg/L 100 100 

SBA-15 1 mg/L 100 100 

SiOC aerogel 100 mg/L 87.4  -- 

 

  

PDC 

aerogel 

sample 

Bulk Density 

(g/cm3) 

Skeleton  

Density 

(g/cm3) 

Porosity         

Vol/Vol 

(%) 

SSA 

(m2/g) 

TPVBET  

(cm3/g) 

Pore size 

range 

(nm) 

SiOC 0.47 1.66 72 163 0.723 10 -70 

SiC 0.23 1.80 86 102 0.394 20-90 

SiC 

foam 

0.16 2.41 93 0.1 – 0.3 

[Ref. 41] 

-- -- 
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Table 3. MB adsorption capacity for different sorbents and corresponding references. 

Adsorbent Capacity (mg/g) Ref. 

SiOC aerogel 44.2 This work 

SBA-15 41.2 This work 

Jute 22.4 [59] 

Eggshell 0.80-0.24 [60] 

Wheat shell 16.6-21.5 [61] 

Neem leaf 8.8-19.6 [62] 

Granular activated carbon 21.5 [63] 
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