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ABSTRACT 
Tampereen ammattikorkeakoulu Tampere University of Applied Sciences Bioproducts and Process Technology  Min Song Preparation of mesoporous carbon monolith  Bachelor's thesis xxs pages, appendices x pages 09. 2021 

In this paper, we introduce the preparation of three-dimensional ordered 
mesoporous carbon monolith using SNSs as templates. The key of this 
experiment was to prepare the uniform-sized silica nanospheres (SNSs).In our 
study, monodisperse SNSs were prepared by liquid phase method, which was 
based on Stöber  method. The arrangement of SNSs into the cubic closed 
packed (ccp) structure was achieved simply by solvent evaporation, and they 
had high uniformity of size. 
 
The size of SNSs was roughly analyzed by dynamic light scattering (DLS). It 
proved that SNSs 14 nm, 40 nm, 60 nm and 80 nm in size have been 
synthesized successfully. By changing the size of the sphere, the sizes of the 
pores between particles have been well adjusted, so it was beneficial to adjust 
the sizes of carbon materials subsequently. The fabrication process of carbon 
monolith was as follows, carbon precursors were filled into the voids of SNSs 
assembled into three-dimensional structure by incipient-wetness technique, 
and then the carbon monolith were obtained by carbonation in high temperature 
and removal of silica templates. The size and morphology of mesoporous 
carbon monolith were analyzed by scanning electron microscope (SEM). The 
specific surface area, pore volume and pore size of carbon monolith were 
characterized by N2 adsorption-desorption. In addition, the application of 
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carbon materials mainly focused on the adsorption for volatile organic 
compounds (VOCs) and as battery electrode. 
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GLOSSARY or ABBREVIATIONS AND TERMS (choose one or other) 
 
 
SNSs silica nanospheres  
ccp cubic closed packed  
DLS                                dynamic light scattering 
SEM                               scanning electron microscope 
VOCs                             volatile organic compounds 
TEOS                             tetraethoxysilane 
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1 INTRODUCTION 
 
 
1.1 The Mesoporous Carbon Materials 
The porous material refers to kind of material having the large specific surface 
area and the different pore structures. According to the provisions of the 
International Union of Pure and Applied Chemistry (IUPAC), the pore size of 
the porous material can be divided into three groups: microporous material with 
pore diameter of less than 2 nm, and macroporous material with pore diameter 
of more than 50 nm; and the pore diameter between the two is mesoporous 
material1. Porous materials include porous carbon, silicon and metal materials. 
In this paper, the synthesis of three-dimensionally ordered porous carbons 
using SNSs as templates and the preparation of SNSs with different sizes are 
introduced. 
 
Porous carbon materials refer to carbon materials with different pore structures, 
such as traditional activated carbon, super activated carbon, activated carbon 
microspheres, carbon nanotubes, activated carbon fibers, carbon molecular 
sieves, etc2. Well-ordered carbon material had a great number of good qualities, 
including high specific surface area, abundant porous structure, adjustable and 
uniform particles size, chemical inertness and pretty thermal stability. So it has 
wide applications in adsorption-desorption, catalyst and catalyst carrier, 
electrodes for fuel cells. For example, it can be applied to adsorbing heavy 
metal ions, gas capture and desalination of sea water. This paper studied 
adsorption propertiies of carbon materials, primarily tested the performence in 
VOCs adsorption, such as dichloromethane, toluene and n-hexane. The other 
important application paid attention to battery electrode. 
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1.2 The Synthesis Methods of Mesoporous Carbon Materials 
 
There are carbonation, physical-chemical activation, organic gel and template 
methods3 to synthesize porous carbon. The pore structure of carbon materials 
obtained by carbonation and activation is difficult to control4. The equipment 
needed by organic gel method is more complex and expensive, so it is not easy 
to be used in industrial production5.Relatively speaking, the template method 
can make full use of the structural guidance of the template, and the controllable 
synthesis of the material can be carried out by changing the size, shape and 
the order of the pores, or by adjusting the assembly mode of the template, so it 
is likely to control voids size successfully. For all above reasons, template 
method becomes the most potential,  commonly synthesis method. Therefore, 
the template method is used to synthesize porous carbon monolith in this paper.  
 
Template method is first used in the preparation of organic materials. In simple 
term, it selects the material with specific pore structure as a template, the target 
material is imported into voids and reaction is initiated. Taking advantage of the 
limited field effect of the template, it is able to control the physical or chemical 
reaction in the process, so as to prepare a new type of material with controllable 
micro structure and macro structure. According to the characteristics of 
template, template methods can be divided into hard template method and soft 
template method6. The soft template method uses surfactants as templates, 
and the porous structure is formed by organic-organic self-assembly between 
the template and carbon precursor, and then the porous carbon material is 
obtained by removing the template7. The porous carbon material assembled by 
soft template method has limited pore size and can not produce carbon material 
with large pore size. Moreover, the soft template is unstable, so the preparation 
process is difficult.  
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Hard template method is also called inorganic template method , mainly uses 
porous material as template, such as silica gel, porous glass, spherical silicon 
oxide in mesoporous shell, cellular silicon-aluminum sponge, etc. The target 
material is filled into the voids by liquid phase impregnation or vapor deposition, 
and then the mixture is carbonized at high temperature to remove template. 
Finally, the carbon material which is similar to the network structure is obtained2.  
 
The advantage of the hard template method is that the template is porous 
material, and the carbon precursor is filled into the voids of the template through 
physical action mainly. So the porous carbon material,which is the reverse 
structure of silica template, can be obtained after removal the template. In 
synthesis process , the controllability can be realized by changing the spheres’ 

size, shape and structure order of the template. The pore size range of the 
carbon material is wide (10 nm-100 nm), so the product has strong applicability. 
Another thing worth noting is that hard template method has many kinds of 
templates, wide carbon source selectivity and cheaper synthesis raw materials, 
so it can be used in industrial production.  
 
The requirements of hard template method are as follows: firstly, the template 
itself should have uniform pore structure and good thermal stability; Secondly, 
the molecule size of selected carbon precursor should matches the pore size 
of the template, and must have a high carbon yield, such as sucrose, furfuryl 
alcohol, etc, so as to ensure the filling of the template’s channel; Finally, the 

interaction force between template and carbon precursor should not be too 
large, in order to avoid the destruction of the structure of the carbon material 
when the template is removed.  
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1.3 Synthesis Methods for SNSs 
 
Because we selected well-ordered porous SNSs as templet, so it was vital to 
prepare uniform-sized SNSs. There are many preparation methods for SNSs 
with high uniformity in size, including sol-gel (Scheme1), precipitation, 
microemulsion method8. Sol-gel process is an important method to prepare 
monodisperse SNSs. In this method, metal alcohols or inorganic salts are used 
as precursors, and the required materials are obtained after hydrolysis, 
polycondensation and some post-treatments such as aging and drying9. Stöber 
found that monodisperse SNSs can be formed by using ammonia as catalyst in 
tetraethoxysilane (TEOS) hydrolysis10. This method was referred to synthesize 
well-distributed SNSs in my paper. TEOS conducted hydrolysis and 
condensation reactionsin an emulsion system containing TEOS, water and L-
arg under weakly alkaline conditions, then he SNSs were synthesized. After the 
reaction, SNSs with high uniformity in size were stably dispersed in 
homogeneous solutions without any deposition. The arrangement of SNSs into 
the well-ordered structure was achieved simply by solvent evaporation. This 
route for producing mesoporous materials has been called as ‘‘hard-template 
method” mechanism11. So SNSs can be categorized into well-ordered 
mesoporous silicas because they have three-dimensional, interparticle voids 
with high uniformity of size.  
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Scheme 1. Schematic silica formation by sol gel method 12 

 
 
1.4 Seed Regrowth 
 
Because the diversification of SNSs size has greatly expanded its application 
fields, so many scholars paid attention to the accurate control of its size. SNSs 
with different size was prepared by seed regrowth13 in this paper, so the 
diversification of interparticle voids was increased. Seed regrowth technique is 
based on the further growth of preformed silica particles to inhibit the formation 
of new particles by adding silicon precursors such as TEOS. The TEOS 
introduced in the regrowth stage only contributed to the growth of seeds, but 
did not form new silica particles. The size of the final silica particles is controlled 
by adjusting the amount of TEOS in the seeds dispersion and the number of 
the seed14. The schematic drawing of the seed regrowth process is shown in 
Scheme 2. 
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Scheme 2. Particle growth during multistage growth15 
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2 SILICA NANOSPHERES 
 
 

2.1 Experimental Chemicals and Instruments 
 
Please start writing here. (If you only want to remove the example table, click 
on the table and then select from the top menu Layout -> Delete Table. If you 
bring a ready table to the document, use the function Paste Special.) 
 
TABLE 1. Chemicals for prepare SNSs   

Reagent Purity Manufacturer 
L-Arginine ≥ 98% (TLC) SIGMA-ALDRICH  

Co., Ltd. 
Tetraethyl orthosilicate 

(TEOS) 
AR (SiO2 ≥ 

28.0%) 
Tianjin Damao 

Chemical Co., Ltd. 

Ethanol AR ( ≥ 99.7%) Tianjin Fuyu Fine 
Chemical Co., Ltd. 

 
TABLE 2. Instruments for prepare SNSs. 
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Instrument Specification Manufacturer 

Thermostatic magnetic 
stirrer C-MAG HS 7C S025 Aika Instrument 

Equipment Co., Ltd. 

Electronic balance SQP 
Sartorius Scientific 

Instruments (Beijing) 
Co., Ltd. 

Constant temperature 
drying oven 202-00A 

Shanghai Yetuo 
Scientific Instrument 

Co., Ltd. 
Electric box resistance 

Furnace SX2.5-10 Shanghai Shuli 
Instrument Co., Ltd. 

 
2.2 Experimental Procedures 

 
Experiments were mainly completed in two steps, including the synthesis of the 
seed dispersion solution (SNS 14 nm in size), and the subsequent seed 
regrowth process, to obtain SNSs with all sizes. The whole processes are 
shown in Scheme 316. In our method, first, we added an appropriate portion of 
the seeds dispersion to the solution containing L-arg, water and EtOH. Then 
TEOS was added to the solution. Our seed regrowth method mainly change the 
ratio of the numbers of TEOS in seeds dispersion to added TEOS, the total 
amount of TEOS kept constant at the same time. 
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 PICTURE 1. Schematic drawings of the formation of silica nanospheres 
 
 
2.2.1 Synthesis of Seeds Solution 
 
Silica nanospheres seeds were synthesized by a simple liquid phase method. 
TEOS was as the silica source in this method. First of all, L- arginine (0.174 g, 
1 mmol), the basic amino acid, was dissolved into distilled water (174 g, 9.7 
mol). Then it was allow to stir for some time to dissolve L- arg completely. Then 
TEOS (10.41 g, 50 mmol) was added to the above solution and start to stir for 
6 h at 60 oC with 500 rpm. At beginning the system had two phases, oil phase 
which included unhydrolyzed TEOS and water phase containing L-arg. After 10 
h, the seeds dispersion were formed. The dispersion solutions were kept in a 
plastic bottle for later use. Another part of the dispersion solutions were dried 
in 353 K drying oven, then calcined in 773 K muffle furnace, then the solid fully 
ground into powders by agate mortar and preserved for DLS test.  
 
The DLS image of the shows that monodisperse SNS 14 nm in size were 
formed (Fig. 1). The SNS monodispersion containing 14 nm particles was used 
as seeds. 
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2.2.2 Synthesis of Seeds Solution (SNSs 14 nm in size) 
 
Silica nanospheres seeds were synthesized by a simple liquid phase method. 
TEOS was as the silica source in this method. First of all, L- arginine (0.174 g, 
1 mmol), the basic amino acid, was dissolved into distilled water (174 g, 9.7 
mol). Then it was allow to stir for some time to dissolve L- arg completely. Then 
TEOS (10.41 g, 50 mmol) was added to the above solution and start to stir for 
6 h at 60 oC with 500 rpm. At beginning the system had two phases, oil phase 
which included unhydrolyzed TEOS and water phase containing L-arg. After 10 
h, the seeds dispersion were formed. The dispersion solutions were kept in a 
plastic bottle for later use. Another part of the dispersion solutions were dried 
in 353 K drying oven, then calcined in 773 K muffle furnace, then the solid fully 
ground into powders by agate mortar and preserved for DLS test.  
 
The DLS image of the shows that monodisperse SNS 14 nm in size were 
formed (Fig. 1). The SNS monodispersion containing 14 nm particles was used 
as seeds. 
 
 
2.2.3 Synthesis of SNSs with Dfferent Sizes（40nm，60 nm and 80 nm） 
 
Ryota Watanabe 16 once reported the relationship between amount of TEOS 
and size of final R-SNSs. According to the previous study on the seed regrowth 
technique based on the Stöber method, the size of final product (S product) can 
be controlled by the following equation. 
 
S seed3 / S product3=MTEOS, seed/M TEOS, total=m 
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We mainly refered to above equation, R-SNSs 40 nm, 60 nm, 80 nm in size 
were synthesized in our study. But the accurate amount of samples were not 
same completely because of different experimental conditions. The accurate 
amount of seeds dispersion and MTEOS is listed in Table 3. 
 
Table 3. Amount of seeds dispersion and MTEOS 

 Size/nm Water/g EtOH/g L-arg/g Seed/g TEOS/g 
Sample1 14 174 - 0.174 - 10.41 

Sample2 40 49.105 125.541 0.174 
 

4.063 
 

 
4.979 

 
Sample3 60 49.105 125.541 0.174 1.184 5.183 

Sample4 80 49.105 125.541 0.174 0.480 5.180 
 
 
The subsequent addition of TEOS only plays an important role in the recovery 
and growth of seeds, but does not form new silica particles. By keeping the total 
amount of TEOS unchanged, the synthesis of R-SNSs with different sizes were 
realized by changing the proportion of TEOS in the seeds to the amount of 
TEOS added.  
 
The monodisperse R-SNSs over 150 nm in size were successfully prepared by 
changing the compositions of TEOS, L-arg, H2O and EtOH with m varied. But 
we did not try to prepare R-SNSs over 150 nm in size, so this theory was not 
proved. 
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In weakly alkaline solution, the proper amount of seeds dispersion (SNS 14 nm 
in size) were added into the solution comprising by L-arg, water and ethanol, 
and then a certain proportion of TEOS was added. The whole system was 
heated for 6 h at 334 K with 500 rpm.  
 
A small amount of liquid was taken for DLS test to obtain the size of the sample 
(Fig 1-2). Other smples were dried in 353 K constant temperature drying oven, 
incinerated in 773 K muffle furnace, ground in a agate mortar. Finally white 
powders of R-SNSs were obtained after solvent evaporation. 
 
 
2.3 Characterization and Analysis 
 
Dynamic Light Scattering (DLS) were performed on Mastersizer A1 POL, which 
can be used to observe particle’s size, the particle size distribution was 

represented by the intensity distribution (Fig. 1- 2).   
 
Nitrogen adsorption and desorption isotherms were conducted on a Tristar II 
3020 sorption analyzer at 77 K. Specific surface area (Fig. 3) was calculated by 
BET (Brunauer- Emmett-Teller) method, the pore-size distribution (Fig. 4) was 
calculated from the adsorption branch using BJH (Barett-Joyner-Halenda) 
method and total pore volume was obtained at p/p0 of 0.99, The sample 
pretreatment was purged with nitrogen at 200 °C  for 5 h and then started to 
adsorb in liquid nitrogen at 77 K. 
 
 
2.3.1 DLS Analysis 
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 FIGURE 1. DLS curve of SNS 14 nm in size. 
 
From the dynamic light scattering diagram, we can found that the average 
diameter of the sample particles was mostly 14.38 nm at the main peak position, 
which accounted for 60.2%. It is well known to all that there was certain error, 
because the size of samples was so small. Matter distributing above 1000 nm 
might be dust. So above DLS curves confirmed SNS 14 nm in size have been 
synthesized. 
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 FIGURE 2. DLS curves of R-SNSs 40 nm,60 nm,80 nm in size. 
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From above figures, we could obtain information as follows: Black curve shown 
the sample1 is R-SNS 81.93 nm in average size, whose percent is 90.7% . R-
SNS 59.01 nm in size was shown in red curve with 80.3% percent. Blue curve 
represented R-SNS 40.25 nm in size, which accounted for 67.2%. 
 
By all figures, we can analyse sizes of R-SNSs dispersion roughly. So it was 
convincing that R-SNSs with different size were prepared by seed regrowth 
technique. Another thing we should considerate is that one peak proved the R-
SNSs is monodisperse and they have high uniformity in size. 
 
 
2.3.2 Nitrogen Adsorption-desorption 
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FIGURE 2. Pore size of SNS 14nm in size. 
Nitrogen adsorption-desorption isotherms of SNS 14 nm in size are shown in 
Fig. 3. There were the type IV pattern with the so-called “bottle-neck type”. From 

Fig. 3, we could get following information: the BET surface area was 193 m²/g. 
The pore volume less than 220.60 nm diameter at P/Po = 0.99 was 0.25 cm³/g. 
The Fig. 4 shows the pore size of sample was 5.11 nm. 
 
 
2.4 Synthesis Mechanism 
 
 
2.4.1 Regrowth Mechanism 
 
DLS analysis proved the following fact, In the process of seed regrowth, no 
matter how the amount of TEOS was changed and the reaction time was 
adjusted, the silica dispersion is uniform and stable. So we could draw a 
conclusion, TEOS added only contributed to seed regrowth, not to form new 
particles. We can explain this phenomenon as follows, The reaction systems of 
both formation and regrowth of the seeds were under weakly alkaline conditions; 
the hydrolysis rate of TEOS was not remarkably high but the condensation of 
silicate species would be very quick17.  Note that a large number of reactive 
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silanol groups are present on the surface of the seeds18. Therefore, under such 
conditions, it is possible that incremental silicate species are used for 
secondary growth of the seeds by condensation with surface silanol groups 
rather than for the formation of new silica particles. This growth process would 
be same with the monomer addition mechanism19. This is based on the fact 
that the particles grew until the equilibrium concentration was reached by 
adding the monomer to the surface of the parent particles. 
 
 
2.4.2 Mechanismof SNSs Synthesis 
 
Under alkaline condition, The hydrolysis and condensation of TEOS is divided 
into two steps20. 
 
First step：Hydrolysis 
Second step：Condensation 

 
 
In the first step, TEOS was hydrolyzed to form hydroxyated products and 
corresponding alcohols. In second step, condensation reaction took place 
between silicic acid and TEOS. In fact, the reaction of the first step and the 
second step was carried out at the same time, and the process was very 
complex, so it was almost impossible to describe the hydrolysis and 
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polycondensation process independently. The reaction products are sol 
particles of different sizes and structures. 
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3 MESOPOROUS CARBON MONOLITH 
 
 
3.1 Experimental Chemicals and Instruments 
 
Table 4. Chemical for prepare carbon monolith 

chemicals Purity Manufacturer 
Furfuryl alcohol CP ( ≥ 97%) Shanghai Macklin 

Biochemical Co., Ltd. 

Oxalic acid AR ( ≥ 99.5%) 
Tianjin Hengxing Chemical 

Reagent Manufacturing 
Co., Ltd. 

Hydrofluoric acid 
(HF) ≥ 40% Laiyang Kangde Chemical 

Co., Ltd. 
 
Table 5. Instruments for prepare carbon monolith 
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Instrument Specification Manufacturer 

Constant temperature 
drying oven 202-00A 

Shanghai Yetuo 
Scientific Instrument 

Co., Ltd. 
Ultrasonic cleaning 

machine JP-009 
Shenzhen Jiemeng 
Cleaning Equipment 

Co., Ltd. 

Electronic balance SQP 
Sartorius Scientific 

Instruments (Beijing) 
Co., Ltd. 

Centrifuge H1850 
Changsha Xiangyi 

Centrifuge Instrument 
Co., Ltd. 

Tubular resistance 
furnace ZL-22011-2 Hefei Kejing Material 

Technology  
 
3.2 Experimental Procedures 
 
 
3.2.1 Preparation of Common Carbon Marerials 
 
In the carbonation process, silicon spheres of all sizes were used as templates, 
furfuryl alcohol was as carbon source and oxalic acid was as catalyst. 0.01 g 
oxalic acid was dissolved by 10 g furfuryl alcohol. Then the carbon precursor 
was filled into the voids of templates by incipient-wetness technique. After 
soaking completely, the SNSs/ furfuryl alcohol complex was heated in 373 K 
drying oven for 48 h, and then heated at 423 K for 8 h to polymerize furfuryl 
alcohol. Subsequently, the polymerized furfuryl alcohol was converted to 
carbon in the interparticle pores. The complex was carbonized in a tubular 
resistance furnace for 3 h at 1073 K. The above treatment will produce black 
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monolilth (Fig. 5-6 ), and then at room temperature, 40% HF will be used to 
remove the silica templates, and after multiple washing, the final products (Fig. 
9-10 ) would be obtained. In order to better cross-link, we added certain 
polyaniline in incipient-wetness process. Sample was shown in Picture Fig. 7-
8. 
 

 
FIGURE 5. Sample with silica template. 
 

 FIGURE 6. Sample with polyaniline. 
 

 
FIGURE 7. Sample without silica template. 
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3.2.2 Preparation of carbon Monolith with Pt 
 

 
FIGURE 8. Carbon Monolith with Pt. 
 
 
3.3 Characterization and Analysis 
 
Field-emission scanning electron microscope (SEM) images were recorded on 
a JEOL JSM-7600F microscope at 5 KV. SEM images of carbon are shown in 
Fig. 13A-13B. 
 
Nitrogen adsorption-desorption isotherms were conducted on a Tristar II 3020 
sorption analyzer at 77 K. Specific surface area (Fig. 14) was calculated by BET 
(Brunauer- Emmett-Teller) method, the pore-size distribution (Fig. 15) was 
calculated from the adsorption branch using BJH (Barett-Joyner-Halenda) 
method and total pore volume was obtained at p/p0 of 0.99. The sample 
pretreatment was purged with nitrogen at 200 °C  for 5 h and then started to 
adsorb in liquid nitrogen at 77 
3.3.1 SEM Image 
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FIGURE 9. SEM of porous carbon. 
 
As is shown in Fig. 13A-13B, we can see clearly that the SEM images of the 
porous carbon monolith. We can observe that the porous spheres have uniform 
size, good sphericity and smooth surface. The pores are uniform, close-packed 
and spherical, revealing the formation of a highly ordered porous carbon 
framework. Each of the spherical pores is also three-dimensional 
interconnected to neighboring pores through small holes, which were attributed 
to the contact points between closely-packed silica spheres. 
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FIGURE 10. Nitrogen adsorption-desorption isotherms of carbon monolith. 
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FIGURE 11. Pore size of carbon monolith. 
 
Nitrogen adsorption-desorption isotherms of carbon monolith using SNS 14nm 
in size are shown in Fig. 14 and Fig. 15. We could get following information 
from Fig. 14, the BET surface area was 1,502 m²/g. The pore volume less than 
355.77 nm diameter at P/Po = 0.99 was 1.48 cm³/g. The Fig. 15 indicates the 
pore size was 1.58 nm. 
 
 
3.4 Applications of Mesoporous Carbon Monolith  
 
The application test of carbon materials is mainly in the adsorption of volatile 
organic compounds (dichloromethane) and as electrodes. 
 
 
3.4.1 Performance of Being Battery Electrode 
 
We have assembled a simple water electrolysis device to test the performance 
of porous carbon monolith as electrode (Fig. 16). Porous carbon materials as 
anode and cathode was compared with common carbon rod (Fig. 17), then we 
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found that water electrolysis reaction was more intense when we use porous 
carbon as electrodes. Because carbon capacitor electrode having porous 
morphology and large surface area as a counter electrode, so large charge 
amount consumed by multiple redox pairs’ cathodic materials was adequately 

compensated. 
 
 

 
FIGURE 12. Common carbon as electrode. 
 

 
FIGURE 13 Mesoporous carbon as electrode. 
 
 
3.4.2 Adsorption Property for Volatile Organic Compounds (VOCs) 
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Dichloromethane was chosen to test the adsorption performance. As is shown 
in Fig. 18，porous carbon capture ability could reach 76% at the temperature 
above the boiling point of CH2Cl2 (312.8 K). Compered with activated carbon, 
porous carbon had good adsorption ability. Uniform porous structure and less-
hydrophilic surface were two important factors for a good adsorbent to capture 
VOCs, including dichloromethane, n-hexane and toluene 
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FIGURE 14 The adsorption for CH2Cl2 of carbon monolith 
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FIGURE 15. The adsorption for CH2Cl2 of carbon monolith in different Time. 
 
Fig. 14shows the typical adsorption images for VOCs of carbon monolith, 
indicating that carbon monolith, which was prepared by SNS in 14 nm size, 
could adsorb 74% CH2Cl2, and carbon monolith, which was prepared by SNS 
in 33 nm size was also able to adsorb 52% CH2Cl2.  Activated carbon only 
adsorb 36% VOCs. So carbon monolith have excellent adsorption ability for 
VOCs. We could know the carbon monolith is stable in adsorption VOCs in 
different temperature from Fig. 15 
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4 DISCUSSION  
 
In this paper, the preparation of porous carbon using silica as templates and 
the fabrication of SNSs 14 nm、40 nm、60 nm and 80 nm in size were reported. 
The application of carbon monolith focused on adsorption of VOC and battery 
electrode. Silica dispersion solution was prepared by liquid phase method. In 
this process, silica assembled into well-ordered silica nanospheres (SNSs) with 
uniformity in size. The analysis of DLS showed that the SNSs 14 nm、40 nm、

60 nm and 80 nm in size were successfully controlled by seed regrowth 
technique. These works made good preparation for the production of three-
dimensional ordered porous carbon monolith. The mechanism of the synthesis 
for SNSs dispersion and seed regrowth were also explained briefly. In this 
paper, porous carbon were synthesized by hard template method. Using SNSs, 
furfuryl alcohol and oxalic acid as template, carbon source and acid catalyst 
respectively, furfuryl alcohol and oxalic acid were filled into the interparticle gap 
of SNSs , and the complex were heated to polymerize furfuryl alcohol, and then 
the polymerized furfuryl alcohol were converted to carbon in the interparticle 
voids of SNSs. Finally, HF aqueous solution was used to remove silica template. 
In order to test the electrochemical application of carbon monolith, several 
carbon materials with Pt with polyaniline as crosslinker were also synthesized. 
Finally, N2 Nitrogen adsorption-desorption isotherms proved that the carbon 
monolith had high specific surface area. The highest BET area could reaach 
1,502 m²/g. SEM image shown the porous carbon material had three -
dimensional ordered morphology actually. The adsorption isotherms for CH2Cl2 
showed that porous carbon monolith have good adsorption properties for 
volatile organic compounds. The electrode test of carbon monolith with Pt 
proved it has great advantage in electrochemical 



 

 

33 
REFERENCES  

1. Liu, H.; Ramnarayanan, R.; Logan, B. E., Production of Electricity during Wastewater 

Treatment Using a Single Chamber Microbial Fuel Cell[J]. Environmental Science & 

Technology 2004, 38 (7), 2281-2285. 
2. 吴小辉; 洪孝挺; 南俊民; 等, 模板法合成多孔炭材料的研究现状[J]. 材料导报 2012, 

26 (07), 61-65. 
3. Gao, J.; Wang, X.; Zhao, Q.; et al, Synthesis and supercapacitive performance of 

three-dimensional cubic-ordered mesoporous carbons. Electrochimica Acta 2015, 163, 

223-231. 
4. Hu, Z.; Srinivasan, M. P.; Ni, Y., Novel activation process for preparing highly 

microporous and mesoporous activated carbons[J]. Carbon 2001, 39 (6), 877-886. 
5. Kyotani, T., Control of pore structure in carbon[J]. Carbon 2000, 38 (2), 269-286. 
6. 陈邵湘. 模板技术制备多孔碳材料及其应用研究[D]. 硕士, 汕头大学, 2007. 
7. 刘蕾; 袁忠勇, 软模板合成有序介孔碳材料[J]. 化学进展 2014, 26 (05), 756-771. 
8. 李俊; 蒋述兴, 球形硅微粉的制备现状[J]. 有机硅材料 2012, 26 (06), 427-431. 
9. 王心怡; 吴楠; 刘欣萍; 等, 溶胶-凝胶法制备尺寸可控二氧化硅纳米颗粒[J]. 化学工程

与装备 2015,  (06), 9-14. 
10. Stöber, W.; Fink, A.; Bohn, E., Controlled growth of monodisperse silica spheres in the 

micron size range[J]. Journal of colloid and interface science 1968, 26 (1), 62-69. 
11. Tang, J.; Zhou, X.; Zhao, D.; et al., Hard-Sphere Packing and Icosahedral Assembly 

in the Formation of Mesoporous Materials[J]. Journal of the American Chemical 

Society 2007, 129 (29), 9044-9048. 
12. Rahman, I. A.; Padavettan, V., Synthesis of silica nanoparticles by sol-gel: size-

dependent properties, surface modification, and applications in silica-polymer 

nanocomposites—a review[J]. Journal of Nanomaterials 2012, 2012, 8. 



 

 

34 
13. Chang, S. M.; Lee, M.; Kim, W. S., Preparation of large monodispersed spherical silica 

particles using seed particle growth[J]. Journal of colloid and interface science 2005, 

286 (2), 536-542. 
14. Nozawa, K.; Gailhanou, H.; Raison, L.; et al, Smart control of monodisperse Stöber 

silica particles: effect of reactant addition rate on growth process[J]. Langmuir the Acs 

Journal of Surfaces & Colloids 2005, 21 (4), 1516-23. 
15. Masalov, V.; Sukhinina, N.; Kudrenko, E.; et al, Mechanism of formation and 

nanostructure of Stöber silica particles[J]. Nanotechnology 2011, 22 (27), 275718. 
16. Watanabe, R.; Yokoi, T.; Kobayashi, E.; et al, Extension of size of monodisperse silica 

nanospheres and their well-ordered assembly[J]. Journal of colloid and interface 

science 2011, 360 (1), 1-7. 
17. (a) Brinker, J., Scherer, Sol-Gel Science. Academic Press: 1990; (b) Stout, R. W.; Cox, 

G. B.; Odiorne, T. J., Surface treatment and porosity control of porous silica 

microspheres[J]. Chromatographia 1987, 24 (1), 602-612. 
18. Yokoi, T.; Wakabayashi, J.; Otsuka, Y.; et al, Mechanism of formation of uniform-sized 

silica nanospheres catalyzed by basic amino acids[J]. Chemistry of Materials 2009, 

21 (15), 3719-3729. 
19. Matsoukas, T.; Gulari, E., Self-sharpening distributions revisited—polydispersity in 

growth by monomer addition[J]. Journal of colloid and interface science 1991, 145 (2), 

557-562. 
20. 赵丽; 余家国; 程蓓; 等, 单分散二氧化硅球形颗粒的制备与形成机理[J]. 化学学报 

2003,  (04), 562-566. 
 


