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Abstract. Activated carbon (AC), the KOH modified activated carbon (KAC) and SBA-15 before and 
after pore expansion (SBA-15k) were modified using tetraethylenepentamine (TEPA) as modifier to 
synthesize the adsorbents. The adsorbents were characterized by N2 adsorption-desorption and 
elemental analysis. The results showed that the pore size of SBA-15 materials were much larger than 
that of activated carbon. SBA-15k (P)-40 had the largest pore size which was mainly in the range of 
10~20 nm. KOH activation and SBA-15 reaming were beneficial to amino modification. In the same 
TEPA modification conditions, the actual TEPA loadings of SBA-15 materials were higher than those 
of activated carbons.  

Introduction 
The activated carbon is microporous materials, because of its huge specific surface area, highly 
developed pore structure, excellent surface chemical properties and adsorption performance, which 
has now been widely used in the fields of gas purification and recycling, wastewater treatment, 
chemical, pharmaceutical, food, defense, etc. [1,2]. SBA-15 type silicon oxide belongs to 2-D 
hexagonally mesoporous material with the characteristic such as large surface area, narrow pore size 
distribution and large pore size. Its thick pore wall improves hydrothermal and mechanical stability of 
the material, which is a potential adsorbent [3]. In general, the performance of microporous and 
mesoporous materials is associated with their surface physical and chemical properties. Increasing pore 
structure of materials by reaming or changing its chemical properties by adding amino groups can 
effectively improve the performance of materials. In recent years, more and more literatures reported 
the characterization of reaming or functional material and used it as a solid CO2 capture material [4-8]. 
But the amine modifications of activated carbon with reactivation and SBA-15 with reaming are 
seldom reported.  

In this paper, TEPA was used as modifier to modify the activated carbon AC, KAC and SBA-15 
before and after reaming. Then the differences of the structure and element concentration of the 
modified microporous and mesoporous materials were discussed to improve the adsorbents properties 
for the future use in the adsorption fields such as gas separation and heavy metals removal in water. 

Materials and Characterization 

The Synthesis and Modification of Activated Carbon and SBA-15 Materials. Activated carbon 
AC was prepared from bagasse using ZnCl2 as the activator. KAC was prepared from AC using KOH 
as the second activator. 

KAC and AC were modified by using TEPA as modifier. Finally the modified materials with mass 
fraction of 10%, 20%, 30%, 40%, and 50% were prepared and recorded as AC-P-N and KAC-P-N. 
For example, AC-P-10 indicates that AC is modified with 10% TEPA.  

The reaming SBA-15 was synthesized using nonionic surfactant P123 as template, tetraethoxysilane 
as the silicon source and TMB as expanding agent and was recorded as SBA-15k [9].  

SBA-15 and SBA-15k were modified by impregnation method using TEPA as modifier. Finally the 
modified materials with mass fraction of 20%, 30%, 35%, 40%, and 50% were prepared and recorded 
as SBA-15(P)-N and SBA-15k (P)-N. For example, SBA-15(P)-20 indicates that SBA-15 is modified 
with 20% TEPA [9]. 
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Characterization of Materials. The pore structure of samples was determined by using 
NOVA2000e automatic surface analyzer (Quantachrome, USA) for nitrogen adsorption-desorption 
experiment in nitrogen atmosphere and at -196 °C. The C, H and N elements of samples were analyzed 
by using EA 2400 II elemental analyzer (Per-kin-Elmer, USA). 

Results and Discussion 

Analysis of Specific Surface Area and Pore Size of Adsorption Materials. The BET specific 
surface area, pore volume and pore size were calculated by the BJH method. The data is shown in 
Table 1. It can be seen from the Table 1, specific surface area and pore volume of AC-P-10 or 
KAC-P-10 are far larger than that of SBA-15k (P)-40 or SBA-15(P)-40. 

 
Table 1  Physicochemical properties of adsorbents 

Samples SBET/ 
(m2·g-1) 

Vtotal/ 
(cm3·g-1) 

DBET/ 
nm 

KAC-P-10 1235 0.85 2.74 
AC-P-10 766 0.37 1.52 

SBA-15k(P)-40 12.07 0.076 25.21 
SBA-15(P)-40 2.76 0.086 12.41 
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Fig. 1  Pore size distribution curve of mesopore of adsorbents 
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Fig. 2  Pore size distribution curve of micropore of adsorbents 

Pore size distribution curve of mesopore and micropore of adsorbents are shown in Fig. 1 and Fig. 
2 respectively. From Fig. 1 and Fig. 2 it can be seen that the pore size of SBA-15 materials are much 
larger than that of activated carbon. After reaming the SBA-15k (P)-40 owns largest pore size which 
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was mainly distributed in 10~20 nm. Its pore volume is 0.076 cm3·g-1 and its pore size doubles that of 
SBA-15(P)-40 before reaming. 

Elemental Analysis. The nitrogen content of adsorbents not only depends on the amine amount 
into the char, but also is related to the nature of the amine [10]. The elemental analysis results of 
materials are shown in Table 2. It can be seen from Table 2, the actual amine loading of various 
materials were lower than theoretical values. The actual amine loading of KAC-P-N and 
SBA-15k(P)-N were closer to the theoretical values than that of other materials, which indicated that 
amine was easier to be loaded on activated carbon after KOH activation or SBA-15 after reaming. This 
may be because that hole becomes larger after reaming for the access of amine, which led to the 
increasing of amino content. When the theoretical loading is same, the actual amine loading of 
SBA-15(P)-N is higher than that of AC-P-N. There are two reasons for this result. First, substance 
content of these two kinds of materials is not the same. SBA-15 is synthesized by P123 and TEOS 
through chemical reaction and in the pore of SBA-15 there are many sites where can be reached by 
amino. AC is prepared using bagasse as raw material at high temperature and its pore is relatively not 
so much that the active site to amino attachment. Second, dispersed phase is not the same. Amino load 
of SBA-15 or of AC is using absolute ethanol or ultra-pure water as dispersed phase respectively and 
the solubility of organic amine in two kinds of dispersed phase is not the same, which leads to the 
difference of actual amine loading. Although actual amine loading of KAC-P-N is slightly larger than 
that of AC-P-N, it is still less than that of SBA-15k (P)-N. 

 
Table 2  Elemental analysis results of adsorbents 

Samples Nitrogen ratio/ 
% 

Nitrogen content/ 
(mmol·g-1) 

Amine content/ 
(mmol·g-1) 

Actual loading/ 
% 

KAC-P-10 3.45 2.47 0.49 9.3 
KAC-P-20 6.19 4.43 0.89 16.7 
KAC-P-30 7.94 5.67 1.13 21.4 
KAC-P-40 11.03 7.88 1.58 29.5 
KAC-P-50 12.60 9.00 12.60 34.1 
AC-P-10 2.85 2.04 0.41 7.7 
AC-P-20 4.84 3.45 0.69 13.1 
AC-P-30 7.04 5.03 1,01 19.0 
AC-P-40 9.67 6.91 1.38 26.1 
AC-P-50 12.46 8.90 1.78 33.6 

SBA-15 k (P)-20 6.65 4.75 0.95 18.0 
SBA-15 k (P)-30 8.84 6.41 1.28 24.3 
SBA-15 k (P)-35 10.94 7.81 1.56 29.6 
SBA-15 k (P)-40 11.25 8.04 1.61 30.4 
SBA-15 (P)-20 6.23 4.45 0.89 16.8 
SBA-15 (P)-30 8.97 6.31 1.26 23.9 
SBA-15 (P)-35 9.64 6.89 1.37 26.1 
SBA-15 (P)-40 11.28 8.06 1.61 30.4 

Conclusions 
This paper discusses the differences of structure and element concentrations between modified 
activated carbon and SBA-15 (including SBA-15k) through the methods of pore structure and element 
analysis. Both the active carbon materials and SBA-15 materials were modified by amine group and 
their actual amine loadings were less than the theoretical values. The pore size of SBA-15 materials 
was much larger than that of activated carbon. SBA-15k (P)-40 had the largest pore size which was 
mainly distributed in 10~20 nm. KOH activation and SBA-15 reaming were beneficial to amino 
modification. In the same amino modification conditions, the actual amino loadings of SBA-15 
materials were higher than those of activated carbons. 
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