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Surfactant-assisted Nanocasting 
Route for Synthesis of Highly 
Ordered Mesoporous Graphitic 
Carbon and Its Application in CO2 
Adsorption
Yangang Wang1, Xia Bai1, Fei Wang1, Hengfei Qin2, Chaochuang Yin1, Shifei Kang1, Xi Li2, 
Yuanhui Zuo1 & Lifeng Cui1

Highly ordered mesoporous graphitic carbon was synthesized from a simple surfactant-assisted 
nanocasting route, in which ordered mesoporous silica SBA-15 maintaining its triblock copolymer 
surfactant was used as a hard template and natural soybean oil (SBO) as a carbon precursor. The 
hydrophobic domain of the surfactant assisted SBO in infiltration into the template’s mesoporous 
channels. After the silica template was carbonized and removed, a higher yield of highly-ordered 
graphitic mesoporous carbon with rod-like morphology was obtained. Because of the improved 
structural ordering, the mesoporous carbon after amine modification could adsorb more CO2 
compared with the amine-functionalized carbon prepared without the assistance of surfactant.

Much attention has paid to the preparation and characterization of ordered mesoporous carbons (OMCs) in 
recent years. They can be used potential adsorbents, catalyst supports, hydrogen storage materials, and electrode 
materials owing to their special structure-dependent properties, such as highly uniform pore structure, high 
specific surface area (SSA), and large pore volume1–4.

Compared to other porous materials such as zeolites5 and metal-organic frameworks (MOFs)6, OMCs can be 
highly promising in CO2 adsorption due to their unique surface property and wide availability. The higher meso-
structural ordering property generally permits the higher surface chemical modification potential for OMCs7 .

So far, OMCs are mainly synthesized through two methods. First, the traditional chemical soft-template 
method is extensively applied to prepare ordered mesoporous silicas (OMSs)8. However, this method has high 
requirements on the synthetic conditions because it requires the use of a phenolic-resin-based carbon precur-
sor9–11. The other one, the hard-template method (i.e. nanocasting route), is more frequently used and adopts 
OMSs as sacrificial scaffolds, in which a carbon precursor is fabricated within the pore channels of OMSs, and 
then the silica template is carbonized and selectively removed. Based on this method, a multitude of OMCs 
with diversity in mesostructure, pore sizes or even graphitic characteristics can be prepared12–15. Nevertheless, to 
improve the mesostructural ordering and the yield of carbon materials, operators have to include an inconvenient 
and time-consuming impregnation step in this route.

It is well-known that the sorption and electrical properties of OMCs are closely related to their graphite nature. 
Until now, several synthetic approaches that are based on the hard template method have been reported in the 
literatures for the graphitization OMCs: (1) high-temperature treatments (> 2000 °C) to induce the graphitiza-
tion of OMCs, but often sacrificing structural ordering16,17, (2) using graphitizable polyaromatic compounds as 
carbon precursors to get graphitic carbon at relative lowtemperature18,19. However, this route usually involves a 
multi-step wet impregnation procedure for the pore infiltration assisted by an organic solvent, which can result 
in low levels of infiltration because of the competition of the solvent13. (3) synthesis by chemical vapor deposition 
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(CVD) method at high temperature (> 900 °C)5,20,21. Nevertheless, the yield of the obtained carbon materials by 
CVD method without surface treatment of the template is very low22. As reported, ordered mesoporous graphitic 
carbon can be prepared by a one-step solid-state method using metal phthalocyanines (MPc) and SBA-15, this 
synthesis is strategically combined with in-situ CVD and catalytic graphitization7. In our previous study, a simple 
solid- liquid grinding/templating route using cheap natural seed fat (e.g. soybean oil SBO) as a carbon precursor 
was applied to synthesize OMC with graphitic frameworks23. However, we did not largely improve the yield and 
structural ordering of the carbon materials, because the interaction between organic seed fat and surface hydroxyl 
groups of the silica template was very weak.

Herein, we demonstrate a facile “surfactant-assisted” nanocasting route for the synthesis of highly ordered 
mesoporous graphitic carbon with improved yield. This synthesis was achieved using as-prepared OMS without 
removal of P123 surfactant as the hard template, natural organic soybean oil (SBO) as a carbon precursor which 
can be easily infiltrated into the mesopore channels of the silica template with the help of the hydrophobic domain 
of the triblock copolymers to reach a high filling. The structural order and textural properties of the obtained 
carbon materials were characterized by X-ray diffractometry (XRD), thermogravimetric (TG) analysis, nitrogen 
adsorption-desorption, Raman spectroscopy, scanning electron microscopy (SEM) and transmission electron 
microscopy (TEM). Meanwhile, a CO2 adsorption capacity on the amine- modified mesoporous carbon materials 
with different textural structures was investigated and compared.

Methods
Materials preparation. Mesoporous silica SBA-15 template with rod-like morphology was synthesized 
as the reported procedure except enlarging the amount by ten times24. Highly ordered mesoporous graphitic 
carbon was synthesized using one-step “surfactant-assisted” nanocasting route without the help of any organic 
solvent. In a typical synthesis, the OMS as-prepared, SBA-15 template (without removal of self-possessed P123 
surfactant, denoted as SBA-15-1), was dispersed into the liquid state SBO and stirred for 5–8 h at room temper-
ature, during this process the SBO molecules can be easily adsorbed by the mesoporous silica template with the 
help of the hydrophobic domain of the triblock copolymers. After filtering, the SBO/SBA-15-1 composite was 
transferred into a tube furnace to carbonize the precursor at 900 °C under nitrogen atmosphere for 4 h to obtain 
a graphitic carbon-silica composite (GC/SBA-15-1). The resultant ordered mesoporous graphitic carbon referred 
to as MGC-1 can be acquired after removal of the silica template with 10% HF aqueous solution.

For comparison, another mesoporous graphitic carbon was prepared using calcined mesoporous SBA-15 
(without surfactant in mesochannels, named as SBA-15-2) as the hard template by the same method and denoted 
as MGC-2.

Surface modification with amine groups. Amine-modified carbon materials (MGC-1 and MGC-2)  
were prepared according to the procedure reported previously25. Typically, 1.0 g of MGC-1 or MGC-2 was 
soaked in a 10 g methanol solution containing 0.67 g TEPA at room temperature for 3 h, then dried at 45 °C under 
reduced pressure overnight to evaporate methanol and avoid amino group degradation. The resulting hybrid 
materials were designated as TEPA-MGC-1 and TEPA-MGC-2, respectively, and the TEPA weight percentage in 
the hybrid materials was about 40%.

Characterization. Small-angle XRD patterns were recorded on a Rigaku D/MAX-2550VB/PC diffractome-
ter under the following conditions: θ -2θ  mode, CuKα 1 radiation (λ  =  1.5406 Å), 40 kV, 200 mA, and scanning step 
0.02°/sec. Wide-angle XRD patterns were recorded in the same mode, except the condition at 100 mA. Raman 
spectra were recorded with a Dilor LabRam-1B RS device at the He-Ne laser (excitation wavelength =  632.8 nm). 
SEM images were measured on a Philips XL-30 SEM device at an acceleration voltage of 25 kV. TEM images 
were taken on a JEOL JEM-2010 TEM device with an acceleration voltage of 200 kV. After the samples were 
vacuum-degassed at 200 °C for 6 h, nitrogen sorption isotherms were recorded on a BeiShiDe 3H-2000PS4 device 
at − 196 °C. Moreover, the Brumauer–Emmett–Teller (BET) SSAs were calculated. From the desorption branches 
of the isotherms, pore size distributions were deduced via the Barrett– Joyner–Halenda (BJH) method. Total pore 
volume (Vt) was determined at a relative pressure of 0.98. TG analysis was carried out using a PerkinElmer STA-
8000 analyzer (America) from 25 to 800 °C, in a 25 mL min−1 air flow and at a heating rate of 10 K min−1.

CO2 adsorption analysis. The CO2 adsorption isotherms of the samples were measured by a simultane-
ous DSC-TGA analysis using a STA-8000 instrument under ambient pressure (1.0 atm). In a typical procedure, 
the sample was degassed at 100 °C for 60 min under an Ar flow to remove physisorbed moisture and impurities 
adsorbed, after the temperature was decreased to 75 °C, the sample was allowed to adsorbed CO2 by passing CO2 
at a flow rate of 25 mL min−1. Upon introduction of the CO2 gas, a weight gain was observed due to CO2 physical 
absorption on the sample surface, the process was continued for 90 min.

Results and Discussion
Figure 1 shows the synthesis process of this “surfactant-assisted” nanocasting route for the ordered mesoporous 
graphitic carbon. The main advantage of this method is that the organic surfactant P123(EO20PO70EO20) in SBA-
15 template does not need to be removed since it can effectively adsorb the organic liquid carbon precursor in 
mesochannels of the template and finally effectively enhance the yield of the graphitic carbon materials.

To demonstrate that this innovative synthetic route can efficiently help to promote the inclusion of SBO mol-
ecules in SBA-15 mesochannels, we prepared the graphitic carbon-silica composites (GC/SBA-15-1 and GC/
SBA-15-2) using two different SBA-15 templates and subjected to TG analysis to ascertain the amount of graphitic 
carbon loaded on SBA-15 via the complete combustion of the carbon at high temperature. As showed in Fig. 2, 
the mass loss increases with temperature rise, the final weight losses of GC/SBA-15-1 and GC/SBA-15-2 were 
calculated to be 53.3% and 42.4%, respectively, suggesting that more SBO molecules are efficiently included in 
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SBA-15-1 template via this “surfactant-assisted” strategy. To exclude the increased carbon content derived from 
P123 in GC/SBA-15-1, we set the mesoporous silica template SBA-15-1 as-prepared (without removal of sur-
factant) to carbonization (the obtained composite named as C/SBA-15-1) and further analyzed by TG (Fig. 2). 
Clearly, the residual carbon content in C/SBA-15-1 is only 1.1 wt%, which is much lower than enhanced carbon 
content (10.9 wt%) between GC/SBA-15-1 and GC/SBA-15-2.

The silica templates were then removed from GC/SBA-15 by etching with an HF solution, followed by char-
acterization via XRD. As showed on the low-angle XRD patterns (Fig. 3a), MGC-1 has three evident XRD peaks 
within 2θ =  0.8–2.1°, which are assigned to (100), (110) and (200) reflections of the 2D hexagonal (p6mm) sym-
metry, respectively. These results suggest MGC-1 is exactly a reverse duplication of the silica template, which are 
later proved by TEM. However, MGC-2 has only one lower-intensity peak corresponding to the (100) reflection, 
suggesting its mesostructural ordering of 2D hexagonal frameworks is lower compared with MGC-1. As showed 

Figure 1. Schematic illustration of the synthesis process of ordered mesoporous graphitic carbon by 
“surfactant-assisted” nanocasting route. 

Figure 2. TG curves of different carbon-silica composites. 

Figure 3. (a) Low-angle XRD patterns and (b) wide-angle XRD patterns of MGC-1 and MGC-2.
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on the wide-angle XRD patterns (Fig. 3b), both MGC-1 and MGC-2 have three characteristic peaks at around 25, 
44, and 78°, corresponding to the (002), (101) and (110) reflections of graphitic carbons, respectively. Moreover, 
their diffraction intensities and peak widths are consistent with those of graphitic mesoporous carbon prepared 
by using aromatic compounds as carbon precursors13,18. The d-spacing values obtained from the (002) peak of 
MGC-1 and MGC-2 are 0.345 nm and 0.347 nm, respectively, both values are very close and slightly larger than 
that of pure graphite (0.335 nm). The Raman spectra of the MGC-1 and MGC-2 are shown in Fig. 4, both exhibit 
similar features with two main peaks at around 1330 cm−1 (D band) and 1580 cm−1 (G band), where the relatively 
low ID/IG values (about 0.87 and 0.86 for MGC-1 and MGC-2, respectively) combined with a sharp G-band con-
firm that the obtained carbon materials have a moderate graphitization13,26, which can be confirmed by their TEM 
images (see below).

As shown in Fig. 5, the nitrogen sorption isotherms of both MGC-1 and MGC-2 belong to the typical type 
IV showing a H1-type hysteresis loop within P/P0 of 0.4–0.8, which is typical of mesoporous non-siliceous mate-
rials prepared by the hard template method. However, the steep decrease of the nitrogen desorption in MGC-2 
occurred at P/P0 of 0.45–0.65, indicating a broader pore size distribution compared with MGC-1, as confirmed 
by the pore size distribution curve in Fig. 5b. All the calculated textural parameters were listed in Table 1. The 
BET surface areas of MGC-1 and MGC-2 are 550.5 and 614.6 m2 g−1, respectively. The slight higher surface 
area, broader pore size distribution and higher pore volume for MGC-2 can be ascribed to the incompletely 

Figure 4. Raman spectra of MGC-1 and MGC-2. 

Figure 5. (a) N2 adsorption-desorption isotherms and (b) corresponding pore size distribution curves of the 
MGC-1 and MGC-2 samples.

Samples SBET (m2/g) Pore size (nm) Pore volume (cm3/g) d002 (nm)

Elemental analysis

C (wt. %) N (wt. %) H (wt. %)

MGC-1 550.5 3.5 0.772 0.345 98.12 0.96 0.92

MGC-2 614.6 4.2 1.122 0.347 97.87 1.22 0.91

TEPA-MGC-1 7.7 3.78 0.215 / 79.92 15.14 4.94

TEPA-MGC-2 8.9 4.27 0.180 / 80.75 14.49 4.76

Table 1.  Textural parameters of the MGC-1, MGC-2, and their amine-modified samples.
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filling of carbon precursor in the channels of silica template. After amine-modification, the BET surface areas 
of TEPA-MGC-1 and TEPA-MGC-2 reduced significantly, as well as their pore volume. The elemental analysis 
results in Table 1 reveal that the amine groups have been grafted on the surface of carbon materials, and the TEPA 
contents (wt.%) according to calculation in the resulting hybrid materials are very close to the initial added weight 
percentage. It is should be noticed that the C/N ratio of TEPA-MGC-1 is slightly lower than that of TEPA-MGC-2, 
indicating a richer amine groups in the TEPA-MGC-1. This suggested that the highly ordered mesostructure 
plays a dominant role compared with surface area and pore volume for surface modification of MGC materials.

The morphology and textural structure of the MGC-1 and MGC-2 were investigated by using SEM and TEM. 
In Fig. 6a, it can be seen that MGC-1 has a well-defined rodlike morphology with regular surface after removing 
the silica template, suggesting that this carbon material was an exact reverse-replica of the SBA-15 template. 
While a serious large-scale texture deformation is observed for MGC-2, even to the rough surface residues in a 
disorderly fashion (Fig. 6b inset). The improved textural framework for MGC-1 is further evidenced by the TEM 
images in Fig. 6c, it can be found that the linear arrays of mesochannels along [100] direction are observed as 
arranged in an orderly, regular pattern. Whereas a much less organized mesoporous structure with a considerable 
number of defects is detected for MGC-2, indicating producing larger mesoporous channels which is in agree-
ment with the result of pore size distribution curve as shown in Fig. 5b. As showed on the high-magnification 
TEM images, the irregular orientation of graphite layers is evidently stacked for both samples, which indicates the 
appearance of partially-graphitized carbon frameworks.

The enormous emission amount of CO2 into atmosphere by human activity has caused serious greenhouse 
effect and global warming27. CO2 capture and storage is recognized as a major technology to reduce CO2 emis-
sions and combat climate change. It has been reported that amine-functionalized mesoporous materials can 
function as effective solid absorbents for CO2 capture and separation28–30. Herein, CO2 adsorption capacity of 
TEPA-modified MGC-1 and MGC-2 was investigated and compared on a thermogravimetric analyzer at the 
temperature of 75 °C. Figure 7 shows the CO2 adsorption isotherms under ambient pressure (1.0 atm). Clearly, the 
adsorption equilibration of both samples is achieved within a short time, and the CO2 adsorption capacity for the 
TEPA-MGC-1 (57.2 mg g−1) has a distinct advantage over TEPA-MGC-2 (31.3 mg g−1). This higher adsorption 
performance for the TEPA-MGC-1 should be attributed to the improved order of mesochannels and the presence 
of fewer textural structure defects. The improved textural structure, especially the well-organized 2D hexagonal 
frameworks facilitate the dispersion of amine group on the mesoporous carbon support, and further promote 
CO2 adsorption due to the increasing diffusion of gas molecular in the ordered mesopore channels.

Figure 6. Typical SEM and TEM images of (a,c) MGC-1 and (b,d) MGC-2.



www.nature.com/scientificreports/

6Scientific RepoRts | 6:26673 | DOI: 10.1038/srep26673

Conclusions
A simple surfactant-assisted nanocasting route using natural soybean oil as a carbon precursor was designed to 
synthesize highly-ordered mesoporous graphitic carbon. XRD, TG, Raman, nitrogen sorption, SEM and TEM 
show that the precursor was easily infiltrated into the mesopore channels of the silica template, with the help 
of the hydrophobic domain of the self-possessed triblock copolymers. Also this mesoporous carbon has much 
higher yield and structural ordering than the carbon material prepared from the surfactant-free route. Because of 
this improvement, the mesoporous graphitic carbon after amine modification could absorb more CO2 capacity 
under ambient pressure.

References
1. Joo, S. H. et al. Ordered nanoporous arrays of carbon supporting high dispersions of platinum nanoparticles. Nature 412, 169–172 

(2001).
2. Yu, J.-S., Kang, S., Yoon, S. B. & Chai, G. Fabrication of ordered uniform porous carbon networks and their application to a catalyst 

supporter. J. Am. Chem. Soc. 124, 9382–9383 (2002).
3. Zhou, H., Zhu, S., Hibino, M., Honma, I. & Ichihara, M. Lithium storage in ordered mesoporous carbon (CMK‐3) with high 

reversible specific energy capacity and good cycling performance. Adv. Mater. 15, 2107–2111 (2003).
4. Modak, A. & Bhaumik, A. Porous carbon derived via KOH activation of a hypercrosslinked porous organic polymer for efficient 

CO2, CH4, H2 adsorptions and high CO2/N2 selectivity. J. Solid State Chem. 232, 157–162 (2015).
5. Stuckert N. R. & Yang R. T. CO2 capture from the atmosphere and simultaneous concentration using zeolites and amine-grafted 

SBA-15. Environ. Sci. Technol. 45, 10257–10264 (2011).
6. Wang, F., Tan, Y. X., Yang, H., Kang, Y. & Zhang, J. Open diamondoid amino-functionalized MOFs for CO2 capture. Chem. 

Commun. 48, 4842–4844 (2012).
7. R. E. & Wheatley, P. S. Gas Storage in Nanoporous Materials. Angew. Chem. Int. Ed. 47, 4966–4981 (2008).
8. Wan, Y. & Zhao, D. On the controllable soft-templating approach to mesoporous silicates. Chem. Rev. 107, 2821–2860 (2007).
9. Zhang, F. et al. A facile aqueous route to synthesize highly ordered mesoporous polymers and carbon frameworks with Ia 3 d 

bicontinuous cubic structure. J. Am. Chem. Soc. 127, 13508–13509 (2005).
10. Wan, Y., Shi, Y. & Zhao, D. Supramolecular Aggregates as Templates: Ordered Mesoporous Polymers and Carbons†. Chem. Mater. 

20, 932–945 (2008).
11. Ma, T.-Y., Liu, L. & Yuan, Z.-Y. Direct synthesis of ordered mesoporous carbons. Chem. Soc. Rev. 42, 3977–4003 (2013).
12. Yu, C., Fan, J., Tian, B., Zhao, D. & Stucky, G. D. High-Yield Synthesis of Periodic Mesoporous Silica Rods and Their Replication to 

Mesoporous Carbon Rods. Adv. Mater. 14, 1742–1745 (2002).
13. Kim, T. W., Park, I. S. & Ryoo, R. A synthetic route to ordered mesoporous carbon materials with graphitic pore walls. Angew. Chem. 

Int. Ed. 115, 4511–4515 (2003).
14. Lu, A. H. & Schüth, F. Nanocasting: a versatile strategy for creating nanostructured porous materials. Adv. Mater. 18, 1793–1805 

(2006).
15. Liang, C., Li, Z. & Dai, S. Mesoporous carbon materials: synthesis and modification. Angew. Chem. Int. Ed. 47, 3696–3717 (2008).
16. Yoon, S. B. et al. Graphitized pitch-based carbons with ordered nanopores synthesized by using colloidal crystals as templates. J. Am. 

Chem. Soc. 127, 4188–4189 (2005).
17. Gierszal, K. P., Jaroniec, M., Kim, T.-W., Kim, J. & Ryoo, R. High temperature treatment of ordered mesoporous carbons prepared by 

using various carbon precursors and ordered mesoporous silica templates. New J. Chem. 32, 981–993 (2008).
18. Yang, H. et al. A simple melt impregnation method to synthesize ordered mesoporous carbon and carbon nanofiber bundles with 

graphitized structure from pitches. J. Phys. Chem. B 108, 17320–17328 (2004).
19. Xia, Y. & Mokaya, R. Synthesis of ordered mesoporous carbon and nitrogen‐doped carbon materials with graphitic pore walls via a 

simple chemical vapor deposition method. Adv. Mater. 16, 1553–1558 (2004).
20. Zhang, W. H. et al. Synthesis of ordered mesoporous carbons composed of nanotubes via catalytic chemical vapor deposition. Adv. 

Mater. 14, 1776–1778 (2002).
21. Lei, Z. et al. CMK-5 mesoporous carbon synthesized via chemical vapor deposition of ferrocene as catalyst support for methanol 

oxidation. J. Phys. Chem. C 112, 722–731 (2008).
22. Wu, Z. et al. Synthesis of ordered mesoporous carbon materials with semi-graphitized walls via direct in-situ silica-confined thermal 

decomposition of CH4 and their hydrogen storage properties. Top. Catal. 52, 12–26 (2009).
23. Wang, Y. et al. Simple synthesis of graphitic ordered mesoporous carbon supports using natural seed fat. J. Mater. Chem. 21, 

14420–14423 (2011).
24. Sayari, A., Han, B.-H. & Yang, Y. Simple synthesis route to monodispersed SBA-15 silica rods. J. Am. Chem. Soc. 126, 14348–14349 

(2004).
25. Wang, X., Chen, L. & Guo, Q. Development of hybrid amine-functionalized MCM-41 sorbents for CO2 capture. Chem. Eng. J. 260, 

573–581 (2015).

Figure 7. CO2 adsorption isotherms at 75 °C of the TEPA-MGC-1and TEPA-MGC-2. 



www.nature.com/scientificreports/

7Scientific RepoRts | 6:26673 | DOI: 10.1038/srep26673

26. Maldonado-Hodar, F., Moreno-Castilla, C., Rivera-Utrilla, J., Hanzawa, Y. & Yamada, Y. Catalytic graphitization of carbon aerogels 
by transition metals. Langmuir 16, 4367–4373 (2000).

27. Figueroa, J. D., Fout, T., Plasynski, S., McIlvried, H. & Srivastava, R. D. Advances in CO2 capture technology—the US Department 
of Energy’s Carbon Sequestration Program. Int. J. Greenh. Gas Con. 2, 9–20 (2008).

28. Qi, G. et al. High efficiency nanocomposite sorbents for CO2 capture based on amine-functionalized mesoporous capsules. Energ. 
Environ. Sci. 4, 444–452 (2011).

29. Wang, L. et al. Amine-modified ordered mesoporous silica: The effect of pore size on CO2 capture performance. Appl. Surf. Sci. 324, 
286–292 (2015).

30. Mahasweta, N. et al. Unprecedented CO2 uptake over highly porous N-doped activated carbon monoliths prepared by physical 
activation. Chem. Commun. 48, 10283–10285 (2012).

Acknowledgements
This work was supported by National Natural Science Foundation of China (Grant No. 21103024, 51528202 and 
51502172), Capacity-Building of Local University Project by Science and Technology Commission of Shanghai 
Municipality (Grant No. 12160502400), Program of Shanghai Pujiang Talent Plan (Grant No. 14PJ1406800), “Shu 
Guang” project supported by Shanghai Municipal Education Commission and Shanghai Education Development 
Foundation (Grant No. 13SG), and Special Research Fund in Shanghai Colleges and Universities to Select and 
Train Outstanding Young Teachers (Grant No. slg12020).

Author Contributions
Y.G.W. and L.F.C. conceived the experiment(s), X.B. and F.W. conducted the experiment(s), S.F.K., H.F.Q. and 
Y.H.Z. analysed the results. All authors reviewed the manuscript.

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Wang, Y. et al. Surfactant-assisted Nanocasting Route for Synthesis of Highly Ordered 
Mesoporous Graphitic Carbon and Its Application in CO2 Adsorption. Sci. Rep. 6, 26673; doi: 10.1038/
srep26673 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/

	Surfactant-assisted Nanocasting Route for Synthesis of Highly Ordered Mesoporous Graphitic Carbon and Its Application in CO2 Adsorption
	Introduction
	Methods
	Materials preparation
	Surface modification with amine groups
	Characterization
	CO2 adsorption analysis

	Results and Discussion
	Conclusions
	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Surfactant-assisted Nanocasting Route for Synthesis of Highly Ordered Mesoporous Graphitic Carbon and Its Application in CO2 Adsorption
            
         
          
             
                srep ,  (2016). doi:10.1038/srep26673
            
         
          
             
                Yangang Wang
                Xia Bai
                Fei Wang
                Hengfei Qin
                Chaochuang Yin
                Shifei Kang
                Xi Li
                Yuanhui Zuo
                Lifeng Cui
            
         
          doi:10.1038/srep26673
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep26673
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep26673
            
         
      
       
          
          
          
             
                doi:10.1038/srep26673
            
         
          
             
                srep ,  (2016). doi:10.1038/srep26673
            
         
          
          
      
       
       
          True
      
   




