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 Therefore, for practical implementation of solid-amine sorb-
ents, it is critical to enhance sorption working capacity, amine 
stability over multiple regeneration cycles, and particle size of 
the porous support. In principle, these issues can be resolved 
if a suitable support monolith can be developed, which show 
both high surface area and high pore volume, to offer high 
amine loading and binding within the 3D interconnected net-
work pores. [ 16,22–24 ]  Though tetraethylenepentamine (TEPA) 
is preferred over polyethyleneimine (PEI) due to its favorable 
CO 2  uptake with a high amine concentration, the volatilization 
of TEPA is a serious issue compared with PEI. [ 11,18–20 ]  Also if 
found suitable, a low-cost support is preferred. Here, we show 
a highly effi cient CO 2  scrubber with TEPA impregnated in an 
MOF-derived carbon monolith (MDCM) that exhibits simul-
taneously high specifi c surface area (SSA ≈ 2700 m 2  g −1 ) and 
ultrahigh hierarchical pore volume ( V  p  ≈ 5.35 cm 3  g −1 ). This is 
the fi rst demonstration of such kind of porous supports that is 
capable of accommodating a record level of amine and main-
taining the amine stability within the pores over several cycles. 
The system constantly shows over 200 mg g −1  of CO 2  adsorption 
capacity at simulated fl ue gas and practical conditions (humidi-
fi ed, 15% CO 2  balanced with N 2 , uptake at 75 °C and desorp-
tion at 100 °C) over several repeated cycles, outperforming any 
known sorbents reported to date. It can be regarded as a new 
generation of CO 2  super scrubber. To strengthen our fi ndings 
the results are comparatively discussed with amine@activated 
graphene oxide (ActGO) ( V  p  ≈ 1.9 cm 3  g −1 ) with small pore size 
distribution (PSD) of hierarchical pores and other literature on 
amine@silica with well-defi ned uniform pores. 

  Figure    1   shows the synthesis approaches and the porous 
structural characteristics of amine-loaded porous supports. 
Extraordinary advantage of the ultrahigh pore volume MDCM 
over other traditional MOF/activated carbon can be seen. 
Details of the synthesis of MOF-5 crystals, derived carbon 
monoliths, and ActGO are given in the Supporting Information 
(see the Experimental Section, Figure S1–S3, Supporting Infor-
mation). MOF-5 (Zn 4 O[benzene dicarboxylate] 3 ) shows a rela-
tively high porosity ( V  p  ≈ 1.2 cm 3  g −1  and SSA ≥ 3000 m 2  g −1 ) 
with cubic framework nanopore cages around 1.2 nm. On a 
practical level, it is inexpensive and relatively easy to synthesize 
in large quantities, e.g., at room temperature by stirring or a 
solvothermal method with the precursors (Zn nitrate salt and 
benzenedicarboxylic acid) solvent ( N , N ′-diethylformamide) in a 
tightly capped vial at 100 °C for a day. A rapid microwave or 
sonochemical synthesis has also been applied. However, MOF-5 
is not well received for the gas storage specifi cally due to its low 
molecular binding energy and uptake capacity. [ 7a ]    Importantly, 
it is highly sensitive to moisture and other fl ue gas containing 
acidic gases, which lead to degradation and complete collapse 

  Energy-related burning of fossil fuels is responsible for two-
thirds of the anthropological CO 2  emission that causes climate 
change. [ 1,2 ]  As a result, there is heightened public pressure for 
divestment in fossil fuels, unless effective carbon capture and 
sequestration (CCS) technology is implemented as a short/
medium-term solution. [ 3 ]  Current CCS for postcombustion fl ue 
gas stream is based on liquid amine scrubbing, where the fl ue 
gas is passed through an aqueous amine solution. [ 3–5 ]  However, 
the system suffers from a relatively high energy penalty due to 
limited surface utilization, easy degradation to harmful species, 
and high-temperature regeneration. In this regard, solid adsor-
bents with high accessible surface area, stability, and appro-
priate molecular binding energies are attractive to enhance 
the sorbent performance. [ 3–7 ]  In particular, common porous 
physical adsorbents, such as zeolites, carbons, and metal–
organic frameworks (MOFs), show great promise, especially 
for dry CO 2  adsorption. [ 7–9 ]  Further chemical functionaliza-
tion, e.g., attaching alkyl–amine groups on pore surfaces have 
been adopted to enhance the selective sorption of CO 2  and tol-
erance against humidity and other acidic gases in the effl uent 
stream. [ 10–12 ]  

 Recently, physical immobilization of amines on a porous 
support via wet impregnation has been demonstrated as a 
simple route of achieving an effective CO 2  sorbent for fl ue-gas 
conditions. [ 13–15 ]  A notable example is the amine@mesoporous 
silica system, where the achievable CO 2  capacities are directly 
related to the level of amine loading. [ 16–18 ]  However, the amine 
loading is limited in such silica supports, due to its relatively 
low pore surface area, low pore volume, and the mainly 1D pore 
geometry. Attempt to increase the amine loading usually comes 
at the expense of amine effi ciency due to excessive coating of 
multiple amine layers on particulate external surfaces. This 
ultimately compromises the sorbent performance, i.e., stability 
and lifetime, as desorption cycling leads to considerable amine 
leaching. [ 17–20 ]  In addition, the size of the porous silica particles 
is mostly limited to the nano-/micrometer levels, which can 
easily plug/entrain the fi lters in fl uidized beds. [ 21 ]  
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of the porosity. [ 8 ]  As shown in Figure  1 B the MOF-5 decom-
poses with amine impregnation.  

 Here, the readily synthesized MOF-5 structure is further 
exploited to obtain a much more stable and highly robust 
porous carbon (Figures S2–S5, Supporting Information). 
The MDCM is obtained by direct carbonization of MOF-5 at 
1000 °C. As shown in Figure  1 A the carbonization leads to a 
new generation of hierarchical micro- and mesopores with 
simultaneously high SSA of ≈2700 m 2  g −1  and ultrahigh  V  p  
of 5.35 cm 3  g −1 ; the latter is over four times greater than the 
 V  p  of MOF-5 and most of the commercial mesoporous silica, 
MCM-41 and SBA-15 (Table S1 and Figure S1, Supporting 
Information). Some fundamental insights into this structural 
transformation during carbonization of MOF and subsequent 
pore generation can be found in the literature. [ 23,25,26 ]  The 
PSD shows predominantly hierarchical mesoscale porosities 
between 3 and 50 nm. The mesopores between 3 and 200 nm 
derived from the BJH method accounts over 4.65 cm 3  g −1 . The 
micropores (up to 3 nm by means of the DFT method) account 
for 0.6 cm 3  g −1  (Figure S4, Supporting Information). In any 

case the simultaneous  V  p  and SSA of MDCD are remarkably 
high and have not been observed in any other type of porous 
solids (e.g., up to 4.4 cm 3  g −1  is reported in porous silica, [ 16 ]  
MOFs, [ 24 ]  and other MOF-derived carbons [ 23 ] ) so far. The SEM 
and TEM images show the surface morphology and carboniza-
tion induced turbostratic graphitic regions of 3D networks in 
MDCM ( Figure    2   and Figure S5, Supporting Information). The 
high-resolution SEM images of MDCM before and after TEPA 
loading show further insights of the local pore structures. The 
hierarchical pores with large cavities and microcracks can facili-
tate easy amine loading into most of the pores. The 4.0TEPA@
MDCM still shows some degree of free internal volume, which 
can aid rapid mass transport of CO 2  molecules. ActGO shows 
that the pores are well below 10 nm with SSA and total  V  p  of 
≈2500 m 2  g −1  and ≈1.9 cm 3  g −1 , respectively. Thus as illustrated 
in Figure  1 C, MDCM is clearly advantageous over ActGO in 
loading a high level of amines. According to the TEPA density 
(≈1 g cm −3 ), the pores can accommodate up to 5 and 2 g of 
amine for each gram of MDCM and ActGO, respectively. Up to 
6 g g −1  of TEPA loading in MDCM is easily obtained, whereas 
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 Figure 1.    Synthesis and porosity characteristics of MDCM and ActGO before and after TEPA loading. A) (a, b) Nitrogen adsorption–desorption 
isotherms at 77 K and (c, d) derived PSD- V  p  plots for (a, c) MDCM and (b, d) ActGO, pore-fi lling can be seen after TEPA impregnation. B) Digital 
photographs with millimeter scale bar for (a, b) MOF-5 and (c, d) MDCM before and after TEPA loading. C) Schematic illustrations of surface and pore 
textures of a single MDCM (above, a magnifi ed photograph of (B)) and powdered ActGO (below) (a, b) before and (d, e) after (c) TEPA impregnation. 
In both cases, (b) and (e) are magnifi ed versions of pore/surface textures. A pore-only confi ned and excess surface coated TEPA is seen in MDCM and 
ActGO, respectively, for a given 5 g g −1 of TEPA loading.
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3 g g −1  of TEPA loaded ActGO sample becomes rather sticky 
(Figure  1 C and Figure S6, Supporting Information). This is also 
evident from the direct comparison of the nitrogen isotherms 
(Figure S7, Supporting Information) and the derived porosity 
(Table S1, Supporting Information). Note that the reduction in 
pore volume with amine loading is larger than theoretical esti-
mation based on amine liquid density, which may be directly 
attributed to the pore blocking effect.  

 The samples are further characterized by thermogravimetry 
(TG), Raman, Fourier transform infrared (FTIR), and X-ray pho-
toemission spectroscopy (XPS). The major mass loss in TG plots 
( Figure    3  A and Figure S8, Supporting Information) at >200 °C 
confi rms the amine decomposition, which clearly suggests a 

relatively high thermal stability (≈100 °C) of the impregnated 
amine compared with the bulk counterpart. Porosity enhanced 
thermal stability is also greater in MDCM than in ActGO. It is 
remarkable that the Raman spectra still show representative 
Raman modes of host carbon even in the 6 g g −1  TEPA loaded 
sample (Figure S9, Supporting Information). The excess 
amine coating on surface is evidenced at smeared out D and G 
modes with a highly increased background. FTIR shows very 
weak IR absorption modes of TEPA in most of the MDCM 
compared with ActGO (Figure  3 B and Figure S10, Supporting 
Information). This is directly attributed to the well-confi ned 
phase of TEPA that is highly dispersed within the pores of 
MDCM compared to excess surface coating of bulk TEPA in 
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 Figure 2.    Surface morphology and pore structure of MDCM before and after TEPA impregnation. SEM images of a,b) MDCM and c,d) 4.0TEPA@
MDCM, respectively. e,f) TEM images of MDCM. a,c,e) Low and b,d,f) high magnifi cations, respectively.
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ActGO. In addition, the redshift (decrease in frequency) and 
blueshift of N H and C H modes, respectively, from bulk to 
impregnated TEPA confi rm the pore confi nement and interac-
tions with MDCM/ActGO supports. The amine interaction is 
also evident in the shifts of OH and C C/C O stretching in 
MDCM/ActGO. In XPS (Figure  3 C and Figure S11, Supporting 
Information), the deconvolution of C 1s spectrum of MDCM 
shows a combination of graphitic sp 2  and defective sp 3  carbons 
with considerable C O and COOH (or OH C O) func-
tionalities, which is also seen in O 1s two-peak behavior. After 
amine loading a clear change in C 1s and O 1s spectra is seen 
due to the amine C N bonds and coordinated oxygen between 
C and amine. The peak fi tting of N 1s suggests more or less 
equal two peaks at ≈399.6 and ≈400.2 eV, corresponding to free 
and surface bound amines, respectively.  

 Next the CO 2  uptake in all samples is screened with dry 
CO 2  of 100% with low pressure volumetric sorption iso-
therms measured between 60 and 75 °C on a Quantachrome 
gas uptake analyzer (Figure S12, Supporting Information). As 
shown in  Figure    4  A the uptake is mainly governed by amine 
loading. The amine loading between 4 and 5 g g −1  shows an 
optimum or the highest CO 2  uptake, again correlating well with 
the support (MDCM) pore volume. Either side of this loading 
shows a reduced uptake, in good agreement with the amine 
content in the free pore space and thickened surface coating 
of bulk amine outside the fi lled pores, respectively. Similar 
trend is also observed in amine@ActGO, about 2 g g −1  amine 
loading is the optimum. Importantly, the CO 2  uptake value of 
over 6 mmol g −1  at 1 bar in 4.0TEPA MDCM is comparatively 

very high to any known amine@carbon and is comparable 
with or higher than other amine@silica systems known to date 
(see Table S2 in the Supporting Information). [ 9,15–22,27–31 ]  Most 
of the literature on amine@solid sorbents shows a maximum 
possible CO 2  capacity well under 6 mmol g −1 . Here, a notably 
high CO 2  uptake of 5.6 mmol g −1  is observed at a low CO 2  
pressure of 0.15 bar, whereas the highest CO 2  uptake reported 
in any type of amine@carbon is 4.8 mmol g −1 , obtained by 
breakthrough experiment in a 3.0PEI carbon again due to a 
high pore volume of ≈3.6 cm 3  g −1  and a wide range of pores 
between 20 and 30 nm in the carbon support. [ 22 ]  Most of the 
commercial silica/activated carbons show smaller pore sizes, 
between 2 and 10 nm and pore volumes, mostly between 1 and 
2 cm 3  g −1  (Tables S1 and S2 in the Supporting Information). 
Thus, the unique pore characteristics in the MDCM are the 
key for achieving high amine confi nement and contribute to 
this outstanding CO 2  uptake capacity. The maximum capacity 
of 6.1 mmol g −1  in 4.0TEPA MDCM shows the amine effi -
ciency of ≈0.29 mol CO 2  per mol N, comparable to or higher 
than other amine@silica samples. [ 17 ]  The heat of adsorption 
of ≈50 kJ mol −1  at the CO 2  uptake of 4.4 mmol g −1  for the 
3.6TEPA MDCM (Figure S12, Supporting Information) is 
almost 50% lower than that of an aqueous amine sorbent of 
30% monoethanolamine (≈100 kJ mol −1 ). [ 7,14,17 ]   

 The cyclic lifetime on repeated adsorption–desorption runs 
is measured on TG with 100% CO 2  and N 2 , and at simulated 
fl ue gas conditions. For example,  Figure    5  A represents charac-
teristic fl ue gas CO 2  cyclic uptake curves between 5th and 16th 
cycles of a total of 20 during a 45 h operation (see Figure S13 
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 Figure 3.    Thermal stability and spectroscopic characteristics of TEPA loaded MDCM and ActGO. A) TG plots and B) FTIR spectra of 4.0TEPA MDCM 
and 4.4TEPA ActGO; MDCM and bulk TEPA are also measured for a reference. C) XPS C 1s, N 1s, and O 1s spectra of MDCM and 4.0TEPA MDCM. 
The square solid data are experimental and solid lines are deconvoluted peak fi ttings. Inset is O 1s spectrum for TEPA@MDCM.



4907wileyonlinelibrary.com

C
O

M
M

U
N

IC
A
TIO

N

© 2015 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

in the Supporting Information). The pre-assessed kinetics and 
uptake capacity tests at 60–90 °C (Figure S14 and S15, Sup-
porting Information) show 75–80 °C is the optimum for rapid 
uptake, reaching over 90% within 2 min compared to a few 
hours for bulk TEPA. Figure S13 (Supporting Information) 
shows comparatively full cyclic test runs up to 20 cycles at sim-
ilar experimental conditions for both MDCM and ActGO-based 
samples. A clear advantage is seen for the MDCM system over 
ActGO in terms of cyclic life, total uptake capacity, and sorp-
tion kinetics (Figure S14, Supporting Information). As shown 
in Figure  5 B the capacity loss is just about 6% between the 2nd 
and the 20th cycle for 5.0TEPA MDCM, whereas under a sim-
ilar situation, the loss accounts for 17% and 36% in 6.0TEPA@
MDCM and 4.4TEPA ActGO, respectively. Earlier in the litera-
ture a notable capacity loss up to 23% within fi rst 5–10 cycles is 
reported for TEPA loadings as small as 1–1.5 g g −1  in silica and 
clay supports (Figure S16 and Table S2, Supporting Informa-
tion). For instance, 1.5TEPA sepiolite clay shows up to 14% 

capacity loss within the fi rst ten cycles even with a low tempera-
ture, 90 °C desorption runs. [ 11 ]   

 Furthermore, the long cyclic stability, up to 82 test runs of 
the sorbent is demonstrated with 100% CO 2 . Figure  5 C shows 
the characteristic curves between 41st and 56th cycles of the 
total runs in a 70 h operation (Figure S17, Supporting Informa-
tion). As a reference we also measured cyclic N 2  uptake, which 
is just about 2 wt% (Figure S17C, Supporting Information). A 
remarkable cyclic uptake stability is seen in Figure  5 D, where 
it compares with four other TEPA@silica systems from the lit-
erature. It is clear that in the mesoporous silica, such as MCM-
41, SBA-15, and monoliths, a rapid uptake capacity loss up to 
11% is observed within fi rst seven or fewer cycles for a given 
TEPA loading of 1–2 g g −1 . [ 20,29,30 ]  The silica capsules show 
slightly high initial cyclic stability, which could be due to its 
relatively high surface area for amine interaction. [ 18 ]  However, a 
rapid capacity loss is seen at longer runs, ultimately the system 
shows about 40% of capacity loss at 50th cycle with 5 g g −1  
TEPA loading. In any case, the capacity loss is primarily attrib-
uted to the loss of amine on repetitive desorption at ≥75–100 °C 
for the system. The amine loss is also observed in much more 
stable poly/branched amines in silica. [ 17,19,31 ]  For instance, a 
cyclic capacity loss of ≈29% is reported in a mesoporous silica 
foam loaded with PEI (of 80 wt%) after 100 cycles of tempera-
ture swing. [ 17 ]  This is directly attributed to the loss of amine, 
where the system mass loss accounts about 30%. It is expected 
because of the thick layer of excess amine coating on the outer 
pore surface that is prone to leach out of the sample easily. 

 For a total pore volumes of ≤1 cm 3  g −1  in silica (MCM-41, 
SBA-15, and silica foam/capsules; see Table S2, Supporting 
Information) and according to the density of TEPA or PEI 
(≈1 g cm −3 ) it is possible to load about 1 g g −1  amine within 
the pores. Therefore, any excess amount of amine loading of 
>1 g g −1  resides on the particle external surface. For example, 
almost 3–5 g g −1  of amine out of the total loading of 4–6 g g −1 , 
≈70–86%, is covered on the silica particle surface. In case of 
the MDCM most of the TEPA is well impregnated within the 
pores. Interestingly, a considerable amine loss is also observed 
in mesoporous silica even at pore volume equivalent amine 
loadings, i.e., 1 g g −1 , ≈50% amine. Therefore, compared with 
the 1D pores of silica, the highly hierarchical, 3D pores in 
MDCM act as near space-fi lling networks (see TEM images 
in Figure  2  and Figure S5 in the Supporting Information) for 
strong confi nement of impregnated amine thus leading to high 
amine stability. Indeed, this is well in accord with the initial 
and fi nal sample masses at the beginning and the end of the 
cyclic desorption runs. As a further note, the sample mass loss in 
5.0TEPA MDCM and 4.0TEPA MDCM after 20 and 90 cycles, 
respectively, is just about 7% and 12%, compared to 16% in 
4.4TEPA ActGO. The hierarchical pore enhanced amine sta-
bility is further supported by a comparative study on PEI loaded 
hybrid graphene–silica sheets with hierarchical pores and pure 
silica sheets with a uniform 1D pores. [ 31 ]  The PEI on graphene–
silica becomes very stable for the fi rst 20 cycles of temperature 
swing, whereas at the same experimental conditions the PEI–
silica shows ≈28% capacity loss. Another important advantage 
in using the graphenic carbon support is their superior heat 
dissipation capability over relatively poor thermal conduction 
of mesoporous silica. [ 31 ]  As CO 2  interaction with amines is 
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 Figure 4.    CO 2  uptake isotherms measured at 75 °C against TEPA loading. 
A) TEPA@MDCM, the upward and downward slopes of the isotherms 
either side of the TEPA loading of 4 g g −1  are in good agreement with the 
 V  p  value of MDCM, i.e., a Langmuir-type isotherm due to remaining micro-
porosity and completely fi lled/blocked pores, respectively. B) TEPA@
ActGO. Insets in (A) and (B) show variation of CO 2  uptake at 0.15 bar CO 2  
as a function of TEPA loading. The effective CO 2  uptakes are achieved at 
more or less pore volume equivalent TEPA loading.
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exothermic, the carbon support can quickly dissipate the heat 
and prevent the chance of volatilization of amine. [ 5 ]  

 The samples subjected to CO 2  cycling are further character-
ized with FTIR and XPS. As shown in Figure S18 (Supporting 
Information), the FTIR shows prominent additional absorption 
modes between 1680 and 1630 cm −1 , suggesting partial oxi-
dation of the samples. [ 32,33 ]  This is also evidenced in the N 1s 
and O 1s peak shifts of XPS spectra (Figure S19, Supporting 
Information). Interestingly, this oxidation is more pronounced 
in a TEPA@ActGO than the TEPA@MDCM. Overall, it is very 
convincing that the excess amine coating on the surface out-
side the support pores is a major culprit and responsible for the 
rapid capacity loss. It is also understood that such amines are 
more susceptible to both oxidation and amine loss on repetitive 
adsorption–desorption cycles. Thus as shown above it is impor-
tant to have not only a suffi ciently high surface area, but also 
high pore volume with a wide range of 3D hierarchical pores 
spanning over the micro- to mesopore range in order to achieve 
near-space fi lling, strong confi nement, and well dispersion of 
the impregnated amine. Further improvements may also be 
achieved by fi ne control of the pore size of the support. As an 
example we show that (Figure S20, Supporting Information) 
the pore size and its distribution can be limited by size-control 

of MOF crystals. [ 23,25 ]  Other strategies, such as gentle com-
pression and pore decoration with graphene foam, [ 31 ]  can 
also enhance the mesopore density in the large cavities and 
free-void spaces of MDCM (see SEM images, Figure  2  and 
Figure S5, Supporting Information). The SEM images also 
show that there is still some degree of bulk deposition of the 
amine in the large pore space of MDCM. Thus, further con-
trol over confi nement and distribution of impregnated amine 
within the mesopores can enhance the long-term thermal sta-
bility and capture capacity of the solid-amine@carbon sorbent. 
In addition, the surface area and micropores can facilitate rapid 
mass transport and diffusion channels for CO 2  therefore very 
fast kinetics of adsorption and desorption can be achieved. [ 34 ]  

 In summary, we have discovered a carbon-monolith-based 
solid-amine system for effi cient CO 2  capture. Important insights 
on the cyclic CO 2  uptake and amine stability of solid-amine 
sorbents are presented. The MOF-derived carbon monoliths 
exhibit an ultrahigh hierarchical pore volume of 5.35 cm 3  g −1 , 
with a simultaneously high surface area up to 2700 m 2  g −1 , and 
are able to accommodate a record high level of amine, up to 5 g g −1  
within its hierarchically networked micro/mesopores over a 
wide range. On the other hand, for the same level of amine 
loading, over 60% of the amine content resides on the external 

 Figure 5.    Cyclic CO 2  uptake characteristics at 75 °C with 100 °C desorption. A) Simulated fl ue gas uptake (15% CO 2  in 85% N 2 : fl owing through a water 
bubbler at 50 mL min −1 ) cyclic curves between 5th and 16th cycles of 5.0TEPA MDCM with equal sorption and desorption time of 50 min. B) Cyclic 
uptake capacity and stability under simulated fl ue gas, up to 20 runs, for 5.0TEPA MDCM (solid diamonds), 6.0TEPA MDCM (solid spheres), 
4.4TEPA ActGO (solid hexagons), 2.2TEPA TiO 2  nanotubes (open hexagons, at 60 °C) [ 28 ]  and 1.5TEPA sepiolite (open triangles, at 60 °C). [ 11 ]  
C) Cyclic uptake at 100% CO 2  (humidifi ed) between 41st and 56th cycles for 4.0TEPA MDCM with 10 min sorption and 20 min desorption. D) Cyclic 
uptake capacity and stability at 100% CO 2  up to 82 runs for 4.0TEPA MDCM (solid spheres), 5.0TEPA silica capsules (open squares, 10 min each for 
sorption–desorption at 75–100 °C), [ 18 ]  2.0TEPA silica monoliths (open diamonds, 100 min each sorption–desorption at 75 °C), [ 20 ]  1.0TEPA MCM-41 
(open triangles, 30 min desorption at 100 °C), [ 29 ]  and 1.0TEPA SBA-15 (open circles, 30 min desorption at 100 °C). [ 30 ] 



4909wileyonlinelibrary.com

C
O

M
M

U
N

IC
A
TIO

N

© 2015 The Authors. Published by WILEY-VCH Verlag GmbH & Co. KGaA, WeinheimAdv. Mater. 2015, 27, 4903–4909

www.advmat.de
www.MaterialsViews.com

surface of already fi lled pores in the carbon/silica supports with 
a pore volume of ≤2.0 cm 3  g −1 . Thus, the highly dispersed and 
stabilized TEPA within the hierarchical 3D pore structure of 
MDCM shows much enhanced fl ue gas CO 2  scrubbing prop-
erties with remarkably stable long cyclic life. The results also 
suggest that the high capacity solid-amine-based sorbents for 
CO 2  scrubbing can be obtained by the designing the support 
with a high pore volume. The long-term and high-temperature 
stability can be further enhanced with the incorporation of the 
more stable long chain and high molecular weight polyamines, 
for example, pentaethylenehexamine. Furthermore, the control 
over CO 2  uptake and release is attainable with fi ne-tuning of 
pore structures of the host carbon. The ultimate issue may be 
not to divest in fossil fuels, but to invest in effective and effi -
cient carbon capture for fossil fuels.  
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