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Interfacial Assembled Preparation of Porous Carbon Composites 
for Selective CO2 Capture at Elevated Temperatures† 
Li-Ping Guo, Wen-Cui Li, Bin Qiu, Zhan-Xin Ren, Jie Du, An-Hui Lu* 

The development of porous sorbents that can selectively capture carbon dioxide (CO2) through adsorption technology 
from flue gas is essential to reduce emission of CO2 to the atmosphere. However, under typical flue gas conditions (0.15 
bar of CO2 at 40 °C-70 oC), the adsorption capacity and selectivity for CO2 over that for nitrogen (N2) remains poor on 
traditional porous adsorbents due to weak adsorbent-adsorbate interactions. Here, we report the synthesis of 
hierarchically structured porous carbon composites via an interfacial assembling strategy using nanoclay Laponite, 
resorcinol and formaldehyde as the precursors. This fabrication strategy allows fine tuning of the surface chemistry and 
pore network of porous carbons with the aim of enhancing the CO2 capture capacity at elevated temperatures (e.g., 50-
150 oC). The obtained carbon composites reach a record-high CO2/N2 selectivity (114.3) at 70 oC, according to equilibrium 
gas adsorption analysis and dynamic breakthrough measurement associated with a high adsorption capacity of 1.7 mmol 
g−1 at 1.1 bar and 70 oC, 0.5 mmol g−1 at 0.17 bar and 70 oC. The inorganic substances integrated 3D carbon framework is 
responsible for such superior CO2 capture at 70 oC by enhancing adsorbent-adsorbate interactions. 

1. Introduction
The mitigation of carbon dioxide (CO2) emissions from burning 
fossil fuels (more than 40% of annual global CO2 emissions) has 
been recognized as a crucial necessity, due to its contribution 
of climate change and increasing energy issues.1-6 This grand 
challenge has been stimulating tremendous research efforts in 
establishing methods to decrease CO2 emission. Recently, CO2 
capture and sequestration (CCS) technology has been 
developed and regarded as one of the most promising 
alternatives.7-10 Post-combustion CO2 capture process requires 
a sorbent that can selectively sorb CO2 under typical flue gas 
conditions (0.15 bar of CO2 at 40 °C-70 oC) with capturing 
90% of the CO2 from a mixture of CO2 and N2, low cost 
regeneration, fast sorption kinetics, and good cyclic stability to 
both dry and moist conditions.11-14

Currently, large-scale capture of CO2 produced from fossil-
fuel combustion is based on sorption by liquid amines aqueous 
solutions which selectively react with CO2 to form ammonium 
carbamate and/or bicarbonate species.15-17 In fact, amine 
solutions are prone to oxidative and thermal degradation and 
suffer from low CO2 working capacities, high energy penalty 
for regeneration and severe corrosion, contributing to an 
increase of electricity cost if applied for CCS.18,19 Therefore, a 
number of porous adsorbents including porous polymers,19-21 

porous silicas,22 zeolites,23,24 and metal-organic frameworks,25-

27 were studied for selectively capturing carbon dioxide 
through adsorption technology. Nevertheless, the common 
shortcomings of these materials are either low capacity or 
poor selectivity for CO2 due to hydrolytic instability and/or 
competitive binding of water to the CO2 adsorption sites.28,29 

To circumvent this, porous carbons as adsorbents for CO2 
capture is highly promising, because they have the advanced 
properties such as hydrophobicity and low energy-cost for 
regeneration.30-36 In spite of the considerable progress 
achieved so far, it has been clear that the total CO2 uptake and 
CO2 selectivity over N2 of porous carbons are lower upon 
temperature rise, because of the intrinsic limitation of physical 
sorption. To address this problem, we report here the 
synthesis of hierarchically structured porous carbon 
composites via an interfacial assembling strategy using 
nanoclay Laponite, resorcinol and formaldehyde as the 
precursors. This fabrication strategy allows fine tuning of the 
surface chemistry and pore network of porous carbon 
composites to exhibit a record-high CO2/N2 selectivity (114.3) 
at elevated temperatures.

2. Experimental
2.1 Chemicals

Resorcinol ( ≥ 99.5%), ammonia solution (25-28 wt %) and 
formalin (37-40 wt %) were supplied by Sinopharm Chemical 
Reagent Co., Ltd. Laponite (RD) was purchased from BYK 
Additives & Instruments. All chemicals were used as received 
without further purification. 
2.2 Synthesis of porous carbons 
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A series of composite polymers were prepared by controlling 
the mass ratio of resorcinol and Laponite (R:L = 2:1, 16:1 and 
64:1). Typically, Laponite (RD, 0.562 g) was dissolved in water 
(156 ml) homogenously and mixed for 30 min before 
resorcinol (9 g) was added to it. After vigorous stirring for 15 
min, formalin (37 wt %, 12 ml) was quickly injected into the 
solution. The colorless and transparent reaction system was 
then sealed and cured in an oven at 90 oC for 18 h. The 
resulting red monolithic composite was dried at 50 oC till no 
mass changed. Subsequently, the composite was pyrolyzed at 
target temperature for 2 h under an argon flow to produce a 
hierarchical carbon (denoted as RLF-16). Further, mild physical 
activation with CO2 was conducted at 800 oC for 1 h. The 
resultant sample was designated as RLF-16-act. As a control 
sample, resin-based carbon (denoted as RF-16, ammonia 
solution as a catalyst) was prepared following the same 
synthesis procedure without using Laponite.
2.3 Characterization

Zeta potential measurements were carried out at 25 oC on a 
Malvern Zetasizer Nano ZS90 Instrument. The high resolution 
transmission electron microscopy (HR-TEM) images were 
obtained using a 200 kV FEI Tecnai F30 instrument equipped 
with a cold field emission gun. For porosity analysis, an ASAP 
2020 sorption analyzer (Micromeritics) was used to obtain N2 
adsorption isotherms at -196 oC. The specific surface areas 
(SBET) was calculated using the Brunauer-Emmett-Teller (BET) 
method. The micropore surface area (Smic) and micropore 
volume (Vmicro, pore size < 2 nm) were obtained using the t-
plot method. Total pore volume (Vtotal) was calculated from the 
amount adsorbed at a relative pressure P/P0 of 0.99. 
Micropore size distributions (PSDs) were calculated by Density 
Functional Theory (DFT) method, and the mesopore size 
distributions were calculated by the Barrett-Joyner-Halenda 
(BJH) model using the adsorption branches of the isotherms. 
The compressive strength (the maximum stress supported by 
the samples during the test) of the porous carbons was tested 
in cylinder form with a length/diameter ratio of ~1 under 
uniaxial compression using a 2 kN intelligent strength 
tester(model DL III, Dalian Research & Design Institute of 
Chemical Industry), strain rate was 1 mm min-1 at 25 oC and 
30% relative humidity. Thermo-gravimetric analysis (TGA) and 
Differential Scanning Calorimetry (DSC) analysis were 
performed on a NETZSCH STA 449 F3 thermobalance from 40 
to 1000 oC with a heating rate of 10 °C min-1 under a nitrogen 
flow (20 ml min-1), the accuracy of the temperature control 
was about 0.25%. The X-ray diffraction (XRD) measurements 
were operated on a X'Pert-3 Powder diffractometer and 
Rigaku D/Max 2400 diffractometer in Bragg-Brentano 
geometry, using Cu Kα radiation (λ = 0.15406 nm); The 
accelerating voltage was 40 kV, and an applied current was 40 
mA. A Thermo VG ESCALAB 250 Microprobe instrument was 
applied to conduct X-ray photoelectron spectroscopy (XPS) 
analysis using Al Kα radiation as the X-ray source. Carbon 
dioxide temperature-programmed desorption (CO2-TPD) 
measurements were performed on a Micromeritics AutoChem 
II 2920 apparatus with a thermal conductive detector. Firstly, 

porous carbons were pretreated at 500 oC for 1 h under a He 
flow; Secondly, after the temperature has been cooled down 
to 70 oC, porous carbons were flooded with CO2 for 30 min; 
and then, CO2 gas was switched to a He flow until the baseline 
of a mass spectrometer was flat, indicating the physically 
adsorbed CO2 molecules were removed. Finally, the 
temperature was gradually increased to 500 oC with a ramping 
rate of 10 oC min-1. The gas phase compositions were analyzed 
by an online mass spectrometer (MS, Pfeiffer, OminStarTM) 
with the following mass-to-charge (m/z) signal: 44 for CO2.
2.4 Single gas adsorption and dynamic separation measurements

Single gas equilibrium adsorption measurements: a 
Micromeritics ASAP 2020 static volumetric analyzer was 
applied to collect single gas adsorption isotherms of porous 
carbons at the required temperature (0, 25, 50, 70, 100 and 
150 oC). Prior to each adsorption experiment, the sample was 
degassed at 200 °C and introduced pure gas (N2 or CO2) into 
the system after cooling down to the targeted temperature, 
then adsorption capacity was obtained under standard 
temperature and pressure (STP). N2 (99.99 %) and CO2 (99.995 
%) gases purchased from Dalian Special Gas Products Co., Ltd. 
were used as received. The enthalpy of CO2 and N2 adsorption 
onto the porous carbons was calculated using the Clausius-
Clapeyron equation: Qst = RT2 (∂lnP/∂T)q, (R: universal gas 
constant, T: absolute temperature, P: the equilibrium pressure, 
q: the amount adsorbed).

Dynamic mixture gas separation experiments: binary 
mixture separation experiments were conducted using a fixed-
bed column. The adsorbent was packed into a stainless steel 
tube (8 mm x 135 mm) operated at 25 oC or 70 oC and 1.1 bar 
which were controlled by a thermostatic water bath and a 
pressure controller, respectively. The adsorbent bed was held 
for 120 min under argon flow (100 mL min-1), then 
breakthrough experiments were performed by switching 
abruptly from argon to a gas mixture at a flow rate of 12 mL 
min-1. The treated gas from the sorber was monitored online 
using a gas chromatograph. The adsorption capacity of 
adsorbent was calculated by integrating the breakthrough 
curve along with the subtraction of a blank. The blank 
experiment was also conducted at the same temperature and 
pressure but with a packed bed containing quartz sand. The 
selectivity for gas mixtures was defined as S= (q1/y1) / (q2/y2), 
where qi is the absolute adsorbed amount of gas i, yi is the 
molar fraction of gas i in the gas mixture.37

3. Results and discussion
3.1 Structure properties of the synthesized porous carbon 
composites

The interfacial assembling approach is hereby presented for 
the fabrication of carbon composites with a tunable pore 
network from micro- to hierarchical micro-/mesoporous 
(Scheme 1a). This approach is based on the use of 
environment-friendly chemical Laponite rather than the widely 
used Pluronic surfactant F127 or P123. The Laponite has an 
overall negative charge on the surface with positively charged 

Page 2 of 7Journal of Materials Chemistry A

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
A

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 3
0 

Ja
nu

ar
y 

20
19

. D
ow

nl
oa

de
d 

by
 A

uc
kl

an
d 

U
ni

ve
rs

ity
 o

f 
T

ec
hn

ol
og

y 
on

 1
/3

0/
20

19
 1

1:
01

:2
3 

A
M

. 

View Article Online
DOI: 10.1039/C8TA12122B

http://dx.doi.org/10.1039/c8ta12122b


Journal Name  ARTICLE

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 3

Please do not adjust margins

Please do not adjust margins

edges (See supporting information).38 During the synthesis, 
resorcinol molecules first adsorbed on the surfaces of Laponite 
nanoplates colloidal dispersions through hydrogen bonding 
and electrostatic interactions, and then this matrix acted as 
bridge molecules to induce the polymerization of resorcinol 
with formaldehyde and consequent assembly on the interfaces 
of the Laponite nanoplates. Charge property of the Laponite 
colloids was confirmed by zeta potential analysis (Figure 1a). 
After the addition of resorcinol and formaldehyde, the zeta 
potential of the reaction solution slightly changed from -36.6 
mV to -33.1 mV, and the system still retained excellent 
colloidal stability and Tyndall effect (Figure 1b). Further 
heating of this homogeneous nanocomposite sol formed red 
resin-Laponite compounds (from Scheme 1c to Scheme 1e).  
Remarkably, when the mass ratio of resorcinol and Laponite 
was set as 2, 16 and 64 respectively, the obtained gel was 
homogeneous in appearance.

When only resorcinol and formaldehyde were used as 
precursors under identical reaction conditions, powder sample 
was obtained. After pyrolysis of the powder, the produced 
carbon sample named as RF-16 shows microporous feature 
(Figure 2a, Table 1). In contrast, the Laponite-doping effect 
increases the part of “strong” van der Waals forces (dipole-
dipole force) coupled with hydrogen bonding and electrostatic 
interactions.39 It enables 3D carbon frameworks assembled as 
a monolith (Scheme 1a, Scheme 1 ce). Notably, when an 
appropriate content of Laponite nanoplates (R:L = 16:1, 4.7 
wt.%) was introduced, the hierarchical micro-/mesoporous 
carbon composite RFL-16 with uniform mesopores (7 nm) was 
obtained (Figure 2b and 2c). The TG curve of Laponite shows a 
high residual weight (87.6 % at 1000 oC, Figure S1a), clearly 
suggesting its excellent thermal stability. Under pyrolysis 
conditions, the resin was transformed into an amorphous 
carbon material and the Laponite into an anhydrous (weight 
loss: 4.2 wt.%, physi-sorbed interparticle water) and partially 
magnesium-dehydroxylated silicate (weight loss: 8.2 wt.%, 
structural water), being consist with the previous report.40,41 
Owing to the dehydroxylation of Laponite layers occured 
stepwise and the recrystallization of amorphous meta-phases, 
the DSC curve (Figure S1a) shows a weak endothermic peak 
followed by a sharp exothermic peak.42 The mass fraction of 
inorganic components derived from Laponite in the carbon 

composites is about 8.4 wt.%. The XRD pattern of Laponite 
exhibits a characteristic peak at 2 approximately 19.6°, 
corresponding to the (003) plane of the tetrahedral-
octahedral-tetrahedral layer with d-spacing of 4.5 Å.43 XRD 
pattern of the Laponite heated to 800 oC (denoted as Laponite-
800) gives evidence of the formation of the crystalline phase of 
a pyroxene mineral, via topotactic reaction at 800 oC.44 Two 
broad XRD peaks of RLF-16 and RLF-16-act centered at 22 o and 
43 o can be indexed to (002) and (100) reflections of 
turbostratic or amorphous carbons, respectively (Figure 2d). 
TEM image and energy-dispersive X-ray (EDX) of RLF-16 show 
that the Laponite nanoplates uniformly distribute in the 
resultant porous carbon composite, as evidenced by the 
elemental mapping of carbon, magnesium and silicon, further 
demonstrating an integrated composite structure (Figure 2e). 
And the compression strength of the corresponding porous 
carbon composite is greater than 4 MPa (Scheme 1a). The 
packing density of the porous carbon composite indeed 
increased from 0.01 g cm-3 (RF-16) to 0.57 g cm-3 (RLF-16). For 
practical applications, porous adsorbents are commonly 
packed into a fixed bed with restricted space. Thus, the 
packing density of the adsorbents is a critical factor to be 
considered, in order to minimize the size of column towers, 
and optimize the heating efficiency during a regeneration 
process.45

Table 1. Structure properties of the synthesized porous carbons.

Sample
Yield 
/ %

a SBET

/ m2 g-1

b Smicro

/ m2 g-1

c Vtotal

/ cm3 g-1

d Vmicro

/ cm3 g-1

RLF-2 47.9 359 241 0.24 0.11

RLF-16 49.1 760 394 0.65 0.21

RLF-64 49.8 707 543 0.69 0.25

RLF-16-act 36.6 949 482 0.81 0.25
RF-16 53.2 465 394 0.38 0.27

a SBET: specific surface area; b Smic: micropore surface area; c Vtotal: total pore 
volume at P/P0 = 0.99, d Vmic: micropore volume.

Scheme 1. (a) Schematic synthesis of hierarchically structured porous carbon 
composites. The photographs of (b) Laponite colloids and composite polymers 
prepared by controlling mass ratios of resorcinol (R) and Laponite (L) into (c) 2, 
(d) 16, (e) 64.

Figure 1. (a) Charge properties of the Laponite colloids. (b) The zeta potential changes 
during the synthesis of polymer.
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Moreover, it is noteworthy that the carbonized composite RLF-
16 shows a significant increase (63%) in the surface area and 
reaches values of 760 m2 g-1 even with the addition of high 
density Laponite. This is owing to the formation of nanosized 
carbon particles as detected by transmission electron 
microscope (Figure 2e). In order to further enlarge the porosity 
of the carbon composite, a subsequent physical activation 
using carbon dioxide at 800 °C was conducted. As a result, 
sample RLF-16-act was synthesized (packing density: 0.48 g 
cm-3). As seen in Figure 2a, the nitrogen sorption isotherm of 
RLF-16-act shows steep uptakes at relative low pressure, 
corresponding to the presence of enormous micropores (the 
micropore volume is 0.25 cm3 g-1). The specific surface area is 
calculated to be 946 m2 g-1 (Table 1). Meanwhile, it shows 
hysteresis at relative pressure 0.4-0.8, indicating the presence 
of mesoporous structure with mesopore size of 7 nm (Figure 
2c). 
3.2 CO2 adsorption by the porous carbon composites at elevated 
temperatures 

CO2 adsorption properties of RLF-16 and RLF-16-act were 
investigated from 0 to 150 oC (Figure 3 and Figure S3). Table S2 
summarizes the amount of CO2 adsorbed at various 
temperatures and 1.1 bar. At ambient temperature, RLF-16-act 
shows a medium CO2 uptake (3.0 mmol g-1), whereas, at 
elevated temperature (70 oC) and 1.1 bar, RLF-16-act exhibits 
high CO2 uptake of 1.7 mmol g-1, which is higher than or close 
to that of most porous carbons reported so far, as summarized 
in Table S3. Additionally, the quantity of CO2 adsorbed is 
higher than that for N2 at all temperatures for RLF-16 and RLF-
16-act, because CO2 molecule has greater quadrupole moment 
(4.30 × 10−26 esu cm2) and polarizability (29.11 × 10−25 cm3) 

compared to those of N2 molecule (1.52 × 10−26 esu cm2 and 
17.40 × 10−25 cm3, respectively).46 It seems that the addition of 
Laponite enhances host-guest interactions between the 
porous framework and the CO2, including dispersion and 
electrostatic interactions, while restraining the adsorption of 
N2.47 To evaluate the affinity of the pore surface towards the 
CO2 on RLF-16 and RLF-16-act, the isosteric heat of adsorption 
was calculated by the Clausius-Clapeyron equation using the 
single-component isotherms fitted at 50, 70 and 100 oC. At 
close to zero loading, the Qst values for RLF-16 and RLF-16-act 
are 32.6 and 37.9 kJ/mol, respectively, indicating that RLF-16-
act features a higher density of exposed CO2-philicity sites 
following activation, and has a greater affinity for CO2 at this 
condition (Figure S4a, Table S1). The high adsorption heats 
may be ascribed to the strong van der Waals interactions force 
between the carbon skeleton and CO2 adsorbate, which causes 
CO2 to be preferentially adsorbed. Therefore, the high 
selectivity of CO2 with respect to N2 could be anticipated. In 
order to shed light on this observation, the CO2/N2 adsorption 
selectivity of RLF-16 and RLF-16-act was determined using 
Ideal Adsorbed Solution Theory48 for an idealized flue gas 
(CO2/N2 15/85 v/v) through fitting the isotherm results (Figure 
S3). The calculated IAST selectivity of RLF-16-act is 16.6 at 70 
oC and 1 bar, while RLF-16-act exhibits high IAST selectivity of 
9.5 even at 150 oC and 1 bar (Figure S5, Table S4, and Table 
S5). Such significantly high CO2 capacity and CO2/N2 selectivity 
were attributed to the presence of strong adsorption sites and 
hierarchical pore structure.

3.3 Dynamic separation of binary mixture by the porous carbon 
composites 

Single-gas equilibrium adsorption results confirm prominent 
CO2 adsorption capacity of RLF-16-act at elevated temperature 
conditions. It is widely acknowledged that adsorbent 

Figure 2. (a) N2 sorption isotherms of the synthesized samples. The isotherms of RLF-
16 and RLF-16-act are vertically offset by 60 and 70cm3 g-1, STP, respectively. (b) Pore 
size distributions of RLF-16 and RLF-16-act using the DFT model based on the 
adsorption branches. (c) Pore size distributions of RLF-2, RLF-16, RLF-64 and RLF-16-act 
using the BJH model based on the adsorption branches. (d) XRD patterns of Laponite, 
Laponite-800 and as-made porous carbon composites RLF-16 and RLF-16-act. (e) TEM 
image and EDX mapping of RLF-16.

Figure 3. CO2 adsorption capacity as temperature function of (a) RLF-16 and (b) RLF-16-
act at 0, 25, 50, 70, 100 and 150 oC. 
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performance is determined by metrics of adsorption and 
separation capability, especially in PSA units. Keeping this in 
mind, column breakthrough experiments were thus conducted 
that simulating a flue gas condition, namely in a mixture of 
CO2/N2 (16.7/83.3 v/v) at 70 oC and 1.1 bar (Figure 4a). N2 
(capacity: 0.0175 mmol g-1) immediately flowed through the 
column, followed by sharp breakthrough of CO2 (capacity: 0.4 
mmol g-1) after 14 min even though under a flow rate of 12 ml 
min-1. CO2 adsorption capacity is almost equal to that of the 
equilibrium capacity of single component adsoption at 0.17 
bar and 70 oC (Figure 3b), further demonstrating the 
superiority of RLF-16-act showing high separation selectivity 
and fast adsorption kinetics. The micro-/mesoporous carbon 
composite provides record-high CO2/N2 selectivity (114.3) at 
70 oC compared with other adsorbents.4 This selectivity 
behavior is attributed to the combined effect of pore surface 
functionalities allowing for high binding affinity with CO2 and 
well-defined mesopores (7 nm) accelerating release of N2 upon 
temperature rise. Moisture has almost no effect on the 
separation ability using CO2/H2O/N2 (16/3/81, v/v/v) mixture 
as the feed, indicating good moisture resistance (Figure S6b). 
The regeneration ability of the hierarchical carbon composite 
has been examined as well and the adsorption capacities are 
almost identical in ten cycles (Figure 4b, Figure S7). These 
breakthrough measurements confirm that RLF-16-act shows 
superior adsorption of CO2 even under elevated temperature, 
enabling its effective removal of CO2 from a simulated flue gas 
stream.

CO2-philicity sites and 3D hierarchical meso-structure 
synergistically contribute to the efficiency of CO2 capture. The 
dynamic CO2 capacity (0.9 mmol g-1) of RLF-16-act results from 
abundant CO2-philicity sites on the carbon framework surface 
at 25 oC and 1.1 bar (Figure 4c). When the temperature 
increases to 70 oC, a certain amount of physically captured CO2 
molecules escapes from the pores, therefore CO2 capacity 
decreases to 0.4 mmol g-1. It indicates that a portion of the CO2 

molecules are still weakly attached on the surfaces. This 
adsorption hypothesis can be confirmed by the desorption 
peak centered at 119 oC in the corresponding CO2-TPD 
measurements, suggesting the existence of enhanced 
adsorbent-adsorbate interactions and relatively low CO2-
desorption temperature.15,49 The desorption quantity of CO2 
from relatively strong binding sites, deduced from CO2-TPD 
measurements for RLF-16-act was approximately 0.01 mmol g-

1 when the adsorption was conducted at 70 oC and 1 bar, 
which accounts for approximately 0.6% of the total CO2 
adsorption capacity under the same conditions. The remained 
inorganic substances such as Si, Mg and Na were detected by 
the XPS analysis (Figure S2, Table S1), indicating the existence 
of the polar pore surfaces that strengthen the binding affinity 
toward CO2 on the carbon composites. The doped nanoclay 
made carbon surfaces more polar was also verified by water-
vapor adsorption measurements (Figure S8). As a control 
experiment, the CO2-TPD results of the pristine microporous 
carbon RF-16 show invisible desorption peak, suggesting the 
lack of any strong interaction sites to CO2 (see Figure 4d). This 
carbon material also exhibits poor separation ability (SCO2/N2 = 
1.5) for CO2/N2 (16.7/83.3 v/v) mixture at 70 oC and 1.1 bar 
(Figure S9). Hence, the above mentioned results strongly 
reveal that the use of inorganic Laponite eventually 
contributes to the evolution of the surface chemistry and pore 
structure of the synthesized porous carbon composites. The 
formed 3D hierarchical meso-structure facilitates the diffusion 
of CO2 in the pore channels and improves the utilization 
efficiency of surface area and CO2-philicity sites, in turn 
synergistically accelerating the release of N2 upon temperature 
rise.

Conclusions
We have prepared nanoclay integrated porous carbon 
composites via an interfacial assembly process, followed by 
pyrolysis. The obtained porous carbon composites displayed 
both high CO2 adsorption capacity and excellent dynamic 
CO2/N2 selectivity under typical flue gas conditions (70 oC and 
1.1 bar). The inorganic additive contributes significantly to the 
enhancement of elevated temperature CO2 adsorption and 
separation performance in two ways: (i) generating strong 
interaction sites with CO2 molecules, and (ii) tailoring the pore 
size and architecture. This study demonstrates that by 
judicious design of the synthesis, high performance porous 
carbon composites can be prepared as excellent adsorbents 
for gas separation at elevated temperatures.
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Figure 4. (a) Column breakthrough curve of RLF-16-act for CO2/N2 (16.7/83.3 v/v) 
mixture at 70 oC and 1.1 bar. (b) Recycle runs of CO2 adsorption at 70 oC and 1.1 bar. 
Regeneration was performed by an argon flow (30 ml min-1) at 70 oC. (c) Column 
breakthrough curve of RLF-16-act for CO2/N2 (16.7/83.3 v/v) mixture at 25 oC and 1.1 
bar. (d) CO2-TPD measurements: mass spectra of CO2 species for RLF-16-act and RF-16. 
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Interfacial assembled preparation of nanoclay integrated porous carbon 

composites show superior CO2 capture performance at elevated 

temperature. 
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