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Abstract 

CO2 adsorbents of high capacity were 
prepared from biomass residues. Two different 
methods for producing these adsorbents were 
compared: activation with carbon dioxide and heat 
treatment with ammonia gas (amination). The 
prepared carbons were physically and chemically 
characterised. Amination at 800 ºC introduced 
nitrogen into the carbon structure, turning the carbon 
surface more basic. On the other hand, activation 
with carbon dioxide led to a significantly higher 
texture development. The prepared adsorbents 
presented high CO2 capture capacities and showed 
fully reversible adsorption. Amination led to higher 
CO2 capture capacities in a volumetric basis. Thus, 
amination appears to be an appealing process for 
obtaining CO2 adsorbents. 

 
Keywords: CO2 Capture, Adsorption, Biomass 
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INTRODUCTION 

Currently the preferred technology to carry 
out the separation of CO2 in postcombustion 
applications is amine scrubbing. However, this 
technology presents a series of drawbacks such as 
its high energy requirements. Intense research is 
being done in order to reduce the cost of the capture 
step, and according to recent studies, this could be 
achieved by using adsorption with activated carbons 
or zeolites [1,2]. 

Activated carbons present a series of 
advantages for their use as CO2 adsorbents: high 
adsorption capacity at ambient pressures, ease of 
regeneration, low cost, and insensitiveness to 
moisture. Moreover, these materials can be obtained 
from almost any carbonaceous precursor by a first 
step of carbonisation and subsequent activation.  

 
The adsorption capacity of an activated 

carbon is mainly governed by its texture but it is also 
strongly influenced by its surface chemistry. Thus, in 
order to increase the affinity of an activated carbon 
towards CO2, its surface can be modified to include 
basic functionalities [3-5]. This can be accomplished 
by heat treatment with ammonia gas, which reacts 
with the carbon surface to form basic nitrogen 
functional groups  [5-7].  

In this work, two series of adsorbents were 
obtained from the carbonisation of two biomass 
wastes, followed by physical activation with carbon 
dioxide or by heat treatment with ammonia gas.  
 
EXPERIMENTAL 

Raw biomass was ground and sieved and a 
particle size between 1 and 3 mm was selected. 
Batches of around 15 g of the raw material were then 
carbonised under 50 cm3 min-1 flow rate of nitrogen, 
at a heating rate of 15 ºC min-1 up to a maximum 
temperature of 600 ºC, and held at this temperature 
for further 30 min.  

The resulting chars (A and O) were 
subjected to different treatments: physical activation 
with carbon dioxide (AA and OA) and treatment with 
ammonia gas (AN and ON). Both treatments were 
carried out in batches of around 3 g of char. Chars 
were heated in N2 flow until the sample reached the 
treatment temperature and then, the feed gas was 
changed to the reactive gas.  

Physical activation was conducted at 700 
(AA) and 800 ºC (OA) with a flow rate of 10 cm3 min-1 
of CO2, up to a 40 % burn-off degree. Ammonia 
treatment, commonly referred to as amination, was 
conducted at 800 ºC (AN and ON), in a flow rate of 
50 cm3 min-1 of NH3 for 2 h.  
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The prepared carbons were characterised in 
terms of texture (N2 and CO2 adsorption isotherms at 
-196 and 0 ºC, respectively, measured in a 
Micromeritics TriStar 3000), chemical composition, 
and surface chemistry (point of zero charge, TPD 
tests). The CO2 capture capacity of the adsorbents at 
atmospheric pressure was evaluated in pure CO2 
flow by means of a thermogravimetric analyser. The 
CO2 capture performance of the adsorbents in a 
binary mixture of CO2 and N2, representative of flue 
gas, was also evaluated by obtaining the 
breakthrough curves of the samples in a 
purpose-built bench-scale system.  
 
RESULTS AND DISCUSSION 
Table 1 Chemical analysis and point of zero charge of the 
studied samples 

Samples 
Ultimate analysis 

(wt.%, daf) pHPZC 
C H N O 

A 91.0 2.0 0.4 6.6 9.3 
O 93.0 2.2 0.3 4.5 8.7 
AA 91.8 0.7 0.9 6.6 9.9 
OA 95.4 0.4 0.6 3.6 9.5 
AN 89.2 0.6 4.5 5.7 10.9 
ON 91.7 0.7 3.6 4.0 11.0 

Table 1 summarises the total yield of the 
carbon production process, expressed as mass of 
carbon per mass of raw biomass, the point of cero 
charge (pHPZC) and the chemical analysis of the 
samples. 

The hydrogen and oxygen contents 
decrease in the activated and aminated samples, as 
they are related to the volatile matter. On the other 
hand, the nitrogen contents of the aminated samples 
increase due to the heat treatment with ammonia. 
The pHPZC values indicate that all the samples have a 
predominantly basic character. As expected, 
amination produced the most basic samples. 

Figure 1 shows the N2 and CO2 adsorption 
isotherms at -196 ºC and 0 ºC, respectively, for the 
prepared biomass-based adsorbents. Both 
treatments promote the development of porosity, 
mainly in the microporosity domain. However, 

activation with CO2 leads to a greater textural 
development than amination. 
 

Figure 1. Adsorption isotherms, a) N2 at -196 ºC and b) CO2 at 
0 ºC. 

 
Differences between both series of materials 

are observed: CO2 activation is more effective on A 
sample, and amination on O sample. The curved 
shape of the CO2 adsorption isotherms suggests the 
presence of narrow microporosity, particularly in the 
starting materials and the aminated samples. 

Table 2 summarises the textural parameters 
calculated from the N2 and CO2 adsorption isotherms 
at -196 and 0 ºC, respectively. The 
Dubinin-Radushkevich (DR) equation was applied to 
determine the volume of micropores (VDR) and of 
narrow micropores (W0). By using the 
Stoeckli-Ballerini relation it was possible to evaluate 
the average micropore width (LDR) and narrow 
micropore width (L0). It can be observed in Table 2 
that activation and amination increase the total pore 
volume (Vp), and BET apparent surface area (SBET) 
of the samples. However, both chars and sample AN 
exhibit higher narrow micropore volumes (W0) than 
total pore volume in nitrogen (Vp). This is due to 
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diffusion restrictions to the adsorption of N2 at 
-196 ºC on narrow micropores.  

Both treatments, activation with CO2 and 
amination, promote the development of 
microporosity in the samples. However, narrower 
microporosity is developed in the case of amination.  

Figure 2 summarises the equilibrium CO2 
capture capacities of the samples, measured in a 
thermogravimetric analyser in a flow of pure CO2, at 
two different temperatures: 25 and 100 ºC. These 
capacities are evaluated from the mass increase 
observed in the samples when exposed to CO2. The 
adsorption capacity diminishes with increasing 
temperature, as might be expected for equilibrium 
measurements in physisorption processes. 

The activated and aminated samples 
present higher capacities than the starting chars. 
Activated samples reached greater CO2 uptakes at 
25 ºC than the aminated ones. At 100 ºC differences 
in CO2 uptake between the activated and aminated 
samples become less significant. The activated 
samples exhibit higher micropore volumes that result 
in greater CO2 adsorption capacities at ambient 
temperatures. However, aminated samples contain 
basic nitrogen functionalities that appear to enhance 
CO2 adsorption at higher temperatures. 

The A series shows greater capacities than 
the O series. Maximum capacities at both 
temperatures were achieved for sample AA. The 
CO2 capture performance of the adsorbents in a 
binary mixture containing 17 % of CO2 in N2 was also 
evaluated. The values of CO2 adsorption capacities 
shown in Table 3, were obtained from the average 
capacity of 10 consecutive breakthough curves 
(deviation of the CO2 mass capacity within the 
different runs was below 0.09 in absolute value). 

 
Figure 2. CO2 capture capacities at 25 and 100 ºC for the 
studied samples. 

 
 
Table 2 Helium density and textural parameters calculated from the N2 and CO2 adsorption isotherms 

Samples dHe 
(g cm-3) 

N2 adsorption at -196 ºC  CO2 adsorption at 0 ºC 

SBET  
(m2 g-1) 

Vp  
(cm3 g-1) 

VDR  

(cm3 g-1) 

LDR  
(nm) 

 W0 

(cm3 g-1) 
L0  

(nm) 

A 1.60 21 0.01 — —  0.16 0.5 
O 1.65 43 0.03 — —  0.18 0.6 
AA 1.98 831 0.37 0.32 1.0  0.19 0.5 
OA 2.05 909 0.44 0.35 0.9  0.23 0.6 
AN 1.92 390 0.16 0.15 1.0  0.20 0.6 
ON 1.93 588 0.24 0.23 0.8  0.20 0.5 
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Table 3 CO2 capture capacities of the samples at ambient 
temperature in 17 % of CO2 in N2 

 
CO2 adsorption capacity is reduced when 

the partial pressure of CO2 is diminished, as 
expected for conventional adsorption processes. 
However, it must be highlighted that in a mixture 
containing 17 % of CO2 in N2, the activated and 
aminated samples presented similar CO2 capture 
capacities on a mass basis, despite their different 
textural characteristics. This is due to the basic 
nitrogen functionalities introduced during the 
amination process, which enhance the affinity of the 
aminated adsorbent towards CO2. Moreover, the 
aminated samples show higher CO2 adsorption 
capacities on a volumetric basis, due to the higher 
bulk densities of the solid beds. 
 
CONCLUSIONS 

Activation with CO2 of biomass-based chars 
led to adsorbents with higher texture development 
while samples heat treated in the presence of 
ammonia gas showed an increase in the nitrogen 
content and surface basicity.  

Prepared adsorbents showed significant 
CO2 capture capacities. In pure CO2 flow, the 
micropore volume seems to be the key parameter for 
CO2 adsorption. However, in a binary mixture of CO2 
and N2, the surface chemistry plays an important 
role. From a volumetric point of view, the aminated 
samples presented the greatest CO2 capture 
capacities.  
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Samples Bulk density 
(g cm-3) 

CO2 capture capacity 

g CO2 100 g-1 
adsorbent 

kg CO2 m-3 

packed bed 

A 0.41 2.2 9 
O 0.45 2.6 12 
AA 0.30 3.5 10 
OA 0.35 3.3 11 
AN 0.40 3.5 14 
ON 0.46 3.2 15 


