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a b s t r a c t 

The capacity to capture CO 2 was determined in several stoichiometric compositions in the Li 2 O–Bi 2 O 3 

system. The compounds (Li 7 BiO 6 , Li 5 BiO 5 , Li 3 BiO 4 and LiBiO 2 phases) were synthesized via solid-state re- 

action and characterized by X-ray diffraction, scanning electron microscopy and N 2 adsorption techniques. 

The samples were heat-treated at temperatures from 40 to 750 °C under the CO 2 atmosphere to evaluate 

the carbonate formation, which is indicative of the capacity of CO 2 capture. Moreover, Li 7 BiO 6 shows an 

excellent CO 2 capture capacity of 7.1 mmol/g, which is considerably higher than those of other previously 

reported ceramics. Li 7 BiO 6 is able to react with CO 2 from 240 °C to approximately 660 °C showing a high 

kinetic reaction even at CO 2 partial pressure values as low as 0.05. 

© 2016 Science Press and Dalian Institute of Chemical Physics, Chinese Academy of Sciences. Published 

by Elsevier B.V. and Science Press. All rights reserved. 
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1. Introduction 

Among the different greenhouse gases, carbon dioxide (CO 2 ) is

well known as the largest contributor to global warming [1] . In

the last years, different lithium-containing ceramics have been pro-

posed as possible CO 2 captors. Li 4 SiO 4 [2–5] , Li 2 SiO 3 [6,7] , Li 2 CuO 2 

[8,9] , Li 6 Zr 2 O 7 [10,11] , Li 4 TiO 4 [12] , Li 5 AlO 4 [13,14] and Li 8 SiO 6

[15,16] are all examples of ceramic sorbents with interesting cap-

ture properties from the point of view of high CO 2 capture ca-

pacities, high carbonation reaction rates at elevated temperatures

and in some cases, good stabilities and cyclic properties. The post-

combustion capture of CO 2 can be a more specific application for

lithium ceramics [17,18] . 

For example, lithium orthosilicate (Li 4 SiO 4 ), which is the most

studied absorbent so far, shows a theoretical capacity to capture

CO 2 (8.3 mmol/g) and it can operate in a wide range of tempera-

ture and CO 2 partial pressure ( P CO2 ). In fact, Li 4 SiO 4 is able to react

with CO 2 from room temperature to approximately 715 ºC at low

P values [2,3,19,20] . Li SiO experiences carbonation through
CO2 4 4 

✩ This work was supported by the SIP-IPN 20,151,545 Project. Furthermore, J. 

Ortiz-Landeros thanks to SIBE-IPN, and EDDI-IPN programs. I.C. Romero-Ibarra 
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he reaction 1, and the trapping mechanism in this type of mate-

ials involves the reversible reaction on the ceramic oxide at high

emperatures. 

i 4 SiO 4 + CO 2 ↔ Li 2 CO 3 + Li 2 SiO 3 (1)

The reaction shown in Eq. (1) (carbonation), starts at the sur-

ace of Li 4 SiO 4 particles forming a shell of reaction products in a

ore-shell microstructure. The core, formed by unreacted Li 4 SiO 4 ,

eacts eventually with CO 2 diffused through the porous shell. In

ddition, Li + ions diffuse through the crystals from the core to the

olid-gas interface to end up with the products shown in Eq. (1)

2,4] . Hence, the reaction 1 occurs through several processes. One

trategy to increase the capture capacity of CO 2 could include

he use of a ceramic where the processes involved in the car-

onation reaction are improved. For example, the Li 7 BiO 6 and

i 5 BiO 5 phases have high theoretical CO 2 capture capacities, 9.4

nd 7.7 mmol/g, respectively. Regarding ionic conductivity, these

aterials exhibit excellent lithium mobility over a wide temper-

ture range [21,22] . Actually, Li 7 BiO 6 and Li 5 BiO 5 show conductiv-

ty values of 5.7 × 10 -3 and 4.9 × 10 - 4 S/cm at 300 ºC, respectively

23,24] . These values are significantly higher than those observed

or other fast ionic conductors used as CO 2 captors [25] . As it was

reviously reported [26] , due to the Li + ionic transport involved
y of Sciences. Published by Elsevier B.V. and Science Press. All rights reserved. 
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Fig. 1. XRD patterns of the different pristine lithium bismuthate phases. ( 1 ) LiBiO 2 , 

JCPDS card No. 027-1221, ( 2 ) Li 3 BiO 4 , JCPDS card No. 018-0716, ( 3 ) Li 5 BiO 5 , JCPDS 

card No. 084-2002, ( 4 ) Li 7 BiO 6 , JCPDS card No. 026-841. 
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n the carbonation process, high carbonation kinetics might be ex-

ected for those materials exhibiting fast lithium mobility. 

In this report, several compounds in the Li 2 O–Bi 2 O 3 were tested

s CO 2 capture materials, looking for good capture capacities. The

im of this paper was to explore the potential use of lithium

ismuthates in the capture of CO 2 at high temperature, and, at

he same time, to analyze whether the mechanism of carbona-

ion is similar or not to the reported previously for other lithium-

ontaining ceramics as well as to establish the kinetic of the cap-

ure process. 

. Experimental 

.1. Preparation and characterization of lithium bismuthates 

Li 2 O–Bi 2 O 3 ceramics were synthesized via solid-state reaction,

sing lithium oxide (Li 2 O, Aldrich) and bismuth oxide (Bi 2 O 3 ,

ldrich) as reagents. Specifically, Li 7 BiO 6 , Li 5 BiO 5 , Li 3 BiO 4 and

iBiO 3 bismuthate samples were prepared. In all the synthesis, an

xcess of lithium oxide (5 wt%) was used to counteract the loss

f lithium due to sublimation. Reactants were mechanically mixed

sing an agate mortar. Then, the mixed powder was uniaxially dry-

ressed (5 ton/in 

2 ) into disks with diameter of 15 mm and thick-

ess of 2 mm. Pelletizing ensures the tight contact between the re-

ctant particles and therefore promotes the solid state reaction. In

ll the cases, the obtained tablets were heat treated in a tubular

urnace at 625 ºC for 15 h under dry air. The used heating and air

ow rates were 10 ºC/min and 30 mL/min. Finally, the tablets were

ulverized to further analysis of the powders. 

Crystalline phase identification of the different sam ples was

arried out by powder X-ray diffraction. XRD patterns were col-

ected using a Bruker AXS diffractometer model D8 Focus equipped

ith a Cu K α radiation source. The compounds were identified by

he corresponding JCPDS files (Joint Committee Powder Diffraction

tandards). The scanning electron microscopy (SEM) analysis was

erformed using an electronic microscope model JEOL JSM-6400

MA, USA). 

The specific surface area (SSA) of the Li 2 O–Bi 2 O 3 powders was

easured by N 2 adsorption measurements using a Belsorp-mini II

nalyzer from BEL Japan. Samples were degassed at 90 ºC for 12 h

nder vacuum prior to analysis. SSA values were obtained using

he BET model. 

.2. CO 2 capture evaluation 

The CO 2 capture capacity was evaluated by thermogravimet-

ic analysis using a TA Instruments thermobalance model Q500-

R. The capture tests (dynamic and isothermal) were performed

t temperatures between 40 and 750 ºC. All the experiments were

erformed using a total CO 2 gas flow rate of 60 mL/min (Praxair,

rade 3.0). Besides, to obtain the different isotherms, fresh samples

ere heated up to the target temperature under an inert atmo-

phere of N 2 (Praxair, grade 4.8). Then, once the experimental tem-

erature conditions were reached, the gas was switched from N 2 to

he reactive CO 2 gas. Additionally, the effect of CO 2 partial pressure

 P CO2 ) on the capture behavior of selected samples was evaluated.

 CO2 values ranging from 0.05 to 1 were studied by feeding the

hermobalance with the adequate CO 2 –N 2 gas mixtures. 

.2.1. Cyclic CO 2 capture-regeneration evaluation 

The stability of the material during cyclic carbonation–

ecarbonation processes was evaluated by thermogravimetric anal-

sis. For the carbonation (capture), isothermal tests were per-

ormed at 570 °C during 45 min, using a total CO 2 gas flow rate

f 60 mL/min. Then, for the decarbonation (regeneration) the at-

osphere was switched from CO to N and the sample was
2 2 
eated up to 640 °C. Decarbonation process was conducted during

20 min, using a total N 2 gas flow rate of 60 mL/min. This cycle

as repeated four times. 

. Results and discussion 

.1. Characterization of the samples and general analysis of the CO 2 

apture process 

Lithium bismuthates were successfully prepared via solid-state

eaction method. Fig. 1 shows the XRD patterns of the different

amples. The observed crystalline phases were identified by the

orresponding JCPDS files. All of the samples but Li 5 BiO 5 are pure.

n this specific case, the presence of a minor secondary phase of

iBiO 2 was observed. 

It is important to mention the obtaining of LiBiO 2 phase instead

f LiBiO 3 . The X-ray powder pattern of the obtained LiBiO 2 sample

as fully identified with the card number 00-027-1221 ( Fig. 1 ). It

ould be assumed that Bi 3 + do not oxidize to Bi 5 + , but another

eason could be the thermal instability of LiBiO 3 at the used syn-

hesis conditions; actually, it has been reported that LiBiO 3 con-

erts to LiBiO 2 by releasing oxygen at temperatures above 300 °C
27] . 

Fig. 2 shows the SEM images of the synthesized compounds, in-

luding the Li 7 BiO 6 , Li 5 BiO 5 , Li 3 BiO 4 and LiBiO 2 phases. In all the

ases, the obtained powders are nonporous particles exhibiting ir-

egular morphology. Powders are made of large micrometric par-

icles (2–40 μm); the aforesaid microstructural features are typical

f the lithium-containing ceramics that are prepared via solid state

eaction method. 

To elucidate the carbonation of lithium bismuthates and there-

ore the temperature range where the CO 2 capture takes place,

 series of dynamic thermogravimetric tests were performed be-

ween 40 and 750 °C. Fig. 3 shows the thermogravimetric curves

xhibiting the weight increase of the samples as a result of

O 2 capture from a 100 vol% CO 2 atmosphere. General speaking,

ll the samples show a weight gain at temperatures between

40 and about 660 °C. The weight decreases at higher tempera-

ures ( T > 660 °C). This behavior is attributed to the carbonation–

ecarbonation (regeneration) equilibrium temperature of these bis-

uthates and suggests the characteristic performance exhibited

y other lithium-containing compounds during CO 2 capture [26] .

dditionally, thermogravimetric curves show two different stages

uring carbonation; this behavior is observed for all the evalu-

ted lithium bismuthates as follows. First, there is a moderate ini-
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Fig. 2. SEM images of the different pristine lithium bismuthate phases: (a) Li 7 BiO 6 , 

(b) Li 5 BiO 5 , (c) Li 3 BiO 4 and (d) LiBiO 2 . 

 

 

 

 

 

 

 

 

Fig. 3. Dynamic TG analysis of the Li 2 O–Bi 2 O 3 samples in a 100 vol% CO 2 flow. ( 1 ) 

LiBiO 2 , ( 2 ) Li 3 BiO 4 , ( 3 ) Li 5 BiO 5 , ( 4 ) Li 7 BiO 6 . 

Fig. 4. XRD patterns of the pristine ( 1 ) and carbonated ( 2 ) Li 7 BiO 6 samples. Crys- 

talline phases are identified. 
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tial weight gain between 240 and about 540 ºC. In this range of

temperature, samples show different carbonation degrees regard-

less of the total lithium content; actually LiBiO 2 exhibits the high-

est carbonation among the bismuthates. TG curve of LiBiO 2 shows

a weight increase of 2 wt%, which is about 0.91 mmol/g or 24.2% of

the theoretical CO 2 capture capacity of this material. On the con-

trary, the Li 7 BiO 6 , which is the sample with the highest Li:Bi ra-

tio as well as the highest surface area of the series, only shows a

weight increase corresponding to the 13.7% of the theoretical CO 
2 
apture capacity of the material ( Table 1 ). Therefore, the observed

ehavior suggests certain differences about the reactivity of the

aterials at low temperature, probably due to the presence of dif-

erent lithium amounts in surface which is prone to react with CO 2 

o form Li 2 CO 3 . 

In the second stage of the carbonation, all the samples present

 remarkable weight gain between 540 and about 660 ºC. The max-

mum carbonation rate is observed in this stage that is related

o the thermal activation of the Li + ionic conduction through the

ormed Li 2 CO 3 phase [26] . Additionally, bismuthates clearly show

ertain differences regarding the maximum capture capacity, which

s in agreement with their lithium contents. Table 1 shows the

aximum CO 2 capture capacity observed during the dynamic ther-

ogravimetric experiments. 

Taking into consideration the carbonation reactions in Table 1 ,

he final reaction products are Li 2 CO 3 and Bi 2 O 3 . However, these

eramics may present only partial lithium release depending on

emperature or other factors. In such a case, the external shell

omposition may change, as reported for Li 8 SiO 6 [16] . The results

btained in the present paper, suggest that any lithium oxides

Li 5 BiO 5 , Li 3 BiO 4 , LiBiO 2 ) rather promote the subsequent carbon-

tion reaction due to their observed reactivity properties ( Fig. 3 ).

his may be an important observation since the formation of sec-

ndary phases may or may not improve the further carbonation

rocess [26] . 

All of the bismuthate samples were analyzed by XRD before

nd after the CO 2 capture process. The chemisorption products are

ainly composed of the lithium carbonate (JCPDS card No. 22-

141) and a mixture of monoclinic (M) and tetragonal (T) crys-

alline bismuth oxide phases with JCPDS cards No. 41-1449 and No.

27-50, respectively. As an example, Fig. 4 shows the XRD patterns
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Table 1. Capture properties of samples during heat up at 5 °C/min under a 100 vol% CO 2 atmosphere. 

Material Reaction Theoretical CO 2 
capture capacity 

(mmol/g) 

Observed CO 2 capture 

from 240 to 520 °C 
(mmol/g) 

Observed CO 2 
capture at 660 

°C (mmol/g) 

Observed temperature 

of maximum 

absorption rate ( ºC) 

SSA ∗

(m 

2 /g) 

Li 7 BiO 6 2Li 7 BiO 6 + 7CO 2 =7Li 2 CO 3 +Bi 2 O 3 + O 2 9.4 1.29 7.1 591 1.10 

Li 5 BiO 5 2Li 5 BiO 5 + 5CO 2 =5Li 2 CO 3 +Bi 2 O 3 + O 2 7.7 1.13 5.4 589 0.55 

Li 3 BiO 4 2Li 3 BiO 4 + 3CO 2 =3Li 2 CO 3 +Bi 2 O 3 + O 2 5.1 0.45 3.1 560 0.23 

LiBiO 2 2LiBiO 2 + CO 2 =Li 2 CO 3 +Bi 2 O 3 3.8 0.91 1.5 552 0.21 

∗ SSA BET : values of the pristine bismuthate samples. 

Fig. 5. (a) Comparative TG curves of the ( 1 ) Li 7 BiO 6 and ( 2 ) Li 4 SiO 4 samples in a 

100 vol% CO 2 flow, and (b) inset shows the N 2 sorption isotherms. 
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Fig. 6. Comparison of experimental TGA isotherms (symbols) and TG curves fitted 

to the double exponential model (solid curves). Isotherms of ( 1 ) 560 °C, ( 2 ) 580 °C, 

( 3 ) 600 °C, ( 4 ) 620 °C, and (5) 640 °C. 
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f the pristine Li 7 BiO 6 and the product powder after carbonation.

n the Li 7 BiO 6 carbonated product, the diffraction peaks assigned

o Li 7 BiO 6 disappear but those associated with Li 2 CO 3 and Bi 2 O 3 

re observed. These results indicate that during the whole CO 2 

hemisorption process, throughout the temperature range, Li 7 BiO 6 

eacts almost completely with CO 2 . 

The observed experimental CO 2 capture capacity of Li 7 BiO 6 was

stimated from the dynamic experiments as 7.1 mmol/g ( Table 1 ).

herefore, the CO 2 absorption capacity of Li 7 BiO 6 can be con-

idered high among the previously reported lithium ceramics

2,12,17,18,26] . For example, Fig. 5 shows a comparative data of

he dynamic carbonation tests performed on Li 7 BiO 6 and Li 4 SiO 4 ,

here the later, is one of the most studied lithium-containing ce-

amics so far [2–5] . At low temperatures ( T < 520 °C) both ce-

amics, Li 7 BiO 6 and Li 4 SiO 4 show a modest carbonation of 5.17%

nd 13.77% of their theoretical CO 2 capture capacities, respectively.

he observed differences on the surface carbonation could be re-

ated with the specific surface area characteristics since lithium

rthosilicate and the lithium bismuthate samples have SSA values

f 0.4 and 1.1 m 

2 /g, respectively. Both materials show the N 2 ad-

orption isotherms type II which are typical of dense nonporous

olids (Inset Fig. 5 b) [28] . On the other hand, at higher temperature

 T > 520 °C) the thermogravimetric curves show clear differences

etween the carbonation behaviors. Lithium bismuthate reaches a

aximum chemisorption rate at lower temperatures (590–600 ºC)

han the lithium orthosilicate (690–720 ºC). Additionally, Li 7 BiO 6 

xhibits a maximum weight increase of 32.9 wt% which is about

5.5% of its theoretical CO 2 capture capacity; on the contrary, the

eight gain experienced by the Li 4 SiO 4 sample (23.8 wt%) only

orresponds to the 64.8% of the theoretical CO 2 capture capacity

f the material. Here, it is important to point out that carbona-

ion capacity is expressed based on the mass changes of the sam-

les and therefore, the differences between the atomic weights of

he metal structural elements, Bismuth (208.9 g/mol) and Silicon

28.08 g/mol), could mimic the real potential of this bismuthate. It

s expected that the CO chemisorption capacity of Li BiO to be
2 7 6 
uch higher as compared to Li 4 SiO 4 and other CO 2 capture mate-

ials, since this bismuthate is able to release 7 lithium atoms per

olecule to trap as much as 3.5 mol of CO 2 per mole of material. If

he reaction 1 is considered, lithium orthosilicate only traps 1 mol

f CO 2 per mole of material. 

.2. Analysis of CO 2 capture kinetics 

To understand deeply the carbonation reaction kinetics in the

i 7 BiO 6 , different isothermal experiments were performed. Based

n the dynamic TG analyses, the isothermal experiments were

ubsequently carried out in the temperature range from 560 to

40 ºC. Fig. 6 shows the performed isothermal TG analyses. Despite

he evident differences in the maximum weight gain as a function

f the temperature, all the isotherms present the typical exponen-

ial behavior wherein the total weight increase could be split into

wo different steps that follow different reaction kinetics as well.

irst, considering short times, surface carbonation occurs and then

sotherms show an exponential fast weight increase as a function

f the time; on the other hand, at longer times the carbonation

ate clearly slows down due to kinetics controlled by the diffusion

rocesses. 

In previous reports, the obtained isothermal thermogravimetric

xperimental data have been fitted to a double exponential model

o describe the CO 2 capture on lithium-containing ceramics. Actu-

lly this mathematical model ( Eq. (2) ) has been used successfully

o describe the carbonation behavior of several materials such as

i 4 SiO 4 [3,29,32] , Li 6 Zr 2 O 7 [10] and Li 5 AlO 4 [13,14] among others.

 = A ex p 

−k 1 t + B ex p 

−k 2 t + C (2)

here W represents the sample weight change due to CO 2 car-

onation, t is the time, k 1 is the kinetic constant for the surface

arbonation reaction and k 2 is the kinetic constant for the CO 2 

apture once the carbonation is kinetically controlled by diffusion
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Table 2. Carbonation reaction kinetic parameters of the Li 7 BiO 6 , Li 4 SiO 4 [31,32] and 

Li 5 AlO 4 [14] samples using the double exponential model. 

T ( ºC) k 1 (1/s) k 2 (1/s) R 2 

Li 7 BiO 6 
560 0.0106 0.0 0 05 0.99 

580 0.0139 0.0040 0.98 

600 0.0171 0.0049 0.98 

620 0.0255 0.0099 0.98 

640 0.0518 0.0188 0.99 

Li 4 SiO 4 
Kinetic parameters reported by Zhang, et al. Ref. [31] . 

550 0.00407 0.0 0 012 0.99 

575 0.00860 0.0 0 014 0.99 

600 0.00851 0.0 0 016 0.99 

650 0.00441 0.0 0 026 0.99 

700 0.00198 0.00197 0.96 

Li 4 SiO 4 
Kinetic parameters reported by Wang, et al. Ref. [32] . 

550 0.00303 0.0 0 025 0.99 

600 0.00431 0.0 0 037 0.99 

650 0.00729 0.0 0 046 0.99 

680 0.00879 0.0 0 065 0.99 

Li 5 AlO 4 
Kinetic parameters reported by Ávalos-Rendón et al. Ref. [14] . 

500 0.00175 3 × 10 -5 –

550 0.00153 8 × 10 -5 –

600 0.00276 2.7 × 10 -4 –

650 0.00257 2.7 × 10 -4 –

675 0.00736 6.8 × 10 -4 –

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Eyring’s plot for the rate constants ( 1 ) chemisorption ( k 1 ) and ( 2 ) diffusion 

( k 2 ) processes for Li 7 BiO 6 . 

Fig. 8. TG analyses of the weight change of Li 7 BiO 6 during high temperature car- 

bonation at different P CO2 of ( 1 ) 0.05, ( 2 ) 0.1, ( 3 ) 0.2 and ( 4 ) 1. 
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processes. Additionally, the pre-exponential factors A and B indi-

cate the range in which each process controls the whole reaction

[10] . Isothermal TG curves were fitted to the Eq. (2) and the ob-

tained k 1 and k 2 values are presented in Table 2 . As expected, the

reaction rate is increased by the temperature and the k 1 is one

order of magnitude larger than k 2 which is in agreement with pre-

vious studies [3,14,29–32] . Therefore, the results suggest that dif-

fusion processes (described by k 2 ) are the limiting step over the

surface carbonation reaction (described by k 1 ). Besides, for com-

parative purposes, Table 2 shows the kinetic parameters previ-

ously reported by other authors for the CO 2 capture on Li 4 SiO 4 

and Li 5 AlO 4 phases. The results show that Li 7 BiO 6 has a signifi-

cant higher rate for the carbonation reaction in the entire studied

range of temperatures. First, the k 1 of lithium bismuthate is sig-

nificantly higher than those observed for the surface carbonation

of the Li 4 SiO 4 [3,31,32] and Li 5 AlO 4 [14] phases. This fact must be

related with the reactivity of the material, and actually the lithium

atom in the bismuthate crystal must be more weakly bonded than

its counterpart in the case of the silicate and aluminate crystals. 

Similar to k 1 , in the case of lithium bismuthate, the k 2 val-

ues are at least one order the magnitude higher than those of

other materials ( Table 2 ). This fact must be related to the diffu-

sional properties exhibited by the carbonation products layer. In

the Li 7 BiO 6 , the products shell contains mainly Li 2 CO 3 due to the

high Li:Bi molar ratio in the material. In this sense, lithium car-

bonate has the ability to transport lithium ions through the crystal

[26] , as well as the ability to allow the transport CO 2 molecules

through the interconnected porosity presenting whenever the tem-

perature does not reach the carbonate sintering or melting values

[33] . In order to elucidate the temperature dependency of carbon-

ation kinetics, k 1 and k 2 constant values were fitted to Eyring’s

model. The linear form of the Eyring equation is as following: 

ln 

(
k 

T 

)
= −

(
�H 

‡ 

R 

)(
1 

T 

)
+ ln 

(
K B 

h 

)
+ 

(
�S ‡ 

R 

)
(3)

where �H ‡ , �S ‡ are the activation enthalpy and entropy respec-

tively, and R is the universal gas constant. Then, it is clear that the

obtained k values can be plot as ln( k/T ) versus 1/ T to calculate �H ‡
rom the slope ( Fig. 7 ). The obtained �H ‡ values for the surface

arbonation and diffusion controlled carbonation process were 80.1

nd 163.6 kJ/mol, respectively. Therefore, these results suggest that

iffusion process rather depends on temperature than CO 2 surface

arbonation in the case of Li 7 BiO 6 . 

.3. Effect of CO 2 partial pressure on the carbonation behavior 

Fig. 8 shows the weight change of the Li 7 BiO 6 powder dur-

ng heating from 40 to 750 °C at various CO 2 partial pressures.

s mentioned, the increase and decrease of the sample weight

n the TG curves are due to carbonation and regeneration respec-

ively. Some differences are observed depending on the experimen-

al conditions. At low P CO2 , the carbonation-regeneration temper-

ture slightly shifts from 660 to 635 ºC due to a change of the

hermodynamic equilibrium. In addition, TG curves show a de-

rease on the observed experimental maximum of CO 2 capture

hen the P CO2 decreases. This behavior must be related with a

hange on the reaction kinetics; in fact, this phenomenon has been

xplained for the case of Li 4 SiO 4 in terms of the CO 2 diffusional

imitations through the formed product layer according to Fick’s

aw [2] . 

A similar behavior has been previously reported for other ma-

erials [8,34] ; for example, the Li 2 ZrO 3 capture capacity decreases

rom 35.5% to 16.6% in the theoretical CO 2 capture capacity, when

he carbonation dynamic experiments were performed at P CO2 val-

es of 0.7 and 0.2, respectively. Therefore, in the present study, it is

emarkable the fact that Li BiO absorbent exhibits a high capture
7 6 
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Fig. 9. (a) Isothermal TG curves of Li 7 BiO 6 carbonation carried out at 620 °C un- 

der different CO 2 partial pressures of ( 1 ) 0.05, ( 2 ) 0.1, ( 3 ) 0.2 and ( 4 ) 1; and 

(b) ln(–ln(1–α)) versus ln t curve of the experimental data obtained for the isother- 

mal test performed at P CO2 of 0.1. 
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Fig. 10. Carbonation-regeneration cyclic test for Li 7 BiO 6 in 100 vol% CO 2 (carbona- 

tion) and 100 vol% N 2 (decarbonation). 
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apacity of 5.4 mmol/g even at P CO2 as low as 0.05 during dynamic

xperiments. 

The observed effect of the CO 2 concentration on the carbona-

ion reaction kinetics is in agreement with the results obtained by

he isothermal TG analyses performed under different CO 2 partial

ressures ( Fig. 9 a). In these series of experiments, Li 7 BiO 6 expe-

iences a weight gain of 26.8 wt% after 4.4 min of exposure to a

 CO2 of 1 and 620 °C; subsequently, this sample reaches a max-

mum weight gain of 30.4 wt% after 60 minutes of carbonation.

n the other hand, when Li 7 BiO 6 reacts under a lower CO 2 partial

ressure of 0.1, the material showed maximum weight increases of

2.5 wt% only after 120 min. 

Selected isotherm was analyzed by applying the Avramy–

rofeev model, Eq. (4) [35] : 

n ( −ln ( 1 − α) ) = ln k + n ln t (4)

ere k = K 

n , and K is the kinetic constant, α is the degree of con-

ersion, n is the kinetic parameter whose magnitude provides the
Table 3. Parameters of Avrami–Erofeev model for the CO 2 capture process on Li 7 BiO 6 and

Sample Temperature ( °C) CO 2 concentration (%) Rapid reaction s

carbonation) 

n 

Li 4 SiO 4 575 100 1.86 

Li 4 SiO 4 575 10 1.10 

K-doped 575 10 1.40 

Li 7 BiO 6 620 10 1.85 
eaction rate which is controlled by the rate and growth of the car-

onation products and t is the time [20,31] . 

Fig. 9 (b) shows the ln(–ln(1–α)) versus ln t curve of the ex-

erimental data obtained for the isothermal carbonation test per-

ormed at 620 °C and P CO2 of 0.1. The curve clearly shows an inflex-

on point that suggests two different stages and therefore, splits

he whole process into the rapid carbonation reaction stage and

he diffusion-controlled stage [31] . Then, n and K parameters for

he different stages were obtained by performing the correspond-

ng linear fit. The obtained values are shown in Table 3. 

As expected, the values of kinetic parameter K corresponding to

he rapid reaction stage are much higher than that obtained for the

iffusion control stage, which is in agreement with previous stud-

es [20,31] . Besides, for comparative purposes, Table 3 shows the

inetic parameters n and K of the Avrami–Erofeev equation previ-

usly reported by other authors for the CO 2 capture on Li 4 SiO 4 and

-doped Li 4 SiO 4 phases. Once again, results show the higher reac-

ion rates of the Li 7 BiO 6 as compared to the Li 4 SiO 4 -based mate-

ials chosen as base line. Therefore, the superiority of the studied

ithium containing bismuthates for CO 2 capture, in terms of cap-

ure capacity and reaction rate, is evident in this paper. 

.4. Analysis of the cyclic carbonation–decarbonation behavior 

Finally, the regeneration ability of the Li 7 BiO 6 was studied

hrough four carbonation–decarbonation cyclic tests. The results

re shown in Fig. 10 , wherein solid and dotted lines denoted the

eight change of the sample due to carbonation–decarbonation

rocess and the temperature respectively. TG results suggest an in-

omplete regeneration of the material during decarbonation under

he studied experimental conditions. Actually, it can be seen that

ample experiences a gain of 18.2 wt% during the first carbonation

ycle, however it only loses 14.6% during the subsequent decarbon-

tion. Moreover, CO 2 capture efficiency decays from gradually after

ach successive capture-regeneration cycle. Taking into account the

eversible carbonation–decarbonation reactions in Table 1 , it could
 Li 4 SiO 4 samples. 

tage (surface Diffusion control stage Ref. 

K /E –4 R 2 n K /E –7 R 2 

26 .4 0.98 0.36 15 .10 0.99 [20] 

0 .48 0.93 0.27 0 .38 0.95 [31] 

4 .20 0.96 0.26 4 .07 0.99 [31] 

62 .1 0.96 0.32 95 .10 0.90 This work 
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be expected that regeneration of Li 7 BiO 6 could be greatly enhanced

under an oxygen containing atmosphere. 

Because the capture-regeneration property is one of the most

important factors that describes the quality of the lithium-

containing CO 2 absorbents, it is important to mention that

further studies must be performed towards understanding cyclic

stability exhibited by the Li 7 BiO 6 . The CO 2 capture-regeneration

process under specific operational conditions such as the presence

of oxygen, water vapor and other gaseous species in the opera-

tional atmosphere should be addressed. Additionally, the structural

and microstructural modification of the sorbents is others possible

strategies to enhance even more the carbonation–decarbonation

properties of this family of materials. Future work must be done

in this sense. 

4. Conclusions 

The CO 2 capture properties of Li 2 O–Bi 2 O 3 ceramic ox-

ides were demonstrated. Results suggest that these materi-

als are able to capture CO 2 through the same mechanism of

carbonation–decarbonation (regeneration) reported previously for

other lithium-containing ceramics. Actually both, the double expo-

nential and Avramy–Erofeev model were successfully used to de-

scribe carbonation process of Li 7 BiO 6 absorbent wherein lithium

diffusion is identified as the limiting step in the whole carbona-

tion process. 

Based on the experimental maximum capture capacity observed

through the thermogravimetric analyses, the Li 7 BiO 6 as well as the

other studied lithium bismuthates would be considered as an in-

teresting alternative for CO 2 capture in a wide range of tempera-

tures (240–660 ºC) and the evaluated CO 2 partial pressure values

( P CO2 = 0.05–1). 

Future work must be focused to enhance the capture-

regeneration properties of these ceramic oxides towards the ob-

taining of new absorbent materials for a practical and more effi-

cient CO 2 capture process. 
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