
Journal of Energy Chemistry 26 (2017) 919–926 

http://www.journals.elsevier.com/

         journal-of-energy-chemistry/

Contents lists available at ScienceDirect 

Journal of Energy Chemistry 

journal homepage: www.elsevier.com/locate/jechem 

Thermokinetic and conductivity analyzes of the high CO 2 

chemisorption on Li 5 

AlO 4 

and alkaline carbonate impregnated Li 5 

AlO 4 

samples: Effects produced by the use of CO 2 

partial pressures and 

oxygen addition 

Pedro Sánchez-Camacho, J. Francisco Gómez-García, Heriberto Pfeiffer ∗

Laboratorio de Fisicoquímica y Reactividad de Superficies (LaFReS), Instituto de Investigaciones en Materiales, Universidad Nacional Auto ́noma de Me ́xico, 

Circuito exterior s/n, Cd. Universitaria, Del. Coyoaca ́n C.P. 04510, Ciudad de Me ́xico, Mexico 

a r t i c l e i n f o 

Article history: 

Received 22 March 2017 

Revised 11 May 2017 

Accepted 22 May 2017 

Available online 30 May 2017 

Keywords: 

CO 2 capture 

Thermogravimetric analysis 

Partial pressure 

Ionic conduction 

a b s t r a c t 

The effect of CO 2 partial pressure was evaluated during the CO 2 chemisorption in penta lithium alumi- 

nate (Li 5 AlO 4 ), using different CO 2 and O 2 partial pressures in the presence or absence of alkaline car- 

bonates. Results showed that using low P O 2 (0.1) did not affect the kinetic and final CO 2 chemisorption 

process. Moreover, small additions of oxygen ( P O 2 = 0.05) into the mixture flue gas, seemed to increase the 

CO 2 chemisorption. Additionally, the presence of alkaline carbonates modified the CO 2 capture tempera- 

ture range. CO 2 chemisorption kinetic parameters were determined assuming a double exponential model 

where direct CO 2 chemisorption and CO 2 chemisorption controlled by diffusion processes are considered. 

Finally, ionic diffusion was analyzed by ionic conduction analysis, where all the gravimetric and ionic 

measurements were in good agreement showing different diffusion processes depending on temperature. 

Finally, the oxygen and alkaline carbonate additions have positive effects during the CO 2 chemisorption 

process in Li 5 AlO 4 , and a possible reaction mechanism is presented. 

© 2017 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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. Introduction 

Carbon dioxide (CO 2 ) is considered to be the main contributor

f the global warming, and due to this problem it is necessary to

educe the amounts of these emissions. Moreover, it is important

o separate it from exhaust gases, developing effective CO 2 separa-

ion techniques and CO 2 sorbents [1] . Therefore, CO 2 capture and

torage (CCS) technologies have attracted interest to reduce the in-

reasing amount of CO 2 released into the atmosphere. CCS involves

apturing the CO 2 emitted by power plants and other industrial

perations and permanently storing it deep underground [2] . 

On the other hand, the removal of CO 2 has also been used

o improve the hydrogen production in a steam methane reform-

ng (SMR) system, called sorption enhanced steam methane re-

orming (SE-SMR), which is operated at temperatures between 500

nd 700 °C. In this process, a CO 2 captor is installed together

ith the catalyst in the reactor bed for removal of CO 2 from the

as phase, showing several advantages compared to conventional

team methane reforming, among them, high-purity H production
2 
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 > 95%). High-temperature sorption, using solid sorbents, is a good

hoice in the application fields mentioned above, compared with

urrent low-temperature methods, such as amine-based absorp-

ion, because these processes work at high operation temperatures,

here the flue gas does not need to be cooled prior to chemisorb-

ng CO 2 [3–7] . 

Among the various high-temperature solid sorbents that have

een studied, different lithium-containing ceramics have been pro-

osed as possible CO 2 captors. Li 4 SiO 4 [8–12] , Li 2 CuO 2 [1,13,14] ,

i 2 ZrO 3 [15–18] , Li 5 AlO 4 [19,20] and Li 8 SiO 6 [12,21–23] , among

thers, are all examples of ceramic sorbents with interesting cap-

ure properties from the point of view of high CO 2 capture capac-

ties, high carbonation reaction rates at elevated temperatures and

n some cases, good stabilities and cyclic properties. 

Among all these lithium-based materials, lithium aluminate

Li 5 AlO 4 ) has attracted increasing attention in different re-

earch fields for its high lithium density [19,20,24] . Li 5 AlO 4 ce-

amic presents two different crystal polymorphs α-Li 5 AlO 4 and

-Li 5 AlO 4 , where both polymorphs have orthorhombic crystal

tructures. As CO 2 captor, both phases have been tested by Pfeiffer

nd coworkers [19,20] , demonstrating that β-Li 5 AlO 4 crystal phase

resents better chemisorption properties, being able to trap CO 2 
y of Sciences. Published by Elsevier B.V. and Science Press. All rights reserved. 
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chemically in the temperature range from 200 to 700 °C (reaction

1) and have good cyclability characteristics. 

Li 5 AlO 4 + 2CO 2 → 2Li 2 CO 3 + LiAlO 2 (1)

The sorption process consists of a rapid superficial CO 2 

chemisorption stage and a much slower ion-diffusion-controlled

stage, meaning that once CO 2 reacts with Li 5 AlO 4 on the solid

surface to completely form an external shell composed of Li 2 CO 3 

and LiAlO 2 , the Li + and O 

2 − ions should diffuse through the prod-

uct layer to the surface to continue reacting with CO 2 [8,25] . The

secondary phase, LiAlO 2 , does not react with CO 2 due to ther-

modynamic factors. However, when LiAlO 2 is contained in the

external shell, it promotes the lithium ionic diffusion into the

Li 2 CO 3 –LiAlO 2 external shell at temperatures higher than 600 °C.

Moreover, the lithium carbonate formation implies that one of each

four oxygen atoms, present originally in the Li 5 AlO 4 ceramic, must

become part of the Li 2 CO 3 . Consequently, these oxygen atoms must

diffuse as well. So, the presence of this gas in the whole reactive

atmosphere would modify the reaction kinetics [26] . 

The reaction stage of CO 2 chemisorption in Li 5 AlO 4 is a gas–

surface reaction, and the sorption kinetics determined in other

lithium-based materials as Li 4 SiO 4 [5] , Na 2 ZrO 3 [27,28] or Li 2 ZrO 3 

[3,29] are relatively poor at low CO 2 partial pressure ( P CO 2 
< 0.5),

owing to less molecular collision and taking more time to attain

satisfactory sorption conversions. Iwan et al. [3] concluded that

there is a linear relationship between the apparent reaction rate

and the carbon dioxide partial pressure. Because the CO 2 concen-

tration of flue gases in power plants or SE-SMR is only 4–20 vol%,

and gas cannot remain in reactors for a long time because of the

high flowrate; there is an urgent need to obtain sorbents with fast

and stable cyclic kinetics of sorption/desorption at low CO 2 partial

pressure. 

A part form that, the CO 2 capture of some lithium ceram-

ics has been modified by the addition of different alkaline car-

bonates, which favours the formation of eutectic phases on the

carbonate external shell [10] . In fact, Li 5 AlO 4 has shown varia-

tions on its CO 2 capture temperature range, depending on the al-

kaline carbonate [10,30] . Moreover, it has been reported in lit-

erature the use of alkaline carbonate molten phases for dif-

ferent applications, and it has been reported that the specific

Li 2 CO 3 :Na 2 CO 3 :K 2 CO 3 = 42.5:32.5:25 mol% mixture presents one of

the lowest melting points ( ∼400 °C) [31] . 

Therefore, the aim of the present work was to analyze the CO 2 

chemisorption process on Li 5 AlO 4 varying different physicochem-

ical conditions such as the CO 2 and O 2 partial pressures as well

as the alkaline carbonate addition to pristine Li 5 AlO 4 . The present

work was performed using different techniques for the kinetic

analysis and for the sample and diffusion characterization. 

2. Experimental 

Li 5 AlO 4 was synthesized by solid state reaction using lithium

oxide (Li 2 O, Aldrich) and aluminum oxide (Al 2 O 3 , Aldrich). Ini-

tially, powders were mechanically mixed and pressed into pellets

(10 MPa). Subsequently, the pellets were heated to 900 °C for 12 h

and rapidly cooled to room temperature. Lithium was used in ex-

cess (10 wt%), due to its tendency to sublimate. In addition, part of

the sample was mixed with an eutectic molten carbonate mixture

composed of Li 2 CO 3 , Na 2 CO 3 and K 2 CO 3 with a mole percent ra-

tio of 42.5/32.5/25 mol%, which presents a melting point at around

400 °C [31] . 

X-ray diffraction (XRD) patterns were obtained from a diffrac-

tometer (Bruker AXS, D8 Advance) coupled to a copper anode X-

ray tube. Li 5 AlO 4 and other crystalline phases were identified by

their corresponding Joint Committee Powder Diffraction Standards
JCPDS) files. Nitrogen adsorption −desorption isotherms and BET

urface area analyzes were performed using a Minisorp II instru-

ent, from the Bel-Japan. These experiments were performed at

7 K, using a multipoint technique, where samples were previously

egassed at room temperature for 24 h in vacuum. The BET model

as used to determine the corresponding surface areas. 

Different thermal analyzes were performed using a Q500HR in-

trument from TA Instruments. Initially, a set of samples was dy-

amically heated from room temperature to 850 at 3 °C/min, us-

ng a mixture flow containing different CO 2 concentrations (Prax-

ir, grade 3.0) in N 2 balance atmosphere (Praxair, grade 4.8). Sub-

equently, other dynamic experiments were performed adding O 2 

Praxair, grade 3.0) to the CO 2 /N 2 mixture flow. The partial pres-

ures of CO 2 and O 2 were determined by its fraction of the to-

al feed flow rate and the total pressure. The total feed flow was

lways set at 60 mL/min. Afterwards, the samples were tested

sothermally at different temperatures (between 650 and 750 °C)

n presence of the same mixture flows. For the isothermal experi-

ents, each sample was heated to the corresponding temperature

nto a N 2 flux. Then, once the temperature was reached, the gas

as switched from N 2 to the different mixture flows. 

Electrical measurements on Li 5 AlO 2 and LiAlO 2 samples were

erformed by impedance spectroscopy with a Precision Impedance

nalyzer 6500B Wayne Kerr Electronics, in order to determine the

ithium ion diffusion properties. Colloidal platinum (Tanaka Kikin-

oku Kogyo K.K.) was used on samples as electrodes. Those elec-

rodes were annealed at 600 °C for 2 h before the electrical mea-

urements. Impedance spectra were collected in the 40 Hz–10 MHz

ange at 500 mV. The electrical measurements were accomplished

y cooling in the temperature range 80 0–20 0 °C in a quartz cell

oupled with a vacuum pump, the pressure inner cell was 30 Pa.

he temperature inside the cell was monitored with a K-type ther-

ocouple. For each single data point, the equilibrium time was 2 h.

ach impedance spectrum was fitted to a single RC circuit using

he software Zview 

®. 

. Results and discussion 

Fig. 1 (a) shows the powder X-ray diffraction (XRD) mea-

urements of Li 5 AlO 4 , which confirmed the purity of the sam-

le. The diffraction pattern fitted to the JCPDS file 70-0432,

hich corresponds to Li 5 AlO 4 with an orthorhombic crystalline

tructure. In addition to the Li 5 AlO 4 structural characterization,

ome microstructural properties were evaluated by N 2 adsorption-

esorption ( Fig. 1 (b)). According to the IUPAC classification, the

i 5 AlO 4 sample showed an adsorption isotherm type II, corre-

ponding to non-porous material [32] . Additionally, this sample

resented a very narrow H3 hysteresis loop, which may have pro-

uced a few mesoporous due to a partial particle sintering. The

ET surface area was found to be equal to 0.8 m 

2 /g. 

After the sample characterization, different dynamic TG exper-

ments were performed, varying the CO 2 partial pressure ( Fig. 2 ).

he P CO 2 
was varied from 1 to 0.1, and as it can be seen, all the

hermograms presented the same thermal trend and very simi-

ar weight increments. Between room temperature and 100 °C all

he samples lost around 1 wt%, which can be attributed to water

esorption. Then, two different weight increments were evidenced

etween 30 0–50 0 °C and 550–720 °C. As in previous Li 5 AlO 4 –CO 2 

eports [19] , these weight increments are attributed to the super-

cial and bulk CO 2 chemisorptions on Li 5 AlO 4 and other alkaline

eramics. Only small weight differences are observed in these ther-

ograms during the superficial CO 2 chemisorption (see square in-

et of Fig. 2 ), where the thermogram corresponding to a P CO 2 
= 1

ained around 2–3 wt% more CO 2 than P CO 2 
= 0.1. The other vi-

ual difference is observed at temperatures higher than 700 °C, as

he final weight increment was slightly better when the P CO was

2 
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V

Fig. 1. (a) XRD pattern of the Li 5 AlO 4 sample, which fitted to the 70-0432 JCPDS file; (b) N 2 adsorption-desorption isotherm of the Li 5 AlO 4 sample. 

Fig. 2. Dynamic thermogravimetric analysis of Li 5 AlO 4 using different P CO 2 (1.0, 0.5, 

0.3, 0.2 and 0.1). The square inset shows the superficial CO 2 chemisorption section. 
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.0. These effects may be associated to different solid-gas equilib-

iums produced by the CO 2 partial pressure. Nevertheless, further

sothermal analyzes were performed in order to better understand

nd explain these results. 

Fig. 3 shows five different isothermal sets, where P CO 2 
(0.5, 0.3,

.2 and 0.1) is compared as a function of temperature (650, 675,

00, 725 and 750 °C). As it could be expected, the weight incre-

ents and kinetic behaviors importantly changed as a function of

emperature. However, the CO 2 chemisorption trends varied as a

unction of P CO 2 
in two different ways; at moderate temperatures

650 and 675 °C) and at T ≥ 700 °C. At moderated temperatures,

he lowest P CO 2 
(0.1) depicted a slightly higher CO 2 capture af-

er three hours, although their kinetic behaviors, at short times,

ere not the best ones. For example, at 675 °C the final weight

ncrements were 43, 34, 39 and 41 wt% with P CO 2 
of 0.1, 0.2, 0.3

nd 0.5, while the CO 2 capture after 150 s was 15, 10, 26 and

3 wt% for the same partial pressures. It seems that in this tem-

erature range the so called CO 2 chemisorption controlled by dif-

usional processes is promoted at low P CO 2 
. It may be explained

ue to Li 5 AlO 4 sintering process during the heating process. Previ-

us works have reported that Li AlO powders tend to sinter be-
5 4 
ween room temperature and 675 °C [19] , which is in good agree-

ent with the results reported here. Moreover, using different P CO 2 
ay induce different external shell compactions due to variations

n the chemisorption-desorption equilibrium, favoring or not, the

ormation of a Li 2 CO 3 –LiAlO 2 porous or texturized external shell

nd consequently the gas diffusion processes [33] . 

The behavior described above for the moderate temperatures

as not evidenced at T ≥ 700 °C (see Fig. 3 (c)–(e)). In these cases,

he three isothermal sets presented a linear trend, where the CO 2 

hemisorbed increased as a function of the P CO 2 
. The main differ-

nce observed in these isotherms was produced at short times,

here the CO 2 chemisorption is faster at higher P CO 2 
. In this case,

he Li 5 AlO 4 original phase and carbonated external shell are al-

eady sintered and the presence of any kind of porosity is not fa-

ored. Thus, the CO 2 chemisorption depends of inter- and/or intra-

rystalline diffusion processes. 

As it was already mentioned in the introduction section, and

ccording to reaction ( 1 ), the CO 2 chemisorption in Li 5 AlO 4 not

nly depends on the CO 2 concentration, but on the lithium and

xygen mobility. Lithium atoms have to diffuse from the Li 5 AlO 4 

hase to the Li 2 CO 3 , but part of the oxygen present in Li 5 AlO 4 

tructure has to diffuse as well to the lithium carbonate. Thus, the

O 2 chemisorption process on Li 5 AlO 4 may depend of lithium and

xygen diffusion processes. Based on that, different dynamic and

sothermal thermograms were performed with the following gas

ixture partial pressures P CO 2 
/ P O 2 = 0.2/0.05 or 0.2/0.2, balanced

ith N 2 . Fig. 4 shows the dynamic and isotherms (700 °C) thermo-

ravimetric comparisons of the CO 2 chemisorptions for these ex-

eriments in the absence and presence of oxygen (with two differ-

nt P O 2 ), which are compared with the CO 2 saturated experiments.

rom these thermograms, it is evident that oxygen addition did

odify the CO 2 chemisorption in Li 5 AlO 4 , in addition to the CO 2 

artial pressure described above. According to the TG dynamic ex-

eriments, oxygen addition only enhances the CO 2 chemisorption

t low partial pressures ( P O 2 = 0.05) between 500 and 700 °C. In

act, the isothermal experiments performed at 700 °C clearly show

ow low P O 2 addition improves the CO 2 capture synergistically to

he partial pressure effect. Since the capture in a P CO 2 
/ P O 2 atmo-

phere of 0.2/0.2 was lower than that presented by CO 2 saturated

nd the lowest P O 2 atmospheres, it was supposed that in this gas

ixture oxygen must compete and saturate the Li 5 AlO 4 surface, re-

ucing the CO 2 chemisorption. 

Based on previous results, different isothermal experiments

ere performed at 700 °C and P O 2 = 0.05, varying P CO 2 
( Fig. 5 ), as

his P O 2 improved the CO 2 chemisorption. All the isotherms pre-
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Fig. 3. Chemisorption thermogravimetric isotherms performed with different P CO 2 at 650 (a), 675 (b), 700 (c), 725 (d) and 750 °C (e). 

Fig. 4. Dynamic and isothermal (700 °C) thermogravimetric analyzes of Li 5 AlO 4 comparing the presence, or not, of oxygen at different concentrations in the gas mixture 

flow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Kinetic parameters of Li 5 AlO 4 with different P CO 2 isotherms fitted to a 

double exponential model. 

T ( °C) \ P CO2 0.1 0.2 0.3 0.5 

k 1 (s −1 , × 10 −3 ) 

650 0.78 0.77 0.68 0.72 

675 0.19 3.57 14.61 18.26 

700 2.79 5.89 8.39 10.76 

700 + O 2 6.49 9.23 10.3 26.46 

725 3.05 8.24 6.38 9.29 

750 2.91 7.04 6.09 9.02 

k 2 (s −1 , × 10 −3 ) 

650 0.09 0.06 0.05 0.06 

675 0.001 0.11 0.03 0.04 

700 0.21 0.21 0.04 0.63 

700 + O 2 0.13 0.43 0.49 0.43 

725 0.41 1.12 0.46 0.87 

750 0.45 0.52 0.55 1.04 
sented the same exponential behavior, where most of the CO 2 

capture is produced in the first moments. Nevertheless, isotherms

where oxygen was present were faster than those obtained in the

oxygen absence, and the amounts of CO 2 captured did not vary in

more than 2 wt%. In order to further analyze these isotherms, with

and without O 2 , all of them were fitted to the double exponential

model, as in previous works related to Li 5 AlO 4 and other lithium

ceramics [8,11,25,26] . The double exponential model is: 

y = Aexp (−k 1 t) + Bexp (−k 2 t) + C (2)

where y represents the weight percentage of CO 2 chemisorbed,

t is the time, and k 1 and k 2 are the exponential constants for

the Li 5 AlO 4 –CO 2 chemisorption over the particle surfaces and the

CO 2 chemisorption kinetically controlled by diffusion processes.

The kinetic parameters obtained at each temperature and P CO 2 
are

presented in Table 1 , and compared with the corresponding val-
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Fig. 5. Chemisorption thermogravimetric isotherms performed at 700 °C, using a P O 2 equal to 0.05, while the P CO 2 was varied. The square insets show the first reaction 

moments of the corresponding isotherm. 
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es in the presence of oxygen ( P O 2 ). In general, these results evi-

ence that k 1 values (direct CO 2 chemisorption in Li 5 AlO 4 particle

urfaces) are one order of magnitude higher than k 2 values (CO 2 

hemisorption kinetically controlled by diffusion processes). This is

 typical behavior observed for the CO 2 capture process in alkaline

eramics at high temperatures [8,11,25,26] . Thus, k 2 value indicates

hat the diffusion processes are the limiting process. In that sense,

hen oxygen was added to the gas flow, the k values presented

he following tendency: Direct CO 2 chemisorption in Li 5 AlO 4 parti-

le surfaces was improved by the oxygen addition (independently

f the P CO 2 
) while CO 2 chemisorption kinetically controlled by dif-

usion processes did not follow any specific trend. Based in these

esults, it seems that the presence of oxygen facilitates the carbon-

te formation over the particle surface. Thus, oxygen present in the

as mixture must react with lithium and CO 2 , producing Li 2 CO 3 .

atter, structural oxygen must be realized at a slower kinetic rate.

owever, once the Li 2 CO 3 –LiAlO 2 external shell is formed the oxy-

en presence does not enhance the CO 2 chemisorption process. It

an be related to lithium and oxygen diffusion constant values,

hich must be lower than the oxygen addition in the direct CO 2 

hemisorption process. In fact, the k 2 values support this idea. 

In order to understand the kinetic variations, it should be men-

ioned that carbon dioxide reacts with oxygen and lithium ions

rom Li 5 AlO 4 surface to yield LiAlO 2 and Li 2 CO 3 according with re-

ction ( 1 ). This reaction creates atomic vacancies at the Li 5 AlO 4 

urface, which can be occupied by the structural ions from the

ulk material, inducing a diffusion process, or part of the vacan-

ies may be used for the oxygen adsorption and dissociation. In the

ulk, the oxygen vacancies rearrange themselves to lead a tetrahe-

ral corner sharing network of [AlO ] that is the essential struc-
4 
ure form for LiAlO 2 crystal phase and differs from the not linked

AlO 4 ] tetrahedrons in Li 5 AlO 4 crystal phase. On the other hand,

hen oxygen is present in the gas mixture, the Li 5 AlO 4 carbona-

ion reaction would continue through the O 2 adsorption and dis-

ociation, facilitating the carbonation process, as the anionic diffu-

ion, from the Li 5 AlO 4 , is not required. Here, oxygen adsorption-

issociation may be induced by the acid-base interaction produced

etween oxygen and oxygen surface vacancies. In such a case, only

ithium atoms have to diffuse, and the oxygen atoms can be re-

lized at any time without affecting the carbonation process. This

eaction scheme is represented in the Fig. 6 . 

Based on the previous results, and trying to improve the CO 2 

hemisorption on Li 5 AlO 4 , a mixture of alkaline carbonates was

ncorporated to the sample trying to enhance the different diffu-

ion processes due to the melting of this eutectic phase, these re-

ults are presented through dynamic experiments in Fig. 7 (a) and

sothermal experiments in Fig. 7 (b). In the dynamic experiments,

t is observed that the carbonates mixture diminished the superfi-

ial capture at low CO 2 partial pressures, but at elevated tempera-

ures it had a positive effect due to the formation of the eutectic

arbonate phase resulting in a higher CO 2 capture. In Fig. 7 (b) all

he isothermal experiments performed at 700 °C reached the ki-

etic equilibrium unlike the same experiments without the pres-

nce of carbonates. As it was already mentioned, the formation

f the eutectic phase allows the CO 2 diffusion into the material

t lower temperatures ( Fig. 8 ). Is easy to see that the maximum

apture takes place at temperatures higher than 700 °C when the

ystem does not have carbonates, and it drops below 700 °C when

arbonates are present. In addition, the carbonates did not modify

ignificantly the total CO capture. 
2 
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Fig. 6. Scheme representing the initial Li 5 AlO 4 carbonation process, in the presence 

of oxygen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8. DTG curves for thermogravimetric analyzes of Li 5 AlO 4 with and without 

alkaline carbonates under different CO 2 and O 2 partial pressures. 

Fig. 9. AC conductivity for Li 5 AlO 4 (blue points) and LiAlO 2 (red points) samples. 

c  

f  

e B  
Based in all these results, it has been shown that lithium

and oxygen diffusion processes are important factors in the

Li 5 AlO 4 –CO 2 chemisorption process, where these two atoms have

to diffuse in different crystalline phases such as Li 5 AlO 4 , LiAlO 2 

and Li 2 CO 3 . Based in this statement, the ionic conductivity of

Li 5 AlO 4 and LiAlO 2 was analyzed. Fig. 9 shows the electrical con-

ductivity of Li 5 AlO 4 and LiAlO 2 samples. Li 5 AlO 4 displays the high-

est electrical conductivity in all temperature range. The LiAlO 2 con-

ductivity behavior shows a considerably noise in the measure-

ments obtained between 50 0 and 60 0 °C. This effect could be due

to the α→ β crystal LiAlO 2 phase transition [34] . The Li 5 AlO 4 con-

ductivity behavior does not display any noise that could be due to

some crystal phase change. In this way, we can observe the elec-

trical behavior only for the monoclinic β phase. Electrical trans-

port commonly depends of two main contributions: electronic and

ionic. LiAlO 2 and Li 5 AlO 4 compounds do not have free electrons, so

the electronic contribution can be neglected and the ionic conduc-

tion will be the only contribution in electrical properties. 

The electrical conductivity ( σ T ) is related to the ions diffusion

through the Nernst–Einstein equation ( Eq. (3 )), where c i refers to

the number of charge carriers in the system, q i is the electrical
Fig. 7. Dynamic and isothermal (700 °C) thermogravimetric analyzes of Li 5 AlO
harge for a specific charge carrier, D i is the pre exponential dif-

usion constant for a specific charge carrier, E a is called activation

nergy and represents the energy of a bulk diffusion process, k is
 4 with alkaline carbonates under different CO 2 and O 2 partial pressures. 
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Fig. 10. Activation energy curves for Li 5 AlO 4 ionic transport (red points). Also the 

CO 2 thermogravimetric dynamic and isothermal captures are presented, for com- 

parison purposes. 
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he Boltzmann constant and T is the absolute temperature. 

T = 

∑ c i q 
2 
i 

k B T 
D i exp 

(−E a 

k B T 

)
(3) 

As the CO 2 capture process at high temperature is associated

o lithium and oxygen diffusion into the crystal [35] , it is pos-

ible to obtain the E a from the electric measurements and cor-

elates with the CO 2 capture properties of Li 5 AlO 4 [36] . In order

o know the E a in Li 5 AlO 4 compound, ln ( σT ) vs 1/ T plot is used

 Fig. 10 ), where Li 5 AlO 4 conductivity is presented and it is possible

o observe two different regions, depicted by linear behaviors. Each

inear trend corresponds to two different ionic transport mecha-

isms. At T < 600 °C, there is an ionic transport mechanism with

n E a equal to 1.00 eV, while at T > 600 °C the E a is 1.82 eV. These

 a values are indicative that the ionic transport specie responsible

s the O 

2 − ion. In fact, the E a values presented by Li 5 AlO 4 are simi-

ar to those reported by Al 2 O 3 for O 

2 − conductivity [37] . Moreover,

he activation energy values reported for Li-ion conductors are im-

ortantly lower ( ∼0.3 to 0.57 eV [38] ), in comparison to the values

btained here. Hence, as both E a can be associated to O 

2 − mobility

 Fig. 10 ), the change in E a at 600 °C could be due to the change

n the number of O 

2 − carriers. At low temperatures, the number

f charge carriers remains constant and it is associated to intrinsic

rystal defects, the E a displayed is associated only with ions migra-

ion. As temperature rises, the number of charge carrier increases

ecause there is enough energy to create more charge carrier, and

he E a displayed by the sample depends of the ions migration plus

he energy to creates new defects (charge carriers) [39] . In this

ontext, the Li 5 AlO 4 conductivity could be associated to intrinsic

efects at T < 600 °C and to new defects at T > 600 °C. 

To correlates the electrical behavior with the Li 5 AlO 4 –CO 2 cap-

ure properties, the Fig. 10 shows the electrical and different

O 2 capture results; the dynamic weight increment and the fi-

al weight increments observed at each isothermal experiment. As

he CO 2 capture process depends on lithium and oxygen diffusion

hrough crystal structure, it could be possible that at T < 600 °C
he CO 2 capture was controlled by diffusion via intrinsic defects.

n this way, the CO 2 captured will be limited by the number of

ons that can be move by these defects. When temperature exceeds

00 °C, new defects are generated and then the CO 2 captured will

e limited by the number of ions that can migrate at that temper-

ture. In this scenario, creating new defects enhances the capture

ut as some ions Li 1 + and O 

2 − form other crystal phases, the re-
aining ions arrange to yield the LiAlO 2 phase. At T > 700 °C the

O 2 capture becomes constant, in this point all ions involved in

he CO 2 captured are movable but only a portion are available to

orm Li 2 CO 3 , while the remains produce LiAlO 2 phase. 

. Conclusions 

Penta lithium aluminate (Li 5 AlO 4 ) was produced via a solid

tate reaction to study the CO 2 capture varying the CO 2 and O 2 

artial pressures. Dynamic and isothermal thermogravimetric ana-

yzes were used to evaluate the CO 2 chemisorption process, in the

bsence or presence of oxygen. Initially, the use of different CO 2 

artial pressures ( P CO 2 
between 0.5 and 0.1) did not show impor-

ant difference during the dynamic CO 2 chemisorption, in compari-

on to the CO 2 saturated atmosphere. Moreover, qualitatively, oxy-

en addition ( P O 2 = 0.05) seemed to enhance the CO 2 chemisorp-

ion process at a certain temperature range. These results were

orroborated with the corresponding kinetic analysis, showing that

xygen addition did improve the CO 2 capture. It was determined

sing a double exponential model. 

Based on these results, an alkaline carbonate mixture was

dded to Li 5 AlO 4 sample to modify the diffusion conditions due

o the carbonate melting process. Results showed that the eutectic

hase shifted to lower temperatures the CO 2 capture. Additionally,

he analysis of the ionic conductivity of Li 5 AlO 4 complemented this

ork. The ionic conductivity and activation energy of Li 5 AlO 4 were

etermined, showing that the ionic conduction behavior change at

round 600 °C. This result was is in good agreement with the pre-

ious thermogravimetric analyzes. Therefore, these results confirm

he importance of the oxygen viability during the carbonation pro-

ess of Li 5 AlO 4 . 
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