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Effects of potassium doping on the composition, structure
and carbon dioxide chemisorption of NaZrO 3
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Solid solutions of sodium and potassium metazirconate, Ni§..ZrOs, were prepared by coprecipitation. Then, samples were character-
ized by powder X-ray diffraction, scanning electron microscopy and thermogravimetric analysis. Results show that the solubility limits of
potassium in NaZrOs is 0.2, Na sKo.2ZrOs, and the addition of potassium produced the formation of needle-like particles. Furthermore,
Nax_.K.ZrOs solid solutions were tested as @@aptors. The analyses of these materials showed that, although all the solid solutions
present similar behaviors, the chemisorption and diffusion kinetics were enhanced by the addition of potassighn.4KeOs seems to

be the best solid solution for the G@apture. The differences observed in the;&0Orption processes were explained by the different ionic
radii of sodium and potassium and with thermodynamic data.

Keywords: Absorption; carbon dioxide; sodium and potassium zirconate.

Soluciones @lidas de zirconato de sodio y potasio,sNaK, ZrOs, fueron preparados por elatodo de coprecipitagh. La caracterizadn
de estos materiales fue realizada por difranale rayos X, microscopia elegtrica de barrido y alisis termograviratrico. Los resultados
muestran que elrite de solubilidad de potasio en el zirconato de sodio es 0.23K@2ZrOs. Adenas, la adiddn de potasio indujo una
morfoloda, en las paftulas del ceamico, en forma de agujas. Posteriormente, las diferentes soluciaidssSueron probadas para la
captura de C@ Aparentemente, NasKo.4ZrO3 resulb ser el mejor céamico para la captura de GOLos diferentes aalisis mostraron
que, a pesar de que el comportamiento fue parecido para todas las muestras, los procesos de @uiyndifirssbn se incrementaron
con la adicbn de potasio. Los resultados fueron explicados en fumde los radiosanicos de sodio y potasio, iasomo con factores
termodiramicos.

Descriptores: Absorcibn; dioxido de carbono; zirconato de sodio y potasio.

PACS: 61.05.cp; 61.66; 68.37.Hk; 68.43.-h

1. Introduction zirconates, silicates and titanates, among others [6, 14-17].
Therefore, the aim of this work was to analyze systematically

In the last century, the use of oil and many other carbon reth® K-doping of NazrO; (Na; K, ZrOs), and its implica-

sources have dramatically increased the production of. O tions during the kinetic sorption of GO

As a consequence, the earth has been increasing its tempera-

ture through _thg so-called “green house effect” [1-2]. Theregl Experimental section

fore, CO, emissions need to be reduced or at least controlle

in different ways [3-5]. The co-precipitation method was used to obtain sodium-
In order to trap CQ from the environment, some stud- potassium zirconates. Stoichiometric amounts of sodium car-
ies have focused on its chemisorption process. In this waygonate (NaCOs, Aldrich), potassium carbonate §KOs,
alkaline and earth-alkaline ceramics seem to be a good optldrich) and zirconium acetate (Zr(OGH, Aldrich) were
tion. For example, 1O presents excellent kinetic and ther- dissolved and mixed. Each solution was stirred in water for 1
modynamic properties such as being £@bsorbent [6]. hour and then heat-treated a@) until the precipitate dried.
Other alkaline and earth-alkaline oxides and hydroxidesFinally, the powders were pulverized and calcined at’@0
such as LIOH, NaOH, BaO, MgO and CaO, show similarfor 4 hours. The Na:K molar ratio was varied from 0 to 1.0
behaviors [7-10]. However, most of these materials preserto obtain the solid solutions, Na,K,ZrOs;. These nominal
a problem: they increase their volume by up to 250% durvalues were used to label the samples,Na; 3K 2ZrOs.
ing the CQ chemisorption. Therefore, attempting to solve  Samples were characterized by X-ray diffraction (XRD),
this issue, Nakagawa and Ohashi tested lithium zirconatecanning electron microscopy (SEM) and thermogravimetric
(LioZrO3) for the same objective [11]. They found that, al- analysis (TGA). To obtain the X-ray diffraction patterns, a
though LipZrO5; presents similar chemisorption properties, BRUKER axs (model D8 Advance) diffractometer was used.
this material did not vary its volume so much. Moreover, The various compounds were identified by the corresponding
it was found that potassium increases the kinetic reaction)CPDS files (Joint Committee on Powder Diffraction Stan-
due to its low fusion temperature [12-13]. Since the publi-dards), and their percentages were estimated from the total
cation of these papers, several works have reported the CQarea under the most intense diffraction peak for each phase. A
chemisorption on different lithium, sodium and potassiumscanning electron microscope (SEM), Stereoscan 440 Cam-
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bridge, was used to determine the morphology of the sam- The presence of ZrPand the non-identification of any
ples. As these materials are non-conductive, powders werngotassium phase strongly suggest that potassium is being lost
covered with gold. C@sorption analyses were performed in in some way. It has been reported that potassium zirconates
a 2950 Thermogravimetric Analyzer, TA Instruments. Sam-are not very stable; all of them decompose at lower tempera-
ples were heat treated with a heating rate &€5min~! tures than 75%C. In these compounds, most of the potassium
from room temperature to 1000, into a CQ flux. Finally, = atoms sublime and the others remain as dopant into the zir-
isothermal experiments were performed in the same equipsonium oxide [12,18]. Perhaps for the samples prepared at
ment at 550C under a flux of CQ. 900°C, most of the potassium should sublime. The results

indicate that the solubility limit of potassium in BArOs

is equal to 0.2, producing the following nominal formula:

3. Results and discussion Na; 3K 2ZrOs. However, it cannot be conclusive, due to the
' _ high tendency of potassium to sublime.
Samples of NgZrO; alone or doped with potassium, Something else comes out of observing the XRD patterns:

Nay . K, ZrOs, were obtained using different Na:K molar ra- the (2,0,0) and (4,0,0) peaks of the #2805 phase signifi-
tios. These diffractograms are shown in Figure 1. Samplesantly increased their intensities as a function of the potas-
with z= 0 and 0.2 only showed the presence obK®;3;.  sjum content, in comparison to the (-3,3,1) peak, which is
However, if thervalue was increased to 0.4, a different phaseabeled as the 100% peak intensity in the JCPDS files. There-
was also found. In this case, Zs@vas detected. Finally, if fore, there is a preferential orientation produced by the addi-
the Na:K molar ratio was increased to 1:1, the quantities ofion of potassium on the [2,0,0] family peaks. This effect may
ZrO, increased as well. be produced during the potassium sublimation, or because
the potassium atoms are mainly located over this family of
planes.
2,0,0) Scanning electron images of N&rO3; and NaKZrQ are
+Zr0, shown in Figs. 2 and 3, respectively. In the first case, the
Na,ZrOs; has a homogeneous polyhedral shape, with a parti-
cle size of 3um (Fig. 2).
In addition, these particles seem to be agglomerated,
. (3.3.1) NanKs,Zro, forming large ggglomerates 'of up to 39-;101. On the other
oo P d hand, the addition of potassium modified the morphology of
J " Na, K, 21O, the samples. Figure 3, which is a backscattered electron im-
V- A i age, shows the presence of two different phases. This re-
” Na. K. 710 sult agrees with the XRD results, where Zr@ad already
i L s been detected. In this case, the lighter phase corresponds to
L " J\ Na,ZrO. ZrO, (Z = 19.66) and the dark phase is the sodium zirconate
I e I . 1 ® 1

, @400

Intensity (a.u.)

(Z =14.3). ZrQ presents a polygonal shape with a particle

20 30 40 50 size of 4um, on average. These particles seem to be im-
20 mersed in the dark phase, NaOs, which has a needle-like

FIGURE 1. XRD patterns of the Ng&ZrOs; and different shape. The needle-like morphology, observed in this sample,
Nay_ . K, ZrOs solid solutions. is in agreement with the preferential orientation observed by

2

XRD.

NayZrOs, is a good CQ absorbent material. So, if the
Na,_.K,.ZrOsz solid solutions present a synergetic effect,
they should capture more GQthrough the following reac-
tion:

Nas_ K, ZrO3+C0Oy — (Naz_me)CO3+ZTOQ (1)

*

where, (Na_,K,)CO; represents, merely, a mixture of
K2COs; and NaCOs.

The different samples analyzed by TGA presented, CO
absorption (Fig. 4). First, N&rO3 increased its weight in
two different steps: first there is just a superficial absorption
between 100 and 38Q; then, at higher temperatures (400-
800°C), the chemisorption is completed. This resultis in total
agreement with previous reports [16]. The N&( 4ZrO3
sample presented a very similar trend, but this sample ab-
FIGURE 2. SEM image of the N&ZrO; powders. sorbed 2 wt% more CO It seems that the addition of
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potassium does enhance the £&bsorption. Conversely,
NaKZrOs; presented some differences. At lower tempera-TasLE |. Parameters obtained from the experimental data fitted to
tures than 100C, the sample lost 1 wt%, which must corre- a double exponential model.

sponds to the dehydration of the sample. This effect was not

1 —1
observed for the other samples. Hence, the sample became Sample h (seq ) ha (sed )
more hygroscopic with the addition of potassium. Perhaps, N&xZrOs 0.00203 0.00012
the residual potassium is adsorbing water. The second differ-  Nai.6Ko.4Zr0; 0.00221 0.00013
ence is in the shape of the absorption process. In this case, NaKZrOs 0.00544 0.00031

the superficial absorption cannot be distinguished from the
bulk absorption. Therefore, the kinetic of the absorption pro- ;4.

cess may be changed by the addition of potassium. Finally, )
i . . NaKZrO,
this sample captures less €0n comparison to the previous 114 1
samples. However, it must be pointed out that this sample =2 T
contains ZrQ@, which does not absorb GO P
In order to analyze wheter the kinetic reaction is mod- 2., Na,Z10,4
ified due to the potassium doping, the different samples 5
were isothermically analyzed. Figure 5 shows the isothermal © 108 -
graphs at 550C. When the NaZrOs; curve was comparedto & Na, 6K 4210,
= 106-.
a0
G104
= 102 4
100 4———v—--—-—F—-—p—v—T——1——
0 50 100 150 200 250 300
time (min)

FIGURE 5. Isothermal analyses of Na, K,ZrOs solid solutions
heat treated at 55C in a flux of CG;. The symbols correspond to
the data, and the lines to the model fitted.

Liy gNag.4ZrO3 and NaKZrQ samples, NaZrO3; absorbed
13.3 wt%, after 300 min, whereas NgK,4ZrO; and
NaKZrO; increased the absorption to 14.7 wt% and 14.1
wit%, respectively, in the same period of time. It must be
pointed out that the COabsorption quantities obtained for
NaKZrO; were adjusted as a function of the ceramic content
(see XRD analysis). Although the GBorption in NaZrOs
was not much lower than those in the samples containing
potassium, it was obvious that at short times (between 0 and
50 min), the kinetic is significantly improved by the pres-
ence of potassium, as shown by the slope of the curves,
2.14,2.16 and 2.22 wt% min for Na,ZrOs, Nay 4K 4ZrO;
and NaKZrQ, respectively. Hence, potassium atoms must
locally modify the structure of N&ZrOs;. As potassium
atoms are larger than sodium atoms, the N®; structure
was probably expanded, favoring an easier diffusion of the
sodium atoms to reach the G@olecules. Another expla-
nation can be related to the preferential orientation observed
by XRD and SEM, which may allow a higher surface area,
and therefore, a higher possibility of reaction between the ce-
ramic and the C@ Finally, another option proposed in the
literature indicates that potassium becomes liquid and works
as a transport for the atom diffusion.

The same Fig. 5 shows that all the isotherms fitted into a
double exponential model [Eq. (2)]:

y= Aexp Mt +Bexp*2t +C 2)

FIGURE 3. Backscattered electron image of the NaKZr@ow-
ders. Light particles correspond to Zr@nd dark particles to
NaZrOs. The arrows indicate the needle-like formation.
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FIGURE 4. Thermogravimetric analyses of different
Nax_, K, ZrOs solid solutions in a flux of C@.
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wherey represents the weight percentage of,.GBsorbed: 4. Conclusions

is the time,k; andk, are the exponential constants aAdB

andC are the pre-exponential factors. The values obtainetNa,_,K,ZrO; solid solutions were prepared by precipita-
for each sample are presented Table I. This adjustment igon. The limits of potassium solubility to NZrO; were

in total agreement with previous reports, which propose thatletermined by XRD, and it was x = 0.2. In addition, during
these kinds of ceramics absorb €@rough two different the characterization of these solid solutions, the formation of
processes; at the beginning, €@acts with the surface of a specific morphology was detected by SEM; the ceramics
the ceramic, producing the alkaline carbonate. Later, once thecquired a needle-like shape.

carbonate external layer is created, the diffusion of the alka-  Ng, K, ZrO; solid solutions presented a high €@b-

line element begins, through the parbonate layer, to react Withrption capacity. It was proved that the addition of potas-
the CQ; at the surface of the particles [6,19]. Hereo®EO;  sjum increased the kinetic of chemisorption and diffusion,
reacts with C@, producing an external layer of M80;.  according to the model adjusted to the isothermal results. The
Then, sodium and potassium have to diffuse through the Cafegyits were explained in terms of the ionic radius of potas-
bonate layer to be able to react with the £@s can be seen  sjym and sodium, as well as in thermodynamic terms. Ac-
in Table I, k; (chemisorption process) is one order of mag-¢ording to these results, NaKo.4ZrO; seems to be the best
nitude Iarger' t'harkz (diffusion process). ThgrefOYE, .kme.tl- solid solution for the C@capture, because higher potassium
cally, the limiting step of the whole process is the diffusion. ;o centrations produce high quantities of Zr@hich is not

In addition, thek; andk values increased with the addition gpje to absorb CQ decreasing the efficiency of the ceramic.
of potassium.

This confirms that potassium enhances the, @Bsorp-
tion in both the superficial reaction and the bulk diffusion
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