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Synthesis and CO, Absorption Properties of Single-phase Li,CuQO, as a CO, Absorbent
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Synthesis and CO, absorption properties of single-phase Li,Cu-
0, oxide were studied by X-ray powder diffraction and thermog-
ravimetry. Samples of Li,CuO, were prepared in solid state using
Li,COj3 and CuO as starting reagents. A mixture of Li,CO; and CuO
was heated at temperatures of 600-1000°C and then quenched to
room temperature. From XRD, it was found that single-phase Li,-
CuO; can be obtained by heat treatment at 680-685°C with the
quenching operation. The single phase was never obtained without
quenching; that is, quenching rate (°C s™!) seems to be an important
factor which determinates whether sample is obtained as a single
phase or not. From thermogravimetry, it was found that Li,CuO,
begins to absorb CO; at around 230 °C, then drastically absorbs CO,
at over 600 °C, reaching 40.2 mass % maximum CO, absorption, and
finally emits CO, over 900 °C. The maximum CO, absorption (40.2
mass %) is larger than that (36.7 mass %) of LisSiO4 CO, absorbent.

In 1998, Nakagawa and Ohashi reported that Li,ZrO; can
absorb CO, gas and suggested that the oxide could be a novel
solid-ceramic CO, absorbent.! However, the CO, absorption rate
is not impressive. Since their report, many studies have been
reported on synthesis and CO, absorption properties for Li
complex oxides including Li,ZrO3.2"" As a result, Li;SiOy,' 13
LiFeO,,'* and LisTiO4'® were discovered and studied for their
CO, absorption properties. According to previous reports,”!>
LisSiO4 seems to be an excellent solid-ceramic CO, absorbent.
However, recently, Palacios-Romero and Pfeiffer reported
Li,CuO, to be a new solid-ceramic CO, absorbent.'° If Li,CuO,
reacts with CO,, the following reaction occurs.

Li; CuO,(s) + CO,(g) — CuO(s) + Li,COs3(s) (1)

According to this equation, the maximum CO, absorption is
theoretically estimated as 40.2 mass % {molecular weight(CO,)/
molecular weight(Li;CuO,) = 0.402} when the reaction com-
pletes. However, it was reported that 40.2 mass % absorption
was not confirmed because single-phase Li,CuO, could not be
obtained.'6

In this letter, we report on the synthesis of perfect single-
phase Li,CuO, and the CO, absorption properties and compare
this to those of the known solid-ceramic CO, absorbents like the
LizZI'Oj,, Li4SiO4, LiFeOz, and L14TIO4

Samples of Li;CuO, were prepared in solid state using
Li,CO3 (99.999% purity, Rare Metallic Co., LTD) and CuO
(99.99% purity, Rare Metallic Co., LTD) powder reagents and
the following formation reaction.

Li;CO;(s) + CuO(s) — Li;CuO,(s) + CO,(g) 2)

Before these reagents were weighed for the synthesis, thermog-
ravimetry was performed on these reagents in order to examine
whether absorbed moisture was present. After thermogravim-
etry, these reagents were weighed in an appropriate molar ratio
and mixed/ground in an agate mortar by hand for 1 h. Obtained
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Figure 1. Schematic figure of the electric furnace used for sample
synthesis for single-phase Li,CuO,.

powder mixtures were pressed into a pellet. The pellet was put
on a gold film on an alumina boat. The boat was put on an
electric furnace. The furnace used for the synthesis is shown in
Figure 1. After the sample pellet was heated for several hours,
the boat with sample pellet was quickly moved from the center
to outside of the quartz tube. In this way, the sample was
quenched. Quenching rate was measured by monitoring temper-
ature of the sample pellet with time. The temperature of the
sample was monitored by an R-type thermocouple which was
fixed to the alumina boat with sample pellet during the heat
treatment. The quenching rate (°Cs™') could be changed by
changing the distance of the alumina boat from the center
(synthesis temperature) to the end (room temperature) of the
quartz tube. For example, a quenching rate of 3.7°Cs™' was
measured when the distance from the center was 25 cm. In the
same way, the quenching rate of 5.4°Cs™' was measured at
50 cm. The maximum quenching rate of 24.5°C s™! in this study
was achieved when the sample pellet on the gold film on a thin
platinum boat was quickly moved from the center to the end of
the quartz tube under an air stream of over 25 L min~". Inversely,
the minimum quenching rate 0.1 °Cs~! was measured when the
boat with sample was furnace-cooled in air. After the synthesis
with these quenching operations, obtained pellets were Li,CuO,
samples for X-ray powder diffraction (XRD) and thermogravim-
etry (TG-DTA) measurements.

XRD measurement to assess phase purity were carried out
using a diffractometer (Rigaku Corp., Rint2100) with CuKo
radiation. In order to examine CO, absorption of the samples,
mass change and DTA signal of the samples were measured with
a thermobalance (Ulvac-Riko, Inc., TGD9600) when the
samples were heated in a 100 vol % CO, atmosphere from room
temperature to 1000 °C with a heating rate of 5°Cmin~".

For obtaining single-phase Li,CuO,, we tried to synthesize
Li,CuO, samples by changing synthesis temperatures and
quenching rates. Single-phase Li,CuO, could not be obtained
at temperatures under 670 °C, and over 700 °C in air, despite the
presence or absence of the quenching. Li,CO3 and CuO phases
remained in the samples synthesized under the former con-
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Figure 2. XRD profiles of synthesized Li,CuO, with several quench-
ing rates from 685 °C in air.

ditions, while samples under the latter conditions were found to
be partially melted.

XRD profiles of the samples synthesized at 685°C with
several quenching rates are shown in Figure 2. From the figure, it
is found that (i) the sample quenched at 5.4°Cs~! was single
phase, (ii) CuO, Li,COs3, and LizCu,04'7 of the extra phases were
found in the samples quenched with the quenching rates of 3.7
and 1.0°Cs™!, and (iii) intensity of these extra phases increased
as the quenching rate decreased. Next, we tried to synthesize
Li,CuO, by changing synthetic temperatures at a constant
quenching rate of 5.4°Cs~!. From the results, it is found that
single-phase Li,CuO, could be obtained in the temperature
region of 680°C < T < 685 °C. In addition, the sample synthe-
sized at 690 °C was found to be subtly melted, and very small
diffraction peaks at 35.4 and 38.6° from CuO phase were
detected. It is suggested that the melting seems to depend on the
melting or instability of Li,CO; phase around 700 °C. Moreover,
powdery Li,CuO, was instable against humidity because LiOH
phase was detected in the powdery Li,CuO, ground in a agate
mortar for 15 min in the case that degree of humidity was over
50%. On the other hand, bulk (ceramic) Li,CuO, was compa-
ratively stable against humidity. Net volume of single-phase
Li,CuO, sample was almost 100% by XRD and thermogravim-
etry in the case that we ground the ceramic sample to powder
fleetly or avoided high humidity day for the grinding.

Mass change and DTA signal of the single-phase Li,CuO,
were measured under 100vol % CO, atmosphere from room
temperature to 1000°C at 5°Cmin~" of the heating rate by a
thermobalance procedure described in the experimental section.
The TG data are shown in Figure 3. From the figure, it is found
that the mass of the sample weakly increases around 230 °C, then
drastically increases at over 600 °C, reaching the maximum at
about 875 °C, and finally decreases over 875 °C. The maximum
mass increase was measured to be 40.2%. Exothermic DTA
signals were detected corresponding to the mass increases,
respectively. XRD measurement was performed on a sample
heated until 875°C under 100vol % CO,. The measurement
showed that only Li,CO; and CuO phases existed, while
Li,CuO, phase was not detected in the sample. From the results
of the TG and XRD measurements, the reaction between
Li,CuO, and CO; could be described by eq 1. According to
reaction (1), the calculated maximum mass increase is 40.2%
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Figure 3. Temperature dependence of mass increase of single-phase
LizCUOz.

when the reaction completes. It is found that the measured
maximum mass increase was consistent with the calculated
value. This has not been shown in previous reports.'® From these
experimental results one may surmise that the quenching is
necessary. The reason seems to be as follows. According to the
formation reaction (2) of Li,CuO,, CO, emission is necessary in
order to complete the reaction. On the other hand, CO, absorption
reaction of Li;CuQO; is shown as reaction (1). The reactions (1)
and (2) are opposite, each other. Therefore, there is a possibility
that formed Li,CuO, returns to Li,CO3 and CuO in the suitable
temperature region (680-685 °C) if CO, remains in the furnace,
and the formed Li,CO; and CuO react each other and form
Li;Cu,04 phase around 300 °C.

The single-phase Li,CuO; can be obtained in the solid state
at 680-685°C in air with quenching rates over 5.4°Cs~!, The
single-phase Li;CuO, can absorb 40.2 mass % of CO,. The value
of 40.2 mass % is consistent with the maximum CO, absorption
value estimated from the reaction between Li,CuO, and CO,.

The authors thank Mr. N. Togashi and Ms. K. Gotou for
useful discussion.
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