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The potential of LizsNaSiO4 as COz absorption/desorption material was investigated. Preparation mechanism of
Li3NaSiOs by solid state reaction method was analyzed by thermal analyses. LisNaSiO4 powder with high purity was
successfully obtained by solid state reaction of LisSiO4, Li2SiOs and Na2CO; without generation of liquid phase of
LiNaCOs during heat-treatment. It was proposed that LisNaSiO4 layer with thickness of ~1 um formed at interface
between liquid LiNaCOs and solid Li2SiOs prevented CO2 desorption reaction; however, stable cyclic property of CO2
absorption/desorption with 20 times by alternate changing of CO2 and N2 gas at high temperature was successfully
observed in LisNaSiO4 because form of Li2SiO3 generated at CO» absorption reaction by LisNaSiO4 was needle-like with
short edge of ~2 um, which was small enough to complete CO2 desorption reaction. The cyclic property by alternate
changing of 10% CO2/N2 and N2 was also obtained at 650 °C, which was optimized using the pseudo van’t-Hoff plot
prepared from TG curves of Li2SiO3 and LiNaCOs mixture under various COz partial pressures, indicating high potential

of Li3NaSiOg for practical application.
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Fig.1 Arrhenius plots of reaction kinetic constants of CO2
absorption of Li4SiO4 and LizNaSiOs under P(CO2) of 1.00 or
0.01 bar using Jander model.®
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Fig.2 Appearance of LisNaSiO4 specimen that was prepared by
heating a mixture of Li2COs3, NaxCOs, and SiO2 powders at
700 °C for 12 h in air. A bulk specimen was obtained instead of
powder.”
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Fig.3 TG-DTA curves of Li2CO3/Na2CO3/SiO2 powder

mixtures. The TG and DTA curves are represented by solid and
dashed curves, respectively. The mass variation determined by
TG is shown on the right vertical axis. The left vertical axis
represents reaction ratio that was calculated from the mass
variation assuming that the synthesis reaction is represented as
3/2Li2C0O3+1/2Na2CO3+Si02—Li3NaSi04+2C02.”
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Fig.4 The result of microscopy-coupled TG-DTA of LiNaCO3

powder. The TG and DTA curves are represented by solid and

dashed curves, respectively. The endothermic peak at ~500 °C is
clearly identified as melting point of LiNaCO3.”
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Fig.5 TG-DTA curves of the powder mixture of LisSiOs4,
Li2Si03, and Na2COs. The TG and DTA curves are represented by
solid and dashed curves, respectively. The vertical axes on the
right and left represent the decrease in mass and the reaction ratio
calculated from the mass variation assuming that Eqn. (3)
represents the preparation of LisNaSiOs, respectively.”
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Fig.6 Powdery specimen prepared using a powder mixture of
Li4Si04, Li2SiO3, and Na2CO3 by heat treatment at 700 °C for 12
hin air.”
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Fig.7 XRD patterns of specimens prepared by heating mixtures
of (a) Li4SiOa, Li2Si03, and Na2COs and (b) Li2CO3, Na2COs, and
SiO2 at 700, 750, and 800 °C. Peaks denoted by Miller indices
correspond to LizNaSiO4, whereas those represented by the
closed-circle symbol correspond to Li2Si03.7
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Fig.8 Reaction ratio of the CO2 desorption reaction under N
calculated from the isothermal TG data for the three types of
LiNaCO3/Li2Si03 mixtures assuming the reverse of reaction (2).
The mixed powders of Li2SiO3 and LiNaCOs were prepared by
manual pulverization, ball-milled one and via reaction between
Li3NaSiOs and CO2.%
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10 pm

Fig.9 SEM images of mixtures of Li2SiO3 and LiNaCOs after
treatment of dilute HNO;. The mixtures were prepared by (a)
manual pulverization, (b)ball-milled one and (c) via reaction
between LizsNaSiO4 and CO2.?
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Fig.10  Proposed reaction mechanism of Li2SiO3 and LiNaCO3
prepared via (a) manually, (b) ball-mill and (c) reaction between
Li3sNaSiO4 and CO2.” It is assumed that the reaction is interrupted
by formation of LisNaSiOs layer as thick as ~1 pm.”
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Fig.11  Cyclic property of LisNaSiO4 for CO2/N2 gas switching
at 750 °C. Solid curves represent reaction ratio converted from
mass variation assuming equation (2). DTA curves were
represented by dashed curves.”

Fig.12  SEM images of Li2SiOs after treatment of dilute HNO3
of specimens with (a) 1%, (b) 3", and (c) 5" CO; absorption in
Fig.11 and successively cooled in COx.
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Fig.13  Prospected reaction model of cyclic property of
Li3NaSiOs. At first CO2 desorption, some Li2SiO3; and LiNaCO3
are left unreacted due to large particle size. At the second CO2
absorption, the unreacted Li2SiO;3 particle works as nucleus of
particle growth, resulting in growth of LixSiOs particle and
deterioration of CO2 desorption reaction upon cycling.
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Fig.14  Cyclic property of LisNaSiO4 for CO2/N2 gas switching

at 750 °C. (a) 18~10"™ and (b) 11*" ~20™ cycle.
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represented by arrows.'?)
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Fig.17 CO: absorption/desorption cyclic property of LizNaSiOs
by switching CO2/N2 mixed gas and N2 at 650 °C. The P(COz) of
the CO2/N2 at the st switching and the 2nd—5th switching were
0.087 and 0.10 bar, respectively. DTA curves detected
simultaneously are shown by dashed curves.'?
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