Netsu Sokutei 45 (2), 73-78 (2018)

RRMICEAK[MB-ERREZFALT-
Mt 2 vy ROEFEKR U

R 52
RAIR S B BB

(ZHEH 201841 H 25 H, ZFA 201843 A 15 H)

=
AE

—R
1

Evaluation and Development of Functional Ceramics Utilizing Gas-Solid
Reaction by Thermogravimetry-Differential Thermal Analysis

Fumito Fujishiro

Department of Mathematics and Physics,
Faculty of Science and Technology, Kochi University

(Received Jan. 25, 2018; Accepted Mar. 15, 2018)

Absorption/desorption property of In-doped BaFeOs_5, which are candidates for CO, absorbents and oxygen
storage materials, was evaluated using thermogravimetry—differential thermal analysis (TG-DTA). X-ray diffraction
measurements revealed that the crystal structure changed by 10% In substitution from BaFeOs;_; with ordered
distribution of oxide ion vacancy to cubic perovskite structure with random arrangement of oxide ion vacancy and
increase in the average valence of Fe ions. From TG-DTA under CO, flow, it was found that the CO, absorption
property could be controlled by the substitution, indicating that CO, absorption property would be tunable to required
operating condition. Oxygen desorption behaviour of perovskite BaFe,_,In,O;_; was evaluated using TG-DTA under
various oxygen partial pressures and iodometry. It was found that the amount of oxygen desorption improved by the
substitution, which could be attributed to the random distribution of oxide ion vacancy in the lattice.

Keywords: In-doped BaFeO;_;, CO, absorbents, Oxygen storage materials, Thermogravimetry—differential thermal
analysis

1. [XC&HIZ

BEREtEtE 7 X v 7 2 L0, W (EITED) OXFRY
ERHY, WA, m%%%ﬁtE%ﬂ%Ltﬁﬁl/7x

DZETHY, FOLRSLEMEL, HFHlY P =S
éﬂfwé @@T‘ﬁﬁlﬁﬁm%ﬂﬁbt% EMEt

Iy 7 AEMEOEERREERFIIT L TR Y, SV EUG

E?R@J@EEU)TL PEEOFLENOER SN TWD, EiR
DEAAFOT AL }i)l_.\l;j_é BRI T EHEBE(LNAE T D7
0, ZTOELRDE ié%%ﬁm®%m HERO
I BEAR A i’@fxﬁ%eﬁﬂ: %‘fﬁﬂﬁﬂ'é ST R - 0 BE AR A AT
2D XD IBRE $ﬁ7\/7x®%r%%%b 5 ET
FEFIZEETHD, ZOZ LITE SIBERE RERSHT
(Thermogravimetry—differential thermal analysis: TG-DTA)
BB LEERTHY, (bFEIIZOIED IR
TOMRRN LG SN DMEOLFO—2>Th D, AR
Tid, TG-DTA Z & 2 XUH-IE M S 2 MU L 7B RENE &
7 2 v 7 20K ORHIEIZ OV TR D,

2. CO,IRESIVIR:
ELAARERIZ & % C0, WRIR4FE D il fE]

2.1 [FLoIZ

TRLIRSR (COy) FORELNR A A OHEH EHITEIT M

Netsu Sokutei 45 (2) 2018

ERERBIEEICB I 2 BEGED—>TH Y, TIHREBEH
LOPEH T AN D CO,y D F % BRI S B - (B3 2 Hiif
ﬂ@ﬁéhfwé F7, BEHEMBEE S AT MIBNT

WL BERR KRB EET N ANSAERT AR, KSER
%@ DL LT CONBAER SN b7=8®, 2D CO %
SEETENITAREAERROBm EAEREEIND, Z0kH
WA T ADNE COy O F % BPNZ 538 - [BIUT 2 HiflF D
WNTIE, = RAX— -« BREEOW CRRT N EHEERRED
—DOTH D, ZIETICTCO, DYEE - BINEAFE LT, 8
BRRETE, ALZEBUGTE R O o TS BEE 7 EDSRET S
TW5, FTHERRIGER, BRRSERA L CRMmT
D CO, ZEIRPLWEARICE D AT FETH Y, CO kT 5D

ﬁm&hmm &AL S DI AW T HAVITA B 2 A
mf% EOBENSEREEDTWS, D F-, (b

ﬁﬁ%ﬂ%?éﬁA,ﬁm%@mﬁ%cq S P(CO,)

TRV EOmE (WU or ) MRE B2, MEOW
@%ﬂ@f%hii/#%%Tﬂﬂ%ﬁﬁfﬁéﬂﬁﬂ
%,

ZHUE TIT Li,Si0fH® R Na,Zr0y, ™ Dt 5 3 v 7 AR
ALY D% 5D CO I FUH RIS & "3 L E I T
X, INHDOET I v ATHE, WETOT AL &R
DIRBBIE 2 AT 5 2 & TCORINAEEBR L TN D, FEH
TN ETIE, IV TAFLLT N EF X AR L
Y 72 % HAH BayFe,05 122V T, RYE D CO, & O TrI

© 2018 The Japan Society of Calorimetry and Thermal Analysis



2017 #EE [ ABRNE P 252D

RS ERT 2 8,10 Z ORISR EHE T T L TRl
AEETH Y, EHMZ P(CO,) (0.02~0.1 bar)® F T CO,
W G2 R 2 & W 2B L TE T, 2D DORE
IZOWTIE, A3E Vol.40, No.l DRHEMBEIE L L THAT
L7z, 2 2 2Tl BayFe,05 1T\ T, BEEEZ AT 5 2
& T CO, WU 2 8 L 7= DD TN T 5,

Ba,Fe,05 1% CO, & D TLUL T ORTER I NS AlHA 72K
e E T,

Ba,Fe,05 + CO, 2 BaCO; + BaFe,0, 1)

ZDRISWIEIN BT ~EATT 2565 CO, WU, Z Dififx
JEDS CO, N HRIIGT 5, Z DD B M) 72 1m0 & %2 R
% it Gibbs = R/VF —IE, RISIZE D 2 EALFREDOES )
FNTGA—HIZEVPREIND T, KGO E D s
DIBEIIIGEKN G265 & —BRCikE-TLE D,
T, MK CO,BNELMEIOXREE b EICHAESINLD
TRBEANEZ DNIIERESIND, OB T,
Ba,Fe,05 & FIFRIC SR CRAR KRS HLAIBLS U 7oA 2 FF
B, #9900 °C THRIBEFIMS A A e tiE ~ L FHizE 3 25
Ba,In,05 & DE TEEE A Bay(Fe_In,),0s DA% % 57, CO,
WA AN I R RE NS A B A LT,

2.2 EEBAH&E

Bay(Fe,_In,),05 IXEFBISIEIC LV Gk Uiz, FUEFRIE
1% BaCO; (99.9%), Fe,05 (99.99%) & 1} Iny03 (99.9%) T 1,
BaCO; & In,O5 (W5 L7=/K 72 & ORMM 2 T Y i< 72
150 °C CHMBR S H TR EEZITo T2, FTEO/LF Eimlt
Wb H)MELEREE, 2/ vilskzHNTo® ) —
JVHTTIRA L7214, 150 MPa THIERIAL L1 v b &2 /ER
L7z, 2855, 1000 °C T 12 BEfRBE L, D%, Wkl
THO 150 MPa THIERIEL L, N, &G, 1200°C T 12 B
MABER 21T > 72, B OREE CO, IR, Ji S
OFEHL, ¥R X BRI (X-ray diffraction: XRD) (RINT2200,
VA7, CuKa: 40 kV-40 mA) (2 XV REEEIT 7=, CO, W%
IRHELE, COy KUYN, & (~300 mL/min) T TG-DTA

(TG-DTA2000, ~ > 7 A = R) IZXVEHfi L7,

2.3 #HRBLUER

Fig.1 |Z Bay(Fe, ,In,),05 ® XRD /X% — %74, = K
A L N—"T% 5 BaFe,05 & BaIn,05 1%, T -EILHALL R
ZEMBEP2,/c (no. 14)*'Y L E J7 dh R 22 B Iemm (no.
7410 ZRETDH I L TRTOEY — 7 I T A TRET
Holzizd, BHRAEITHD Z N mhoT-, AR
FEBFHFEICHW =2 2R d, BRECT S EEPS
A= DE—7HRRED L, RG0S m B Lk
NN a T AT A Mg (ZEREEPM3m, no. 221) 1272
DT EMPHA L, F2, B ARZ—UDEBLEEL
BFEIE, In JBE x O & & HITHIZIZHIM L T Vegard HIl
BERLEZEND, Inid Fe A MIT U F ACHEELT
W EEZLND, 28, B, It DA A 24% (6 Bhr)
X, FNEI0785A L 0.940A THB, 7

ER A Bay(Fe,In,),05 T CO, & O TR 72 St %
IRTINGINERET D720, LLTFTO L ) REREIT- 72,
F9, TG HEENICHEEZE > FL, N, KJiH T 1000 °C
FCHIET D, TOH%, CO, Rii~E8IVEZT, CO, &
DT & D BRSO 2B Uiz, RS2 ffn
L7 & ZATHEEZRD, #EZEILL XRD 12 L9 Kk
BRI DRIEZIT > 170 WRIT, Z ORI LI-REH R EE
TG EBENIZE v b L, CO, KM T 1000 °C £ THIEL
7ot Ny RIS 0 2 T A2 X 2 EERD 2B L
7o BRIV SN2 Rote b ZATRE Z IR L,
ORI RO MGEZ XRDIZ LY FE L7z,

74

=
® 5 GE

- =

o«

b
£ | Ba,In,04 i 57 58 59 60
= A ’q ;‘\ A n ~
=
E )
=1 =
= x= 038 __AJ Y A
£ J
'E XZO-SA A A A -
2 s g =
£ C - I' = | Sg2=-a =&
g} x=021 . l T J G A A
D
K

Ba,Fe,04 t f
54 55 56 57
20 80

40 60
26 (deg. [CuKa])

Fig.1 XRD patterns of Ba,(Fe;_In,),0s. In the insets, the
peaks used to calculate the lattice parameters are shown for (a)
Ba,Fe,0s5 and for (b) Ba,In,0s, respectively.
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Fig.2 Weight variations of (a) Bay(FegsIngs),0Os under CO,
flow and (b) reaction product of Ba,(FeqsIngs),0s and CO,
under N, flow. The XRD pattern obtained after CO, absorption
is shown in the inset of (a). XRD patterns of the as-prepared
specimen and the specimen after CO, desorption are shown in
the inset of (b). The peaks denoted by the open and closed
diamonds are due to BaCO; and In,Os, while the peaks denoted
by the triangle represent BaFe,O,, respectively.
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Fig.3 Weight variations of Ba,(Fe;_,In,),05 under CO, flow.
Temperatures at which the weight decrease due to CO,
desorption occurred are denoted by the arrow. In the inset, the
weight variation of Ba,In,Os sintered at 1300 °C is shown up to
1300 °C.
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Fig.4 XRD patterns of BaFej4Ing 03 sintered under O, flow
and N, flow. The peak denoted by the triangle represents
orthorhombic BaFe,0,.
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Fig.5 XRD patterns of BaFe,_In,O;_; (0.0 < x < 0.5) prepared
in air. The peaks denoted by the circle are due to monoclinic
Ba,Fe,0s, while the peaks denoted by the triangle and diamond
represent orthorhombic BaFe,O4 and hexagonal BaFeO;_s,
respectively. The patterns with x = 0.1 — 0.5 can be indexed as a
cubic perovskite structure.
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Fig.6 (a) Average valence of Fe ions, Vg, and (b) oxygen
content 3—0 for BaFe;_,In,0s_s5 (0.0 < x < 0.5), determined by
iodometry.
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Fig.7 Weight variation Aw of BaFe 9Ing ;03— with heating rate
of 10 °C/min. The DTA curve is shown in the inset. The solid
and dotted curves represent results obtained during heating and
cooling processes, respectively.
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Fig.9 Oxygen desorption Aw,(7) estimated by the TG data of
BaFe,_In,O; s under air flow. The temperature dependence of
normalized average valence of Fe ions, Vg '(T), is shown in the
inset.
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Fig.10 Amount of the oxygen desorption Ad at 700 °C as a
function of 3—¢ in BaFe;_,In,0;_;. In the inset, the value of the
AS per Fe content 1—x, Ad/(1—x), is plotted as a function of In**
content x.
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