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Single phase specimen of polycrystalline Ba,Fe,Os, which has been a candidate for CO, absorbents, was
prepared by solid state reaction method under N, flow. Ba,Fe,O5 showed weight increase above 450 °C under CO,
flow, which was originated from CO, absorption. The weight decrease due to CO, desorption was observed above
1100 °C under CO, flow. Thermogravimetry (TG) and X-ray diffraction measurements have revealed that Ba,Fe,Os
can reversibly react with CO,, which is represented as Ba,Fe,Os + CO, 2 BaCO; + BaFe,04. Thermodynamic
calculation of this reaction was carried out, showing agreement with the results obtained by TG measurements. The
reaction kinetics of CO, absorption by Ba,Fe,05 was investigated by TG under various P(CO,)’s. The calculated
Ellingham diagram of the reaction was found to show agreement with the variation in the equilibrium temperature of
the reaction with P(CO,). The results of the morphology observation, specific surface area analysis and TG
measurement suggested that CO, absorption mechanism was described by a superficial reaction, a diffusion-controlled
process, and a sintering reaction as the reaction proceeds. The kinetics of CO, absorption for the diffusion-controlled
process has been analyzed with the Jander function.
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1. [ZFC&HIC

IRERN RN 2 OHEH EHIRI T ERBR BRI BT 5 B A
BEETH D, ENIE < OUFFRE DR % 72 LD B fFRIC
BOMA TS, IBEHNRTAD—D>TH D CO T LARR
B REEd 2 2 L CAEREND 2D, THORESN, HE
R EOPEH T AP TFET D, (o T, TOAME
OEHERHIIREETH D & FREND 20, PeH AT D
CO, Z B /8 - BIRT 2EMBALEENRL TN D,

IBAH AN COy D IxZe S8l - [FUN T D EffIIRkE < 4
FT, OWHRELZFIFALEZbD, @ (bFKmaFIH L
b0, @ ZIEES I L DR ERIA Lz b
O, ZHEEND, ZhbOR THLERISEFAT S5
EIX, COp \TxT BBIRMEREN 2 & R0F O UG X
JETHIULTEEWE N HRAFRETH D2 EORERH 5
728, ZIVE TSk & BN DA & L TRFIS T
Wb,

Li,ZrOs,P LigSi0, 2 %0 Li,Cu0, >0 2 ¥ D VY F 7 L %G
AFEtY), NayZrO;? %2 Ca0 ¥ 72 EHEx WE RN SR T -
CO, [IEH T CO, & AR S & n 728, COy WIAS
Be LTRETEN TS, WINOEETH, ZhbH DK
JIETIEEHF O CO, RIS L TR Z AR T 52 &N
[CO, DAL 12, LV EIETOMBIC L 5D HmD
AR [CO, D] ITRIS LTS, Bl Z2IE, LiZrO;
DFE,

Li,Zr0; + CO, 2 Li,CO; + ZrO, 1)
DOJSIZBNT, ENBAESDKIGD CO, W, HAnbik
SO CO, I RHET 5, Li & LeEA It iE
BN NS W DR EE Y720 O CO, WL K X
WEWHFILERH DD, Li ZIREMOEMELE L TOF

D SRPEHE OIRIEMEC & B O R % S D REM
&%, 2006 4T Miyoshi 5 2 12k 0, RUTAT=FA b

(&1p Ba,Fe,05, BaFeOs.5, etc) FEAIAS CO, & RIHIIZ X
ST 572, CO, WM EOBAME T/ 0 5 2 L AVR
iz, Ba, Fe & I B ZICFET H R THHT-
OARIIMELE LT TH B, L LA S, Miyoshi
5 OWAETITHWZREN Ba, Fe & EAM LY DIR
HBHTH D20, EEALEER (Thermogravimetry: TG)
HE I TObR TR ST, USERY O EECOGHEE D R
BboE%LERBINTWVARY, CO, WA E & LT
Ba,Fe,0s @%‘ﬁ%EﬁﬁéﬁWﬂﬁ‘é 123, @l*ﬁ Ba,Fe,0s = H
N S O E B R OSSR DO RE, KISET VD
RERCMCHEED REL Y NUBEARA R TH D, AT
WFEE N ZNE TICHE LT & 72 BayFe,05 O CO, I - ik
RSS9 % P fiamed 10« BOSEE RN 1D iz
THITT D,

2. ERERAE

Ba,Fe,0s I EFISSIEIC L D ARk LTz, JFEERASRE LT
BaCO; (99.9 %, /L7 F{tZ), Fe,0; (99.99 %, 7/
FALZE) &MV, BaCO;: Fe,03=2:1DENAHIZARD LD
MaEL, A/ vHskEHWT L a— LR TRARS L,
W SR A M A MERE (~03GPa) LT, XL vk
PERLU72, Ly MEIT LI FRIOBER AR — M AR,
BARIFC 1200 °C, 12 BEREDINZA L7, Z BRI Ny & &
VIR OEEEESTE A 104 atm FREEIC L CHERR L 7=,

PESRL U 72308 OY CO, DURIR » B BOG5 DFREHE X R
[EIPT (X-ray diffraction: XRD) #:i& (RINT2500, U 45 7)
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ERWTHE L, 72, REIOBEBEICITEATNE
TS (Scanning electron microscope: SEM) (JCM-5700, H
ARET) 2HAV, HARETORBIRERL71-0,
TNEART% TR 00 b2 T F 13 B Bh bb 2% i R/ L 55 AR 1
JEHEE  (BELSORP-mini II, HA~L) 12XV, N, HAK
AHiEE W2 BET fATIZ X 0 & 57z, BayFe,05 @ CO,
WY - BHBEDREAMIL, TG MIEEEE (TG8120, Y A7)
ZHWTHE A D CO, 3L P(CO,) - IRE T COEBELEH
EL T2, AWZ3EEEITA 100 mg T Pt o/
AN, BREEE LT ALO; W=, Z0OE, CO, &
N, DIRE T A7 v — (200 mL/min) % 3E& FHICERY 07
72 CO,E=% (MA1001-1P, &/ —) TE=X VYT L%
2 5 AEFE N D P(CO,) % il L7z,

3. RBRBERRUBE

3.1 Eifg Ba)Fe,0;  CO, U - it Rt D E ERITE

BaFeO, sl IfEE RSN 0<5<0.5 D THix it & L
THETDHZ ENMBNTNG Y 2o THHT O
Fesk BN e bV 72\ BagFe,05 (8§=0.5) 1, FEEAREHME
WCEDRMBOa X INbnwEEZLND D,
Ba,Fe,05 13452 D CO, WIRFED EEHIE (2 L B HhEREIC
BWLTWHEZEXLND,

Fig.1 |2 BaCO; & Fe,03 ZE /L 21 1 TIRA LT-IRAEH
ZZEE L N, KT 1200 °C, 12 BEEINELL 7308
XRD /¥ — &R T, Ny KUt CleR L7os o R«
2 —213%, Zou b 91T X o T BayFe,05 DG St & L CIA]
TSI BRI R ZEIEE P2,/c (No.14) T, a=6.977 A, b=
11.745 A, ¢=23.437A, p=9871°L{iET 5 & AT
BB R AIRE TH o 72720, BRI S LNT-Z
EW o T, T, ZERAHTRERE LBt o RIS A —
VI, HANE BayFe,05 12 L A RIFTHICINZ, WTRLT
X 92T BaFeOss' " I X A RIEFFTENBLHI S =720,
RAEEICH D Z L0305, ABFFE TILEAH BayFe,05 D
BBl e L THYY, CO, WIRHEZ 71l L 7=,
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Fig.1 XRD patterns of Ba,Fe,Os5 specimens sintered under
static air and N, flow. All peaks shown on the bottom pattern
could be indexed as monoclinic phase with space group P2,/c
(No. 14). Peaks denoted by full triangles are due to BaFeO;_;
with space group P6;/mmc (No. 194).
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Ba,Fe,05 7% CO, & K Jis L CO, WAL & U -CHRIH ATHE D
EMRINZHRD 728, CO, K (P(COy)=1 atm) T TG
BIEEIT - T2, RE EEH 100 mg 2 TG HEEWNICE v
L, FE#FE 10 °C/min TEIEAH 1200 °C DR FEHIH 1T
ST RER % Fig.2 (2R T,
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Fig.2 Weight variation of Ba,Fe,Os under CO, flow with
heating rate of 10 °C/min.
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Fig.3 Weight variation of Ba,Fe,Os under CO, flow, which
was measured at 1000 °C. X-ray diffraction pattern of the
specimen obtained after this measurement is shown in the inset.
Diffraction peaks denoted by closed circles can be indexed as
BaCO; and those represented by open squares can be indexed as
BaFe204.

TG %E# (2 Ba,Fe,05s ¥y % A4L, 100 °C/min T 1000 °C

F TN, KIEH (200 mL/min) CTHIE L 7=, 0%, BE—
EOFEFEBNOFERNT A% N, 725 CO, K (200

12

R Y

BREERE & B E

mL/min) (2L, EOROEEDORELLETLER LT,
FE72, 1000 °C THI 25 RefilfREF L, CO, X T=HIRE T
W LT % ORE R D XRD EBr41T-7-, Fig.3 |CH&
ZAL R OSBRI ER OFREHI KD XRD /¥ — 2 %R
T, BREHORFENI RN A A LA A 0 h & LT
W5, Ny KA 1000 °C £ TOFIEAIC B BRI &
IR T2, FRBHER A A% CO, I L T- 14\ EH B Y
ML, K25 ReRIICITHEMEN 9.4 %2R L Cfafi L,
(2), QRO L rEEEINELZZNENHRET D &,
QXDEGE,

2M(COy) _
W X 100 =18.8% (4)
BRDEGE,

M(CO,) _
e x 100 = 9.4 % (5)

L%, 22T M(CO,), M(BayFe,05)iE CO, } Uf BayFe,Os
D 1mol ¥7= W OEELEERT, I, FHAKDO XRD /3%
— @A S BaCO; (Pmen, No.62) T, &7
BaFe,0, (Cmc2,, No. 36) TENZEIEESTIT B AEETH D,
OO X BEPHRABIR S e hoTe, #-oT, KR
FZTIE CO, BINDBIG)KDEMN LA ~DKENEL T
WD ERGhoT,

WIZ, Q)ROSR AHETHDIDERD70, Ek
DOREHY A Z TG #iEICE > h L, 100 °C/min T 1000 °C
ET CO,RIMHTHIL L%, FHKHTA%E CO, 0B N,
RURIZ 2 L CEHE ORI A HE LTz, Fig.4 12E DOhE
BRaord, BoORMIX Fig.3 L RERIC, FHRT A% N,
IZAZH U2 % Oh & LTV 5,
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Fig.4 Weight variation of the Ba,Fe,Os, which reacted with
CO, as shown in Fig. 3, under N, flow at 1000 °C. In the inset,
X-ray diffraction patterns of as-prepared Ba,Fe,Os and the
specimen obtained after this measurement are shown.

N, KUtICEI D 2 2 & CO, DRUITHES) EZE X b D E
BWONAET, £ 3 FEE%ICAIE 8.6 %a Lz, (3K
DI DB IEA~HELT UTc 86 O BRI,

M(Ba,Fe,05)
{M(BaC03)+ M(BaFe,0,)}

x 100 = 8.6 % (6)
Y HIERR L —Ed 5, Z 2 T M(BaCOs), M(BaFe,0,)
1% BaCO; %X X BaFe,0, ® 1 mol 470 0EBEZFKT, =D
TEZ OB ED XRD /% — 2 AR RS, ik
DT= OITHERRE % D BayFe,05s D/3Z — 2 HoRT N, 2 b
2 DONRE = AZERITBR ST, COy DWIR -+ K
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BEHIE 2 VT2 CO, WU B O BRFE 38 & O

SR BagFe,0s AR SN TWND Z EN g oTz, fiE-o
T, TG HEKR O X #EERATIZ LD, BaFe,05 & CO, &
DR TR INDAHH RIS E AT Z & BEMER D
EEMICHA S,

HLEMOT TR FERISEBET 258, Fim
IR ESRM 2D Z L ITFDORIGOZGEZ2FMTE 5
D T, MOEHT TORIEOHEITIT RO TR %
"R T D, £ ZTORITHOVWTUTFDO L HIc LTS
M2 TEME I OV SIS D 2 44 O FAl &2 3 A 7, (3) DS
®D Gibbs =R F—ZAVAG.(MIFLUTOXTHLbEIND,

AG,(T) = AG®,(T) + RTIn —2ac0 Zhares0s

(BayFe,05 P(CO2) ™
ZIT, AGHT)IEZ DLUSOFEHE Gibbs = /L — %1k,
jo%ﬁiﬁ;%[) %L/T, aBaCo,> Q@BaFe,0,> aBazFeZOSZi%h
Z# BaCO;, BaFe,04, Ba,Fe,05 DEAR THOIEEEFET,
72, P(CONIE COE, TIHEETH D, 3)2FfHnk
BICHHRLIE, AG(T)=0THY, EHHOFEIT 1 LR
el n 2 E AT,

AG°(T)

In P(CO,) = 2.303log P(CO,) = =X

(©)
EEXEED, AGC(MIIFQ)DIEIZHT D EALEHD
FEHEAZ R Gibbs = R L F—AGH(T) 237> TR A]
HETH U, Ba,Fe,05 & BaFe,04 (Z-2V Tl Rakshit & 0 3k
535, BaCO; & CO, IZDWTIHRE ST — & ~— R
MALT-2'972> 5 AG((T) & = F 5 H L 7=,
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Fig.5 Calculated Ellingham diagram of reaction (3) Ba,Fe,Os
+ CO, 2 BaCO; + BaFe,O,4 For the calculation, standard
formation Gibbs free energies reported by Rakshit et al.'® and
listed in program MALT-2"" were employed.

@R ESIHLZACT ZHWTHAE I NTZG)RD
Ellingham X% Fig.5 (27" d, FEMITFERREA R T 5 &
XD PCOYE T A#RTIAMT, ZoOM LY EiX BaCO,
& BaFe,0, 7%, TFi& BayFe,05 23 EHamAIIC 228 72 flIk &
LTW5, REHFD CO,HIEITHI 3.8 %10 atm (logP(CO,)
—3.4) Z2DOT, ZDOX LY BayFe,05 1T KRR TIEZ
EFTRNWZ ERbND, LM LR G, |iRfHTTo COo,
& ORISR FOSHERWICLETH D720, £0D
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ST TYH BaFe,05 (IFETE S EExHD, Fig2 Iz
7~ L72 CO R EH TD TGHIENE, P(COy)=181% logP(CO,)
=0 RIS L, =R SMET S & BayFe,05 & CO, & DX
SR SHE A AR ZZ TE 2 T & D BaCO; & BaFe,04 1272 o172 &
Ezbhb, XLICIREN EH LK 1000 °C BLEIZR 5 &
AR % B 2 BayFe,0s NEZEREIRICR 512720,
Ba,Fe,0s DA & & H 12 CO, FHIC K D2 R AE L
7-LEZ BN, Fig2 OfRE—FT 5, £z, PCOYN
1 atm L VWIE T2 & EHARENMURMA~ 7 vT52 &
WIYIND , CO AR L CRIAT 254, EBED P(CO,)
RN RETH L L TRINLTD, DX 5 72{KP(CO,)
TTH AR - R SUS E R OO0y, S ERA A
REZRHEINIZSE T T2 ONEERFAET A HLERH Y, kil
OERPIEIT X 2 im0 22 A 2Nz SOGE BE i 2 75 fE.
L7238 - BRGE b LEA R RIZR B,

3.2 ¥A& 1 PCO,) TTH CO, PR UR 0D = i35 FE 5 i T4

A TR~ 72 L 912, FEHRIRK P(CO,) T TD CO, WX
BOG ORI EIEFICEE CH D, ZOETIIHE~A D
P(CO,) FTHT - 7= TG MIE DR B E2 EITHRA L, AROK
ISETNERET D,
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Fig.6 Reaction ratios of CO, absorption of Ba,Fe,Os under
various P(CO,)’s calculated from TG curves. CO, desorption
temperatures are shown by solid arrows. In the inset, the
calculated Ellingham diagram of Eq. (3) is shown. The
equilibrium temperatures and P(CO,)’s measured from TG
curves are plotted using closed circles.

Fig.6 (Z8k % 72 P(CO,) FTD TG JIE D% R %77, HiE
BEEEIL 10 °C/min, COo/N,IRAH A % IE Tt CO,E=
2 CEERL L2 03 HHERFD P(CO,) & FHEE L 7=, fitdhic 135
DA BRI %2 (3RO SUG OFIFIE 9.4 % THI- 72X
ISR TRLTH D, WTFNDOSET TS CO, DRINIZ X
HEEEMABA SN, P(COy) =1 atm OFT —% Tik
700 °C fHE TV o 72 A EIINAM B FERIZ 72 0V, 800 °C
U ETHRaEMABR S, 2 AERTgT
Na,ZrO; Th#iE SN THY ), Thic kb & Z OfERITLL
TOLIICHMRNTE D, KISOPMERETIX CO,
Ba,Fe,0s $i 218 Tt LT BaCO; B BT 5, T D
IENFET T 5 & aldfafifliimzm L, ZD%, BaFe,0s FI
FNTO Ba? OYEEMNTEMAL LR & 720, SH7%
CO, N E L D, ZDTDIT P(COy)=1atm DFERD L 5
RhiRIC 72 D, K P(COy) FTOHERTIERE TD BaCO;
JE DR N B WD, oSBT E & R T RIS — B
Ba,Fe,05 K PIZ T & 7= Ba® O E AT X % Ba> DL
DHIRERE L 72 0 CO, IUZH 53 5 72®, P(CO,)=1 atm
OWERTR SN L5 7 aDfafE I8 S o 7=
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LEZLND, FPRENIEERBDMIICLESL A2 7L TE
D, ZOWRELLETIX CO, DI & BayFe,05 DA E
LTW5EEZBNDDT, BaFe,05 M EATHAICZE R
ERIZ R o7 BZBND, £ TIDOWRELZDRER
FH & D P(CO,) % Ellingham [XIZ 7 2 v ~ L7c % @ % Fig.6
OFFAR & LTRT, BHEME & EREA R —E L T 5
Z &b, Figs 127k L7 Ellingham X2 & 0 £ % 72 P(CO,)
TTOCOHIREDRIEDL W NARETHH Z LA L
77

WIZ, KEIEDET N BEET 51Dk % 72 OGS BRI
b HEBOIER AT 7=, Ba,Fe,0s ¥y K% TG I AN
CO, [t CTHTEDRE THIFMMEA L, Z0%, =iRE
TR LTz, ZOBKZ, MV TREE CoEEA (LA
BEL, KTHROMENDaz FEH Uiz, INEVE RS 4 HI4#
L TR D ek FFORELZER L, BREESELITo T,

Fig.7 SEM images of Ba,Fe,Os with reaction ratios of (a) 0
(as-prepared Ba,Fe,0s), (b) 0.3, (¢) 0.5 and (d) 0.9. These
specimens were prepared in TG apparatus by heating at (b)
544 °C, (c¢) 637 °C and (d) 1034 °C, under CO, flow for several
hours followed by cooling.

Fig.7 {2k % 72l 72 % L 5 INEVLER L 727308 > SEM [
% %4, INENEE % 544 °C, 637 °C, 1034 °C LFF#E L C,
ENENa=03, 0.5, 0.9 OFREIEZGT-, £/, OO
(@) ITBERR E % D Ba,Fe,0Os (as-prepared Ba,Fe,0s5) @ SEM
Eif§ %7~ L7z, As-prepared Ba,Fe,Os 1 THIEZENEL+-um FEEE
THDHIENGMD, £T2, BET EHTIC L D RO 7= eFm
1% 0.24 m¥g Th o7z, SUSHHET DI THum FE D
*‘j%ﬁ) Ba2F6205 *ﬁ%J:&ZEE(E'J é ﬂf: 753, :h&i C02 k @}i
T & o TH R & 7= BaCO;s & BaFe,04 &L 0 i 5 ki +
ThHhiHEEBEZOLND, IR TELIIE, ELICKEREED
& TR TR L ANBERE LRIEE L TW D OS5, Z0
ZEIERIGE I TSR O BIE T ONERHDH L&
REL TS, &2 CTRARDIEETCOWIN « HKIES
W, ZO%ORA O LT O LD D BERE DR % T~
7ro WFREAELERO =9I, 750 °C & 1000 °C TZEH LN
2 [AF O MBVLE 21T\, AUEIRE DR 2 2 FEORE
ZAERI U7, AV 10 °C/min T HAOIREE £ TINEL
L, ZOIRET3 MR LERICERE THREL UTo
72o 1 BIH OMEE CO, KfitH (200 mL/min) TITVY, &
W OFE O XRD OFER, 750 °C THMEAL 7-306HZ
Ba,Fe,05 & BaCO;, BaFe,0, T, 1000 °C THIZMLEE %47 >
7-5EHE BaCO; & BaFe,0, CRITERRETH D Z L 2VHIBH L
Tme 2D & X DFFRELD ald 750 °C ALEEAS 0.5 FREE, 1000 °C
ALBRZS 1 RRFE L REEG b, wiCZhoilklz, Co, X
WEANDH Ny &t (200mL/min) (28] 0 &z TR UINEASGAEC

14

- BRETIIE & B E

AR U7z, A% o3 EHT XRD 12k, WIFhoRE
Ba,Fe,0s HHOHRTH D Z L3 yinotz, ZHCE»TC, #
725 2 FEIEOIREE T CO, WL » IS %7’ Lo i35
LI LT D, THERED BET T2 & 2tk g
TEOFER, 750 °C TMBMLIEZ1T - 72308 bR miF 1%
0.67 m*/g, 1000 °C THLILZ1T - 73kt D i 0.22 m?/g
ThoTz, #-T, 750 °C THULEL L 7=3BL ORIV A XX
as-prepared Ba,Fe,0s LV H/hE <, BEfEnHE VA TH
RWZ LW ol-, 2D X Fig.7(b), (c)? SEM 4
EHL—ET D, LLARAD, 750 °C OMNENT $ R IR AL
I B L o=l IO OB RITEH & 2B &
EZONDD, BEEMBREDONE, oa=0.5~0.6 FREE
TR A\ CZHEEILND, T2 TINHO
FEE L B DG >0 L Y | BayFe,05 0 CO, WK ST T
WELLTO X 5 ITE Lz,

B D A1 BEBE T &AH T D CO, 728 BayFe,0s ki3 1 T
Bt L BaCOs JE8 & k45 & & H1Z, —#k7 BaFe,04 & &
HIZHum A —F—O kI & LT BayFe,05 Wi+ EIZHL
N5, BUGHHE: BayFe,05 k7 -2 % BaCO; ENE H X 9
2725 L RETO CO, KISIFFfIT 25, ZOEBETIHD
DORMETORIEPEEEE TH D, I oICenERH D
WVITIREN EF 5 L, BaFe,05 KiFWNEEN D AEL~D
Ba®' OILEMNTEMAL LT, THDHEEE L 2D, RGO
DN B ENTONT TIE, BayFe,O5 bi+J&8 0 IZTx 5 4Rk
WD JE D BERE S HE SR S DB e 5.2 5 L5
bbb, ZOXH)REEROBRENMESLTELTVWAK
JRTCIE, ZAVE TSR~ O Tk IR RRERS TV 5
NETOMEEERE U MBHTIEEE L=, AlExfFEic
it ¢ & 5 Jander DT X 2 T 2 AT,

T4 P(CO,) T CORISHEORIEIT TG EIZH mg &
FED#EZE Y ML, IO PCONTHE LI-ROHT A%
L7 5 HEYOIRE £ T 100 °C/min THIE, TOHOE
BRI (L E R L TiTo 7z, 7272 L, P(CO,) =1 atm T
DOREE B IR EREIC N, KIS CO, Rt~ & 22
RO EToT2, T, WTHLOT—F H CO, I &
2 EEHIMABE S b -FR 2 t=0 & L7z,
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Fig.8 Reaction ratios of CO, absorption at various temperatures
with time under P(CO,)’s of (a) 1 atm, (b) 0.09 atm, (c) 0.05 atm
and (d) 0.02 atm.
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Fig.9 Jander representation of reaction ratios obtained at

various temperatures with time under P(CO,)’s of (a) 1 atm, (b)
0.09 atm, (c) 0.05 atm and (d) 0.02 atm. Dotted lines denote
well-fitted tangent lines.
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Fig.10 Eyring plot of apparent rate constant calculated from
the slope of the tangent lines shown in Fig. 9. Broken lines
represent the slope used to calculate activation enthalpy.
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Table 1  Activation enthalpies (AH,) estimated from Fig. 10.

P (CO,)/atm AH,e /KJmol™
1 (1.4 £0.3) x107
0.09 (1.7 +£0.1) x10?
0.05 (1.4 £0.1) x10?
0.02 (1.7 £0.1) x10?
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