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Dioxide and Carbon Disulfide—

Masatoshi Sucioxka, Atsushi IKEDA and Kazuo AOMURA
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Abstract

The catalytic activities of various solid catalysts for the formation of carbonyl sulfide
(COS) by the reaction between carbon dioxide (CO,) and carbon disulfide (CS,;) were ex-
amined by the use of a conventional flow reactor at Z00°C for the purpose of effective
utilization of carbon dioxde. Several kinds of metal oxides showed catalytic activity for the
formation of COS and the order of the catalytic activity was as follows,

Al Oy, ZrO,, ThO,>CuO>TiO, > Zn0 > Fe,0;, V,0;>Cr,0;, SnO>
MnO,>NiQ, CaO>Co0O>Mo0;, WO;>BaO
However, the metal sulfides and metal carbonates were found to be inactive.

Furthemore, the catalytic activity of metal sulfides for the decomposition of COS, which
is formed in the reaction of carbon dioxide and carbon disulfide over alumina catalyst at the
first reactor, was examined at 400°C by the use of second reactor connected to the first
reactor. Some metal sulfides showed the catalytic activity to form carbon monoxide and the
order of catalytic activity was as follows,

FeS, NiS > CoS > MoS,; > CuS > BaS > CdS, CaS> Ag,S

One possibility of the CO production by the decomposition of COS, which is formed in

the reaction between CO, and CS, over metal oxide catalysts, was proposed.
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ALY 35 X OBSHRALER e & DF W J TR A% OB &+ 5 A AL OPFE A TR L
D0k B, ERMBHESL IR 7 2 DRI ORER 7 b DIAK E ORISIC L Y, Flia Dt
BAE BB LOTHD S,

CO;+H, — CO+H,0 1)
CO,+H, —>CH,+H,0 @)
CO,+H, — CH,OH + H,0 (3)

I BDRGE X 0 ERT AR OB CIEAEOTEVRE LT 555, Wit @ik
EEHACLIETHIGEL V5, £ T, REBIVAYHHABTLEEME/FC KT, REE
HA L RIGT BHFICKEUN ORI bAYa IR 5 HkcER L, AW ClxAmibsT
Eir EOPr AP E T TCNBTHLKE (CSy) HBAI, Tibb, REEF AL THILKE
L EEREL A BV CRIES ¥ T, fiibar s =1 (COS) #4HL,

CO,+CS,—2COS (4)
R UIcHifbr v R = AR S LT,
COS—CO+S (6)

Bbbl L OYEF TEOFR & LU TEER—BLRE (CO) G T 2MBMLFEN 7 = + X DIRFY
ITT0 -7,

APFE TR (4) 5 L0 6) DRUECK LT ED X5 IO B AN BRI TH 20 & BT
HEELIT, FxORSCHER MR R R O RIGEHIC L CETOEELRITe - o

2. ® B

21 EBREERSIUVERFZE
AP CrLmE O F EEE R E RIS EE Y Vo, EREBEBOMKREZM 1 wRd, CO;
ECS, LRI LB COS DEBREGTIL 0°C L CS, I CO, #@L, CO,

1.Pressure regulator 6.Silica gel

2.Needle valve 7.Gas mixing tank

3. Flow meter §.Stop valve G.C G.C

4.Copper net 9. Reactor 1 11. Thermocouple 14.Electric furnance
5.Pressure gauge 10.Reactor 11 12, Sulfur condenser 15.Catalyst bed

13. Sampling valve  16.CS: Saturator

Fig. 1 Shematic diagram of experimental apparatus
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Table 1. Conditions of gaschromatgraph for the separation of reaction products

Column A Column B
Gas analyzed COS, CS,, CO, CO, Ny
Column packing Porapak Q Molecular Sieve 5A
Column temperature 60°C 60°C
Column length 4m/mx2.0m dm/mx1.5m
Helium flow rate 50cc/min 50cc/min

@ 0°C w5 CS, BRramEy, WMEHEORAFAY IGH
A Ui, BA 7 ADHBL COJCS; (£AH)=5.5 Thb,
FISERPAE 8mm D1 vy 7 2H U EEchy, BREFP
ARA LTmE Liso ISR © T8 T IP 5 & This jy JBaise 4
BT 5t COS ORI X5 CO DAL COS &
BARSECI LY 5 1 RORISE xR L, 8 1B EH O COS
ERBRIGETHRE L COS (FEiciz CO, 2 DREF A) &
Bl E LTHE oo S OBE, H1IBHED COS &R
THEFERO CS; 54 100% COS w3 % Eiskt: (%
W) HEE LI, fh, B2RAOKEEOKICIL 0°C IKHH
LicH oA 5 72EH L, COS DN THER LMEY
& THISE Lo H2fn A DG Pk RGBT A U Ao E 7
AZwm= b IF7RER LT, CO, COS, CS, o4kic
1Y Porapak Q # s, CO o4#1it Molecular Sieve 5 A # T
R Lo ek F v V) v —FREI~NV T ATHDL, HAZ 2=} Retention time (min)
757 4~ DRNEEEE LR L, S5 AThMs R e D3 fefjfi‘;‘;m;jgfgg;"f
Koo se~< 75 awK2 31RT,

2.2 fh s

KPR THEE E LTV SBREY s L OSBRI FRULEE&TH D, TR
R AV e, BRI L ERNIC 2R AT 500°C, 4R L, S DI E & C
450°C, 1~V 7 A G CHORER UTER L, SBIRYEMER i K IsE ¢ 500°C
2RI~ Y v AGH P CRIAE LT Lice B4 vERY BwA 5 4 MBSO CER L
feb D EFE—THH, Ol : REEERTIC 450°C, 28~ v 2 G CHTAE LM
Lo

23 & #

CS, iR AE LD £ % Hv725y, CO, A v A b DL D 500°C &hnE Uiz
OHYBLT, MBCEENIBELYBRELLDL, CS, BLALEBEG L TR L,

24 BV EBLUEBICLBZTIL I THEOHS

COS A4 % 74 I F i O S OB HF T2 70Dt e Y ¥ vis LOERS O 28 &
W XBTA I FBOHBTETI T JUSEDRICE Y P VR IOHBE AR 5 » 7%
0 CIBHBHL, che~) Tarad I1FHBLTEIEECEA L, ok, ¥V 2 v IO
BOEKIT X 574 3 FiEORE T COS AR IED FISEE T - 120

Column B

Injection

€o2 Column A

Recorder response

cos

Nz+co

oF {Injection
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31 B{EALARZLNOERRISCH T HE 2 DEEMIEOFRY

FOEIREE 300°C, CO,/CS; (& ath) =5.5 O—ELMT CS;, @ COS ~NOETX1T 5 48
b, B ES LOSBEA 4 Vg Y vt 71 » ORISR BE Lic, FRE3E2

Table 2. Catalytic activities of various

metal oxides and sulfides for
the COS formation at 300°C

W/F=2.65g. hr/mol,
CO,/CS,=5.5 100 0—0—0—0—0—0—0—0—0—0—0—0-Al203
1,2y Initial CS,»  Steady CS . Zr0:
Catalyst'»® conversion (%) conversjgp,z(”%) & ThO:
ALO, 100 100 & 80r
710, 100 100 B
ThO, 100 100 S ol
CuO 75.3 26.5 g TiO»
TiO0, 70.8 56. 4 &
Zn0O 57.0 15.9 O 40F
Fe,O, 51.6 29, 4
V,0, 511 5.7 I
Cr;04 47.1 10.9 20 (zjig
SnO, 46. 4 23.7
{) 0 1. 1 il i 1 L
MnO, 4.5 2.2 0" 10 20 8 40 50 60 70
gl(o) :ﬁ; ])‘gg Process time (min)
C(a)O 40: 3 I4 1 Fig. 4 Changes of catalytic activities of metal oxides
MoO 315 13.5 by the process time for the COS formation
. . .
WO, 310 12.5 W/F=2.65 g-hr/mol, CO,/CS;=5.5
BaO 28.6 16.7
Si0,-AL0, 40.0 18. 4
NiS 0 0
FeS 0 0
CoS 0 0 =10
1) Metal oxides were calcined at ij
500°C for 4hr in air =
2) Metal sulfides were pretreated at 9
500°C for 2hr in a helium stream @ 30r
3) CS, conversion after 5 minutes I
= -
Table 3. Catalytic activities of various S 0L Mg¥
metal Y-Zeolites for the COS o
formation at 300°C 8
W/F=0.53g. hr/mol,
CO/CS=5.5 10 CrY
Initial CS,» Steady RV
Catalyst” conversion(%) conversxon(/) MnY
MgY 42.7 23.0 0 10 20 30 40 50 60 70
22. .
ghg 93 2 2 ; Process time (min)
HrY ;1'9 1:3'4 Fig. 5 Changes of catalytic activities of various
PhY ;()g ;)‘7 metal Y-Zeolites by the process time for
Ty 19' 5 7 9 the COS formation at 300°C
Nay 13,6 Lo W/E=0.53 g+hr/mol, CO,/CS,=5.5

1) Metal Y-Zeolites were calcined at
500°C for 4hr in air

2) CS, conversion after 5 minutes
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BWWiRT o R OWINEM: & X ICERE S 550 CS, ORI TH D, EFEME & G
M U TR 2 NEIE— B & T » 1 LB O CHh B RISEBWII TR COS o
HTH Y, MOEFEMIHH S ieh -1,

ZORER, AWML TG BRI R SOEEA 4 v Y BEd 51 b ix COS DAk
R U TR BRI 2R Leds, BRI AREE TH o oo 703 LIk Lighs » 7oy,
REBH VYT AR LORBAY 7ol EORBRBIE L COS ARSI LTARIGE I TH »
oo

COS D&KL TR AR L BRI b COBB bW OB X » UEMITE LR b,
TNIF, Cha=T, PYTRENE QTEVGHBNEERR Uic, PRGBS 4 gt Y 1
CA T A P THIEER OSSR A 4 v ORI X » T COS LSHIGDEMTRh, i<
Fry AAF VTR LSOV ECIBIELEE R L, ¥, W4, 5 COS 4R L
THHE MBS AR LB O S BB LR LOERBA 4+ vl Y Bed 51 + Ok
DRI AR LIcy, 7A 39, Sa=TRIO MY 7 OGRBEIMT AKESRO&HAT
TRIEELE {, BERMBELE 2R T &b i,

3.2 COS &R DEERIENT

COS DAERITH LT & LB MUERGYE & @ iitE AR Lic 7 v § & HvT, COS o4
B S ORI SR A 1T 7R o oo Tidbo b, flix DRIGREC VT, CS; Dbk x(—)
LEEihEE WIF L OBREBRN T2 M6 OFEIE LR, WO SURRE I\ T b #Hk
Wefs] WIE 234im 5 & CS, OIbRR LR/ T5C Ldvbhb ot 7o, WIF OBIFE F
B—ER UCHE W 282 UTlkolc, £2 T, D6 DFEHRLL LT, WIF &
~log(1—x) & DOMOBREBRN TS &, WIEROKIGREC B\ TH FE %M 5 EHRE RS
b, Tad kit e COS DA SRR ER LT CS, it UTht—k s & LTt
D2 B LMol M6 DEHOBE LY, ANTOEEEREELEDT Ly 2
Ta oy VRSO T THB, L b AT OFENE L= F L F — & LTH 8.3 Keal/mol
NE BRI,

1.0 :
A
& 0
0.8 °
—0.2
—_ Ea=8.3Kcal/mol
0.6+ ot 2—0.4
= (L%Qb "\:D
L C-0.6
0.4 =
T . e
0.2} ° ~ ~
’ 1.0f
0 0.5 1.0 1.5 2.0 0" 1.8 2.0 2.2
W/F (g.hr/mol) (1/T) X 103(°K~-1)
Fig. 6 Relationship between W/F and-log (1—x) Fig. 7 Arrhenius plot

in the COS formation over alumina
catalyst
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33 FLIFBBOEIC HLUERICLDIHE

TAf e COS ARGt LTid TaWiGtkam T2 LM b ke » fons, COS
HEEHIGCHT 5 7 A 3 FMEOFEESAOKRBEIW LI T\, 74 I FE—RICBE SIS
LEBFLTHT, 7Aa—AOBRKEREE U4 OSBRSS LCEERYE LTw
BEMEINTNBY, FoT, COSARKERIE, 731 F0OEE IOERADTRANE
WE/ER LT A ST 5720, BEEMETHHE Y 0 v JOBEWE TH HHEED
EETT7 A RN LT, COS LRGSR TABELHE Lic, CofR, COS A
B 7w R RIS E O C ) 2 Vs LOBREYE OREROTIE CHRBEI LD T &
Dbhroloe LIcdio T, 743 Fiic k% COS AR LTUL 74 3 7 OEE EEERD
MENBRACERA LT %2b0LEL Db, O Lk, BREECHIBILIVY T LB
L O A ERBECH DY U S - T FOR COS ARIEK LTHE D HVMEETAYRE
F, BECEESOWERXYELTCWET7A I, Sha=7 ) T7hENSVBEEEZRL
TEBERNLLEHIRD LB b,

34 TLIFEELFTO COS £REHOHT

3.3 7B LT CO, & CS, OB L5 COS ARICIL T 3 O S LS
OBEIMEAT LD EEZ bivic, 743 i Eco CO, 8 X0 CS; OFEM 7R INEEL
WESE T BTk, CS; ik CO, L EBTHEX L OEMRSFTHY, TOHTHE
LD TEU LT BEDT, 743+l ETik CO, & CS, SiEpoRBRECRETS L
DEHEEEND, T TT A HEET CO, & CS, 7B COS 2T A 2¥D X3
WHESE Lo

G

S8 0
8“<¢ —>»2C0S
1

c
NP
Sai vl
0"

CO,+CS; ™ f
PN N oM
Tichb, T4 FOMEAEEREEENHRALCRECR LcKnFEEHEEER L, COS o4
A REETELDEEL Bb,

35 COS ORRBICHTIEBERMILDOREEM

CO, & CS, DRI LD COS DAEFRITIET V3 F G OREMBESE YR - &
BB ER ol FOT, DECELIBEORIE®EC 7L 3 w2 L, CS, 23100% COS
WHEPT B Gk (W[F=5.30 g-hr/mol, RJGIRE 280°C) L&A HREL, F1EBORIE
BE2ERBORINEYER L (H 4 O&BRALWETIEL, 1 EHOKIEE CERK L1 COS
(FERE L CO, ED|RAEFA) OHfRCHT AT« DG BIRALD OGS Z B Ui, HE4
EACRT, & OFER, Fs: b= o r AR IO L2 S R EDS BRI A S L
THWAE, COS N L T—MLRE (CO) RAERTH I Ebhrotcs L LA BN S
R X5, WTROERBRC s T RGO EE & LITBiE ki ha BT+
DI H - Too Zhik COS DGR-CHER Ui O—I RO AT ERE T % oL
H~0 COS DI ARAG e Blcd & F 2 b d A, FENC O TR BB TRl bavci
o\, TR 2 BB ORGEH N TOERML CO, COS DATHD, CS; I Ihicd »

fzo & B, ALO; ZrO, in ¥ 0Btz COS Oy L CTRIGEH: CH » 12,
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Table 4. Catalytic activities of various
metal sulfides for the COS

decomposition at 400°C 14
W/F=10.5 g-hr/mol,
CO,/COS=2.2 12¢
iti % > R
Catalyst? ?olixt\lrzlrs?g%% ) Egiﬁlisgéa?%) E 10r
FeS 11.9 2.0 Zal .
NiS 11.8 7.2 = NiS
CoS 9.4 5.4 S 6l o
MoS, 6.1 1.3 Uo) e CoS
CuS 5.1 0.5 © 4t
BaS 4.3 3.4 FeS
Cds 2.3 0.1 2r
CaS 2.1 0.9 e -
AgyS 0.1 0.1 0 10 20 30 40 50 60 70 80 90 100
ZnS 0 0 Process time (min)
IS;;)Z 8 8 Fig. 8 Changes of catalytic activities of metal
Wéz 0 0 sulfides for the COS decomposition at
400°C
1) Metal sulfides were pretreated at 500°C W/F==10.5 g-hr/mol, COy/COS=2.2
for 2 hr in a helium stream
2) COS conversion after 10 minutes
4. #B &

CO, DEFHEEXENE LT, CO;, & CS; DG X %D COS ARG S3 5HE 4 DI
AR DTEHE 7 £ 2R Lo € D4Rk 87,

1. COS HEEHIC GBS X USRBA + vl Y My 54 bis SO AEEY R
Liets, SRBms L O RRBEI RS TS -

2. SRBALWTIETA IS, SAa=T, Y TRENE SEEULEEYR L, $BA
FVEIRY BEA T A P TR~ 73T 2 PRENEEETH - oo

3. TR ETD COS ARG CS; ikt LTHi—KkEIGE LTI B & &t
TE, KGO RMFOEME= F £ —1359 8.3 Keal/mol TH - 72,

4. TFAIFEE B COS ARFEIETIET A I 7556 LYY ¥ v L OB OERSR
THTAEES 5 EfRBERIE T Lic, 20X &h b, 7o 3 il X 5 COS ARG 7
N3 FOMEEHEREE NS LTw s b0 LEL bR, WHOFEEMMES Lic COS D4R
RIGHERE 2 Ui,

5. #1BEORSECHE2BEORIEERERL T, #1BEOREE CAERLE COS %
Bkt & LT COS DofiRatit Lico < ORER, Bifbsk, Bift=» 74k XOBML= S bl l
DLEFRALAE COS B4R LT CO RAERT B EnWbhbitot, SOLIE, 2HOR
R ERAL, B1EBEORISE TR TV $ 77 EOGBRE LM XM L LT COy & CS; &
b COS AL, 28 EOMSE CIRRERIY LMY E LCE I RATAHEK L COS %
CO L, Lfhs LTRMT R CO; & COREIRT 5 LAWHER & &b o te, 1%
BE B, H2EEOGETO COS DR L TERHEIET O/ Bk /el %+
5r g, CO, & CS, ERFR & LT L BT CO RART 5 HIE (CO,+CS, T=22C0+S,)
TP B A BASET SR TH %o
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