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A Feasibility Study of Catalytic Reduction Method

for Tritium Recovery from Tritiated Water

Hiroshi YOSHIDA, Hidefumi TAKESHITA®, Satoshi KONISHI,
Hideo OHNO', Toshimasa KURASAWA', Hitoshi WATANABE and
Yuji NARUSE
Division of Thermonuclear Fusion Research,
Tokai Research Establishment, JAERI

(Received October 14, 1982)

Feasibility of catalytic reduction method for the application
to the tritium recovery process in the fusion fuel cleanup system
and the blanket tritium recovery system was studied by experimental
work and the thermodynamic analysis.

Redﬁction experiments of HZO vapor with Ar carrier were
carried out under the following conditions : temperature; 350~650K,
HZO vapor concentration in feed gas; 103n4104ppm, mole ratioc of
CO to H,0; 1~10, space velocity: 2%x10%_ 2x10%hr L. Catalyst was
the mixture of Cu0O, Zn0O and Cr203, which has been used as the
catalyst for the water-gas shift rea;tion H20(g) + CO(g);:Hz(g) +
Coz(g).

Relations between the conversion factor for HZO vapor and the
operating conditions such as temperature, feed composition and
feed flow rate were obtained by the experiments. Catalytic reaction
rate equation and the rate constants, which can be used for design-
ing a practicable catalytic reduction bed, were alsc determined by
the treatment of the second order reaction.

Advantages of the tritium recovery system. composed of the
reduction bed and palladium diffusers were verified by the present
experiments and the study of several tritium recovery systems.

Very high recovery ratio will be obtained at low operation -

temperature by the systems.

Keywords : Fusion Reactor, Fuel Cleanup System, Blanket Tritium
Recovery System, Tritium Breeding, Catalytic Reduction
Method, Conversion Factor, Catalytic Reaction Rate,
Rate Constants, Space Velocity, Medium Temperature

+ Division of Nuclear Fuel Research, Tokai Research Establishment, JAERI
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N5, B -kESECREOERmMMGEBCHT 2EERED -1 EREFARTHLH, EX
of okon T mnETaCETSRTHATATOSATE -1 LRIE, COMERT g
ADxFT He PRBRETRECEBELTGREES L Tw L &R LTVWS, L L,
L LDRIEHEETFVAERBORGRICERT A 0iciE, REFICHET 2 EEEHSBATLIN
T GE, KEGAEBELRIEFELTERNTIEOCEEED L IAHONT VLY, BOET &L,
ﬁﬂ%?ﬁmLt%ﬂ&E%%@ﬁé@&%%%ﬁcmyﬁnoﬂhﬂhmﬁwfu,%m@&$<
BETAROLH W RKIERERSRESNTHS (3, 4)

1
r::k{(XHZO—X)(Xcofx)_'g—(xcoz+x)(XH2+X}}
p

2T, 1 RIS#EE (H.Ovapor — m*cat—m®+«hr)

kK RISEEER

Xm0 Xco. Xu,  Xco, © H:0, CO, H:, CO, D¥IMRE

X | RIEE

Kp 1 KESELKGOTEER
PROR SRR ki3, SHRFHE B 1 BRI SV L S T i B 1 B BMRUCE x
(Choid, VFRLEBRNIKAIEINZENTH L) LA2HVTROLHICBEFESToNS .

k Kp(& waf—u—/q u_._r"*q)
- = _= n —fn — —
SV Jq 2fowu+,fq u—Jq

H:Kp (XH20+XCO) + (XH2+XCOZ }
v=Kp*Xy,0 Xco X, " £Co,

\/?ZJ ul—4wyv

xf
mmu,1/svi& dx/r #ZRBEOELTT, $8bEKRUK, 2ERE LTHEAT
BLELEk-TEDEND S

zol81iE, REBBERORIGEDERE ORI FEEL/ Y7 # — THHZEHEE RTFNR
ATH A VHEEMMUHIGEEERE BB S AKRCEARTD S,
(2) BUSEEERK

B AWML O TRIGEE ERG N THS 45 &, BRFIRRKCRIFRE S —EMCEE <
NI UG B 5 MR L UER EOBFHBRTRY b1 b,

* PO FEEE S D ORB A RER (070, 1REKS T AR

— 7=
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F, (TREOBR DS, HlHEE ShfcMd # st ¢ 2 i RIS 2 RIERE R UKE
SUERELHEI A LD TES, CHOOHMBEGREL D, HET 2 KESGERELUER L £
BT 3pEmBEROB I e RIBREABA L T oRERFREORENTRELL S, COL D
RE&W&ﬁ@E%KﬁLT,ﬁmﬁﬁr%mﬁT&U%ﬂ$ﬂ®%ﬁ&Lfibbtﬁmﬁﬁﬁﬂ

LIZLIEHEENS (3, 4) o« KRBV TH, EBNICRSORARIEEER2HOTRIE
HEBRRAERCTH B,

2.4 FEIERIR

IKFEREIGL R, RIAMOEERALILRD TRORE VD, MENS LIOEAEE LS 0T
I REERGF LOHMEE L THSN TS, JilliE TOPFEEREEOHE THKES LUKE
SEOKFERTEHCBKETHLCEAFRELTENOOENET -y E2HOTER, LI L
WKEAFKRESHILZORB MY FraBEBE,AI b L, KETELK EC%U%i&mﬁ%LTI&%
BRMAWE 2 OEINAROENFITHEOR VL L - TER ->TLK AL EBFEINSG, £/, XIWEE
LECTHEMEMENFETA2EEALON D, BAEMERE L S~EEGREE TR OVIE
BTHD &, RIGHRBLHETZ2HRPLETHET L, SoEROBCEREG EHEERESES
NAFEHTTITbNRE T &S, T TRFHERFICET ZEMAMRICE - TEET S,

SEAEEATRIC B BKBE ORI AEEZTES 52 icid, PEERFRIGES T 20E 0% )

MEE OB E L TELTC EBLETH Z, EHEEIT, SUEN T OEERELSH 5L SDK
EOAM T3 F - AG ERD & 1IBIFICH D

A_G°=*RT£HK ........................ (9]

IkFERGEE L TBEKEBLIT MV FOLAZEZL L, &4 ORNERCH T AERINAEC B I A 7KE
SETEIGHROLSrEDEN B,

H.O(g, latm)+COQO (g, latm)=H, (g, latm)+CO; (g, latm)

TzO(g, 1atm)+CO(g, latm =T, (g, latm)+ CO, (g, ]l atm)

FHIOROMEFERIKRDOLDITH S,

1Gy=—RT£nKy

4GT=-RTLnKy

FER N REFHEROLLE L TEDT L

K 4Gy —4Gy
5 (- itk
Ky RT .

(4GT—4GY ) @d FERIER PO LB L S RO & 5 SEIMERBRIIED B HT 4o+ —
4Gy RELV, TUbL
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T.0(g, tatm)+ H, (g, latm)=H.0{(g, 1atm)+T. (g, tatm)

By 4Gy =4GT —4Gq
L7e#hs T OIEAHAZSR UG O B ERUE K g 7 U9 ORGHER T

Ko 4Gy
— = EXpP <-‘ )
Ky RT

=K1y
E15 B, BIKERE LTHLFARGEELOROLICZTOENMNBHRIZDT I EBTES,

—F ~ exp [
Ky RT

=Kpn
7L 4GHy B LT Kpy SRR ARG
D.0(g, latm)+H. (g, latm)=H,0 (g, latm)+D,(g, latm)
DEHT A X BB LV FEHERTH S,
4GTy $7134 G py Fk» B10iEH,0(g) , D.0(g) BLUT,0(g IDEEHEEREH = % /v

FoFREEERT v -ty o E—OEBANE TS THS, TabledaicH, O (g)
BEUD,0(g) OF s 4m L, chHOT=298Kickit5 4Gy OEEIHETS &

(4G ) pagogk = 4G, 2gg (H20. 8) =4G ¢ 595 (D20, 8)

(-54638) - (~56061)

=142 3cal./mol

LA T, ZOBa0KEELRGO FEE T 2REFRHRARDOIILRDI NS,

4Gy
= |-eXp (“ )
T=208K RT 7= 08

=004x107°

Kp

Ky

2 9 8 KLADBEILDOT 4Gy #ERICKD B, BNEOLRDF - SEETHBY,
Tabledad 7 — s R THHAURBEDENTEET LB TED, THb5, HLREETICE
JARIGOBEBA T & v F AL 4Gop T

4Gp=d4H g5 —T 4S99

797
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THEHEN L, EREBI 3 EHERBDEL 4 CoMBdCp=0 LDFECETOTN D, TORE
&, SR 3 RAHEUE TEERY S REELOBESHR T ZRERBALBOTHEY
DRETHRILTOALEL SN, RAMHMEE T SRERER COREERIS 255 46y
o0 T b ERGEMR B SREER DLELON B,

Table4ad F -5 2P OTHEEETICED 5 AGprDIELUAERD 5 &,

(4Gpg)r = (4Hpp) 995 ~ T (4Sp1) pgq
= [AHE’ ZQS(HZO, g)—AHz, 298 (DzO,g)]
—T (4 Sof’ 208 (HzO,g)—ASfO' 298 (D0, g) ]

=1766-1150T
CHAEROTT =47 3 KOBO 4G4 ftHT 5 L
(4Gpy) Tmg73x=1222 cal /mol

Licii =T,

[KD}
Kyl =473k

—F, PUFoaiLo0TETabled alcfl24d 27— 20D, DHEFENT 5 b oEiTEN
FAEROTEAERE MY F o LEORMERCEIGOTEHERK it B L AWEHH0, 473K
K LTKpg=166X107" L0 HEFGLOoNTV S,

CNODEHEEHOEAA T LT 3KieE 5 PHERE~ORNEHELIE LIcERE
Table 4biciR Uiz, Sxilsic 4 2 BAASIRE, #B4 ABLCOH, Okt bikFL, CO/
H,0 HAKELHEEEBILEOFBIINE LB EN SR E.

Ll b TR IRFIC R - TKRORMAMREZER Lic, Alicid~fc & e /KRSUETTRUS DIk
BB IR EREOZ EECNE, L L, EBicERAREED FRISERT 2MoNEE ICL -
THERSEN S, Lol TERFL G TR INERE T 2EMEGRER S hic T LR, K
IR & - TEEThH b, ChodEMERIC2VWTE, 5%, ZBRBIUEROMWED
S LT FETH 5.

272x1071

I

2.5 MBOEELLE

REBRICH VA Zn0-Cu0—Cr1,0 fllfid, #oERIiTkir » THRIEERERS 4 % /o8 0l
WHETH D

T O OFEELIZ, 400~50 0KOEECME LAFEEE H. 50 C0O00LDI
BT A 2 E—EHRRE S 5 LItk > TiTbN s, ARSI BT TR SN
TWECDT, ERLMBOBERIC DO TUTI#I Lz, Table 514, MK TH5 Cul
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ZnO RUCr:0; ® H 6 COLiL 2 EaRIBOEHBE L 2 v F —FART5 0 0 KicB i 54
EROEAEED DO THD, CHLD, CuO X H, 2COitk»TEBILEERIcETLENS
B, Zn0O &Cr.0,; BENEMNEBD TRELYETHY EIDNBEHATRREAEH LA L
BRSNBENL EHRBE

Nk, HET - 1kRlick 2, S A% O IE TR0 MM THER L TED,
TRHR6 00 KL EoBRERRMUERE SN S SRRRERCT C LB XRBIFHIE CHESNT
Wan (8) o COLDURRREFMEEEOERTO -RRILD 5 LB N PKEEREDIE&N T
B, SBOMECEET LT 5,

3.1 EEBEE

EREEBIL, Fig, biwmRdT£5icCO, Ar RUNE Ar A 2#8%, i, atrkas
POERINTOE, FRFho ARG, REEASF LGERETEMA T2, I AT #
BFicE, SolimEsd CGRERE  FR) » oS B it BE SN AKRERBEAZAIET 5729
DEBER FHEERSLEY, REBERT S0 FEEv/—, AIEHM  HEE10~009%RH
(FEE+2%RH) , BEO0~50T (ML 0.8°C) ) ) HEFHERENF AEHHE ; —76mHg
~4kg,/oh , FEE ;0.1 58 BEASNH TS, IS THEEL, AF Vv LAY - EFRELILTE
#o(165mIDx200mmL, #H : SUS304) , fifEi (16.5mmIDX3 0 C0mmL, MY ;
SUS304) »oElsnNTEY, TATHRRENEG #RAALBLF THR SN S, MERI
BIRESTRAERD 7 0 A« 702 VBERDS SRR 5 ABASNTE D, MEEERICIE 7+
g — B ;2 04, #E ; SUS304) BRI ONTH S, fE CEOEOMIE, &
AT A KERBESLOEFRTRET S0, BETHIEXBRERT LT 5853 (Pana—
metrics #8) RUBFERET @TEEEE L) PR T oA TS, KERTE,
FERRRAICE U TR T O MO KBRS BESELAERTH 20T 5 -8 0 CORWMATEILT S
DT, CHESRETHT T 570 2 >ORMEKT (Channel-1, FIE®HE; —40 ~+6 07T
dp* " Channel—2, —90°~+10°Cdp) £l Lo HFEE LT, 2EORMEHETHR s
o= b5 THERBTE v 7 (Rb T AR 20 L TR B o ADRUHOES icEE SN
T, WFNOSMTEE LN 5 o RIEM & L TEEV 2 STRBLLELF 27 -2 -7 (
MS—5A) #FRALT03. F+ ) 7HRE, MFTNETRFESIECT~Y 74 (Ar, CO
) 7Ty (He B #H0 5, :

i & L, RO TERKESETE (HEbERAous) 20 LRERE (1.4 1~

sk —7, SBRHEAESSHAS TEEBLI NGBV E69m5, Lok - TKELOETRIEI & - TEH
AT LI,

x% dp . dew pecint
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Zn0 RUFCr,0, ® Ho & COL k2 ERNIEOHB = 20 F —E{LR U5 0 0 Kitk i 5258
EHOBEATEDLEDOTHS, Thid, CuOik H: #COkL»THESBILSBHICRILENS
25, Zn0O &Cr.0, HANZENKED TLESYETH D LCNBEHETRREAES D VIFELS
ﬁﬁéﬂmmc&ﬁﬁﬁé*o

ik, MET- LRk S, SR E o RETHOMM IR -rBElk L TH 9,
FNHR6 00 KLU EOBEEBEERSINL LAHREZEI T LW XERFNIETHRE ENT
WA (8) , COEHIUMERGMEFEHOETO—EEICA S LEONLPEEREDERNIIE
Bit, SHOPRICEL LT b, '

3.1 EEREE

EBEEF L, Fig. semrdL2C0, Ar RUIME At 7 A#8%, fiE&ETE, ShHRas
MORREINTO S, FOFhOLFAMETRE, REAGNFLEERBI2MA TV 5, MNE A £
BFicid, SokmEs (BERE  ZFR) » ofis il BB N KERBEAZAEST 5720
DREEE MRHELEY, RERT B9 TEE vy —, ACHE  B#E10~99.9%RH
(HEL2%RH) , BEO~50°C (®+0.8TC) ) ) LFEHEEKTHT GAEHSM ; —76nHg
~4kg/oh , FEEE 0.1 S HEAOSNH TS, METEE, X7 VLAY - AERELLCTE
#(165mIDX200m],, ¥E ; SUS304) , fifEH (165mmIDX3 0 CmmL, MH ;
SUS304) »oBRaENTRY, TAFNTEEEEG 2 ELA SR TN SN L. MiKEHI
RIEEATRTEEO 7 o &b« T VBENHEMRICS ARAZINTE D, MEBESICIE 7 1
vy — (2 0%, #8 ; SUS304) AMEMAH LHTH S, fllfE cEOHOMICE, &
A EH T AKESEEALVCEBETEET S hic, Bb7 v I BEARERT LT 5ELE (Pana—
metrics #&) ROWEERTETH @EIHEDG &E—HE) PIEToATHS, KERTH,
EEREEE U TELE CEO M NARZERESNBESFZRTH20CHS -8 0 CoEHETELT 5
DT, CHEBRETHEYS 510 2 SOMILET (Channel—1, RIEEHE ; ~40"~+6 0
dp* ¥ Channel 2, —90°~+10%Cdp ) AR Lo HITRE LT, 2ADBRESER A
0w b 75 7ARBIE VT @O TEER) F0L CHilRTEo AORUHDEE cEE SN
T3, WTFNOSITEB LA 7 2 FEMELTER RAFBELEEVF 27— -7 (
MS—B5A) AL TVWA, ¥+ U THRE, AFTXETAEMHELT~Y 24 (Ar, CO
) &rvnTy (H.H) 2B 5, ,

g & LT, HlRO TERKBELETME (AEEHRleds) 2htr LNERE (1.4 1~

* —%, @ERIAESEAS TR INE 0T L6250, Lok » TREZOETRIFC & » TEH:
ERDT LI,
** dp . dew point
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2.8 3mng) LCHUMBITEICKEE L/ BEE ;43 g, RESS ;1 5m) . TOEOERH
R (OFRE) i Table BIORTED TH D, fibidid, v v MRICEE Lk (67 3~
T23K) &hThh, BEEoEBEEE LTHENSNAEREZHEW EE5ATH S,

3.2 EBRAFE

(1) fobidt oD FEEALALER

A, EHICET-TH,, COFOBRMARITL - T, MRS THLMLIACu0 2%
FLHET & 44 T ik D S OMBEEMSIG S 5. FEEHEIE, fRiciBAEREC 5
B (67 3KLELE) kB0 THIAOHM/MER TORE PRSI C DEHEERRHRORBDE b
SLE V. RERTEEMALEER OKERE CHIGIE T 2BERED FR% 6 7 3K & L.
Fig. 613, Ar #2THER W10%) Lz Heic EOEHLMIERT - 158 OB R ORF
MEEEELATR LD TH D, HEED FEh S THALRBAEEESEE L T (BETHSh
%, i EoEE FRE, BISEOETRIE (CuO+H,~Cu +H,0 ) icpka S RISE (BEES500
KDdex—213kcal /mol ) kB bDTHZ, Table 7, KAEROFHRICE T 2 HIED L
FHHER P COIT £ 5EEIMEEZ T - BRORERB/ERLALODTHEZ, LD, S (670
K) Feo#COk L AEMLnER, F LoEEmMERLE2EZECSTOT, BUTENT LB
Do EHALME AT ORI, B AR TSLHERTLEE b AARBE/NECLT, RELA
ZCEBRFOMA AL SCEEALIBRERH D,

(2) FEHE LUMFTTORE

IR T O ARG ELAE TS0, BRERE, BAROAA e T 7 7LD
WTLLF D L D SR EEIT » 72,

CO, Ar RUME Ar #AZE BT ADTOBERR R K2 T, BERET (AdA
MHEED) 2HOT, ZAFNOREK (CO0H5 0T Ar) I ARBRERL KD FHRF -
1~4),

BAiHC 20T, Ar AF ¢+ )V THRETIMBEDL S —ERTOXKELRLEUMEL R T RE
X, ChEAr FRATERT 2 L DEITHEBOR S % 2 20MRHE (Channel -1 U 2)
AFIE LY (EF —5, 8) ., ZCTHENATOKELRS EEBEET LD AE SN L KER
B - EBE, GRS, BRI AORBE LEOEEHET TAE L,

HARzaw M5 7OEENHEER, Doy REBAR (»v7 5 —) ZERREEICEHE
LicA v 54 v 275881k, EREENOTAENOEBOEELZT 5, AERTHE, ¥
VTG —~ORE A AEAEAREENFTAE T AL L bA R vv M7 7 ORIEE, Kk
BOEROBESENE FARE, MEERE) 288 LAY 74 YRR IEO T TIT -7z, COK
U H, tWd 2REREMEF -7, 8ILTRY,
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4, EBRERBIUEE

4.1 RELETEOEREE

(1) fligERBIcEF A2 CO0H LT H, OEERH

B OERESCRIEIE T 2 ooicid, MR ICES SN KERE C O KETE TG
ST A H, OMERicHk T 2 BREREE TORE L T bBHH D, £IT. LROERE
Vi EB LT, (| MEEEEMALZE LTV, CORUME A r ZREH4HS Licse, HCO
RUME AT BSEFHCRBSh TSR, MEBREAEE LGS, L20 TELEHEIES
% CORY H, iBOREINER(LOMRTEHR T,

Fig. 713, EiBAOOLHKEC23mol /hr (EEEE160hr™" ), COLKERD=®
AHREI S ORETFTTEONEERERLELDTHS, KD, (| 10Hs GEEREE493K)
., COMMAIR H, 07 hEDBLETY, $1 05 TRTBHAESE (14X107 " mol, hr )
wEEG 4, COFBIE, Tok H, ORBIGOE L &id v dmicrl U, # 1 ki TR
L1 T E, T, (DiEs BE+49 3K 566 L 3K ER) icid, CORBORLD L H,
FE OIS SERKILECY, 1L BETERECEELTOS, BEOEHILMA I RAELE
2, CORUH, £bici4x10mol /hr Th o, 2o0RERICENZENENOEREOE
LD bRxn, T4, MESKESARE LTSV TOREFESRERIGEUTEMNT AT LER
BLTnd, D20, &R (493 K) REVTHEDRERAICRE ShTOIKEDY, BED
PR (493K—613K) inko@mEL, EESLEI5H.0+COZH,+ COMLBNITRICE
F Lt I H, ERESHEN LD EEIOND, RERICER LD, BEMK
UHEM E LT Zn0 ECr.0, 28 THEIWIBZATE D, Iho5RKERICHT DAERK
EHEELTHERTZOT, MIRBEINIKBEICEHCBEEELERT 5

(2) A& T ORERSNT

Pig, 813, BREAOOLHKE 24mel /hr GEEEE1T00hr™) , COLKEADENML
LOD&EETT, MEBEHES630KM»536 0KETAT » 7REELSEHROERREILS
HaH, GREEBLELNIAEIHERATRLELBDTH S, C> T, KEZRER, BEOA
CIRSHIIC 81 3 H AR E S KBETBE, bIRD 1, MEBORER, #RAORNDFRICIHE
EETWBA, oS TR, MEED EERSTHOREEZR L (Fig, 58R) . KEB8WVT, H.
R E s KERORGREREETRO—FFR LTS, 72, H, A&, 550K (it b
WEE) THRAE 25x107%mo | hr , ARAEKERERN 0.9 0 i) L ik, REDOE
Fie >N TEEILED L TOSBTHERPE,

4.2 KESEBRECEHET HERT

My F o AENGE & L TOMEETE OB ROBRERGEEED B Dicid, BET HKRLA LR
R LR AGL T AMETER, BEEAE, (4o RE&H (FAKE, FAMR) THSLER
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HdHbH, FOT, B RIEE, REES) E 3 1EER L —EMicEE LcsHaT T, X
L ECPREE LRI COEKRER LT, KEQEEEOEMABAREL K.
EREGOHM S REOMBAMET —2~8icf &,

(1) REJEHROERERENE

Table 8¢}, MEIRLE-ERERD S, REREHEMIIGREZEELZDTH S,

Fig, 9iiE2 0> HLOKESERE 1000 0ppm, ZEEEE 175 0hr ™' & L UG 7 2 ML

CO/H,0ME12 1 & 3DBE0BEPRRENTHE, ZOoRiET, COH.0=3.3DI5&
=B A&, 410K LEDRERTER Lf:fﬁz‘:a‘ﬁ%‘imﬁ&?Eﬁiﬁf%ﬁi,ﬁmﬁé’wc%?ﬂﬂ L 7o 1y i 48
L FDEEREEECR—RLTOLT EWGP5, THEAEIC XS MTEED CORERT
BTPEEAZERTEA2RETHRENENITEEZRL TS, 54 1 CKUIFORERTR, L
HE AP ABER T E2RENHEAS B0y, BEQOETE & LILE o AEBREISBICET
T3, PAEAER T A TREEE, COM.0x 1 EAIERPLSAPLE L4666 0KT
HbH, COH:0 =330 & L TEREF ER TS 2 TREBEFBLZ 4 6 EERMICEE
LT3, COEFEEF, CONM Ol EHEEREN T Tu EOMEE b5 T 5 & &R
LTS,

Fig, 10, 114, CO/BO®NLHAEZNFNIBE ~EREEE LAEHFOTT, HEREIHEES

1750hr™ & 17000hr™ KEE LABEORBRLAE LOHEMEERLALDTHS, THT,

D OB EREFILEB T AKREZOEEE VHE (FRFN2X107% 25%X10 mol /hr ) Ay
Z 0, SHicED A EREORERENLE, Fig. iRt nERABETH LM, FHEELENT
5 FIREESEMEEC LT A Ennh b, TOEDESEIE, COH,0Oick»TE

moTHD, Fig.100BE (COH0H ; 1.0) TH10E, Fig.lloEs (COH0H ;

33~4) THIVETHS, THEFECEO (W1 0/ KT, EHEELZRTE 2 MRIER
DEAEGNINEVEEAE, CNLOFRLD, HERDKEZELES 5 0BUEREE
HELTEEL4S0K, CO/H0ML3~4, FEREE2X10°~2X1 02 RETNIEIT, LOREER
FOkESE 7 /%% (one path ) 70 9 8.9 %L L OGBEEBTRKRICEBRTELL P G0
Do ip, Bid D) FULBN YR T LADETRETT S LI, RERECHRFLEREETT
SB&Icit, CO/HOlE LOIEBECRET ST LbAHEEES,

{2) IRERERBOEMEERFE

Table O 3ZRLMELAOESE OKELKEE, COHOHMER) £ TR > TEMERED
BEEL S BORRROHEHEREZ LDLEDTH L, LNERRLICOFFiIg.12TH5,
Kb OFER L, BETTRA S RIS S0 TE D 7 OER A D 5 BEREICR D R R D EREhE
Bk EEHTHETHS, Table § b Laie, CO/HO=3, T=450K, K&
SBEE 20000 ppm TIZTEMEE A 6000hr ! TN SE T oHBREACEEINT, B
PR EBE SN TN S, COERE, BURGdRLrHboERHE LS TASALbDL
—EE D, COSMBOTERRENRLD LB A EREEOEIE, ®13000hr™! EFRISHS
Eilig, COH.0=10, T=473K, KEKRE10000ppm ek} HEBEOERIRE
EREHAZDO LAHANRTHS 5, CORGLBI2EMERIECATHLS, FEREE 13000
hr™! B0 THd LIOECEEHZREAESNTED, H30000hr™! A oGRELSRED LED S
L HERERIO FllE —FH L Tv s,

<
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4.3 KIGEE

(1) REEEH _

Tablel 0, MET-2~8D) LRILEENCEEST N 2 EBE LB A+HOTER L
HETERELEEDIbDOTHS, Fig.13 i, IROOHRETHOBEKIEEA~ EE (3, 4) &
RicRLc60OTHD, XEEIR, KEHNEAQNE LAFZE Girdler #HOERME iz TH
HENTVAETHS, it T, BAOEBEAEHTOINEEE Arrhenins OBIGEARL
Y LTCHD, MEOEET CH#ITT 4 Ha(g) +CO(g)2H, (g) +CO,(g)E BRIES IR
KE->TROEELEEZRLTOS, L L, FEOCOERBRC LN L, EEERK IMBEI =D
DKERBEIC BEFT 5 L5 THB o CHd, EREERISICB Y 2 it 7105 i B &
NIRADRETHAL L, TOREFTHEED EBELEOMFICHL T &, EEBEICEFETS L
D& Ebi s,

2] RIGZEEEZX

Fig.14{, BIEATROIINHEEER k 2 THICRA L THE LAAICEEREZ TR LD T
HBHo TIT, AN ARNL LT, KESRURILREDBELZTNZN 1.0mol %, 30mol
BELic, MiedboT, BAMEE, BEABEE 0 OKERRIGER, EHRFEMSEVEE (4 <
0.9 02 THE, BEREED FRICONTEINT A, L, BRENSOEM (4>0.90) i
HIKEDCEE R, EECH L TREAEEZRL, SEHTHEE FRL>NTagemlds, L
old =T, COREHCRE, FBEET O OMEBEETEORASRIREAXALLT ENTES,
G, BHERMPLLT0995%54L58, BELDHS 0 0 KTRIETHIESARITEE NG ©
N5 &,

5k, TENSEETKESD SOKBABET 7 5 ¥ + T, BrBs&Bsrcsd i O
BRE) LTwd, C0GE, SROGERFRE S L THE, T0RRIBET SEBFICHIE LR
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Table 1 Heat of reaction, Gibbs free energy change and
equilibrium constant for the water-gas shift

reaction HZO(g)+CQ(g)z::Hz(g)+coz(g)

Temp.- 4 H:eaction AG;eaction KP

(K) (cal/mol) . (cal/mol) {=)
298.15 -9839 ~6864 1.043x10°
300 -9838 ~6827 9.405x10"
400 -9710 —5841 1.554X103
500 -9518 -4894 1.378x10°
600 -9292 -3991 2.842x10
700 -9050 .=3127 9,468
300 -8799 -2298 4,244
Table 2 Effect of mole ratio CO/HZO on equilibrium

conversion factor

Temp. Mole ratio CO/H20
(K}

1 3 5
300 99.67 99.99947 99.,99973
400 97.56 99.968 99.984
500 92.15 59.64 899.82
600 84.20 98.31 99.14
700 75.47 95.31 97.51
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Table 4a Thermodynamic properties of hydrogen
isotope oxides at 298 K*

HZO(g) D20(g)

Free energy of

formation,AGS (kcal/mol)| —-54.,638 | -56.061
£,298

Enthalpy of

formation,AH! (kcal/mol)| -57.798 | -59.564
£,298

Entropy of

formation,AS°f hgg (cal/mol:K)| -10.598 | -11.748

L

¥ T.Kirshenbaum, Physical Properties and Analysis
0of Heavy Water, ed. by H.C.Urey and M.G.Murphy,

McGrow-Hill, New York (1951}, p.32

Table 4b Isotope effect on equilibrium conversion

factor at 473 K

\\\\‘ Equilibrium conversion factor (%)
\\\\\\\\\\ CO/H2O
: 1 3 5
Hydrogen (H) 93.91 99.79 99.90
Deuterium (D) 88.94 99,24 99.64
Tritium (T)* 86.25 98.77 93.37

* Ko =1.66x 107+, cited from W.D.Bond,ORNL-3334

(1962)
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Table & Typical properties of zinc stabilized
copper chromite catalyst

Copper content as Cul, wt% =  —=——-=—==-- 39

Chromium content as Cr203, Wt —mm——————— 18

Zinc content as Zno, wt% = 006w-cmeeee—- 38

Surface area, mz/kg ---------- 4.0x104

Bulk density, kg/m3 ---------- 1.55x103

Crush strength, kg/m2 ---------- 2.00x106

Mercury porosity, m3/kg ---------- l.’/’:«:.le-4

Gecmetrical size - 00000 mee——————- SmmOD X SmmL

*

Table 7 Change of specific surface area 1 of
CuO—ZnO-Cr203 catalyst by wvarious
activation treatments

Specific area Conditions of activation
(m2/g-cat) T treatment
40 (nominal) as-recieved
39
activated by 10%H2—90%Ar
w* .

32%2 at 455~490K and used in the

present experimental study

16 activated by pure CO gas at

670K
*1 measured by BET method
*32 this catalyst was used continuously for

200hrs at temperature randge between 350K

ant 620K.
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Table 8 Sammary data of experimental
Total Space HZO vapor Mole ratio| Temp. H2 gas Conversion factor
£low rate| velocityl flow rate CO/H,0 (K) procduced | Theo- Experimental
(m>/hr) the™h {(mol/hr) (=) (mel/hr) if;icii (=) *2
a.5 1750 2.4x107% 3.5 sas | 2.4x107% | 0903 0.995:0.002
2.4x10"2 3.3 489 2.4x107% | 0,397 0.997+0.001
2.9x20"2 417 2.8x1072 | 0.9994 0.9897+0.0001
2.5x1072 3.3 403 {|2.3%107% | 0.9908 | 0.86+0.03
2.5x107 3.3 388 [[1.7x107% | 0.3995 | 0.54+0.06
2.5x107° 1.02 525 || 2.3x207% | 0.91 0.92+0.02
2.5x10"° 1.03 458 2.5x107° | 0.96 0.96+0.01
2.5x1072 1.05 as4 || 2.4x107% | 0.968 0.95+0.01
2.5%107° 0.99 4a1  |[2.3x107% | 0.951 0.88+0.02
5.0 17000 1.8x107° 4.6 549 {{1.7x1077 | 0.995 0.998+0.001
1.9x1072 . s00  [[1.9x1072 [ 0.997 0.999+0.001
2.0x107% 4.1 435 |{1.8x107% | 0.9994 | 0.92+40.02
1.8x10° 4.5 402 ||6.9x107% | 0.9098 | 0.5040.10
1.9x1e™2 4.2 376 2.5%x107° | 0.9998 | 0.27+0.15
1.8x1072 1.33 €20 |11.6x107% | 0.909 0.87+0.03
2.0x1072 1.27 ses  ||1.8x107% | 0.936 0.90+40.02
2.2x1072 1.17 514 {[2.1x107% | 0.956 0.9340.02
1.9x107° 1.30 452 ||1.6x207% | 0.901 0.9C+0.02

* 1 based on the JANAF Thermochemical Tables
* 2 determined by the data of cutlet dew point of catalyst bed
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Equilibrium conversion factor
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T 1 T I T |
F__—_
H2/H20 ratio= 0.0
- 0.1
0.2
Temperature; 473K 0.5
CD/H20 ratio; 3 1.0
—1
ey
4 | | I \ |
0.01 0.1 1 10

C02/H20 mole ratio in feed gas

Fig.3 Effect of H2 and COZ’ which are included in feed gas as

impurities, on equilibrium conversion facter of catalytic

reaction HZO(g) + CO(g):::Hz(g) + COZ(g)
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1}

(1) H‘20 + L1 EH20]

(ii) (0 + C1 £co ]

{1ii) EH20] + [C01 EECUZJJ + iy

{iv) IIC023] C02 + 2L 3

[ represents the active site for
adsorption on the catalyst surface.

Fig.4 Reaction model of catalytic reaction HZO(g) + C0(g)===

Inlet
0 F1: mass flow meter
H: hygrometer 1.6cmID
PI: pressure gauge ™ [
GC: gas chromatograph
g‘ E Ca-1
§ .
pre- E Y £ ca-2
il heater H exhaust exhaust E . §
H- ~ s ¢ £ 0 -
humidifier WC-11}- ) I
um catalyst | GC-1 | GC-2 g E CAod
bed : 5 s
TCD type TCD type - ™
MS-5A column{ MS5-5A column a7 CA=-5
He carrier | Ar carrler -Filter
1 Outlet

Ca~1as5 : thermocouples

exhaust

Fig.5 Schematic diagram of experimental apparatus
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*o

Catalyst bed temperature

co, H2 gas flow rate

Flow rate of activation gas —1 500
H, ; 73 N.om/min
550 [— Ar ; 675 N.aio/min
—1 400
s00 [— TR BA 3y / ,
— /
300
450 T / /
cA-47 CA-5
= 200
400 H- CA-1~5 ; themocouples inserted in the
catalyst bed
i | . |
100
0 _ 1 2 3 4 5
Operating time (hr)
Fig.6 Activation characteristics of experimental catalyst bed
feed condition -3
HZO vapor flow rate 3 4,7x10 “mol/hr
x 1073 CO gas Flow rate 3 1.4x10 %mol/hr
15 total flow rate + 2.3x20" tmol/hr
{ Ar + H20 + CO )
space velacity : 160 hr}
CO gas flow rate
w0 —
JaVS
I H, gas flow rate -
catalyst bed temperature
‘-------- - Sy E W e W S == W
493K ,/’ 613K
o - A Y A i ary e e v sy S e O
0 | | I | ]
0 1 2 3 4

Operating time (hr}
Fig.7 Break-through curves of CO and H2 in experimental catalyst bed
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1.0 & O -2 &> —
(1T}
(1) .
-
- \- ® o
- nole ratlio CO/H,0 3 10
u [ *
3 temperature 180 *C 200°%C
3 2.9 = inlet water vapor
w
- concentration 20000ppm {10000ppn
o -
-
w
H
a
4 — -
g
<]
Q
0.8 [~ -
L t 1 I !
10° 103 10d 10°
Space velociky (hr-ll

Fig.1l2 Space velocity dependence of conversion factor under constant

temperature and inlet water vapor concentration

Temperature (°C)

199 300 250 200 150 100
[ T i I T
- 8 :
E 107 = A =1
e this
! inlet water vapor
s 7 1. work -3
g 10 = A30ppm —1
™
E
1
]
]
E 10% p= h
o = 10000ppm
Ir‘l
=~ _ literature
~ 105 = —
- values
£
]
B G,
: 4 k
- 10 - 'IJ’SQ . —
. ;!
+H
g
£ a0? = -
<
[=]
g
3
2
=z ag | 1 | 1 i 1
1.6 1.8 2.0 2,2 2.4 2.6 2.8 3.0
Reciprocal temperature 1000/7  {X)

Fig.13 Rate constant of catalytic reaétion Hzo(g) + CO(g):::Hz(g) + COz(g).

G-66 and G-66B catalysts are assumed to be similar type with our

catalyst
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Temperature (°C)
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107 T T T T ) T
Inlet gas composition co ion
H,O ; 1.0 mol% factor 8 = 0.0 0.2
6 2 5.4
1w @ ;3.0 ¢ .
o H, ;0.0 0.6
= 2 0.8
- ©, ;0.0 .
) 105 - Ar balance 0,9
i
m
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10°
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Temperature (X)

Fig.l4 An example of reaction rate diagram for catalytic reaction HZO(g)

+ CO(g)—..._."Hz(g) + COZ(g).
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{DTO) reduction
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oxidation ¢ )
A, | N
|

c(D,

N(D,TI} bed -—
773k co. .Co circulation
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System co
NZ

Fig.15 Fuel cleanup system with catalytic reduction bed and palladium

diffuser

He
BLANKET (%
freezer
He eg
Ty 160K
‘TZO
300K p regenerating .
o freezer IS5 : Isotope Separation
2 catalytic e System
oxidation I 300K ETS : Effluent Treatment
bed || System
catalytic
reduction
bed
Toy (TQO)
i 450K He
HE,COZ :
co T_O
e A S
palladium |
diffuser He,C0,,(CO) tereezer
T (T .
(T2), (T50) N S
80K co
| Z,He'
m circulation co
‘2 PUmp regeneration
« gas ({He}
[to IS8

Fig.1l6 Blanket tritium recovery system with catalytic reduction bed

and palladium diffuser
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regenerating
freezer

(fram branket]
R bt |

He

o 75 21

He, {T,0} +(T,)

) =1
"palladium circulation
diffuser pump

EVP Evaporator

CEC Ceramic Electrolysis Cell
IS8 : Isotope Separation System
ETS : Effluent Treatment System

Fig.1l8 Blanket tritium recovery system with ceramic electrolysis

cell and palladium diffuser

He, (T2Q) T 0
Je, 2 BLANKET M—Z—’
uranium
bed
h 300K et

regenerating
bed

o]

2
1, (0. 3kPa) [t" ETSJ

(He)

CEC : Ceramic Electrolysis Cell
ISS : lsotope Separation System

ETS : Effluent Treatment System

Fig.19 Blanket tritium recovery system with ceramic electrolysis

cell and uraium bed
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Table T-1 Change of crystal grain size of Cu in activated

Cu0-Zn0-Cr. 0O

catalyst by various heat treatments

273
grain size*Z(nm) conditions of heat treatment

8.7 heated 15hrs at 230 C in
H2 gas stream

9.6 used for short time at 300 C
for H2 gas producticn

10.6 used for 230hrs at 320 C for
Hz gas production

19.0 used for 64hrs at 450 C for
H2 gas production

*] activated by 5%32-95%N at 230 C

*2 determined by

2
(111) peak of Cu, which was measured

by X-ray diffraction
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