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WATER ADSORPTION ON LITHIUM OXIDE PELLETS

IN HELIUM SWEEP GAS STREAM

Hiroshi YOSHIDA, Satoshi KONISHI, Hidefumi TAKESHITA+,
Toshimasa KURASAWA', Hideo OHNO', Hiroji KATSUTA”,
Hitoshi WATANABE® and Yuji NARUSE

Division of Thermonuclear Fusion Research,

Tokai Research Establishment, JAERI

(Received November 26, 1982)

Adsorption characteristics of water vapor on lithium oxide
pellets in the hglium gas stream was experimentally studied to
give a technological information on the tritium inventory and
operating conditions for a helium sweep type fusion blanket
design.

Adsorption experiments were performed by using an iso-
thermal dynamic adsorption apparatus with a Li20 pells=t packed
column. Dimensions of the packed bed were 4.8cmH X 1.65chD,
temperature of the bed was 670~ 830X, feed concentration of
water vapor in helium was 0.1~14000ppm, space velocity in the
bed was 2500~15000hr_1. Bulk density and specific surface area of the
pellets, which were fabricated by sintering method with argon
gas atmosphere, were 82 ~ 83%TD and 0.57m2/g—L120, respectively.

The amount of water vapor adsorbed on the LiZO pellets was

represented by the following experimental equation:

+ Division of Nuclear Fuel Research, Tokai Research Establishment, JAERI



[, = 56.3x 10" %exp (13800/RT) *P5 o
2
where IA is the sorption amount (mbl-HZO/ton-Lizo), R is the
gas constant (1.986cal/mol.K), T is the bed temperature (K)

and PH o is the partial pressure of water vapor(atm). The
2

critical levels of producing lithium hydroxide by the reaction
Lizo(s) + H2O(g):::2LiOH(s,l) were determined for the water
vapor pressure and the bed temperature. Importance of
demonstration tests on material transfer of Li20 through the
following reactions Lizo(s) + TZO(g)—a-LiOT(g)—+-L120(s) +
TZO(g) was confirmed in the Lizo - HZO ~ Sweep gas system.

Keywords; Fusion Reactor, Blanket Materials, Tritium Breeding,

Tritium Inventory, Lithium Oxide, Water Adsorption,

Equilibrium Vapor Pressure, Heat, Adsorption,

Chemisorption, Physical Sorption
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Table 1 Properties of candidate breeding materials ( Ceramics )
Materials Li0 LiAlO, Li,S10, Li,S10,
Crystal structure Cubic Rhambohedral (o) Orthorhombic Monoclinic(at
(at < 1173K) low temperature)
Tetragonal () Pseudo—orthorhonbic
. {at > 1173K) ~ {at high temperature)
Theoretical density(g/cm’) 2.023 3.419, 2.6(D 2.53 2.39
Molecular weight 29.88 65.92 . §9.96 119,84
Melting point(K) 1696 1870K 1474 1528
Lithium atom density(g/cn) 0.94 0.36(a), 0.27(y)|  0.39 0.55
Coefficient of thermal *1 1.24 1.1 1.7+4.3 (298~673K)
expansion(lO_S/deg) 2.5(86.7%TD) 0.5¥4.8(673~1073K)
Themmal conductivity (W/m.K) %2 1.5~3 1.5~3 1.5~3
573K 6.2(86.7%TD) '
673K 5.5 " ) 2~5,5{60%dense) 2~5,5(60%dense)
873K 450 % ) 2~4.1(60%dense) 2~4.1(60%dense)
1073K 3.8¢ " )
Heat capacity(J/g-mole.K) 54 (298K) 101 (298K) 138 (298K)
152 (998K)
Solubility Sievert’s law*3 _— -
Heat of reaction with 64 — ——ree ——
water (kJ/g-atom Li)
Evolves H2 fram H20 no no no _—
Tritium diffusion coefficient 1x10-14 {923K)
at 673K(cn’/s) y iy 2 4x10713 (1248K) 1016 1o-16
single crystal 10 -9 -9
polycrystal 11'_ne* (2~5) xl()m9 (2~5)x10 (2~5)x10
Stability against temperature lo—Sﬁv10-9(atm) _— Reduced solidus( Phase transformation
at 1273K 1212~1306K} if not at 940K, Reduced
(sublimation) stoichiometric. s0lidus (1297K) if

Crystalline/amorphous
transformation

not stoichiometric.
Crystalline/amorphous
transfonqatton .

Conpatibility with

structural materials

Corrosion of S8

and Inconel-625 at

no data under the

condition of moist

no data under the
condition of moist

873K and above. sweep gas sweep gas
Mass transfer in
mist sweep gas
Tritium breeding
-6Li enrichment effective indispensable indispensable indispensable
neutron multiplier effective indispensable indispensable = indispensable

Stability under irradiation

Tritium inventory

Diffusion inventory under the blanket operating conditions
Solubility inventory "

Adsorption inventory

n

Formation of LiOH with moist He sweep gas under the blanket operating conditions

Operating temperature

Tritium inventery

Tritium recovery rate(tritium release rate, chemical form of tritium, etc.)

Stability of breeder(melting point, phase transfomtatiorf

6

irradiation sintering, chemical compatibility , etc.)

,material transfer,

Projected operating
temperature (K)

7001300

800~ 1300

700~1300

700~1300

*]  AL/L = -5,7964x10

3

+ 1,7657x10°

5

T+ 5,1269x10°

9.2

2 K= 102/(4.7 + 0.022T), density of pellet = 86.7%ID

*3  Sievert's constant = 1x10~4 H—atcxn/nble-LizO.atm-l

*4 estimated from single crystals of Al O

¥5  experimental

273

2
/ (873K)

%6 in the case of L:i,zo‘r following reactions will be occured;

T (298~-1073K, 86.7%TD)

Lizo(s) + HZO(g)-—-- 2Li0H(s,1,9)

2LiCH(s,1,9) ——hLiZO {s) + HZO(g)

P61-28 W~-1ddVv[



Table 2

Properties of candidate breeding materials ( Metals )

Materials

Li(1liguid)

Li,,Pbys (liquid)

Lial({solid)

i solid
L17Pb2( )

Crystal structure E— —— Bece Hexagonal
Theoretical density(g/am) 0.48(773K) 10.6 1.76 4.59
Molecular weight 6.941 17300 33.923 462.99
Melting point{K) 459 508 (eutectic) 913 2939
Lithium atom density (g/cm’) 0.48 0.072 0.36 0.49
Coefficient of thermal
expansion(lo-s/deg) - e *5'______ W5 T
Thermal conductivity (W/m.K) 50 30 17
573K
673K
873K
1073K
Heat capacity(J/g-mole,K) _ _— S ——
Sievert’s constant 1.4(873K) —_ 0.19(1040K) 2.8x10"%(1040K)
Heat of reaction with 245 200 200
water (kJ/g-atam Li)
Evolveskb from HzO yes yes yes yes
Tritium diffusion coefficient
at 673K (cm®/s) T T - 5x107 7 (873K)
single crystal
polycrystalling
Stability against temperature vaporize (at 3X10_6HUMig(523K) - reduced solidus
2873K) if not stoichiometry
10” PmmHg (498K)
Compatibility with corrosive to more corrosive T —
' Austenitic-~S8;>723K L
structural materials - than lithium
Ferritic—-55;2823K
Ni; 673K
Vv, Nb; 973K
Tritium breeding
®Li enrichment effective effective indispensable effective
neutron multiplier effective not necessary indispensable not necessary

Stability under irradiation

Tritium inventory

solubllity inventory

4

diffusion inventory under the blanket operating conditions

Operating temperature

Tritium inventory

Stability of breeder(melting point, vapor pressure,'chemical
compatibility, etc.)

Projected operating
temperature (K)

523~.773

523 ~ 773

593~~803

573~773

x5 estimated value

¥61-28 IN-T1daV(
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Table 3
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*
Nominal purity of Lizo powderl used for

fabrication of LiZO pellets

Specific analysis and X-ray analysis

LiOH

Free C
L12CO3
sulfur

Li

1.58% (trace by X-ray)

0.01

0.5 (none observed by X-ray)

0.005 {(maximum)

natural abundance ratio

Al
Ca
Cu
Ni
Si
Co
Mo

sSn

Spectrographic analysis

0.005%
0.005-0.05
0.001

*2

F'e
Mg
Na
Pb

Ag

Mn

0.001%
0.001
0.02-0.1

*2

*1 produced by CERAC/PURE inc.

*2 not detected
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Table 4 Fabrication procedures of sintered

LiZO pellets

(5)

(7)

agglomeration with mortar
die-pressing (4 ton/cmz)
measurements of dimension and weight
sealing of pressed compact (microstructure is
shown in Fig.l) in furnace core tube (Pt-crucible)
heat treatments for vacuum degassing
(i) 373K for 1 hr
(ii) 723K for 1 to 2 hrs
(iii) 1023K for 1 to 2 hrs

sintering in vacuum atmosphere

(1) i273K for 2 hrs —————- low density pellets
(ii) 1373% for 2 hrs ————-- medium density pellets
{1ii) 1473K for 2 hrs ——-——- high density pellets

inspection ( microstructure is shown in Fig.1l)

— 10 —




JAERI-M 82-194

MLl 1® ®3eqGIOSpPR LGS0 ﬁoNHQIm\ w) eaxe
uolrdAIY UY3TM poylzaw 199 AQq painsesu wommnﬂm oT3T09dS
0° €T (%) s10d pesolD
utyyexed pInTy AJp YiTMm Ve (%) ex0d uado
PoOURoW UOTISISWWT pinbrtl AQ Po2INSESW AyTso0a10od
utyyexed PINTI AIp yaIs
poyjsw uotsisuwt ptnbrtT AQ painsesu 97 ¢8 (aL%) A3TSUSP UOTSISUMIT
1a1T2od J0 3ybTom pue
22ZTS IPOTI3SWODb A pPaUTWIaIoOpP ¢res~ e ﬁoﬁwv. A3TsUep AIng
88T°0~T18T1"0 (5) Aubtem
GGG ~OgE" G {umur) u3lbusi
606 ~G0"S (urw) IS313WeTp
UOTSUBWTJ

I978WOIDOTW ® Y3 Tm PaINsesaul

spoat1t1ed ONHQ paISAUTS O SOTISTIVIORILYUD ¢ o21qElL



JAERI-M 82-194

14

-gqa71od O%TT JO ®0PIINS PSARSTD JO SINIONIISOIDITH 1°6T4
JUygx3,00cl | dyex 3. 0G0l
68Z X mn%ﬁmm 08z X mnamxoﬂ\u mm

Uz %9
08z x 171

[

% G4

0001




JAERI-M 82-194

He _
] l 4 FLOW METER
g_ PRESSURE GAUGE

HYGROMETER C IRCULAT ION N ROETER
PUMP
RNERE I
He af— PREHEATER
m—— y ol o
MS-BED ﬁ : :
-- Li.O BED
WITH o %y{ 2
REGENERATOR = o "o
| = o
= o o
L N
HUMIDIFIER
COOLER
(%) HYGROMETER
PRESSUKE
GAUGE

Fig.2 Schematic flow diagram of experimental apparatus.
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3.1 Li,O(s) —H,0(g) — R4 —7H XRIC T 5RAE KR

mg3m,ﬁ%ﬁzm%&mﬁﬁgé%n%n29xm*ﬁ(yW)/hr(%%ﬁﬁ
2800 hr ') %7 71 ppm. Li, 0 REBRE % 823 K WHELTREREATLEED
Li, Qi1 ick T BAKSBE ORBEMERLILEDTHS, HKASNSL I, ADK
BRI SRR S TREM Tl ppm KEE L, HIUKMRERK 277& LB L
$ 5 60 A ICAODEE—&KT 5, O, FEEADOLI,O qL v FEAY 7 LRAD
BB KDE, Li,0 Ly t S~ DEROEENBETEZRBLNIVELRET S L,
BEEFICELTNALALND, HI5, KO ->DE# (breakthrough curves &%
ERE) IR SES SEERUBEREELLINERELE LB, =% a7
— T RP LY A AEORIRETE LR DT VARERICHESET EHDOTHL,

Fig.4 (2, Li,O EBEEHMETIK. TT3 KR B3 KDL % OWEKEL KTRE
CDEEAMME T 0y b LERESRECHE, RO MR 12, <Ly O RE
CH, 0 NES THES LASAOREEAED LTS, DIhORECEVDTHERER
PELH, ULhbEOMELRECLST—EH (0.64) £&-T0 %, ThBH, FEREE
(H,OD#Hhi4374.2°CH L oKk GEEKE) M TR E U, WE M R & HEH
Pl & D R E S TREICHEERSL VAT O Freundlich R E FREON
WAEPTEDTEH L, —EREBICHETIRELKFBE L OEE Clausivs—Clapay-
ron ®& fqiso = (RT, T,/ T,~Ty)én p, /D, R QEEH. p,. p,  BET,.
Ty (K) T 2&KE) ) I2fCA LTk SEBanEs qiso (&, Table 6 i LK
I Y 5 (9 21 keal /mol ) THH ., BEHEFBAEL LTEFERES LC TR DD
W — TR THI AR LTS, HEOEELREGT L L, AXR (BE. Ko
B OEEIC BT ARESTE LTRYRE2chiELONE, INE, REKBDKS
SEHT BkEREELASDEB E, Li,0 2Ly PREE BT R ERETERE L
T3 (flziZ, Li—-O—-Li + H-OH—2Li (OH) ads. ads R EREALERET D)
T b TR EINE, BHAMIC, EXRACEEEEICETS2LIOH (s )= Li,0(s) +
H,0 (g )73 5 iR R s O SUG T 30 keal /mal #ifk ERERL DAEL, T BERE
B A RIS AEREE & OOERIUER TR A onil, —E LIEFE St TS PR ASERSL
Licd e &, BiEERG T A+ —ORE—icE-SCREsgRTER0T L, FMEREHAE
%25ﬂéoﬁﬁ-%w%®mﬁ&%%ﬁ:fAM@bfﬁ%?ﬂ%%K;DD%méﬂﬁ%

H,O ol &N FE @R 10.8 A & LTEHE
BERAELTOREOBAIE, B THENEOELC ST A RER, B ETcEd 2
LEERETOMERENRC VEL, COBAOREAD, LODKILBRATHY, RETH
11 kecal/ mol , 530 KT# 3 kcal ~mol EAERBOEIC E-NTHLO/NIREETS,

* %

D o=
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BESNTOADHBERTHE, BELTIC, TELFad—-v =72, FHTLIF, Y7
oI N THE ST O S RERK TR © 70 % Appendix (D i T ¢ M- W,
24~ 30 .

5T, Fig. 4 PICERMTRLAATH B, TREHEETSEIICLI0)+H0 @)
= 2LiOH(s.£) MARIGEIKE->TLIOHMERL, Fig,3 KR I URELEH
BohAVKIBEOERELEDLLGDTHS, COMEICEESSEEKREENIRD 51,
B 22 TT3KDE a8 450ppm THE OIS LET3 KT 10ppm &85, £TT, K
SBEH—E OBE OREKE - BE & ONEEKkDS &, Fig, s OBFsHONE, TC
<, GAMELIOH SR LEw 5 REORAETHE, RIKESHB LI, FKTREC
BOTHOESRBHSKO T-Tl B, CHED, Li, 0L v b OR#IT OREKE &
4w~ ir)—=) I, (mol—H,0 /ton-Li, 0)it., BTk LBET (K) &Kks
S (atm) SOEEETEDOTIENTE S,

0.64
I,=563x 10" exp (13800,/RT). PH,0

Riz& ¥ (1.986 cal /mol.K)
3.2 Li,0(s)+H0{@ = 2LiOH(s,¢) RICHIIEFHKAETE

Fig. 6 12, Li,0 £ OKRSBERECE VTR ONSKSBBHRBADKIBEL O A
METEEELABEDOIFAR LD TH D, AERP (Li, O XBEERBEECOK, #5747
ZFE 2 9x107m*(STP) hr, AQKSEE 21 ppm ) Tid, K7 OEKEKR 2 1 b TH
B, 28 BMETEE (Blppm) &7 - Td, EFECHZELICROADKTHOC
B EKSTAHKEDE (1.3X10 % mol—H,0-hr)id, Li;0 REEO LK 2 TLL,0(s)
+HO(g) — 2LiOH(s, L) BWARBEHEBINTOL 8D EHSNSE, —J)f, HLIKSRE
DEEHEZ, LLOKEBO FHEESCHTI LTS EEZ6NSLI08)+H0OE) = 2
LiOH (s,£) 73 5 F@BEICi17 BARTBEICHY T2 L Bbnd, < ORHRIECHID
ALiOH (s, £) 13, HOKNBEENSTEREME & 725 £ T8 & tu7aks (5.6 X102 mol-HO)
ESCBDTHS, AFEOBERIL, &F Y 7 YV ARBEICH, R ZH6E &7 & & OBE dhiR
ZAELCAICOERCEVTLEEINTEY, HOBEOEEBLNY 7 v IKRLHDOZ
OREBICE T SHMMEEE &K T2 &, REBROEB Y 7 VT ~NTUH o2k Lk
AD SO Cdd BRRBE &—&T 50 &4 8E LTV

Fig. 71, AKSIBESs—EHCES LAIIAEBRE4REN LR €G08
OASBEOEE#ATLEEDTHS, T, RESSOKOBECERTAL, AOKDE
EAENE & (2 CTH25ppm) i, BEEENB LTS, UL, KMRESHLE
LD HENAEADRELOGEVETERE LS5, CORECBOTRETFH IR EN
15 ARG BIEOBRRE, WEkEAZHARKO T TLL0 (8) »5 Li0OH (s) 4R Libh o
KR, M OEEE 10ppm) E—KTE5THHAH, TOLILRFAMBEIR, i OF
EEB T A TERKESBECEINE SN, DXWREOEETHIY . ALKIREN
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%m&%(c:fmmmmmm)mu,ﬁmmﬁﬁgu@mﬁ%nﬁiiuﬁgmmUt%%@
&méc$%ﬁﬂfmkmmﬁﬁﬁﬁ#ﬁu%wﬁwcﬁmmuﬁmf%&%ﬁﬁuéua\
muOC®;5m%#f&%§%%ﬁ5&.umﬁﬁ%mu%wTUOHiﬁﬁmﬁﬁﬁb.
AT LLO RV v P B LIOHK /L LIMET 5 Z &, -7, L0 77> 7 » b O
24 —FHAROKSBEAETEL~VRETEIEPEELNLD D,

ﬂgSH.%ﬁ%ﬁﬁ%*ﬁﬁ(mﬁﬂﬂﬁ%bﬁiiﬂm*%ﬁﬁ%%%%uiﬁéﬁt
%é@&m*ﬁﬁﬁ@ﬁ%ﬁ%%bt@@@ééoAmm%ﬁﬁﬁwmm®¢%mm&%¥ﬁ
ﬁéﬁénfméﬁ,Amﬁﬁémmwmuiﬁéﬁ5&mD@%nu&mmm?ﬁ%&ﬁat
"B, COE L, ADBE% 1400 ppm & O 14000 ppmic B S THEL LA, AL, © O
ﬁ%%ﬁ@?fkmmﬁﬁﬁﬁ&wmmﬂﬁaﬁé&,ﬁﬁ%ﬁfﬁOHﬁ%ﬁb%ﬁbfw
LTt b,

mgeﬁﬂF@Jﬂm,LQOGH+HDQﬂzZLKm(&£)%uﬁué$@m%ﬁﬁgﬁ~
E)tﬁﬁt@%%%%bt%@f@éoc:ﬁﬂﬁﬁ@ﬁ&u%oﬁ®iﬁﬁ%ﬂbtm5
ﬁ.H%%mgﬁf@ﬁ#%cﬁuﬁfwéC&ﬁ&EénéoAmmmmmmup—MOH
CH,O% B3 3 S ETOREe~Q, 03, 60 OME (AEE, BIERME, HRIER L.
CﬂiU,%9*%%®ﬁ%%§$$%#6®fn%ﬁm$&m¢quﬁ%&E5&%Z%
FBEL, BHLIEIRHATH S,

3.3 Li,0(s) —HO(@) —RA—THARILEIS EHEBT

Fgllﬁ,Kﬂ%f%ﬁbtw@®&ﬁﬁﬁ(ﬂﬁ;mm%wK.mﬁ%§;0m~mmo
mm)&U%ﬁﬁﬁ(%Wﬂ%ﬂ@@%ﬁi&O%ﬁ%ﬂmbﬁ&Vvb@ﬁ%@—%(?EE
PTFRRFEEEDE, 1, FEORUERSEA<L Yy  (BEADLE) OABERLILHOT
52, BE ) BT, FROIMER—EEN-THY, BABOLIOHW) HER LTV
g FORMBOEEE o bDEHE SRS, MBIV y FOMIBERERLICSDTHD,
(LA DR I ZE LTV ART MR SN, FBE~L » b O Wik) 2R 9705, BE
ﬂ%ﬁ%ka%benmmoﬁMeTM,%ﬁﬁmﬁwﬁmﬁéwdeﬁmﬁﬁ%%bﬁ%
DT E D, EEOEAE EBMIN , <Ly P OO (Table 5 BH) Ch~NT, T0EN
%%%mﬁﬁﬁwawgc&ﬁﬁméocngmﬁ%u,&V7rﬁﬁa$v1mg)@%
T (S QR D) B3 UIHIER (THE OB pME - TR AR LTV 5, BT, KBES
TS vy FOTFRINAREEECEI A OEFEEHMICERLTA L I,

FQJQM,UOH@%%E&ﬂﬁ&@%%&]ﬂ%F@é%%dmfﬁbt%@f%éo
T, 854 #2150 (s) +HO () 2 2LIOH (@) R ik S HRO@ODFHERTH
2. EEL O, P 2EKESHEA10* atm®D & 2SO LIOH (8) 7 5 A O LIOH (£) £3
AT AR, LIOH (s,£) = LiIOH (@)F6 tifg R THR) L OME00K THL ot
%w5o?ﬁb5,7%77vbWuﬁwrc@;5@%#w$%¢6ﬁﬁﬁﬁﬁfé%éw
2. LiOH (&) AT 52 L0 B, Bk & LTOLIOH (&) & TEME O HHE (1
531y APASAELEMTIRBT LN D-DTHS) THLDT, 77 iy MHEEEE

— 16w_
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OBECEOTEBICEEEZILHILENSS 7,

Fig. 1342, Li;O (8)+H0 (8) 2 2LiOH (s, £) R(CHF 20 (@) OFEEQEE T
Li,0(s) + H,0 (8) == 2 LiOH (g) %2 ¥} % LiOH (8) VP E AR EAEE I L TR LT
LOTHS, M, E3 JANAF O CE -5 CEHEME, Bl R dR «DREIEE AR D
L, —A8 I LIOH(s) RULL,0S)DRAEE DL LTV S, T/, MR () TE 1
FrEBor it Li QAR & Lirg@&F7 727y McsLTTFR NS RFEH (EE ¢ 673
~1273K , KA BE : 1~100ppm) 474, ST, KFBEDFRIZ, 77 7 v P TEE
BT LEAA T H R DA - FUL B ’J%WAI.@HR%%}?H}D%#J:%’)’(@’G
H5H, —h, HEOER, INTOR TR STV aEEF (RRRMEROLIZAN
L0734y b, 620 MWth, BREH 10, KBH - ~J 9L R - 2L -TFK,
24— 7K AFE  200m¥hr, 24 — 7 H AP~ ORKHKE 108 HO hr,[{ b ¥ F 27 47K
K AiE10.3g— T.O/hr ) OFFHETH S .

MicAabhdtHie, S oREEl (G 160K, KSEE  15ppm LLE) 43, A6
5 CRIE S o Lis O (s)+ Ho0(g) = 2 LIOH (s, £) Ey it 0 i, A5 LIOT () DA
ik et (LT B Db kEH & b ) F 9 aT ORMKBE AT S), EROLIOT
(VP FOLf vy b —ELTT 5V PRICHIESNS I L2 0T FAK
2 —TH AGEAREREHE D 215 (400m® Jhr ) 22T, EEBEEC FMRAZE80K &
LTLIOT(8) DEB A CHEMNHS D . —F , KSBEEL 100 ppm DFE D 1273KRT6T3
Kiz#i7 3 LiOH (8) OV # &R /F ik, #nFh2 3x10"atm, 4 4x10 atmTH 5, 7 7
Ve PRNICERBESGARET S &, NORMTR UL S CSEP ¢k LeLioT®)
PEEA —FH AL - TERT BT LR T8N E, CoT, BRBOREY 720K
Sl EOEAIE, 2LI0TE) »Li0 () + TO @ BARKGIC X O EMDLIO0(s) & LTHE
W@l P FOAETO & LTAA —7H AR ENS, UL, BERSORE T20K
T OEBAICELIOT(S) & LCRE L, FUFoad v~y by —Ei5, 1k, BKEL
TOLIOT (L) iz LR @Bfrdifl ci3dEm LL 0 EF A o b,

ui,£tbf%ﬂ?%ﬁﬁ%?fﬂEE5<%§ﬂ%%m5&5K,K%Eﬁbtﬁﬁﬁ
ABTHLLO AR & LicT 5 vy FRICBOTIR, KSEGHLEBE LRI T HA
itk ALi,0 OHMEHTOHRHIHE A AEEAE L. CITPEINS EHRNE, KDL
I HEDTHH,

Li,O(s) + T,0(g) = 2LiOT (g}
2LiOT (g) = Li.0(s)+T,0(&) %73,
LiOT (g} —»LiOT (s, £)

C LS IMEBT OB, BIERE RES S, KOBESH, 2 A -7 H AR )
L, ORUy F O (BE, FEMHES, 28K28), 00377y Mg
VT YT oALE 5T, P FuLARER) SCLoEECELT A O EED

¥ b FvAEKOLERCER LIERERE TS A OMBBREE LT L F a7 -y - TRRE
(TE77 v MEEHSTLREOHIIKDBE lppm) 2 EERERE LT L X74THED,

— I’;.’m
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n%cC@ﬁ%ﬁf%V#vb@%ﬁ%%@ﬁﬁ%#@éﬂéf%U%ﬁA4VNVbU—E
SEECHEELTVAOT, M) F U alEME LTOLIOOERTE AR IOLETIO
BEOERHRILEMNERNETHA I, 10, 77V Ty M OB T4 LIOH

(s, 2,8 ) DEBLALCHICTILENEELELLN S,
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Table 6 Isosteric heat of water vapor adsorption
on LiZO pellet
*
amount of water Coverage with Isosteric heat
*
adsorbed water vapor ! kcal/mol
moleHZO/ton—leo %
0.5 5.7 20.9
1 11.4 19.9
5 57.0 22.5
10 114.0 23.0

x] area occupied by adsoped H,0 molecule = 10.8 x 107102

*2 calculated by Clausius-Clapeyron equation

*
Table 7 pimensions of Li,O pellets after

adsorption/desorption experiments

Length (mm) Diameter (mm) |
maximum minimum

5.37 5.13 4,99

5.56 5.30 4.99

5.55 | 5.10 5.00

5.45 5.45 5.00

* Random samples were measured without
drying treatment. All pellets after
present work have been kept in a plastic

container with ambient atmosphere.
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Fig.3 A typical breakthrough curve of water vapor in
Lizo pellets packed column.
WATER VAPOR PRESSURE (Pa)
(.01 0.1 A 1 10 ito
100 I | T
n He FLOW RATE : 2.5~5.0 X 10‘2 w3 {(STP) /hr E i
¥
| oLl
| ()
w (3
& "
10 = _ AAN_ . ——
BED TEMPERATURE =
- N —
ax o ’//,,/’ig
1 © o .
i
0.1 i l L | | ]
0.1 1 10 100 1000
- WATER VAPOR CORCENTRATION {ppm)
Fig.4 Adsorption isctherms:of water vapar for Lizo pellets.
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e

AFTER WATER VAPOR ADSORPTION/DESORPTION

Lizo pellets after water vapor adsorption/desorption
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4. B bHb b |z

MY F Yy LM O =D B S RTOALL,08E Ly FAERELLT PYF Y LAY
N = PENEEAEOLEZ RS~ T LARPEB RS ORERE AR, R
2, TS vy FEEREABEBTALDIL, N U AERL - THRAET DREEICK SR
EWIETIT -7, B 670 ~ 830 K, /K5rEEEL 0 01 ~ 14000 ppm , ZERI#EEE 2500 ~
5000 hr* T &% 5,

ERERABEHNT L ELUTOERI TH L,

KA R DR B BRI B 0T, Ly MEEKE [d Freundlich B OB E Hik X
(1,=536x 1072 exp (13800 /RT) » Pw, 0", I. : BEKE (mof-H. O ton-L1,0),
Hwiﬁﬁﬁg(mmnfﬁ%éntoC@%é@&%%ﬁ:ibd%?&ﬁﬁi@%f%
DA REEFEET R Ly FPREICBREINS CHEREINT

AP R E GBS TCE, Li,00+H,0@ < 2LI0H (s, £ 55V #EK
EOEEKESE LEE OB ENE SN, LIOHOBERHENENRT 5 EE LUK BREOR
RAHP ST - 72,

Il EOERERY L0 8+ H, 0@ = 2LIi0OH (s ¢ g, LiOH(s,£) < LiOH
@ icET AR AFMHEEICL D, Li,07 7 vy pTTESNSRFEA (RE 673 ~1273
K. /KSHBEE | ~ 100 ppm) 2B 0T Li, O DEBTOR - 5 TRt 4T Lic, Co&E
LiOH (s, £) OEKEPIFT 270D A4 -7 FATOKSEBELET 345 (HE 680
KD+ 2% 50ppm) HEMHLHZ &, SRBTEK L7 LIOH @RERE (680 KXLE) I
BOTLI,L,0OEH, Q@I T 5T ., LiOHWE L B fHA T AR LS S ohisy)
PN

PE A LTRIERAET S Li, 02 BIEM & Lt 75 vy PREKEOTH, Ky
At b e LTHEARRIGHSET DiB5, 4% Li,0 OmMATEE£#E LT ET,
Li, OOMEBFESLION (s £ 8) OBEHINT sEBSLERT 32 Ln B BUR
%t%i%ﬂéo7§V77FﬁmbU%ﬁA47NVkU—@%EE%tﬂTM.7?77
g AR Om A O S AL LRENEFEE T B ETED I,

E ] 5

AR A EE 310 H 7 - T, ERRES (JT-60 FEE), B IS (8 Y F 7 a0l
ﬂ%%)nHME%E(%%ﬂ%éJME%IHK%&);075777fﬁétﬁﬁéﬁﬁﬁﬁgé
W1, 4 Li, O<Ly FOBBEEICE LTE BFE (b7 LB, (FERE
T (F) v ABEETEE), SHEREE (BHEFEFER), ARE ER CERSAITE
B o) ol naas, AREROERCHDCAGHERICEOEHELRT,

726_
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4. B b b &

W) F Y LM O— BB ERTOELL0BE RV .y FARRLLT PV F Y LAY
N R EOCEGEAS L E L ONRS A  AERP MBS ORE AT, R
2, 75Uy FEEREBABEBTALDIL, N UAERL - THRALETLHEEICL SR
EEIETHT - fmo BB 670 ~ 830 K, /K5 EBEEIZ 0 01 ~ 14000 ppm , Z[HAREE 2500 ~
5000 hr 1 T % 2,

FEEGER AT T A LLUTOE)TH S,

K5 BB DR R ORI BT, Ly FIREKE [ Freundlich B OB B i R
(1,=536x 10 2exp {13800 /RT) * Pg, ", I, :BEKE (mof-H,O ton-L1,0)
mwikﬁﬁﬁ(mmnfﬁbéntoCQ%%®&%%ﬁlf&d%?&§ﬁiE%f%
DRSS SRR EET )Ly FREICERE IS CHEHEING

ACAPTREE O Bl B BB I B 0T, Li, 09+ H, 0@ < 2Li0H (s, £) LA FHIK
EOEEKESE EEE L OBEESE LN, LiIOHOERMEAAERT 5EE LUK REDOR
FAAMIR ST - 12,

Pl EOEBRERYICLIL,O (8+H, 0@ = 2L10H (s, £ g, LiOH(s,£) <LiOH
@ B3 BEAFHEEICL YD, Li,07 7 vy PTTESNARFEA (RE 673 ~1273
K, KSHBEE 1 ~ 100 ppm) BT Li, Q OMEBT OR < 5 Wil 4 L. CORE
LiOH (s, £) DAARBLET 2 oditid R4 — 7 HAROKSEBEAET <45 (RE 680
Kok 2% 50ppm) HEHE B E, SEETERLALIOH @@ERSE (680 KELE) 2
BOTLIL,0OEH, QEIAMT AT E, LiOHWE LRI THAR LS I obi5
ot

PLE, ASMcd UTEIBHE A B4 5 Li, O EM & Lz 5 v o PRICBEOTHE, K
Attt h e TR HEIEMET DiES, 4tk Li,0 omATRELEFL TN LT,
Li, OO EBHELLIOH (s, £ 8) OMEEMIINT 2EREAERT L LA R EUR
BELEZ OND, TI VT PO PN FuaL vy P -ORECHIZ T, 7T VT
oy MAZRODE R OB EHLER LRANNFEHETEETHES D,

# B

AR AW B0 B - T, ERBUS (JT-60 sTEE), Ml IR (2 F 7 A590
BE) PHEER GeMEs IBE TERSH) L7705y batcl T Shmiis=
T, $40, Li, Ol v h OBl ici LT BTE () v 2EER5E), (kR
HIE (F ) v ABEHIER), HEREE (BHRMEFER), ARE FR (GERSOTE
BALH) O, ARETONRICSH L0 I ASENCREOHEEERT,
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Appendix (3) Li;0 735 V7 v b b ) F v L 8e5EMERE

Li,Qud, VF 7 o EEMNQg /o LRSI EMLOLI OEFESPh Be O LHEH
W TREHEE LT LEBREBELE LAVE—DET I vy« TV v P EFISNTNS,
72, Lir Pb: b2 HEKCH FREVELSUERKTHH ) F 7 LI858H & LTRIRE
VIBETE S,

Lo AT, b F U s ERER) L T3y v MEARORSEYE, HATE1E
DEFREME, DRTRERE Y F LABEREOBE S5 VRBRFRACKETS b
DTHB, -7, Table 1 & Table 2iCBIf 77 7 4 v FBEMEE 57 A BHEEHE
OEHLTEMT S o & EEHE TR, @RS, ChoOPEICETL M) FI Ll <t
-OHES, Ty FHTREBRSEREY F U AT FHEEHEOERFIL - TRY
BrE, Ty PASREERELTITUEINTHEDTH 5,

BT, B8#ELTINTOREB VTR INTNET ¥ v bEFOHOH» & ANLTHE
XM TWLWASTARFIREDZ 5 v/ v MERAMENT S,

(1) INTOR—Phase One "

Table T (4, INTOR—Phase One i BWTHRESNLT 7 V7 v FBERI Ol DERE
HEARLEbOTHL, > Tid, *Li #30% 18 L7cLi Si0s 7 7 ¥ 7 v HEHY
# (Reference material ) & LTH Y Fif 541, BOT.”SM (Breeder Outside Tube /
Solid Moderator Y&7*B 1T,/ LM (Breeder Inside Tube /~ Liquid Moderator ) & BFiIh
OO T vy FEESRI ST, VO bR TSRS LTPh (BAH5em &
A 030 E D:0) 2L, BAMEA ROGBE « ~) 76X =FHFRE LT ZAN
H£ELTNE, PETREMBE, FIETEHES (Fi43om)  HETHEHHLO HIEFE L0
cm) AMEE XA, EWO T F oy aARIEC 065 £ - TL 5,

il INTOR-Phase TA"

INTOR—Phase [AHBWLTH, 77 v4ry MEMYE L LT, Li: OSEREICHEE
X5 EE BICLi: Si0s, LiaSi0s, LIAIQ T EHH Ly — 2 iZ& -3 (Al i e,
#i2, Li: Qo200 Tit, BAZELTUEA»SBADY 7 vy MERBIEREN, PV T
Y LSRR 2 B R R s s hT Y,

Table N, Vii, iR O—H42LhdbDTHD, T/, Fig I~N iz, HABOLH
D77y PERREFVTHS,

Fig. [WORULIREEFTVIEEWNT, 77 Y7 v FARLEABOTEHRAT A5G0 — 2
No. A—1~12, & | B i FEUEHE A He THE L, BEHMBAZH OTRHTAHE D
5 —ZNo.B—1~10, k% 4kt He THETEBENT —ZNo. C-1~10THB . &7
—RWEBNT )T AEBREESERR ERAFHRIROBOTH S,

F-ZNo A Ph@EAS5 cm, °LiEFHE 0%, HiHKk 1181 (5 -2 A~11)

—2ZNg, B i Be®EAS5cm, SLi #HE 30 %, MMk 1348 (7 -2 B-7)



JAERI—M 82-194

i 2ZNo.C ; Be DEA5cm, *Li@fFE 30 %, Bk 1.362 (5 —2C-T)

PlEDr —RRZT (14, PHFEEHEE ) Fy 1HHEHE (Li:0B) CET8LR
TS5k oy FESAREE LTS, SRR LT, BEHBLLLOFE—KET5I L
FoTIoE ELOEREFEME LT 7 vy MERPFig I~VTH 4,

Fig IOk ZIE, di Frafss@ (PpES 5cm) OEFICBe—Li: ORGEEEE LI
LEOTHH, Li:OFHEL, Table VRO  —2No. D-1~45»553H5 &3l BeDE &
ps 49 vol % & A WFEHIZ 1515 & T 3, O > CHEE S ABMiL, Be—LiORGHERT
T VA, Pk E LTHERSLI OFEENBe DHESEHMT LI - TRBIZR DT
REIETH B,

BIHIT, - AD—4iCkit 3 Li: OFER ., RAMEMEOLiZH L0777
y MER (BHTEE R R LIV, AEH L H0, 75 620MWth) @& h (¥ 110ton
Li:0) Vo1 10 505, B, H,OABEHE LIS AOMAEL (5 —2No. 11,
12) IHHe BHIOIEAS LD BT T3, 27, FETHEHME (Pb) 20T, £E R4 Be
L OBRAETHERLIIES (5 —2ANo.D-13~16) &Li:OfE B OKRIE/HIE AR
<X 3, |

ﬂgﬂ@%%ﬁ.BvﬂﬁO@%%®%ﬁ$%%%%—LnOﬁéEtbt%é(7—2
No.D-5~17) Th s, BMOR AT BRI L ARSI s EBEHESN S,

Fig. VotkRid, frFHEEHE (Pb) ELi:0B & DEICPh—Li: ORGBAEE L7z
LOTHB, (r—ZNo.D-8~10) . PbO#E&AHET I LMMLsEML, Li. O E
EnELTAEEICHBE LD,

rods, i TR B EOYEE KOS L Table VIICBTF 2B O TH B, ) F U LB
i@@k%@étfﬁ%tﬁian%&ﬂﬁ@bfﬁﬁéé%ﬁf@éobmb,x%ﬁ(ﬁ
) BENERAE LTNATE, BeOSL oy P ORBMEESEIL LTHENI L &
BTRCBHEFOZERSICET 7 8RR LTI EAERT L L, TORACHL
S THFRHET 4 —VEN T4 REF 4 PBLETHEEZT AL D,
iij STARFIRE® ©

Lpicd Aot FEEEE LTHRECRIIATLALOTHD, P F7ABHEMELTH
A—LiAlO: £ BHEME L LT&ohOFEK 77 ¥ o v PHOSBREONREL TN E, £0
TGk oy FRRICEOT S, Table IIRT & 3 0B & R FHFE T X0 HL A0 EE
INTHA, “hit, LiAeio B3 ) FuLBiEEEsENCEItLd, BEARUSE
| BERERHIC 2T, FRFHAA —AFF 4 b AF YL REXT D 7 5 O~ DA
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Table III

tritium breeding blanket

Reference design parameter for

(4}

-

Design | Design 2
{BOT/SM) - {BIT/LM)

Neutron multiplier

Material Pb

Thickness Scm

Maximum temperature 290°C

Melting point 327°C

Coolant H,0 D,0
Breeder region

Breeder material Li; 810,

Breeder temperature {max./min.) 6001’400°C

Effective density 0.7

Brecder element diameter 4-6 cm 6 cm

Enrichment of °Li 30

Tritium-processing gas; He

Structural material 316 88

Maximum structural temperature 150°C

Coolant H,0

Coolant inlet/outlet temperature 50/100°C

Coolant pressure 0.7 MPa

Neutron moderator C H,;0

Breeder region thickness 43 cm 26 cm

Effective blanket coverage 0.6

Net tritium-breeding ratio 0.65
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Table VI Properties of candidate neutron
multiplier materials
Material Be- Bel Ph PH0
Density, g/cm3 1:85 2.96 11.34 3.53
Atom or molecules
number density 0.1236 | 0.07127| 0.03348 | 0.02571
3 -24
n/em” x 10
Tn,2n) at 1aMeV, 0.5 0.5 2.2 2.2
barns
>(n,2n) at l4MeV,
cm-l 0.0618 0.0256 0.0737 0.0%65
Threshold energy
for (n,2n) cross 1.868 1.868 6.765 6.765
section, MeV
{n,7) at 0.0253
eV barns 0.0095 C.00%5 g.17 0.17
Melting point, °C 1278 2520 327.5 888
Thermal conduc- *x
tivity® at 25 °C, 201 216 35.3 2.8
W/m—oK

* At 25°%C

*##* Pyre beryllium oxide, hot pressed

Candidate and reference materials selections for

Table VII
major applicaticns in the STARFIRE reactor
First Wall
Breeder® Coolant Structure Neutron Multiplier | Coating/Cladding
A, a-LiAlO, Pressurized water Austenitic stainless steel Beryllium, ZrsPby Beryllium
(Path A—PCA,; advanced version)
B. v-LiAlO, Pressurized water {D;0) Ferritic steel Zirconium Boron, carbon
Lead

C. Li,Si0, Helium, steam Titanium alloy BeG Sic

LiPb, Vanadium alloy Pb-Bi (eutectic) SiaNg

Li,0 Nickel atloy Bismuth TiC

Li,;Ti0, PbO TiB,

and others

4A = reference selection for STARFIRE.
B = alternate or backup selections.
C = other materials considered.
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