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Fabrication of Sintered Lip0 Thin Wall Tube Specimens for

Irradiation in BEATRIX-II, Phase 2
Tadashi TAKAHASHI and Hitoshi WATANABE

Department of Fuels and Materials Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received April 16, 1991)

BEATRIX-IT is an international collaborative irradiation experiment
to analyze and to evaluate the tritium release behavior of tritium solid
breeder materials under fast neutron irradiation in the Fast Flux Facil-
ity (FFIF). The specification designed for sintered Li,0 thin wall tube
specimen used in the second phase irradiation experiment is as follows;
1) Length: 8.890 + 0 / - 0.051 cm, 2) Outer diameter: 1.806 - 1.857 cm,
3) Wall thickness: 1.0+ 0 / - 0.05 mm, 4) Straightness: 0.05 - 0.10 om,
5) Bulk density: 85 - 89 ZTD, 6) ®Li enrichment: 95 atom % for the
BEATRIX-TI Phase 2 specimen and 7.42 atom % for the VOM specimen, re-
spectively. Highly dimensional accuracy is required on fabricating of
specimen. This requirement was satisfactorily accomplished by the
following procedure of fabrication. Forming of compacted Liy0 tube was
carried out by isostatic pressing of 200 MPa using combined die with
rubber mold and SUS304 axle. The compacts were sintered in the tempera-
ture range of 1400 to 1470 K for 8 hours in vacuum of 6x10~2 Pa at an
initial step through 5%x107° Pa at a final step using a covered platinum
crucible. Inner and outer dimensions of as-sintered Liy0 tubes were
machined to the specified values under an atmosphere of dry air using a
rock lathe, which was installed in hood and attached a vacuum cleaner
for gathering Li,0 dust. After machining, sintered Liy0 thin wall tube
specimens were immediately heated around sintering temperature for out-

gassing, in order to prevent swelling caused by reaction with moisture
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and CO, gas in air. The final specimens must be stored in a tightly

closed vessel after out-gassing.
Keywords: Sintering, Li;0, Thin Wall Tube Ceramics, Irradiation,

Tritium Release, Solid Breeder Material, Cold Isostatic

Pressing
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1. Fr i

Li;O:, HataFH U F o A MM L LT, £0hkk, BHZEEL SKS COWERT
PRTWA, BHhTYh, LbOm 6D ) F o aiHESORRIRLBELWEEEDO—>T
B0, AARE LS L LTHANHE TR FRUBHEERSTHR Ty 5o BE, XE
FFTF (Fast Flax Test Facility)@# i £ 5 b ) & 7 aBEH B0 B, Xk, HF 5 OHEABH
HEEBEATRIX —II (Breader Exchange Matrix—1II) ©# 1 BIBHAFFTFELILS 1 7 2 (1990
E£1A48~1919F 3 B) THbhTE0, AFRREE2HOH12Y 1 70 (19914 5 A ~1992
F£6 ) KELTHRHBFEIRT VS, 8 1 BB OLLOEREARIIG. W. Hollenberg™*,
R.J.PuighV %R 00.D.SlagleZ? it & » THESIh TV 5 X 51T, £&5.208cm(80.2%TD)
+3.686cm(78.5%TD) D_AR#M T, BWOHEITIHHL.707~1.626cm, HEELT1.687~1.583

HEMERTET TR A VI — &5 T2 PELOTEEIEDL - O TR LB HASRSE
Bhich T, B2 BB ARE LT, BHEROEOREEROCUATIZLT, b
VF o AHOREKRTFEY SOBERF CHRRLTHET 5700, FORWEZL.010/-0.05
mm& LT L, Fh, BREOKANPREY LTS, AL v —F v T w0l
INELLT, BOEBEES0.05~0.10mm & T4 EF L L, F1HRCE 2B BT LE
REFORBERCEER & FHEIAIEANAIAOREEROCRERE & OERZTable 2 iR
To H2MOBEHER L L T ALL0BAEAR P RIFHEERD &, HEFEIST, BERET
Wi b ZERHEE L > TTFRAIZRE, ZhLORIRLE T BRHARE®FETL0, &
BRLLOEBEORFER, BKEE (58— 7 1A Tfry, BRLL,OFEEEDOPIENIE, o
EHAHBEO L HORE L . MEFEELZF - TTv, BRNOLLOBHERFAEAELN
fro ¥ 12, BEATRIX—IDEEEETFHRET MU 5 v amHiEE s #bd FFJRR— 2 TOXE
B (LBVOMEFTS) BELZHE L THETRAS2 FADBRERE~L 20, VOMBHFIC
A UAZR OLLOB P BB OBfER T - 72,

¥ gllenberg G.W. and Slagle O.D. ! “Fabrication of Precise Thin Walled Tubes of Lithium
Ceramics” , Presented at the Am. Ceram. Soc. Meeting, in Cincinnati, Ohio, in May

1988,
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2. Kk

2.1 HhsEH

BEATRIX — TTHE S} FIStE BRI B ) # & ALLCO; (CLi © 95atom%) T, [ Battelle
Pacific Northwest Lahoratorys S & niic, VOMBAHEFEOREHL, KEBME CLi:
7.42atom%) DLLCOMATH 5, ThELhOLpCOMKOHEBETHER, ENEFTEYUE

(SEM) # BV TR L, i, MROHEARE, #AREL (BETE) #HVTHEL
fzo BEATRIX — IR O'VOMMLLCOM £ DRI R AL, LEFHEIC L > TER SR
Fo (REETSF Y 4 — RURELHTThRE) o

2.2 LiOBkDHER

BEATRIX—ILHLL,O¥ K2, Li,COMEHEZ2HT, 970K, 85~105KFMH K 1958500 %:
LT#EEL L7, Li,CO; (8Li: 95atom%) MEZEBGHEZ, EHEBES0T IEOER, 110gT
2 B D EE S FT - 1. TOK DS MREE IC 35 5 ZEE L, 1074~10 "TorrD#IATH %,
LiL,OB KB 1 B2 MO EEE % Photo. 1 KRT, ¥4, VOMBHALLOBXDH
B3, LixCO; (CLi: 7.42atom%) 80g% 973K @ 6585, M7 Tme L (i1~ ¥h, Zh
EROLLOWKOBEMHT ER O LREHEER, LiCOM K &R HETT -7,

2.3 L,OBXORF

BT S8, LOBERE T AT FESUSIUDLER LR S X4 AR TATY

HAFER (K7 <lppm) D m—7 &y 7 ACEAL, K4 AL OBKEHRL, %
O, T FREERORAT ABEORICAR, ROTICHAFEE IV LS KB LT &
B B o Mok, AR2.70cm, #ME4.70cm, RS (B&HR) 10.5emD T 4 E— /K
(v v ayaa) LAELE0cmOOHE (SUS304) ©h %, LOBMKDRIBIL, BAEE (7
A AU A BV, S v A — R L T200MPad E I T - i BRLLOER &L,
BEATRIX IR UVOMBHEHHEZhFh 6 £ 28 M Li. 75— 7 LA T 22— FRU
SUS3M4D DG Z%, Photo. 21057,

2.4 #*
WRLLOMH EDOERE, 3ENCEF LLGRBEERETCT -, COEHFT LT, §

1D & 5 1 10cm#E ) DR SEBETLEHET 5 L LB ATRE L s o foo BRLLOEMEDBERIIL,
B OLL,ORERT BOEIIZ B DBRO LS 7K (B CANT, BEESHRE1400~
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1470K, BE&EHERD 8 BT, 1 X10 %Torr® EZRdT1T » 2, LLODBHEREZRE L THV %
ffEOEE Y £%Photo. 3HRT, /A YA, BT LEEEAARBZVEC 7 v 75
WHMTTH 3,

2.5 BRGOBREDHHI KU

WRLLOBER & % TR0 BARM L T 5 00, EROMBEHEERL 7 - FRUREZE
PSSR A LT R T 4 A TTH LTl L7, BTEIZAAE, MEOIRCEE L, F&RIC,
HitDE S CHE T L, ARMBCHC LAY EY R s AR bR —biE, MDA
17 (BEBERNTV—F) 2009 X5wx60¢ T, WEH400% B\ 7o B, VITONZA 7
(Byr s A4 7Y F&BERAr eI o, Kgs £y FPERCIHRERR TR
LTIELRT VB, BRI 774 FEY FEEA)D A b L— bk A 0% - THHEI L 7228, Li,0
B R D R HEEN R Z - TR BRI 2 - 7o —ENCHHEN 2 4HRBHI O 111120.075mm
T, Wt T 5215~ 20EEE LI L, REERONFEGFE -1 L2 ATHRELT
Ty bF v o FEFEFEOLR T E2 L L2 TRIDFEGHFEIL i, WEREIXESA L — b
EA AR BVT, 16.0mm¥ T—HE» S5EEIL, 16.0~16.5mmiI A RTEIFRERIC K95 5>
B R T - OB LALWT - HEMLEG TR L Tu < SRERE REALT, THO
B acito RO - . FIRBEIER O 2EOIET E % Photo. 4 IR T, SHEAMBEIFD
FEFS 8O 78 5B 4 Photo. 5 inrT. HABEIF O HEIHEE O /HEEF H % Photo. 6 1L
N

2.6 ERLLOERNBOERELINAICLBHEHX

FRLLOBESE K 2 LLOBRE A LS 2 WENE, BEOXLTO N 74 REIFTT - T
o, REERCIESTORKI, REA A LRIG L TKBELY 57 A (LIOH) RUKERY
F 24 (Li,COs) DERTZ, i, FIYBRETLTF v r—2— (v ) AFATGEAZE) &
AR LTV ABETLRLAORHY LI LT, AROEEMMEUEERSEZ L, 20O
%, BHEIEOLLOMM 2 Hedh TR L TREK AR LzLIOHPLiRCOs % BF# L TLiO
& Lie DNEE 121270~ 1370K R E S E T TV RERE LA R i, INERFRTLL. 5~ 4
il & Lo
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3. ERERKIUBLE

3.1 HEEH

WL - LT L RS U7 LipCOs (BLi : 95atom %) RURAREHROLLCO; (°Li: 7.42
atom%) DSEMEHE#Fig.1-(a) RUFig. 1 (b) DEFhFhiCmT, LCOMEKDRE
FRFRBL AL emBU0pmTH S, £, HERBIZFNFR0.46+0.09m?g™ K TF0.36
+0.03mig 1TH B, ThHDBEROKERCEERBEOMIZ MR ST 5LLCOM R
DREETH DL, ¥, FREFROLLCOMEDOTHIM O EEE R Table 3 (a) R TUTable 3
(b iit,

3.2 Li.OBFROHAR

R E80eg U110gDLi;COs (5L : 95atom®¥%) # 970K B U8 B B80gDLi;CO; (°Li: 7.
A2atom%) #968~9T3K TEVI MR L - BF DR EEE L Ao MERE L OB L2, ThXhlig.
2 () B UFig. 2 (b) T, Fig. 2 (a) D80gd & & D EG BRAE T IFfE] 1285~ 105FFE] T, 110g7T
12195858 % %, Fig. 2 (b) D80gDLiyCO; (°Li 1 7.42atom¥%) DS FRICEE U7z Frfi265kF
Behs, ohbOBIBCL > TELLLONADCSEMEAER U LERKZ, ThXhlig. 3
(a) B UTig. 3 (b)icmid, LigO ((Li: 95atom%) #MEL, #FNo.1#1.51m%g~> T, No.2#h
5 No.5 T2 0.80~0.98 m’g™ DRI TH 5, APBEFCov T, RENo.1»5HNo.3ET
i1 LisCOs 80g% , No.47 bNo.5% Tix110g % %8 L HZe# G L CHRSE Ui, 1o, LOCLL:
7.42atom%) D EERL, 0.8240.01mPg 1 TH B, Mo TLSEMER K & 5B FEE
2, 5~10pmEHIE IR, LuCONHEEESBIRRI - THELLEEBELLNLY, 2O
HERDBS OB OERNESRL, BOMRIEAL—HLTVw1,

LizCO3(s) LizO(s) +COx{g) T 1)
Table 4 (b)iZLi,O (°Li: 7.42atom%) KOG OFEGHEL T,

3.3 LiO¥yFRDALH

HBATEE (54— 7 LA 1T & - TRRCHE L L0 (CLi: 95atom%) BULLO (Li:
7.42atom%) DEEHEDE &, FHEROH F#E % Table 5 (@R 16 (byicid, LiO (°Li: 95
atom®%) FEMMKIZ, 24~28.9g AME2.19~2.3Tcm, FIfEL.601~1.607cm, PIE2.91~3.55mm,
BHEEES.0~T1.3%TDTH B, Fiz, Li,O (°Li: 7.42atom%) HM&L, 20.0~22.7g, #
%2.08~2.12cm, PIEEL.601cm, HE2.38~2.58mm, # ¥ #EE9.7~T2.5%TDTH 5, /35—
7L AR & TR LB RLLOERE Y, 7 4% — v FRUH SUS304.LHE A B 31F
ERTAER LTHB T »Tee 74— TV AELSH (410 2) CLAERRBELLET S
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L, AT VLAETIE, BRCHSCIEISE2EYF v v EY FHREI LW T EAERKD
LA < LTv A, 2B X3 FE0RVAR, VERENEATHL I E, RUIFELH
HMAEETHL, BEATRIX—II% 2 HRHALL.OERETREDOABREER #Photo. 7 KT,

3.4 B 5

BEATRIX—II% 2 MRS FELL,O (°Li: 95atom%) M UVOMBESHLLO (°Li: 7.4Zatomg)
EIREERE R D h v B LEEIEE L OB #Fig. 4 (a) RUFig. 4 (&4, BEATRIX —IIH
LizO (®Li: 95atom%) B ¥INo.2,4,50%, BfERE1425~1430KT81~83% TDTAH 9, FiEHE
BE AR AR (85~89% TD) Wi Lo/ » 7D T, 1440~1450K CTHBERS L, 85.5~87.3%TD
DR A 8-, FEINo. LT BB E 450K T81.5% TD & A #E AR - 728, #AFNo.3
T3 BT B 1450K T88. 0% TDIL# Lizo ¥ 7o, A No. 6% TILBEREE 1450K T 4 80.5% TD
LI E LV 0T, MT0KOBRE TR LT85 1% TDD L DO% B, Ok 5, &
i LR E L O BFE BV T, FRAEORMERC L > TERMBE LD, LLOBRD
RBAENEFREFRD LSBT LE-LEREBLh L, Tib b, LCOMKRDEMNE
WP BTH LR EBSBREMSERMTR T T 2O TCTHRENEEALLLOG R S, $i,
Li;CO; 0 #4535 B IORE O R R & &pH— TRELLROB K @R 5
ACEETH L, RRNo. IOBREEE NS kbl ok OREIRED kA 03 & TES
LLOBHE L -Tete®ThH D, COBKOLFEMBELL. S1lm’g " THRICE TR EWE, =
DEROE LI MBE EBORCEELDTH D, FHNLER R LT VWATS D, FiE
o EERSL, 1425K, 8 BRI Tl.5Wt¥% A H14T0K CIWt% ©& - foo —, VOMHLI:O
(6Li : 7.42atom%) Tit, BEREE1400KT83.7~85.7%TD, 1450KT88.1~88.4%1TDTH
Z ., BEATRIX—IE K~ TVOMELLOB RO FHABEEEN R VRS MBS, Z0ETH
REETHALLCOBFE OB RO REI 3o THETILOLHEEEIN S,
BEATRIX -~ [THLLOR UVOMBLLODEREREAOER, 1 TOWES2Table 6 (a)
K UfTable 6 (b) Kmt, BEATRIX - IIHLL,OFSEOEORMED, FBNo .3k U No. 412
BT, 2.67RF3.02mmTH D, BT L ANMERR8~9%TH L, T, Table 5 (b)
DOVOMALL OB R MR DS OMIF22.18~2.39mmTAH b, B & 5 IHEEIZ6.8~8.8%
T# %, BEATRIX—IIHAEALLOBESEO A B EE A4 Photo. 8 WY, 7., BEATRIX—II
B UVOMBRE A RLLOBE DR YEMEFER > th ¥ hFig. 5 (a) RUFig. 5 (b) &
ot SR d(H) =1.24AY?(Hexagonal Model) ik »THKDHB L EhEN23.5¢m
(87.3%TD) KUF12.9,m(85.8%TD) TH »t, &5, BEATRIX—II, FENo.3DKFHH
s E H A Fig. 5 (¢) KRt MEREIR30.9,mB89.5%TD) Th-7.

*No. 6HEiE 1T Li,OB FNo.4d+- No . 5DEE L b DTH 5,

_Si
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3.5 ERL OB EOFHI R U

BEATRIX—HFE U'VOMBEE B R LLOBBEOUEIREY, Tt nTable 7 (a) RV
Table 7 (b) kmd, FEHECRBERR, £hFh7.9~8.1gRU8.4~8.7gTH D, #HHl
RIO# /3l LTuw b, Thbh, BElnTa Esr I 28T 5FRTH L, 2.67~3.10mm
T U2.27~2.52mm® R 0 FLLOBEFBEON B R UHA L IFE L T1.00mmOBHECT S
VR, FRER, 6 ADBEREALOWTIThRLS, 2RI O EHOMERERE L, 1
D4 K-S0, ABRRUHEEFEIGCEEE LT, BEHERORI I0E kol BIROEL
ERE, BEERE T Ly b Ty oy 7 THDAE L, AEREICR, ARORES 1mmic
Vol fe o e RBE TR H o O TR EE e, BEOWS B 1 ~10mmiE L. ZDHA
AFEloBE L. 25mmicic » 1o b, BEAEME T LT, KisLH, O OFT 25
LR THOBEF W, i, —HOFEIRE0. lmm 2124, RBCARMIBRIBET
BT 50T, 0.075mm THEI L, MiHIEARE L0k, ThEn##No3 &4 RU
2F4THY, HHEERMNALET.2~8 . THTDOEEATH 5, BHHIFTE THEOBEATRIX 11
Mg HILLOM P E SRR, VOMESHHLLOMH G X U4 O R & OVOMES HLL,OZHE
REONBEREY, £h¥i, Photo. 8 {a), Photo.9 (b) BUPhoto. 9 (c) it

3.6 BERLOBRAETOETMRACISHRAR

VOMBHFILLORAG OB orEnEt (%) RUrEEOEL (¥TD) £
HAREE L OB #Fig. 6 (b) KR, MERE1270K THEEME L ae O PR 9 X
L, MBEEASINVKCE < Ty, AEDEERE, Me%LMPL T2, ThHOA
BEORECHE, HYEERIHIXI 6%~ EEEETHRE TV, MBEE Z1370K
FELIEBRICTLE, FREhA% ED, ThDOFERMND, B AREORHEREL, *
WENORBOBREEREEEL CH D 2 L5 -7, £, BHEITE THOBEATRIX — I A
ﬁu@%ﬁ%aﬂmﬂLf®§%mﬁﬁ%®%%,aﬂ%ﬁ¢®§§%m&w%5@ﬁ®kg
b OR, EZEMEEORBOREDCEENKE (Ko Thb, T, BEEMACLLIEER
OFEEZE LA e < T A icit, BEmMEZABRHIEE ST ZLBERTH L,

3.7 BEATRIX— 1% 2 iR AR U VOMBSI ALLOERNEREHORKER, &
BRURHPOEHE :

TEH SR & | TRESE L 72 BEATRIX — ITE C'VOMAILLO # P & 30k (a0k #£Spec. Nod)
OER, T, RUAYEEREiEE, —# i Table 8 (a), Table 8 (b)KUTable 8 (c)
R, MEBHHRE S S, BEIHMIE TS AEFEHE) £ 1.806~1.857cm, B 1 8.830~
8.890cm, EDHE 1 0.95~1.00mm, EOEEMK 1 0.05~0.10mm, »H#HE 1 85~83%TDD
EEPCA D, DEAEAFELSEETIRARNSE bR, T, THHOIFESHE, th
FREHNo2 RURENo L L2 THV, FD{LFESFER%Table 9 (a) XU Table 9 (b)
KRt (ChbDSIEMGI Y £ —TiTbii.)

— 6 —
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W
ﬁ g
5L
E:pd

BEATRIX —II# 2 #i I8 5 =8 A LL,0# A E R O EBFEORITTiRE, E& 1 8.890+0/—
0.05lem, DO HEE : 1.0+0/—0.05mm, £ : 1.806~1.857cm R UFOREM : 0.05~
0.10mm%, SEOJHEBELZERTLILOTHY, BOBORICKTHERNELE S S THH
MILE Wb DTH s, LATICERT 2 ki - THFERCHET 23R 2 55T 2
D HEL.

(1) LiODHMEEER S L TLLCOM A% AT, 970KOBSHIEE THERSMET Y, 5
EHORBRVCLLOBEZHE T 5T, S2llF0LCOoOMRICRABB - IINbhs L3¢
3o Blh, E4MCEBELSLERC I » TEMEEERL L, MOKREORESS -
TARB—iCicAmbh, MEFHABESEDBELIRTAIEHFETH S,

(2) LLOBEOMEE~ORE HRE, BKEE GBI 7571 2k BRERDHF
BTH T LiOFEMEE 76— v FRUSUS 30408 & 0 IFRE, BRECIT5C
EMTEL, £, HEROFA AEZBCTHHETLHETRE, B—CETFIPICIVD
Ty oy BV IR UL, FA-TULARETE, ZRELEBRREMNE Uhkhoico

(3) (Dimah~ic & 5 W LLOBROMBEM T £ - TEESHICESRD S o, FRERE 1450
KEE RS 8 BB D & T85~89% TDDLLORM A A B L R A TE T,
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Table 1 Dimensions and densities of Li0 thin wall tube specimens
for irradjation in BEATRIX~II, Phase 1

Specimen Length Diameter Wall Thickness Density

Ko (cm) (cm) (cm) (% TD)
Hax Hin Max Min

1 5.208 1.8440 | 1.8330 ¢.1708 0.1828 80.2

2 3.6886 1.8453 | 1.8364 0.1687 0.1582 78.3
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Table 2 Calculated temperature distribution of tube specimen
for the BEATRIX-IL Phase 2 irradiation, comparing to
that of specimen for Phase 1 irradiation

BEATRIX-11 Phase 2 ( °Li

: 95 atom % ) case

|
1.0 mm Thickness 1.5 mm Thickness
Diametral Tempetature Minimum Temperature Minimum
straightness gradient temperature gradient temperature
nm °C °C °C ' °C
0.05 18 485 44 572
0.10 18 499 44 592
0.13 18 5086 44 603

BEATRIX-11 Phase 1 ( °Li

61 atom % ) case

1.0 mm Thickness.

1.5 mm Thickness

Diametral Temperature Minimum Temperature Minimum
straightness gradient temperature gradient temperature
mm *C *C °C °C
0.05 13 459 30 508
0.10 13 469 30 522
0.13 13 473 30 528
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Table 3(a) Cation impurities of Li;C0Oj
(°Li: 95 atom %) powder as a
starting material by chemical
analysis

Na g.8 ppm Al 2.0 opm

K 3.9 ppm Cr 0.11 ppm

Ca 83.8 ppm W - ppm

Cu 0.49 ppm Mn 0.045 ©ppm
Mg h.3 ppm Fe B.B ppm
Zn 3.2 PPM Co <0.01 ppm

Hi 0.39 ppm

Table 3(b) Cation impurities of Li,COj
(°Li: 7.42 atom %) powder as a
starting material by chemical
analysis

Na 3  ppm Al <3 pPPm

k 1 PPNt Si 8 ppm

Mg 1 pem Pb 2 ppm

Ca 3.8 ppm Fe 1.4 ppm

Cu "0.5 ppm

Table 4(b) Cation impurities of Li,0
(5Li: 7.42 atom %) powder
prepared by thermal de-
composition of LiyCC3 in
vacuum at 973 K for VOM

Na 10 ppm P 11 ppm
K 4 pPpm Cr 1 pem
Hg 22 ppim Mn <5 ppm
Ca 11 PPO Fe 5 ppm
Cu 10 ppm Co 8 pEm
Ag 10 ppm Ni < 4 ppm
Al 12 ppm Free C <10 ppm
Si a0 ppm Free § <10 ppm
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Table 5(a) Dimensions, weights and densities of the compacted Lis0 tubes
for irradiation in BEATRIX-11, Phase 2
Spec. Weight Diameter, cm Length Bulk density Wall
thickness

No Quter Inner cm g/cm® | % TD mm

1 28.88C 2.30% 1.605 10.27 1.285 88.0 3.55

Z 26.128 2.236 1.606 10.23 1.342 70.5 3.16

3 24.044 2.180 1.608 10.20 1.358 71.3 2.91

4 27.525 2.270 1.607 10.17 1.341 70.4 3.32

5 27.204 2.281 1.602 10.22 1.332 89.9 3.30

8 28.074 2.290 1.601 10.24 1.302 68.4 3.45
Table 5(b) Dimensions, weights and densities of the compacted Liz0 tubes

for irradiation in VOM
Spec. Weight Diameter,cm Length Bulk density Wall'
thickness

No Outer Inner cm g/cm?® % TD nm

1 20.415 2.083 1.601 9.74 1.4686 72.5 2.48

Z 20.150 2.090 1.601 3.73 1.4568 72.1 2.45

3 21.602 2.112 1.601 10.28 1.411 69.7 2.58

4 22.698 2.118 1.601 10.30 1.463 72.3 2.58

G Z0.987 2.086 1.601 10.35 1.441 71.2 2.43

B 19.980 2.078 1.601 10.20 1.415 70.0 2.39
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Table 6(a) TFabrication parameters and resulting dimensions, weights and
densities as sintered Li;0 tubes for irradiation in BEATRIX-II,

Phase 2
Sintering
Spec. condition Weight Diameter Length Bulk density Wall
thickness
No. Temp. Time Quter| Inner
K h £ cm cm cm g/em® | % Td mm
970 0.5 28.740| 2.292 1.591| 10.17 1.371 72.0 3.51
1
1450 8 28.309| 2.1656) 1.471 9.35 1.5562 B81.5 3.47
14256 8 25.688| 2.134( 1.536 g.868 1.540 B0.8 Z.99
2
1450 8 25.414| 2.093! 1.520 g.53 1.640 86.1 2.87
3 1450 8 23.561] 2.037| 1.504 9.41 1.680 88.2 Z2.87
1425 8 27.094| 2.158! 1.541 9.80 1.575 82.7 3.08
4
1440 8 26.897| 2.118 1.518 9.43 1.640 86.1 3.02
1430 8 26.862| 2.148| 1.537 9.87 1.568 g2.3 3.08
5
1440 8 26.6621 2.118| 1.5186 9.53 1.830 85.6 3.01
1450 8 27.580| 2.189| 1.563 9.82 1.533 80.5 3.13
B
1470 8 27.219| 2.154| 1.535 9.68 1.576 82.6 3.10
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Table 6(b) TFabrication parameters and resulting dimensions, weights and
densities as:sintered Li;0 tubes for irradiation in VOM
Sintering
Spec. coendition Weight Diameter Length Bulk density Wall
thickness
Ho. Tenp. Time OQuter| Inner
K h [ cm cm cm g/cn® | % TD mm
1 1450 8 20.114| 1.935) 1.480 8.895 i.842 | 91.0 2.281
2 1450 8 19,8521 1.934, 1.4B0 8.91 1.830 80.5 2.27
3 1400 8 21,412, 2.002) 1.525b g.70 1.6871 B2.6 2.39
4 14090 8 22.502| 2.018| 1.515 9.70 1.662 82.2 2.39
5 1400 8 20.763| 1.976| 1.525 g.70 1.726 | 85.3 2.26
3] 1400 8 19.579! 1.9581| 1.51% 9.58 1.722 85.1 2.18

- 14 -
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Table 7(a) Dimensions, weights and densities of gintered Lis0 thin wall
tubes for irradiationm in BEATRIX-II, Phase 2 after grinding
]
Diameter
Spec. Weight Length Bulk density Wall
Outer Inner thickness
No. g cm cm cm g/cm? % TD am
1 ________________________________________________
2 3.000 1.854 1.6860 3.43h 1.629 "85.5 0.97
3 7.940 1.851 1.660 8.9158 1.693 88.9 0.954
4 8.103 1.852 1.6562 8.85 1.663 87.3 1.000
5 7.9092 1.852 1.654 8.56 1.627 8b.4 0.99
6 7.813 1.85156 1.6515 8.76 1.621 85.1 1.000
Table 7(b) Dimensions, weights and densities of sintered LisC0 thin wall
tubes for irradiation in VOM after grinding
Diameter
Spec. Weight Length Bulk density Wall
Quter Inner thickness
Ko. g cm cm cl g/em?® % TD mm
1 T.445 1.800 1.571 6.87 1.787 88.4 1.145
2 8.6586 1.832 1.634 8.85 1.815 89.7 0.930
3 9.138 1.851 1,582 7.71 1.694 83.17 1.295
4 8.395 1.851 1.653 8.88 1.735 85.8 0.99
] 5.695 1.852 1.670 T7.825 1.698 84.0 0.910C
] 5.390 1.854 1.6565 5.87 1.733 85.17 0.995
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selected for irradiation in BEATRIX-II, Phase 2

Dimensions, weight and density of sintered Liz0 thin wall tube

Diameter
Spec, Weight Length Bulk density Wall
Quter Inner thickness
No. g cm cm cm g/cm?® % TD mm
[;_ 4 8.103 1.852 1.852 8.85 1.663 87.3 1.0C0
Table 8(b) Dimensions, weight and density of gsintered Lis0 thin wall tube

selected for irradiation in VOM

Diameter
Spec. Weight Length Bulk density Wall
Duter Inner thickness
No. g cm cm cm g/cm® % TD mm
4 §.395 1.851 1.853 §5.88 1.735 85.8 0.990
Table 8(c) Dimensions and density of sintered Li;0 thin wall tube
designed for irradiation in BEATRIX-II, Phase 2 and VOM
—
Diameter
Spec. Weight Length Bulk density Wall
Quter Inner thickness
No. g cm cm g g/vm® % TD mm
I B, 1.806 1.608 8.839 - 85.0 0.95
~ 1.857| ~ 1.857T) ~ B.830 ~ 89.0 ~ 1.00
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Table 9(a) Cation impurities of sintered Lij0
(®Li: 95 atom %) thin wall tube
(Specimen No.2) for irradiation in
BEATRIX-I11, Phase 2 by chemical

analysis
Na 13.5 ppm Al 1.8 ppm
K 5.8 ppm Cr 0.22 ppm
Mg 3.2 ppm Mn 0.04 ppm
Ca 140.8 ppm Fe i.1 ppm
Cu 0.10 ppm Co < 0.01 ppm
in C.26 ppm Ni 0.43 ppm

Table 9¢(b) Cation impurities of sintered Li0
(®Li: 7.42 atom %) thin wall tube
(Specimen No.l) for irradiation in
VOM by chemical analysis

Ha 11.4 ppm Al 1.5 ppm
k 4.3 ppm Cr 0.23 pPPM
Hg 0.78 ppm 4n 0.098 ppm
Ca 25.3 ppm ~ Fe 2.8 ppm
Cu 0.11 ppm Co 0.11 ppm
Zn 0.98 Ppm Ni 0.37 ppm
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Fig.

( 6511 . 95 atom % )

Li2CO3

( 15 um diameter )

Specific surface 1
area : 0.46 + 0.09 ng_

1(a) Scanning electron micrograph of L1,C03
powder as a starting material for
irradiation in BEATRIX-II, Phase 2
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1i.CO 99.99 %

( 20 um diameter)

Specific surface 5 -1
area : 0.36 + 0.03 m'g

Fig. 1(b) Scanning electron micrograph of LijCOj3
powder as a starting material for
irradiation in VOM
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Fig. 2(a) Relationship between the vacuum degree of environment and
the time required to finish the decomposition reaction of

Li,C05 (PLi: 95 atom %)
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Therma! decomposition period of LixCO3, h
Fig. 2(b) Relationship between the vacuum degree of environment and

the time required to finish the decomposition reaction of
LipCOa (PLi: 7.42 atom %)



JAERI—M 91082

(z/1) (3epmod od¢17 yo uorjeiedsad syl jo -ON uny SUBDW IDQUNN)
3 0/6 FB wnnoeA UT (% WOIR G6 :l7g) £pn¢TT Jo uofzTsoduodap
Teuwisyz Aq poiedsad zspmod ?17 Jo sydeadoadTum uoiIIITd Suruuedg  (e)¢ *8T4

3/,U60°0 T 8670 ¢+ Bole 8,0 30°0 F 0870 w3l B T0°0 F 1677 ¢ Bale
30RJaNS 01J108dg 3081408 913109dg 30R1NS 01319843

Jophod (% W0%e §:17,) (21T Tophod (Y W03® 8gi7,) 0°17 Jophod (§ Uoje 86:17,) 0717
£ o} 5ol 0§




JAERT—M 91-—082

{(z/7) {x=pmod 0¢TT 30 uofieiedead 2143 Jo -ON uny sukaw Joquny)
¥ 0/ Ie unnoea uf AN.Eoum S6 Tg) Epnd1T Jo uorlrsodwodap
Teuaeyl Aq psaedsaad xopmod (¢T7 jo sydeaSoadtw uwoajzdsTs Fuyuuedg (e)g 814

B0 100 F 060 ¢ vade 8/ U G0 T 490 ¢ vede

308]08 9131034 99RJINS 01)100dg
Japtod (§ W01 8:11,) 0°11 Jophod. (§ 07e 46111, 0717
6o i 0}




JAERI—M 91082

1

Specific surface area : 0.82 * 0.01 m2g_

Fig. 3(b) Scanning electron micrograph of Li;0 powder
prepared by thermal decomposition of Li,CO3
(5Li: 7.42 atom %) in vacuum at 973 K

i24 .
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Fig. 5(a)

100 um

—_—

Optical micrograph of the polished cross-
section of sintered Liy0 (°Li: 95 atom %)
thin wall tube of 87.3 ZTD (Spec. No.4)
for BEATRIX-IT, Phase 2 [The marker at
the bottom right shows 100 um]
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Fig.

5(h)

100 ¢m

— .1

Optical micrograph of the polished cross-~
gsection of sintered Li»0 (%Li: 7.42 atom %)
thin wall tube of 85.8 ZID (Spec. No.4)

for VOM [The marker at the bottom right
shows 100 wm]
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5(c)

100 um

Optical micrograph of the polished cross-
section of sintered Lip0 (PLi: 95 atom %)
thin wall tube of 89.5 %TD (Spec. No.3)
for BEATRIX-II, Phase 2 [The marker at
the bottom right shows 100 pml

_29 —_
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Photo.

1

Appearance of platinum dish
for thermal decomposition
of Li,CCj3 to prepare Liz0
powder
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Photo. 2 Appearance of rubber die and SUS 304 core used for
isostatically pressing of Lip0Q powder to make a
compacted tube.
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Photo. 3 Appearance of platinum crucible
used for sintering of compacted
Lis0 tube
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Photo. 4 Appearance of a rock lathe used for grinding of sintered

Li,0 thin wall tube
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Photo. 5 Appearance of outer grinding of sintered Li,0 thin wall tube
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