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154 B EoRAEE HD, 1067 PO AT,
- PEECRBEHErEOT, FHTARF PEk i ERSs sy oT, [FERTEHS
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1B OR /R CERERIL TR, BESASREET, £ O |- BEECMLTE, REFASREST, T O |- BEEKHL T, REFAMRELT, 21 o]
FIEEA ZFES & T TREOMHAI B, TIEEN ARES L TR OMEILEY, FAEEFZFERE FREIBROMEEY,
- BHERARI SRR EN TR, RERR iFER AR oERAS SR TS ), RERE
DMEILiE, . DUB LTV,
(1)EWH T EES Pk, RUHTRAOBABMER, BUCER| A [Bhék, RURTFEROBARER, ¥FREn| O BEEEESMERSEE LD OT, KESFIEH] X
RRB B TERM A & ¢ VP R L TRET REDZTERHA V2 P AFSIF LV E@ET EFALNA,
\ bho (MMEBISERIICHE, ) Bh, (BEMBIXEESYE K THEE, )
EEaX b BHEABEME [3.0~0.0kWh/gRETH), A FrVFLLEY A 0.5~210kWh lgRE LA ¥ ¥ 7 FASSIFERY O GEREEY 2585 ), IFROPTROEY X
i LTEY,. LTEW, (43~2+kWhkg)
ki TAMEHEPHFRHORATHY, A ¥ 3 ¥ | o (2 VEDAREAT I FR0F TP E| O DA ARHEPESH L EHATE Y, IHFRD| X
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Vatisikiad HIEL O | PeRipdit ks (250kg 10%E) A |HIEL o
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T10-86 0G¥6Nd ONd



- — &I —

F4-3

BRI OSSR (5./5)

B E AvFor LRI il 4%y Vi IS BRI
3. AN (LLEDFRRH 5 (RBERYHSBREEOBAL LTRLNZOT| O [RBERWII LTI v 7 20T OFHBEELT RBERSHSRBEOMRRL LTHROREOT
WEEFAND, (UE/EORE) BHERLEOT, BEDRIEEAL, (406%) BEEVFEAND, T, RERSL0TRERY
T, AERD L OTARERORERS TV, FTHAROEIEI v 274 M, RURKHS ORER PR VWEEL GRE,
FEMEO AN ENREET S,
(R i e 0 R L LR TORREET S o L RERN &4 A | AN AR RSN RIS LRGSR EXEhANER4E 3 FRopTEL 30T,
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Gy LT oiEE RAEE LTORBEEN KL, SRHART| O |[SRBME SITER 4 LIDREEE A, BAHEE LToRBs okt sRBET
50, BHEEEE LTMBIEEY, HELTWEETIv 2 5oRYSVAHKMD &b, BREEE LTHEIREY,
BEREsLRE b,
(O OB I B 5 BRI EEHAOBRIC LT, MBEFRECLE c&R| & [REFOBRIRI-T, BENABI L2 o 2R FiEHORR TR, MENLARORHARERT,
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1.4 vFv v AN MERFCET 58&E

A FxANFARFER. EBE2HAL SRS I v 7 8B+ ARz VD
BhhlF v N —ARFEL, BEEIAVIBUERERLCELALZ Y 2 -
BL(EANEFE:1500°0)C & Y WSO SB A BT 5 L 0 T, BRYWOEE L2, Rk
KIS I v /7 BFGTLEMLARE LTI BT O THL, TS v F vy AN L+E
RFICOVTUTOEBICOWTHEL2ERL 7=,

OQ AYFx AN MARNPC L2 BT -5 0EE

@ ERHAOBRAE |

® BEoEERE

@ zoRIRE

L1 A YF %Y 20 bARIFIC L 287 — 5 0%E
HELT — 5 OBERIE, SUSOEMERL. RUSSoOBMER., SUS+SSHERE
BRE L, F—sEEBE LT, WER, MEERE, SFE, HEE® Pk
HUZ, W, REOEREMEZEIEL., Pb, Al, $25vidZInt oK S4REs
D IS O WBIRANEEO 7 — & S ERL /-,

(1) FEEREIIDWT

SRBEEDG. JISEICETEBES NABEMEE S VB, JISP® 7 —
§7 vV ETEHIMEEHEETE %,

SREREYE LT, REM. A7V L RE, Hk TrI=T A, .
BESENFETONE, £-1L 101K h s SEERNOMAL R, &
FERLTDRER. A7V VAM, HHOBAIZ1200 ~ 1500°C, # st
DTNVI =g h, . REEOMEIIZ660 ~ 1080°CREETH L2 L5,
1500°CIFA% BT hid, £ TOREY » BRNET 5 = L FTETH
%,

B BFAOREMTREBUNOMEL LT, HEBM. 2v 2y — 1,
TANIDVEERE LTEET LN, ThdofSid, REMECEEEDY L
VL, TSR, TGy 7y — )b, AHEHT00 ~1400°C. T r 1) —
MEAHI1850°C. 7 1 WV HE(H 5 A ) AT00°CT B B,
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L DEEVOMA, S, EERERERFEOBRIREL LT, 1500°C %8

EFL7,
(2) MEFEEIZOWT

a. BEf 0 Bt &Mt
EBEEY(16ton/NIT A Y F 2 Y ANV P HRFEERTAHE. Fr =R

FORESIZBL T, MBEE, MERFRROLT - ADH 5, Thb O

OHERE E-LLIQ £ v F % AN FHRFO 4y — REOWBARIRT,

CASED 200K LICF xR 7 %WAL, A Y FENZ NV ETCHE, —
HoMEEE, #7650kg/BTdH Y, ERRREE M E ThE, B
150kg/h o MBRENVLETH 5,

CASE® 200¢HEEF I A(LLTD=50& WHOEUHEHBEDOF vy = A ¥ 2 1&
Re —HOMEER, #400kg/BTH 5, EEISMEEHME 51
12, 80kg/hDMBEENNETH 5,

CASE® D-50KSMHBEEO Xy =22 ¥ 2FA, ~BONEEZ. H
200kg/H Td 5, BRI %505/ & 3 M iE, 40kg/h o JAIHEEE F
BWETH 5,

CASE® D-50ieBEDF v =¥ %iFA, —HOMEREIE., H100kg/ B
Th b, BEREM LML T, 20kghD MEHEENFHETH
%o

SR EIMEEMET 5 &, CASEQRD 50T E 2 W o MEN S

%, CASE@3. BEENO WK TEN/NEL 2B - DHABRATHIERE 2 1 |

EARNZREBIC O VWITRENFSH L, T D7, CASEQ@ & CASEQ® D L

W B, REYOYKTERRILCTH Y, ILEETRIRLTH L, L2

L. CASE®Id. CASEQILIREEDO&EIEK TE. FWHE. EEESD

a2 REETAZIENTE S,

UEXY, CASE@Q#HmbAENTH N,  0FE % At B EE O 5T

BEZEBETAI L L L,

b, MFEE D EH
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RENLEBBEERICOVWT, BESN A YEOXET B KBS L 0o
BREERA »F v 20 PARFE BT, REMGS400), 25 v L 2R
(SUS304), RURER+RA T v L 2O ERMNIEE S — & 25T L 7,

E-L 1@ Xy 2 AN MARFO ELARETIC, K-110-1 12
AV F s AN NARFOEED — %2717, BEDIF~OM4EMEEEEL
T, LESA(50X50X6t)% KHHE T 13 600mm i2 PHEIE T 12 300mm Iz YIli L T
ERL 7, |

BRMEFEEORRERE Z -1 1023 1083610, REERL ) EH L -85
REH-L1Q-45 1IZFRT,

F-L1Q-3ICRT LI, REEFCOMEEEIREHR. A5V 1L R
. RUKRER+AT Vv VAFHOWTROEEDS 200kg/h D MHEEETH Y |
I3 N FHRIAPHBERTH o7z, FRBIFCIZ, MEEE L L TiE#H40kgh,
I3V FHRIFH20%TH 5 7=,

SERETEA V¥ v v AN PHRIF TR, 200kgHE, EHFFR 5h
(40kg/h)TH B L X h, PEEFLRASETH D, ERAEL LTk, 100kw

EHREL .

e ALERERREE T BT T RO LEIT O n T
Pb. Al, Zn & v o 7 KRR EBEO RMY O MERBARE TR, MEEE
R THEBIEHTAILHFTE S, 1EL\ INLEDEBDOA, Zniiow
TEE-LIDLKERT LI ICEBETH Y, FEBICR, ETOME?S
D TOBEBIZOVTIR, L3 20N THEICRE 21T 72
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Z2-1L110-1 REEBEORSLHRDD)

Rl e
°C i °C Hi gt
@ Fe 1536 3 2887 3
Cu 1083 3 2582 3
& Al 660 3 2477 3
Pb 327 3 1755 3
" Zn 419 3 906 3
Sn 232 3 2480 3
SGP 1510 1 — —
” STPG 1510 1 — —
SUS304 1454 2 - -
=i SUS316 1399 2 — -
N $E5(SCPH2) #31500 2 - —
S larru i | #1500 2 - =
o (SCH183)

$EEX(FC20) #1200 3 — -
| ER(CwIng®) | 890~ 950 3 - -

| Zn;30 ~ 45%




F—110F1 4 7% % AN F AP D CaselFE OB 1K

110-86 0Z76Nd INd

CASED CASE® CASEQ® CASE®
A= X th el 7
A 20084 — 7 F3F 4 200¢M158 F 5 4 (D—50) 200638 F 5 £(D—150) 200¢P33E F 5 4 (D—50)
R4 AFH4X #110¢ #e0e #30¢ #rie
LF5 A%7h EmmER #r750kg #400kg #400kg (200kgx2) #300kg (50kgX6)
BRI 22 40 40 54
NI 750%g/H 400kg/B 200kg/B 100kg/B (2@{tib/8)
AL TR TR (5 b E) 150kgh 80kg/h 40kg/h 20kg/h
o TEHE £ B 22 ~ 40 80 160
BRF 300KW 200KW 100KW 30KW
Yabf ik _ #450mmiLF #350mmELF $350rombl T _ | $150mmIAT
HERE o MEMEHRMKE W ¢ D—50FF AICIEMKEEFEHT 2 (e D—50F 35 Ali2B k& R+ 2 |o BNz 2 b
o Ui Ee At v LI, aoETiErikE LI, potErikE s D—50F 5 Aiz6E{LikE FEh
o HEFHAKE : o BEAHEMT At s MRS
Tl D—50iC A C & v CASEQ@ILI~EFDEMIEHL 225 |CASE@ICH~, ko R METE S LR iE A NS v L D RFRE S ( B
Rz HErSH 5,
X O © Fa\
i
RSN E b o

|~ R

— % 2iT

ls_,/_il/D~50

e
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E-1L1Q-24 vF v AN MHFRFOE AR

| KIREIR H AR
BIFEBE R’ K600kwh B XK100kwh
¥y =A% # $530X 800h #4370 X 600h
# 4 X NAE#110¢ HAERE#35E
Y~ £ £ 600mm £ &€ 300mm
AR R
]
B i AR
- >-i_< - §< >
1500 [ : ; i‘
| A
o A N
- : P
" = o
B | P
E L
| .
' i L
0 ! : !

FZBEEE (hr)

K-L1@-1L4 &% ¥ AN FFRIFEEEY — 7




£-1L1093 4 vFx AN P FRIEOLS BRI IR EE

HERFE R
o e . Bl R AR
supasim | wmwRmm | U | IR N N . .
(kg) (°C) WERED SRR ERIER PRAFIER) | ALFREEE X
(kwh) (hr) (hr) (hr) (kg/hr)
BEIER 750 1500 880 0.8 2.9 0.5 914
LR
EEARE | AT Y LA 750 1500 830 1.0 2.1 0.5 208
RS+
27 L A4 750 1500 890 0.9 2.2 0.5 208
AR P 200 1500 381 2.0 2.5 0.5 40
BB A R
ZF YL AR 200 1500 400 2.0 9.4 0.5 40.8
PR+
2 Y L A 200 1500 400 2.0 2.4 0.5 40.8

i6E)- X UL FRYIE & ¢ FLHE ~ RFRT T ToOMNMTRL., BHLZ,
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F— L 1Q-4RBRIFD 7V F5hHFE

e E = | BT AL | g TRV F | saempin g
s BRI EE = B HEEN e VR
(kg) (kwh/ton) (kwh) (%) (kg/hr)
SRR 750 400 880 34 214
25 v LA 750 400 830 36 208
b
RFEH + 750 400 890 34 208
AF v AR
- L 1Q5FREFD = x v X
T = BT 3 e g3t IHARILF— | saxm .
T wRmER | £ B HEEN s VS RIALIE R EE
(kg) (kwh/ton) (kwh) (%) (kg/hr)
RE 200 400 381 21 40
ZF YL AH 200 400 400 20 40
B + 200 400 400 20 40
A5 A4

oL A X —HRORKD T
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B)HEMII DWW T

EHELEE, BEME SR LEMRMEL BB L THERT 2, Lo
T, EFRWCRECHEREETLI L TFHETE S,

L2La¥Ee, SE0o—theBILL 2 255 BEW £ BT 2 HR T, {5
LABUEEOHEME, SRPICEAT 2 BEY T & OMBRGEELE . 5k %+
ELIDWHDOEIASCHBEND, TOBE, HER B ERT B
DI, BTRT AREYOME/FRRRIC I 2 HEM2SHUBLELBEI A
o

—FH. A F e AN PFRIEBW TR, —HeE4 B L - B ICBYLY
BT lb, BREOHEREIENI LIBSIBETE 5,

FREHCBVTR, FREOYEROBI BRI NE, 1 ¥ %%
AN AROBFRIFICB Y TERL ZEREIcowT, BHEBICET 2 #/E
ARETE AT 2 72,

a SRR O 774t
E{bFEOHEEE L Tik,
© HAEoHEE
@ EBEOHENE
D2DWELTHRET S Z & T, EMLEOHERL+ A TELLEL S, L
W o THABRRCBW TR, ECELEEH 2EXKT 5 TEOYWEHE., RUE
{CFEBMOBEOHHE L FE -HRETH L E LT,

bRERRAT R & L /- BRIE b .
BEMOER LT o 2 BERELEL £-L160-1IIRT. 782 66F TO
SEEMEFIIBY 2BHTE. 25 FBEME LT, BEMEF 72,
ANBEROF Ty 7R, 2BRE., 53 v 27EB0B0 0L,
B, THEE B L UTEBOFLE, SFE. PEERIZ 2T o 22 (F L 131




PNC PN9420 95-011

c. EMbARHR 0 &M

E LEBHOHEMHOHRL LT, SBETRERIMI LB F VYL AME
W+ A2LHEEL LTFe, Al, Or. Ni, 253 v 7BCHBMEHET S THE
LTS, CalioWwW T, &F 7)) vy V@RI LICE{BB RO EE R HIE
L. EMLEFRIC BT 2 BEOEBREZEME L, HELL T, 28R T
3Co. £5 I v s EBTHCsOBERIEL. £% ¥ 7 ) ¥ 7HICBIT 5T
FREORERBEFHMEL 72,

AR E R L 1OR2ICTRT . EIMRBEBERCTIBRLUT CH o7z, T D
EEP S, BB ELRIFFTICBC & 2 HRL

d.EM LR E 0 M
E{LAFEEICEL TR, 47 Y 7B BWTERES L UREED
WEEITo 7o WEHBER-L 1BFUIRT, WEDHKE., FTREED BE
EREFEIEVWETHLI I L 2R LA, 4. &3 7)) vy 7RIS
T2 EBEOEL R RBERADONEP o, SO L, EILEEE
DEES b b BREEO DR BIFCh o 7o 2 £ F AL,

eT L®
BRE(LROHREROFEE LT, EtEOBRRUERIZEL THE - 37/
iTo 72,

EMEOHR. EIUEOBRICEL TREEOEHRESBIRETD o 7,
FLELROZREICEL TE., SFEOY 7Y Y FEFTIC L 2B IE /IS
WZt, BEEVEREICAEVWETH S Z L 2 HERL -,

BEWWID, 4 vFx 2N PARIZE o THEEL -BREE/AFRE. v
BRI R o = L AR L 7
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SHERER P ER AR

T
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K-L1@-1 ZiAEBOY 7Y v 7 &6

®—110@-1 5

ERAdZ & L7 SR E LA

i
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REREY)

BREEREDOES

1 ﬂ#ﬁ%/m ﬂiﬂ/ SUS304
b BERRD BRE

REW/ISUS=1/1

—_—

R4 | HEPA / 58

RE 1SUS304

&M/ SUS=1/1

= I A g

KEE/ 7NV =4/1

5l H
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SUS304EH
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=1 1012 BELERSERED EHEK

(AL : %)
B €T3y B
5 v - EREREEY '
Fe., Al% Co Si. Ca Cs
1 pEHY /B35S / SUS304 <2*1 - <1 -
2 {RiEM /HEPA/KFEM <1*2 <8 <1 <8
3 |x#FS$E/SUS304 <8*1 - — —
4 [RFESH/ITIVI < 3*3 — - —
5 PRFME <2*2 <1 - —
6 [SUS304EH <2*1 <2 — —
*¥1:Fe, Cr. Ni ¥9:Fe  *3:Fe, Al % 0iTadg e L7,
F£-1108-3 BEMLAEEERIZERE
(B : g/ cm3)
ERBRE 53y B
5 v RERREEY
wEE | BEE | wmE | EZEE
1 A BRI /SUS304 | 7.6~7.7 7.7 2.7 2.8
9 (RiEM/HEPA/REH | 7.6~7.7 7.7 2.6~2.9 2.9
18 k=M SUS304 7.7~78 7.8 - -
4 [RE@/ITME 6.2~6.3 8.3 — —
5 RS 7.7~7.8 7.8 - -
8  BUS304HH 7.8~7.9 7.9 — =

1—-12
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X REEEEY
- RIALEI R AR
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- FAFERRRE

(D14 ¥ F % ¥ 20 FHFRFIZ2WTH
a. RlEHE _
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v Ry 225 RUEEREEY)CE., BERFEERIC L 5 2 RFBEBRI T
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MBH (LT 3y 7 % % =25 RUSBRERIPSRAT Do (4 ¥ F x> AN}
FRPOBMEE% K- 1. 2-UIRY)

b. EEHS

AVEXVANMIRFOBEER-1L2-297F, 41 ¥ Fx ¥ A )V MFR
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Fit, SREEYYFACTFO Ry PLAES I v 7 F vy = A8 ATHNEGH
#éotﬁsva#v:zﬁ%ﬁuum%%ﬁatwwﬁ%ﬁﬁﬁz4wﬁﬁ
BEANTWS, 4 VIMFAOEHE RT3 DAY THER L 485 hig
WENTVE, EEBEYORARFLBLIFY, €53 v 7 F =25 D
oy P RUBBRFETE» 517, #. SBEFEWERRIIIFN THE-EE S
. kT Iy s Fr SRS TLERKET S,

BFiA Y&y v 2N ARFOEERFHERT,

@D MHEEFWMOWENLL . BEATETOREMUETETS 5,

@ HEOWIBIEE, BIEKEMERES 2L, ERFHETH L,

@ WL AYOEMY 2L FHEIER Y, AVFTVAVEZHTH S,

. XRBEEZEY)

A vy AN IMRBRPCRETEDEERLUNAICEI I v 7F ¥y 2R
yBEEDRM LY., FBEERYE(D v & U — b REM HEPABEEK, TR
O NMERABRATRET H B,

. FAERBE

SBEREYIL. —1:5 Iy ZF XS ATHITALKRE S THhRITHUEITARE
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RE&L, F/2, Co18TDOR T I~ DOFRIFHIL, HHEH0.3 ~ 300 HWH T
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5 2RO BEENK % BV 7235812 BV T, Cs-134 D FRIFE I 50~T0% R E o 15 [
WA L 72 10),

WIZAHESED LN ool LT, RERDLVIRAF YL AMEE
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VIM : BZEFHEER
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*7 5 A< lCBL Tk, BEOBMEHEICER L -fliiskES R
T\Wvi7p1n6)

£-13108-2 B {EHZRET 5 &H46)

=t

(HEBHERD S ity Y ERAFEITT %,

(2Q)A 5 7 F O EBMLEkFe0) DL\,

BYR T 7 DIEEENE,

(DA S 7 DFMEEA BV,
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F-1.3103-3 BRAZELBFIZT 54046

ESES

(LSRBREX DB I &,

(2SI, Mn, B UCre UIREEMTELBEIEET 2V &,
@YEEICHN 272 AS T, I NEL VT L,
WREBLEENREVWI L(EF S AL I E),

G EH R TmMENC AT EET 2 WVWI &,

BYRAFTDEENENT &,

B2 5 5 OERHIS

#Z— 1.3 13-4
1L (wi%)
FiE
Si02 CaOl Al203 MgO MnO FeO
Cuisdidr 39 17 9 3 0.2 30
FeiZsiip 32 45 15 3 2.5 0.3
EEEFER 13 43 4 6 15 12

*i"ﬁﬁ%ﬁ FRS A=y 7 PEENTHBTEF, TRIME L EREANTRIEL TK
BACTREBRLBEEE#ELDA T2,

BYEEHERTLFETH D,

£—1.3. 1085 ERIFR T 7 OFERHES)

. bR A (wt%)
% 1) —
B | si02 | CaO | Al203 | MgO | MnO | T-Fe | FeO |Fes05 | TiO2 |P205| F | S ;’ 5
a.
<3 |17~ |47~ | 2~3 2 i5~6|13~]| 9~ | 4~9 2 2 <l| < <1
19 48 16 14 0.2
3~4 |13~ {48~ 1~6| 1~ |3~6 |13~ T~ | 2~ |1~2]1~3| <1 | < {0.2~
20 59 10 20 15 10 ~31021 11
4~5 |10~ |43~ 1~83| 1~ |3~6 |10~ [10~] 5~ |1~2(1~2|2~| < | 0.2~
15 54 11 15 22 12 4 102 16
¥71) —Ca0: A5 7 LTEMEL %2 % » 72Ca0
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#£—13108-6 BFRAS 7OMAHS

1L AR B (wt%)
FEIE
Si0e CaO | Al203 | MgO | MnO FeO TiOg s
A 34,2 404 14.6 6.9 0.70 0.30 1.61 1.02
B 32.5 39.5 15.3 5.9 0.78 0.48 2.14 1.08
C 35.0 43.4 12.8 3.1 0.54 0.65 0.85 1.30
D 33.9 41.5 14.2 6.8 0.40 0.38 0.71 0.98
E 33.1 40.5 18.1 5.8 0.79 0.41 1,34 1.00
F | 845 415 15.2 4.9 0.73 0.60 0.94 0.80
G 32.3 41.1 14.2 6.5 0.59 0.72 1.69 0.92
H-| 335 41.2 14.5 5.7 0.58 0.33 1.62 1.01
F£—1.3108-7 BHER T 7 %0 MBI
1L A (wt%)
T8I
Si02 | CaO | Al203 | MgO | MnO | T-Fe | TiOg S
EFEZx 5 7| 33.8 | 42.0 144 | 8.7 0.3 0.3* 1.0 0.84
LR S | 18.8 | 44.8 1.5 6.4 5.3 17.5 1.5 0.07
BEXIF 19.0 | 38.0 7.0 6.0 6.0 15.2 0.7 0.38
i A
BERF 27.0 | 51.0 9.0 7.0 1.0 1.5 0.7 0.50
BILAS &
W+ 59.6 0.4 22.0 0.8 0.2 0.01
ZE 59.6 5.8 17.3 2.8 0.2 3.1* 0.8
*FeQ& LT,
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A4 B IR ki A8 B AnER ki TEER b4
Si0o CaO AlaQO3
PoOs MnO FeqOj3
Cro03 FeO MgO
W03 MgO
V05 NasO
MoOq K90

£—-131@-9 25 7FERLEE

A8 B 15 E LD 8B B b
" JREAL " JE BT
=k (kgfton) i J A (kg/ton) ik
1 a8 0~5 EAL VN RIXKA 0~ 20
(Si02) b4
BRIR A 5 & 0~ 20 HERIK 20 ~ 60
| (CaCo03)
k¥ VA 0~5 iy K¥p~ o
(CaF2) R ERE
- - gE¥uwq b 0~20 |FRAVZF
(MgOl D FHEMIE
H3)
— B 0 ~ 40 tosi=1illag
BDTHER |-

Fow4 b
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£-1.3108-10 BEMDAKEDILERETE)

{LEER S (wt%)
FEHh
Ig.loss Ca0 MgO SiOg FegOg | AlgOgs
BFREHERIL | 48.71 54.80 0.47 0.14 10.02 0.06
WAREELE 43.80 54.15 1.14 0.22 0.03 0.05
i B2 1B FRIR 43.32 55.25 0.49 0.22 0.02 0.06
=R fRE 43.70 55.10 | 0.49 0.22 0.01 0.10
KAEEAR | 43.48 55.40 0.25 0.04 0.01 0.03
*F B IEE 0 O FeoOsD L, FeaO3+Alo03T D fE,
#-1.3.108-11 EEHDO Fo<4 O{LSEHSS)
1L 2R3 (wi%)
B
Ig.loss CaO MgO Si09 FeocO3 | AlsOg3
AL TR 46.33 | 33.33 19.58 0.16 0.15 0.13
i B2 1B 45.16 33.70 18.83 1.95 0.55 -
BB e 46.87 31.66 20.13 0.45 0.37 0.41
FE 30.58 21.10 0.75 0.33 0.25

*FERIEEH D FepO3D{EIE, FegOgz+AleO3T D E,

#F-1310r12 REHRETH R T I

S AR 8 B AR LY

Si0g CaCO3zE 7-1¥Cal
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. RERERF Y VAEPERTH B 0D, REROBERACHET 2ME0
ERAYTREEZX B,

BRLAEEE, 5VRAI7OBEALADHIIEL TR, BEHAORE
T ERLT 2 EROBE., KD N BHALADWEERE. y), BLisEs H
FTAHME LI L o TFHED Fsh, REBRSEEZRETHILEND B, Ledo<T
BRI A ERF LTV R2VWERERE T, FLADHICET 23l 82 1T
FTEREHTH B,

I AT FBICEL TR, BESERCHRIOEET A S, MRE
HELTVWRVWEBTOFMIEETSH 2, LiodTo T, ERFEIIBWTIZH
S AVETA2HROEBRETV, A7 VOZERA LA HEMCET > REL %
Brzte L,
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DEDBHAH = X A2l 27 £T, BEHEIC D72 5 EHEET) O 37 1< 57
ENTVEELHR, GHROBNMREERT 2EXT. RUA S5 A BHOEMR
LEbICHEFEHEND LT AELTD2DTH 15,

®W T ADFRLBOE

HSADRMEOREIL S 2o Tk, BREFELAVSEEWL, REEZzHwvwA
HEOELFEXZETINEND b, WILIE, BN PHRHEL BV 55
o, BHBEET COBOMEY AV 2 54E. 55 Vids 5 kD bz HEAR
B ABRHELXAVLBENEL bR,

BMED1I20FFLE LT, A5 7OWREERZMO N S X L BT 558121,
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RS SREEPOBERT - (E L3 1Q-10)2 56, EFENICHERLCADHE
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B L AD OIS o TR, 2T 7 OBRBEOREL T, BERRS
A X EZELZLTCEMERL LTOBHELERET H2LEFH D, SHREILHK
BEULADHICET AR E2ITIEECE. BELHFORE. X7 7HBEOER
B BERL L TORBEEHROERESE 2T LEVD 5,

1-52



PNC PN9420 95-011

500
T
I
H 400
y
R
%
4
? €33 38
! 300 l
& (HERER)
) /
T 200
" BERE
! =i A5 ol MNERYE?
) AL
100 +—t—i- A
‘4190 T\ /__ T
I ' / \
\\ 0‘, b
~L__1- (ﬁtﬁ)
| 2.5 5 10 25 S0 {ili] Z250 500 1000

BMLUHR(Se) (2UzAN)
Lzt 3 BHOFENEES

- 1.3 1(3-3 (LB L 2 B o5 EHERS413)

1 —53




PNC PN9420 95-011

1000

Commercial Glasses

100 S
a,

(g/m"2)

1ca

d Release of Sil

ormalize

Z

o

Proj'éct:ad rang}g
DWPF glasses

g

-200 -150 -100 -50 0 50 100
Free Energy of Hydration (kcal/kg glass)

K—1.318H 25 7E50okHNERTZNX—E ) o LELHED BE
[MCC-1%:., 28H. ZEK, 90°Clz BT % 7 — % ]16)

1-54




PNC PN9420 95-011

F-13.108-14 FEWHIIET A AT 7 0BEHRRIES13)
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A S 7 RHBRR | RHEERE | #RERRE | LRSS | #RHER | RS
BEWEA S 7 | T | LT | fET | ERT | (BT | fERLT
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BIL-REYORAC LY RENCH L EREES T, Th2 R v, B
RBEZORDLEBODDTH S, RBOBHITBEL I RPOERIIHEL T

RS FOMNEREE 2D BERASBICRRBATEL 7D THILERZ LN
TWh, |

TERoEHRIC I NIE, EEOBERMEIZ B W T, 1500°CHO KEFTOEHHIC,
HGOWE AT S LWL CHBBL, BHL MRS ¢ H8E, L REHL
Rz, LeLadFs oS kS, ZHHFZIEVWCD, 22T
CORBPERPEMPEAI L ET S,

EHRR I, BHORBELBEALZCEOBRSORFKTHREI NS, BRITE—
LLA-1AEN LR HEB L ERELTOMAL BRI O OWTEELA, £
L.1(1)-1i27RF & 5 12Al, Pb, Snldfi&izEv 2%, #EiEEv 2%, 1500°CH
REMOFEPILREBLEALTOERBRRZRIELL 2w, T, ZEAEGETH S
AT VA, SR, BEE L ERRICEELZ W,

—F. Znid, RUEFHEE DKL, EBBHEPICURAI L ERHBPFEL S,
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WART LI ERIE, SAMORER -2 b OOFEREHOEH T BES L
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WANT v P REFICERIL 2, RBBEO BEEATR., Fv =2 % RUFER®
BAMRRETS > 72, BB, BHERRI00gF — ¥ TRET 5 & & BHER S
N7z, FORIEHERIZE- 13 2(0-1 B AR BRI TR,

PEORRITRT &0, HEd, BEGEYE L CRENICSTARS Z &
CRREEY S B2, SR ERRE LABABRERSICHER 2V, 4, kgt —
YTORALHEN 2V, M. FREGEL2EIL2 (T 5720, ”-1.3.2(0-212
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Qutline of the Induction Heat Melting Process for Low Leve! Radioactive Non-Combustible Wastes
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Low-level radioactive wastes generating at nuclear power plant are classified into the
following groups, combustible solid waste including spent resin, non-combustible solid
waste including incinerated ash, and concentrated liquid waste.

Except non-combustible selid waste including incinerated ash, treatment methods of
them are already developed and now in running. Though great efforts have been made
on the development for non-combustible solid waste treatment, these wastes -are still
stored in drums with no velume reduction and solidification.

Recéntly, AFR-storage is definitely planned, so the volume reduction and solidification
of non-combustible solid waste have become very important based on the cost and salely

analysis of disposal and transportation.

On the other hand, it is estimated that the volume of concentrade liquid waste will
decrease in the near future, so it becomes the rational method to treat this waste with the

other wastes.

Authors have developed the new solidification system adopting the induction heat

melting method to solve these problems.

This system is able to treat various-kinds of these wastes by one melter and solidify into
stuble products with large volume reduction effect.
This report describes the outling of this system and test results.

Key words; radioactive waste, induction heating, melting' solidification, non-combustible
waste, incinerated ash, concemtrated liquid waste, volum reduction.
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Combustible
solid waste

Spent resin

Incineration Storage in drum

Plastic Solidification

Bitumen Solidification

Cement Solidification

Concentrated
fiquid waste

[drying = pelletization |=[Storage in box or silo]

( Non-conbustible } [ ry——
: r drum
colid waste I I ~{ Storage in box © J

Fig.l. Flow chart of low level radicactive waste treatment
at nuclear -power plant
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Table 1. The classification of low level non-combustible wastes

Content

Incinerated ash

Furnace ash
Filter ash
Spent ceramic filter element

Metal

Carbon steel & stainless pipes
Miscellaneous metals

Non-combustible Heat insulator &

Heat insulator,

Concentrate liquid waste

solid waste Filter HEPA filter, Pre filter
Concrete & Concrete blocks, Sand
Glass Glass
BWR ; Na,50,,

PWR ; Na,B.Cs,
Reprocessing plant : NaNQ,;, NaH,PQO,, Chemical sludge
Laboratory : NaNQ,, NaCl, Na,50,, Chemical sludge
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Fig.6. Process flow chart of induction heat melting systemn
for non-combustible wastes
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Table 2. Outline of the pilot plant of induction heat melting
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Fig.8. The mock up plant of waste discharger

system Table 3. The typical chemical composilion of incinareted ash
. ] (wt %5}
Method Melter . -
+ In-can Furnace ash Filter ash
Generaling power | 100KW Si0, 2541 14~33
[nduction heat |[Frequency 3,000Hz A0, 7~14 211
melting furnace | Melting pot size | Max. 450n0®° X 600am" Ca0 7~23 926
Melti ity -5 h*
elting pot capacity | 2050 € /Baic MgO 4~10 0~ 8
Melting rate 25--60kg/h"
" - Fe:o; 934 0— 8
Operating tenzperature | 1,000—1,600°C
Discharger 200 2 Drum size Zn0 2~ 6 0~32
Handling system | Vibration feeder |0.4m'/h Ti0, 5~ 6 0~ 8
Backet comveyer |15 2 /backet Na.O 0~ 3 1~ 9
* It depends on melting pot size - S0, 0~ 2 5—2§
Ig.Loss 1~ 8 0~ 4
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B % Table 312R¥, ERA(E5i0,, ALO,, CaOR ¥
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FERRTH D s, SRR EEE L L TI21,400CERET
WMETE S,

4@y FTT b (A0 EBER) Dk B BREIK
OB RS A Table 4 IZR-F, X7z, EALiFonlldE
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FHABEL 7o AEENIR 00k & LBE L THEMIS0E N AT 1
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Tabled, Test result of the melting of incinerated ash
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800~ 1,200kg, /cn BRI Y LRI 24T T B, 2 1:,
TEE32.8120H ), MR O HIKO M BIEH I §5 £.70.

aLs

Method Melter
Method .
gtho Melting pot size 285x3'° X 580mn"
Operating Temperature 1,400°C
conditions Feeding rate of ash 25kg/h
P ty of .
5:;2;‘;:; ° Density 2,7~2.98 /e
Compressive strength 860~1,200kg/ /o
[praduct

TE/mTHHI EdS, HUITHESILTHE,
d, 144 P EYORHNKOEERITE L F10~20

B HIK % 25kg/h (S kg/E X 5 E/h) OHMET 2 FEIRA

ton/yf2EETH YN, INEMIT DI LBLERF
MEEAIE20~30kg/hTEVZ e S, 1ETve{ oy b
75w b ERIHEOEE TNBETRETH D,

1 RUN 2 RUN 3 RU'b.l 8 RUN
Operating d 1" g i
Mode . R
melting melting melting
Charge & o Charge & Y] Chargc & o
Heat up Melting I [ Melling i l Meling ] l
IR T, Ty
pouring pouring ‘pouring

1,500 =
3] \\
¥ 1,000 |~
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o
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Fig.9. Operating mode of induction heat melting furnace

{Melter method)

Inciperated ash

Pouring from the Melter

Solidified product

Fig.10. Photograph of incinerated ash melting test
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Table 5, Test result of the melting of non-combustible solid wastes

Method In-can
Method Melting pot size 370mn'® X 500aa®
Carbon steel teat insulator
Wastes Wastes Stainiess steel Filter Concrele Glass
QOperating Temperature 1,550C 1,500C 1,500C 1,500C
canditions Feeding of wastes 60kg/h 80kg/h 40kg/h" 60kg/h
Property of Density 7.0~8.08 /ex 2.3-3.28 /e
solidified Compressive
product strength (> 1,000kg/ e} 1,000kg/cn
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ZN—FEBHIZERIN T AHORENE { BLElE
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ENEEREBETIE T ~8 £/oRERFENEANE
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HERFER & Table 6 1258 ¥, BEEERIPWRA TIZL,
100~1,200C R ' BWRFA TI11,300~1,400°C Tig 5o
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Zhe L TLPWRATL/2SRUVBWRETL/
LSDEEMRIH B,

Table6, Test resuit of the melting of dryed conc, liguid wastes

PWR BWR
Method Melter
Method Melting pol size 285mm!® X 590mn"
Temperature | 1,100~1,200C 1,300~1,400TC
Additive o o
Operating  |{Si0,) content W% 50%
conditions [Feeding of wasies 2kg/h ~ 15kg/h
Feeding of
additive Ska/h 15ke/h
Property of |Density 2,3~2.68 /e
solidified |Comgpressive
product stremgth 1,000kg/ont
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Fig, 11. Process flow chart of hot test plant
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Table 7. The decontamination factor of the ceramic filter for the off gas [rom the melting furnace

. Dryer powder of | Dryed powder of
Wastes Fum: ce Fllt; r R HTafor in;i;::or conc. waste conc. waste
asl as| insula (BWR) (PWR)
Treatment temperature (C) 1,400 1,400 1,400 1,600 1,300 1,100
Off gas
. . 18. 0, .6
Condition of | volum {Nm/h) 19.1 18.9 18.5 8.3 20.0 21
ceramic filter '(I‘ér;iperature 251 245 247 241 250 252
Activity in outlet *Co 2, 7%10°! 1.5% 10" 2.0% 107 2.6X10°? 6.9 10" 5.0x10!
of melter {xCi) g 2.4x 10" 1.1% 10 4.5% 107 1.1X 10" 1.5% 10" 2.3
Activity in outlet® “Co <2,1X10° <1.6X10* <2.5X X10°° <2.0% 103 <5.4%10-* <5,0%1D~*
of ceramic filter (¢Ci) | »Cg <2.0% 107 <9,7X 10" <2.3%10"5 <1.5%10°* <4.3x10°% <3.3%x10°*
Decontamination ©Co | >1.3x10 >9.4X10° >8.0%10¢ >1.3X10° SLIxEe >8.3%10°
factor of ceramic -
filter BCs >1.2%10¢ >1.1X10* >2.0X10¢ >1,0x10* >1.3%X10* >7.0x10°

* : below detectable limit of activity

5—3—2 E{LHHER

ERLE (kD o BT REEE OB HEIC DWW T,
IAEAREIC ;5 REREE R 4 Table 810, {ZHEO BRI
OCORUMMCsE L2107~ 10" & few-dTH ), IRHEFENL
(BWR) 4> Bbik & Bz L UM Cs T 2 HTHERE
RIFLETHE, £/, ko b FRFTHSALEREK
NEEIL2.3~3 28 /o BE CIIITREYOHBEIZE
{, EHESERILL,000kg/ BB TH - 2. TS DHEIR
N{ Ty b TIPRBICL AR L (—RLAE.
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Table8. The leachability of melting solidified products

- Treatment Additive . . Leach rate (8 /ar.d)
Wastes temperature Additives contents 1\{11:1 Ch:it:;';lal
{wt2) PO ®Co nCg
Si0,
Fumace ash 1,600TC —_— _— AlO, 2.8x10°¢ 1.6X10-*
Na,0
Si0,
Filter ash 1.600C —_— e ALO, 3.1x107¢ 2.0 10"
Na, 0
Si0,
Heat insulator 1.600°C —_— -— AlLO, 6.5x10 7.2%10°*
Nago
Dryed powder of . . Si0, - -
BWR cone. waste 1.300°C Si0, Na.0 11X X106 6.9X10°*
5i0
Dryed powder of . : - -
PWR conc. waste 1.1007C Si0, ]3;06 6.7X10 6.4%10
1
Dryed powder of ’ Si0
laboratory conc. 1,200°C Si0, Na 6 3.5x19- §.1x10"
waste (JAERI) ?
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LEH 2

RADIONUCLIDES BEHAVIOR IN INDUCTION HEAT MELTING
AND ITS PRODUCTS FOR NON-COMBUSTIBLE SOLID WASTE

T. Teshima, Y. Karita
NGK Insulators, Ltd.
Handa, Aichi, Japan

Q. Okamoto, H. Ohno
Chubu Electric Power Company, Inc.
Nagoya, Aichi, Japan

ABSTRACT

Melting is one of the potential treatment methods for
non-combustible waste based on its good properties of
solidified products such as radionuclides confinenment,
mechanical strength, ete,.

The radionuclides behavior in {induction heat melting
and its products were examined such as velatility, nuclides
distribution in the product, and leachability for support to
safety assessment of LLW disposal project.

Volatile nuclides such as C-14 and I-129 were confirned
to be released to off-gas fn melting operation and while
€s-134 remained in the product. The other nuctides
rema{ning in the product were confirmed to be distribute in
the metal and ceramic block depending on the thernal
properties of the nuclides. The leaching rate of the metal
and ceramic block were measured to be sufficiently good.

INTRODUCTION

Solid waste generated at nuclear power plants are

classified into combustible and non-combustible solid waste.

In Japan, combustible solid waste incinerators have
been introduced and significantly contributed to reduce
wastes amounts.

Concentrated liquid waste, one of the typical non-
combustible waste, have been selidified with cement,
bitumen, etc. and the Japanese shallow land burial project
for these waste started from December fn 1997 [1]. On the
other hand, non-combustible waste such as metal, filter,
heat insulator, concrete, etc. are still stored with baling
or with no treatment at presant, but the requirements for
treatment and solidification of thesa wastes are
anticipated to increase because the shallew Jand burial
project for these dry active waste are now under planning.

The melting treatment is expected as the potential
solidification method for the dry active waste hased on-the
following properties.

1. High volune reduction effect which 1s able to decrease
the transportation and disposal cost.

2. The good propertiese of solidified product which is
required for shallow land disposal.

3. Ho pre-treatment such as sorting waste, rejecting of
the hazardous waste, etc. because high temperature
eperation solidify the waste to a product with good
properties and 1s able to decompose these hazardous
substance,

The melting treatment is now actually applied to only
recycling of metal scrap [2] and some type of melting
treatment for the waste {nciuding the non-metallic wasta
have been under development [3].

Induction heat melting system have been developed for
treatment of the dry active waste and 1s now nominated as
the promising treatment system {n Japan (4].

This paper describes the radionucl{des behavior in
induction heat melting treatment and leaching properties of
the solidified product.

INCUCTION HEAT MELTING SYSTEM

MELTING METOHD

The heating method of this system ut{lizes the joule
heat inside a conductive ceramic canister {nduced by the
high-frequency coils surrounding the canister. .

Since the waste is heated up and melted by the heat
conducted from the canister, stable melting operation are
pessible with no influence by the configuration and
properties of the waste. The pre-treatment required for
the waste is so simple as to need only cutting or crushing
to a size capable of being fed to the melting furnace.

The features of this heating method. in comparison with
other heating methods, are as follwos:

1. High heating. efficiency and quick heating up rate.
2. Easy temperature control.
3. Simple and compact furnace configuration.

SYSTEM FLOW OF THE INDUCTION HEAT MELTING

This system consists of a melting furpace, . wdste
supply system, off-gas treatment system and conditioning
system, and Figure 1 shows the system flow of this system.
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Fig.1 System {low of induction heat melting / solidification system

The wastes are cut into a size (about <400 mm) which is
capable of being fed into the furnace, then fed from the
furnace tep in a some interval and melted. When the
prescribed amount of wastes has been fed and melted, the
solidified product 1s taken out and, after cooling, packed
into drum and filled with cement mortar, ete..

The off~gas from the melting furnace is filtered by the
off-gas treatment system such as cerapic filter and HEPA
f{lter,

TREATHENT PERFORMANCE

Table 1 shows an example of the basic specification of
the {nduction heat melting faciliities for nen-combustible
soiid waste. The meiting furnace is a induction furnace
adopting an in-can type ceramic canister and capable of
treatment of 100kg/h in a operating treatment of 1500°C.
The dafly treating capacity is 4 canister/day, which means
that melting treatment can be carried out at about 2 tons
{equivalent to about 20 drums) of non-combustibie solid
waste per day.

Table 2 shows the volume reduction performance for each
kind of waste, the properties of solidified product such as
1ts density, compaction strength, ete..

OBECTIVES OF EXPERIMENTS

Sotidified products by melting treatment are expected
to have the good properties for disposal such as high
mechanical strength, good leachability, 1ittle significant
void in sol{dified products, etc..

The objectives of experiments are to examine the
following nuclide behaviors :

1. The volatility of nuclides in melting operation.
Melting treatment plant is operated at approximately
1400 - 1500 'C and some of nuclides such as C-14, 1-129,
Cs-137 have possibilities of release to off-gas in these
high temperature conditions. To estimate the amounts of
the nuclides remaining n the selidified product, the

preliminary estimations of these nuclides behavior are
requirad.

Table 1 Basic Specifications of
Induction heat melting system

= Metal waste such as pipes, plate, ete.
Waste * Inorganic waste such as filters, heat

Treated insulator, concrete, etc.
« Incinerated ash.
Treating » About 2tons(20drums) of non—combustible
Capacity waste per day (continuous operated).
Ma1ting = Ceranic in-can type induction furnace.
Furnace « Batch feeding of waste with buckets.

Table 2 - Properties of solidified product
by Induction heat melting

* Filter
» Heat insulator
» Concrete, etc.

» Carbon steel
Kaste » Stainless steel

Density 7.0~8.0g/cn? 2.3~3.2g/cm?
Compressive > 1000kg/cn? ~-1000kg/ca?
strength

2. Distribution of nuctides in solidified products.
Solidified products are composed of ceramic block and
metal block depending on kinds of waste treated.
Huciides contained in wastes are supposed to be
distributed into each block due to the nuclides
properties in melting conditions. To measure the
concentration of the nuclides in a product and to assess
the leaching behavior, the preliminary estimations of the
nuclides distributlion are required.
3. Leachabflity of the solidified products.
A solidified product composed of ceramic/metal block
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are expected to have good leaching rate. To estimate the
nuclide confinement performance, the preliminary leaching
tests were carrfed out.

EXPERIMENTAL

Hot tests for nuclide behavior estimations were mainly
carried out by the laboratory-scale test apparatus shown in
Fig.l and the main specification of 1s shown in Table.l.

Three type experiments were carried out by the
following prodedures:

* Preliminary operation test for set of the operation
conditions.

+ Melting operation : Radioisotope solut{on were added to
the simulated waste. After drying, these waste were
filled inte a ceramic canister, heated up to the
operation temperature, melted for the prescribe hours,
and cooled.

* Amalyses of the radicactivity in the solidified product.

* Leaching tests.

These experiments were carried out on the following

experimental conditions:

1. Waste treated : Carbon steel, Heat {nsulator,
two type of {ncinerated ash.

2. Operation temperature : 1400 ~ 1600

3. Heating hours t I~ 3 hours.

4. Nuclides : ¢-14, Co-60, Ni-63, Sr-85(instead of $r-90),
Tc-99, I-131{instead of I-129), Cs-134(instead of Cs-
137). Safety assessment of these nuclides with H-3,
Ni-59, Hb-94, and = nucifide are mainly carried out
for the shallow land burial project in Japan.

5. Leaching test conditions : Leaching test conformed to
HCC-1P(Material Characterization Center) method on
the following conditions:

* Leachate : Dist{iled water and Synthetic
groundwater(Solution equilibriumed with concrete
and distilled water in the range of pH 10 ~ 12.)

* Leaching time : 7 ~ 396 day.

- SA/V 1 0.1, 7.0 cmt.

Fig Laboratory scale hot test apparatus

Table 3 Main specification of lsboratory scale
hot test apparatus

« Induction capacity 20 kv

* Frequency 30 kHz

* Qperation temperature 1400~ 1600°C

* Size of a solidified product approx. 45mmx 45mH

RESULTS AND DISCUSSION

RESIDUAL FRACTION OF HUCLIDES IN THE PROCESS OF MELTING

Table 4 shows the fraction of residua) nuclides during
melting. The fraction of residual nuclide was calculated as
follows:

The fraction of residual nuclide(-)

Radicattivity in the sol{dified body (Bq)

Radioactivity fn the waste treated {Bq)

Table 4 Fraction of nuclides remaining in a product
in melting operation

Fraction of nuclides
remaining in a solidified product(X)

Nuclide
Heat insulator Incinerated Incinerated
ash A ash B
c-14 < 0.1 <1 <1
Co-60 7 99 > 9y > 99
Ni-63 > 99 > 99 > 99
Sr-85 299 >N > 9
Tc-99 > 99 > 99 > 99
I1-131 <1 <1 <1
Cs-134 56 7 54
Experimental - Operation temp. : la00T
cond{tions = Melting time ¢ 1 hour

Note : The content of fron oxide {n Incinerated ash A
was 9 times higher than that of ash B.

The nuclides behavior in the process of melting
obtained from these experiments can be divided {nto three
groups:

1. Hon-volatile nuclides: Co-60, H{-63, Sr-85 (instead of
Sr-90) and Te-99

Almost 100X of these nuclides remained in the
solidified products during melting. In general, Co-60,
Hi-63 and Sr-85 are reported to be non-volatile nuclides,
which showed similar results in these experiments.

Tc-99 {s reported to show a different behavior as
follows due te the redox conditions during melting [5}:

+ Under nornal oxidizing conditions., Tc is in the #7-
state, and substantial losses of T¢ occur as a result
of compound volatility. )

* The reducing conditions lead to the formation of TeO,
and metallic Tc which remains in the solidified
product under high temperature condition. )

In the induction heat melting system, the inside of
the canister is supposed to be maintained in a state
close to the reduction conditions due to the axidation
reaction of carbon contained in the canfster.

Tc-99 was, therefore, reduced to TcO;/metallic Tc and
remained in a solidified product in these experimental
conditions.

2. Volatile nuclides: C-14, 1-131{instead of I-179)

These two nuclides released to off-gas during the
melting operation, and their radicactivity concentration
in the solidified product was below the detectable 1imit.
Although no experiments were carried out on H-3 which s
one of the nuclides assessed for the dfsposal project, it
1s supposed to release from solidified products almost
100% 1ike C-14 and I-129.

Since €-14 is one of the key nuclides {n the safety
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assessment for the disposal project, the detafll
evaluation of the radioactivity concentration in the
solidified product is an important issue {6). Figure 2
shows the residual fraction of C-14 at 1400 to 1600 .
In this experiment, the radicactivity in the waste
treated was increased by 107 of the above~described
experiment in order to improve measurement accuracy.

As Figure 2 shows, the C-14 concentration in the
solidified product (both ceramic and metal blocks) at 1400
to 1600C was below the detectable limit and the residual
fraction was lower than 10°*. A residual fraction of

exalic acid which 1s an organic,C-14 was alsoc confirmed to
be lower than 9x 10°%.

1 - T Y I

+Heat intulator /Carbon steelw 175 ||
- Melting time. = 1 howr
N2, {0y H

-
=4
%

-
(=]
. [

Residual {raction of C-14
inaproduct{ =}

10*

1350 1450 1550 1650

Operation temperature {"C)

Fig2. Fraction of C-14 remaining in a product
versus Operation temperature
{ Radioactivily in a product were under
detectable level in each temperature. )

3. Cs-134 {instead of Cs5-137)

50 to 70X of Cs-134 remained in the solidified

product under the condition of one hour melting at 1400%C.

Cs-137 1s a key nuclide for determining the
radioactivity of 5r-90 and = nuclides in a soiidified
product (the Cs-137 radioactivity in a solidified product
1s neasured by non-destructive measurement and 3
radioactivity of 5r-90 and « nuclides §s determined by
the scaling factor method). For this purpose, to
determine the residual fraction of Cs after melting and
to correct the measured radicactivity Is necessary for
the determination of the radicactivity of S5r-90 and «
nuclides in 3 solidified product.

The volatile behavior of Cs is reported to be under
the influence of the heating temperature, heating time,
composition of the melted material, etc [7].

Figure 3 shows the residual fraction of Cs-134 during
metting at 1400 to 1500C for one hour, and Figure 4
shows the residual fraction during melting at 1500 T for
one to three hours. .

The Cs-134 residual fraction at 1400 to 1500C was
within the range of 40 to 50%. The residual fraction
tended to decrease along with the melting time; 1t was
about 20X when melted at 1500 for three hours.

The surface temperature of the melted material of
this experiment was aimost equal to the operation
temperature {up to 1500 ). On the other hand, in actual
operations, the, surface temperature of the melted
material is maintained lower than the operation
temperature because the surface s covered with supplied
waste. For this reason, the residual fraction of Cs tends
to be restrained in actual melting treatment, and it is

necessary to ensure a residual Cs fraction during actual
operation in the futuyre.

1 Y

r'?_'l +Heat insulator/Carbon steel =171
L.',.) -~ 0.8 + Melting time = 1 hour H
-1 - C3ND,
o .. 0.6 r T
o .
23 [ l
%8 04 -
= G
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Operation termperature (°C)

Fig.3 Fraction of Cs-134 remaining in a product
versus Operation temperature

-Heat insulator /Carbon steelw 171
0.8 +Oprration temp. = +1500°C H
- CSNO,
0.6 :

o |4

0.2 ‘ l

0 1 2 3 4
Melting time { hour)

Residual fraction of Cs-134
inaproduct{—)

Fig.4 Fraction of Cs-134 remaining in a product
versus Melting time

NUCLIDES DISTRIBUTION IN A SOLIDIFIED PRODUCT

The solidified product by meiting consists of a metal
block and & ceraric block corresponding to the kind of
waste treated. Table 5 shows the residual nuciide
distribution in each block of the solidified product after
rmelting.
1. Distribution of nuclides in the metal block

Co=60, NHi-63 and Tc-99 were postly distributed in the
metal block and their distribution in the ceramic block
was under the detectable 1imit.

2. Distribution of nuclides in the ceramic block

Sr-8% {instead of Sr-90) and Cs~134 (instead of Cs-
137) distributed in the ceramic block.

The nuclides to be evaluated for safety assessment
for the disposal project besides the five nuclides
described above (except.the volatile nuclides H-3, C-14
and I-129) are Nb-94 and = nuclide.

The results of the cold tests carried out with Nb
{coid tracer) and Ce, instead of Hb-94 and « nuclide,
showed that these nuclides were distributed in the ceramic
block and were under the detectabje 1imft in the metal
block.

Since the reactions between the metal and ceranic
blocks are mainly controlled by oxidizing/reducing
reactions, the nuclide distribution in the metal and
ceramic blocks could be estimated mostly by the standard
free energy of oxide formation. Figure 5 shows the
standard free energy of oxide formation of the respective
elements. The tendency in the formation of oxides or the
metallic element estimated by Figure 5 is similar with the
experinent results.
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Table 5 Distrfbution of nuclides in metal/ceranmic

block of a solldified product LEACHABILITY OF RUCLIDES FROM A SOLIDIFIED PRODUCT

Table & shows the leaching rates of nuclides from 3
solidified product under conditfons which simulate the

Cistirbution of nuciides(X)
i

Nuclide n underground water of the Shailow land burial center in
netal block ceranic block Rokkasho. Figure & shows the result of the leaching test
Com60 > 99 1 ;:;c:liaon(:fru;(isrk;‘:’:;n;;;nent of a solidified product) as a
Hi-63 > 99 <1 it
Sr-85 <1 y 99 In hot tests (Table 6), the radicactivity concentration
Tc-99 > 99 <1 was below the detectable 1imit in the leachate under nost
Cs-134 <1 > 99 of the experimant conditions. The leaching rates,
Nb(cold tracer) < 2 > 9 calculated from the detectable 1imit values, were 10-' to 10
Ce(insread of ) < 2 > 9

“¢ g/co? « day In the 28day test and 10°* to 10°! g/cn! » duy
in the 196day test, and these were found to be sufficiently

Experimental * Operation temp.

conditions * Melting time : 1 hour good.
v Waste treated :
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o = /‘ / / -
e B 7 A i 2 3 4 5 6
¥ x - & 7
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3. ] i , Aone ofmain elementofaproduct)
= / i 1, Leaching conditions : - Distilled water, - 10°C
i 2, Melting conditions  : + 1450°C H
- 1 H
00 100 100 20 o0 {3, Waste treated : heat insulator, concrete; filter ;

Temperature (*C)

Fig.5  The standard free energy of oxide formation

Table 6 Leaching rate of solidified products by Inductfon heat melting
enmersed at 10 T( simulated at disposal site condition)

{g/ct « day)

Leachate Distilied Synthetic
watar groundwater
Leaching tinme (day) 28 196 28
SA/Y {cmt) 0.1 7.0 0.1 7.0 0.1
Co-50 N.D.(6.5% 10-¢ - - - H.D.(8.5%x 10°7)
H.D. {7 Ox10-¢
E?tall Ni-53 N.0D. ﬁ éx ig':; - - - N.D. (2.9%10°Y)
oc N.D. x 10¢ -
TC-99 N.D.{5.9x% 10"’)-" - - - K.D.{1.0%x10°7)
H.D. {7 9% 10-7})
Azh N.D. {2 2% 10“; H.D. i& 1x10°? ; H.D.(1.0% 1077} H.D.(1.0%x10°*) 6.7% 10°
A N.D.{2.2%x 10°¢ N.D.{B.0x 10-7 N.D.{2.4%x 10°%)}
sr_as Ee— e
Heat 6.7x 10 H.0. 25 6% 1077 - - H.D.{1.1x10°%)
Ceramic insulator M.D.{2.4%x10°%) N.D.(9.5x10°7
block
o Ash N.D.(7.7%x 107 H.D.{1.5x 10°7 N.D, (1.5x 10°7) 6.0x 10" H.D.(1.3% 10";
A D.{l.1x 10“} H.0.(1.5% 1077 H.0,(5.6% 10"¢
Cs-134
Heat N.D.{1.3% 10“} H.0.({1.3x10"7 } - - H.D. (2.0x 10°%)
insulator N.D.{(5.6x10"¢ K.0.(1.4x 107
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Figure & shows the leaching behavior of the main
component element (Ka) from a solidified product. Figure 6
shows that leaching of an main element from 2 solidifled
product by melting can be expressed as a function (SA/V)t
and the possibility that the leaching of the main elements
are controlied by the their solubflity.

These values show that the confinement performance of
the solidified product by meiting is equal te or higher
than that of the cement-saolidified product (main solidified
product for the first stage of Shallow land burial started
in December 1992 1in Japan).

CONCLUSTONS

The radionuclides behavior in induction heat melting
and its products were estimated. Based on the following
results, the solidified products were supposed to be
suitable for the shallow land burial regquirements such as
the determination of nuclides concentration in products, the
nucYide confinement, ete.

+ Approximately 100X of Co-60, N{-63 and Tc-99 remained in a
product and distributed in metal block.

+ 5r-85 and Cs-134 remaining in a product distr1buted in
ceranic block.

« The activity of C-14 and 1-131 in a product were under
detectable level in melting conditions.

» The leaching rate of matal/ceramic block were in the range
of 10-7~10"¢ g/cm? - day.
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RUN2 ]| SUS304 ¢ 214mm X 100mmH » 10$(f1@31.4kg), ¢ 18mm X 20mmH
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X 104%(#731.4kg)

RUN4| SS41 | ¢214mmX 100mmH ¢ 18mm X 20mmH

2) Bl &tk EBRLMH
FlEKEDEE 225127 T,

F2.5 FlEREXLME

Hi B St
BEEHER BERET VT BHE (400Ton)
BRI AEN 300kW
E%E #7140kg/ch
BEEAIE F—yOF¥Y I RAF NEE
FlEIKEEE 3mm,/min
Bl &k & A EFRTRAR
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B AHRER 2 2.14127RT o SUSOBRAAHIZOVTIE, NIRUCre8SD
BAHHIC oW TICIZDOWTITo 72,
[2.13%0%2.14% 1 . BE{LAONLCr,cOSHm ISAIEMNEICBRE T L
AE—ETHEH, Zhid, BILEHEHBIENIE2ERL, IV F
T N—=T TVEODEERRBRE N LG5,

3) BAOEE. BHhEN

C ERASCAERICBITAZHRANEE, RABN R T, BEOHEEAE
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DB, AY—T 47T ay s LNEMOREETHMIT, 100/,
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T ERFEL. £0%. ERRIMRE L D ERFEAEMUSHEL 2456,

T OBIERERTD . wHhO S ERBBRGFETERL . EEFEBORINE
EIEMBEL)ICRETABLALICRAEHICE52, BTNV
#—BIE2EI T oz, FOHIBERIILEMNEET, —ERNEE
DT TREABNFTI—NFIN—V TIVROEERYEICLKE T 55
BEFIAL, 300kW—EEL %22 L) HRIMRELHE Lz, BiEEDER
BRI &RE BT o725, BEREMERL, XU -2/ %, BB
HFEILT AT CHIEKREPERL 720 EHT | IR EBIT/NNT — 5050
CERoTWADRI— V2 V-3 TNHEICRNE LA NV EBE
TAEDTHD, ST, NT—%PiFleTE, 5IEIRN-DITFNITE
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4) WHKEBE .
F216i2T =V Fo2 V=T N, a4, FTaAv, KgAK
KRS, BEE. AKBRELRT. COFERPL, 5I3HKEDHEED,
Ny FF¥ALTEEBIZIIO—-IVFIN—TN, EaA4 N, Ta4rok
BIRIBABHCHRIIFHE LTV ADOFELPE, /2, KBELEADEK
THAOCEETH )., JERICERERFEFER SN TV IHETFDLS
%o

5) #/NT A
B 2k X EREBEOHNT VXS, DS0K T ADOERE L FEICHRK2.61C

Yo
#2.6 BEHEEOH/NNT VA

BEkR  |dEomn| BEE | RBEE (o

a— W FZ =T 195 14.25 193.6 71.5
a4 (k) 46 10.5 33.6 12.4
4N (F) 46 11.5 36.9 13.6

BiRE 145 0.3 3.0 1.1

K 52 0.5 _ 1.8 0.7

AR HEE 21 1.3 1.9 0.7
&5t <10 T E— 270.8 100.0
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Spec.

Cold crusible : 220X 450! mm

— Segmented length : 300mm
. Output power:400k W

Raw Material | Atomosphere : Ar200Torr

oy 1] Withdrawal length : 600mm
by 0 11 Ingot size: $220X600mm!

induction
coil

Vacuum chamber

\ . .
™ withdrwal shaft

K2.11 BRI HEBROBEF
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RUN2 RUN4

Cr Ni C
Pb* Sn* Cu* Zn*
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400 - : 400 — =
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0 [] [] 1 l 1 L 1 [] 1 [ [ L l L1 1 1
6 8 10 q 6 18 20
Ni content (mass %) Cr content (mass%)

2.13 5k S E{LEONI,CrO SR
(RUN2 : SUS304)
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2.15 BlIKERBEOBAEERTEIES

output voltage 1 Ja00
Jﬂ output power
y| iinitial i continuous
charge: melting _ 1200
melting & casting :continugus
casting |
< ):( 3 -
1 | 1 l [
100 200 300
time(min)

output power (kW)
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1 [ T ] T
" crucible ] T
40k . lower coil .
5 :-m _
o X upper coil

o LRI\ |

e 20 ~base
E cylinder ]
2 L chamber i
I input water temperature ]

L l L] ' 1
0 100 200

time(min)

X2.16 5K EABROZGHAROEELL

2 —47




PNC PN9420 85-011

B 10 B[HERERIC L Y VRS N - EMLEORT (EA  SUS)

#0133k ERERIC L D ABLE N ELEORT (B - SS)

2 —49




PNC PND420 95-011

EEZ.M 3[%

iEil )= e os oti BH0=w ¢

W e i'm'(

2
A
oy

S
E:

E

Cw el bw R s 0 v

s vt R U N 2

e

70 dgd
it v

(00 20 3 10350% w0 3w w/() e @0 w0 w450 4

03

RERIC & D R S R B ORTE
(BE# 1 sus)

2 —51




PNC PN9420 95-011

Arer s vea

e =T N O 2 me o w we e on 0 e o o o

g o om el o

03 ()G9 me s axm gl 1

e e o)} os2 o

]

=

E LD

L7z

g

1

[

#1
)

£ 0 1E
¥ oss

2 —53

BRI
(=

B2

15 5lHkE

2
<

EH




PNC PN9420 95-011

2.3 R AKER
2.3.1 RERFE
AERIIT| KR ERBRUNAMCB W T, FIXIREREREEMT L B1ICT
oz Thbh, $S41M31.4k gDBHETHEHEL ., R.7TICRT LI I,
RMEH & LT, Pb,Sn,Cu-35%Zn, BEKIR L TN -EN100g 2@ mL .
ZOEB 2 EWMICHATL 7

F2.7 HmLAREMEFOE

R WINE TR
Pb(pure) ' 100 g 0.32mass%
Sn(pure) 100 g 0.32mass%

Cu:0.21mass%
Cu-35%Zn(alloy) 100g Zn:0.11mass%
BRICERAN 100 g S ——

T, BEFBLW EFFEINLCu-35%ZnEEICE L TidER2.81C
AT ELIICAETORML, ZOEHELHAETLEIHETERL .

2.8 Cu-35%ZnDEXFSBY R IR Bt

Cu-35%Zn g WHRE (w/o)
No.1 3g 0.0033
No.2 6g 0.0067
No.3 9g 0.010
No.4 12¢ 0.013
No.5 15g 0.017
No.6 30g 0.034
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2.3.2 HREBRHERS L UM
1) iy oo2E)
RIEMIRARBRDOERER2ICTR T,

2.9 TR ARBRER

R RINE ik 2E)
Pb(pure) 100 g 0.32mass% —ihER, BE
Sn(pure) 100 g 0.32mass% =i L

Cu:0.21mass% HLVWERE, B,
Cu3s%zZn(alloy)| 100g | o0 T s g
BEEHAN 100g | - bz L

2) Cu-35%Zn? BYB HIVRIIERER
' BMLOWER, BE, A75 v a0dbol2AEEIlo0nT, ERERE
MK - EREER L2, PETOEMLTS, REOEI LV

PELVERIREI o 72,

" 3) REEMIRIMERE T ROBHEZEDNRR
BEE216IIREYRMEBRRTROBREORRERT . RBELIER
BEITFELIOALET, IV FI =3 TUEEKESRE IV Fo L
— I TWVHBEDL XAV MEIAEL TWARETH 72,

4) BEftAEDILFESS
R ARERIZ B W T, #A L72Pb,Sn,Cu,ZnDH A DA 21T » 7o 8
BEE2.17~22012R T, IRLDORIIBWT, BEOH 7)) ¥ FNo.
X, BBEEL2ERLTVS, SThEDERIDVROZEHGTRPS,
- POOIEER (M2.1788) . HAERIIN0.01%TH 55, &k
12 120.004% 2 E T T T 455, PoOREIX, BESEVEEDOY
T, B02%BEICLZ LIIICHREINTEY, HAERIIK
ERFERLTVREI LT D, TNED, PR ARROEMIIPL
ThbHIEDNEMTOND,
- SnDEER (H2.182HR) . AERIIN054%THY), ZDR
dAXLEITEY, SR AR, BLALEEBIIEEL RV,
INRTOSIERIS BEMT LIS,
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-CuD R (H2.1928) . LAERIIWN0.6%THYH., F0HD
RELGELEZE, CXAROERNIZn L FFICIA L2 D7F
HHTHHH. COFTHBERPLL, TLALEBIEIEE L2 DL
Zzbhb,

- ZnDEEEE (B2.2088) | AERIIH0.016%TH 54°, &#K
B IZ0.003%EEE TT A%, ZnDBFE X, BREVPEVWEEOW
B, P011%EBEICL2ELHICHESINTEN., HAEKIZK
EPEELTVEILPTPE, TNLY), InIFR ABOREIIZ
ThbdIEVEMTILND,

IR AEE (313K 285) OPb.Sn.CoZnli % iTo R rE
22ETT. THhbb. BEAOBBEEERLESOTH L, ARL
DEIIRE L L DITREDOESNEI L TITL DG h 5,

B, BBRERTRLIDIBAIKNE LI -EBE 20T L7 EE.
* Cu :0.74%
- Zn . 0.22%
PERLIBTHHIEDERINT, 6o T, ZInDJ/AFEDOR TS
YV Al EOVRELIZBETH LI LG oT,
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Sn content (mass %)

77
= RINER
0.5 y e,
, N R R ,
0 % 2 3 A
7DV INo.
CBFED

$2.18 FHEDRMETTR O RMEW S ZEIL (Sn)
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- 400 T 4001 , —
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5 5
T . T .
200 - 2001 -
L ] @
1 ' 1 ' L L1111 l L1 01 IJJ LI
0 0001 0002 0.003 0 01 02 03
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3.1 O—=WFZ V= TFVIZEATBHIRIK
ST ANV F NV TIWVICRBESOMSYHEMIL, LEDF®
e EBRBEFEOBEHAZIIRICRIFT 21T 27

3.1.1 a—WVFIZ V=T NOBE
1) BREHE
I-NEIZ V=TTV, BREFEFOIETHY . HSEIR3 IR

LEENThHB, I—NEFZ V=3 TVRICE ) EBER S L5 1S

ERDOBY ThH 5B, .
Ca= )V R N— Y TIVEONBICRT SR a4 VIZKRRER
ERTZLICLD. TANVHICKERRYFRET 5,
CORBERFIZLY, -V NV=T T IVIPRAOEBIZHFE
BRVBEL. EBRFAICRERIREET o
CEDBERICEVEBRS TV a—VhE N, EBRVER IS,
Ca— W R =Y TR S, BERIC L D MBS R B,
-V FZ V—T T NVIPRIZIEBEIRDR T LN TB ) | RE#
B, FFEBREDEICELENRWEIICERESN TV,
s A=W EZN=TTNVIFER, BEOER AV I DERS
RTWB, TNEDET A FORIZIZ, A v PFERITLN
TBH, A=V FI2 V=TT NVFEREOERBICREBRVEEL
REVEDI TR oTWD, T2, BT AV PELTIE, BEE
EOBVEE—KICIAVLh TV,

AKiggHE A b Hales
e
3 R
J L
BOITNA A W
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2) BE®S .

T= W RN =Y TWEOEBES*R3.21IRT, BE32ICRLEE
WA, «EBRERBLAFICVALDOTHY), TOEBOELH
BEFRILUIRT,

F3.1 I—NWEFIZ N3 TNVIEOE A4

&% A%
ERLERE BRERE O ST E
#1540kg,/h
BRtEEh CEBROBRHELTILEE,

- ARLOD 7 ¥ O RTALIRRE [ J U2 AL
BRI S 5
S 440 ¢ X700H
Ay —FHDET | 1600 kW
PRI ERER A= BIIEE 1000 V
A v3—7 BHBEEE . 2000 kHz
ZEBE | #2400 kVA

RRAAD RS ZEEF : AC6600 V
RO K
BB 5 OITHEREL

3) WREEY

LEDEFCHR & 2o TW A EBEREN* F3.21357 7,
3.2 NRETILIEEYOEE

WE =& (lo/F) | EE& (%)
SS | 7.481 57.23
SUS 5.286 40.44
Pb 0.00264 0.02
Al 0.03696 0.283
Z Dt 0.264 2.02
ED) B [P ARITEEREA]
(1994.3.28)

E2) Foficiz, FEENM, BRNeRE (B
$h AX%E) RUBHBAEE (YNva=ga,
YV TATVE) FEEME,
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F32REN LI 0, LEDFE L Cismy 2 TSI, SSY
IISUSTH B, THHIETRLAL T, S8, SUSRUTThLDRE
WOBRICOWTORMEIR 2V,

L2L. « EBBAERBIIBVTE, IhbbiicdbRime LTEFD
BOEBEIHASNLTEREDS DS, THLBAWIZOVTRE -
HEiTole TOERERIIIITT,
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PoOEAIT LT3, BEIFRE LA 7V AROEEIKE LY, Pbid
SR BETBHIEHFET LV, POOSSHRICHELET 254 (B 2I13EHK
Svdy Ve LTHEETAES) 23, 980 - UWET L L LEE LR
Bo 1275 L, WMENHAITEIMERL L, SBVATLLE L TOFEM
BEIPLETH 5o

ERER O 7O DTRTIZ DWW TIE, FITANRIBEEPOBIRIEFKI 4L
FENFEYTHY, POREI M0 XTOOHTH S Z L 2EZLNIE, 13
LAEHBRENEEZEILND,
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AN B BEYOREER IE3ARENEY EFRAINE, ZOL
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5) SEEEEREY

D=V FIZN—TTIVIFEERW « EBBEMOEFTEERIIBWT, EE
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#£3.5 =W EFIZ V=3I TNVIFERBAWEE OUIERE
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348 /FE L 2 D, :
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Abstract

A cold crucible is useful equipment for melting metel without
contaminating it, because the molten metal is levitated in the
crucible. In this paper, the temperatures on the surfaces of a
crucible and molten metal were measured with thermo-labels and a
thermo-tracer., We assume that the main eddy currents in a crucible
flow from points near the coils to the hole in the bottom of the
crucible. Eddy currents are induced in the molten metal at points
corresponding to the slits between the segments comprising a crucible.

1.INTRODUCTION

In a cold crucible, & metal crucible is constructed of many segments,
each one cooled internally with water. High frequency currents are
made to flow through coils wrapped around the crucible. Eddy currents
are induced in the crucible and the molten metal. Because repulsing
forces are induced between the molten metal and the crucible or coils,
the molten metal levitates. So, chemically reactive metal or alloy,
for example, TiAl, can be melfed without contamination.

The finite element method is widely used method of numerical
analysis. But in a three-dimensional analysis, FEM needs many
elements and variables. And induced eddy currenfts by high frequency
currents must be considered. Therefore, this method of analysis has
been used very little to investigate eddy current distribution in a
cold crucible[1].

We conducted an "experimental .analysis to estimate - eddy current
distribution in a cold crucible. As the heat due to joule loss
indicates eddy current distribution, we measured the temperature of
the crucible and molten metal with a thermo-tracer and thermo-label.
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2. TESTING CONDITION

Figure 1 shows the experimental apparatus, in which & crucible is
closed except for a hole in the center of its bottom and high
frequency currents flow in coils wrapped around the crucible. After
the cooling water was drained out of the crucible, the power supply
was turned on. With am infrared spectrometer, called a thermo-tracer,
we measured the temperature distribution over the inside surface of
the crucible. The surface of the metal after it completely melted was
also measured. The conditions of measurement are shown in Table 1.

And the temperature distribution over a side plane of & crucible

segment was measured with a thermo label whose color changes from red
to black at 70°C.

Crucible i copper :
i inner diameter 60¢ !
outer diameter 96 ¢

cruefgle ] i
Coil {5 turns(8mmJ)

Frequency | 25 kHz

: Metal . CuAl
- | 300g

Fig.1 Experimentél apparatus

- 3. TEST RESULTS ..

Figure 2(a) shows the temperature distribution over the inside of a
crucible with 6 segments. The highest temperature region was near the
hole in the bottom of the crucible. High temperature regions were
also observed near the slits between crucible segments and on the
straight, upper parts. of  segments. Low temperature regions were
observed on the curved, lower parts of crucible segments. We found
that - the molten metal contacts with the crucible in these regions
during the melting test, as shown in Figure 4... It was discovered that
a crucible should have more segments for the better melting. Figure 2

{b) shows the temperature distribution in a crucible with 24 segments.
Low temperature regions became smaller in this case.
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Figure 3 shows the temperature distribution over the surface of the
molten metal and Figure 4 shows the melting condition im a crucible
with 6 segments. The high temperafure regions correspond to slits.
The molten metal was pressed inward at these positions.

Figure 5 shows the temperature distribution over a side plane of =&
segment. The highest temperature region corresponds to the area
between the coils and the hole in the bottom of the crucible. The
straight, upper parts of crucible segments also comprise a high
temperature region.

Referring to the above test results, we assume fthat the eddy current
distribution in the cold crucible is shown in Figure 6. The main eddy
currents in the segments flow from point A to B. The minor eddy
currents flow in an inside in the segments. These minor currents
prevent the molten metal from contacting the crucible. In the molten
metal the eddy currents flow near the hole in the bottom of the
crucible and the slits in the crucible. )

% ; L - [ -
(a) 6 segments (b) 24 segments
Fig.2 Temperature distribution over the inside of a crucible

e Yt LT L

Fig.3 Temperature distribution over Fig.4 Melting conditions
the surface of molten metal (6 segments}) - - - (B seg@ents)

3 —40
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Fig.5

(a) segments (b) molten meta

Fig.6 Eddy current distribution '

4. CONCLUSION

Eddy current distributions in a cold crucible are predicted.

Measuring the temperature was shown to be a useful technique for
predicting such eddy current distributions. A thermo-tracer was shown
to be useful for measuring the temperature distributions in a molten

metal, and & thermo-label in a crucible segment for measureing the
temperature distributions.
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