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Improvement of fluidity of molten slag is one of the most important factors for plasma
melting treatment of low level radioactive miscellaneous wastes generated from nuclear facilities.
In general, it is considered that elevating molten slag temperature or addition of flux is of certain
use in improvement of fluidity of molten slag. However, these ways are not necessarily suitable
from the viewpoints of refractory erosion or reduction of waste volume.

In this report, we suggested that fluidity of molten slag could be improved by controlling
chemical compositions of molten slag. On the Basis of the investigation using phase diagram and
viscosity data, FeO was selected as a key component for improving fluidity: Viscosity and melting
point of molten slag decreased with increasing relative concentration of FeO in molten slag.
Accordingly, we concluded that it is important to adjust basicity* of molten slag for melting
treatment of low-level radioactive miscellaneous solid wastes.

* Basicity = (CaO+FeO) / (SiO2+Al203) at wt%

Keywords : Plasma Melting, Miscellaneous Solid Waste, Molten Slag, Melting Point, Viscosity,
Basicity, Melting Condition, FeO

This study was conducted during 1995 through 1999 under contract with Science and Technology
Agency of Japan

*Radiation Application Development Association
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ZF 2T, AT NWM ZiFEMN LK s AR, MEARREENE R 5 LAECSEREY
EFELB LU -BICHET D EEZS5NDS FeO IZERAL., FeO £EFEICLD2REARMAETB L
PR T OES D SRRET L 7=,

2.1 MSRET

AR EARRLR O — 2 LS 57203 BRA 7 7 O/E E D I SR WRER THE
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U7z. AR T ICEROIRERZRT,
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LT, FeON$ETH I EICED . KB FOIETE, FeORENS<IRBITD
N, ZOMBEIIRELILD, 51T, FeOBE, CaO BE B LN ALOIRESICHD 5T,
s 0.5 LLETHNE 1300CT 100poise LA N, HIEE 0.6 HLETHNL 1200CT
100poise A K & B MR I Nz, DED. BRLA T 7 ORI S KO ERL
PN R T BRI O E L T T2 ZENARETH E EERX S,

(2) ALOs #RIE D
FeO MMEE, RIA 7 VHEE &L, ALOsIREZ /N T A — 5 & U7 HIE SRt DR
%% Fig.22~27 ITRT. 728, FeO RIE13 10,20,30wt%. #HREAZ T 71 1200,1300C
& U720 FeO 20,30wt% D 511 T ALOs IEEEDH NN MF W HETED R <72 DI & S 7%,
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FeO 10wt% DM TlE Al0s 10,15wt%IiZ BN T, MEME< R s MEANE SN, Ih
H ALO; WNEBEM TH B Z EITERL TS EZEZ 5N, FeO BENRWRFITIIHE
HIENE L2520, BUERIEMEL THE. FeO BENMEWESITIZR > /-EEa L
TWabDEEZLNS,

F72. ALO; IBE OWAITHEW, A OB/MEIXSEEERICS T T2 2 &N Tz,
Lo L. 3R RIAIRRIC AlOs IREE DHMEN D ENT, HEEOHE T THRD /NI N
EWZ B,

(3) TARMA = 7 IRIE DY
ALOIEE, FeOBEZ —~CE LT, IBMA T VHREZE/INT A -7 E UERE SO
B{%%E Fig.28~33 IZRT. 728, ALOs BEIIEBOBBREEYHIK Z5%1T 5,10wt%.
FeO IBFE13 10,20 BLD 30wt% & L7z, 1300TH S 1200 CITIAGIRENHIE NS &85
HIIHETE< 2N, HEICHELZRITHROMEENICERSRNEZERA SN,

.23 MHETOELD

TREMWEM LR TH D FeO ICELD ATV ORMK T ORRERMET —ZITXORF L. B

TOKEEEZ,

- 3D RBMA T (Al0s-Ca0-Si0: %) OHPEIIEEREE T, HEAENE 2B
DNTEFT S, F£/. ALO: BEOMEANOMEIIHEE TR T/II N, 51T,
1500C 5 1300°CIZHER A Z VM AIE NS Z &Ik 0, HEE ICEGR <KX 1R
fREE<2%,

c A RO FRIBAA T 7 (Al:03-Ca0-FeO- SiO:2 %) OMMEIZHEEE OBMIZEWE T L., 3
IMEZER LU, MEEOHINIMEVWEL RS, FeO BEOENMIZMAENZ OM/MEILS
HEEMZS 7ML, BB ETTS, T, ALOBEOMMEAOHFEIIEREITHR
TIhEWN, I5IT, 1300CH 5 1200CICIHRMA Z 7NmHIE NS &, MtidE &<
HINHIBICHEE KT TIZEOMEEMIIT R 520N,

cFeOBEBLINALOBEE IO ST, HERE 0.5 2L ETHNIL 1300°C T 100poise LA
T, HEE 0.6 LLETHNIL 1200°C T 100poise LA T &2 B EMNH 5,

3. MEGERMLEANDER

MEBHABETR AL B D IRBNEIA LD O RN 2720, AERRRMEREFED O
FHR A S 7 O R A HEE L. A OREHERICEDW T, kT2 281240,
MEREEYURIZHBITS FeO OEEZRF L 2. I 512, BEMOMA T HEIZ L AKAILIE
IR RS M RE I A DR D ATHEME I D W TEHIE L 7=
3.1 EEYMREFOK
B I BWTHAET HRENZEENE LT Table | DFEFMEREE L, Batdi &
Uize RICELE L 2 BEAHIK 2B < SBEFEM ORI TIIS R5202 RIL KT 2 REA b
DA L CHEC TN LR TH S, SIBHA 5 7 &S Ie i kK ide )= rsal
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M ZETHEBICRAETHHOEEEL . ERICHEDEREN Z AR L ZBRICEELEZDOD
O LTz, £ BHIKICDWTIERERICB W TRA LU BEHIK O 2FH RN E 535 1 05%
FELT. b, HEEQRENT O Fer0; % FeO IZHE L, BHIL =,

X512, Tablel DEEMZEZLBREEYVC R I MG E—HAEMLUZBAEEEL. BMAS Y
D FeO B % 0~30wt% DEIFH TEL S BB EOEMA S VMK EZEL L-, R S
D ALO; RE. FeORBEBLIUNHEEDEEEZ Table2 IZ/R"Y, ZI T, BRI /HD
FeO BENEL, RELZFOBEICHEBTERWESGIE -1 &EXRLZ, 2B, BHRA
MR OBEEIZBNT, K HAZOHSNIHERT S EE 2 5N5RIIMEFERD DS
BRNTEE L, £, RILAECEBEEMHO Fe AT RICHEILL, FeO & L THARAM
AT THRIIEETSHOEL. 227U - FMEOEBEEVTIZEENS Fe20s H 1600TLEL
LTI FeO ELTHRETH S EDOWENINH B I ENS, ARKIZFeO ELTHFETZ2HD E
L7z,

32 ERMRAICLDMaRE
FeO 2ULTET B EHMGFELBRNESIIBNWT, BEVOMATHOHICL D HEE T 5818
PAFICHHBEAEETH A MERGT Lz, BB, HEEIT FeO BES ALOREOHEZ L DR
HANCEHMB AT RE T h HEEE QR HW .,
3.2.1 FeO RO DBHFLEWNES

BRFEME R I LAEICLOMGETICEBRREYMZRAL, FeO AN ELRWEGZE
#HiE L. Table2 IRENBHBRAA T 7 (FeO Owt%) % Fig.1 O AlLOs R -HHEE Bk
KBz 7oy L7z (Fig.dd). KNP OSERBEEY O 325 ZBREL 2B D ALOs IR
EHBEEERL, T2 - FEBIENSHERIZOS ) - F ERBEEBEMEZRES L2
B0 ALOs BIE EHAEOE(LERT.

FeO A%3:77 L 72 W21 (Fig.34), EIL &L 1400CIHE OB HIRIZH B A%, ZHLUSND
BEFEMII 1400°C DR SFHIBIC 2 <, DAV EMETH 5 LR TE S, 2B, AF7AITDN
TR ESERN SN DEN TV AN, EBIEI Na:O FEDO TN AV RBONRIZED., Mz
DOMERETAHEINDZENS, HITAED CaO BELU FeO LSO NWM EIG &
BEMIIOVWTIRIREENLETH D EEZOND, UEXD, FeO R MNIAFLRVE
Tl Tablel DEFEYZMAAHE T 1400C OMSEBICHAE TS Z L IINEETH O, Al
AR OMHBIIAMBAHEORNMNLETH L EEA LN,

.22 FEORRDHEFET HIHE

RS AEIZLDHEEMBRADCSE SO FHURICK D, BRI S 7T FeO BEMNLET
HPEEBE L, Table2 IRENZHZBA AT 5 (FeO 10,20 XX 30wt%) % Fig.2,3,4 D
AlOz BE-HEE BHEKEC 7oy ML (Fig.35,36,37) .

(1) FeO 10wt%

FeO 7' 10wt% 775 58546 (Fig.35) TILYINBIUEEARA S 778 1400°C DRt £iHH
HIzZNFNA-THD, A7 - FbZOMOEEMEMACTDODESLS T LITEKD,
1400°C D@AFUIRADRHBEN I TH D EEZ HND, 2. ALOs BEN W<, AlOs it
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HWIC % EZAONDLBARMA T 7 BLUSRBARMN KD EZBEICRNTSZEICK
0, (CHIEETE TH Al SEEI BT RE S/ D, DED . FeO MY 10wt%fRIEHEFT I, B
EMOMATHEIZL 0D, 1400°C ORI FUIKICHBERGETH DL EEZ5N5H. LML, 1300C
DORREIRA DR BIZIAMB A EORMMBLETHEEA SN S,

(2) FeO 20wt%

FeO 7\ 20wt% 3k {79 256 (Fig.36)  BEHIK Y 1200°C  RiRM &G JaE@ A 5 773 1300°C,
TILZ IV 1400 CORUSFEIBICZENENA S TH O . a2 7Y — B IRRMOBERIK & —f
M5 Z L1280, 1300CU FORUTHIBICHET 2 ZENNTRETH D EZEZLHND, D
F 0, FeO 7' 20wt%fEE A TN, BEEMOMAGHEIZL D, 1200~1300°C Dl E
BICHHBEIRETH A EEXS5ND,

(3) FeO 30wt%
FeO 7% 30wt% (i d B4 (Fig.37). BeHIK S8 A 2 778 1200C, f/iaM. €IV
INEBEERT 7Y — FH1300CLA FORSHIBIZIZIA > TH 0 . FHBEEM 2 A GDOE
T2 2 212X 0 1200C DR SEBANOPRBMNRETH S EEAS5ND,

3.3 REMESICKSHMRE
FeO MEFT ARG E/EFLBVESICBWT. REMOHIOOEIZL D HEET 2
DAFICHABETHZNER L. b, HEERBMA S 7 OMMEMNEIIENT, K0D#Z
M AHEANERE T H DAL Q) EH W,
3.3.1 FeO S BHFLLZWNEES
BREME BT AL O BE TICHEBEEEDZHR AL, FeO A MHELBWEGZ
A L. Table 2 IRINBIFEFMA T 7 D AlOs iREE B K THEAE % 1550°C OF BRI
Oy b UEKR%E Fig.38 IZRT . {RIRMIZ 3poise FRE EM7R DIRWKEEDERMA 5 7 &
RHDIZML, 2270 — NN OEWKEDBEA 57 725 T LN I N,
I STk 22l 5 726, Table2 1227 — RENZEIN Y VDR A 7 7l
AR, Wi SR ORMRRIC T Oy R LR E Fig.39 IR T, BB, HAMA S 7 Ok
P ALOz IBE DS 5~10wt% DEIFHIZH S Z N5, ALOsEE 5,10wt% DR PEihR &2 5%
2, HERI S NS HEEP 2R IS TR Uz, 2, BRlZ 5 JHEL 15000 & Lz,
FeO 73347 L 22 W3 553 (Fig39), 1500°CIZHB W T, EILZ IV 20poise FEL ORI TH % &
#gans, LML, 227U~ hid 1000poise LA E&E72 D 1500C TOHIEGIIWEETH %
EEZ N5,

3.3.2 FeO S HRFET HI5E
RS AMIC L DHEEMBACSE & O-~FHIZE D, B2 S 7O FeO BENTFT
LHGEMTL, a7 )=~ BIYILBIUBHIK (FeO 20,30wt% D7) DA T
TR Z ., BT SR OBGRIZ T Oy b Lz EE Figd0~45 (2R, o, &R
2T 7 ORPET ALOs IRIEMN 5~10wt% DFIIAIZH D T &N 5. AlOziREE 5,10wt% DRl
MR 22 %10, NSNS HERIE 2 — S8R TR Uz, 2, M5 7iRER



JAERI-Review 2000-033

1200,1300°C & L 7z,
(1) FeO 10wt%

FeO 7% 10wt% 3773 256 (Fig.40,41). 1300CTIEEH 5 DBAA T 7 H 100poise LA
FTTHMMEWKETH O, HIBTRETH S EHRIND, L, 327 — hOBRAS
FIZBLTIE 1200C ETHHENS ERMERN 0 EL 2B &6 HERROWBANZHD
HitE MR e TIN5,

(2) FeO 20wt%
FeO 7% 20wt%HFT 554 (Fig.42,43). 1200 BEY 1300CTIIEDHEMA TV H
100poise BEL T TH D, THHIBFEETH 2 LERINS, HANIH D HERMNSADZN
ZEMS, HIBEOBAMNSIE FeO % 20Wwt%imMT 5 I EMEF L NWEZBAEN S,

(3) FeO 30wt%

FeO 7' 30wt%$tfF 3§ 55 E (Fig.44,45). 1300°CH LN 1200°C T 10poise FREELL T & HE
N, COBMAT7HHEOHETHD, +HHGFETH D EHEEIND. FeO 20wt%
R AN D RSP Ia w2 En S, G OB AN 513 FeO % 20wt%A EE@NT
BZIENBELVNEEZSND, LML, FeO 30wt%ld LIZDWTIIRET — F a0z,
RREICLDMAEDRBETHDEEZLD,

3.4 BRADELD
Tablel {77k L= BEEM QBRI IC BN T, RIAECSBREEN & O--FUHESEEY O
HAB DRI L > TRB S BB BB WTHE T dH 2 et L 7z,

(1) AR
Table3 IZRTEB D, FeO NEETEH I EICLVEREEY AL B OB 5 7 O
HIIMETTS, £, RIAGEPEEREENME LT FeO % 20~30wt%iRM L 723565, BE
WE EF<HAEDLESDZEICED. 27 ) - MEORMEBEEY S 1300°C O/ATFIRIC
PEARETH 5.

(2) WY

(RIBM DR A 5 713 1500°C T 3poise FEEE SHERIZ N, HMVARMLE nIRETH S LE X
5END., -, FeO METNE, L0EWARMZ Z VRETOHEEZESAKTLEEAS
N%, PHIRMGNCENYIVDBEMA S 7ICONWTIE. RILECRBERENS & S0
TBHIEICED, FeO % 10~20wt%IZiAE UL, 1200C T HA RV &78% 2 &2VE
Z6ND, 2. a7~ MIDWTHLL 1500CIZB VT HERA Z 7 OREDY 1000poise
LETHDEEZLNDIENDS, BIMEMIINZORETHZ, LML, RILLPRE
FEEEM & D—HUIBIZ L 0 FeO % 20wt%EA LRI UL, 1200°C T 100poise BA FIZ78%
LHegah, HEnbmET5EE 25,

—47. FeO M3LFE LW A IS L B R EY ORI S 2B AT 5 T &0 & DR
WADRBHRETHLEEZA OGNS,
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4. BRELAEERFOREL

MEEIN 1AL Td % FeO I L DRlERE T B LOMMIK T ORNH D T &2 A - RaTiZ &
DHERL . EBROBEFEMAML ZH WAL 0, RIREBICBOWTHIREZHR TS I &N
ARETHHEDRBL &21G2, L, EROLMZZEA LG, MEREEM N LE LRI
B KO EMN SRR SN, ARATRIBMA S TR E72% T &M 5, Tablel IR U 7ZZAAKK) 725
FEWRAL DB THME T 2 Z EEFARBETH D, ERRIIBWTINSHAZAMITENT 5720

i, FERFCBIT EEMEACUEEEN S HEZ I NS AHERE 2R, WEMWER L7

EEELUBMARENTMLSELHENH S, TI T, EROMEKEEMUEZEEL. M
RFET B LRI R OB S AN ORaBE{L 21T o 7z,

4.1 BEIRMHDEE
FERROMEERBEEY IR 2 ARE U, AT 5B L OBREYMR O#H 2 8%0E Uiz, 7z,
BRETHEMA S T OB LI OMAZRE L.
(1) FERILEE 515 DRRE
MEERBERY) & IBAAIE 4 25 & LT, MERREMIL R Z AEIC XK DERIP ARG X
N, T5AYMBARITE > T 1500CEEZTMHRINDE DO E L, 2, BBAT71F
EEI I I L D RNEIL SN, BB T I ATEREZFILTE2HDELE. ZOK,
BRZ 2 Z3HARBANZEL D 1200~1300CREEEZ THRAIESNS b D E Lz, 2B, HED
AR A S 7RI, BEE, HBEHT NS> TRELERS D, FrNARRESE
LCakE L7z,

(2) BEIE WK o0 i A %

MEABEFEM L Tablel I RF EB 0. FEAEDHEEDDN 5~ 10wt%F2 £ DK AlOs 1B
BREMTHDZEMS, BRIZ S 7RO ALO; IREEIFHIL 5~ 10wt% D& TH 5 Li%E L
Fzo 35U, MEKEEVIIEFE 05~ 1.5¢/m)OHE TR I AHIZIMENTNSHD
EREL. INSSEMER - BILEND I EITLD, BRMAT 7O FeO BEIZ 10~
20wt% DFPHTH D 3w Uiz, Fio, MEEREEN T D Ca0 BV SiO R ITHR 4 TH
LM, —RIHIEEQ) T o~ BEOREEEZEZ OND ZENS, THUTHIG U HERE
(2)% 0.11~1.35 OFEiFH & #E Lz,

(3) BIEEOHE
LR L BAE R E2RETH-0, HBERFICBTAHEMAS VOME%E 12000 T
100poise &a%iE L 7=, 100poise ML FTHIUL, UEHRERIFTHD EEZEZL5ND, £,
BAELADY —E2 IR T 2720, 1AM A 7 7 DR ZHERITEE X D 100CHE W 1400CIC
e L7z
4.2 BRAFMHOBE(L
LAl DRRGE RV, AR A = 7Y 1200°C T 100poise PA T & 72 D HIKHLH 2 Fig.23,25
ORET — & 2N TRE U7z, HURE ISR T 2 S WD BAh S HIEE Q) Z
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fro FTODR%E Fig.d6,47 \IZR T, BL. KEEEMIIETZ T -0 a0z, Mtk
MEBBICTORLE. TSR REE S &1 100poise LA F &78 SRR E R 2 B U /245
A& Table 4 12RT, LD, HEE@MN0.5~0.6 UL &7 HHHHITER A T J K Z %
T5HZEIZED, 1200C T 100poise A FOMMEZR TS EE X SN, HILE QBN VK
HILESITETT5EEZ5NS, /7. FeOlowt%IZHA, FeO20wt% &9 % 4 AV IR
N B H B,

¥ /=, Table4 1277 L 7= AR & 1400°C ORITREIR Z LT 5720, TN S EEZE ALOs-
WEE BERIC 7Oy FL7- (Fig.48,49). 1200°C T 100poise & 72 B {EAGHEREEIT 1400C
O SHEBPNICIFIFEA>TH O, HMEHEBICHET S 2 EICL0. HARNICHND 1400C
UTFERDEHIING, DF 0 MEEREEYMZHEHM L. A S 7Ok % 1200°C T 100poise
PUFEL. A ZE 1400CUF ET 5720103 EE(2) % 0.5~0.6 LA L ETHHLENDH D FeO
BEEIEIEWHNEE LW, L L., BB L IR A RFITI > TR
BHEEZLN, AFERZRICEBICELZHTCET> TR KLENDH D,

4.3 BRELEEHEDEGLER
RGP HB R ZEM L., #ICRE L BMELAZBUET 272D 5 7H O
FeO . CaO . SiO:MHE. ALOsBEITINA. BRA S JIREZEETH I &ITXD.
WRREA T 7 DR & TS S CIREE RN E S S A 0ENH D BY)BRREEY OEE N
BETHS, LML, ERICIDEMKEEEES X250, BA S THKENY FTEIH
WL, BT 5 2 SEEEE FRETHS. £IT, Figh0 KRTEEBERAENEZS
N5, UFIGERERAILEOBMEEZRT,
1. MEREEYEZRAEDE T, HEEQPENE <20 XD ITHENT 5.
I, WEERT U7 EERBEEN 2 7 5 XML RIC K DIBMT 5. AV A IRE S5
BRI TIT 5. THESRIERERN - BREVICRET 5.)
IRMA 57— Th 5 LM SNk AT BEOREBNEZBEICKOERT 5.
FOMTHEAME <. MBI RTE T I N BB A ICIIHIB L. BMEERZ2RAT 5,
S E < SR SR S NS B EITIIARA S VR ZEECT 5,
IR 5 TR SN BIBEE. BA S 7 DI ()78 0.5~0.6 LLEERH LD
IR RN 28K T D,
VAREA S5 7 DARHERE TERNWEAITEN X MOTTRESEMNWTEARMA 5 7Lz
A L. FBRICHEEREY 210K T %,
VIL WA R oMEREEY 2%, T IRICRD, HBICE 0ARELRZ B ET 5,

= < 2 F

=

5. &

il

BT B BN TRET D HEREENZE 7 7 A BRILIEL . 208 U7z B O s LR
AT L0100, SR T 7 O£ LT 5 &IIT, BRI ZEMT 20ENH S,
2T UARMA S R B REE N LN S NS ERIMTAE F L ARSI 2 RRAIL DD,
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B2 7 OWEEm EEN5bDE LT,

AR TIIBEMA 5 7 ORBEM ERSEL T, RILGEEEO - FRICEZDEATL I EMN
M IN5 FeOIZHEB L, FeO MMOHRAIRER B LU T — 7 2 -HNWTEE - KAt Lz,
ZORR, BMAS 7 O/RERETL, HEDKIBITETT 5 EORRER .

/o, Bl OMGHERICEDE, BEMEERREENE LTI 7 ) — MOREME 2B R0
Lz B &ML 72 & 25, FeO 7Y 20w% 2 37 9 10, Alsild 1300°CLA FIT, #atE® 1200C
T 100poise LAF &5 2 EMamn o7z,

51T, EBEOMBERBEFEMUME Z8E L. AR B IO T O8LGh S ER SR HRAD
DEHORAFEIT> 7. FOFKE, FeO BEIIEIANWANRL, (Ca0+Fe0)/(Si02+Al1:03) T
ERINDHHEQZ 05~06LLEICTAHIENEFELVEDOHEREREZ, 20D, BRELE
AR Z BT 2D IARGREICNZ,. EREQEZERTILEND S,

St MEEOEZRICEL, ARBTIRIO LT 27 IV AU BN 7 IV T EERE O
I ONTHMZET N, BRFICLZOBEEEZEDDHENH D EEZ D,

3

ARERITOICHID, BERERZRM U THWZRIEK AR TR RIE LREHR,
NEFAABBIRICBH N LET., AREFEELDDICHRD, 7 - FEEEOHER N ZIHN
TN GHBREORRITEH WL ET.
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Table 1 Chemical compositions of miscellaneous solid wastes
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[wt%]
Chemical | Concrete | Glass Heat Ash Mortar | Slag of | Refractories
component insulator metal of metal
melting melting
Al2O3 5.9 1.5 1.7 8.6 5.9 19.9 48.2
CaO 10.6 9.8 37.5 12.7 27.6 5.4 0.7
MgO 1.0 0.9 0.7 4.4 1.5 5.1 3.8
Na:=0 1.7 11.0 0.3 2.5 1.0 3.3 0.4
K20 1.9 0.9 0.3 1.3 0.4 1.2 0.1
Fe:03 2.3 0.0 0.7 19.2 1.9 8.7 4.1
Si0O2 59.4 69.9 40.2 32.8 46.9 54.2 15.7
Cr203 0.0 0.0 0.0 0.0 0.0 0.4 22.9
MnO 0.0 0.0 0.0 0.0 0.0 1.8 0.0
Volatile 10.9 0.0 2.5 0.0 14.0 0.0 0.0
component
Others 6.3 6.0 16.1 18.5 0.8 0.0 4.1
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0
Basicity(1) 0.18 0.14 0.93 0.39 0.59 0.10 0.04
Basicity(2) 0.19 0.14 0.91 0.72 0.55 0.18 0.07

Basicity(1)=Ca0/SiO: at wt%

Basicity(2)=(CaO+Fe0) / (Si02+Al:03) at wt%

___12‘




JAERI-Review 2000-033

Table 2 Concentration of main components and basicity of molten slag (estimated)

Concrete | Glass Heat Ash Mortar | Slag of | Refractories
insulator metal of metal
melting melting
FeO [wt%] 0
Al203 [wt%] 5.9 1.6 1.7 — 5.9 — -
Basicity(1) 0.18 0.14 0.93 - 0.59 - -
Basicity(2) 0.19 0.14 0.91 — 0.55 - —
FeO [wt%] 10
Al2O3 [wt%] 5.3 1.4 1.5 — 5.3 19.4 45.1
Basicity(1) 0.18 0.14 0.93 — 0.59 0.10 0.04
Basicity(2) 0.33 0.29 1.16 — 0.73 0.21 0.18
FeO [wt%] 20
Al203 [wt%] 4.8 1.4 1.37 8.3 4.8 17.2 40.0
Basicity(1) 0.18 0.14 0.93 0.39 0.59 0.10 0.04
Basicity(2) 0.54 0.49 1.49 0.81 0.99 0.38 0.39
FeO [wt%] 30
Al203 [wt%] 4.2 1.1 1.2 7.3 4.2 15.1 35.0
Basicity(1) 0.18 0.14 0.93 0.39 0.59 0.10 0.04
Basicity(2) 0.81 0.74 1.91 1.16 1.32 0.61 0.66

Basicity(1)=Ca0/SiO: at wt%
Basicity(2)=(CaO+Fe0) / (Si02+Al203) at wt%
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Table 3 Relationship between melting point and concentration of FeO (estimated)

Concentration | Concrete Heat Ash Mortar
of FeO [wt%) insulator
0 > 1400°C > 1400°C - 1400C
10 > 1400C > 1400C - 1400C
20 > 1400°C 1300C 1200C 1300°C
30 1300°C 1300°C 1200°C 1200C

Table 4 Favorable molten slag compositions at 1200°C  ( viscosity < 100 poise)

Concentration of FeO Concentration of Al2O3 Basicity(2)
[wt%] [wt%) []
10 0.6~1.0
~1
20 5~10 0.5~1.25




1.5

1.0

Basicity (2) [-]

0.0

1.5

1.0

Basicity (2) [-]

0.0
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FeO Owt%
| 1400°C
p— & o i 7“"‘*"‘rﬂm':“i:\{
- ™~ 1300°C
Y
; " 2 30 40 50

AlLO; [wt%]

Fig.1 Meltable area of Al,0;~Ca0O-SiO, slag
at 1300 and 1400°C
Basicity(2)=(CaO+FeO) / (Si0,+Al,0,)

o FeO 10wt%
1300°C —
¢ S
1400°C
0 ’ 2 30 40
Al,O5 [wt%]

Fig.2 Meltable area of Al,0;-CaO-10wt%FeO-SiO, slag

at 1300 and 1400°C
Basicity(2)=(CaO+Fe0) / (Si0,+Al,0,)
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Fig.13 Relationship between temperature of melting
and viscosity of molten slag (Al,0, 20wt%)
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Fig.15 Relationship between concentration of FeO
and viscosity of molten slag at 1200°C (Al,0; 5wt%)
Basicity(2)=(CaO+Fe0)/(Si0,+Al,0,)
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Fig.17 Relationship between concentration of FeO
and viscosity of molten slag at 1200°C (Al,O; 10wt%)
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Fig.19 Relationship between concentration of FeO
and viscosity of molten slag at 1200°C (Al,O; 15wt%)

Basicity(2)=(CaO+Fe0)/(Si0,+Al,0;)
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Fig.20 Relationship between concentration of FeO
and viscosity of molten slag at 1300°C (Al,O; 20wt%)
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Fig.21 Relationship between concentration of FeO
and viscosity of molten slag at 1200°C (Al,0, 20wt%)
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Fig.22 Relationship between concentration of Al,0,

and viscosity of molten slag at 1300°C (FeO 10wt%)
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Fig.23 Relationship between concentration of Al,O;

and viscosity of molten slag at 1200°C (FeO 10wt%)
Basicity(2)=(CaO+FeQ)/(Si0,+Al,0,)
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Fig.24 Relationship between concentration of Al,O,
and viscosity of molten slag at 1300°C (FeO 20wt%)
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Fig.25 Relationship between concentration of Al,0,

and viscosity of molten slag at 1200°C (FeO 20wt%)
Basicity(2)=(CaO+Fe0)/(Si0,+Al,0;)
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Fig.26 Relationship between concentration of Al,0;

and viscosity of molten slag at 1300°C (FeO 30wt%)
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Fig.27 Relationship between concentration of Al,O;

and viscosity of molten slag at 1200°C (FeO 30wt%)
Basicity(2)=(CaO+Fe0)/(Si0,+Al,0,)
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Fig.29 Relationship between temperature of melting
and viscosity of molten slag (Al,0, 5wt%, FeO 20wt%)
Basicity(2)=(Ca0+Fe0)/(Si0,+Al,0,)
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Fig31 Relationship between temperature of melting
and viscosity of molten slag (Al,0; 10wt%, FeO 10wt%)
Basicity(2)=(Ca0+Fe0)/(Si0,+Al,0,)
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Fig.33 Relationship between temperature of melting
and viscosity of molten slag (Al,O; 10wt%, FeO 30wt%)
Basicity(2)=(CaO+Fe0)/(Si0,+Al,0,)
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Fig.34 Comparison between estimated chemical compositions of melting slag
and meltable area of Al,0,~Ca0-SiO, slag at 1300 and 1400°C
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Fig.35 Comparison between estimated chemical compositions of melting slag
and meltable area of Al,0,~CaO-10wt%FeO-SiO, slag at 1300 and 1400°C

Basicity(2)=(CaO+Fe0O) / (SiO,+Al,05)
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Fig.36 Comparison between estimated chemical compositions of melting slag
and meltable area of Al,0,~CaO-20wt%FeO-SiO, slag at 1200,1300 and 1400°C
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Fig.37 Comparison between estimated chemical compositions of melting slag
and meltable area of Al,0,-CaO-30wt%FeO-SiO, slag at 1200, 1300 and 1400°C

Basicity(2)=(CaO+Fe0) / (SiO,+Al,0;)
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Fig.38 Comparison between iso—-viscosity curve and molten slag of
miscellaneous solid wastes at 1550°C
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Fig.39 Estimated viscosity of molten slag of miscellaneous solid

wastes at 1500°C
Basicity(2)=(CaO+Fe0)/(SiO,+Al,0,)
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Fig.40 Estimated viscosity of molten slag of miscellaneouse solid

wastes at 1300°C (FeO 10wt%)
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Fig.41 Estimated viscosity of molten slag of miscellaneouse solid

wastes at 1200°C (FeO 10wt%)
Basicity(2)=(CaO+Fe0)/(Si0,+Al,0,)
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Fig.42 Estimated viscosity of molten slag of miscellaneous solid
wastes at 1300°C (FeO 20wt%)
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Fig.43 Estimated viscosity of molten slag of miscellaneous solid
wastes at 1200°C (FeO 20wt%)
Basicity(2)=(CaO+Fe0)/(Si0,+Al,03)
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Fig.44 Estimated viscosity of molten slag of miscellaneous solid
wastes at 1300°C (FeO 30wt%)
Basicity(2)=(CaO+Fe0)/(Si0,+Al,0,)

1.0E+03
FeO 30wt%
1200°C
1.0E+02 | -
1.0E+01 |- o _l )
5 \ !
's,l' -
Concrete O —— Swt%
Mortar —A— 10wt%
1.0E+00 —_
0.0 0.5 1.0 1.5 20 25

Basicity (2)

Fig.45 Estimated viscosity of molten slag of miscellaneous solid
wastes at 1200°C (FeO 30wt%)
Basicity(2)=(CaO+Fe0)/(Si0,+Al,0,)
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Fig.46 Basicity range of low viscosity at 1200°C (FeO 10wt%)
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Fig.47 Basicity range of low viscosity at 1200°C (FeO 20wt%)
Basicity(2)=(CaO+FeQ)/(Si0,+Al,0;)
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Fig.49 Comparison between meltable area at 1400°C

and low viscosity area (FeO 20wt%)
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scction ranges up to the cutectic between Si0, and
Ca0-Al,0,28i0,. For thermodynamic assessment of the
system Al,0,-Ca0-SiO, and calculated phase equilibria, sec
Eriksson, Pelton [10].

[6] Gentile, A. L., W. R. Fosler: J. Am. Ceram. Soc. 46 (1963) No. 2,
p. 74/6

[7] Guu, W., A. D. Russcil: J. Mater. Sci. 12 (1977) No. 9, p. 1869778

[8) Criado, E., S. De Aza: Proc. Ist C.E.R.P, Ed.: Facnza Editrice
(1976), p. 97/10t

[9] Longhi, J., ). F. Hays: Am. J. Sci. 279 (1979) No. 7. p. 876/90

[10] Eriksson, G., A. D. Pelton: Mctall. Trans. B 248 (1993), p. 807/15
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Al203-Ca0-FeO- Si0: %

[5] Verein Deutscher Eisenhuttenleute: SLAG ATLAS 2nd Edition, pp.154-pp.155 (1995)

. Ciisiobalite A AlL,O4

2 Liq. J Tridymite C: Ca0
Py
P

(A103)

Mass % Al,05 -=

Fig. 3.308.

A: Al,O,
C: CaO
W: FeO
S: Si0;

Cristobalile

Tridymite

10% FeO

\ u % "
y ¥ ¥ ¥

0 20 40 6o
(Ca0) (A|203)
Mass % Al,0, -~
Fig. 3.309.
Crisiobalile A: Al,04
C: Ca0
W: FeO
S: Si0p
15% FeO
+
&9
(o}
w
(Ca0) (Al;03)
Mass % Al,O3 —=
Fig. 3.310.

A: AlLL,O4
C: CaO
W: FeO
S: Si0y

20% FeO

(CaQ)

(Al203)
Mass % Al,0; —= 2

Fig. 3.311.

2 Lig.
~

A: Al,04
C: CaO
W. FeO
S: Si0;3

25% FeOQ

N

A: AlO4
C. CaO
W:. FeQ
S: SiO;

30% FeO

(Ca0y)

Mass % Al,05 -

Fig. 3.313.

Figures 3.308 to 3.313. Tentative liquidus surfaces in the
system Al,04-Ca0-FeO,-SiO, with 5, 10, 15, 20, 25 and 30
mass % FcO (lotal iron oxide contents as re-calculaled in
cquivalent FeO contents) after Kalmanovitch, Williamson [1}
and Kalmanovilch et al. [2). For the basc sysiem Al,04-CaO-
Si0,, sce Fig. 3.166.
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T8k 11

#ET — %

Al03-Ca0-Si02 %

[6] Verein Deutscher Eisenhuttenleute: SLAG ATLAS 2nd Edition, pp.364 (1995)

[7] Narottam P. Bansal and R.H.Doremus: Handbook of Glass Properties, pp.297 (1986)

[8] O.V.Mazurin, M.V.Streltsina and Shvaiko-Shvaikovskaya: Handbook of glass data part C
ternary silicate glasses, pp.779-pp.782 (1987)

Alx03-CaO-FeO- SiO2 %
[9] Verein Deutscher Eisenhuttenleute: SLAG ATLAS 2nd Edition, pp.379-pp.380 (1995)
[10] Gimmelfarb.A.A.: Izv. Akad. SSR Metally vol.2, pp.59-pp.70 (1968)



JAERI-Review 2000-033

Al:03-Ca0-Si0: %
[6] Verein Deutscher Eisenhuttenleute: SLAG ATLAS 2nd Edition, pp.364 (1995)

Ale:;'CﬂO'SiOz
x(Al203) X :(Jsgoin
0 010 020 * Zhilo

& Kozakeviich

, Sl 1
SRV VARV,

Fig. 9.47. Viscosilies (poise) of Al,05-Ca0O-Si0, melts at

/ 1550 °C, (composition in mole fractions) [27, 56, 135, 150,
\ Q&\ 0.40 151); —, recommended values
A

A%B

b3

060 050 040
+——x(Ca0)

50

20 .
2:—\\\\\\\ e Machif\
v y N VR VIRV \ V\\\ —+— Potanin
60 50 40 30 20

<«—— Mass °% CaO

Fig. 9.48. Iso-viscosity (poise) contours of Al;03-Ca0-Si0, melts at 1500 °C [153,
154]; the preferred values duc to [27, 56, 135] are ca. 20 % lower than contours shown
[153]). Further values [152, 155-157]
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[7] Narottam P. Bansal and R.H.Doremus: Handbook of Glass Properties, pp.297 (1986)

TABLE 9.101

Parameters of the Equation n = 5, exp(E/RT) for the Viscosities of Calcium Aluminosilicate Glass Melts*

Composition (mole %)

Composition {mole %)

Temperature range —logn, E Temperature range  —logn, E
CaO AlL,O, SiO, °C) (P) (kcal mole™?) Ca0O A0, SiO, °C) (P) {kcal mole™!)
4 4 9 1650-1950 6.44 93.8 28 42 30 1550-2100 4.57 45.16
428 1072 85 1850~2100 5.89 86.02 30 20 50 1550-2000 5.25 47.59
713 1787 715 1750-2050 499 67.9 30 40 30 1700-2050 441 43.88
8 8 84 1650-1950 6.48 88.93 30 50 20 1750-2100 432 4127
10 50 40 1900-2200 421 4 32 32 36 1550-1950 4.85 48.54
10 60 30 1900-2100 408 41.5 35 15 50 1700-2000 435 4575
1097 403 85 1700-2100 5.70 83.08 3761 3761 2478 1600-1850 5.05 48.88
1.3 58.8 29.9 1850-2100 3.96 40.61 40 20 40 1550-2000 4.31 43
1227 1227 7546 16501850 6.17 79.32 42 28 30 1550-2100 457 45.16
15 35 50 1800-2000 475 54 4362 4362 1276 1650-1950 4.68 4441
16.8 16.8 66.4 1650-1950 5.81 69.68 50 10 40 1500-1950 3.78 375
18.3 6.7 75.0 1700-2100 432 60.29 51 34 15 1550-2150 407 39.16
19.2 423 385 1700-2100 4.69 46.5 51.22 1878 300 1550-2000 4.12 38.15
20 50 30 1750-2050 4 41.6 58.16 11.84 300 1750~2000 327 30.75
20 60 20 1850~-2200 3 35.68 62.19 2281 150 1550-2000 394 3707
213 6.5 722 15501850 6.21 66.4 7063 1437 150 1700-2050 2.80 23.83
21,62 21.62  56.76 1550-1950 6.04 66.54
2425 6075 150 1800-2050 341 34
25 25 50 1550-1950 532 57.97
26.7 26.7 46.6 1550~-1950 490 52.19

¢ Data from Rossin et al. (1964).
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[8] O.V.Mazurin, M.V.Streltsina and Shvaiko-Shvaikovskaya: Handbook of glass data part C
ternary silicate glasses, pp.779-pp.782 (1987)

Machin, Hanna, 1945; Mechin, Yee, 1948, 1954; Machin, Yee, Hanna, 1952
Oscillating cylinder viscometer. an = I 4% n. Melting and measure-
ments in platinum crucible,

Wt% by betch n,P at temperature, °C

RO A1203 1150 1200 1250 1300 1350 1400 1450 1500

30 MgO 10 - - - - - - - 20.4

25 15 ~ - - - - 118 68.6 40.7

20 20 - - - - 538 269 148 86.8

15 25 - - 8260 3040 1310 612 318 175

20 15 - - - 1770 778 392 216 126

15 20 - - 12400 4070 1980 956 488 263

10 15 - - - - - 2340 1100 568

35 Cal 35 - - - - - - - 10,2

45 20 - - - - - 13.6 7.6 4,96
40 25 - - - - - 19.9 11.9 T+53
35 30 - - - - - 31.7 18.9 11.6

30 35 - - - 248 109 54.7 31.4 19.0

25 40 - - - - - - 40.9 24.9

50 10 - - - - - 8.33 5.23 4.01
45 15 - - 85.8 40.3 22.2 13.32 8.22 5.16
40 20 - - 148 67.6 3561 21.5 13.7 8.32
35 25 - - 283 128 63.9 34.9 21.7 14.3

30 30 - - - - 129 69.4 39.5 27.1

50 5 - - - - - - 4.80 3.41
45 10 - - - - - 11,6  T7.57 4.88
40 15 - - - - 33.1 19.4 12.6 8.54
35 20 - 674 272 125 63.3 37.1 22.6 15.0

30 25 - - - - 132 70.1 41,0 26.3

_47,,
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(continued)

Wt% by batch

n,? at temperature, °C

RO A1203 1150 1200 1250 1300 1350 1400 1450 1500
25 Ca0 30 - - - - - - - 70,5
45 5 - - - - - - - 4.78
40 10 - - - - - 19.2 12.1 8.23
35 15 1250 469 209 105 571 34.7 21.9 14.3
30 20 - - 529 247 125 70.9 42.3 30.2
25 25 - - - - - - 99.8 57.7
40 5 - - - - - - 12.8 8.40
35 10 - - - 17 60.8 35.7 22.3 15.1
30 15 2780 1080 456 225 121 73,2 44,8 28.6
25 20 7950 2870 1200 580 309 171 98.7 6145
20 25 - - - - - 660 317 1173
35 5 - - - - - 39.4 25.0 17.1
30 10 2520 990 421 220 126 81.6 51.7 32.6
25 15 10600 3730 1560 730 391 214 128  77.7
20 20 - 14700 5750 2530 1260 663 353 204
15 25 - - - - - 2500 1220 621
30 5 - - - - - - 69.9 42.2
25 10 11100 4160 1780 854 460 256 152 94.6
20 15 - - - 4500 1960 1040 574 31

15 20 - - 31200 14700 6440 3210 1590 940
10 25 - - - - - - 3960 1900
20 10 - - - - - 1070 600 361
15 15 - 163000 56700 22200 9870 4690 2390 1320
10 20 - - - 128000 46200 18200 8270 3950

Imoto, Hirao, 1 .

Counterbalanced platinum sphere method. Melting and measurements
in platinum crucible.

Wi% by analysis

Wi% by analysis

o [}
750 5,0, t,°C logn (B) —_— 5,0, ,°C logn (P)
70.1 0 764 4,08 70.4 9.6 870  1.29
867 3.11 80.0 0 610  3.96
972  2.46 668 2.98
70.4 9.6 605  4.12 670 2.92
664 3.00 T74 1.90
770 1.84 889  1.27
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(continued)

Wit% by analysis £,5C log n (P) Wt% by analysis £,9C log n ()

Pbo B2O3 PbO 3203

7045 19.5 572  3.97 711 28,6 552  3.93
614 2.93 614 2.50
707 1.43 717 1.04
824 0.61 824 0.35

80.0 9.6 498 4.13 79.8 19.6 474  3.72
518  3.48 511  2.44
568 2.30 563 1.74
665 1.10 668  0.57
T71 0.49 89.5 9.7 448 2.30

90.3 Y T00 0.24 568 0.45
753 0.10 591 0.29

Mikiashvili, Tsylev, Samarin, 1957.
Rotating viscometer using grephite crucible and molybdenum spindle.
Temperature 1500°C.

70
Wt% MnO

Pig. 699. Numbers by curves are viscosity, PF.
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Kozakevitch, 1960,
Rotating viscometer with coaxiel molybdenum or tungsten cylinders,

Measurements in argon atmosphere. Melting in molybdenum crucible.

by g;%ch n,P at temperature, °C

Cal A1203 1450 1500 1550 1600 1650 1700 1750 1800 1850 1900 1950 2000
60 30 - ~ 2,2 1.3 1.0 0.8 0.7 0.6 0.5 0.4 - -
50 40 7.7 5.0 3.3 2.3 1.7 1.5 1.2 1.0 0.9 0.8 = -~
40 50 - - 5.2 3.4 2.3 1.7 1.4 1.2 1.0 1.0 =~ -
35 55 - - - 3.9 2.6 1.9 1.6 1.4 =~ - - -
25 65 - - - - 2.2 1.7 1.4 1.2 -~ - - -
50 30 - - - 2.4 1.8 1.4 1.2 1.0 0.8 0.7 =~ 0.6
40 40 - - 6.3 4.0 2.7 2.0 1.5 1.3 1.1 0.9 =~ -
30 50 - 115 T4 4.7 3.3 2.5 1.9 1.5 1.3 1.2 1.1 1.0
20 60 - - - - - 2.7 2.0 1.6 1.4 1.3 =~ -
50 20 - - - 2.5 1.8 144 1.1 0,9 0.8 0.7 = 0.6
40 30 - 9.2 6.1 4.4 3.3 2.4 1.9 1.5 1.4 1.3 1.2 1.1
30 40  30.2 18.0 11.4 T.8 5.8 4.4 3.2 2.4 1.9 1.7 1.4 1.2
20 50 - - - - 6.6 5.0 3.9 3.0 2.3 1.8 1.5 1.2
10 60 - - - - - - - - - 1.9 1.5 1.2
50 10 5.3 3.9 2.8 2.1 1.6 1.3 1.1 1.0 0.9 0.8 0.7 0.6
40 20 14,7 9.2 6.2 4.3 3.0 2.2 2.0 1.8 1.6 1.4 1.3 1.2
30 30 39.2 25.7 16.8 11.0 T.6 5.3 3.8 2.8 2.3 2,0 1.8 1.6
20 40 - - - 19.9 13.9 9.6 T.1 5.3 4.1 3.1 - -

20.2 36.6 - - - 25,4 16.6 10.7 T.3 5.6 - - - -
40 10 12,3 8.6 6.2 4.5 3.4 2.6 2.0 1.8 1.6 1.4 1.2 1.0
30 20 42.4 32.2 22.1 15.8 11.6 8.4 5.9 4.4 3.5 3.0 2.7 2.5
20 30 - - - - 33.4 22,3 14.7 10.7 8.0 6.0 4.6 3.8
10 40 - - - - - - 175 12.4 8.6 6.1 4.4 3.7
30 10 - - - 17.9 12.4 8.9 6.6 5.0 3.9 3.0 =~ -
20 20 - - - - - 38.0 27.1 1847 13.2 10.1 8.4 7.3

10 30 - - - - - - - 25,5 16.8 12.4 9.8 =~
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Al203-Ca0-FeO- Si02 %
[9] Verein Deutscher Eisenhuttenleute: SLAG ATLAS 2nd Edition, pp.379-pp.380 (1995)

AleJ'CﬂO'FexO'Si02

® Johannsen 30
5% Al;04 (90 30\ \ o°o 15% Al,04
1300°C Mg pose 50 % 0 1300°C
] % S /X AN
SN/ VAV \VAVAYAY

50 — . e
AVAVAVAVEYANE
Av&,_\:\\v«yﬁ.ﬁ@ A
IVAVAS NN AVAVAYAY,
WVAVAVA NV

10

\ N\ N \ ) \
20 30 40 20 30 40
(@) Weight * FeQ —> L) Weight *%, Fe0 —»
Fig. 9.86 a,b. Iso-viscosity (poise = 10-! Pa.s) contours at 1300 °C for Al,03-CaO-FeO-Si0,; melts containing (a) S and (b) 15 mass %

Al,04 {228, 188]. Further Ref. [157]



Tab. 9.17. Viscosities reported for Al,O4 + CaO + Fe,O + SiO, system
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Composition, mass %

Viscosity (poise) at T °C

Estimaled

References Experimentaily
Al,O, CaO Fe,O Sio, 1250 1300 1400 1500 1600 1700 R, U
7.3 22.4 19.2 38.1 12.7
3.7 54 65.4 203 1.1
5.5 9.2 511 315 1.9 8.7, 108
4.8 9.2 56.1 314 2.2
2.7 3.7 59.0 200 1.1
Kolesov 4.5 1.4 65.0 25.1 1.6 1.1
1229] 52 2.6 56.5 28.0 1.6 1.1
5.8 2.7 61.1 29.7 1.6 0.6
4.4 1.4 59.6 26.5 1.2 0.3
3.9 1.7 58.0 27.0 22 1.1
5.6 1.6 39.6 39.6 7.0 5.5
49 6.7 41.0 35.1 3.6 24 17, 24
7.0 17.4 44.6 26.6 2.0 1.7
10.2 1.9 47.8 39.7 10 4
10.5 5.8 44.6 40.3 19 8 (1300)
104 9.9 40.2 39.8 40 17 34, 39
lzchanov 10.7 3.8 41.2 44.8 18 9
[189] 11.2 9.8 35.8 43.7 35 15 (1300)
11.3 3.8 35.6 49.5 44 28 65 , 80
11.0 9.9 304 50.9 88 45
1.1 39 313 54.8 60 40 (1300)
11.4 10.2 25.0 54.7 190 15 143 , 232
26.6 14.6 4.6 522 60 (1700)
Nurkeev 26.1 16.5 4.5 51 140 48 58,74
1230} 25.5 18.2 44 49.5 100 42
25.0 19.9 4.3 49.0 57 (1600)
24.5 21.5 4.2 48.0 42 31, 38
23.9 23.6 4.1 46.8 22 (1600)
23.3 25.5 4.0 45.6 18 19 , 24
Sheludyakov 217 15.5 12.0 50.8 400 66 , 64
1175] 18.5 13.2 25.0 433 45
33 13.1 29.9 54.3 26
33 18.4 20.3 57.4 24
3.7 29.2 16.7 48.6 24 (1400)
Kurochkin 13.2 12.6 25.2 48.5 28 24 63 , 87
1231] 12.6 17.1 19.9 50.6 41 32 (1400)
11.6 20.6 14.8 52.6 32 29 68 , 100
16.9 23.9 11.8 46.7 13 6
19.6 16.4 7.8 57.8 35 19 (1500)
22.0 21.8 6.4 489 30 20 64 , 73
4.6 4.5 54.7 342 2.8 2.0 1.2 (1400)
4.1 8.1 50.6 352 33 2.5 1.3 4.1 , 54
49 4.5 56.3 31.0 1.8 1.4 0.9
52 74 52.9 31.7 2.1 1.6 1.1
Johannsen 5.0 33 59.9 28.6 1.4 1.0 0.8
[188) 5.1 6.4 55.7 29.7 1.6 1.2 0.9
53 4.5 56.6 30 1.8 1.3 09
5.1 74 53.0 327 1.8 1.4 1.0
5.0 38 59.1 30.8 1.4 1.1 6.8 (1400)
5.6 7.0 54.0 309 - 1.3 0.9 3.4

(a) R, U, Estimated by Riboud and Urbain methods respectively
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[10] Gimmelfarb.A.A.: Izv. Akad. SSR Metally vol.2, pp.59-pp.70 (1968)

- 30

o A" ; . ‘:‘:;of‘_ ' |
AVAN NV (A DAVANR

A \;‘-.A‘ .‘&s
RO BRAWATN VoS -
ORI N VAN :
AN AN A W ANANS N ;. NS
\/ AVAERY. fV\ \\ \1\'\} N\ \ S \\\'y\'
oo AN e e SN
: Feo, %, g S Fe0, % — \,

“our. 2. [_{uar;-)a'M-MbVi V- BA3KOCTH LIIAKOB - . CHCTEMEL
Ca0-5i0,-FeO-Al,03 ‘mpu 5% Al,O3 -ans temnepa-
o ©oryp 1578 m M473°K 0 - -

- Nokasarenu Baskoctu mnakos [ rpynnel |

XHMiYeCKKHH cOCT4B uwlakos, % BstsxocTh waaka, ﬁwux/u}’. npu reMmnepiryps, °K

. Ocuoq- i

ALO, | FeO |<Cao | sio, | "O¢™® | |an | 1373 I 14237 | 1473 |A|523,| 1573 | 1623
5.4 5.8 62.6 | 26.5 | 2.36 —_ —_ -_ — { = — -~ Ts.
5.7 . 2.9 56.8 | 34.6 { 1.65 — _— — — . = — Te. .
5.5° 6.5 | 44.3 | 42.7 1.04 | — — Te. [ 1.7 |1 0.9 0.7 -1 0.5
58 | 6.5 139.8]46.9] 0.85 | — — | TB."| 4.9 | 2.4 1.9 1.3
5.1° 7.1 35.4{52.4 0.674. — — Ts. | 5.8 }.2.9 |2.4 {1.9
5.8 3.4 °130,7(60.1] 0.51 - — | . Te. |..7.6 | 5.0 | 3.5 3.3
5.0 | 12,377 | 558 [26.8) 208 — | — | — | | |72 | Th
5.2 14.2 53.6 | 27.1 | 1.98 — — — — ] - — | Ts.
5.0 1°10.7 | 48.3136.0( 1.35 —. —_ — .| " Te. | 4.3 |.2.1 1.1
5.9". ,11.6 45.7 1 36.8 1 1.24 — — | Te.. | 2.6 0.8 0.5 0.4
4.7 13.9 -1 28.153.3| 0.54 — — Te. | 6.4 | 2.7 1.9 11.6°
5.4 - 17.9 50.6 | 26.1 1.95 Tl — — o _— — | Ts. .
54 | 16.7 '} 48.3129.6 | 1.65| — — | — — Te. | 6.0 | 2.4:.
5.4 . 16.3 47.8 | 30.8 | 1.56 —_ — . — Te.. | 6.3 3.6 |20
58" -47.17. 41.4 1 35.1 1.18 —_ Ts. 0.8 0.6:] 0.5 0.3 {0.2.
5.0 - 15.3 40.8 | 38.91 1.05 —_ _ Ts. 0.7.10.6 [0.5 |.0.3
5.7 16.6° 30.9{ 46.8 | 0.66 — i Ts. 2.3 11.2 0.9 0.8
5.2 19.3 . 28.6 | 46.9 | 0.61 —. — ! T 2.1 11.14°10.9 0.9 -
5.0 | 22.8 494234243 — | — | — | — | . | Z |Te |
5.4 21.7' 141,57 31.41 1.33 — Ta. | .2.9.1°0.5°]10.4. |0.3 0.2 .
5.5 24.9 36.3133.3(.1.09} 2.0 0.6 |.0.4 0.3 )0.2.10.1..]0.05
6.0, 20:0- 37.4136.9]:1.00| 1.5 0.7 0.4 0.2'10.4 (0.4, | 0.05 .
6.1 22.7 2791 43.3| 0.64| Te. | 1.9 1.1} 0.8 | 0.6 0.5 0.4
6.0, 2Tl | 40.4 ] 26.5 ] 1.53 — | — | Ts. [ 3.4 |]1.0.]10.5 0.4
5.6 .25.17 "32.41'36.3| 0.89 — Ts. 1.4 1 0.5 /0.3 0.2 0.1
6.3 |'25.6 |27.3/40.8| 067 — | Te. | 0.9 [ 0.5 |04 |04 |03,
5.7 | 31.9 [35.7126.2| 134} — | — | Te. | 1.0 |0.5 |03 0.3
6.3 | .31.0 35.3127.4 1.29 ] —. — Te. {-0.7 {0.4-]0.3 0.3,
5.3 . 38.9 N4 244 1.28] — -— |, Ta. 0.8 105103 0.2
5.6 - 40.5 27.5126.5]4.04| .Te.:| 0.4 0.2 1-0.1 | 0.05]0.05/ 0.05
6.3 . ].35.8 -~ 127.0]30.9|0.87| 0.6 ] 0.5 0.3.1.0.2+10.2 0.1 0.05
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(ESFAS
ANTATTA e
Av&}\:\é\gﬂ'{:&yy N

SAVAVAS Y
NZANRE

A WAV
NS

AVAR X
BVAVAVA,,
BAVAV;

S N & \Q‘i,.
0 e VAW NS
l & :
. 40 30 0 o7 20 30 o
RO gy
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CﬁQ*SiOyPQO-AIzO; npH 10% A'lzoa AnA TemMiepa-
. : Typ 1573 u 1473°K - ;

Mokasatean BaakocTu wnaxos Il rpynnst -

XHMHUECKHL cocTaB WJIAKOB, % ] Ocros- BA3KOCTb W/AKA. M- Cex/MS, NP Temnepatype, °K
ALO, Feo | cao | sio, |.%™ | tam | w73 | ez | w73 | 152 | 1573 | 162
10.9 1.3 |.64.0(23.8] 2.69 — _ == = = =
10.4 3.4 | 40.9{45.6[ 0.8 [ — | —"| Te. | 2414107104
10.8 - 2.8 | 34.0(52.4{.085} — | — Te. | 6.2 | 3.5 | 2.9 | 2.5
40.6 .- 4.7 130.5|54.2] 05| —|.— | —-| Ts. | 63| 44 (3.0
402 | 9.8 [ 56.9]23.4] 2.46 | — el et L — — | TB.
©40.3 7 6.2 | 49.134.4| 1.43 | — — " — | TB. | 4.3 | 3.1 [ 2.4
-40.7 - 7.2 | 44.3 137.8| 147 Te. [.3.5 | 1.9 1.1 ] 0.8} 05 1{0.4
10.5 1| 6.5 | 43.3 [.41.7| 4.04| — —_ Ts. 1.6 | 0.9 ] 0.7 | 0.4
8.8 |. 9.5 [34.8]46.9| 0.74:] — — | Ts. 3.2 2.4 |F1.5°]1.2
40.9 .| "14.1. | 54.3 ] 20.7| 2.62 | —~| — —_— - — — | Ts..
A1.3 | 12.5 |53.2123.0] 2.31 | — - _ - — .— | Ts.
10.6 . 14.4 |- 49.5 | 25.8 | 1.94 | ~—" e — | Ts. | 6.5"
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R T . —
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0.0 ' -
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ALO, [wtk]
Fig.1-1 Meltable area of Al,0,-Ca0-SiO, slag
at 1300 and 1400°C
Basicity(1)=Ca0/SiO,
15
FeO 10wt%
T 10 S —
> ol
:-0(-’} 1400°C
S 05 I
S0
0.0 —
0 10 20 30 40

ALO, [wt%]

Fig.2—1 Meltable area of Al,0,~CaO-10wt%FeO-SiO, slag

at 1300 and 1400°C
Basicity(1)=Ca0/SiO,
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Fig.3—-1 Meltable area of Al,0;-Ca0O-20wt%FeO-SiO, slag

at 1200,1300 and 1400°C
Basicity(1)=Ca0/SiO,
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Fig.4-1 Meltable area of Al,0,-Ca0O-30wt%FeO-SiO, slag

at 1200,1300 and 1400°C
Basicity(1)=Ca0/SiO,
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20

. Melting point 1400°C

Basicity (1) [-]

0 10 20 30 40 50
Al,O, [wt%]

Fig.5-1 Relationship between concentration of FeO
and meltable area of Al,0;-CaO-FeO-SiO, slag at 1400°C

Basicity(1)=Ca0/Si0,

1.5
Melting point 1300°C

10
2
.2
S 0.5
S 0.

0.0 2

0 5 10 15 20 25 30
ALO, [wt%]

Fig.6—1 Relationship between concentration of FeO
and meltable area of Al,0,-CaO-FeO-SiO, slag at 1300°C

Basicity(1)=Ca0/Si0O,



JAERI-Review 2000-033

1.5
Melting point  1200°C
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Fig.7-1 Relationship between concentration of FeO
and meltable area of Al,0,-CaO-FeO-Si0, slag at 1200°C

Basicity(1)=Ca0/SiO,
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[ 1500°C
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Basicity (1)
Fig.8-1 Relationship between concentration of Al,O,
and viscosity of molten slag at 1500°C
Basicity(1)=Ca0/Si0,
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Fig.9-1 Relationship between concentration of Al,O,

and viscosity of molten slag at 1400°C
Basicity(1)=Ca0/SiO,
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1300°C

0.0 0.2 04 0.6 0.8 1.0
Basicity (1)

Fig.10-1 Relationship between concentration of Al,04

and viscosity of molten slag at 1300°C
Basicity(1)=Ca0/SiO,

1.2

10poise

L2Ya? H

ZUPOIST
30poise

4Upoise

- 50poise

1550°C

0 ] 10 15 20 25 30

AlLO; [wt%]

Fig.11-1 Iso-Viscosity curve at 1550°C
Basicity(1)=Ca0/SiO,
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Fig.12—1 Relationship between temperature of melting

and viscosity of molten slag (Al,0; 10wt%)
Basicity(1)=Ca0/SiO,
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Fig.13—1 Relationship between temperature of melting
and viscosity of molten slag (Al,0; 20wt%)

Basicity(1)=Ca0/SiO,
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1.0E+00
0.0 0.5 1.0 1.5 20 2.5 3.0
Basicity (1)
Fig.14-1 Relationship between concentration of FeO
and viscosity of molten slag at 1300°C (Al,O, 5wt%)
Basicity(1)=Ca0/SiO,
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Fig.15~1 Relationship between concentration of FeO
and viscosity of molten slag at 1200°C (Al,O; 5wt%)

Basicity(1)=Ca0/SiO,
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Basicity (1)

Fig.16—1 Relationship between concentration of FeO
and viscosity of molten slag at 1300°C (Al,O; 10wt%)

Basicity(1)=Ca0/SiO,
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Fig.17-1 Relationship between concentration of FeO
and viscosity of molten slag at 1200°C (Al,O; 10wt%)

Basicity(1)=Ca0/Si0,
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Fig.18—1 Relationship between concentration of FeO
and viscosity of molten slag at 1300°C (Al,0, 15wt%)
Basicity(1)=Ca0/SiO,
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Fig.19 Relationship between concentration of FeO
and viscosity of molten slag at 1200°C (Al,O, 15wt%)
Basicity(1)=Ca0/Si0,
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Fig.20—-1 Relationship between concentration of FeO
and viscosity of molten slag at 1300°C (Al,0, 20wt%)
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Fig.21-1 Relationship between concentration of FeO
and viscosity of molten slag at 1200°C (Al,0, 20wt%)

Basicity(1)=Ca0/SiO,
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Basicity (1)

Fig.22-1 Relationship between concentration of Al,O;
and viscosity of molten slag at 1300°C (FeO 10wt%)
Basicity(1)=Ca0/SiO,
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Basicity (1)

Fig.23-1 Relationship between concentration of Al,O,

and viscosity of molten slag at 1200°C (FeO 10wt%)
Basicity(1)=Ca0/Si0,
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Basicity (1)
Fig.24-1 Relationship between concentration of Al,0,
and viscosity of molten slag at 1300°C (FeO 20wt%)
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Fig.25—1 Relationship between concentration of Al,O4

and viscosity of molten slag at 1200°C (FeO 20wt%)
Basicity(1)=Ca0/Si0,
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Fig.26—1 Relationship between concentration of Al,O;

and viscosity of molten slag at 1300°C (FeO 30wt%)
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Fig.27-1 Relationship between concentration of Al,0,

and viscosity of molten slag at 1200°C (FeO 30wt%)
Basicity(1)=Ca0/SiO,
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Fig.28-1 Relationship between temperature of melting
and viscosity of molten slag (Al,0; 5wt%, FeO 10wt%)
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Fig.29-1 Relationship between temperature of melting
and viscosity of molten slag (Al,O; Swt%, FeO 20wt%)
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JAERI-Review 2000-033

1.0E+03
: Al,0, 5wtk
FeO 30wt%
8108402 | A
=3 .
X
2
[7d
3
Q10E+01 |
> - -
——1300°C
~ ——1200°C
1.0E+00
0.0 0.5 1.0 15 2.0 25 3.0

Basicity (1)

Fig.30-1 Relationship between temperature of melting
and viscosity of molten slag (Al,O; 5wt%, FeO 30wt%)
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Fig.31-1 Relationship between temperature of melting
and viscosity of molten slag (Al,0; 10wt%, FeO 10wt%)
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Fig.32-1 Relationship between temperature of melting
and viscosity of molten slag (Al,0; 10wt%, FeO 20wt%)
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Fig.33—-1 Relationship between temperature of melting
and viscosity of molten slag (Al,0; 10wt%, FeO 30wt%)
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Fig.34-1 Comparison between estimated chemical compositions of melting slag
and meltable area of Al,0;-Ca0-SiO, slag at 1300 and 1400°C
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Fig.35-1 Comparison between estimated chemical compositions of melting slag
and meltable area of Al,0,-CaO-10wt%FeO-SiO, slag at 1300 and 1400°C
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Fig.36—-1 Comparison between estimated chemical compositions of melting slag
and meltable area of Al,0,-Ca0O-20wt%FeO-SiO, slag at 1200,1300 and 1400°C
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; Fig.37-1 Comparison between estimated chemical compositions of melting slag
‘ and meltable area of Al,0,-CaO-30wt%FeO-SiO, slag at 1200,1300 and 1400°C
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Fig.38-1 Comparison between iso-viscosity curve and molten slag of
miscellaneous solid wastes at 1550°C
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Fig.39-1 Estimated viscosity of molten slag of miscellaneous solid
wastes at 1500°C
Basicity(1)=Ca0/SiO,
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Fig.40-1 Estimated viscosity of molten slag of miscellaneouse solid
wastes at 1300°C (FeO 10wt%)
Basicity(1)=Ca0/SiO,

1.0E+03 ,"‘,
E
1 ; Concrete FeO 10wt%
i ‘._,l' 1200°C
& 1.0E+02 |
° L
8 -
2
[72]
3
£ 1.0E+01 _ﬂz_o_s_ -
——5wt%
—— 10wt%
1.0E+00 S
0.0 0.5 1.0 15 2.0 25

Basicity (1)

Fig.41-1 Estimated viscosity of molten slag of miscellaneouse solid
wastes at 1200°C (FeO 10wt%)
Basicity(1)=Ca0/SiO,
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Fig42-1 Estimated viscosity of molten slag of miscellaneous solid
wastes at 1300°C (FeO 20wt%)
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Fig.43-1 Estimated viscosity of molten slag of miscellaneous solid
wastes at 1200°C (FeO 20wt%)
Basicity(1)=Ca0/Si0O,
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Fig.44-1 Estimated viscosity of molten slag of miscellaneous solid
wastes at 1300°C (FeO 30wt%)
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Fig.45-1 Estimated viscosity of molten slag of miscellaneous solid
wastes at 1200°C (FeO 30wt%)
Basicity(1)=Ca0/SiO,
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Fig.46-1 Basicity range of low viscosity at 1200°C (FeO 10wt%)
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Fig.47-1 Basicity range of low viscosity at 1200°C (FeO 20wt%)
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Fig.49-1 Comparison between meltable area at 1400°C

and low viscosity area (FeO 20wt%)
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