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Wt% Fep03

1 Sampling hole 7 Heat element Wtg Nézo i

2 Ar gas inlet 8 Slag holder Wer S10y NGZOISIOZE F 6 H I
3 Ar gas outlet 9 MgO crucible NaCo3

4 Alumina tube 10 Slag G003 +Na0-510,4mole ratio) —~ 0.1 0.2 0.3 0.4 0,5
5 Water inlet 11 Metal ( NEZ NogC0sz )— B.8)(18) 08) B7) @)
6 Water outlet 12 Thermocouple Naglls —

Fig. 2.1 Experimental apparatus. Fig. 2.2 Compositin of the flux used.

ERICHWI.7 5 v 7 RO A Fig2.2 1wRd . Ko A, B, CiciM4d 50 0ERF b )
v Lk, AED Na,CO; & SiO; #ENLTZENEN1/2, 2/3, /1 DEETRAEREL TE
B, DICERAEDA VY FOEEF M) T4 (wid Na,O/wt% Si0.=1.6) EfHWV . 158,
INSDFVESF b Y U 4D Na,0/Si0; Hid, Na;0, Si0; DA FEMENZEN 62, 60 &
{, ENHEERRIZIBIE—HBLAMENLS . Fig2l TREBITIRR L. BEICRML
1275 9 2 A, CNHDFVEF b Y 94 A~D ICHRE Fe,Op A LTHERL I . —F,

Flux E~1 3% 55 LA L 72 Na, 0.8i0; HFE Na,CO; % HHMBICEE L TR L.

2.3 EBRREREHLUER
2.3.1 Na;0-Si0;-Fe;0; 75 v I RICKDABOBRO AE
FOWERF Y 924 A~DFe, Oy 2FMLT7 5w 7 2EHWIES, 40400 AFER

h 2 5 JIIRG LICHBNECICEEL, BEGDEL -T2, THHEDR I 7id, EERKRTE

WHE A2 LA 2T 7. Z0EA Table2.1-11C/Rd. F/, RIRICERTPDD
ABE, BEAURKEDODA, BEEBEGRLL. KB, FXRX 7 7o H MgO OELER
C BDIEDBERICEE DT, EREKTHEHICEWTIE MgO fBIAMETI TEL TV 60D

Bbons.



Table 2.1 Initial content of phosphorus in liquid iron, and chemical
composition of slag and content of phosphorus and oxygen in liquid iron
after run.

I Case of Fep03 addition

Slag composition
Nas0 S$i09 T.Fe Mgo P205

oy 1y [7Ple  [%0)

Flux

A-2 1550 0.125 0.051 0.072 18.5 39.0 13.6 22.0 1.01
A-2 1600 0.123 0.056 0.082 16.0 39.2 14.2 23.6 0.83
A-2 1650 0.120 0.058 0.119 17.9 37.2 13.4 24,5 .0.72
A-3 1600 0.116 0.025 0.122 16.9 33.9 20.6 19.1 1.16
A-4 1600 0.107 0.023 0.147 13.2 29.1 28.3 16.5 1.23

B-2 1550 0.122 0.017 0.076 23.5 36.9 14.7 17.6 1.25
B-2 1600 0.105 0.023 0.098 21.3 37.1 14.8 19.6 1.14
B-2 1650 0.105 0.033 0.128 20.9 35.9 15.2 20.6 1.14

B-3 1600 0.110 0.013 0.123 18.4 32.2 21.4 16.1 1.36
B-4 1600 0.114 0.012 0.162 17.0 27.8 28.7 . 13.5 1.45
c-0 1600 0.111 0.060 0.015 36.3 40.0 0.8 15.1 0.43
c-1 1550 0.121 0.006 0.080 31.3 35.9 11.0 13.0 1.38
c-1 1600 0.105 0.012 0.060 30.7 37.0 9.2 15.7 1.38
c-1 1650 0.113 0.018 0.105 26.5 35.5 13.3 17.1 1.30
c-2 1550 0.109 0.009 0.079 27.6 31.5 15.8 12.9 1.79
C-2 1600 0.055 0.007 0.119 22.7 31.4 20.0 14.9 0.47
c-2 1600 0.116 0.010 0.081 25.1 32.3 18.0 13.8 1.77
c-2 1600 0.280 0.015 0.093 28.2 31.5 14.0 13.1 3.11
Cc-2 1650 0.107 0.013 0.118 23.8 30.8 18.2 15.8 1.49
c-3 1550 0.122 0.012 0.110 23.5 28.5 24.1 9.2 1.39
c-3 1600 0.111 0.013 0.117 21.8 27.3 24.2 12.9 1.54
c-3 1650 0.113 0.012 0.123 20.1 27.7 25.9 13.1 1.24
C-4 1600 0.109 0.018 0.143 19.8 23.4 31.4 14.5 1.18
D-1 1600 0.112 0.003 0.118  25.4 26.5 22.5 9.6 2.72
D-2 1550 0.097 0.003 0.121 25.9 20.8 30.4 4.9 2,44
b-2 1600 0.105 0.003 0.139 24.3 21.0 29.7 7.1 1.70
D-2 1650 0.117 0.007 0.140 21.7 20.9 32,2 7.6 1.79
I Case of NapCOj addition

E 1600 0.110 0.020 0.018 40.9 39.5 2.3 17.5 1.95
F 1600 0.122 0.014 0.034 38.8 38.5 6.5 18.5 2,84
G 1600 0.111 0.010 0.063 32.3 32.2 13.9 23.2 3.90
H 1600 0.113 0.008 0.087 29.7 29.9 18.0 22,3 4.80
I 1600 0.118 0.006 0.109 23.8 29.4 22.4 14.5 4.94

2.3.1.1 BODARIGIKKRIET 7 7 v 7 2D Fe,0; OFE

Na:OR7 35 » 7 AKX BB ARIGIKCKRIET 75 v 7 ZthD Fe, 05 DREEAF~NB 10
iZ, JUVERF Y T4 A~DiT 0 ~40 wt% D& T Fe.Os ZRMULIc7 7 v 7 2EHNT
i AFEEETT->7c. TDHH Flux COY ) —xX (C-0, C-1, C-2, C-3, C-4) DA/
DT 1600°C I B By A DETRILE Fig.2.3 1ITRT . BB, FhFNOBRRE
EoOEISBEHM TR L. Na:0.Si0: 1T Fe,0; % 10~40wt% HMLIc7 T v 2 ADEE
BOUFNERODABLSETLTEY, ELIC 20wt% BRMOBARD ARERAREL, &
ROABESEL L ->T0S . 1, BREEE Fe.0;, IRMEDEZ VB AERZ EEWVETHS
LTHY, FeO, BICEN L THRVBIEAPEC > TR EPHLLTHS . 4B, K
EBICBI A0 ARG, (20D RICEVETFLTWEHDEEZL LNBE O,

3(Na,0) +2P+5(Fe0) =(3Nay; O. P, O5) +5 Fel(l) rrreerereereermmmamnnnnnen. (2.1)



B0 ARISICRIZT 7 7 v 7 AHD Fe,Os INMMBOFE L LT, EBREKRLICBITZ0A
BAH Le (=(% P)/(% P)) £ %5 7 thd4sk (total Fe) M (% T.Fe) L% Fig.
24 1Y . [FARFICIIER 7 S OEBRITROEREE (% Na,0)/(% Si0:)) OfEs&RLIE.
SR, RRPICETETFLTED, Na,O OFMURKHE Flux A, B, C, D itonTzh
%n7~m%,8~w%{m~m%,m~M%f%oﬁ‘ﬁ£,cn%@ﬁm,£%Mﬁ&%
230} SiO; OD%Eﬂyfiib.Sk&b‘f:.Z 3 7"\5@5‘ Table 2.1 ® (%Na,0) %\ TER Na,O
BARD, HEMO Na,O BICH L TRULAR A A5 B L bDTHS |

: L !
0 06 12 18 2.4
Time (10%s) )

Fig. 2.3 Changes of phosphorus and oxygen
content during runs in case of Fep03 addition.

Ly O, BEBRAICBVOEREORZ VIGAICE L > TWVW525 (% T.Fe) x4
BEMIIER 7 S THETHELTEYD, BEEEOEAR/NSVBILET, BEEEDOBAR
REVRILETE L BB o0 EHMICHS . Thid (BT.Fe) itk LT Ly O&KIEA
FETSHEEZRLTED, Flux COBAPEKICEATVS. 375bE, C Tl Fe.0s I
ME20% DFHET (%T.Fe) B18B LD, Ly BRTTEHEGEL, ROEH, LZEZTELE
MOSIEDK L ORKBEIECORHEICHS LBHITHS. K, CaOFR T Jick
BHOARKISICEBVT S DL I RRREPELET 5 EBRESN TS ZOHBRK
fEDRE ((%Ca0)/(%8i0.) =25 (%FeO)=28)*" i3, AERERF VEBAENRIL L
HEZELBITERVY, AR (Flux COEE) &b (BT.Fe) OE{EMICH S &IidTH
PTHY, Na,O RR 7 7 DHBEDTHH CaO HR 7 FIcH LIFOBLI TREE L B%
BBCEMTEBEHWENS . KL, COXINBAEOELZEHRICOVTREE
FRTH5C EHEL BN, Fig2d bW UBABERTMELDAHTER 5 7 ORILH



BARBLTWS D) Le EIZMEF L, #cERITER T 7OBILHRFATH S0, (%T.
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BRICAFER T, Flux C DA C-155 C—4 £ T Fe, 0, IRMB AT L EBRKTHO (%
TFe) i$9% »531% £ THEML, (% Na,0) 331% »520% F TR LTV . 158,
UED &S 15EEE, B ARE Fe,0, IRINE & DBIRIC OV TRE LT b RIZFERORKE
A CEBTES .

400
1600
RG0/50,
FLUX ritial finar
S Alos 0405
o B 07 (0506
3001 "o T | 16 [0-08
© D116 [10-13
o
_
200
100~
0 e
10 (9, 1Fe) 20 30

Fig. 2.4 Relation between Lp and (%ZT.Fe).

2.3.1.2 BOARIBICKIET 75 v 7 RIEREOEE

Fe, O, IRIIE% 20wt% —FE LT, 75 v 7 RDHAE (Na,0/Si0,) 2EZ1BAD
Bt ARER% Fig25 1Rd . EEEMN1LTO Flux A-2, B-2 OEATHED AKIGHHE
O, HWHEDHMICE B> THOAREIAEL Y, REDABEHECE>TNS .
Fig.26 3EBRKRTRICE I 2EAE L L SOBMRERLELOOTHY, Z OB SHEE
D HBREDOHBARITHERTELTVS . Ly OEEEICHTAKERIIAEXL, Ok
D IARIER Y — SIRICK BIEHBD ADKER DT LEKTH B . ¥ — FIKIC K B IS
ADBETHEEEHST BIFT Le 130 7204 B0 AKIGAE U ¢ S1ehs 505, Ak
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Fig. 2.6 Relation between Lp and slag
basicity.

Fig. 2.5 Effect of flux basicity on de-
phosphorization.
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Fig. 2.8 Effect of temperature on the
degree of dephosphorization.

Fig. 2.7 Effect of temperature on dephos-—
phorization.
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Fig. 2.9 Effect of initial phosphorus con-
tent in liquid iron omn dephosphorization.
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Fig. 2.10 Change of phosphorus content in Fig. 2.11 Effect of NaC03 addition on the
liquid iron in case of NagCO03 addition. degree of dephosphorization.
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Fig. 2.12 Relation between the Na2C03
content in the flux and the carbon
content in the liquid iron.
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Fig. 2.13 Relation between the content of

Na2C03 or Fe203 added to Na20.5i02 and the
oxygen content in the liquid iron.
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DRRfbIcfEbhbDEEZ, (23) ROKIGLDEKENS FeO DBEAZRH L. 2D
B (%FeO) cale. EEBRERTHOME (%FeQ) exp. DA Table 2.2 IT/RT .

Table 2.2 Comparison of the FeO content
between calculation and experiment.

Flux (%FeO)ear. (%FeO)oxy.
L 2.9 2.9
F 7.8 8.3
G 12.4 17.8
H 18.3 23.1
1 26.8 28.8

BBHBICKELT, (26 RO 0DMHE, B (22 RoBb ARGOERERS N C
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A7 TDEBEZHCTEE LK. Table 2.2 IK/R LR T, Flux G, H DESHEEIRE
BIEL D SANE (- TOBD, SBMICRTHERIZIE—HLTHD, HEMLE Na,CO,
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COPHEENTHBE DN, V=5RT 597 RHBVERT VKB AMBEICEY
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AR T, AIEICRLICY =5 R7 7 9 7 RICKBEBORD ARERAS LT, ZDOHE
SRR 41T - 72 . T75bB, BALFIE LT Fe,Op 2RI L7 Na,O—Si0,~Fe;0s B7 5 o
7 2RO EICOOTHRD ABEERD, B AEEICKIZT 7 5 v 7 XhD Fe, 0, B
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R O RS E K (cm/s) T 5. AEBTI Wa SEEIIEICE TR 250g &DET
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PIOFEHEE (159%) ORI ARIGICHIGELTED, COMOKIEIT 5 v 7 2 E-INE
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Fig. 3.2 Relation between Llog([%P1n/ [%P1n +1)

Fig. 3.1 Composition of the flux used. and App/ 2.303Wm,n I(tp41- tn)-

Fig3.2 it B0 2 BEMOMEE IGHEER kEXKLTHBD, TNoDfE% Table 3.2 iC
AlLf. TTTFlux C-2%Hv, ilb ABEAEEIEBEAICBONT kB (Table
3L ¥, ¥ED &, W0 ABECKEETRE-HRLIEES->TVWEEND, KER
BT B0 ABEN 1 RPUSE LTEETZ A EAENT TV A.

Fig.3.3icid, kfEIEXN 4575 v 7 2D Fe, Oy DEEE A Na,0/SiO, DRSS Flux
A~DiC >V TR LT, kiR, 77 v 7 AP DKM Fe. O BITX L THRAEZ/RL, O



BAMEDME I3 Na,0/Si0; /NS WIZEE Fe, O; BEMICTN AERBED ONE. F
TR (RARD EE) ¥, CORDBKEVEEREZL. 4B, ANFIKIZCOBIKELN
FEBETHODANEL L, (=(%P)/(%P) bBRTRLI. k& L 33 EAE—H
L7cEZRLTEBYD, RIBEEICS L THREPEELSRTEL>TVEIENEI LN S.

Table 3.1 Value of reaction rate constant. 2.5

- o T=1600C
Temp. k Temp. lux k
Flux (og)  (102ew/s)] FY* (o¢) (102 cu/s) R20r Wos T dwo
1550 0.123 1550  0.697 g o -
A-2 1600  0.132 1600  0.938 % L1 B .o o
1650  0.165 Cc-2 1600  0.882 < — {200
A-3 1600 0.542 1600 0.942 %% ‘ iy
A-4 1600 0.560 1650  0.965 10r K
1550  0.438 1550 0.445 oo
B-2 1600  0.477 ¢c-3 1600  0.700 osk LBl
1650 ° 0.527 1650 0.723 S . - i ——
B~3 1600 _ 0.838 | c-4 1600 _ 0.320 _ T , e
B-4 1600 0.715 D-1___ 1600 __ 2.40 0 0 20 30 0
€0 1600 __ 0.053 D-2 1600 2.31 Fez05(%)
1550  0.707
C-1 1600 0.712 Fig. 3.3 Effect of Fej03 content in flux
1650 0.847 on the reaction rate constant and distri-
* [ZP}inir1a1=0.055, ** =0.280 bution ratio of phosphorus.
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Fig. 3.4 Relation between logk and logLp.
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OBFAE 1 RERLIZSDTHD, (3.3) RTEHEEINS.

logk=0.57 log Le—3.09 (Lip>>10, 1600°C) --+wrrreeererrreeermmunrneremiieeenie. (3.3)
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Fig. 3.5 Relation between logk and 1/T.
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Elmol/em®) 2K L, RFEIBRAAERT. 84 RAFEB/ N — €V FERICEXMZI B L
B5) K&#B. UB(EP)=(BP)/1s LBV

R D"{E/PJ%%PH 400 Def py (EDI ] 3.5

ROV (% P)~0 EAKT T EMNTEXEDT (35 Hid B35 K&u3.

_ APl Aow  De gipy s N :

ORI, §itEo 1 KEIGOEER (3.1 ) tROBKRRERABEDO LTRIUTHD,
INSEMIT 5 EROBEFBESNS.

LIcdi->T, OPFREEBROBEEEIFUNEEER k& De/on 3—KT 5 LD, UL
coT &iF, (33 ROBFZLL kA Ly ITKEL, Ly BBRADK 4% (4D ) IKRT
& 51 (% Na,0) & (% T.Fe) DB ELTEESNB T EDD De/Su bSR3 FHBICIKIE
TEHIEILED, REAETHAH. £/ T, De=2.3x10"°cm/s*Y ZAW, S, HELTH
BRI T O P B OBRLRRIC B 1 B il 820,01 cm®® £BEIC LT 1600°C iK1
% De/0n DIEA RS &, 2X107° cn/s BEDOEE LS. LA LAKEI BT S REE Flux
D DE&G 2x107% em/s THD, #FTLb—HLEBV. LLOERDS, ONEEBREEZ
5 EEY T,

—F, @FREBREELTHE, BB 7 VRELOLR T ShABET 5D AOLHKE
Jipy (mol/em®-s) 13 (3.7 XTHREN 5.

Jer=(Dey/85) + (Cepri— Crpy) *-rerevrmrrerssmssmnnsnmeniiiiiiiiie e, (3.7

T T Dw BR 77D ADIEERE (em?/s), & 132 5 VUIEEE S (em), Co 325 4
F DD ARE (mol/cm®) 2K T . (8.7 REEE -tV M RRIKEBXH]MZ 2L 3.8 K&
5.

LT W 3R7 7ER(g), a 3R 7 VEE(g/em® )2 KT . DADOYWEINE Ws-d(% P)=
~Wn-d(% PJ@ES%%W\’U*%%EPDM% ZihTcRTE (8.9 RKEWB. 4B (HP)=



Le-(% P) LW

_d%P) Ao D<p>
dt Wy

{LP[/P] (/P)¥ ...................................................... (3.9)

EBROHICBT (% P)~0 &£A33 L, B9 X3 B9 KEks.

AUBP) A0S D) 1 LOIDY oo ,
—Td T wW. s, Le (%P (3.9)

OO GFHED 1 KEUSOEER (B.D R) LELEALY, chomA Atk sc &
KX O RDOBEBRBEBOLNS.
b= (,Os/,Om)°(D(p)/33) B T PP ET TP PRI (3.10)

3.100 KbrSH Sk DT, T @i%é&cci&m%fﬁﬁﬁ B Le ICKFST BT LT3,
Tt k& Le LORMICHBMSREBINAERERE K LTS, 2L, (310 K
LHIFEBD (3.3) K& Le i 555 (JBHD H—HLTHRwh, Zhid B.3) Ko Le
WEEBORKEMODETH LDt L, (3.10) XD Lp 30 AMETLTO 2O MET
B, ERICKET 525 7 OMBRE(IC L D FED Le HAREEC LnBbhs, 1
BAERTE, RO AETHICET 5 L ZIIKOVTRAETS 505, SRICHD Ao
Ly 20flicB i 5 Le 1 & RKEBEICK T 5 L, & OTRMEICEE L TGI0RM, S D/
3 ARDTHB &L, 1600C O Flux C-2 DA Dir/8:=0.50x107* cm/s &5 7. 72U
EBOHO Le i3, 75 v 7 2hD Fe, O = (T.Fe) & LTHED (4.1 KpSHEHHEL, os
BAZRDR 5 F DO TRIEM/A IV, 1400C ICHB T 3 WERF LY 9 459 & 1525°C
BT BB DbDELAES L TRDIEERA V. ZOER, CaO %35 Jicky
BINE S DR (% Ca0)/ (% Si0:)=1.14, (% T.Fe)=18, 1595°C ic B 2 MEBENFRED
15x107  em/s &0 b/h X0, FL L CaO %R F JicBl 3%E#H L DR ((% Ca0)/
(% Si0,) =122, (% Fe0)=20, 1610°C i B AfE) 0.27x107* cm/s LD bHFhICKE <,
TMEEEELIONS .

T, BTERBRE Y —FHR75 v 7 2ICLBEM (02=(% C1=0.9) OO AFKRT
i, REBRER—D Flux C-2 2AVHIBADIRY AEERIERICRE L, BEPICREHS
02wt% GHELIEAD RERINPEBEAEFHE L TOIBOLARER B LTS8 ERE
BLiE->TE. Thid, BHPICREVFEET S LB A EFERICRRIECD, TOBR
S-S5 CO N AMBBEEH— X 7 FRETERINY, ZOREBLVERICL-TR S



TRDIPHESNDIHEELONS. DEOE»S, O0BBSEERRELL-TVEbD L
s hn 5.

—75, Fe:Os Z& 730 Flux C—0DEARLTOBEEERBERYD, RO AICKELREE
ORGRESEE LD 5. COBAOMmEE, VOESIHER & FXEHRROBOELRDREA
KEDL bDLSCE L, B ABOBRRREOE/L (Fig.2.3) »o#EERLT6 SLIKOL
DARBREICLSZ6DEEbNG. Lichi->TIOHAE, FHEK (Ar) 4 2hoRHimEk
RPBR 7 THEZBLTES— 2 7 FREICHBRS W AEEICREL TR ARESREShS
CEI B, ECT, AERICEY SMEOBBELEANE L, EREEOUBERSI. 1
USRI LT, ERERIICBD S 25 /i Fe,O 75 1LOWt% BEL TV EDD
BRI FIEM L CTEBT SE L, Na,O 25 7V OBEEDEBE P(O, mol/cm-s) HAR
iz, CaO %R 7 720 TDP* ((% CaO)/(% Si0:)=1,(% T.Fe)=0.8, 1600°C Dk
P=3x10""xPo,'"*, (Po, : BBFENHE(atm))) ZH B Licliz. 6 ALBROBHKOBE
N, 73“1?%%%@’2@Lf:'f‘/l/:f‘/ﬁx (Po,=107"*(atm)) ICHBHREERICIREA T 32
JEZEEL, Tk Po,=10*~10"(atm) EHEL /2. COX I REHTRDILPERAWT
M%@é@ﬁﬁ%ﬁ%btﬁ%,Q&manTQImemdﬁ%Bnt.%ﬁ;ngSK
AU Flux C—0 DEED AR S, P+5/4 0;—(PO,.s) DRIEAEEL THB SN 58
FREEZKRDB L, 15x107(0; mol/cm-s) & 75~ 7z, MFERAZLET 5 &, FERMDHH 3~
S5IEARE WA, Ca0.8i0;, DR (1544°C)” £ D, Na,0.8i0, DA (1088°C)*> DA HE L
TENS, KROR 7 FOHPHENMES BEOZAERRKSVC EHTFESN, ZossE
B 5L LREDRRICIEYNESHZ2bDEEDLNE. Lich->T, ZEROBIFAEES T
W Flux C—0D5E&R, X7 7%l L TREOHKEENE D AME2E5E L T 5k
PEASTRU.

3.5 ARRASTICEDABOHOARELDLE

RIRFRR 5 7IC & BHE#D 5 OISO AR OV TREERD BV O BES KT
BTV HEELD § Ca0-S8i0;~FeO TR 5 VI X BBHBDOBO ARELREL, i
BREZMA .. KETR, TOEHSOBILEREG &I, RICRDLY —FFRT Ty I 2
WX DEGDOID AEE & LB L 7.

Ca0-8i0;~FeO % 2 7 7L K B BH DD AREIZ, LEFE2HEEARE»D L1 KRR
JICHES & LT &, Table 3.2 IR KIGEEEH klcm/s)BoNTVS . 1k,
[ERHICII R TRICB T 2 D AN Le(=(% P)/(%P) b TR



FiTkKD I Na, O %7 5w 7 A X B0 ADRIEEESIZ, £=0.12~2.5%10"%(cm/s)
THV, TOfEiZ, Tabler 32 KKARLK CaO %X F /DIl k=0.09~1.2x1072{cm/s) & H#L
UCHERRRICIIRE V. 1280, ChoDBERIEEBD7 59 7 2550 I>X 5 FHRIC D0
TROONILMBETHY, LDBHERAEZITI LHICREBEOEEEE0LTLENHS . 2T
T, UTNOASELE S Lictiat L.

Table 3.2 Values of reaction rate constant and phosphorus distribution
ratio for CaO-based slags (ref. 52).

slag comp.[wt%] Temp. k L slag comp.[wtZ] Temp. k L
Ca0_Si02 Fe0  [%C] [10~2cm/s] P Ca0 Si02 Fe0  [°C] [10~Zem/s] “P
: 1570 0.456 33 1570 0.091 4.0
A 20 0 80 1610 0.557 49 F 10 30 60 1610 0.098 3.8
1650 0,650 29 1650 0.110 2.8
1570 0.836 183 1570 0.299 27
B 30 0 70 i610 0.909 177 1610 0.365 22
1650 1.11 71 G 33 27 40 1610 0.318 23 *
: 1570 0.800 222 1610° 0.329 22 k%
C 40 0 60 1610 1.02 113 1650 0.386 17
1650 1.19 151 H 20 40 40 1610 0.115 3.9
1570 0.553 117 I 44 36 - 20 1610 0.154 13
D 30 10 60 1610 0.590 62 1570 0.061 1.6
1650 0.667 44 J 30 50 20 1610 0.079 1.5
. 1570 0.343 25 1650  0.097 1.1
E 22 18 60 1610 0.382 20
1650 " 0.425 17

" Slag signs A—T ; refer to Fig.6.1:
*,%% Initial phosphorus content in liquid Iron;*0.22%, *%0,12% (others 0.45%).

Na,O-8i0; ~Fe:0; %7 7 v 7 A X B0 ABE, EBRKTHICED20ANEL L
EROTRAD L HICRES L EBIIRLTC.
logk=0.57 log Le—3.09 (Lip>>10, 1600°C) ++++svevrrersonsrurserersemnumiimnnnieenns (33)

—7, CaO %R 7 720 TR LD &9 RBFRASE LN T/, Table 3.2 1CRL
tAER ARV TR ZRA T . Fig.3.6 i3, Ca0—Si0,~FeO %2 5 7/ DR IHHEE E
EDANTRLOBEGZRERT . AIRLVEOAELIIE, TOFRDRF KD TH Na,O %
75w ADEE LR, logkidlog Le ® 1R E L TRIT T ENTES. Figds it
7% log k @ log Le ITX 3 24FHEIE, 1570, 1610 8 L U 1650°C TZ 11211 0.536, 0.587
LT0576 LT LE—B LI 7S, CNLEMEFHELTO0.57 (Fig.d3.6 TOEMKDME
X) LRl oFIKC, log k DEREIRERAERYD, ®kAEEB.

log k=057 log Lp—10000/ T Q.57 recrvrorrraessaaernaasntaencteeitaeiiaetiietaatenene (3.1D
Fig36 IR LcERIF, G1D REMAOTKDbDTHY, REEICETSRBRLE X
CHIBL TS

ZZT, NaaO%7 592720 (33 XEHKT ST, 1600C 1Kt 5 (31D XD
B AERkH S &, (31D K& B.



Ca0 - S102 - FeO slag
0 1570°C
T @ 1610°C
© 1650°C:

"
-

log k (cnss)

-3

log Lp

Fig. 3.6 Relation between logk and logLp
for CaO-based slag.

log k=057 log Ly —3.25 (1600 C) +revrererernrmnrrreriiiiacrinii i, (8.11) °
ZD Ca0%RF /D (811 * K& Nap,O R 7797 20D (33) REEHKT B, log Le
T B REH®IE &SI 057 LKL TED, 85150 ANEILICKT 5 HEEKOEAL
BW2RZ7 (779 272) RTHRLEEEZLNS. LpL, GROEKIER, Na:O %7 7 v
7 ZDBHE DTN 016 K&, [Fl—D Lp [HICH LTS Na.O %7 7 v 7 ROFEEEHNK
FVCEBHDLTHS. 2T, MODAIRE-TESNSDANEILE L=100 LB TH#
BEEHEEKTSE, NauO %7557 XD kil Ca0 B2 5 7 DEL 15 EREVE
LB Do, S, KIGEEEHME LN Y ADERDOA TRESNS DTIELL,
BERAZ7HB0E7 5 v 2AEBOWE BIZIE, X7 7HERD ADWEBEHRE Dk /d;
BE) IWREL TR ENLDPFEEL S - 1.

3.6 #& E

R 1550°C~1650°C it B 1} 5 Na;0—Si0;~Fe; 05 27 5 v 7 XIC K BIEFDIE O AR
OV CEE RN 21TV, COfRE Ca0-Si0,-FeO %2 7 V' IC LB IE#OBD A%

BEHERET L. BoNERAETZ LDEERDE LS.

(Na; 0~-Si0: ~Fe; 0s £7 7 v 7 RIC X BIESORD AME I, B0 ARG 1 IRKIGT
ETTH500E L THIMEET 5 EHSTE. ROLUSEEERIE, k=0.12~24%1072
(cm/s) Th -7z, £, TOREKGEHIORDIELIOFEEIL X VE -, 13~34
(kcal/mol) TH - 7z

QI Y ARCO SIS EE R, Bohicb ANERE (L= (% P)/(% P)) LHHEAMMNE
WiZEN, ThERROLIICRTCENTER.

log £=0.57 log Ly —3.09 (L>10, 1600°C)



B0 ARIGOREBIEE, Bk— X7 VREDOR 5 7DD ADTEURIETH 5 &4
Branrc.

AIKFBR T TIC X BIEHDID ARE & BT 57281, Ca0-Si0,-FeO %2 5 /it k
B0 ADRIGHEEERE D ADBLOBEFRERAD L S ik i

log k=0.57 log Ls—10900/T+2.57
G LD ZKEHVT Na,O R 77 v 7 2& CaO B R 5 VS ORIGEEER E O AN

OBARE MRS UTAER, RED L EREHROR 57 (75 v 7 2) T—HT BT &,
D Le fHIZK L TIE, Na,O R7 597 XD REOHEBKEXVT ENPESMEL T2,



BAIE V—SRASTEBHEDOADHRES

4.1 # ;
277 —BHED D ADHETEER, B AN > TESNBIMhD ABEAHET S

ET, R 7 7 A5 VRPEHEREE TRFEL T E D bYW 3 ETEETHD,

WERD SRR R T TIC LB ATFEIC OO THE K ORGSR TE /7D,

—~F, V=FRR T TICL BB AFHEICOOTIHIZE A EBERD L, LIRS HY —
FIKIC K BEFEROERD S, ROUOBO ATFHEEAEARDTORICEE L. Lirl, #
S ORERIBEFINRTHD, E8hd 5 VIFEMENRE L AHE L JIBES L UROKE
BF VY ry VORTHENKE L, A—DOEETHMTIIEETERL.

ABEILBOTE, F2HCBOTHEONLERERE S LT, ERBEADOLVY -5FFRX
77— HHEO0 ADHEEEHICONVTRIF L. 5B, ARDZX 5 /TR, Na,0/Si0;
B1EDOF/VEERERKTRHRIIBWNTS Na,0 ORMRESOTHIEL > TED, X
77 =2 NVREBSLT U STRIEERENE SN TR L. UL, Na,O OFBER/DEE
NS0T & F L RBORKERET, BHEhO0ABERIZEAS—EEERLTY
5L EEDD, B ATFHEOBRI» CEREERAZEIBTEX5 LYW L. $HbLARETA,
Bonlp ANELL, BIUBD ARIGORbGOPEER CEMHEER) It oW TEE AT
O, GIKRR T /OB E BRI L. £z, V=5 %257 (Nas0~MgO-Fe0-SiO,
27 7Y —IBHROD ADREICKIET CaO, MnO, XU ALO; DFEIC DWW TERWKR
HEfT- 1.

D

4.2 Na,0—MgO—-Fe O-Si0, XS L AHMBMDODADHE
4.2.1 DASEE

CaO 2R 7 7 EBEHEOD ADKEHIT DN T, Healy*¥ 132 5 /DA £ VEDIIEM S
BET 21TV, - BARIIC D ADREDS (%Ca0), (%T.Fe), BLUBEORMEELTETC
EBTEBZEEZRELTVS . KEITI, CD CaO %R 7 7B 5 Healy DIRBE
LT, Na,O %277 —E#EOD ADSEIICOWTHIT 21T~ 1. 158, Biricluik
F—%id, %2%E Table 21 iW/RL 7.

Fig4.1 13, (log{(%P)/(%P)}-25log(%T.Fe)l DIli&EEBRKTHICBIT B R 5 7tho
Na. O REDOBFETRT . T OMHEDOBICEMRBEARIKD L> T3 EAML, 1600°C D
Rico>0T (4. KAERDI. 158, NboBEKECOBMBERT .



| ©1550°C Eq.(4.)
0 1600°C
@1650°C
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Healy 1600°C
(for Ca0-based slag)
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I

Tog{(%P)/[%P]}-2.510g(%T.Fe)
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Fig. 4.1 Relation between phosphorus distri-
bution ratio and (%ZNa20) or (%Ca0).

log{(%P)/(%P)}—2.51log(%T.Fe)=0.092(%Na,0) —3.54 (1600°C)-++++-+e--- 4.0
Figd.l iKBWT, BERFEIPEBICENTOHRON, F—7HDOL 0 1600°C DR, B&
OB S EDD730 1650°C DERE S Lic, (4.1 ROBREKEREZEH T 5 & 12550/
T-10.23 ((4.0) RIKBUY 2 EHMHEICHY) Li-7. CORBKEFHIKONVT CaO %2 7
TDHDEWET S L&, Healy OFER 22350/T & HE L T/ME WA, Suito and Inoue'®
DOFER 11570/T LIBIEF—H LD L ->TV 5.

—4, 05D ARELE CaO TR 7 7DbD &HEEd B 1dic, Figd.l T 1600°C
iK1 5 Healy DBARER LIz, 156, COBAOHEENIL (%$Ca0) IKIHGELTWS . K&
DHGHELSIC, MFRDR T 7ICBVT (%BT.Fe) BR—Thid, AR Na,O
FRR T TOEBELIE->TED, KED 759 7 2id Ca0 RO DL DD AR TH 5
LHIWShD . £/, ERWARFETSE, DADELD Na, O BEKFHER CaO Db
DEFERBETH B0, 0ANEILOMHEIE, (%BT.Fe) 235/ TlE—&LIEE, Na,O %
27 TDHM Ca0 ZDHD LY log Ly IET07~10kKX<, HLWV (%Na,0), (%Ca0)
DIEICX LT Na,O %2 7 700 ARELIIE CaO R2 7 7 DIFA LD 5~10ES W EMHE S
N3z &iciss.

4.2.2 BOAREORMIOFEEEE

CNETY —FRRT 7DV TORD AR EAERES L0, LRSS EY —
FIKIC K BIEBRBEOERD, S B0 Ol AEEEEARDTHS . LrL, TTTHESIE
CaO %X 7 7't 5 Winkler and Chipman®®’ & X 5% &8Eic L#EHD (Na,O) %HL
Dif->TVBD, RERTIE Na,0/Si0, = 1| DFEME  FERLEEHIITELL . ZZTH

EROBEICHI - T, WO RO Balajiva 5% ® CaO %X 7 7DV TOMRD



AEBDEZ FHABEZILLE . $1bb, BOAEHERE (4.2 KEL, ZOELFOLE
EM ke & (4.3) RTES. o - ‘ .

2£+5(FGO)=(P205)+5 Tl (L) evereenmmmesereeemmennannniiii et N CE))
kp=(%PZOS)/{[%PJZ‘(%FOO)S} ............................................................ (4'3)

CCTRERTNTER N~ 2V Ths . $72, FeO BEERR T /thd2#d 5KM 1z FeO
RELLTHOERS T LBAEETHD, RIETIH (%FelO) 2V 7. Table 2.1-1, 11 TR
L7ckER» S (4.3) XEBHL TRD log ke & Na, O BEOXE EOBFEAERT & Fig.
420 k5153 . 58, ERICILEDLHIC Ca0 T2 7 /It 3 5 Balajiva 5027,

Suito S DERGRLA. MED Na;O R X 5 7 DEA S CaO %2 5 /DS LM log
ke & log(%Na,0) ORICEBEREFRBKD L >TNBE ERBITTENTES . NPITRLILE
i3 1600C IKBI BFHERTHD, thzx 4.4 RioRT.

log kp=8.67 log(%NazO)—14.55(1600°C) ................................................... (4.4)
0 .
o 1550°C
e 1600C
-1~ 0'1650C
For CaO Slag
- 2}~ -~ Suito et al.
----Balajiva et al.

.
V)
— 4 (4
® * .
ye £
o, oG- <
- - o
[ & 1 1\6 i L
1.0 11 12 13 14 15 16 17

log(°% Na,0) , log(®%CaO)

Fig. 4.2 Relation between log kp and log(/Nazo)
or log(%Cao0).

3B, REBRTIE (%BNa,0) ¥ 15~40wtHh EFHRVEFHTH 5700, log kp & (%Na.0)
EOBIGE G BREREOR 5> 3 THREEMSE OIS . TOMER 45 ATRTT Ly
TE5.
log kp=0.176 (% Na,0) —6.90 (1600°C ) «+++wvwrrsrrrrrreremessssmmmnmniniiiiiiiiaiiiienns (4.5)

—h, FEEREE CaO %R 77 DbD EHET S &, ke O Na,O BEKEFENIT CaO BE
iextd 5 b0 EFEIRETH B, log ke DMEI Na,O B2 5 VOHIIKMET 1.56~25 K&
BB->TW5B. ¥, (BFeO) 2—E L LT, [d—D ke BX1EZ7:0D Na,O, CaO BE
5L, Na,O BEIE CaO BED 1/2~2/3ETIVC EITB . 158, 0L
BIEDWTHIS' I, 7 — FIRKESEOBHME LTy -5 HR 25 71 P,0s ODRILAEED CaO
RAZTD2EULDH B EABEFTEY, AERIFESORMBEFT-HL TS .



43 Na,0—MgO0—Fe.0—Si0, RXS T LBHKMD D ADHEICKIET
Ca0, MnO XU AlLO, D%
4.3.1 EERAZE

AFRICHCEREBLS KCERTFIAR, F2ED Na,0-Si0, Z75 v 7 ik 55
DADHELRRTH S . §1ibb, TV VEHATER~ /%7 321F (—WII 73
+ % 2IF) T OWER Fe—0.1 wt%P A48 250g ICAK T 5 v 7 X 40g ZiRML, B A%
To7tc. 7020, EREEE 1600C &L, B#HBLUR 5 VRO RAUIERREREESICO
HiTolc. BBHRO ADTHDEFRMIE, H2HOMEBLUVEESDIT- 7 Ca0-Si0, -
FeO %2 7 7K B0 AFER 25EIC LT, 30~50453 & L.

Wb D ABLUBBEONITHIEE, E2EICBI2HEERETHD, @b~y iz~
YHYBRA) U LAREERICEDON L. T, 25 VRERKRT 7 R RS TEB A AL
THtrLic.

FRICAHWRT 5 v 7 213, $2EICEOTRIFEBD ASHFT L% Na,0-SiO, —Fe, O,
%7797 R (Fig22Hhd A4,B3,C2 C3, DD EFEMESD CaO, MnO, (25 /T
MnO) , B&LU ALO; SUTDOXHIKAEK LK. CaO OFMIF, ENE (Na,0+Ca0)/
Si0, ML D 515 VEHT NayO-Si0, (F0BF ) 9 2) % CaO-Si0, (FOEALY Y
LT Ty 7 AP TREED CaO & Si0, 2BEALbD) KX DBHT LT LI ->TiT-
o, TOEBMOENGR, TOBAINVY Y LORENENVHTO0.2 04, 06L785L5IICLT.
%72, MnO OEBL2HANLERTHE, LD Na,0-Si0;~Fe;0; 77 v 7 % 30g 1T 5,
10, 15wt% @ MnO, ZiRML7c7 7 v 7 2 (75 v 7 ZREiF 31.5~34.5¢g) ZHW 7. [k
IZ, ALO; DEBATNBERTH, Na;0-Si0,~Fe,05 BT 5 v 7 2 0g 12 3, 7Twi% 0
ALO, ZTMMLIc7 7 v 7 2 (309g, 321g) RV, 18, ALO, DEELT 25—
DEERTHE, BRI /2 V73 230RLVIEMEOT VI F 30 %EHL, ALO, 8
MOEHE L. COBE, 75 v 7 2D ALO, BN ITHIEh -7,

4.3.2 EERHER

R 1600C IcB T, CaO, MnO,, BX T ALO; &% Na,0—-Si0;~Fe,0; 27 5 » 7
AL EBHD AZITY, Bontcz 3 7BRU 2 4 VllEAZ N ZF R Table 4.1-(1), (2) B&
U (8) ITiRg . 743, Table 4.1—(2) Hicid, » s o< H VBB &RLUK. £/, Table
4.1~-(3) POEH (Nos.351~357) E, Tw3F 3235V EAOEELRT.
Na;O R2 7 7/ EBEHBDO D ADHEICKIFT CaO DFEL LT, (Na,0+Ca0)/Si0; t



Table 4.1 Compositions of final slag and metal. (wt%)

(1) Na,0-MgO-Fe,0-Si0,-CaO slag

No. [%P] [%0] Na,O MgO Fe,O SiO, P,O, CaO
101 0.023 0.142 1.7 18.4 30.9 30.5 1.28 2.9
102 0.037 0.127 8.2 23.7 23.2 34.0 1.14 6.2
103 0.036 0.134 5.6 20.0 30,1 30.7 0.98 9.0
104 0.017 0.124 15.2 17.5 27.1 32.1 1.50 4.2
105 0.019 0.128 11.2 17.8 26.2 31.8 1.33 7.9
106 0.020 0.131 7.3 18.9 23.7 32.0 1.17 11.7
107 0.005 0.093 24.9 13.3 19.7 31.2 1.80 3.3
108 0.007 0.092 22.5 13.9 17.9 32.0 1.74 6.2
109 0.010 0.090 17.2 14.9 17.1 33.3 1.76 12.4
110 0.016 0.091 11.8 15.4 15.8 33.4 1.60 18.4
11 0.014 0.111 17.9 12.0 29.2 27.8 1.56 5.3
112 0.010 0.127 14.8 12.8 26.0 29.0 1.59 10.9
113 0.020 0.114 . 102 13.8 25.3 30.0 1.75 16.6
114 0.004 0.115 16.6 10.5 29.5 24.5 2.34 9.4
115 0.002 0.083 17.5 7.6 20.8 27.0 1.93 19.9
116 0.005 0.072 18.3 4.2 11.6 28.6 1.77 30.8

(2) Na,0-MgO-Fe,0-SiO,-MnO slag

No. [%P] [%0] [9%Mn] Na,O MgO Fe,0 Si0, P,0; MnO
201 0.068 0.085 0.018 13.3 25.1 13.9 38.3 0.35 2.2
202 0.062 0.083 0.023 18.2 21.9 12.5 38.8 0.63 2.6
203 0.029 0.043 0.035 29.4 15.6 8.2 36.7 1.28 2.5
204 0.037 0.051 0.036 27.0 17.6 9.0 37.7 1.19 2.1
205 0.026 0.078 0.023 23.8 17.6 12.1 35.8 1.24 2.4
206 0.006 0.067 0.066 26.8 11.4 15.8 29.7 1.75 4.6
207 0.096 0.085 0.027 12.9 24.8 15.2 37.3 0.57 3.9
208 0.063 0.071 0.038 18.1 21.6 12.2 38.0 0.71 4.0
209 0.022 0.069 0.081 28.5 14.7 9.1 35.2 1.50 4.5
210 0.012 0.082 0.045 24.8 15.2 15.3 33.8 1.40 4.2
211 0.021 0.082 0.051 23.2 15.9 14.2 34.1 1.32 4.7
212 0.002 0.090 0.056 26.6 10.0 16.5 27.6 1.46 4.1
213 0.034 0.085 0.064 19.5 17.7 14.7 3¢.8 1.02 7.2
214 0.007 0.074 0.082 26.2 13.1 13.3 32.8 1.30 6.4
215 0.017 0.062 0.085 25.0 15.0 11.6 34.6 1.22 6.1
216 0.023 0.083 0.067 21.9 15.5 15.2 33,1 1.50 6.3

(3) Na,0-MgO-Fe,0-5i0y-AlLO, slag

No. [%P] [%0] Na,0 MgO Fe,O Si0, P,0, ALO,
301 0.013 0.135 23.8 15.9 25.0 31.9 1.50 2.3
302 0.015 0.072 34.3 14.3 12.2 34.8 1.57 4.0
303 0.038 0.062 29.6 17.1 11.3 37.9 1.10 5.1
304 0.008 0.149 22.3 14.9 27.2 30.0 0.98 4.3
305 0.049 0.086 34.1 1.5 13.9 30.9 1.35 6.3
306 0.038 0.051 34.2 14.4 9.0 37.3 1.25 6.6
307 0.058 0.066 30.1 16.0 10.2 37.5 1.15 7.3
308 0.006 0.095 34.7 9.3 17.9 26.3 1.91 5.7
*351 0.096 0.045 25.3 0.0 12.9 48.5 0.13 1.3
352 0.074 0.036 38.8 0.0 11.7 43.3 0.34 6.5
*353 0.081 0.036 35.7 0.0 10.5 43.2 0.41 9.4
*354 0.082 0.046 31.7 0.0 13.0 43.1 0.36 10.0
*355 0.011 0.077 30.6 0.0 20.8 28.4 1.49 14.6
*356 0.035 0.036 38.6 0.0 10.9 36.8 1.68 9.4
%357 0.062 0:063 17.1 0.0 15.2 47.8 0.12 16.4

* Alumina crucible was used in the experiments.
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Fig. 4.3 Effect of Ca0 added to Na0-5i02-Fe203
fluxes on phosphorus distribution ratio.
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pacity and theoretical optical basicity for the Naz0-based slags containing Ca0,
for the Na20-based slags. MnO, or Al03.
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Fig. 5.9 Relation between manganate ca-
pacity and theoretical optical basicity.
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Fig. 6.1 Composition of initial slags. Fig. 6.2 Composition of final slags.
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ERRTRRICBT 527 FBLU# 4 VillEk%: Table 6.1 IC/Rd . 72 Figb.2 ik, Zh
5D R 5 /K% (CaO+Na,0+Mg0) —Fe,0— (Si0, +P,0s) # 3 THE L TRLIZBDT
b0, BoONIKZ T THROERIREOSDEBL->TWVS . B8, /37 52 FDRMRIC
Lo TR7 7ipitid MgO(3~35wt%) BEENTWVS . TN ODRER, fafERE?
TELTVWEbDEELNS.
N&O%W@%%%%Ttbw,FgﬁﬂimW@Kﬁbf%%ht@&ﬁﬁﬁ&@ﬁxi
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E@%mm&§ﬂofiﬁbfm5.tkb,&%-B@%é(l¢®ﬁﬁ)ﬁ@@ﬁ%mb
Tws. Thld, RRPICR S 70— s 2@ v olinifiti Licc Lick s . 2k, AR
EiT-1BAbRIBRBEEMREC 1. Cold, BonkERE3zosx 57— & LT
it Lo, £/ Fig64 &, choob AnBIL%: (og{(% P)/(% P)}-2510g(% T Fe))
E LT, ERERELD (% Ca0)+(% Na;0)]) i LTRLISDTHD, Na,O 25T
27 FORBRIINEE LN Ca0 27 VORIV ELEATHS . 2O &id, BAL
BEX THE LGS CaO %X 5 /D Na,0 OAFDBERSD CaO L0 b ARELOMR
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Table 6.1 Compositions of final slag and metal. (wt?%)

Temp

Slag [°C]. [%ZP] [%0] Na20 Ca0 Mg0 FetO S102  P205
1570 0.040 0.158 - 18.5 4.9 73.2 3.2 3.0

A 1610 0.045 0.103 - 20.0 5.0 70.5 4.3 5.0
1610 0,015 0.178 2.4 12.8 3.4 73.4 0.8 1.7

1650 0,088 0.179 - 22.0 6.0 66.4 2.5 5.9

1570 0.015 0.122 - 29.0 4.4 55.4 2.7 6.3

B 1610 0.016 0.083 - 28.4 4,9 49.8 2.9 6.5
1610 0,013 0.137 2.4 19.2 3.6 66.0 0.7 2.1

1650 0.039 0.152 - 27.3 6.4 54.5 3.8 6.3

1570 0.011 0.083 - 38.3 5.1 47.8 2.5 5.6

c 1610 0,017 0.119 - 36.8 5.6 48.7 7.7 4.4
1610 0.009 0.132 1.6 26.2 4,1 58.6 0.8 3.4

1650 0.022 0.101 - 40.0 5.9 42.8 2.6 7.6

1570 0.029 0.142 - 30.3 8.8 40,2 12.5 7.8

1610 0.033 0.169 - 28.6 7.1 48.6 12.0 4.7

D 1610 0.017 0.162 5.2 18.7 6.2 51.3 10.6 4,9
1610 0.010 0.159 9.0 13.0 5.3 54.4 8.9 5.0

1650 0.058 0.137 -~ 29.9 6.7 44,5 13.0 5.9

1570 0.082 0.136 - 22.6 12.5 45.3 21.1 4.7

1610 0.073 0.208 - 20.0 13.1 46.4 20.8 3.4

E 1610 0.057 0.168 4.2 11.4 11.7 48.3 18.0 4.0
1610 0.048 0.162 9.3 9.5 9.7 45.4 17.9 4.8

1650 0.103 0.194 - 21.4 12,7 47.0 17.9 4.0

1570 0.250 0.129 - 10.6 23.0 48.9 25.9 2.3

1610 0.230 0.181 - 9.8 21.9 47.7 23.1 2.0

F 1610 0.198 0.157 1.3 5.2 20.8 42,6 25.5 2.3
1610 0.189 0.162 3.3 3.7 19.8 42,3 26.1 2.5

1650 0.272 0.156 - 10.1 25.3 48.1 25.3 1.8

1570 0.074 0.118 - 28.7 16.2 22.8 29.0 4.5

1610 0.083 0.145 - 29.2 16.6 22.5 26.7 4.2

G 1610 0.059 0.137 5.0 19.8 13.1 31.5 25.2 4.2
16190 0.050 0.123 13.8 12.7 11.2 29.6 25.2 4.7

1650 0.094 0.167 ~ 28.1 16.4 23.0 25.0 4.0

. 1610 0.199 0.143 - 16.0 26.0 28.3 31.7 1.8
1610 0.213 0.110 3.0 9.2 24.6 26.2 32.6 2.4

1610 0.105 0.089 - 39.5 15.9 10.9 31.7 3.2

I 1610 0.071 0.094 6.8 26.8 15.1 12.2 32.3 4.2
1610 0.030 0.070 17.7 17.2 13.3 11.1 32.5 4.6

1570 0.332 ° 0.054 - 22.8 31.6 14.5 39.3 1.2

I 1610 0.358 0.064 - 21.8 32.3 12.9 36.2 1.2
1610 0.276 0.071 4.1 14.6 26.5 12.3 38.4 1.6

1650 0.360 0.072 - 21.7 35.4 13.0 37.3 0.9
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phorus distribution ratio.

6.4 DADHEES
6.4.1 OASEL ~
CaO %% 5 7 LB D ADAEICH T 5 Na,O OB AT RIICKRITT 27201, #
HIT Na, 0 248 F 75 Ca0-MgO—-Fei0O—-Si0;—P,0s %2 7 7 LSO 0 ASNE T
VTR AT > 7. Fig65 i, CaO-S8i0,~FeO %2 7 /It & B0 AEBRTESNID A
BEHICDNT,  (og{(% P)/(% P)}—25log(% TFe)) & 235 7t CaO M OME A
Y. BRELBEISDXFFRZVHOD, DANELE CaO BEOHINICE 18- TLER
LT3 . #5k, KPOuEF, Healy’” OMEEZRLALODTHY, KERIBOLD &
HBH E —B LT B | | | |
Fig65 IR LBMRICBY 31X 50& 2 X D/INS (T 570ic, MgO OFE5EZEELT,
INODREROBFEIEAIT-72. Fig66 i3, Fig6s5itkids (% Ca0) Db DIC((% CaO)
+01(BMgON It L TR L7cdDTHD, 5 2F0EEEIBAPLLTVS. BT,
(MgO) O##$0.113, (% CaO)+a(% Mg0)) LB THIIFHRIC L D KRBT o ZKD
ITRERTH S . FRECOVTOMYRER (RhoERH) s LU ARy, o Eomm
EEABEER TR OREKREEEZRD . Bonzn ANEREO—KRE (6.1) KR
7.
log{(%P)/(%P)}=0.071{(%Ca0)+0.1(%MgO0)}+2.5 log (% T.Fe)
8060/ T8 5+ v rersesereareresersanssessarereseenessesenaane



A1 ' A1

---~Healy ‘
—— Present Work
-2 o' -2 F
1570°C 1570°C
g o3t -1 w-3r W-]
- -
= =
g B
w -4L -2 o -4 =
o~ ( o~
I | .
E ok -3 X af -3
= <
& &
3 %
2 -2t : - =2 2k -
T 4 2 4
3tk 3F
-4 -4 1 1 1 i
0 1 20 30 40 50 1] 10 20 30 40 50
{%Ca0) {{%Ca0) + 0.1{zMg0)}
Fig. 6.5 Relation between log{ (%P)/[%P1}- Fig. 6.6 Relation between log{(%P)/[%P]}-
2.5log(%T.Fe) and (%Ca0). 2.510g(%T.Fe) and (%Ca0)+ 0.1 (%Mg0) .

%, EROBRELKTSE, (61 XOALE 1 THOFRE 0.071 13, Healy® DfE
008 Z0/hI 0D, BRFEMEEEATT - 72 Suito and Inoue®™ DFER 0.0720 LIZ LA E
—HLLbDERL TS . 2L, HOORDI MgO OFEKIZ 03 THY, AERLDK
SV, FR 6D RODANELOBEKGEER, Healy OFER 22350/T LD D /ME
<, Suito and Inoue DfE 11570/T T LEHIFT L . Fig6.7 13, D ASBICOWT (6.1)
KIC L BHEME L ERE L DI AT . LVHEHFED D ADRIICEWT, FIRHEITERE &
BWOWHIGERLTNS .

oFiT, (6.1) XED&ICH AN 5 NayO ORBIC >V THE L7z . Na,O %
BURS 7L INEEEBVR T 7DD ANERICOWT, Fig66 &R (log{(%P)/(%P)}
=2.5log(% T.Fe)) & ((% Ca0)+0.1(% Mg0)) DBi%% Figb8 It d . BERPDE
L, kickwi (6.0 ROBFEERT . Na,0 25825 7 OREE (RMboKEWER)
3, INEEERVRT 7OER (AIBLIUHPOER) L0EVEEZRLTED, Thbd
DREVCENEEHREDED NaO DFEFILEBbDEEZ OGNS . DARRILINT B C
D Na.O D#R%E CaO YROETHMIT 57201, Fig68 icH BEMEEREDE 1)
LZNENDR T /D Na,O BE & DBFRERDI. ch%, Fig69itRd . Na,O iBE



DB E B ->T 4 BERLTED, 4 ® Na,O EEKEED Ca0 MEICHET 3 .
hiGR U 1 kREMRICE 2ERBE, LFLEEERLIVEZOREEZE>THE WY, TD
BEHEOES LVFOmMA%2EZE LT Na,O OELFM L, CaO HEiTHIET (& LT,

O Ca0-based st o
E Caé-based slag l OF <@ Ngzo-zZEtain?gg slag T=1610°C
« o 0 oo S‘f * . >
l_‘_\S 2 o] o — {\: “11- \‘,"l)
/M &= ' 6.
= o 8 "
< o /66 1
o Oo’% o5 ol
e -~
z1 ' @
g 5
ooy o ~
/DO g -3}
O =~ -
o~ & 3
| ™y 1 1 L 1 I
0 1 7 3 0 10 20 30 40 50
® (7Ca0)+0.1(2Mg0
1og{(%P)/L7P1} calc. e (ZCa0)+0, 1(%MQO)+[1 5(7Na20)+4.43

Fig. 6.7 Comparison of phosphorus distri- Fig. 6.8 Relation between log{ (ZP)/[%P]}-
bution ratio observed and that calculated 2.510g(%T.Fe) and (%Ca0)+ 0.1 (%4Mg0) or

from Eq.(6.1). that including {1.5(%Naj0)+4.4} term.
=3
L T = 1610°C
g °
=2
o
“—
5} * [ J
Q ®
g1 _ge
2 lee” ®
= (T
a L | ) |
0 5 10 15 20 7
(ZNa20)

Fig. 6.9 Relation between difference from
Eq.(6.1) and Naj0 content in final slags.

(15(% Na,0)+4.4) %87z . Lich->T, fAiicd 6.1 Rid (%Na,0) DHEEGLRAD
KOCHBETHIENTE.
log{(%P)/(%P)}=0.071{(%Ca0)+0.1(%MgO0)+(1.5(%Na.0)+4.4)}
+2.5 log (% T Fe)+8260/T—-8.56 (1<(%Na,0) <20] -+ (6.2)
KBAHED Fig6s8 it BT, NEWERE, Na,0O 288027 7FOfR%E {((% Ca0)+0.1
(% MgO)+(1.5(% Na,0)+4.4)} It LTHERRLAZSDTHD, choD/NIVENR



(6.1) ABLY (62) XOBMFRAEETHEHBEEBOWIEERLTOS .

—7%, Suito and Inoue'® i3, Y ANEIICKIZT Na,O OEEIic > CRIKE ISR 51T
VW, Na,O @ CaO HE#% 12 LHRELTHD, AEREELOODESLT L - LEh -
7.

6.4.2 BiOARBORNMNIOTE T

BIFED D ADEIC OV TOMITIE, WY AL 3IT0—>ThH 555, Na,0 %
277058 EA4E2H) LREAKGRD ARIED R T OEEHEE ke=(% P20s)/{(%P)?
(% Fe0)*} ItV T b 2170, Na,O OFBE T~ .

-2

o e o
1570°C ’/ P 1570°C
—-—Suitoetal. L~ e
.4 |=--Balajivaetal. / [) 4 b=
©
6} /m/
-2
1610°C o
4 0 2%
< o
g g -6
- -2
1650°C L 1650°C
-4 o
-6 6
-8 | | | 1
. R 1.8 1.0 1.2 1.4 1.6 1.8
'log(%CaO) log{(%Ca0) + 0.3(%Mg0)}
Fig. 6.10 Relation between logkp and Fig. 6.11 Relation between log kp and
log(%Cao0). log{(%Ca0) +0. 3(/Mgo)}P

Fig6.10 i3, Na,O =& £ 73> Ca0-MgO—-Fe0-Si0,—P,0s; % X 5 7 D{ERICDONT
log ke & log(%CaO) DEFKRERT . KOS & U— A8, Balajivab® " B L0
Suito 5°* DFERTH Y, ARINOOPRICABL TV . Fig6.10 KBIF 313 5>
EELDNS T BDiIC, MgO OHFERFEIFERHEICL > THEL, log{ (% CaO) +0.3
(% MgO VW L BEROBEEBEAIT>12. T % Fig6.1l IR T . REEICSOCEIBEE



H& LR ERY, COBEEOMEFEEEMOCTYF OBRBEKENEEZRD . Bon1
log ke D—ft% (6.3) HXiTRY

log kr=8.90 log{(%Ca0)+0.3(BMgO)}+18100/T—27 49 ----+ssereeseeveens

- (6.3)
(6.3) REMKRDOHER KT 5 &, MHIAOHIIL Balajiva 5°°°77 DfF 10.78 L 1 /]
X ¢, Suito and Inoue®®’ ™ 7.87 L

it(/N@Q)@Mﬁ03i Suito 5% D %
DE—HLTBY, BEKEEIKS @ﬁ% 22240/ T Tt '
DEIL,

(6.3) X% b &iC log ke IZBKIFT Na,O DEEEKFT L1
e Na,O 28T 2 5.7 D7 — 5 ZHV

. Table 6.1 {T;R L
, DARELOBS

L ERRISTTHE TR L 7
0
.. O Ca0-based slag -~ T=1610°C
® Nap0-containing slag [
-2 -
£
-6 }).
-8
] 1
1.0 1.2 1.4

1 . i
1.6 1.8 2.0
1og{(7Ca0)+0.3(Ag0)+[1,6(ZNa,0)+5.01

Fig. 6.12 Relation between log kp and log{(/Ca0)+
0.3(ZMgO)+[1.6(%Na20) +5.0].

REHIiGon /X E (6.4 RiCRd .

log ke=8.90 log { (%Ca0) +0.3(%MgO) + (1.6(%Na,0) +5.0)}
+18100/T—27.49

(6.4)
T TT, Na,O ® CaO HEBICHEYd 3I613(1.6(% Na,0)+50) T/RSN 3 . Fig6.12 i3
A — -

Na,O 5145 S B LU INASEN VRS /D log ke fE & log{(%Ca0)+0.3(%MgO)
+(1.6(% Na.0)+5.0)} OBFERT . KhoE#HIZ, #iEd (63) BLY (64) ROBFRER
LEbDTHD, HRT /ORRESCOBEBEBVHIEERLTNS .

6.4.3 REEOEREDELE
Bilt, DADHKEICK T S CaO R 7 7' hd Na,0 OEZICOVTN L DD DIMENTS
shee-zo L=y (6.4) X EEIEEIC log ke i€ D WTEEMNITONTN S AERGED

INLDOFERE Table 6.2 1W/Rd . BRICB VT, RFFEEDOTEHIBOREIL 7.87~11.29 D&



Table 6.2 Previous results on log kp for NayO-containing slags.

Researchers log kp;_-log [(% P04/ {[% P13(% Ve, 0)°}] : Remarks
Usui ¢t al}®) . 11.291og ((%Ca0)40.3(%MgO)—0.05(%Fe,0)+1.58(%Na,0)} —20.48 at 1600°C
Suito and Inoue 18) 7.87log {(%Ca0)+0.3(%MgO)—0.05(%Fe,0)—0.05(%P,0;)—1.2(%Na,O)

+0.9(%Ba0)} +22 240/ T —-27.124
Fukami et al.'9 15.86 log {(%Ca0)+1.42(%Na,0)} —27.25 at 1600°C

Marukawa and Hirata?" 7,87 log {(Ca0)+0.3(%MgO)+1.7(%Na,0)} +22 240/ T
—4log {(%i)/M;} —25.69

Hayashi et al.?® 8.22 log [(9oc.=o)+o 3(9%6MgO)+ (9% Cal,)—0.05(%Fe,0)+1.2(%Na,0)) at 1600°C
—15.5 ) .
Present work 8.90 log [(%Ca0)+0 3(%MgO)+[1.6(%Na,0)+5.0]} +18 100/ T —27.49
Kunisada and Iwai%) 8.87 log {(9%Na,0)+0.7(%Ca0)+0.1(%MgO)} --14.94 Na,O-based slag
R at 1600°C
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log 7p,0,=—1.01{15 Ncao+7 Nigo+5 Nre,o—1 Nsio, =7 Np, 0, } =7.55:-++wwermeeeeeees (6.5)
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Fig. 6.13 Effect of Naj0 addition on activity
coefficient of Py0s5.
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Fig. 6.14 Relation between logYPZ()S and NSiOz'
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Fig. 6.15 Relation between phosphate capacity and
theoretical optical basicity for slags with and
without Nag0 addition.
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7.1 # B

S OERILICE 8-> T, ST AREAERU BICECBERE TET S8 2 0EHME
UTETVWS. CHICHILT 270 2D—> & U THEMO I3, BicESEEU-
CREROHLETERMTHHD, ZEOMBNRODEEZIONS . £, TOLIEANPS, &
ERADT7 5 v 7 2A2MOIEMD 5V IZEKOID AICET 3RS THOR TN 51722

AR T, BEWMO _HREHICE T 20 AKIE LT Na,O %7 7 v 7 20BHEZEX L,
KO BERGEOIREEE U CTHARL Fe—C 420 L. $Hb b, SMEEICE VL TH R
WEERL T VEEF b ) v s (Na0.8i0;) 2F EF % Na;0—SiO; —Fe, 0; %5 LU Na,O—
Si0, —Na,CO; %7 7 v 7 2 #H W TiER: Fe—C(0~09wt% C) &0 A %7V, D
ACRIZTIESTOIRE, 75 v 7 AR, BELEORELHAE L. i, RBRESN
fo — FIRIC K BIBSEOI D AFER D L WERE L 1.

1.2 EBRAZE

KREBICHO I EE B LCERFIEL, B2 BIORLIBRONRD ADBELFEKRTH 5 .
TROLE, TITVFERK[T< 72 VT 32 3H0ORE Fe—C—P A4 250g ITAKT 7 v
72 30g WML, B AERET-70. KREBROEREHBIOERICHVI AV, 7
7w 7 A{EL%E Table 7.1 IC/RY . gkalkhid, FHBME, DALk, BIUHRENZH
B LTSI 7 Fe-0.1wt%P B8X U Fe-0.1 wtHBP-4 wt%C 2 BRI DA LMKICE B LS

Table 7.1 Experimental conditions.

Metal Fe-0.1%P-0~0.9%C 250 g/run
Na,0-8i05-10% Fe;O5 (NSIOF)
209, (NS20F)
309, (NS30F)
30
Flux 40, (NS40F) 0 8/™n
509% (NS50F)

Nay0+8i0,-47% Na,CO3(NS47N)

Temperature 1500~1650°C

Reaction 20 min (NS-F)
time 15 min (NS-N)

Crucible MgO (40 mmé¢ X 60 mmH.)

( ):sign of slag
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Fig. 7.1 Changes of phosphorus and carbon content
during runs at various initial carbon content in
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Fig. 7.2 Changes of phosphorus and carbon content during
runs at various initial carbon content in liquid iren.
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Fig. 7.3 Effect of initial carbon content
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Fig. 7.4 Effect of initial carbon content
in liquid iron on the rate of dephosphori-
zation (a) and decarburization (b).
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Fig. 7.9 Changes of phosphorus and carbon content
during runs at various temperature.

(%)

100 P T . T
S 80
E This work
s {%C linitial
< Of o
o L
2 60 0.4
je 0.7 NS-20F
§ ;|09

530.9 NS47N

5 40 . . s
8 {C1 |Na,COQ, [Crucible]
5 Marukawa < 0.05% 40kg/t | MgO
by ctal. 42-45% 40kg/t | Mgo
[S I

4.2-45% 167kg/t | Graphite

[
®
@ | 4.5% 40kg/t |Graphite
10
©
®

o 3.8% ;
ol [ ) i ’(0.25)1 Me‘zf_‘ 3.8% 33:3/«: mig
1300 1400 1500 1600 1700

T (°C)

Fig. 7.10 Effect of temperature on the degree of
dephophorization.

WEGREBVEROARNBELNTVS. 155, NS4TN OBA b RIREGERZR LTV 5.
—7, FEEROBD AROREREMI Y — VIRKICE BESEDR D ARBREFE-HRLTS
D, Na,0.8i0. EDOY — %7 5 v 7 2EROEAEROEE G Y — ¥ IRKEICB T 380
ADBRERTE2H5EEHEATELbDEEZIONS. THbL, KAERICED 2EEDOHE
20 TE, BOAKSOBIFHERICMAT, BEERICESE-T (12), (1.3) RXT
RUTCItd % Na,O 50 i3 Na,CO; DEILIUSHTEFICTIL B 12D D AR50 ic it
TLh-TcbEBbib.

72, DEOBRENS, V—F%75 97 RICXBEMOBD AICBNT, REERE M
T5LEMOBENTOLVERRETHY ALETE 2GF58&, AL CORBIcLS



AMBRESERLED CEIBD, BERMPORRBEIOE BV ANBRELRET
niE, C>04wt% DBEMIT >V THRRBEDOEHEILPLOLTEVID AREGE T LN
TE5bDEfMrans.

7.3.4 J—=5RT5 v XEBHFHHS EDRIE

AERICET DY —5F%7 7 v 7 A EHEHTPHRS (P, C, BLU Fe(1)) EORIGILDN
T, ZOWBRWEKINEE%. Figl11 ICRY. TOS5ORIEDH BbEBELEDIC OO TIRER
IR L7cdd, TR HAEE LD B ERDEHICES .

OD A, BRKIEHRRIRFICEL 5.

QL E N P.Os 3 CItkBILIh, BEDABLURIED ASUSHEE S .
®Na,O i Cic kD @uLEn, Na R ELTERKT 3.

@75y 7 2hD Na,COs BHEE P EFIEY 5.

F7, RPOIGRIZEBRIICERKIGE LTELTH S L ENEZL LN, TORBREMT
HB. LIchi-T, ERIBRICOVTEDEBNSHRE LT 20Tl A DKIGICEY 514
WOHETHY, SHRINOMELDORIGIC DWW TEBIESIHE AT ONENS L EEZONS.

Flux

(NSF) C— COt Pat
Feis [P (NwOROI—C <P COt | sy
Na;050; é,——C—>Nm (510 - Cof Nat
NG,CO gO————»ZMgO&Oz
23 = (Na0 + PzOs) C

(NSLTN) \_, C~= P4
(Nay o\ P,cot | (Ns-N)
Fe-+(NaO*FeO)>C —— Nat

Na;CO;t
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Fig. 8.9 Effect of carbon content in the Fig. 8.10 Variations of (%P205)/[%P] and
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of chromium in the melt, melt.
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Fig. 8,11 Effect of chromium content in the melt
on the dephosphorization, and loss of chromium
and carbon in the melt.
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Fig. 9.2 Effect of carbon content in the melt on
dephosphorization,
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Fig. 9.3 Effect of manganese content in the melt
on dephosphorization.
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Fig. 9.5 Effect of Mn0p addition to the flux on
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Fig. 9.7 Relation between phosphorué distribution
ratio and initial carbon content in the

melt.
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Fig. 9.9 Relation between phosphorus distribution
ratio and Mn0O content in the slag.

-



3. 91bb, (%Na,0) OEMIIDANRLEGEL T4, b ARBREL NG 5 &M%t
i MnO BESED L, ROBRIRRT VY » VBETT 2D ARRLBET L&
EZoNS.

9.3.7 FEOAREDEE

KEBRICH I Na:0-Si0; $7 5 » 7 RCEXBWRD AIBNWT, RS h I EHED AR
BEABSENEREACTEHL, RE, < VA VBEOEBIC OTHNK. £, Hbd
T, &7 0 LBEHRICHT AEESITY, @ v A VEHOBE L.

B ARIG%: (9.3) REL, CORBEXRLT ABERT Vv vid, (94 BLUY (95
K TRT(MnO)/Mn BLU (Cr.0:)/Cr BILFEHELVEZ 505 6D EREL .

2£+5Q=P205 (L) ermrmmeemmme s (9.3)
4 G°=—-168 600+133.0 T**

Mn+0 = (MnO)----+ereeeeeeemessommnnn e e (9.4
4 G°=—58 400+25.98 T**

2gr+3_Q_=(CrzOg) ........................... et e eadeneeenetatetieereteenrretaaaaannns (9.5)

4 G° =—169300+72.62 T °*
(9.3),(9.4) &, BLU (9.3),(95) ROHER LD FHEOABELAEHL, v A vBXU”
o LBEEOBGRERD . BE
1300C KBV TKRKRIBE AL Z

TI5EDHRE Fig 9.10 iTRT . 0.16 T
—Mn-C  [zc}=0 1 2 |3 4 s

BBINGOFEILBVT, &K% ----Cr-C

D25 7 (Na;O-Si0;~MnO- 0.1z} $EE .
PO B0 arp, DEHFRSE | 2B | 0
b, CNESXOLS el = o.0sf %oyt — L [ /] A6
to. §15bB, Na,O %z 5 /' |

DP, 05 OIERFHICKIET MnO 00— /e e e 1
DEBINSVCE (FE5E 2 A 2
i) 5 MnO iDL TREM o e

10 20
{¥Mn], [zCr]
¥, Boniczr 5 7D Na,0/ ] _ ,
Fig.9.10 P -Mn or Cr relationship at various carbon

Si0;, oL E P,Os DENLD content in melt ( I : experimental value for

13wt%Mn - 4wt%C iron melt ).
RBips, L5 Oz Na.O



=810, —P;0s %R 7 VIOV TDER S LT, gp,0, =102 EHE LIz, B7 0 LBEHOES
d, BT EEURPOCNER—IEEL. £, 257 HD MnO XU Cr:0; 3&d
ICERI DM (amo =1, acro, = 1) THEZITV, BEHPKSD ar, avn BET ac: 12Xt
LTl zhTn#dtELE (P, C, Mn H 50 id Cr) OHEMEHS O 2@/ L TR/,

Fig9.10 &V, FHOABERZ = VAV EEOWMNB XORZEEOR D ICE b ->TE
AT LLEBHBTHD, ChoDMEPIIBAERBERLE-BLTE . /2L, REBREDS
wt% U LDIFEIC >0 TR, HEELIERERIFOEMAERL TS . Thid, FHET
3 C/CO(g) FHITH LOKMAKET VY v VEZRLTORVIH LEEZLNS .

g/, A—FHCBU 2T~ VBHkEE s o b ERET 3 &, B v A vRikicy
THREHD ABRERE 7 0 LBERICHT2b0L0EL, SV VIBEORY ANSE 7 o 4
BYDOPRDA LD S—BENP LT LERELTN S .

—7, AEBRTRERETHICBO THT L HFERENE SN TORVD, ThoDitE
& RERMED AT - 7o . IR 1300°C, 13 wt%Mn—4 wt%C OEHDIES, BohizD
ARERRFTO IHITRTBE TH -2, F—MFicB 1 5518EIZ 0012wt% P THD,
INRBONTTHEBREDENY ABREICHENEY . LEEORESRBD S B awo 2 1 X O/M
SCRMEB LHEBIERMICKVEDL C&itish, RFEIIHIBEZ UL 2 D&
FAonb . /2L, &7 9 LBEBHO5E O BEMEIRATEICOR L /o EBE & g L TE» T
L, WER—HLTWRY. Chid, &7 0 bBHORDARBI 225 7d o, DD
FARICHAOVAE (107°°) KD /MO ENBEZI LN, SR AERBSICESMIBC
EDRTENTHEBEIERMEIGES b EEbh 3 .

9.4 #£ El

1% 1300~ 1500°C i H T, Na,SiOs 8 & U Na,SiO,—NaF 7 7 v 7 Ric X kS <
YAV EES (13~35 wtBMn-0~5 wt%C-0.1 wt%BP) DD AEBRAITY, B AKITT
BHRPRRBIO VA VIEE, 7597 2K, BLUBEOFECH>WTHEEL:. $1,
BoNID AR ERBZBEBLOR 7 SHBOBRICOVT ORI L. &5ic, FEHD
AREAFTBICEDRYD, EREEHKLE . CNOoDEEE2T DB ED2XDLIKES .,
(UNa,SiOy 7 5 v 7 21 &% 13 wt%Mn—4 wt%C—0.1 wtBP DO AICBNT, &
=t D AHR8% (at1300°C) HESNRT . B AR, BHPORREREICH L THAES
RUTc. &l = A VBED 13wt% 25 3B5wtB £ TERTBICEb-T, B AKR
80% BIRDED 520% LI T ~NEBITET L 7.



(2)Na,Si0; 7 7 » 7 A~ S W LH] NaF 8 & OB MnO, ORI, & bichib A%
DR) LT RIS 1o,

B AICKIFTTIREDOEEL, &7 0 bBHROHVDADEE LR L TREDL 2.

WERKRTHICEBT 50 AN, BHTKEZEE, X7 7% Na,O 88X MnO B
TR L CRBIEPELET BT b 7.

B)Y =5 HRRATTICXBVHEOABEABRH L, Fl ABELRRBE, < Vi VEED
BfRAR U, F/, COFEEIIERE S HEEWVEZR UK.



E10E # &

KHETE, V—FR7 597 RCLBEMOBY AT 2 BB EREE5CE%2H
& LT Na,O-Si0;, DYV —~5%75 v 7 RAREBL, ZODRDT T v 7 RCLBEHD
BRO ARG, B0 AEE, BLoAYSE, BLUY - 5% 5 7B 2 MNENEREEZ0
BHEHEIC O VTR EILED» O RFEMA 72 . X o, BRSSP SARD 7
7w 7 AEUR Fe—C &4, @7 0 Liftk, BRUB~ VI VESKORO AKERAL, 20
AJREEEBI L. KRXiE, ChoDBREEEDIEDTHD, o%@;ac%%éna

51 EEER ﬁm@wbaC%?%ﬁ%m%%%;ﬁﬁﬁuomfﬁNékkék,K
mn%ﬁéc&m@@%%%ﬁmmbuéﬁﬁwowfﬁ&t.'

F2ETE, AWEOBEALNS NayO-Si0,—Fe, 0y %% LU Na,0—8i0; ~Na,CO; F
77y 7 AL BEBEDOID AEBREITO, B ARSKEIET 75 » 7 2D Fe,05 B LY
Na.CO; B, 77 v 2 ZDHEEE (Na,0/Si0,), FHI0 AME, BELEDEELI LM
L7, &5iC, Na,CO; DRESEEMICOVTRIEZITY, 75 v 7 201D Na,CO; (JE R
DASURICE S 5 ERIBHCIESERRIL T 5 T E X S Lz h

$3E TR, Na,0-Si0, Fe,0, 27 5 v 7 RIC L BIES DD ASERIZ SO THER
HIBAT 21T, ARDT 5 v 7 RICk 3 EHOB D AEERENG F 1 REGE U TR
BTE50s, 2ORGEEER kNSEOND AL (L =(%P)/(%P)) LHMEE:S
BT E, B ARISOREBRIER— 25 S RENP DR T SHAD D ADHEEBRTH
BLEREAPLHIC L. S5I, TIKRR T 7L BHEHOBD ARE & HERH 2170,
EED Ly GEHREROXF 7 (7597 2) T—HT3E, $HE—D Ly BiTHL
THY ~FR75 97 20 EEOHBRENT EAEB 5hIC Lz,

FAETE, LILOBY ABRBICOVCTEEROBEAL SEITEITY, V—FR25 7 EE
BEIDD ADKEE Le BLUBD ARIGDORP T OFLEER ke = (B P,0:)/{(HP)? -
(%Fe0)°} 13 & BITRA T 7D Na, O BEICGHUKELTVWAT L, TRINODOMEIBR—%
HTCBEAAKHRR 7 FOMERBELTRIVCEXZPELHIC L. &5, V—5F%HRT

"EESEID D ADRERICKIFT Ca0, MnO BLU ALOs DFEEIC DWW T bHERN Z1TW,



D AR BE OB AIGD Bipd OFEERICH T 5 o DFEE%E Na,O UEDF TH
fidsC k> TRARAEHR L.
' log {(%P)/(%P)}=0.092{(%Na,0) +0.8(%Ca0) +0.6(%Mn0) —0.9(% Al,0s) }
+2.5log(%T.Fe)—3.54 (1600°C)
log ke=8.87 log {(%Na;0)+0.1(%Mg0) +0.7(% Ca0)+0.6(%MnO) —0.9(% Al:0;)}
—14.94 (1600°C)

HBETETH, V—sHRR7 7T 28 FH#ERL LT Na,O-MgO—FeO—8i0; ~P;Os
FRR77HD P,0s BLY FelO OFERBBEERLT AL L b, T oOFERERICKITT
Ca0O, MnO BT ALO; DEZBICOVTHEIN ZIT-> 7. ZORR, PO OFEEFEIIRK
KEDBHETEAIENHL ML T2

log 7¢,0,=—1.06(20 Nya,0+13 Ncao+4 Nugot1 Nee, 0=19 Np, 0, —40 Na1,0,) —10.23
%7z, FeO OIERFARIIT SiO, BEOHME L bt EHL, CaO, MnO B8&LU ALO; DI
Mk ->THERTACEDBHELLENL ST, 5K, BRRDRAF ST DOTCT+ A7 =4 b
F oy VT 4 CERBYPLFIEREOBBRIC OV TRAEZRY Ca0 ZR 5 7DD & K
LIckER, mMBFORBRRATLE KLV EHEAL .

log Cro, =23.4 A, +2.48 (1600°C)

BOETIE, V—9%7 797 RDOIERED—DL LTRRPLHEHINTVWEAHKERZ
7'~ Na,O OFMERA, AKFRRAT T EEHFHIODADHEICKIET Na,O iRl
KDOWTREZMA /.. COFEE CaO HBOETHMEL, DAREILE TR ARED
BADPDOPEEHERRND LS ICET ENTE.

log {((%P) /(% P}}=0.071{(% Ca0)+0.1(%MgO) +(1.5(%Na,0) +4.4)}
+2.5 log (%T Fe)+8260/T—8.56
log ke =8.90 log {(% Ca0)+0.3(% MgO0) + (1.6( % Na,0)+5. 0]} + 18100/ T —217. 49
E5it, Na;O 28U HKFER T 7IC20T, 25 7D P,0s & FeO OFEBHRE AR
WBEEDBILT AT 24 bF V7 4 SEHBIOLEEREOBRZIHS MiC L.

% 73—%‘1&1 V4 _9“77??7 7y 7 X@%ﬂi‘fﬁ@%ﬂ}ﬁ?ﬁ)%, NazO—SiOz—Fe203 ;f:‘io)J:U NazO—
Si0;-Na,CO; %27 5 w 7 A2HWTIEEL Fe-C &R AEBREITW, BiD ACRIET
B DRFREE, 75 v 7 2R, BLUBREOEEICHOWTHERS L. Z0/KE, 02



~03wt% C L EICRRBESHEMT 5 LMD ARIETST S L, 75 » 7 2D Fe, O,
Na,CO; BDEME L IRV ARRERT B L, B AKIGEIET L THRRREIGHE U
&, TR AROBEKEREIRS SERBE SNy — FIRICK BIEHOBRD AR
LIRIF—HITECEDPHLERE .

58 FET3, IRE 1800°C~1600°C IH W T, Na,0-8i0,~NaF %75 v 7 AT L BE Y
o LEgk (Cr=2Twt%, C=6wt%, P=0.04, 0.1 wt%) DBb AERAEITV, Bib ACRIZET
75 7 AR, BRI ORES LUV 0 LB, BE MBI S TEER LT Z D5,
18 wt%Cr, 4~5wi%C &FBEHICKH L T50% NaF 2&{r Na,SiO, fiko 7 7 » 7 2Tk
DEOBD AR (60~70%) 2185 ED0TEBTE, RO ARDEBERERINESVT &,
143 5N D ANTEHHERPORBIE B L OB SN2 5 7 OWRICHE  RE LT
5T EMHPALLER ST,

FOETIR, RE 1300°C~1550C iItHB T, Na,SiO, B LU Na,SiO,—~NaF %7 5 v 7
AL BEm= VA VBB (Mn=13~35 wt%, C=5wt%, P=0.1wt%) Db AZEREIT, Bt
DARKIETEHRPRRB I YA VRBE, 759 7 248K, BEOEEICHOVWTHERS
Lic. ZO#ER, B0 ARIERESE BE L NasSio, ik 75 v 7 22A03B &ick
DBV O AR (EEBD AEB~90%) 2185 ENTEBLE, 775 v 7 AHAD NaF,
MnO; OFMIERD ARORI LICHBERILVT E, $HELNTDASERSEHDORE
BEBLU RS 7HdD Na,O, MnO EBEICH L THBRABESRT C EMNEMERE T .

SRT 7w I RICKBEMOBED AR AR B L CISHBISTE DS
OISV —FHT 597 2HBVER T SOREBERICOVTHBEEROHEL -1
B, NGV —FHRT7 797 ZABHBVIER T FICK ZIEMOREHEIIEREIC OV TANITER
—HOHRICBE T, EEOBMMIRICBY 2R ANBICBOTEARO 75 v 7 x%#AL
SIERE B ARG AE U SH 3 10hICid it ARIGLA DB BOREHKIIC DWW T 41
BLTBMENHLODEZEZONS . AHRICBVTS, V—5%7 7 v 7 200D AK
ISV BESROBALRIG PRGN DR, 7 0 aBL U~ v H v OBILRIG IS ESEOREK
IS L TWa LR Shic Uc. L L, ZRSDEKIGI DV TEMEKREIIRIT- T
WISV EBREICBWT, V-SRI Iy I/ 2EIVERBbD LTSI, SHBh
O DRBRISICOVT ORI L TV BES S B D EELONG . v — FIREHETDE L



TY=5%7 7y 7 2K DES, BHMOBEKISORRRIEE > EhDTHD, KiFE4
BHOELTAEBTITETRELTITLCEEAPEFELL L. '



# 53

ARIARDOZFITIEOPICRBEFE LHBICHID, KIEHBIY 28068 & HBOREY - L RRAREF
THRBEHAE—PEDICOL OBBEER LT .

7, RARXEFLEDBICHILD, BRSBTS LB -» I RRAZF THEBEKE N 2L
BLUOEREFEELICECELEL EEd.

R FRDEE B L ORITICH D, HISHBUIIEEE - 803w A 0 - o EHITEIAREME T2
et RoICERRHEE LEERES - L EERINE A RER AT R
LEd.

F 7o, APFLORITICN 0, T2 OIS %2 THC e R E R EM B LR O EEE 3
UHEIZEDOZ OHEBIUVBEOH 2 ICELHILB L Ly x4 .

Eoi, HRAMOSITICHID, KRARFLFHCGPHELH BERBLUOERSETERSH
WEBMNPr T, FMMESLER, 30 kAL E SR E &gker, EmE N8R OMBRGKO
BRICEROMBEBATHE T L. LU TERHOELER LT T.



1) MR &8, 62 (1976), Al

2) SMBLEE BRI | BASMIBRE, Ch®E) (1972), p.566

3) ILWAELfEEL I BEH, 69 (1983), p.1695 ‘

4 BRSSO YIE(LE S 7o 2 T D RRERLEMES, RFEERIGH S, (1985)

5) W.R. Maddocks and E. T. Turkdogan : JISL, 162 (1949), p.249, 171 (1952), p.128

6) A. 1. Vinogradov, M. N. Boldyr, G. A. Perepelkin, P. A. Serin, I M. Tarasov, and I. 1.
Zlochevsky : Metallugia.,, 5 (1964), p.9

7) W. Qelsen : Arch. Eisenhuttenwes., 36 (1965), p.861

8) #HE =, KEZMEE:HEH 65(1979), p.1838

9) JKEFEME, AR . HE S SEESEM, 65(1979), p.1848

10) T. Moriya and M. Fujii : Trans. ISIJ, 21 (1981), p.732

1) JuliEd, BHBEE, misEE, SEEAE L8, 67 (1981), p.323

12) LhAER, BREBE, KOE—, )R, SHEZE, dR &R §EHM 65(1979), S211

13) (UARER, BEHEE, WOE—: 528, 68 (1982), p.1896

14) (hER=, ErFE, R, hBEE— PHEEZ, HOSMRE LM 66(1980), A 141

16) HEH %, (LHEE=, ZmBi, HHEZ, HOE/RE S EM, 67 (1981), S943

16) HEH %, LHR=, ETAM HLER, FHIEZ, SMIFE  $kE M, 68 (1982), S863

17) HIER, vAE%REL, HHEZ, SHAG, MH OB, S5 8k&8, 68(1982), S864

18) H. Suito and R. Inoue : Trans. ISIJ, 24 (1984), p.47, # &8, 70, (1984), p.366

19) ERRR, tERL HREMK, ABXE M, 71(1985), S 280

200 BR VEIE, MRMIMEE, FMEHE R &88, 70 (1984), S139

21) IR, SEERIT | #HR19FEK No.10566

22) WHRIER, EHEAT, AUHHEG SRS 21 (1987), p.35

23) mHEERR, SEEZ, BB =L, 65(1979), S739

24 BJIRE, FEEx, EHEN, KBER:§kEM, 68 (1982), S972

25) HEH B, HFL K LHE=, FHEE, EHEE k&M, 72(1986) A 25

26) HE X OEEH %, OLUMES U B gk 72 (1986), S945

21) R, @Ak, TR, EEEN gk, 73 (1987), S 235

28) HEAMER, MR E L8 68(1982), S292

29) WRIRKE, ®)IE—, ME F 8L 68(1982), S971

30) HE = F R, KERESEM, 73(1987), S234

31) (LIMBE, ALBIXEE @ gk L8, 66 (1980), S 893

32) JNFHER, &THRIES, EFEH - sk M, 68 (1982), p.618

33) WIHIES, YEREARE, (EEFEHE 2k C 88, 69 (1983), p.760

34) 3 M, JI| LIEM  $IR19FER, (1975), No.9809

35) [LIARHKER, B, WERA, #AIEE, RAIES  $&8, 72(1986), A 37



36)

37
38)
39)
40)
41)
42)

" 43)
44)
45)
46)
47)
48)
49)
50)
51)
52)
53)
54)

55)

56)
57)
58)
59)
60)

61)

62)
63)
64)
65)
66)
67)
68)
69)
70)

Bz, EEMmfE, SEES, SEHED, MANED, BREIEE, LA B gkE#, 72 (1986),
A 41 ‘

Y. Nakamura, N. Tokumitsu, K. Harasima, and K. Segawa . Trans. ISIJ, 16 (1967), p.623
i &R, BB, HESTEHF kL8, 63 (1977), p.2287, 64 (1978), p.402

ST, KEER, TRAR, HRMAKE, RTS8 EM, 63 (1977), p.2292

iz, REEE WME £ #&M8, 65(1979), p.1167

LRI, Pz, AR 28l 66 (1980), S 227, 67 (1981), S 130

E. T. Turkudogan and W. R. Maddocks : ISIJ, 172 (1952), p.1

Bp ¥, HHAE— LM, 49 (1963), p.1375

hERA, HIEER B R REEH hE S gEH, 53 (1967), p.317

F. Bardenheuer and P. G. Oberhauser : Stahl Eisen, 89 (11969), b.988

TN &, REMNE RHER SOLEM, LARR #5866 (1980), p.2023

O. A. Esin and V. N. Shikhov : Izv. AN SSSR. Met. Otd. Tech. Nauk, 101 (1955), p.79
BEBEE, FORRIA, UM Sk EH, 54 (1968), p.151

ROHEK, ZAKER  $EM. 58 (1972), p.1255

NG, LREEME, & WD M, 63 (1977), p.391

WK, SRR | k&4, 64 (1977), p.391

EELE, SHEX  gEM, 70 (1984), p.1681

AWES, RRE#, ELEN  SILE RIS RRS, 25 (1969), p.67

A. Majdic, D. Graf, and H. Schenck : Arch. Eisenhuttenwes., 40 (1969), p.627

A. M. Samarin and L. A. Shvartsman . J. Phys. Chem. USSR, 22 (1948), p.565

dJ. O. Bockris, J. W. Tomlinson, and J. L. White : Trans. Faraday Soc., 52 (1956), p.299

F R, K B gkEd, 54 (1968), p.1123

G. W. Lloyd, D. R. Young, and L. A. Baker : Iromaking Steelmaking, 2 (1975), p.49

HBHS K, MERIERE @ gk, 68 (1982), p.767

A. Muan and E. F Osborn : Phase Equilibria Among Oxides in Steelmaking, [Addison—
wesley], (1964) .

fEHRE & U TP AEERNTE | 5 1 [ ILECERERE, HASMmS, (1986) MIE | k5
BOGITE, BHTATEHREM, (1977) BBtk @ #R19EERL, (1982), No.10437

ElEstia « S8R, 15 (1981), p.47

EERE, AHER GEM, 73 (1987), §1033

G. W. Healy : JISL, 208 (1970), p.664

T. B. Winkler and J. Chipman : Trans. Metall. Soc. AIME, 167 (1946), p.111

K. Balajiva, A. G. Quarrell, and P. Vajragupta . JISI, 153 (1946), p.115

K. Balajiva and P. Vajragupta : JISI, 155 (1947), p.563

H. Suito, R. Inoue,and M. Takada : Trans. IS1J, 21 (1981), p.250, #k&#H, 67 (1981), p.2645
DA SR SOS D HESEPHHE @ HAFINRECRME19EE S, (1984)

#1ZiE E.T. Turkdogan : Physicochemical Properties of Molten Slags and Glasses, The Metals

— 100 —



- TD

72)
73)
74)
75)
76)
77)
78)
79
80)
81)
82)
83)
84)
85)
86)
87)
88)
89)

90)
91
92)
93)
94)
95)

96)
97)
98)
99)
100)
101)
102)
103)

Society, London, (1983)

Bz ¥ E. T. Turkdogan : Physical Chemistry of High Temperature Technology, [Academic
Press], N. Y., (1980)

IKERRE, KAERR  #R19FEEHR, (1984), No.10589

M. L. Pearce : J. Am. Ceram. Soc., 48 (1965), p.611

S. Holmquist : J. Am. Ceram. Soc., 49 (1966), p.467

M. G. Frohberg, E. Caune, and M. L. Kapooy . Arch. Eisenhuttenwes., 44 (1973), p.585

S. Kohsaka, S. Sato, and T. Yokokawa : J. Chem. Thermodynamics, 11 (1979), p.547

D. A. Neudorf and J. F. Eellott : Metall. Trans. B, 11 B (1980), p.607

S. Yamaguchi, A. Imai, and K. S. Goto : Scand. J. Metall., 11 (1982), p.263

AREXZE, BAXH, EBEH gk E8, 69 (1983), S175

S. Banya, M. Hino, and H. Takezoe : Trans. ISIJ, 25 (1985), p.11220

D. N. Rego, G. K. Sigworth, and W. O. Philbrook : Metall. Trans. B, 16 B (1985), p.313

E. T. Turkdogan and J. Pearson : JISI, 175 (195), p.398

H. Suito and R. Inoue : Trans. ISIJ, 24 (1984), p.301

G. K. Sigworth and J. F. Ellott : Met. Sci., 8 (1974), p.298

H. Suito and R. Inoue : Trans. ISIJ, 24 (1984), p.40

J. A. Duffy and M. Ingram ! J. Inorg. Nucl. Chem., 37 (1975), p.1203

D. R. Gaskell : Trans. ISIJ, 22 (1982), p.997

d. B. Bookey : JISI, 172 (1952), p.67

J. F. Ellott, M. Gleiser, and V. Ramakrishna : Thermochemistry for steelmaking, vol.2,
[Addison Wesley], Mass, (1960) ‘

B FIE I BASB¥AESW, 23 (1984), p.354

R. Inoue and H. Suito : Trans. ISLJ, 24 (1984), p.816

o BIR, EAEHR 2L, 67 (1981), p.1735

K. Kunisada and H. Iwai : Trans. ISIJ, 27 (1987), p.332

M. G. Frohberg, J. F. Ellott, and H. G. Hadrys : Arch. Eisenhuttenwes., 39 (1968) p.587

F. Tsukihashi, A. Werme, F. Matsumoto, A. Kasahara, M. Yukinobu, T.hyoudou, S. Shiomj,
and N. Sano . Proceed., 2 nd International Symposium on Metallurgical Slags and Fluxes,
TMS—AIME, (1984), p.89 '

dJ. J. Pak and R. J. Furuehan : Metall. Trans. B, 17 B (1986), p.797

R. Inoue and H. Suito : Trans. ISIJ, 25 (1985), p.118

WNARIES, WERE KEFEM k&8, 70 (1984), S 203

K. Ito and N. Sano : Trans. ISIJ, 25(1985), p.355

S. Tabuchi and N. Sano : Metall. Trans. B, 15 B (1984), p.351

FIRTER, SRR, IEBHEHE - Sk &9, 69 (1983), S974

IR, GEEERE, AT D 8k -4, 67 (1981), p.536

E. M. Levin, C. R. Robbins, and H. F. Mcmurdie : Phase Diagrams for Ceramists, American

— 101 —



Ceramic Society, Ohio, (1964)
104) J. C. Wrampelmeyer, A. R. Romero, and D. Janke : Arch. Eisenhuttenwes., §5 (1984), p.515

105) (W1 R, %EERDEL ¢ BARSREFESEE, 55 (1984), p.43
106) H. G. Hadrys, M. G. Frohberg, and J. F. Elliott : Metall. Trans., 1 (1970), p.1867

—102—



RERSCICBIE L - RKRRAL

(1} Na,0-8i0; %R 7 7 I L BIEHOBD A - EERE, EHER 5L, 69 (1983), p.1591
Dephosphorization of Liquid Iron by Na;0—SiO, Slag : K. Kunisada and H. Iwai : Trans. IS1dJ,
18 (1987), p.648

2) V—5RASTKLBEMOBLD A I EERA, HFEL L SEIAEIE 17 (1983), p.27

(B CaO-8i0;~FeO %% 5 /' IC L BEBDBLY ARE : BESG, SHES 2L, 70 (1984),
p.1681

4) Naz0-8i0, %7 5 v 7 RIC X BIEHOBY AKE | BESUE, SHE, 8k M, 71 (1985),

’ p.63

(6] Na:0-8i0;~NaF k7 7 v 7 RIL L 557 0 LESHOBD A BERE, HHES &8,
71 (1985), p.700 v

(6) Phosphorus Distribution between Liquid Iron and Slags of NaO-Si0,~FeO system : K.
Kunisada and H. Iwai : 5 th International Iron and Steel Congress, Process Technology Pro-
ceedings , AIME, 6 (1986), p.419

{7} Effect of Na;O on Phosphorus Distribution between Liquid Iron and CaO—based Slags : K.
Kunisada and H. Iwai : Trans. ISIJ, 27 (1987), p.263

{8) Effects of CaO, MnO, and Al,O; on Phosphorus Distribution between Liquid Iron and
Na;0-MgO-FeO-8iO:; Slags : K. Kunisada and H. Iwai : Trans. ISIJ, 27 (1987), p.332

O V—5RT Iy I RCLBET YT VEBOBD A BERE, SHER SEE,  BRED

— 103 —



	00001.tif
	00002.tif
	00003.tif
	00004.tif
	00005.tif
	00006.tif
	00007.tif
	00008.tif
	00009.tif
	00010.tif
	00011.tif
	00012.tif
	00013.tif
	00014.tif
	00015.tif
	00016.tif
	00017.tif
	00018.tif
	00019.tif
	00020.tif
	00021.tif
	00022.tif
	00023.tif
	00024.tif
	00025.tif
	00026.tif
	00027.tif
	00028.tif
	00029.tif
	00030.tif
	00031.tif
	00032.tif
	00033.tif
	00034.tif
	00035.tif
	00036.tif
	00037.tif
	00038.tif
	00039.tif
	00040.tif
	00041.tif
	00042.tif
	00043.tif
	00044.tif
	00045.tif
	00046.tif
	00047.tif
	00048.tif
	00049.tif
	00050.tif
	00051.tif
	00052.tif
	00053.tif
	00054.tif
	00055.tif
	00056.tif
	00057.tif
	00058.tif
	00059.tif
	00060.tif
	00061.tif
	00062.tif
	00063.tif
	00064.tif
	00065.tif
	00066.tif
	00067.tif
	00068.tif
	00069.tif
	00070.tif
	00071.tif
	00072.tif
	00073.tif
	00074.tif
	00075.tif
	00076.tif
	00077.tif
	00078.tif
	00079.tif
	00080.tif
	00081.tif
	00082.tif
	00083.tif
	00084.tif
	00085.tif
	00086.tif
	00087.tif
	00088.tif
	00089.tif
	00090.tif
	00091.tif
	00092.tif
	00093.tif
	00094.tif
	00095.tif
	00096.tif
	00097.tif
	00098.tif
	00099.tif
	00100.tif
	00101.tif
	00102.tif
	00103.tif

