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Activities ofFexO in Molten Slags Coexisting with Solid CaO and Ca2SiO4-Ca3P2O8 Solid Solution 

Kohei MrwA, Ryota MATSUGI and Masakatsu HASEGAWA 

Synopsis : In steelmaking processes, there are incentives to reduce slag volume and CaO consumption. The key to meet these requirements is the bet­

ter understanding of CaO dissolution mechanism into molten slag, which relies on the knowledge of the thermochemical properties of slags 

and fluxes used for dephosphorization. In this study, the liquidus compositions coexisted with solid CaO and Ca2SiO4-Ca3P2O8 solid solution 

simultaneously were determined in the quaternary system CaO-SiOrP2O5-FexO at 1573 K. Measurements were also conducted on the FexO 

activities at temperatures between 1542 Kand 1604 K by virtue of an electrochemical technique. By using the present experimental results, 

phosphorus distribution ratios were estimated. 
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(a) Formation of Ca2SiO4 
or Ca2SiO4-Ca3P2Os solid solution 
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Fig. 1. Schematics of reaction mechanisms between solid CaO 
and molten slag7l. 

C2S = Ca2SiO4 = 2CaO · SiO2 

C3P = Ca3P2O8 = 3CaO · P2O5 

(C2S-C3P)ss = CaiSiO4-Ca3P2O8 ifr!j~~ 
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Fig. 2. (a) !so-thermal section of the CaO-SiOrP2O5 ternary 
system at 1573 K9l. (b) Schematic diagram of phase 
relationship in the CaO-SiOrP2O5-FexO quaternary 
system at 1573 K. 
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log( P,, I atm) = +20.40-6.45 x 104 / (T /K) .................... ,_ (5) 14) 

C ------1HIIE-t-- J 

D 

E 

B------*o 0 
F- G 

-
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Fig. 3. Experimental apparatus used for phase equilibrium 
study. (A) Gas outlet, (B) Water-cooled brass flange, (C) 
Molybdenum rod, (D) Magnesia crucible, (E) Mullite 
reaction tube, (F) Gas inlet, (G) Plastic plate, (H) Pt­
PtRhl3 thermocouple, (I) Robber stopper, (J) Alumina 
sheath, (K) Thermos bottle, (L) Liquid nitrogen, (M) 
Iron crucible, (N) Oxide pellets, (0) powdery oxide. 

Table 1. Starting materials used for phase equilibrium study. 

Compound 

CaCO, 

SiO2 

C3P 

CaO 

c,s 
<C2S-C3P>ss 

Preparation 

Obtained from Nacalai Tesque, Inc., Kyoto, Japan, and dried at 413 K. 

Obtained from Nacalai Tesque, Inc., Kyoto, Japan, and dried at 413 K. 

Obtained from Nacalai Tesque, Inc., Kyoto, Japan, and dried at 413 K. 

CaCO, heated at 1273 K for 2 hours. 

CaCO, mixed with SiO2, and fired at 1573 K for 24 hours. 

C3P mixed with C2S, and fired at 1573 K for 24 hours. 
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Table 2. Bulk and equilibrium compositions of the three-phase assemblages at 1573 K. 

Bulk composition (mass%) 
Phase 

CaO SiO2 P2O5 FexO 

CaO 

71.02 9.55 2.75 16.68 <C2S-C3P>ss 

L4 

CaO 

70.84 8.83 3.66 16.67 <C2S-C3P>ss 

L4 

CaO 

70.60 8.02 4.73 16.65 <C2S-C3P>ss 

L4 

Table 3. Bulk compositions of slags used for measurements of 
FexO activities. 

Bulk composition (mass%) Remark 

CaO SiO2 

79.39 9.54 

79.17 8.84 

78.92 8.02 

A 

B 

C--~ 

D ----+-+-IHI 

E---1-+-~I 

F ---+-+---fH1H> 

G ----+-+-.............. 

P,O5 Fe,O (mass¾C,P)ss 

2.75 8.33 18 

3.66 8.33 24 

4.73 8.33 31 

1---0 
====--Q 

Fig. 4. Experimental apparatus used for activity measurements. 
(A) Iron rod, (B) Water-cooled brass flange, (C) Mullite 
reaction tube, (D) Pt-PtRh13 thermocouple, (E) Alumina 
sheath, (F) Alumina crucible, (G) Iron crucible, (H) 
Molybdenum rod, (I) Zirconia cement, (J) ZrOz(MgO) 
solid electrolyte tube, (K) Mo + MoO2 reference 
electrode, (L) Slag, (M) Liquid silver, (N) Alumina 
pedestal, (0) Rubber stopper, (P) Gas inlet, (Q) Gas 
outlet. 

CaO 

87.44 

60.61 

30.10 

88.15 

60.31 

30.25 

86.50 

61.28 

27.72 

24 

Equilibrium composition (mass%) 
log L;S/L 

SiO2 P2O5 FexO (mass¾C,P)ss 

0.61 0.15 11.81 

28.72 8.38 2.29 18 1.398 

1.31 0.34 68.27 

0.72 0.29 10.84 

26.33 11.19 2.16 24 1.319 

0.87 0.39 68.50 

0.59 0.23 12.68 

23.02 13.56 2.14 31 1.463 

1.21 0.65 70.43 

log[P02 (ref)! atm] = +8.84-30,100/ (T IK) ................. (6) 15) 

~o~ma~••~•~~••c~HTG~re~••m 

JI!t~~~~#:Fexo CTG c, m•li<X;i!;l'lf/:f:ft"~ Go 

aFe,0 -( ~20 r2 ..................................................................................... (7) 

z:. Z:.1:Po, 0 /i~~llfil#:Mc~~~#:FexO~lf:i,~-'fffiM~ 

5}!±1:' ~ IJ, <X;ii;l'-~ ;t G fl Go 

log[P02 ° I atm] = +4.39-2.35xl04 / (T IK) ...................... (8) 2l 

3 · 1 )lfflffl..6.!t0)1Hfi 
XRD c EPMA /: J:: IJ, ::$:li}f~l'x1~ c L, t.:~-C ~ A 'J /f 

~fltiCaO + (C2S-C3P)ss + L4 :::::-f§~Hl'~ G Z:. c n~lif~;g 
~ :ht.:a ~ffl~*.llJilt~:$},ffr~* ~ Table 2 t:ffe-t a 

~#:A 'J ::lqt~FexO, SiO2, P2O5 ~-f :h-f':h~i/.lll c 

(C2S-C3P)ss qt ~C3Pi/.lll ~ 00 ~ ~ Fig.5 /: ffeTo ~qt/: 

Ii, CaO-SiOz-FexO ::::: JC* ~ CaO + C3S + L3 ts J:: rf C3S + 

C2S + L3 ~~ :::::ffl~H~J!;!JlX 10), CaO-SiOz-P2O5-FexO12.YX* 

~ Cao + C3S + < C2S-C3P) ss + L4 ts J:: rf C3S + C2S + < C2S­

C3P) ss + L4 ~~12.Yffl~H~J!;!JlX 11l /: 00-t G :::X:~fii '5 f:lt-lt-C 

ffe L, t.:o C3Pi/.lll :6~ 12 mass% i 1: /i C3Pi/.lll ~:tf!i1J• c c t 
/:FexOillll/if.!frGtd\ -f~f&l:~Ul!it:, Cao+(C2S­

C3P)ss + L4::::: ffl~H~J!;!JlXpgl'ti/i c lu ~ ~;i:'. c 7J:--::> t.=o 
i t.:::$:~.~ffl.n\t$alffi /: tsP-C, SiO2 c P2O5 ~~llti,fi~-C 

f.l!;Pfil[ c 7J:--::> t.:o ::$:W~~* J:: !) , !lfil#:CaO ts J:: rf (C2S­

C3P)ss c~HT G~#:A 'J ::ltiJlrf.!?.lEf9t:caO-Fexo=X* 

1:~Gc~;tGo 

P2O5 i/.lll:6~5 mass¾~r~ (C2S-C3P)ss c~HTG~#: 

A 'J :7''~*.llnltti:::X:~t:¥i--&~ :h-Cts !) 16,11), -f:hG ~:::X:~ 

fti c ::$:liJf ~~ * ~ i'i b-lt -C CaO- (SiO2+P2O5) -FexO~::::: 
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Fig. 5. Liquidus compositions plotted against the C3P content in 
C2S-C3P solid solution at 1573 K. (a) FexO, (b) SiO2, (C) 
P2Os. 
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Fig. 6. Phase relationship projected on the CaO-(SiO2+P2O5)-

FexO pseudo-ternary field at 1573 K. 
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~Ii (mass%C3P) ss /: J:: ~ -Z:~f~T"" ~ '"c' ib 1J, Z: (7)f:r<H 

25 

2 

~ 
~~ 

1 ~ 
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Fig. 7. P2O5 distribution ratio between solid solution and liquid 
slag plotted against FexO content in liquid slag. 

Table 4. Experimental results for activity measurements; 
(mass%C?)ss= 18. 

No. T!K E/mV log(P a, I atm) log aF,,o 

7-3 1552 76.49 ± 0.10 -11.28 --0.264 

7-4 1563 78.82 ± 0.08 -11.17 --0.260 

7-8 1543 76.94±0.04 -11.41 --0.283 

7-10 1545 74.56 ± 0.05 -11.35 --0.264 

8-1 1577 83.85 ±0.03 -11.05 --0.269 

8-2 1591 86.61 ± 0.06 -10.91 --0.262 

8-3 1552 79.45 ± 0.04 -11.32 --0.284 

8-4 1563 81.38 ± 0.02 -11.20 --0.277 

8-5 1583 84.99 ± 0.06 -10.99 --0.266 

8-6 1603 88.75 ± 0.08 -10.78 --0.256 

8-7 1573 82.42 ± 0.11 -11.08 --0.266 

8-8 1543 76.95 ± 0.04 -11.41 --0.283 

8-9 1563 80.22 ± 0.06 -11.18 --0.269 

8-11 1552 80.79 ± 0.10 -11.34 --0.292 

8-12 1573 76.98 ± 0.02 -11.01 --0.231 

•11(7)m11mi~1it(J)~M~im-z: ib Q 0 

{?{!:, Fig.61::m L, f~ (C2S-C3P)ss c1::: #HT G i"flffi~I: 
m~-r.A'73/~(7)9/%~IBt~~GoZ:Z:-z."~~TG(7) 
Ii, A '7 :7··~(7)u'!j,ffl c:~,ffl(7)mJ(7) 1) /%~cJt-z."ib IJ, ;it (9) 

'°t"JE~~ fl-Go 

ss1L ( mass%P,_Os )ss r, =---~ .................................................................... (9) 
P ( mass%P,_O5 t 

31.JJ.$ J:: < IDt 1J / .&IE t ;)lfi ~ -tt G f~ ~ 1: Ii, ~nlt t..,, f~ 

P2Os t u'flffi ~ I: u'flJE 1~ T Q )J-/J1 ~PC:~~ G ft, L;SIL (7) 

1i-/J1 r"eu P II~ 'FfliJ c: § ~ Q o :,$:liJf~-z:xt~ c: t..,, t~~:1ey-
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Table 5. Experimental results for activity measurements; 
(mass%C3P)ss=24. 

No. 

5-1 

5-3 

5-4 

5-5 

5-9 

6-1 

6-2 

6-3 

6-4 

6-7 

6-8 

6-9 

6-10 

6-11 

6-12 

6-15 

6-16 

6-17 

6-18 

6-20 

6-21 

6-22 

6-23 

6-24 

6-25 

T!K 

1575 

1595 

1552 

1583 

1603 

1576 

1593 

1552 

1582 

1574 

1583 

1583 

1552 

1544 

1564 

1572 

1603 

1562 

1551 

1592 

1573 

1542 

1542 

1553 

1573 

E/mV 

86.35 ± 0.08 

85.58 ± 0.12 

75.64 ± 0.12 

83.21 ± 0.09 

87.61 ± 0.08 

83.77 ± 0.11 

88.85 ± 0.12 

79.07 ± 0.06 

86.45 ± 0.06 

84.54 ± 0.13 

87.02 ± 0.12 

85.11 ± 0.12 

78.33 ± 0.11 

75.05 ± 0.06 

79.51 ± 0.11 

81.37±0.09 

93.46 ± 0.13 

79.80 ± 0.11 

76.15 ± 0.08 

91.09±0.08 

84.01 ± 0.08 

73.58 ± 0.08 

73.42 ± 0.06 

75.47±0.07 

83.63 ± 0.06 

log(P a, I atm) log aF,,o 

-11.11 --0.288 

-10.84 --0.249 

-11.27 --0.259 

-10.96 --0.254 

-10.77 --0.249 

-11.06 --0.270 

-10.91 --0.273 

-11.31 --0.281 

-11.02 --0.277 

-11.10 --0.278 

-11.01 --0.279 

-10.99 --0.267 

-11.30 --0.276 

-11.37 --0.269 

-11.16 --0.263 

-11.08 --0.261 

-10.84 --0.286 

-11.19 --0.268 

-11.29 --0.264 

-10.95 --0.289 

-11.10 --0.277 

-11.38 --0.263 

-11.37 --0.262 

-11.25 --0.256 

-11.10 --0.274 

* A 7 tf (/) L;siL (/) fil'i: ~ Table 2 I:, L;s!L C (mass%F ep) L 

(/) oo ~ ~ Fig.11: m-t o ::x::wu: ~ tL1i', L;s/L (/)mm xt~ c 

(masso/oFe,O) L (/) fllH: tt~MOO~il~ ~ 1J, "'t" (/) 00~ Ii Ii C 
A., ~Y.ffi!.m'. I: ~ff G tJ: t' c ffi15 ~ tL -Ci, G ii~ 11- 19l, :,$:li]f~;f6 

:!l!Hi::X::~(l)f~raJ c ~ < -cl& L, t::. a 

3 • 2 Fe.a >!.m.O)itl~ 
:,$:li]f~'"Z."li, Cao+ (C2S-C3P)ss + L4 :::::;ttl#H~Jl~I: ts 

ltGFe,om:1.:aFexo~iPJ!JE'.l..,f;::_o (mass%C3P) 88 il~18, 24, 31 

(I) c ~ (l)~-!tU:-::>i ,-r, -th-t"h Table 4, 5, 61: i c UJt::.a 

if;::_ aFexO(/)m fflxf~ C r.ffi!.m'. (/)~~(/) 00~ ~ Fig.81:m-t 0 

RVJ\=*rtd= ~ ti, :,t,:ttl;tfil'i: ~~-t@iJw®:~il!r~c(I) ~ -:i 
1:fflGht::.a 

1075 
logaF,,o=0.418-(T!K)±0.009 (mass%C3P)88=18 .... (10) 

logaF,,o =-0.393+ (:~~) ±0.009 (mass%C3P)88 =24 

.......................................... (11) 

1573 KI: ts It G FexO m :I.: c (mass%C3P) ss (I) 00 fj ~ ::X:: ~ 

fiJ'i: 11•20l ci'rb-li"-CFig.9 (a) 1:m-ta Fexom:l.:liCaO + C3S 

26 

Table 6. Experimental results for activity measurements; 
(mass%C?)ss=31. 

No. 

1-1 

1-2 

1-3 

1-4 

1-5 

2-1 

2-2 

2-3 

2-4 

2-6 

3-2 

3-8 

3-9 

3-10 

3-11 

3-14 

3-15 

3-17 

3-18 

3-19 

4-1 

4-2 

4-3 

4-4 

4-5 

4-6 

4-7 

4-8 

4-9 

4-10 

4-11 

4-12 

4-13 

4-14 

4-15 

4-16 

T!K 

1573 

1595 

1544 

1559 

1584 

1573 

1593 

1583 

1542 

1572 

1551 

1562 

1551 

1542 

1573 

1604 

1554 

1594 

1574 

1542 

1570 

1570 

1591 

1591 

1553 

1553 

1589 

1589 

1574 

1574 

1543 

1543 

1543 

1584 

1584 

1584 

E/mV 

87.86 ± 0.03 

90.80 ± 0.02 

81.66 ± 0.05 

84.51 ± 0.05 

88.46 ± 0.10 

81.93 ± 0.02 

96.32 ± 0.08 

85.72 ± 0.04 

75.78 ± 0.09 

89.86 ± 0.05 

94.95 ± 0.08 

85.04 ± 0.07 

81.92 ± 0.12 

79.54 ± 0.08 

81.23 ± 0.08 

93.27 ± 0.12 

82.21 ± 0.07 

87.09 ± 0.10 

84.92 ± 0.08 

71.80 ± 0.08 

81.22 ± 0.10 

81.16 ± 0.10 

86.17 ± 0.08 

83.83 ± 0.06 

83.69 ± 0.13 

75.86 ± 0.05 

83.56 ± 0.06 

82.20 ± 0.03 

84.82 ± 0.06 

84.36 ± 0.10 

74.79 ± 0.10 

74.43 ± 0.10 

73.00 ± 0.06 

78.75 ± 0.04 

83.62 ± 0.05 

82.92 ± 0.03 

log(P a, I atm) log aF,,o 

-11.15 --0.301 

-10.91 --0.282 

-11.45 --0.312 

-11.29 --0.304 

-11.02 --0.286 

-11.08 --0.263 

-11.00 --0.321 

-11.00 --0.270 

-11.40 --0.277 

-11.19 --0.316 

-11.53 --0.386 

-11.26 --0.302 

-11.36 --0.302 

-11.45 --0.302 

-11.07 --0.259 

-10.83 --0.283 

-11.33 --0.298 

-10.87 --0.260 

-11.10 --0.281 

-11.35 --0.251 

-11.11 --0.264 

-11.11 --0.263 

-10.90 --0.260 

-10.87 --0.245 

-11.36 --0.309 

-11.26 --0.259 

-10.89 --0.246 

-10.87 --0.238 

-11.10 --0.280 

-11.09 --0.277 

-11.38 --0.269 

-11.37 --0.267 

-11.35 --0.257 

-10.89 --0.224 

-10.96 --0.255 

-10.95 --0.251 

+ (C2S-C3P)ss+L4~ GP liC3S+C2S+ (C2S-C3P)ss+ 

L41mffi#ff~~~l:tsP-C;ti1J\c tJ: IJ, Cao+ (C2S-C3P)ss 

+ L4 :::::ffi#H~J!~l"li l:f/:f-;t c tJ:-:d::. ii\ Z:. (l)fflraJ Ii 

ITTT.iffi l.., td&ffiq:t(/)FexOYAlm'. C (mass%C3P) ss(/) 00~ (Fig.5 

(a) ) c ~i'r L, -C Pt::. c § ~ Ga 

!a;l:.lfil~f;::_ ~ -5 I:, B'tif;ti:CaO c CaO-SiOrP20 5-FexOi&f;ti: 

7,. '7 :7''il~ &J5-t G c ~ Fexom:l.:1;JJ!li2 I:~ -:J -C B'tjf;ti:CaO ]lr 

ff I: CaO-FexO Ji il~1::Jvt-t G Z:. c i1!ffi15 ~:fl-Ct' G 7l (Fig. l 

(b)) a :;,,. '7 :7''* 1: .l);ffl L, k _if JIU i%';'.f;ti:-'E -r ;1.,, 21l ~ ffl P -C, 

Hamano G Ii C2S c #HT G FexO il~YS{~ L, t::.i&f;t;::;,,. '7 :7• ts 
~rfrl'JL,,:7 7,. '7 :7''q:t(l)Fexom:1t~ 1573 Kl:tsP-C-th-t' 

:fL0.85, 0.27 c ~ili l.., t::. 7l a :,$:li]f~~:!lF!I: ~ hli, CaO-FexO 

JiliB'tif;ti:CaO ts~ rf (C2S-C3P)ss c IP]~l:#HT G *{;ti::;,,. 

7:7··1:xflbTG t=,g-~ Gh, Fexom:l.:lil573 Kl:tsP-C 
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7~~&~••~~~~:nk~om•~~~~c~m1..., 
ti: "/)' ':J t.: O 

3 · 3 ~~A7/J't)3~0)rai0) 1J:.,1}-ffic.lt 
1573 K /: iJ It G (C2S-C3P)ss ~~C3P~$-1im~-=cf' 

Jv:a:- fflP--C<X;ii;~ ~ -5 1::& ~ fl,g c ¥1H'r ~ :h --CP G 22\ 

logac,P = 6.80xl0-3 +2logY + 3.8lxl0-1 x(l-Y(········· (13) 

Y = 2nq I ( nc,s + 2nc,P) •································································ (14) 

Table 21:ffeL,t.:~ -j I:, CaO+ (C2S-C3P)ss+L4 :::::,t§#tf 

~J{~l:tfi fl,g if!lm~~~FexO91l1i2.5 mass¾tlr~~ 

Gt.:~. :::::ffl#tf~Jl~pg~~ C3P$.1i;i!; (13) t;, G .i'f', ~ 
fl,g {[l[I: ~ L, Pc i&JET Go Z:. Z:. ~!f!l~cao iJ1tftl:T G Z:. 

ct;, G CaO$./i 1 ~~Gt.:~. :::::ffi#tf~Jl~pg~~P2O5 

m•1i, C3P~~nl<;Bt~:a:-fflP--CT~c~~-j /:*~ G:hGo 

3CaO+P2O5 =C3P············································································ (15) 

logK(15) = logac,P -3logacao -logaP,o, = 24.80 at 1573K 

······························- ( 16) 1,23,24) 

logap, 0 = logac P-24.80 = -24. 79+2log Y+3.81x 10-'x (1-Y)2 
2 5 3 

.......................................... (17) 

Fig.9 (b) /:;ii; (17) t;, GITT. L, t.: 1573 Kl: t5 It G P2O5 $ 

• :a:-ffe L, t.: ti\ Cao+ (C2S-C3P)ss + L4-=.ffi#H~l~~li 

(mass%C3P) ssii1J:'1tT Q /:-:J:h--C P2O5 $.lir"eu < tJ:--::> t.:a 
:=.:=.~. ;rt (18) ~,E~~:n,Q•~A7:::i'-mium~ 1J 

Y::S}~Jtl:-:Jt ,--c~~T Q O 
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J!-;,/Fe = (mass%Pt ........................................................................ (18) 
[mass%Pt 

m:• c L, --r ER~iiMa Fe-C-P wJi,f,i,;if~ ~ ~ ;t :h/i', if~rep 0) 

P 0) Henry~~O)li5:;i:/i<X:it-C-*ffl,-C- t Go 

log hp = log[ mass%P]Fe +e~ [ mass%C]Fe +e; [ mass%P]Fe 

= log[ mass%P]Fe +(-0.005)·[ mass%C]Fe 

+ 0. 062 · [ mass%P ]Fe 
.......................................... (19) 

:rt rep 0) e( lii~-rep 0) nx;5}f!lJ O)fflli fF J'l'llJJJffi~4,2s) -r- ~ tJ' 
[mass%C] Fe /i!!R~-C-i/?J.f[l l., td~- rep 0) ER~~,!l' ~*To :a'.; 

(2), (18), (19) l IJ, :,f;:ffl~-C-MJE Gt.:FexOlis:i: (:it (10), 

(11), (12)) c ~,(,i,; A '7 :7'' rep 0) 1) ;.; ~,!l' (Table 2) :ts l tr 

P2O5$:i: (:a'.; (17)) ~fflP:h/f, CaO+(C2S-C3P)ss+L4 = 
*§#HA '7 :7''1:--:JP--C L;!FeO)fj~*b!) G Z:. c ;o!-C-t Go it 
SM*~ 1573 Kl::tslt G>Clxfi!'i 16•26) ci'rb-tt--CFig.101:~ 
To /j: :fJ, ;:_ ;:_ -r-s ili l_, t.: L;Fe Ii, rut 1) ✓ 1: ~--'J-T Q ~~ 

5}ff~A'7~repO)~Ocl@'..O)f!lJO)•ffi&~-C-~iGc 

tiJEGkM-C-~G~,z:.:h~:,f;:ffl~M*~-O)~~~TO) 
ill!.!l''t''¥IH':i- ~ :h --rt, G ;,'.(]tijcfi!'[ c Jt'3cT Gt.: bb-C-~ Go rut 1J 
;.; &~:it (1) I: Le ChatelierO)~J'.f!!~,@fflT:hlf, r'ebPL;Fe 

O)fi!'[;o!ffl G :h G ~jJ~l'tg~ftf:li r'eb FexO lis:i: cfli:P2O5 lisit 

(r'eb:fi!~ll') -C-~ G ca ;l Gb\ (C2S-C3P)ss:io ltrCS c# 
HT G <fxffiiU:fil-:d.:L~e O)~ftli, mt 1J ;.; R~;iifiO)~ 

f4 c ~if t., --r Pt.: o 

4. ~~ 

:,f;:ffl~ -C- Ii CaO-SiO2-P2O5-FexO Im 5fJf- /: :ts It G CaO + 

CazSiO4-Ca3P2O8 ufil;@'.,(,i,; + ¥TH§ 0) = ffi#H~Ji;IJJ,x /: # § G, 
EMPA ~ ffl t' --C 1573 KI: :ts It G Y{Jiffl 0) ffl_nx; ~ a,§ G ;,j, /: 

l., t.: o SiO2 c P 20 5 0) ii ll' Ii ,ffi bb --C fli; < , ufil ,f,i,; Cao :ts l tr 

CazSiO4-Ca3P2O8 ufil;@'.,f,i,; c #HT G wJi,f,i,;A '7 :7• Ii, Ii c A., E 
CaO-Fexo-=-5c* c L, --C]}ifW,'t''t G Z:. c ;o!5};o>--:; t.:o it.:, 

:J Jv ::1.::. 7 ufil,f,i,;fflfWJ( ~ ffl P t.:,rnffljJ~ /: l IJ FexOlisit 

~• JEGko:,f;:ffl~-C-*bbkwJi,f,i,;A'J~ffl.nx;:to.ttr~O 
lisil.:1i, ufil,f,i,;cao b~m'.~A '7 :7•rep""-i~fWT G R~,fl..Jl~x 

MTGM*-C-~IJ,SiliGkwJi,f,i,;A'7~-l@'.-f!lJ0)0;.;5} 

M2Jt '6 CaO-SiOrP2O5-FexO lm.Jc*O)ffl·ffi~~l::;ffi1I l., /j: 
;o>--:;f.:o 
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