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Equilibrio escoria/gas
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Influéncia da pressao parcial de O, sobre a
solubilidade de S na escoéria
Pontos abertos: escorias CaO-FeO 1873K, pgn,=6-8%;
Pontos pretos: CaO-FeO-SiO, 1773K
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METMAT
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Potencial de O, para o Fe e 0 a¢o: 108 (escorias saturadas
em FeO) a 10'° (fortemente desoxidados com Al)

10

log (%S) e log (%P)

Na escoria=3

Po2
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(w) Momokawa e Sano (118)

-15



METMAT

TERMODINAMICA DAS ESCORIAS

1/2 P, + 3/2 (0?) +5/40,,,= (PO3,)
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*Dessulfuracao: condicdes redutoras
*Desfosforacéo: condi¢cOes oxidantes

O calculo de equilibrio ndo é facil devido a presenca de
espécies idnicas (02, PO,3, etc..)

O conceito de capacidade do ion na escoria foi
desenvolvido

Flavio Beneduce
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Capacidade de fosfato

3/2
Kpogs.ao/_2 B (%P0, 3)

Cpop3 = =
4 _ 1/2 5/4 \ _
fpo;? Pp, -Po, Medidas com uma
escoria equilibrada

Capacidade de sulfeto / com um gas

KS—Z. aO—Z (%S_Z)-pégz
Cs—2 = Fos = 1/2
Ps, -

Mais importante é a particdo de P e S entre a escoria e 0 metal
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METMAT

Particao de S
2\ ,,1/2
oS0 ey
pSz §72 = KS-fS' %S
S=1%S,
IS = (%S) escoria _ Ks. fs. CS‘2
— [(pSZ)llz]/(fS'%S) (%S)metal pl/z

0

(Ps2)** = Kg .fg . %S

(%S ) escoria

(%S)metal

log(LS) = log ] = log(Ks. fs. Cs-2) — log(py.?)
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METMAT

Particao de P
o (PO ’ (%PO;3)
PO, 1/2 _5/4 PO;3 — 5/4
Pp, -Po, Kp.fp-%P. Do,
P=%P,
— [(pp2)1/2]/(fp_%p) %PO4 (%P)esc * 3 06

(estequiometria: 95/31)
(Pp2) "% = Kp .fp . %P

5 /4
Ip = (%P)escéria _ CP043 Kp. fP p
(%P)metal 3:06

(%P)escéria CPO_?"KP'fP
=] 4 —1]
% P)metal] og( 306 ) + 2 0g(po,)
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Balanco de massa entre o metal e a escoria

mlmetal + mlescéria = meQmetal + meqescéria
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.0 — 041
Wlmetal * Mmetal — Plymerar * Mmetal

Megcoria = e
. % 07,764 _ 040 | .
Ll * A)lmetal AJLBSCOT'I,G.

Onde:
mmetal (g’ kg1 t’---)

* %I° o YOP ou %S inicials no metal
o Q01 4iq - YOP OU %S Iniclals na escoria
* Qpi®d .. . %P ou %S desejadas ou de equilibrio no metal

L, — Particao calculada de |
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METMAT

ROTEIRO
(%S)escéria 1/2
log(LS) = 10g[ (%) o = log(Ks. fs.Cs-2) —log(py,”)
(%P)esc()ria CPO_S'KP'fP
og(LP) og[ (%P) o og( 306 ) + 2 og(po,)

*Conhecendo Kg, K, fg, T, Cse Cppy
Calcula-se (LP e LS) = f(pg,)
Conhecendo LP e LS: calcula-se am
dessulfuracao e desfosforacao

escoria NECESSAria para
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C, Si aumentam fortemente o fq
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FIG. 21-12. Effect of alloying elements on the activity coefficient
of sulfur in liquid iron, 1550°C (2822°F).(16)
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capacidade de fosfato de
algumas escorias



Abordagem da desfosforacdo com a
METMAT teoria molecular da escoria

Turkdogan: 2P +50 = (P,0f) ... AG® = - 168000 + 133,0.T cal

ap,0. _ VP05 Xp,o.

K = P12 [%0T5  [%PI2 [%0]°

Problema: Determinar ap,n5 0U Ypoos = f(composicéo da escoria)

ISIJ International, Vol. 40 (2000), No. 10, pp. 964-970

log(Vp,0)=—9.84—0.142(%Ca0+0.3X %MgO)
34950

log(¥p0,)=— +3.85—0.058(%Ca0)

log(Yp,0)=—1.01(23Ng,0+ 1 7Nyg0+ 8Neo)
26300
T

+11.2
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Modelos matematicos

METMAT
(%P) 22350
Healy: log %P] = + 2,5.10g( %Fe;0) + 0,08. (%Ca0) — 16,0
0
. (%P)
Suito: log

[%P]. (%Fe)5%

11570
= 0,0720.[(%Ca0) + 0,3.(%MgO0) + 0,6. (%P,05) + 0,6. (%Mn0)] + ~ 10,520

] | (%P,05)
Sommerville: RCENT7Y

11000 1
= —— + 2,5.10g(%Fe0) + . [162.(%Ca0) + 127,5.(%MgO0) + 28,5. (%Mn0)] - 6,28.10™". (%5i0,)* — 10,40
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METMAT

Capacidade de Sulfeto
( Cs-2 )
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METMAT

EXEMPLO

Calcule a guantidade minima de escoria (kg/t aco) para DeS
um aco rapido de 200ppm para 50 ppm, nas seguintes

condicoes.
a) T =1500°C
M2
Escdria: 0,56Ca0-0,44SiO,(molar)
b) T =1500°C
T4

escoria: 0,56Ca0-0,44Si0,(molar)

Flavio Beneduce
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200ppm 1000kg 50ppm

//

0
O/OSmetal*mmetal %S . metal * Mmetal

Megscoria =
% 0 — 0 0
% OSme tal Y05 iscona
Zero

(%S) escoria
(%S)metal

log(LS) = log[

] = log(Ks. fs. Cs-2) — log( pfl)éz)
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M2
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Carbon 0.78 - 1.05 Carbon 0.7 -0.8
Chromium [3.75 - 4.5 Chromium 3.75-4.5
Iron Balance Cobalt 4.25-5.75
Manganese (0.15 - 0.4 Iron Balance
Molybdenumi4.5 - 5.5 Manganese 0.1-0.4
Phosphorus [0.03 max Molybdenum 0.4 -1
Silicon 0.2 -0.45 Phosphorus 0.03 max
Sulphur 0.03 max Silicon 0.2-0.4
Tungsten 5.5-6.75 Sulphur 0.03 max
Vanadium [1.75-2.2 Tungsten 17.5 - 19

Vanadium 0.8-1.2

Temperature, 'C

0,56Ca0-0,44Si0,
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‘D 02 04 06 08 10
Xcao +XBa0

CS 2
|Og CS 2 = - 3 8
C, = 0,000158
KS
[S=1/2S)]

AG°= 32279,9 - 5,6 T (cal/mol)
K = exp(- AG°/RT)
K=0,00176

1:S

log f, = Zels*%;
fs(T4) = 1,35
fs(M2) = 1,28

Flavio Beneduce
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1.0

0.8

0.6

ﬂSiﬂz

0.4

0.2

Atividades

]

1600°C,
1600°C,
1500°C,
1600°C,
1630°C,
1600°C,
1637°C,
1500°C,

aca0

@O OPO

0.60

Sistema CaO-SiO,
Ref.. CaO puro solido; SiO, puro
solido

Kay, et al.13®
Chang, et al 13D
Sharma, et al. 40
Rein, et al.14®

= AE UD
Reyl®

McCabe, et al.13®
Carter, et al 112
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METMAT

Si +(0Oy)= <SI0,>

Po2
M2(controlado pelo Si): 8,55x10-1* atm (1500°C)

T4 (controlado pelo Si): 8,7x10-14 atm (1500°C)
LS =1,21 (T4)
LS =1,20 (M2)

(0,02 — 0,005)x1000
1,21x0,005 — 0

Mescoria (kg) —

Mqcoria (KO) = 2479,34 kg esc/t ago!!!
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