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Xl = Parameter representing the initial temperature,

<
1

Paremeter representing initial Si

X, = Parameter representing initial C

X, = Parameter representing initial scrap
X. = Parameter representing initial Mn

TI = Initial temverature

Y, = Time of blow

Y = Final temperature

Y, = FeO formed

3 .
[] = Component in liquid metal phase
() = Component iﬁ liquid slag phase
<>‘= Component in solid phase

{} = Component in gas phase

and t% Mn

’

X1, ®5 = Constant in temperature dependence function O

C(B = The Si-Mn rate parameter
A&,/ﬂz,/sfl,/f'z ='Proportionality constants vsed in
determining the rates RS and R

7

§ =Heat tronsfer parameter.

Parameter used in determining the ratio of W% Si
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2.2.1  SCURCH OXYGLE

Cxveen from the oxygen lance aust dissolve
into the liguid tlasy furnzce iron where then the
discolved oxyren is eveilable for cherdcrl combin-
ation ~ith certon, iron, manreness end silicon,
Qxides of diron, rtwnrencse end silicon jnin the Jdis-
solved lima to form & comrlsx ligeid ecolution called
the steelrekine slaes, Oxide of carbon, CO (rfes for-
mation) bubrles np throu?ﬁ the iron snd lezves the

nrocess &5 & waste fas,

Since oxyren is klowm into Lhe tzth it erists

AR}

throurhout the teody of the ircn cg Fturbles, 4 boundarv

1,

laver then exists between the oxyrsn bubble znd the

[

Folk met=]. (7)
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ecuilibrinm conditicn

th
[ e] [ ]= (rel)

The iron oxide acuilibrium constant KP a deteor-
re 0

chle oxveen zunrly 2diccent to the bubhlea,

have

%)

de
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nes the evai

xygen in dron in ecuilibrine with
vure F20 {(le- spnendix 2)

The rapidity with shich Ghe recctions tolke nlece
irnlies thet they ere instenteneously in & siate ol
envilibriun, (2) liance e have & stete of eauilibrion
ctetwean the ferrons oxide phase and the oyveen contang
of the tublle on the Lubble side of the toundsry laver

1

whicn formz the ssiuraticn region., Criwan diffuses thrap~n
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Since the slag 1is not a pure iron oxide slag,
the activity of FeO will be less than one. Thus
Opeo = (l/KFeO) qre0
where a mathematical expression for this activity
constant apgp, was fitted to the graph given by Bishop,

(10) which was based on the

Lan@er, Grant, .and Chipman
result of Taylor and Chipman (11} (see aprendix D)

The FeO diffuses across the slag boundary layer
ana into the bulk slag at a rate given by R, = bZ(OB - OFeO)

Where b2= constant and OFeO== Wt%h oxygen in
equilibrium with the TeO slagt

~The FeO content in the slag is also increased
due to dissolved manganese in iron since Mn and Fe reacts
with dissolved oxyren and forms liquid droplets of Fe0
and MnO. The FeO-MnO ratio in these droplets is gover-
ned by the equilibrium of the réaction.

[Fe] + (FnO) = (FeO) + [Mn]

The rete is given by Ré which will be developed

later on. .

2,2,3 GAS-METAL INTERFACE

This model assumes that CO is formed at the inter-
face between the metal bath and a CO bubble. This is

consistent with the conventional view that bubbles
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Where‘bl = constaﬁt and Osg = concentration of
oxyren in weirht % dissolved in the metal which is in
equilibrivm with carbon monoxide.

It should bé rememtered that Ry },O since corbon
monoxide leaves the process as a waste gas. Hence carbon

monoxide can never decompose to carbon and oxyren.

2.2.4 CIRBECN TOIL IN THR B/SIC OXYOGEN FURNAGE

Three diffusion steps have been selected as being

(14)

imnortant.

: (OFeO)
(Og) Rp FrO (slag)

BULK METAL % _~

/ (OCO)
. CO (ras)
In. the usual case
Og > O > Orgo » Ogp - (1)
Also R, = bl(OB-OCO) moles/hr 20 (2)
= - - moles/hr
R, bZ(OB OFeO? / (3)
Ry = b3(OS—OB) moles/hr . (L)

It should be noted that bl’ b2 ’ b3 are factors

which include the net effects of boundary layer area and

thickness and the diffusion rate constant. Since no

_accurate data on these factors exist, we can vary by, by

hae atinh +hat +ha nat AafLPAntr AP TAN dammrmcmmann + AN e s
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~nd O2 transport aﬁrees with the physical furnace under
consideration. It should also be.noted that increasing
the heirht of the lance results in an increase of FeQ
transport and a decrease of O2 trénsport in the bath.

To ensure in the model that Ry will alwevs be 2 0O

we can consider a new variable O'CO where we define

' = 4
0!y = Hin(0_,0, ) (5)
Where Min(OB,OCO) is the minimum of the argument
“82 %0 -
Hence in this case O?CO< OB
k3 >0
R. = -0t '
and R, bl(OB 0 CO) (6)

In general if condition (1) is satisfied at some
time and the bath is not altered from outside ., (1) will
remain true and Ry > O will be sutisfied.

Now assuming that these are the only 3 processes
taking place. and that there is sufficient oxyren, then

i.e..  by(0p-04y) + bZ(OB"OFeO)"b3(OS'OB) =0 (7)
solving for Op we have

b, .0,.~ + b,.0 + b_,.0
01— _+ GO 2' Fel 3°7s

by + b2 + b3

0

B = (8)
Hence Og is determined by the various transport
rates in and out of the bulk metal. But cases will now

be considered when R3, the rate of demand of oxygen, is

Ny
A
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limited to & moxdicur velue and when Rl is zero. In theae
céses we <haoll zvoupe OB te be the cinimum of the level

determined, It shculd be noted thedi sorie dooxidirsors

o

(notelly silicon end mancancze) intersct snd such effects

G

,

¢ celculcted slso. In the ca-e of silico-mongenase

o
0]
¢
]

uilibrion OE ig suostaentially lowar than for silicon
.’ : .
end menganese cbove., This cese will zlso he considerc! in

41

> the vealue of O

)

determrinin

o

I

Gince in the model the oxvren drmend rote H3 Tan

increase to ¢ velue congideraily hicher than the rog=ibl-
supcly of oxvzen, ¢ linited cerpnly of oxyveen hes to te

considered., Let us defline this morinum sunely rate of

—

xyeen from the lance as B (in moles/hr)
Then RB = B for the maxirum crse end (9)

bl(ﬂ:—O )+t (OT—OW‘N)-B =C (10)

g ; o I
O = (. = J}“ 2 £=Q - (11)

The 't o caren discusved z0 fer arve Lelkemn into

cecount by reodatinins 0 s

O = in(Gr o, o) C(12)

I [

In oerder Lo teke into concider: Licn in the orocron-

Fa)

wine of Lhe nodel the rossitility of o dermsnd of gwvesn

o

wraster thin the vwoszirle rete o

'
i
{
!
1
i
|
|
|
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consiical where:

}'113 = }in(I'Z:B,’t%:) (13)

Now snother nossicility cen occur

i.e, vitien QO C Jo Ky o=
CO>> ( 0)

e

I
So for comnletaoness o considonr tha c-re

R3 = R,?
) (14)

(15)

Also, limiting the reite of sunnly of Oxvesn to L,

nave

o1 "2 el : (16)

1l vossitls cases cre ceesunted Tor by usine

(17)

\
1
—
o~
o
-
-
-
-
P
-
-
]
-
Xl
~

.
{
2
;
—
.
A}
.
;
]
.
-1
-
o
P
¢

dlicon end fone:nezo teselnzr in the Yzih rrodncs

o lever acuilirpige cuyicn lovels tlhean oithor zlona
R N R Shanind =y

. - 3 SR AN [ e R R N ;. > >
ensn in tne combinaed deoxidstion vrosuet Lhe setivite
“ilice di® Toerad v the seneenese s lonco the trestaend

Tl o) ' 3 e .- . [N -
SLoEnd an s vary oonclen,

N

[t
o)
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fosoluiaon vee devaloced 1y crcroving tine
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erd » Fle. 5 which gives a vlot of eouilibriom

7 -

. . VR fargenl v (0]
dgeinst wth bnoand YLD 81 together st 1600°C.  Tf

cte the ecudlitriuve oxveen 9t% as 0, it is found

Zone A: (pure ln)

10

SLLO
1+ (Lt 1n) .10

D0

T A e D

vpendix C)

fone : (low $i)

14575

.l ‘ ri‘ ) + 9773

-~

7y . v hl &
Veisin® Ugy=— DL 10 (19)
K TR SR )
(-.'«t‘) DA )
3 7
(see zcrpendi- 2)
The cimrensiog for O'a 0o deieveined v Fittin-
44
2 1 1 - .
¢ Mine o the hypecralo-lile curve 4o tha dover left cornee
RYLE N £ ip ~ e < -
P TRT. b WMies T ode the line Fittel to velnes Lolen frem
LA 3
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at 1600°0

Rearroancing O'ine heve

O"-- - /L.L

o j + /‘2(1,7 I'n

Valuas tzken from the orae

) (21)

Y < Tl g oy e
n in Uerd were:

T T
dto In

O'I'-fn (3) (¢ ,T’-.'I‘l) (vit? In)

0.100 0.0
0.070 0.003L1
0.055 0.00543
0.040  0.00592
0.027 0.00573
0.020 0.00640
C.015 0.007L
0.012 0.0077
0.010 0.6076

0.0G09 S0 L0078

D.007 G.Co7e

C.006H 0.0079

M “)’134

L 1+ 15.0(.

7 B

(22)

7
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If the dependence of O'Mn on temperature is the same

as that of ONh’ the constants Ay and A? can be made temper-
ature dependent

6320
Ty + 273

[ 64K0 _ _ 2.95]

2731 -

+0.13(t% c)}
°<1.].O

Let O'nm =

1+ c><iZ(Wt% Mn) 10

By evaluating the numerator and the denominator at

1600°C where (22) is valid, we obtain:

(23)

' (24)
4y = 5.20 :
A suitable procedure for calculating'osi Mn is then:
. ) Bl
Zones A,B - Zones C,D
0 <wWt? Si < 0.2(Wt% Mn) " wth Si > 0, .2 (Wt? Mn)
Let _Wt% Si O = Min(O" 0..)
= M n?
0.2(Wt% ¥n) | = fn? 751
Then Og3 M =0t yn * (l-<><),0Mn |
Since at the beginning of the heat the Si-Mn equi-
librium with oxyeen is likely to control the value of oB”
we now have: _
Oy = Min(O’,O",OSi,MD,O"B,O”B) (25)
2.2.6 Removal Mechanism of Silicon and Manganese

. By taking the difference between the supply of oxygen
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,,é and its absorption by diffusion-controlled reactions, a
i 'raté of supply of oxygen |
? Rh = R'3- R2—Rl moles/hr. (26)
ﬁ is made available for a number of othar reac?ions.
? Let Mn + O = MnoO use O, 3l rate R5 moles/hr. (27)
g Fe + 0 = Fe0 use O, at rate Rg moles/hr. (28)
i $Si + 0 = %SiO2 use O; at rate R7 moles/hr. (29)
§> Because the ratio of MnO to FeO in the deoxidation product
g is fixeél?;ssumed to hold with silica present élso) we
% ' assume that RS/Ré has the same ratio,
? The ratio of MnO to FeQ is most easily discussed
% by cpnsiderinn the manganese distribution equilibrium(l7)
é equation (standard state equation):
(Fe0) + [Mn] 1,0 = (MnO) + [Pe]
% for.which the equilibrium constant is
; g =dma)lpd
Z;, ’ (a-FeO) [th]
% where K is the equilibrium constant for the reaction .
g [éFé] is the activiﬁy (Raoultian) of component in the
g : metal phase
é ﬁ%&J is the activity (Henrian) of component in the
% metal phase
% "(aMﬁO)(aFeb) “are the activities of components in the slag
% IR phase, (See appendix C)
’*; | " ¥ = 3n0 Xino! [Epe - Xpe] | (30)
. (BFe0-Xpeo) [£3y ' Wesh Mnl |
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vhere Xi = role fraction of i
However, the nurericel velues of the zctivity

conlficients are not usnally known accurstelv end it ie

cenveaisnt Lo trensfer these o)l to the iaft-hand side

of the eruztion, i.e
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fme fre (Tpeg) [vesd bl

Lsourineg fra = 1.0 then

Therefore

(X .a) .

——nQl = ¥. (45 in) )
(Foro ) g (33)

fssuriins that h5/ﬁé has tha same retic then:

ER)
n
2 _

.IT% = nyy, (7t kn) (34)

T oysmy o~ ) S A S
Conridorin~ tm~ aveilable From (Z&4) we hsve:

5 o0 1l : 17 heve beon detornines (z2e apTondix )
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R _ Rb— . O%. (‘Nt% L)l)‘

(Wt Mn) & 1+ o5 (wes S1)%
K

(38)
)

In the ecuations for RS and R7 y &, was determined

3

by the method of isoclines which is desirned to pive a

eraphical solution to 1°% order and some 2™ order

12)

Fig. 8 is an exomple

of such a solution for O% = 4. On the prarh X3:= R7 and

‘l== R5 where the ratio is then kB o3 W% Si)%

Xy (We% Mn)

The.short line segments as shown at intervals along the

isoclines are the slopes of R7/R5. A freehand sketch of
the trajectory from any initial conditions may be drawn

rapidly by following the changing direction of the slope
field. It is now nossible to choose a% in such a way as
to obtain a Mn-Si balance in agreement with published

results.

2.2.7 HEAT LOSSES -

The heat losses consist mostly of the radiative

and conductive loss. The heat transfer is:

L L
T, - T T - T
_ b b
£o(Ty) = - (39)
(o] r

Where Ty = temperature of the bath in °k

T = ambiént' temperature assumed to be 0%k
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N resistence in °C/ETU/hr

lon resistence in (OC)A/BTEVhr

L)  Conductive Loss

For our model we heve

<2 FU, hivh with a

)
KR wes teken

27T(redius)(hnight) + T (radius)”®

=(27Tx 6 v 25) 4

= 1NErK L vy, <
=1055.,45 1.,

Conduction resictancs iz miven

Ro=h/i k

whera h =

&5 s thin sls

- Y A eing Yl .
contlaered a

12 Pt. dicueter and

2 ™,

LS §

thermel ceonductivity (Velue is

nothe furascs hens

convarter

2 Tt. thick lininge

(40)
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to raise the temrerature of the scrap and the slap from
25°C to 1300°C. i.e. to diminish the heat deficit.
Obviously

§ =1 for hd(t) = 0
and 0< 8L ror hd(t)‘> 0

The rate of change of the heat deficit function is:

hy(t) = - (1 -§) af (43)
and by the rectangulsar method of integration

hd(t + 1) = hd(t) + XH . hd (t) (L44)
where XH = time interval
Also the rate of change of temnerature derived in ap-
rendix B is now:
. §al - Zl (aMysp7,5 X3) - (Ty - 1527) ,;Ci’(i
T, = (45)

Z CiX; |
T ]

2.3 NATHEEATICAL FORMULATION OF THE LOF 1-ODSL

The model consists of a set of simultaneous non-

linear differential equations, each revrresenting the

“behaviour of one of the variables in the steelmaking

rrocess. A set of state variables defines the system in
a complete and self-consistent way without any redundent
information.,
The state variables are:
qQ — number of reacted moles

aH — heat content (enthalpy) of the bath
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The state equations are:
q; (t) = r,(Z, t) (4,6

where r = boil reaction rate in moles/hr. and

afi(t) = - £4(1y) + 5 (heat of oxidation) (25)  (47)
where |

gﬁ(t) = rate of change of enthalpy
where aolso

Z = Z(Fe, C, Fe0O, Ca0, SiO,, MnO, CO, Tb) quantities in
lb. and in °C. ‘ | (L)
We cen then determine our variables
‘Te(t) = Fe(0) - Ape (t) x M.,
c(t) = c(0) - qc(t) x MW,

FeC(t) = FeO(O0) (t) x M.4.

¥ quO
3 = i ‘\“-.‘i 'Y
SlOz(t) 5i0,(0) + qSiOg(t) x MW

I'mo(t) = MnO(0Q) + anO(t) X M.W. (L9)
1 ¢a0(t) = ca0(0) " considered to be a constant

Si(t) = Si(0) - qg; (t) x MW,

Tb(t) = Tb(O) + (iﬁcrease in Tb)

2.3.1. JASIC FLOW SHEET FOR MUDEL PROCRAMMING

A. Set values for the parameters:

Lo alygon iy O3
2 Molecular weight of Fe, FeO, C, CO, Si, 810,
'n, Mn0O, Ca0 '

3. Ry, Rc"B’ b1, by, b3,¢X3, PCO’ Ty
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H

Gty = 2% e

+ 0,13 (93

c)]

C're = Min (0.
Co a (UD ?

5. Calculzte the rete of ra:

R, = b (0. - 0..)
R L ;

E, = t?(oz - Cpo)
Hy = b3(05 - Cy)
Brgo= I:in(f-.3 , B)
RQ = 1’3 - R, - By

2ticne

e = ;
5 M
Ity Aoy ~;-1 A, (it 81)7F
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.y b
_°G.Ry (Weh 51)3

Wt% Mn + L0 +o (Weh S1)
m

Roy I

Calculate the heat transfer loss

o b
. T A
£,(Ty) £ _ b
v R R
c r

Calculate the heats of reccticns.

Heats of reaction = K . 69100 - 1.# , Ry(100A0. +
(0.9(Ty + 273))) + (R, + Rg) 114716 + L9L000.R
(347000 + 536OO)R7

5+

Calculate reate of chance of enthalpy
aH = —f®(T5)+ Z:(Hgats of Reaction)
Calculate derivatives of the state varisbles

$aH - Z:AH1527,iXi (T, - 1527)‘zz: CiX,
— .

Tb(t) =

T
z:CiKi z:cixi
T 1
Fe(t) = - (R2 + RB)(Molecular Weight of Fe)
C(t) = - (R1) (Molecular Weight of C)
FeO(t)-= (R, + Rg)(Molecilar Weight of FeO)
sioz(t) = (Ry) (Molecular Weight of S§i0,)
Cal(t) = O

| Mh(t) = - (R5)(Molecular Weight of Mn)

éi(t) = - (R7)(Molecular Weight of Si)
MnO(t) = (RS)(Molecular Weight of MnO)
hy(t) = - (1 - §) aH
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T, = 1300°¢ Fel =" ¢ 1b

¥
e-= 250030 1h Ce0 = 12000 1o

] o L -
C =°0L0 1t Ci0, = 5020 1b
.
2

Si = Z5C0 1b ImC = ¢ 1b
i = 1450 1b SO AT = 507006 1h
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»..‘ s
voriahles

8i0_(t + 1) = 3i0,(v) +

9

xn(sioQ(t))
Ma(t + 1) = In(z) + ZH(kn(t))

FnG(t + 1) = InC(t) + ZH@GENO(L))

CaC{t + 1) = CeO(t)

hd(t + 1)§=hd(t) + XH hd(t)
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the heat supplicd to the "he:st delicit! function.

Results of the oxidation of S1, In &nd of C are

siven in ¥Fiz., 12.

It is seesn ia thies graph, carbon versus time, thst

Emren

exidaetinn of carbeon is retertad for the firal two to thrae

D = o

e

minutes. This delzy of two to three ninutes wes considered

e

in the nodel since in the earlv rart of the oxveen blow
. ' SRR |

while silicen still remeins in the iron, the oxyveen content

concumed Ly the oxidrtion of =ilicen, i.e.

(OG - Opo) gcross the relractery boundery lever
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Ihis steady diminoticn of Si contents in the hulk
wotal, doring the Pirst fer rdrutes of the oxveen hlow
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20 enilt inlo the model so that it ould soree with

oy . ~7 -~ .
exrarinantal results civen in the litereture.
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CHAPTER 3
LUAST SUULRES FITTING ANALYSIS

3.1 INTRODUCTION

The least squares fitting anelysis wes carried out
in order to predict or estimate the averare value of Y
(L.e. the dependent variables of interest time of blow;
final temperature and FeQ formed.) given the initial
condition of the system. That is, we wanted a source of
information about the way in which the variazbles Y depend
on X (i.e. the initial conditions of the system) as a

fuhctional relationship.

Let us consider the linear form (20)(30)
Yy= oA X | - (50)
where « and B are unknown.
and
N ’ 2
BN EEEN B
i=1

This is known as the sum square deviation and is

minimized by assuming

2B N B 0

— =0 5 = =0 2

= = (52)

AN+ BY X3 =3 Y | (53)
1 i '

A Y X+ BY x°= Y. X; ¥4 , (5L)
S i
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From these

IR IE A
T

B = L L (55)
N anl - (Z Xi)2
i i
> Xy =Y ) (X - %)
S (X - X)?
i
A=Y -BX (57)
where
-1 & 50
X-—-N— Xi (59)
i=1
N .
o _1 (59)
Y——N Z Yi . .
i=1

The multiple regression can be represented by a
model of the form
Y = X +85X ¢ ,52}(2 Foeeeen v et BN (60)
where each of the Xi need not be a quantity originally
observed; for example, if Xl and X2 are actually observed
. 2 . .
varlables, X3 may be X7 Xh may be X1X2 and so forth,

We wish to minimize the expression

= - - . - 7 | 7 2
D Z(% a binJ b2X2j = o eeea - bkxkj)

J

eiseal

(61A



~L7~ .

o

(59 b]_) br,- “‘bi,») wich do thiis

20y e yTy -

11l bee

Ve

end setwving these ecual to

ca

lues

1led

the nertial derivatives with

of

reasnea

0 By s )
t

(@]

7ero, we

{
. 1
2D }ﬁ
- e - 2 (Y PR - s - - r
by oo tJ“l:i e T D) (ST j) =0
i J )
: Q9 e 3 o . - ] R] ,
Sirplifving, these vield the normel eoustions:
ne + b s + b Z" e 5
X Tos 4 ou. + b E X, = } ’ 5
14.713 RL.TE] 'k {HJ = Xj (63)
< . . 3 .
o J J j
a) Ry by S Ry T x A :
ey 1250 2 1 555 + ... +bk RS EY— E LY
; J 3 . v R SR S
J J 3 . ’
E o }:_ . + b ;-.:“_.‘ o . s 'r‘ Zl v : . \_.-‘ ~r v
‘ éﬁ_' 7 | A 23 + G 22 .AL...%‘I + el Kl “?lj"l: ] =
i ’ y ]
@) N v by Y X X e SN E . SN e
C=d SR, B TEA ree Dy ) T E QY ‘iY
‘ J J j - P e
_, J J
; 2
& i




CRAT

-4, 8~

The solution of the noriel equations then vield

estinetors ofek »ngd the/ﬁi’s.

In the anclysis the dependent ver

with their multiple correlation coefficis

multinle corveleation coelficiant
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linear devendence of Y upon Kl,X?

rositive square root of the coelficien

2

deroted by k% which ie dalfinad &35 the
sum of sruzres to thf'total sunt of scuares (i.u., t

fraction of the total sun of SGUATES

resression)

& maasure of the

. At
L N )

K

3
o
D
O
™
}.S
o
(¢}
o
D
)
.
o0
*
e
(@]
4]
8]
)
.
o5
b
D
jad
jan
!
.
0
}_Jl
3
st
m

]
'.L

pY4 s T8 __ - e *q .

S U0 = initial silicon

4
]
(@]

initial carbon

Sy F = initial scrap
LS4

<. = I'm = gnitial manganese

ED

It is the

the

vl
(o]
i

L



| sz |
i H

-49-

and of the squares and cross-products of these variables.

Scrap was varied in such a way that the nominal heat

de~

ficit "hd(O)" was cnnstant for all heats. Values of the

initial condition for the run are given in tsble 3,
Hence if':
Yy = time of blow
Y2 = final temperature
Yé = FeO formed

we construct the fitted cuadratic representation

%) |
FYl ajy 410 a3 a1 a15_ X2
Y, = agi A2 A3 . 2, | % KB
_Y3J ;aBl' azp 33 'aBA ::135-J X,
X, |
X x, X3ooX, o X]
+ Xl | X2 X3 X4 X5 X
XX, XX, x5J
b1y b2 Py by by, rxl
0 P2 Pz b, bys X2
0 0 b33 35 b35 X X3
0 .O 0 bhh bh5 X4
K 0 0 0 by x|

(64)

(65)
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Fig. 13 b) ‘lists each of the &ariables ﬁogether
with the signed value of its weiphting factor in the final
fitted ecurtion;it also lists the standard error for each
of the weighting factors.

- The fitted eaquations obtained are:

2. for the linear terms

TIME OF RLCW = 151,0 - 0.1110(TI)

+ 0.1725 x 107° (C) + 0.9861 x 10™* (Scrap)

- 0.144h x 107° (8i) - 0.6032 % 107° (Mn) (66)

The multiple correlation coefficient is 0,975

b. for the linear and non-linear terms

TIME LOW = L 8 S,

" bll Xy Xq o+ bl2 xl x2 + p13 Xy X3 + bys X, X,
+ 1021P x2 Xu + th X35Xh + bh4 X, xLP (67)
+ b55 X5 X5
Where
aO = 105900 - : Xl = TI
831 = "lo5167 X2 = §i

= - 002 =
332 0 627 P X3 C
azz = 0.635 x 10 v3 : Xh = Scrap
byy = 0.5445 x 10~ X; = Mn

- -4
by, = 0.1890 x 10 5
by =-0.3692 x 10~

6

byy = 0,17h7 x 10

c -8
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bBZ = 0,7009 x 10"9
b

by, = 0.8656 x 10‘2
bgs =-0.2039 x 10

The multiple correlation coefficient is 0,995

From the fitled equations we note that;
(a) increasing the initial values of carbon and screp
makes the process take longer, and (b) increasing

the initisl temperature of the bath makes the process

procéed fester. This agreces Qith what we know of the

C8ysten.

The negative values of the weighting fsctors for

Si and Mn'seem to arree with the fact that since silicon

and manganese oxidize very rapidly, increasine their

initial values results in an increszse of thermnal energy.

This thermal enerry raises the temperature of thé bath

producing a faster oxidation of carbon; therefore

giving rise to a shorter time of blow.

From Fig. lB;a)-it is noticeeable from the order of
importance of the variables that the non-linear terms, in
the ecuation for linear and non-linear terms, seems to
control the fitted ecuation but their contribution is not
felt to a very large extent for the first five variable
if compared to the linear fitted equation. It therefore
implies that for the considerec variables the non-linesr-
ities (i.e. squares and cross-products of the variables)

are not very important for the first five most important

B A




variables but the other non-linesr teruis contribute in

~5l—

r

reducine the standeord devietion of myIL oW FLOM o &

lovier value.

3.3.2 TINL

In Liec. 14 &) ere tebulated the variebles, lineaar :

and nen-lin2or, in the order §n which tre vrosrom Judsros

them the most lmportant, end the standapd deviation of

the derazndeant veriable "ERINSL Tri Ui TUREY 2, eney step; E
i.2. the stanlard deviction exwected i one of the varichbles

not yet inLrodugaﬂ #2re to be included ¢t this ste

{- e

Fig. 14 b) lists ecach of the veriables tozether :

each of ths wairhtine fzctors,

+ Q.029% (Si) + 0,52, +
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‘Where:

a, = -193.7 X, = TI
8,1 = 1.1453 X, = 8i
asn= 0.,1063 Xy= ¢
blz::—0.65lh X lO-LF X = Sérap
-l b

by3= 0.2151 x 10 ) X; = Mn
by, = 0.2766 x 10
bp3 = ~0.1053 x 107
b,, = 0.2636 x 10~° ,
24 =5 -
b,. = 0.1995 x 10 '

) _5
b,5 = 0.1255 x 10

-J

The multiple correlation coefficient is 0.991

From the fitted equations, it is seen that initial
temperature and initial weight.of carbon are verv important
in predicting the final end-point temperature. Great care
must then be ﬁaken, at the furnace, in recordings these
variables and the time ]apsp between recording the temperature
end the berlnnjn" of the blow should be as short as possible.

The non-linear terms Seem to control the litted

‘ecuation (linear and non-lineer terms equation) but their

contribution is not felt to a very large extent for the
first five variables if compared to the linear fitted
equation. For the next five variables the standard deviation

is\seen to decrease from 10,672 to 8.1:,36000o
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3¢3.3 FeO H'ORNED

~In Fir. 15 a) are tabulated the variables, linesr
and non-linear, in the order in which the prorram judees
them the most important, and the standard deviation of
the dependent variable "FeQ FORNTDM at each step; i.e. the
standard deviation expected if one of the variables not
vet introduced were to be included at this step,
Fig. 15 b) lists each of the variables together
with the signed value of its welphting factor in the
final fitted ecuation. It also lists the standard error
for each of the welgshting factors. .
The fitted eaquations are:
a@. for the linear terms
FeO FORMED = 37307.0 - 0.04508 (Scrap) ~0.61362 (c)
- 18,3685 (TI) - 0.2078 (Mn) - 0.1030 (8i) (70)
The multiple correlation coefficient is 0.826,
b. for the linear and non-linesr terms
FeO FORMED = ag + 833 X3 + a X +b X, X

- 34 7y 12 71 72

4 15 22 72
# by Xy X, + by, X3 X, + b, , xl+ X, (71)
VWhere . |
ag = 180440 X, = TI
azz= 1.7272 X, = Si
83,= 0.432¢ X3=0C
by, ==0.7527 x 107/ X, = Scrap
byjy= -21.0042 x 1074 Xg = Mn
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If one substance is a dissolved fFas, then in en
ideal solution its mole fruéﬁion is equal to its vartial
pressure in a gas in equilibriﬁm with the solution. This
is the basis of many measurements of activity which show
departures from ideslity. As a résult, activity ay is
defined as the equilibrium partial preésure (in atmospheras).

Then the reaction equilibrium is

(a.)C . (a )d
K = —C D)ﬁ - (C..)

- (aA)el . (aB

.Also, the equilibrium constant may be calculated at
any tempersture from the standard free energy. aF° for
the complete conversion of the reactants of the left hand
side of the chemical reaction (C.1) into the products on
the right hand side where each formula unit represents a
gram molecule of the indicated chemical species in its
standard staté. The relation is: (23)

aF° = 4.575 T logK (C.5)
where T is the.absdluté temperature in degrees Kelvin
at which the reaction is taking place. For the purpose
of our model we have

T =T, + 273 (C.6)
where Tb is the temperature of the metal bath in °c.
Fortunately the stendard free energy is known for the

formation of most compounds and solutions of metallurgical

interest, although often with less precision than we would
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SOLUTION wOR

IS

M} - 3
The shering of oxyren between the fallowing
reactions
In + O = 1n0 uses 02 8t rate R, moles/hr (r.1)
2

el uses O

o
+
&
H]

ot rate ity moles/hr (12,

(X5 g
(0]
)
+
C
I
N

LSS AR ~ - 4. . L)
©iC, uses O, at rats i moles/he (5.3

{
i
i
i
|
!
I
N
1
!

; ‘-} 1 A v . - 1y ~ 3 4 9 :
‘ rust be determined on soue approbrite besis. £ possible

1

Cas1lE 18

g = Ay (ith In) (it 0) (E.b)

—~

-
Ky, = 2 . s 3
© t% Ln) from ecuaticn (34) (T1.5)

V-

R = /52( Y% Q1) (WL ©) (%.6)

- . ot .
wvhere (t7: 0) is somz leocal exvoen notenticl verving

! oy
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A T T ; : o
Ay &nt S, in the sbove ccnstions sincs the {Gu) o) ¢

i

[ab}

nnot

be measursd cr coleculetad, we hove:

1
5 ) ¥ . LY
i ,5';,(.1'. S AR
T A - T My e (v..9)
iz (L5 in) 2 (Lt i) ’

in terris of He owe heva:




-3

Substitutine B /v y -5
Substituting h7/n5 by eruation (5.9) we hove:
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Solvine for R, we cef:
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