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HRRHT 22BN T ABSTRACT

ABSTRACT

Reduce the cost of the blast furnace to save energy, iron and steel enterprises is an
important way to improve economic growth in the face of rising raw materials, fuel, power
and other prices, the blast furnace due to their higher costs facing increasingly serious
challenges to reduce ironmaking costs is imminent.

Task of this paper is to study the blast furnace costing model, namely through the
establishment of a mathematical model, using theoretical calculations and a combination of
programming, using VC can calculate the cost of the blast furnace slag alkalinity, material
balance, heat balance, etc. parameters of the procedure. The resulting calculation program
combines theoretical study found that the current cost of the blast furnace is mainly
composed of raw materials (ores, fuel, flux, etc.), composed of labor and power, and the
factors affecting the cost of blast furnace ironmaking there are multiple, such as: blast
volume , grade of ore into the furnace, the quality of raw materials and fuels, iron
equipment, the impact of these factors or a single or together with other factors affecting
each other ironmaking costs. Reduce the cost of the blast furnace has two more effective
methods, one using high-grade ore, which can reduce fuel ratio, so as to achieve the purpose
of reducing the cost of iron; Second, the use of reasonable power equipment, to avoid
unnecessary power waste .

Keywords: Blast furnace ironmaking; Costing; Program
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3.1 RIGIEHR
(1) REY H RS
(2) MRRLHE S sr
(3) Fe. Mn. PZILRDHLE;
(4) AASI]. [SPA &R

B 1REBN A
# 3.1 IBEV A
Fe Mn P S Fe O3 FeO MnO- MnO | CaO
56.03 0.102 0.045 0.046 69.99 8.96 0.03 0.02 |8.99
MgO Si0, Al,O3 P,Os FeS; FeS B CO2 &it | HE
2.40 6.94 1.29 0.11 0.03 0.08 1.16 100
3.1.2 MBI B E
(1) BERST
% 3.2 R
KAy (12.17)
_ WrR | BV | A1 | &S | HO
Cpu SiO, | AlO3 | CaO | MgO | FeO | FeS | P2Os
85.63 | 565 | 483 [0.76 |0.12 |0.75|0.05 | 0.01 1.30 | 100.0 | 052 | 4.8
K33 R SLEAVIE T S5EE
&R HHLA)
5% CO, CcO CHs H, N, H, N, S
EEY% 0.33 0.33 0.03 0.06 0.15 0.40 0.40 0.5
(2) J5H Ry
3.4 SR Y
j,}z/\
C H2 02 HZO N2 S .
SiO; Al>O3 CaO MgO FeO
77.48 4.35 4.05 079 | 0.42 0.66 7.48 3.42 0.60 0.30 0.45

3.1. 34&FIR T (A%A)
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#* 3.5 MM

5% CaO MgO SiO Al2O3 CO, &1t AR
e 54.11 1.16 0.80 0.13 43.80 100

32 BEEHSHY
(D FIuRTER
%36 EEHE

TLE Fe Mn P S
GRS 0.997 0.5 1.0
VORIEY 0.003 0.5
P - - - 0.06
(2) CEn ARy
® 37 AR
1% Si Mn S P C Fe &t
% 0.35 0.03 95.00 100

(3) ARENFHE
* 3.8 KRENFEE

B I AN = kg A HE kalt £k H & kg
MOTE M I M FER
FEk F & kg £ELE kgt JELE kot
M ey K M
3.3 HHITHE
1LV AHE

M AR T [M ore X a)[Fe]ﬁﬁ +M e X G)[FG]K + Mﬁ%\ X a)[Fe]M ]X 0.997

M, = Maore %1000
M

0

e

RIS E AR, SR A AR A — IR, B A LA —
Beh 0.5%, KRR 05 FERIIHUMAR i 0.5%, K458 4.8%; HERHLINGR
RAMUK RN 0o Bt LLBRE 0 AR IR (1 SEBR FH B RCK TR . BRI rT BB A
WA OB S B F R
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% 3.9 AEMUEYR RS B R

e N TR & PR %% IK53% S &
e 0.995X M 0.5 M s
ISV 0.947 XK 0.5 4.8 K
Bk M M
Fhit
2R

w[Fel, =95%

w[P], = {MW. x o[Ply + K x o[P]i +M x0[P,0; ], x%}xm%

@[Mnl,, =M. x o[Mn];- x0.5x10°

w[Si], =0.35%

w[S], =0.03%

@[Cl,, =100% — w[Fe],, — 0[Pl — @[Mn],. - @[Si], — 0[S ],
R LA LA AT AT, W45 AR TS

3 5

W BB NI Ca0 B4: M. xw[Cal]; + K xw[Cal], +M xw[Ca0],
WA BRREE NI SiO2 B CHIBRIE R Si Y FERDD:

M, x @[SIO, ], +K xw[Si0, ], + M x@[Si0, ], —10° x w[Sil,, xg—g
()F KA BB I

CaO,,,, = »[Ca0], —Rx|SiO, ],

Q) KA FHEEHE T (B 0.95~1.2)

(Mar x @[Si0, ] + K x@[SiO, |, + M x 0[Si0, ], —10° x w[Si], ngjx R

’= CaO0,, -

M,. x @[CaO]; + K x »[CaO], + M x w[CaO],
CaO

21 R=0.95 i} CaO 4x=53.35%, @ H/MHE, R=1.2 i} CaO 4x=53.15, @ H KA1H

11
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(MW xS0, ], + K x@[Si0, ], +M x@[SiO, ], —10°x [Sil;, xggjx R
i = 53.35% -
M, x a)[CaO]ﬁﬁ + K x a)[CaO]K +M x a)[CaO]M
53.35%
@, =[(M 5 X 6.94%+K X 5.65%+M X 7.48%-1000 X 0.35% X 60/28 ) X 0.95-(M ; X

8.99%+K X 0.76%+M X 0.60%)]/53.35%=

[MW x@[Si0, |, + K x 0[SO, ], +M x 0[SiO, ], ~10° x o[Sil,, ng}( "
Prnax = 53.15% )

M, x®[Ca0]; + K x w[CaO], +M x w[CaO],
53.15%

®,,..=[(M 5 X 6.94%+K X 5.65%+M X 7.48%-1000 X 0.35% X 60/28) X 1.2-(M 4 X 8.99%+K
X 0.76%+M X 0.60%)]/53.15%
4 BB

(L % SH&

Fopber S B m(S)yy =M, x0[S]y + Kxo[4:S ] +M xa[S],

"R S B m(S), =1000x @[S ],

BN S B m(S)y, =My x0[S]y + K x o[4S ] + M x @S], [x0.06

NP S 2

M(S )y =M(S )ygy —M(S )ygry —M(S )y = [Mﬁf x @[S ]y + K x a)[és]K +M xS}, ]XO-94—0’[3]@§

0003 72
0.997 " 56

(3) 4% MnO &: m(MnO),, =M. x@[MnO],. xO.SX%

(2) £ FeO &:m(FeO),, =M. x w[Fel; x

(4) #4385 Si0, fit:
M(SI0, ), = M, x@[Si0, ], + K x [Si0, ], +M x «[Si0, ], ~1000x w[Sil;, xg—g+¢><a)[8i]

(5) #3 CaO #&:
m(Ca0),; = M, x®[CaO]; + K x ®[Ca0], + M xw[CaOl,, +#xw[CaO],

(6) & AlLOs & :
m(ALO,).,, =M. x0[Al,O,],- + K x0[Al,O, ], +M xw[Al,0,],, +#x[AL0O,].

(7) & MgO =:

12
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HRBHY A B AR it
m(MQO)@ =M. x a)[MgO]ﬁﬁ +K x a)[MgO]K +M x a)[MgO]M +Px w[MgO]%

i}ﬁ?)ﬂkzé\%y\j:
m(S),; + m(FeO),, + m(MnO),, +m(SiO,),, + m(CaO),; + m(ALO,),, + m(MgO),,

My o

R LLE TR AT, Wi AT 2B R S

13
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4 PRPEIE

4.1 2B
1) JEERE IR IR 100%;
2) AERAIHT
3) &M RHHFEE;
4) BRI
FRIEE f=1.5%, B 1. 29/m3
5) LA B L R B AR
HIZLFE rg=4.5,
6) BB R MBIRY)E C BRI 1.2%5 Ho N A B CHa.

4.2 NETE
4.2.1 ROBIAGRIRZ C X
PR Y& Bk - 17 7«

m(C) =Zm(C)y —@[Cl x10° ~Xm(C);; ~m(C),

Fivas m(C), —— R RT#AEEN C &, kg

Em(C)y, ImC)yr M(Clyy, —4r BINIABEH A C ik, EIHEJEFE C AL
% CHa 1Y C &, kg;
@|Cl,,— %A CE, %,
WL T 52 B X m(C )y, K>85.63%+M >77.48%

T AR 19 B=1000x0[Cl. = M(C), +m(C),, =

B8 A
Zm C y =M C)Mn +m(C)Si +m(C)P +m(C)Fe

12 ) 24 60 12
=1000 x (a)[Ml’l]@i X % + a)[SI]% X 2_8 + a)[F’]@E X E + a)[Fe]%% XTIy %j

1R CHa #EB%: M(C)gyy, =X m(C)y, x0.012

YR FT R BE R C

14
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m(C) =2m(C)y —a{Cly: x10° ~Zm(C); ~m(C)as,

o X , m(C
C R, o =ML

Zm(C)%
4.2.2 NEITE

> m(Cy, )x cj x0.933—Q,,

RIEEFAT R4S (V) Vi =
0.21+0.29f¢f

Hrp

RUTHTRBERT C Frifs & (m*) -

> m(C)y, x € x0.933=m(c),, x0.933 (Tm(C), FHEEHA C B, ¢, N C

TERTHT TR BE )
O EKPNENEE

16 22.4 16 22.4

Qo, =[v(o)m +EXV(HZO)mi|X 5 M x(a)[oz]ﬁ +Exw[HZO]JX %

EER A EIRE A 0.21+0.29f =0.21+0.29x0.015=0.2144

m(C),,x0.933-Q,,
0.2144

4.2.3 WEHPREETE

(1) H e

BRI AR Bk K B Vi =

22.4
CHa HRELh C ZER CHa&: V(CH, ), =m(C)g, TS

FERAER A CHaB: V(CH,), =K xV(CH,), x 21264

HEABAH CHa &: V(CH,), =V(CH, ), +V(CH,),
2=
NP Ho BE= R0 N HoHEEIR N Ho TN Ha
i V(H,),p =V x f+(Kxa[H, ] +Mxa[H, ], )
BOAE WS IR 2K F T A 40% [ He Z i . WS i R 1) He &4

V(Hz)ﬁ)ﬁ :V(Hz),é\% x 40%

15
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"B CHa 1) Ho & V(HZ)CH4 :V(CH4)C x2= m(C)CH“ X%Xz

HEANPES T He 5 V(Hz)ﬁ% :V(HZ)}EL% _V(Hz)‘@:% _V(Hz)cm

o X 220 () X

s < 7 e N v s
o= 3" 22.4 10005 33.6 100% (CBE I Ho 3B R E
e My, x w[Fel, 950

i, U3 2 TIEJE FesOs, 213 2 T8 FeO)
(3) — % fbhix
F Fe,0, — FeO 4 i) CO2 &: V, =M xw[Fe,0,],. x

V(H,

22.4
160
) 22.4
o f X
" 56

H FeO— Fe £ CO2 &: V, =1000x w[Fel,, ><(1.0— r,

22.4
87

FAb, Hy Sk Ji e v 5 [FARAR CO BT i e Bidl 2, FirbL COp A2 & i .
WMESINE RN Hy 7, [A4EIE R AE ) CO2 &N :

\ (Coz )I‘Eﬂ%ﬂ_ﬁ =V, +V, +V; -V (H 2 )ﬂﬁ

H MnO, - MnO A il CO2 F: V=M. ><a)[|\/|n02]ﬁr X

B Ao fif BT K CO2

22.4

My x ®[CO, |- 22.4

V, =V(CO,), +V(CO,),. = Kxw[CO,],

A R COy & V(CO ) HE =V(Coz)rmz‘%@: +V,

(4) —E A%
comm%ﬁ%%i&coizV@mmfm@hxﬁ;
T HARIE R CO & V(CO), = m(C) 21224

22.4

FERIER ST CO E: V(CO), = Kxo[CO]; x
)18 S #E CO HE: V(Co)rtﬂ%i@ﬁ =V(C02 )E&JIJE
B hs Co H: V(CO)yy =V(CO),,, +V(CO), +V(CO), =V (CO e

(5) A
BAHFN RN, BEAN:



R ABEA R BT 4 PP

22.4

5 tM x 0[N, ], 22.4

28

V(N,), =V x(1— f)x0.79+ K x@[N, ], x

Vigrga =V (CH e +V (Hp )y +V(CO, )y +V(CO) +V (N,

fein

RE LA BB, @Il iR T AR R
4.2.4 HIIRTEER
(1) sETHH:
IMEE KU & = Im* 58 SR & + ImPJ AR & + Im* /K i &
~0.21x0.985x32+0.79x0.985x 28 +0.015x18
22.4

= 1.28(kg / m3)
LB R My, =V, x12.8

(2) BRI
Im® R R
M, oy = IMGE SR +1m 20T R + Im° AR + 1m*— SR + Im* U
CV(CH, )y x16+V (H, )y x2+V(CO, )y x44+V (CO) . x 284V (N, ), 5 x 28
- VX 22.4

SE[T = famn =
SRR My =V X M, s
(3) 7K§7\V|‘ﬁ

FERMNKS: m(H,0), =Kxa[H,0],

By AK5r: m(H,0),, =M xo[H,0],

‘ 8
Hz i 57K 5y m(H,0), :V(HZ)'@?@ Xﬁ
KGR m(H,O)yy = Kxa[H,0l +M xa[H,0], +V(H,)yy %

WA LBV, ke )m ml g il tR DR AT

17
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5 BFETE

5.1 AEWA
CUEN I SR UG 251
i XIEE 1100°C; HrI0EE 200°C s AW AR 80°C.
(1) BRETEMHR
BRI AR 1mP ) CO T : Q, = %le ~17898.57(kJ /m*)

9797.11

BRI B 1mP 9 CO T 9: Q, = x12 =5248.45(kJ /m°)

BRI EA N Quypn = Qi xV (C02 )rm;zim +Q, % (V (CO )é% -V (CO)K )

(2) FAAT AT

1100°C 1 F 2 < MK & B OE 4 B R e, =1426k3/(mPeC)
C e =1.742k3 /(m* 0 C)
BRA A Quuu = Vi x (L= @)xCo V30 x0Ty

/\I:':l:
VB AR kA
PNERIRE
Cor NI EEFAZE
C o JIKZETHI LAV
(3) JliER
PRl CaO K MnO DABRIR Eh 1 XAFEAE, 7E = AL S AR R 2R, 1kg AU
1130.49kJ i .

BRI 47711 Ca0 &t m(Cao), =m, x @(CO, )y x 20

m
o[CO, |, FRH 1T 13 CO BB B
ettt Qs =M(Ca0),- x1130.49

(4) BRE™ i AN EE

B sy Qun = My X Cy x Ty = My x1.0%80

18
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s Cy /N A ESOC I [ L #425 A71.0kJ /(Kg  C)
U T RE RS N80T
(5) Ha EALTIHA

Ho AN Qs =V (H, ) g5 XCp,
C, F7RIM°H, S L FRH O

(6) CHg A= il #h

1kgCH4 £ : ¢y, = 77?24'4 = 4867.15(kJ)

. 16
CHa Al QCHﬁﬁﬁm :V(CH 4)(: me Con,
Horb: V(CH,), el C Ak CHL &
TR 1t AR R R

Qe = Qg T Quga, + Quigns + Qs + Qi + Qo e

5.2 MEXH

5.2.1 SR BERR

(1) BREMM MR VAR M) FeO DNRERERIIIE RIS, I
A 20%Fe0 LR ATETE, AL FesOs TEASAFAE .

M(FeO ), e =My x @[FeOl;- x20% + K x w[FeO], + M x w[FeOl,, 4 % i

F1ff] FeO, m(FeO), , ‘& LARER: I RAFLE
4TI FeO & N: m(Feo)ﬁmﬁ!eﬁc = m(FeO)E&Eﬂ‘{ﬁ%K —m(FeO)@

m(FeO) =m,. x o[ FeO] . —m,. x o[ FeO],. x20%

160
m(Fe,0, )’fWCZ%E = m(Feo)vum;f% X )

UIE=REARTR

m(FeZO3 )gaa = M- X co[Fe203 ]ﬁ[‘ - m(Fezoa )@fmz@%
TRYE 1kg BB ALY i, AT DABE HY S 2 il

Q(FeO) s = M(FEO )issses X Areop: = M(FEO iy x 4075.21

19



H KRB A B AR EEb R 5 et
Q(Fe3O4 )ﬁﬁm = (m(Feo)ﬂﬁwz’fﬁa + m(FeZO3 )miﬂcz%ﬁe )X Ore,0,
= (m(FeO)lEli{{z@‘: +M(F&0; )y )X 4799.98
Q(F&,0; ), = M(FE,0;5 )1y X Ure 0, = M(Fe,0; ), x5152.94

DA b
Oreontm> Oreo0,> Ore0, 773 NS; FeO BERRER . FesOa. FeaOs BAr it i (157
iR, 435N 4075.21kI/(KgFeO wmw)« 4799.98kJ/(kgFesOs). 5152.94kJ/(kgFe203)-.
Queremimmn = QPO )umm i + Q(FE30,) s + Q(FE05 ),y pen
(2) EEA R
MnO, — MnO [ 43 il 4N -

Quino, 5o = My X B[MNO, |- x Ayo. =My x 0[MNO, ] x 2629.44

e Oy, T AL MO (173 #4409 2629.44kJ/(kgMnOy).
MNnO—> Mn {153 il #4A -
Qunomn =1000x w[Mn],,. x 0,0 =1000x w[Mn],, x7362.84

A Qoo RN AL E MnO [ #1 N 7362.84kJ/(kgMn)

sty Quammmms = Quno,>mno T Qumnomn
(3) SiO, 4 filk
SiO2 il

Qso, s =1000x@fSIO, |, x g0, =1000x a[SiO, ], x30288.76

e Qgo, Ron AL R SiO2 I EFA, Ty 30288.76kJ/(kgSi).

(4) Cas(POa)2 77 fitk ik
Cas(POu)2 143l T4 A -

Qe o), it =1000x P X0, (o, ), =1000x cof P, x 35756.98

AKf: Ooay(po,), Fas AL R Cas(POa)2 I/ HR, 4 35756.98KJ/(kgP).

20
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(5) B e #
H1 -+ CaO Al MnO Il B A6 #2422 7 R K, 790l 9 5041.23kJ/(kgS) A1 8039.4kJ/(kgS),

Rk, BOLE PR Hl (w[CaOly: @[MgO], ) SKitS- P BikE# .

1kg B [P FE RN -
_ [CaO ], »[MgO],,
e = oo X a)[CaO]?ﬁ + W[MQO]@ + Ahgo a)[CaO ]@ + a)[MgO]ﬁ
5401.23x 2120k +8039.04x “M9Ols
[Ca0};;, + w[MgO],, w[Ca0],, +»[MgO],

AH: o Owgo 78 B~ CaO. MgO i 54 I & 1B T i #E R R R, 29 iR
5041.23kJ/(kgS)F1 8039.4kJ/(kgS).

B Queren = M(S s ¥ Qaspens

SRR S FERCA (D ~ (5) Ti#EZ M, B

Qs = Quenpmnnen + Quesurmmms + Qsio s T Qaay(po, ), s + Qe

5.2.2 WEEELSTREMA

i CaCOs /it 1kg ) CO. 75 B #vEE: 4044.64kJ, H MgCOs 7 it 1kg K CO2
T PR 2487.08KkJ.

YA 143 CO & h: m(CO,), =m, xw[CO, |,
O|CO, |y, AR FithBE AR CO2 05

B F# " CaCOs. MgCOs LLELAI 3 EE i, T
H CaCOs 41 fif CO 1l =

o[Ca0];
coO CO
m( )CaCO -C0, ( ) a)[CaO ]E}' + a)[MgO]ﬁr
i MgCOs3 43 fif CO, 1 &=
MgO
m(COZ )MgCO3aCOZ (CO ) a)[CaOa)]Er —Sa)%ﬁli/lgO]

BRIR & 73 0 fiff 4«
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Quemninipens = m(Coz )c(axcog—>co2 XOcaco, + m(Coz )MgCO3—>C02 X Qwgco,
=m(CO,) x 4044.64 +m(CO, ) x 2487.08

CaC0;—CO, MgCO;—CO,

Ocaco, ~ Umgoo, 43 5I#7R CaCOs 43t 1kg HJ CO, 75 B HE AT MgCOs /) fif
H 1kg i) CO2 75 NG, 43774 4044.64k] Fi1 2487.08kJ.

5.2.3 IK7D 7 HER

AN MBI+ QMJ\%%&% :Vm XPXxQyy o :VJXL x1.5% %x10806.65

Arh: vV, BHAEBRKISNE; o BXRE=1.5%; qy o FAER H0 HI2 iy

10806.65kJ/(m*H20).
5.2. 4 IEIRHDG R

BRI AERN: Quogsppens = K X Ay = Kx1256.1

Oy Fos BT BT R R 7 AR AY, T 1256.1k3/(kg KA ) -
5.2.5 }PRLFFEKAIZ & K

‘ A TN

O 550 7R 1kg 7K B 20°C A 100°C /K Z& ST IR I #A i, Dy 2595.94KJ.

5.2.6 HEKHEMR
Quuepss ez =1000x A H,,.,, =1000x1172.36 =1172360(kJ)

A H o AERREI KSR, B 1172.36kJ/(kg X))

5.2.7 }PETEHR
Qpimmen = Muus XA Hyy = My x1758.54

A Hy FORIERIRE A, B 1758.54kJ/ (kg ).

5.2.8 IFIESHER

200 °C P TR AN 4 B L2 (k3 /(m® o C)) I F % 5.1 s
2 5.1 200°C IFHYP THES 5 A LA 2

CO, (6{0) N2 H> CHq4 H.O

1.787 1.313 1.313 1.302 1.82 1.519
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TR LE I A«

Crpre = 0[CO, |y xCo, +@[CO s xCop + [N, ], xCy, +@0[H, ], xC,p +@[CH, ], xCqy,
TR E A
Qrpmen = Varwam X Crp X Tpmune

ot Viosms Crae s Ty BB, THU AR TR,

22.4

Cuy o XAT =m(H,0), . x1.519x100

=
N

M(H,0)y0+ Cuo~ AT S 5IFORAKE T ER . KHIEHZ (L519KI /(m? e C))
R KRR A AL B (100°C).

My« Cpop 20 5 R4 A0 0 B L RAP AR O, JEIUA R LA N

0.8374kJ /(kgeC) .

WAMERR: Quurwen = Qraruwen T Qarvwen T Qpapen

Al 8 TS H ANy :

Qi = Qut + Qumansien + Qe + Quomemmsrnens + Queopiras kizenem

+ Qupp e T Quoam e + Qumeen

5.2.9 HhERIATISL (BIEEUARIS AR T ER)
shaspdikon: Quupmanse = Qune — Quza
MR UL B SR77E, TgRAE s BRI, Yuthl TP R

5.3 AFEEIRITE
Tk R A BE I FH R 50
kAL CEFERL B CORICO, A& H 14 %)

"= B IIE N Bk A B 4 T MRS . C O, T st A B x100%
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PR ORI RBK, -
R RGN — (B E R + AN IR )
B A ION

Qmw“«gwmm%%ﬁm‘*Q%%mﬁ%)xlow%

Qu
MRYEZ VH S5 VR ] 8 I g ARG H ) A RE A FH 28 B DU IR B A R R 8

x100%

Ky
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HRBHR A GEA R Y T 6 BFEmE

6 EFHRE

FEFP R VOIS, ER SR AYIRLERRS, S AR, K55S
S YRR SACS, RIS A, RS AS AR S =, WS 25
HRS R, R RS R A

AR REAE T BN R RS BTS00 T B SRR RS . BRI AP
BRI BT LSRR T4, X PR s i R BRI — € S A

6.1 BN RS MRS
(1) GHEERT A AN &

il

B ERS X
s
Fe [g5.03 MnO Fes 0.08 Cancel
Mn g 102 ca0 [8.99 gcoz 16

P |o.045 MgO 2.4 T T

Fe203 [gqqq Al203

1

A& 159.8

SEELEL
7T

FeO R P205 a1

Mno2z [0.03 Fe52 |0.03

6.1 YA LR

(2) G5 HER KT RN E 55
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R AR

6 B

S

Empa s "
RC5r%
#5t ’W B 55 lu.ﬂi
Sio2 |5h.65 co2 |0.33
Al203 (4.83 co |0.33
Ca0 ’W CH4 W
MgO ’W H2 IW
FeQ |0.75 N2 |0.15
Fes |0-05
pzos |0.01 &i 100

e (700

oK
cH [85.63 ezl

BA& [480.5

K 6.2 FERM M E

(3) G SR LT N A5 o7 5 B

R 5% 0K
c [77.48 &4 [12.25 Cancel
Hz |4.35 Si02 |7.48
oo 079 Al203 [3.42
oz [405 ca0 (0.6
N2 [0.42 MgO [0.3
5 |0.66 FeQ (0.45
&3t 100 HE (310
g 1200

K 6.3 BB K

(4) G SHET BT N5 oD 5
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R AR

6 B

SRS ||
ﬁiﬁ}% 1].4
Ca0 |54.11 €0z |a3.8
Cancel
MgO [1.16 &it [100
Sio2 (0.8 HE |0
A1203 [0.13 & [15.99
Kl 6.4 IEAIsr S B &
(5) gmEEHISE
rss . N =8
0K
frxy [BWER  THIEm3 [2500 AeFSig® 035 RizsaE [0.03 Cancel
R | AR gm0
gk [1480 g [0 B 0
& [510 BETR (155 H2fH % |04
PgS [200 Ef [30 c-CHal [0.012 Bfkly  QHRRX
gyr [80 8 ’127 HEgEEE |01
RIEFE |25

6.5 fZHIZEL

(6) W5 200°C A &40 s

200°CETIESHEE X
0K
K 5HkJim3 @ T)
Cancel

coz |1.787 H? [1.302
co 1.313 cHq |[1-82

Hzo |1.519
N2 1.313

K 6.6 200°C IS 520 70 LA
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6 MRS

() G LN

SEESEE
Tt oK
mLE Fe M b .
Cancel
g4 [0.997 0.5 - ;
& [o.003 0.5 0 0
g0 0 0 0.06

K 6.7 JTuEm AR

6.2 MMM RESITE
(1) iS5 LKA I 514

EHRS —
B339 i
si 035 C [4.45 EE
Mn 0.09 Fe a5
s [003  B&#  [ioo
p |0.08

1 6.8 1Bk

(2) it ps Kty
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R AR

6 TR 4

EERSE — ]
g4
B 8 FeO MnO si02 Ca0 AI203 MgO &it R
EEl
kg |1.54 |3.5? |1.13 |15u.1 |165.IJT |4B.5? |43.99 |412.22 |1.09
% ||].39 ||].39 ||].23 |3E.41 |4|].|]4 |11.29 |1I].B? |1|]|] |1.|]9
Kl 6.9 2B M
(3) WA R AR
e _— Pewm w L X ]
HE
&4 cH4 H? coz co N? & VR, VRV, EEl
m3 |1|].|nr |59.5 |342.39 |4u4.ﬁ4 |939.34 |1BI]B.44 1270.13 1.42
| % ||].55 |3.29 |1a.93 |22.39 |54.?5 |1I]I]
6.10 AT LG &
(4) Ykl
HEFEE S|
itr"
s AT kg S i kg EH
1 [HEH 2327.25 1 . 1000
2 Pl 115.76
2 %R 1770.66
3 ®e 2606.2
4 A5 64.11
g e 9.67
git [awsrs git  |1095.74
B REY 0.05

(5) P

] 6.10 YRLT i

29



HRBHECABEA R BT 6 fEfron S

s W _ ]
F5 AN kg % Fe il kg %
1 BEREAA |828691B.5I5 |?3.59 1 SR SER |81233I]2.B? |?2.13 5H

2 HEREABR [217mn21 (1933 2 GELSE |??32?.|]? |I].EB
3 B  [29936.84 ’7 3 KA |224233.1? |1.99
’7

4 fPEHWER 14349471 1 R ¥4 |205992.s |1.32

0.26

1.27
5 H2EfLi ]m ’T 5 R AER [49809.06  [0.44
6 CHA% R ym ’T 6 B |11?235|1 |1u.41

7 PERE |?31133.49 |B.49
8 HeEE |55?a|12.25 |4.95
9 gk |1 18842.17 |1 .05

a3t 11260807.69 ait 11260807.69

6.12 #-p-fhi

(6) ekt oy

G -
i
kit [36935 EgreE 189508 o
gy 16357  puaseEER 061
Bk 838 pmmyamzs  [082
ﬁﬁ 1.09
vl [179402

K 6.13 HoAthdm 45 2R
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PR R A A I, REAT 2B R P R Bk AR 1) 35 T A

(1) Sl At . EZ T EA WK d s 8y, DL InEE g™t o f
ity 2 AR R PR A R 2

JFURL AR AR A = 2 T g S IR A Xt S T s Ja R A A% — SR A AR T A
X R8T i

FOR PR E AT FEbRSE R, FRIRASPAELL, AT B b R A

(3) HEHNB 8%, T RES & NREST, MR A, RE
WG AN L B BN T A
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R 1 WASHREE
(L) B A0S

FfsR

o RS )
anx
Fe lm_T MnO IW Fes m_TFe3 Cancel
Mn Im—TT Ca0 W Bsffcoz W
PolmTP Mg0 [m_TMg0 g [moTHe
5 l"‘—T Si02 W W l"'—MT
Fe203 lm Al203 W - W
FeO [m_TFe0 P205  [m_TP205
e I,H_TW FeS2 IW

(2) FER A

BT 1.1 Bk A AR AR 1

SRS _ —
RES% 0K
%5 |m_KHF ERS  [m_KHFF AHY [m_kvow cH [m ke Cancel
Si02 ’W co2 W H2 ’W e l"‘—T
A1203 |m_Kal203 co W NZ ’W Hoo  |M_KH20
Ca0 ’W CH4 W S [m_KS
MgO ’W H2 W
Feo [m_KFeO N2 [m_KNZ
Feg |m_KFe3
P205 |m_KP205 git MKW FEmsg MK A5 [m_KUSD

(3) Fkn i A

BEE 1.2 faR R AUAS I
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=Ty |
R% 51 % 0K
c lm_MC x5 [m_MHF Cancel
H2 {m_MH2 5102 [m_MSi02
oo [M_MH20 A1203 [m_MAIZ03
o2 |M_MO2 Ca0 [m_MCa0
N2 [m_MN2 MgO [m_MMgO
5 "'_T FeD "'_MT
A3 (m_MHJ HE m_T
dA [mMUSD
PP 1.3 Bk oA HS ]
(4) JEF R
SRR |t
B 5% 0K
Ca0 m_HT coz W Cancel
MgO [m RMgo &it m_RHJ
5i02 [m_RSi0Z HE |m MR
41203 [m_RAI203 g4 [m_RUSD]

B 1.4 A5 R AR ]
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FESEE [ty
0K
nE Fe Mn P
Cancel
4 m_YFe m_“YMn m_YP m_¥5
P |m_vsFe m_YSMn m_YSP m_YSS
S |m_YMFe m_YMMn m_YMP m_YM5
M 1.5 JoE IR A E
(6) 200°C I b A ARAY
200°CEHESH#E =X
0K
BAki(m3 @ C)
Cancel
coz |m_BCO2 H? |m_BH2
CcOo m_BCO CH4 m_BCH4
Ny |M_BNZ Hzo |m_BH20|

(7) EHIZHA

B P 1.6 200°C I L AL
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eEm ||
[ |
fxH m_Cl TEE#Em3 |[m_C8 HiFSid g ’rn_T Aisas ’m_T Cancel
EPFRgRE |mC2 ameg ™ gemm [ C15
Bk |m C3 8% [m CGF BHE [mCl6
# |m_ca BETR [ncn  Hems [n 07
IS |m_C5 EA [moiz cCHal [mCl8 pgsmm mC21
®E [m_CTKS] By [mo  EHERE m_cra
REFY |m_C7

17 Rl SR

BiE 2 mERRBEERHEAR
(1) LRI R AR

SRS ||
B % g4
si [mlIsi ¢ [mic EF
Mn |m_IMn Fe [m_Fe
s [mJs &% [mong
P m_|IP

B 2.1 ARty B R ik S 3

A
m_ISi=m_C14;///gk/Kh Si & &
m_IMn=m_MKB*m_TMn*0.5/1000;//2k/K# Mn & &
m_IS=m_C20;//'Zk/K S & &
m_IP=((m_MKB*m_TP+m_K*m_KP205*62/142)/1000);//% /K P % &
m_IC=100-m_ISi-m_IMn-m_IS-m_IP-m_IFe;//Z/K7# C &=
m_IFe=95;//%:/K "+ Fe & &
m_IHJ=100;//%: 7K }&. & 100%

(2) &R At A3
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SERAT S—— |28
g
[ FeO MnO s8i02 Cca0 A1203 MgO it R
EH
kg |m_SS |m_SFe |n_SMn0 |n_SSi02 |m_SCa0 |_sm203 |n_SMgO |m_SHJ |m_SR

% |m_SWS |_SWFeo |_SWMn0 |_SWSi02 |_SWCaO

IWAIZO3 |_SWMg0 |n_SWHJ |m_SWR

PR 2.2 2 St S A3

HEAR:

m_SS=((m_MKB*m_TS/100+m_K*m_KS/100+m_M*m_MS/100)*(1-m_YMS)-100
*m_IS)/2;/1H R S )i &

m_SFe0=950*0.003*72/(0.997*56)://4 ¥ h FeO (] JFi &

m_SMnO=m_MKB*m_TMn*m_YSMn*71/5500;//}/#& 1 MnO )i &

m_SSi02=m_MKB*m_TSi02/100+m_K*m_KSi02/100+m_M*m_MSi02/100+m _
MR*10*m_RSiO2/m_MZL-10*m_ISi*60/28;//}# ' Si02 [ JFi &

m_SCaO=m_MKB*m_TCa0/100+m_K*m_KCa0O/100+m_M*m_MCa0/100+m_MR
*10*m_RCaO/m_MZL;//# ¥+ CaO [ &

m_SAI203=m_MKB*m_TAI203/100+m_K*m_KAI203/100+m_M*m_MAI203/100
+m_MR*10*m_RAI203/m_MZL;//}f##H Al203 )5 &

m_SMgO=m_MKB*m_TMgO/100+m_K*m_KMgO/100+m_M*m_MMgO/100+m_
MR*10*m_RMgO/m_MZL;//4F 4 MgO ¥ i &=

m_SHJ=m_SS+m_SFeO+m_SMnO+m_SSiO2+m_SCaO+m_SAI203+m_SMgO;// ¥
T A

m_SR=m_SCaO/m_SSiO2;//} i 5

m_SWS=100*m_SS/m_SHJ;/[}f &£ S &

m_SWFeO=100*m_SFeO/m_SHJ;//{P¥#E+ & FeO &=

m_SWMnO=100*m_SMnO/m_SHJ;//}¥& F-& MnO =

m_SWSi02=100*m_SSiO2/m_SHJ;//# i & Si02 &

m_SWCa0=100*m_SCaO/m_SHJ;//4¥# & CaO &=

m_SWAI203=100*m_SAI203/m_SHJ;//}## 4 Al203 &

m_SWMgO=100*m_SMgO/m_SHJ;//}f# b4 MgO &

m_SWHJ=100;//}7 & & 100%

(3) Wkl-F A it 5 A =X
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WETFEE S
i
A5 LN ] kg Fg  XHm kg 5
1 3.4 < m_W5s1 1 8 m_WZ1
2 pal ] m_WZ2
> % m_WSs2
3 ®gs m_WZ3
A T § m_WZo4
&t m_WSHJ &t m_WZ6
MAHRE% m_WWC

B 2.3 Wkt A

THEA:

m_WS1=m_MKB*0.995+m_K*0.947+m_M:;// AR} i &

m_WSHJ=m_WS1+m_WS2;//# Nk s &

m_WZ1=1000;//8k/K i &

m_WZ2=m_SHJ;/[} & Fi &

m_WZ3=m_GHJ;///&= 5 &

m_WZ4=m_K*m_KH20+m_M*m_MH20+(m_GV*m_f+(m_K*m_KH2+m_M*m_
KH2))*0.4*18/22.4;//7K /3 Jii &

m_WZ5=m_MKB*0.005+m_K*0.053;//}/ 2 Jii &

m_WZHJ=m_WZ1+m_WZ2+m_WZ3+m WZ4+m_ WZ5://%i H ¥kl s &

m_WWC=(m_WSHJ-m_WZHJ)/m_WSHJ;// X} 7 %

(4) HOPHIARRD S it 51
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HIRBHE B AR B S5
BFES - _ 25 |
5 BN kg % PR ke % HE
1 bR |m_HS1 |m_HSW1 1 S RSEK |m_HZ1 |m_sz1 EH
2 EMWAH  |m_Hs2 ’W 2 GEL S |m_H22 |m_sz2
3 REH  |m_HS3 m_HSW3 3 K55t |m_HZ3 |m_HZW3
4 PEHPHEA  |m_HS4 ’W 4 BRI $5HiE |m_Hz4 |m_sz4
5 H2& b [m_HS5 ’W 5 BEXKEER |m_H25 |m_H2W5
6 CHA%gE# |m_HSE m_HSW6 6 Ak |m_HZB |m_HZW"B
7 il ik |m_HZ? |m_HZW?
8 Ha%E |m_HZB |m_HZW"B
9 S |m_H29 |m_sz9
git  [mHsHS &i m_HZHJ
HE 2.4 0T BT
R AL

m_HS1=17898.57*(m_MKB*m_TFe203*22.4/160+(1000*m_IFe*(1-m_rd)-(m_GV*
m_f+(m_K*m_KH2+m_M*m_MH2))*0.4*56/33.6)*22.4/56+m_MKB*m_TMnO2*22.4/8
7-(m_GV*m_f+m_K*m_KH2+m_M*m_MH2)*0.4)+5248.45*(m_GCO-m_K*m_KCO*2

2.4012); /1 A8 AL R

m_HS2=(m_GV*(1-m_f)*1.426+m_GV*m_f*1.742)*m_TGF;//H X7 A

m_HS3=m_MKB*m_TCO02*56*1130.49/44;// i #
m_HS4=m_MKB*m_TKS;//}F | 455 $4
m_HS5=(m_GV*m_f+m_K*m_KH2+m_M*m_MH2)*0.4*10806.65;//H2 H]5 4k

m_HS6=(m_K*m_KC+m_M*m_MC)*0.012*16*4867.15/12;//CH4 4 i #
m_HSHJ=m_HS1+m_HS2+m_HS3+m_HS4+m_HS5+m_HS6;//[# W N\ & &

m_HZ1=(m_MKB*m_TFeO*0.2+m_K*m_KFeO+m_M*m_MFeO-m_SFe0)*4075.2
1+m_MKB*m_TFeO*0.8*4799.98*232/72+m_MKB*m_TFe203*0.2*5152.94+m_MKB*
m_TMnO2*2629.44+1000%7362.84*m_IMn+1000*(m_1Si*30288.76+m_IP*35756.98+m_
IS*(5041.23*m_SCa0/(M_SCaO+m_SMgO)+8039.04*m_SMg0/(M_SCaO+m_SMgO)))://

SEACH I3 i B A

m_HZ2=4044.64*m_MKB*m_TCO2*m_TCa0/(M_TCaO+m_SMgO)+2487.08*m_
MKB*m_TCO2*m_TMg0/(M_TCaO+m_SMgO)://TkE& =573 fift
m_HZ3=m_GV*m_f*10806.65;//7K 7} 73 fitt

m_HZ4=m_K*1256.1;//W5 W) 53 fift 4

m_HZ5=m_K*m_KH20%*2595.94://if# 5% 7K 7% K

m_HZ6=1000%1172.36;//%k /K iy 7& #
m_HZ7=m_SHJ*1758.54;// & 7 7 #
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m_HZ8=(m_GCO02*m_BCO2+m_GCO*m_BCO+m_GN2*m_BN2+m_GH2*m_BH2
+m_GCH4*m_BCH4)*m_GHJ*200+m_WZ4*m_BH20*100*22.4/18+m_WZ5*0.8347*2
00; /1155 7 74
m_HZ9=m_HSHJ-(m_HZ1+m_HZ2+m_HZ3+m_HZ4+m_HZ5+m_HZ6+m_HZ7+m
_HZ8); /1M # A K
m_HZHJ=m_HSHJ;//#7 H &
m_HSW1=100*m_HS1/m_HSHJ;//H i) S8 A AAE BN R BT & BU Al
m_HSW2=100*m_HS2/m_HSHJ;// & X7 N FALE N A BT 7 ELAE
m_HSW3=100*m_HS3/m_HSHJ;// 5l HAE N FR T o5 HRAE
m_HSW4=100*m_HS4/m_HSHJ;// 1Rk B HE N R BT 7 BU A
m_HSW5=100*m_HS5/m_HSHJ;//H2 )58 4L HE Bl A vb Bl o Eo A
m_HSW6=100*m_HS6/m_HSHJ://CH4 A= sl e Blie A b it o5 H Al
m_HZW1=100*m_HZ1/m_HZHJ;/I58 A8 573 -5 IR FAAE S i A B o LA
m_HZW2=100*m_HZ2/m_HZHJ;/ITRER £ 73 i AAE H S B A B 5 BB B
m_HZW3=100*m_HZ3/m_HZHJ: /17K 53 53 S 3AE RS b BT o5 Bl
m_HZW4=100*m_HZ4/m_HZHJ;/[WE R 53 fi FAAE S B A BT o BB AE
m_HZW5=100*m_HZ5/m_HZHJ;// i % 7K 78 RIS B A B & LU
m_HZW6=100*m_HZ6/m_HZHJ;//ig K5 7 e G H i B o5 b Al
m_HZW7=100*m_HZ7/m_HZHJ;//4/*# 5 7 #AE G H A T o Bl
m_HZW8=100*m_HZ8/m_HZHJ;/I#< 7 & HAE RS H BT 5 EUE
m_HZW9=100*m_HZ9/m_HZHJ;// 75 #4351 JAE #SC HH BIT f5 BB
(5) B AAS St 5 A 5

EE s L e = Lﬁ
g
B4 CcH4 H2 co2 co N2 &t VH, VBNV EE

m3 |m_GCH4 |m_GH2 |m_Gcoz |m_GCO |m_GN2 |m_GHJ

m_GY m_GWY

% |_GWCH4 |m_GWH2 |_Gwcoz |m_GWC |m_GWN2 |m_GWHJ

BB 2.5 JE e A

BT E TR A 2

m_GCH4=((m_K*m_KC+m_M*m_MC)*0.012*22.4/12)+m_K*m_KCH4*22.4/16://
B CHA A

m_GH2=((m_GV*m_f+(m_K*m_KH2+m_M*m_MH2))*0.6)-(m_K*m_KC+m_M*
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m_MC)*0.012*2*22.4/12;/[}< Fh H2 i & &=

m_GCO2=(m_MKB*m_TFe203*22.4/160)+(1000*m_IFe*(1-m_rd)-(m_GV*m_f+(
m_K*m_KH2+m_M*m_MH2)*0.4*56/33.6))*22.4/56+m_MKB*m_TMn02*22.4/87-(m_
GV*m_f+(m_K*m_KH2+m_M*m_MH2)*0.4)+m_K*m_KC02*22.4/44+m_MKB*m_TC
02*22.4/44;/1}5<H CO2 1) & &

m_GCO=((m_K*m_KC+m_M*m_MC)*0.988-1000*m_IC)*22.4/12+m_K*m_KCO*
22.4/12-((m_MKB*m_TFe203*22.4/160)+(1000*m_IFe*(1-m_rd)-(m_GV*m_f+(m_K*m
_KH2+m_M*m_MH2)*0.4*56/33.6))*22.4/56+m_MKB*m_TMn02*22.4/87-(m_GV*m_
f+m_K*m_KH2+m_M*m_MH2)*0.4)://{£<h CO K& &

m_GN2=m_GV*(1-m_f)*0.79+m_K*m_KN2*22.4/28+m_M*m_MN2*22.4/28:// 4
SN2 IS &

m_GHJ=m_GCH4+m_GH2+m_GCO2+m_GCO+m_GN2;//}{ < &

m_GV=(((m_K*m_KC+m_M*m_MC)*0.988-1000*m_IC-1000*(m_IMn*12/55+m_|
Si*24/28+m_IP*60/62+m_IFe*m_rd*12/56))*0.933-m_M*(m_MO2+m_MH20*16/18)*2
2.4/32)/(0.21+0.29*m_f): /143l A= 2k 5 X &

m_GWV=m_GHJ/m_GV;/I/HE R L e 5 e X E L E

m_GWCH4=m_GCH4/m_GHJ;/I){S. 7 CH4 BT 5 i E 4 L

m_GWH2=m_GH2/m_GHJ;//#< " H2 Ft 5 H 43t

m_GWCO02=m_GCO2/m_GHJ;//#<+ CO2 filf G HIE 7t

m_GWCO=m_GCO/m_GHJ;//#S+ CO AT 5 E 4t

m_GWN2=m_GN2/m_GHJ;//#< "4 N2 ft 5 1 H 43t

m_GWHJ=100%;//{#< 5. & 100%

(6) HoAt A S 2R St FA

& —c—
i3
W |jmK £GP [mMZL &H
gy MM BEARAEER  |mAN
MA  |m_CB AEANARER |m R
wg ™R
Vi |mMKB

BHIE 2. 6 oAty H ALY
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THEAR:
m_MZL=(m_More*m_TFe*0.995+m_MK*(m_KFeO*56/72+m_KFeS*56/88)+m_M
M*m_MFeO*56/72)*0.00997;// £k b &
m_K=100000*m_MK/((m_More*m_TFe*0.995+m_MK*(m_KFeO*56/72+m_KFeS*
56/88)+m_MM*m_MFe0*56/72)*0.997);// £ Lt
m_M=100000*m_MM/((m_More*m_TFe*0.995+m_MK*(m_KFeO*56/72+m_KFeS
*56/88)+m_MM*m_MFeO*56/72)*0.997)://% Lt
m_MKB=100000*m_More/((m_More*m_TFe*0.995+m_MK*(m_KFeO*56/72+m_K
FeS*56/88)+m_MM*m_MFeO*56/72)*0.997);//vA W4 i A= 2k B FE 20 1 &
m_RN=m_HS1/((m_K*m_KC+m_M*m_MC)*0.988-1000*m_IC)://Tik ) ¥ K& FI| Fi] £
e
m_RL=100%*(m_HSHJ-(m_HZ8+m_HZ9))/m_HZHJ;/IHEA 2 F) H 2%
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