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Analysis and Optimization on Hot Metal KR Desulphurization
Process by Response Surface Methodology
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Abstract The effect of parameters including adding amount (650 ~ 950 kg) of desulfurizer (/% ; 80.55Ca0,
0.048, 0.01P, 4. 34Si0,, 6.06CaF,, 0. 05H,0) , stirring time (7 ~11 min) , stirring impeller rotating speed (90 ~ 110
r/min) and submerged depth of impeller (850 ~1 150 mm) on efficiency of KR desulphurization of 115 ~ 117 t hot metal
(0.03% ~0.06%8S, 1250 ~1350 C) has been statistic-analyzed and studied by using response surface method (RSM) ,
and a equation of regression model is obtained. Results show that with using the optimized parameters- adding amount of
desulfurizer 820 kg, stirring for 9 min, rotating speed of stirring impeller 101 r/min and submerged depth of impeller in
bath 985 mm, with hot metal KR desulphurization the predicted value of efficiency of desulphurization is 91. 99% , while
the real measured value is 90. 18% , the relative error is 2. 0% ; with optimized desulphurization process the consumption of
used desulfurizer decreases and the first qualified rate of metal increases from original 88.35% to 95. 88% .

Material Index Hot Metal Pretreatment, KR Desulphurization, Efficiency of Desulphurization, Response Surface
Methodology
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Table 1 Ingredient of desulphurizer for hot metal /%

Ca0 s p $i0, CaF, H,0
80.55 0.04 0.01 4.34 6.06 0.05
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Table 2 Design matrix and desulphurization efficiency of
hot metal KR stirring test

e AR e/ B(¥En)/ C(Bidkm)/ DOREER)/ Y(IBREAL

min (r-min"") kg mm R/ %
1 9 100 500 1 000 83.33
2 7 110 650 1150 80.15
3 7 110 650 850 78.33
4 7 90 650 850 95.64
5 7 90 650 1150 92,55
6 11 110 650 850 74.25
7 I1 90 650 1150 92.06
8 11 110 650 1 150 89.78
9 11 90 650 850 79.18
10 5 100 800 1 000 88.36
11 9 100 800 1 000 85.84
12 9 100 800 1 000 85.88
13 9 100 800 1 000 85.73
14 9 100 800 1 000 77.31
15 9 100 800 1 000 86.33
16 9 100 800 700 90. 56
17 9 100 800 1 300 88.38
18 9 80 800 1 000 92.00
19 9 120 800 1 000 70.44
20 9 100 800 1 000 88.33
21 13 100 800 1 000 80.21
22 7 110 950 850 84.34
23 7 90 950 1 150 90. 36
24 7 90 950 850 74.35
25 7 110 950 1150 94.32
26 11 90 950 850 92.76
27 11 110 950 850 87.35
28 It 90 950 1150 93.77
29 11 110 950 1150 91.46
30 9 100 1100 1 000 92.43

HO B SER X R BRBCR (V) BEAT AR5, L e
BO AR INR 2 Frm , SLgm e i (1) R

N=2"+2n+n,=2"+2x4+6=30 (1)

A N- BRERKE - BRI TEG - FOR
YA~ B, SE B FHE B eI SE B Design-Expert7. 0
BT R TR S B E A TR

2 #HR5IE

2.1 KR HiPERama %

B4t 3% B {F Design-Expert7. 0 &7 L 5 4
4, 347 KR SR A SE BT, ST AR R 2,

B 1 BRI AR 800 ke HHE A1
TREE1 000 mm B, $$f A [B] F0 P 5% 2 5 R B A e
22l g = 2 e 1o f TR ([ 1, ) PSRRI (JE 1Dy ) 6
B LA H B TR B TR A R, BB 3 hn s B
PRI R AR =, Bk R B I, B AR R
ME 1(b,) KFE, X FAHF BB R AT ], S8 pReE 3
2 105 =/min I AR FEERE K, X EFEEH AHIF

BFRI PN e/, BB 3 ) 27 S 4 2, T S 553
1 RET, Gk MK, ZER 1% L AR B BSCR
o MEELTTLUE HPiRE R ST R BCR 10
BERTHEHREATE]

M 1(a,,b,) AHEHEIEEHE 100 o/ min, HEFEEE
AJEH B 000 mm B, 35 B (8] A B B 50 fm A
B 5B R 2 (/) i = 2 me 1y il i (] 1a, ) FISE
LE (B 1b,) . BT LUE H B 66 59 3 i, Ca0
TG BE 3K, oK R BRBUR AW IR & . TREE
FEBFRIRRE K, K B B & BN TR D, 0 B R
K, B RS P BRI R, O R T, 75—
ERAET , RE TR AESKERAS. ME L
(by) 3FE , HAFIMA BN RHRBCRHEZMEKRT
BEpEaT ],

Bl 1(ay,by) AP HEETE] O min, i HE 2L A B
FE1 000 mm A, BEATTRIANA B A P 5 % o 5 B
R ER 2 ]y = e 1 B TR (BT 1ay ) MR R I (1B
1by) . FIAEHBEE B ABRKE X, HiER
WA, RBRCRIER . FEEDR L R, Bl
SRR, oK PRI (L TR G K, R R I BT
G, Pk BURTE SN SRR, B T kK BB RS
RoeRERE. NE 1(b,) RKE, BHEAMAEST
FRBR AR W R M BB R T HE S

B 1(a,,b,) R AT [A] O min, HEHER FEH 100
r/min B, BB IMA B FBEH R EARE 5B
AR 2 8] () = 2 M S il TG (B 1a, ) PG RTER I (B
1b,) . FILAE HIBEEBEHE 240 A G 1 IR B ny 38,
FRBRALER St G iy, B B T SRR A A
WEL K, RS K T2 R 5 Yok B b a9 4t
Bd/N, T2 BB SR BRI . BEE AR A
BRI, oK BB ARR S, SRR
1 650 ~850 kg B, BB Ak 22 B 0 42 157 , T 2 BB A
FAEAE 850 ~950 kg B, Hi i 380 R I R4 /N , X LR
HA X4 B BRI B e 850 kg B, BRI R A BET1R
P58 4, 1t 2 2 A T A i AL B 3% & 950 kg
B BRRCR IS AR ERE Z e, WE 1(b,)
SRF LB AR X LB A A B B K T
FHRARE
2.2 [EERERIE S AT

K3 CCD 15 My IR Aok /i & A5 5 (R
HE) ZEMHEEER, EAB ST EX R
B E M, BEAE(Y) MaREA R
(2) i



£ R MR E AP AR BOK KR BB L2

(by) IRBRALERY 1%
110- .

/

g 77 1054 | &
> g | >
¥ E i %
= A & <
S = 100~ : ﬁ =
= = " = !
= 8 i " E B
# 954 T
86 T
90 B ~ 4
7 8 9 10 11
B 8]r /min B [E]z /min
(a3) (b) FLBR ALY (% (by) BB Y 1%
950 - , 115-“_ g ;
- { ‘4 i\
875 E

W /mm

105 Ay

Lo 650 — .
90 95 800
[ fkm /kg

S
725

100 105

Fn /(r - min”)
B1 SR RO E (o, ) (b, ) (BLBRF 800 ke, HFEIEAH ABREET 000 mm) , HEHERS (H RGBT MA & (a,) (b, ) (HiHE
REEH 100 r/min, FHABEL 000 mm) , BLARFIA ZFBEFERFEH (a,) (by) (HH 9 min, FHARED 000 mm) LA K
Frm BB BRI AR (a,) (by) (35 100 o/ min, BEFE 9 min) Xf 8k K BEER K Z A RN, BR/K KR BLAR B = 28 v 7 T
(a) (a;) (a;) (a,) LB (b, ) (b,) (by) (by)
Fig.1 Three-dimensional response surface (a,) (a,) (a;) (a,) and contour (b;) (b,) (b;) (b,) plot of hot metal KR stirring for

the effect of stirring time and stirring impeller rotating speed ( desulphurizer 800 kg- impeller submerged depth 1 000 mm) (a,) (b,),
stirring time and desulphurizer adding amount ( stirring rotating speed 100 r/min-submerged depth 1 000 mm) (a,) (b,), desulphuri-
zation adding amount and impeller rotating speed (stirring for 9 min- submerged depth 1 000 mm) (a;) (b;), and stirring time and
desulphurization adding amount ( rotating speed 100 r/min- stirring for 9 min) (a,) (b,) on hot metal desulphurization efficiency
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Table 3 Analysis of variance of response surface quadratic

model for efficiency of hot metal KR stirring desulphuriza-

tion
EH - OFHM AWM HFE GO MEP
BB 1150.20 14 82.16 8.17  0.0001
A 86. 30 1 86.30 8.58  0.0104
B 111.24 1 111.24  11.06  0.0046
C 557.48 1 557.48  55.42  <0.000 1
D 64.78 1 64.78 6.44  0.0227
AB 0.99 1 0.99 0.10  0.7586
AC 0.01 1 0.01 0 0.978 4
AD 9.20 1 9.20 0.91 0.354 1
BC 0.02 1 0.02 0 0.969 7
BD 10.03 1 10.03 1.00  0.3338
CD 8.51 1 8.51 0.85  0.3722
A? 1.73 1 1.73 0.17  0.6842
B2 112.88 1 112.88  11.22  0.0044
c? 213,68 1 213.68  21.24  0.0003
D? 36.58 1 36.58 3.64  0.0758
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Fig.2 Comparison between predicted value and measured value
of desulphurization efficiency of hot metal KR stirring
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Table 4 Partial predicted test condition value for 91. 99%

desulphurization efficiency of hot metal KR stirring

A(BIE )/ B(§¢#n)/ CORE m)/ DORER)/

s min (remin™') kg mm
1 9 101 820 985
2 11 90 942 1122
3 9 9 845 990
4 10 98 873 909
5 11 110 760 1116
6 8 100 862 1076
7 7 103 921 1 058
8 11 97 929 900
9 8 107 886 1108
10 11 94 798 1130
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Table 5 Comparison of desulphurization efficiency of hot
metal KR stirring before and after process optimization

I¥ TR (kg - t71) —REWHE %
fEILAT 8.21 88.35
RiLE 7.54 95.88
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Tk 7K LB ™= i (¥ — UK 4% R JUI A 88. 35% 12753
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PEPER AT 101 o/ min BEREIRIE A G 1 IR
985 mm, {i1b &M T k7K KR BB SR M T 45 3R
H91.99% ,TiZe it 103 WK E K L5 19 F 3 Bl
BF A 90. 18% ,HFHREN R 2. 0% .

(LI TESEMALE KR BB L2
FITE#E 8. 21 kg/t BRAKZE 7. 54 ke/t, Wik KB AR
= i B — YK A HE UM 88.35% 32513 95.88%
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