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A Study on Deep Desulphurization of Low Carbon Steel by High
Magnesium Calcium Aluminate Premelted Refining Slag
Combined with Synthetic Slag and Adding Al

Zhu Zijiang', Li Wenping®, Lei Zelong®, Li Jingjing’, Du Guangwei' and Guo Hanjie'
(1 School of Metallurgical and Ecological Engineering, University of Science and Technology, Beijing 100083 ;
2 Kerneos ( China) Aluminates Technologies Co Ltd, Beijing 100027)

Abstract The deep desulphurization test on low carbon steel (/% : 0. 06C, 0. 20Si, 1. 20Mn. 0. 020Nb, 0. 015Ti)
with initial (74 ~167) x10°[S] is carried out by 209% ~40% high magnesium calcium aluminate premelted slag (/% :
58i0,, 37Ca0, 42Al,0,, 13MgO, 3FeO) combined with 60% ~ 80% synthetic slag (/% . 105i0,, 61Ca0, 25AL,0,,
4MgO) and adding 5 ~ 10 g/kg Al in a 10 kg induction furnace. Results show that during refining the sulfur content in lig-
uid decreases to lowest value in 10 min, with gradually increasing oxygen activity in liquid and decreasing sulfide capacity
of slag in refining process the sulfur distribution ratio between slag and liquid decreases and the phenomenon of definite re-
sulphurization in liquid occurs; the larger aluminum addition, lower initial sulfur content in liquid and higher sulfide capac-
ity of slag are favorable for desulphurization reaction and to inhabit resulphurization; the desulphurization effect of 20%
high magnesium calcium aluminate + 80% synthetic slag is better and with controlling refining slag ingredient (/% ) 50 ~
60Ca0, 5 ~7MgO, 28 ~32AL,0,, ~8Si0, and adding 3 g/kg Al the sulfur content in steel could decrease to 0. 001 6% .

Material Index Desulphurization, Premelted Refining Slag, Sulfide Capacity, Al
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N Y aluminate premelted refining slag and synthetic slag / %

i Si0, Cad  ALO: Mg FeO
, BERP BT R AR i 5.0 37.0 42,0 13.0 3.0
1 &t 10,0 61.0  25.0 1.0
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Fig. ! Schematics of induction furnace B X i BE AR B TR KA O e B L
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TP L. RIS M B MBI s AR 3 KR BT A i R AL 2 Ak
R -BE e k  HRINAE 76 mm  BEERIZ AN FIL 2 A ARREAIRIS rE i £ 2
41 (/%) J3 13.81C 74.44MgO, 3. 58Si0, .
4.83AL0,.1.42Ca0 1. 31Fe,0; 3. 5850, I %2 RBHHR3 ke WA ALFeS MNR SHGR B E M
I RS BARER A 42480 ( /% ) .0.06C 0. 20Si . Table 2 Adding amount of Al and FeS in 3 kg liquid and ingredient
1.20Mn 0. 0O10P 0. 000 SS' 0.02Nb 0. 015Ti of slag in refining for each test heat
AT IR i a g D g AU Fes WS/ Wi IR 5y %
b B A EO A A ol e Mo ¢ L =X e
0. 030Alt, ﬁ%)ﬂﬁ%%ﬂﬁi%@&ﬁ%%%x(ﬁﬂ] gE /\?/ /E‘;l;/}; *,éﬁ;tfg; SEGE Ca0 MgO  ALO, S0, FeO

WA A 1, ERBNIIRESE, R

.6 20 80 56.2 5.8 28.4 9.0 0.6
RS RAIMAAERARE (£ ). 2 15 06 40 6 514 76 38 80 1.2
_ - . E3 15 1.6 20 80 56.2 5.8 28.4 9.0 0.6
HE2Ca) ATLAE W, mBmmE IS w5 16 60 Sl.4 7.6 3.8 80 1.2
*%kﬁx(é%ééi u%*ﬁw\ 12Ca0 '7A1203 *ﬂmﬁ*ﬁ ES 25 0.6 20 80 56.2 5.8 284 9.0 0.6
.. N . \ E6 25 0.6 40 60 51.4 7.6 31.8 8.0 1.2
Ca0-Mg0-Si0,-ALO, . HE 2(b) \JLIE E7 30 0.6 40 60 51.4 7.6 3.8 8.0 1.2
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Fig. 2 X-ray diffractometry analysis (a) and melting curves (b) of high magnesium calcium aluminate refining premelted refining slag
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Table 3 Change of sulfur, carbon and acid-soluble aluminium content in liquid
of each heat during refining
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3.1

Ca0 - FeQ
+&munm *

BITES L/min, BB RALEBHIE BB 24 H [E/ min
N . s . P [} 5 10 15 20 25 30 35 40
AT o R A 1 gl [C1/%  0.09 0.109 0.108 0.120 0.150 0.216 0.375
HIAAL 2 SR AL T 8k SR VA TG 7 [Als]/% 0.024 0.303 0.193 0.104 0.028 0.002 0.018
[s]/10-¢ 75 34 16 14 18 42 43
TR RAERT 80%. g2 [C1/%  0.059 0.067 0.065 0.070 0.090 0.249 0.344
MASREI M EIEIL, 558 [Als]/‘?i 0.80307 0.42092 0.21369 0.2(;98 0.30946 o.solz3 0.‘:)543
SRR B B, A FeS, - Eij]//loz 0.059 0.071 0.066 0.070 0.082 0.328 0.489
B e B MR R, B O /LR [Als]/% 0.043 0.337 0.176 0.098 0.054 0.035 0.041
e s A ! [8]/10- 167 29 20 41 42 51 48
FOBSRERE R E, 2 min f5 ge [C1/%  0.062 0.069 0.142 0.131 0.193 0.830 0.940
BE, M54 S min BU 1 RWEE, 30 [Als]/% 0.037 0.710 0.549 0.523 0.432 0.284 0.175
min 2EEL 6 4, 45 15 min 5L 1 & [si/10-6 154 32 23 14 18 75 79
N (Cl/%  0.094 0.443 0.463 0.458 0.566 ©.492 0.537
BERRSY,30 min EBL2 4, BURESZ % [i/% o.0s6 0.717 0.690 0.662 0.463 0.410 0.276
HS A, R [$]/7107¢ 70 1 131 26 29 22
a - ge [C1/%  0.091 0.082 0.147 0.367 0.508 0.700 0.790
2 [Als]/% 0.064 0.73¢ 0.781 0.518 0.334 0.203 0.152
RESER [8]/10°¢ 67 16 20 22 29 37 47
MR TUFDH, FRBPK 5 vz 0053 0.071 0.080 0.158 0.540 1.074 1.180
A [Als]/% 0.005 0.658 0.548 0.430 0.338 0.231 0.129
B S RIEMA G RE R LR [5]/Jxo -6 g7 23 26 32 43 35 50
R, 24 F7E 10 min BEREBIEML . (cl/%  o0.0s4 0.0%6 0.071 0.094 0.079 0.241 0.424
_ [Als]/% 0.002 0.720 0.562 0.433 0.299 0.164 0.138
BLBARA, 5 3 T — e BB A [S]/16°% 183 3] 21 22 36 59 67
EFHLR. WMEFHORTEREIE | (cve o0 0.068 0.069 0.083 0.107 0.320 0.680
B2 R ] B 3 4T — BB 0, X e [Als]/% 0.012 0.800 0.574 0.498 0.373 0.309 0.147
. [S]r10°% 74 13 10 10 13 19 22
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Table 4 Ingredient, binary basicity and sulfide capacity of
refining slag series at initial and end refining, 'ES and E6

heat
gy HHEHR/ % =% ¢
#% Ca0 Si0, MgO ALO, MnO FeO WE >~
ES %1% 56.2 9.0 5.8 284 0 0.6 6.2 0.00221
ES#5 26.4 0.6 25.8 45.9 0.3 0.5 44.0 0.00121
E6 %14 51.4 8.0 7.6 31.8 0 1.2 6.4 0.00182
E6#& 23.3 1.0 29.2 45.1 0.3 0.5 22.8 0.00106
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Table 5 Interaction coefficient of element capacity used for calculation
eil ra 5% S N oY e e e el
0.11 +63/T -0.001 1 +0.17/T 0. 091 -0. 004 0. 056 -0. 000 6 0. 035 0.033 0. 035 0.03
Fo6 K3 POBEEMANNRNBELERNSSEE FATECLL Lo S EHAE R Co- IR RN

Table 6 Analysis and temperature of 3 heat liquid before
adding refining slag

i 5 {2 4/ e =i
¥R C Si Mn P S Nb  Cr Al K
El 0.09 0.20 1.20 0.01 0.0075 0.02 0.001 0.5 1809

ES 0.09 0.20 1.20 0.01 0.0070 0.02 0.001 0.8 1879
E9 0.05 0.20 1.20 0.01 0.0074 0.02 0.001 1.0 1 881

#£7 REPXELES #1E9 T REMLABUFEHRT AR
BHTEE

Table 7 Ingredient and binary basicity of refining slag in

refining process and end of E1, E5 and E9 test heat

e s 4] oA =

SR vk : X M i L % —
Ca0 Si0, MgO FeO AlLO, Mn0 BWUE

El 3% 40.7 2.9 11.3 0.4 44.4 0.3 14.0
El &% 31.5 5.6 221 0.4 39.4 1.0 5.6
ESit# 28.7 0.4 240 0.7 459 0.3 71.8
ES 44 264 0.6 258 0.5 459 0.3 44.0
E9 ;if 29.1 0.5 21.9 0.3 480 0.2 58.2
E9#s  26.7 0.6 261 0.5 459 0.2 44.5
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Fig.4 Change of oxygen activity in liquid (a) and sulfide capacity in salg (b) during
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Table 8 Inilial and end ingredient and binary basicity of
refining slag with three pre-melted slag adding ratio
B RS P % UG
BECH CaDd 80, MgO ALO, MO FeO  WE
20% Wiks  56.2 9.0 5.8 28.4 0 0.6 6.2
20% &4 39.2 4.8 256 29.2 0.4 0.8 8.2
30% #)th  53.8 8.6 6.7 30.0 0 0.9 6.3
0% KA 40.6 106 21.0 26.3 0.8 0.7 3.8
40% %JMA 51.4 80 7.6 31.8 0 1.2 6.4
%KL 4.6 11.8 149 257 1.4 1.6 3.8
R TS BRI IR R R TR T AR

RIFAE. 7£3 gkg MIMAR WERWEHR S
BAYHEE |, RiT T 20% 30% 40% AP AN S
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HAARE R T 3 g/key B BIEM Al A S
4 g
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PRt 22 B S K, SRR

b R PR s A TR, B A0 A B K, O B ok
(A1 8 L AL A

(3)20% (8 40 65 700 T4 5 #0150 i 809 &
P 5t A SR B [R) B 3 L o5 NI e e Y
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