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Commercial Pilot Production of Threading Steel HRB400E 100 t LF
Refining by Using Low Titanium Blast Furnace Slag
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(1 School of Metallurgical and Ecological Engineering, University of Science and Technology, Beijing 100083 ; 2 Chengde Branch,
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Abstract With desulphurizing treatment on low titanium blast furnace slag by blowing CO, method, the rate of remo-
ving sulfur from low titanium blast furnace slag is 66. 59% ~78. 01% and the residual sulfur content in blast furnace slag is
0.137% ~0.283% , therefore the sulfur content in prepared low sulfur and low titanium blast furnace basically meets the
requirements of LF refining slag for steel HRB40OE. By using low sulfur and low titanium blast furnace slag the ingredient
of end slag of LF refining is /% ; 37.40 ~46.50Ca0, 12.30 ~ 15. 10MgO, 21.70 ~ 26.70Si0,, 5.74 ~ 17. 00Al,0;,
2.44 ~ 3.39Ti0,, 0.36 ~ 1.42MnO, 0.75 ~ 1. 62Fe,0,, and 0.200 ~ 0. 597S, the desulphurized rate of liquid is
10.0% ~41.5% , and the end [ S] of steel HRB40OE is 0. 008% ~0.029% , it is about equal to the effect of desulphuri-
zation by using presenl process refining slag — ladle slag and drained hot slag ( LF refining end slag ingredient /%

34.30 ~42.90Ca0, 13.60 ~ 18. [I0Mg0O, 24. 00 ~26. 50Si0,, 4. 83 ~11. 00A1,05, 0. 71 ~ 1. 12Ti0,, 0.47 ~ 1. 47MnO,

0.81 ~1.72Fe,0,, 0.245 ~1.132S; end [ S] of steel HRB40OE- 0. 027% ~0.032% ).
Material Index lLow Titanium Blast Furnace Slag, Desulphurization of Blast Furnace Slag by Blowing CO, Method,

Threading Steel HRB400E, LF Refining
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Table 1 Ingredient of low sulfur low titanium blast furnace
slag pellets / %

Ca0 Si0, ALO; Mg0 TiO, V,0; FeO S P
35.44 29.25 12.66 9.78 6.49 0.13 1.01 0.229 0.019

B s

M1 BRI () FIERIAR T (b)

Fig. 1 Morphology of low sulfur low titanium blast furnace slag
pellets in situ (a) and sphere size (b)
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Table 2 Main ingredient of refining slagging materials
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Table 3 Sampling in testing process; (a) before refining;
(b) refining for 6 ~8 min and (c) end refining
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Table 4 Adding amounts of slag materials in refining slag of 100 t LF low sulfur

low titanium blast furnace slag process (8 heats) and original slag process (5

heats) / (kg - heat ™'

)
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Ingredient of LF refining end slag of low sulfur low titanium blast furnace

slag process (8 heats) and original slag process (5 heats) for steel HRB400E / %
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(1) BRI H T X IE 16Y204257 40.10 10.20 21.70 17.00 3.39 0.95 1.14 0.360
16Y204258 37.40 13.00 25.90 7.54 3.11 1.42 1.62 0.300
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Table 6 Chemical composition of liquid of steel HRB40OE refining by low sulfur low titanium blast furnace slag process (8
heats) and original refining slag process (5 heats) /%

vy HUEES C Si Mn p S \' Ti Al

8 (a)¥IibE 0.18~0.21 0.28 ~0.35 1.12~1.31 0.024 ~0.036 0.013~0.038 0.024 ~0.036 0.001 0~0.0019 0.0027~0.003 6
(b)AiTkE 0.18~0.21 0.26 ~0.32 1.25~1.40 0.025~0.037 0.012~0.032 0.031 ~0.041 0.001 1 ~0.0021 0.0029~0.003 8
(e)ERAFE 0.22~0.24 0.28~0.32 1.33~1.40 0.026 ~0.036 0.008 ~0.029 0.037 ~0.046 0.0021~0.0033 0.0030~0.0049

54 (a) WI4G¥E 0.15~0.20 0.29~0.35 1.16 ~1.36 0.018 ~0.036 0.029 ~0.053 0.016 ~0.053 0.0007 ~0.001 3 0.002 6 ~0.003 1
(b) A 0.18~0.21 0.25~0.35 1.25~1.31 0.017 ~0.037 0.025~0.037 0.020 ~0.022 0.001 1 ~0.0020 0.003 6~0.0037
()N 0.22~0.23 0.27~0.34 1.35~1.38 0.019~0.038 0.024 ~0.032 0.027 ~0.029 0.001 5~0.0022 0.003 5~0.003 7
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Fig.2 Effect of low sulfur low titanium blast furnace slag process (8 heats) and original refining slag process (S heats) on desulfu-
rization rate of liquid (a), liquid [ Ti] (b) and A[Ti] (¢)
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Fig. 3 Effect of low sulfur low titanium blast furnace slag process (8 heats) and original refi-
ning slag process (5 heats) on liquid rephosphorization re- [ P] (a) and liquid [ Al] (b)

kg MRERIRER T 1 i ) B 2 B
FE1.3~1.66,FHERF1.53, 5 e
przormmame o fo  pmmerer) Cfo SEmERT
PR A EBETE 1.40 ~ [ 2 1.96 s 200 196 Q@
2.04, FHEN 174, KW & 2 Sl PEe g o =
BB T FARBRTER B R E < | g2 NN E sl 220 <3
B T T 3 i 8 S

(2) % ¥ MgO.ALO,. 12( ||| HH H ; 12} H

wZ1707070717071 /BN INININ DN Il 7R 70 707071717
> o) > & s N

TiO, \MnO . Fe,0, #1 S & &4 1.0
io BIS A THBEBELXRE
MgO . Al 0, . TiO, . MnO , Fe, 0,
s SEMEHEZL., HES
(a) A 50, (R0 1R B &5 4 i i
B RA&E (/%) 10.20 ~
15. 10MgO, 2.44 ~ 3.39TiO0,,
0.36 ~ 1.42MnO, 0.748 ~ 1.62Fe,0,, 5.74 ~
17. 00AL0, , H XA 16Y204257 4Pk ALO, & &
ik 17.00% , FEREZ T HEEZW, A SRR AR
60 kg, MABEZ , KM R & & <7.671% ;)5 T
2B NRaE) XBRPRAEE (/%) :13.60 ~
18.10MgO, 0.71 ~ 1.12Ti0,, 0.47 ~ 1.47MnO,
0.814 ~ 1. 72Fe, 0, ,4. 88 ~11. 0AL,0, ,

B 5(b) 7] 0, MRB R = il i B Ik 40 i
75 0.200% ~0.597% S, S & 88 0.334% ;
JRLTZE (Irfisansg ) KBy k& #m$H 0.245%
~1.132%S, 1 S 5 &K 0. 740% ; ;1 F L iR B
TZRETEyBESSBMER/NBESEE
ERETIrEANaBE AR WK, ZREHKEKR
PEERI KOS R PR S T WA A B AR
A, BN EEBRMEREE . XBMNF -1
HRARTZXE S S ECEEEM, FRAHN
EE/N, BEMRRS T R T 37 (B s SCR

process (5 heats)

B4 EHREEKEPBETZ@ P METZEZG ) EEHEELE ZSTRE (Ca0)/(S8i0,)
(a) FI2HEEE (b)
Fig. 4 Binary basicity (Ca0)/(Si0,) (a) and overall basicity (b) of refining end slag refi-

ning by low sulfur low titanium blast furnace slag process (8 heats) and original refining slag
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Fig.5 MgO, Al,0,, TiO,, MgO and Fe,O; content (a) and S content (b) in refining end slag refining by low sulfur low titanium
blast furnace slag process (8 heats) and original refining slag process (5 heats)
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Table 7 Mechanical properties of steel HRB400E products tested heats refining by low sulfur low titanium blast furnace slag

process

9iH B 1R/ MPa
16Y204254  16Y204255  16Y204256  16Y204257  16Y204258  16Y305132  16Y305133  16Y305134
HihriR g 625 ~630 625 ~630 635 ~640 635 ~ 640 640 ~ 650 635 ~640 630 ~ 655 625 ~650
TIRRE 465 ~470 465 465 ~475 470 ~475 465 ~485 465 ~470 470 ~485 470 ~485
SR L 1.34~1.35 1.34~1.35 1.35~1.36 1.34~1.36 1.34~1.38 1.35~1.36 1.33~1.35 1.33~1.35
FTrEsE/ FHEEM 1.16~1.18 1.16 1.16~1.19 1.18~1.19 1.16~1.21 1.16~1.18 1.18~1.21 1.18~1.21
NAGEN:] At eLie ki ek ki &1 ki) &%

TR/ TEE MY RRC TR IR/ T E IR R/ME”

4 it

(1) R AR CO, HIHEBA R Y AR B2 7T 17
), BB LS5 SR bl BLE - 160 B, L E L
2.4 ~3.0,C0, N 90 ~120 L/min, B L3R
F790 /min, IR EE. A {EEEKR i 66.59% ~
78.01% @5k S B 0.137% ~0.283% , A

S5 3wk

[1] Liu X H,Gai G S and Yang Y F,et al. Kinetics of the Leaching of
TiO, from Ti-bearing Blast Fumace Slag[ J]. Journal of China Uni-
versity of Mining & Technology,2008,18(2) :276-278.

(2] xipede BERGE. S TiRPENMERR]]). PREAERES
#,2002,12(6) ;1281-1284.

(3) =X, LAV . HEE AUBYBPRASEZELERRS
HRYEERITHII]. PEE G SRR ,2000,10(5) :721-724.

(4] 7k 8, F B4, BEUK. EAKTIER R SHREBBER Ak
[J1]. fb T %41 ,2012,63(10) ;:3346-3349.

[5] ft&¥.5% h, Wik, % FIRx &A@ p B Py
AT R mT]. iﬂﬁﬁﬁ‘?ﬂ’—?""*ﬁ 2008,20(4) :13-17.

[6] #hkB, BALE. L FIESHICARMD AT RT]. (b
J&,1992,11(1) ;1-10.

[7] Bellmann F and Stark J. Activation of Blast Furnace Slag by a New
Method[ J]. Cement and Concrete Research,2009,39(8) :644-650.

(8] & &.EEMK.Z B,% SEOHLEPELEARERIEE
#i47 X-3B [J]. aEEREL 2241 ,2003,31(9) :896-899.

(9] AESHK. FUT YL BRMERERKID]. A R KE
PSR 848, 2010

(101 £ % FIATHEEPENEEENRBTR R EERER

Wi LF Sa R S S BER,

(2) LF 37 FHMEBRAK Sk 5 41 % HRB4OOE #24¢
PRBRATAT, K BB R 7E 10.0% ~41.5% , H it
BESH T (STl MMaRE) H 1% HRB4OOE 5T
PR, &S [SIHRRFER, M AR LWE
o

P 3eh AL REH R 5B 4% ,2010.

(1] % #.4 &.F W% ASKSPERSEEI]. R
KR REER) ,2010,31(8) :1161-1164,1169.

[12] % %.% &.FOR SKSErasREoes g
LRBFE(I). HE TR ,2012,30(5) :96-99.

(13] RER K\ AEPREREESKE£1]. 7L TE,
1988 ,8(2) :4145,

(14] Z00 , R2W. 60,5 BARPKEEHRESSNTIR
[J]. BERRFEM( ARBIERD) ,1996,19(4) :82-86.

[15] 4304, REEW. sk s R B Uk i & &R E e E AW
RIBBFFE[I]. (TR 4,1995,16(1) :6-11.

[16] ®itE MEH, ZHF. SRMERSURBFREFIREG SRR
BRIBTIE[]]. 88 £ ,2007,196(5) :20-23.

EREW0973-), 8, BE TR, BLHRE (LR
%) ,1996 SEMALE T2 (LR Bl BRI T EBARBSL
E-mail ; 13803146375@ 163. com

SCR4 H #:2017-08-17



