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Development and application of a new refining process for ladle
bottom powder injection

LOU Wen-tao, ZHU Miao-yong, CHENG Zhong-fu
(School of Metallurgy, Northeastern University, Shenyang 110819, Liaoning, China)

Abstract: Regarding the requirement and development for producing clean steel with high efficiency, a new refining
process of ladle bottom powder injection (L-BPI) was developed, and some important theory and key technologies relat-
ed to this new process were investigated. The mechanisms both for the leakage of molten steel and powder clogging dur-
ing bottom powder injection in the ladle were revealed, and the theory of designing the device for bottom powder injec-
tion was put forward, as well as the powder injection device that is wear proof and high temperature erosion resisting
was invented and made. The inherent mechanism of multiphase flow transport and refining kinetics of the L-BPI was re-
vealed. The key process technology of powder transport in ultra-slit refractory has been a breakthrough, and the new
equipment with automatic control system for the L-BPI was developed. A successful application test of L-BPI in one
steelmaking plant has been made, which shows high efficiency and low cost for secondary refining and the prospective

for the development of new generation of clean steel production.
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Fig.1 A new generation of ladle-bottom powder injection
technology (L-BPI)
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Fig. 2 Schematic illustration of stress of liquid film considering interface contact
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Fig.3 Relationship between slot length and
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Fig. 4 Penetration behavior of molten metal into plug slot

measured in experiments
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Fig. 7 Schematic diagram of multiphase flow transport behavior and reaction

kinetics in ladle with bottom powder injection
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Fig. 8 Predicted and measured removal rate of sulfur in 2 t hot experiment predicted desulfurization
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Table 1 Composition of molten steel in ladle before and after bottom powder injection
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Fig. 11 Schematic diagram of RH-BPI process

it

(L) e 280 AU B AR V3 1 1) A2 7 i SRR >4
RGO B T 247 AE 1A 1), O & 1 JER A7 414
ARG B T 0G0, - T ROk Jo i 10 v 2
e, BRI T RAT B A0 s Bk 71 26 PTUR S
DA PR AT vy it 52 Pt Y B 0 SRRy o A o 1 4
AL JEIEAT TC A S5 B N FH AR 22 A P RS PR AN ] Sk
SRR, Sy AL R ORI BT N 4
PR PEORE

(2) T T AN BREETCAT Aot SV IA K SC B T
SR, T AT A SR IUA) () 7 R A 2
ME SRR R G SEBLT A8 k4% o kG
BA R 1 VIR SERRUE 22 AT SE R IER AR H AL
T HEA 45 90% LL L, I L 5 JoR W G AT AT XL

3



o1

AT S N ELIRIBTR RS HAORT L 2RI T R Y H - 35 -

Rl fE -

(3) w7 T AN RO BT T2 MLt

BRI BN J1 5 SN (0 N AERLT I AR AT
TR, B B TR AR AN B AL A A A Dk
AP AR SR S

(4) JI)SENE T 45 e AL Tk B kg, 280d

JEC R AR J5 5 AWV A T & 0 20T FH 0.031% 4647
445 0.007%, 81 T L-BPLHT T 241 8eE FIG R,
A, AT VA A PR IR R I A BT R

SE 30k :

[1]

[2]

[3]

[5]

[6]

[71

[8]

[9]

[10]

Kiessling R. Clean Steel[R]. London: The Iron and Steel Insti-
tute, 1962.

% 30 5 T4 1A () 4 T A )], <62 i 241 2000, 45
(3):257. (XU Kuang-di. Certain basic subjects on clean steel
[J]. Acta Metallurgica Sinica, 2009,45(3):257.)

JBCHRAR. O T R AR A A1 B I T e ——21 424N
Bk Tk B AR 2 —[J]. 4N, 2011,27(1) : 1.CYIN Rui-yu.
Discussion on high efficient and low Cost clean steel produc-
tion platform: One of the key technologies for steel industry in
21st century[J]. Steelmaking,2011,27(1): 1.)

DA AN AL P BOR K A S BRI, TP iR <, 2016, 26
(10): 18.(LIU Liu. Development and innovation of clean steel
production technology[J]. China Metallurgy, 2016, 26 (10) :
180

) 1 O3 AR AR KA R A5 R L 2 BOR G 4R A I HI (1],
T E R 4, 2018, 28(3) : 46. (GOU Xin-yong. Innovative inte-
gration and application of low-phosphor low-titanium low-sul-
fur steel smelting process technology[J]. China Metallurgy,
2018,28(3):46.)

gk, 2R, TV AR DN A0 ] e N AR F VR SR (D],
FFE R 4, 2017,27(7): 39. (MA Qiang, LI Qin, HUANG Cai-
de, et al. Practice of accelerating ladle turnaround based on six
sigma method[J]. China Metallurgy, 2017,27(7):39. )

RS, IR ZE, W, A5, A0 R KR S OB e R 7], o
[¥ ¥8 4%, 2015, 25 (4) : 60. (ZHAO Chang- liang, TIAN Zhi-
hong, CHEN Hus, et al. KR high efficient desulphurization tech-
nology in Shougang Jingtang[J]. China Metallurgy, 2015, 25
(4):60.)

PG, R R BRI AR, 3R K R T 2 R F S 1], Th NG
45,2018, 28 (3) : 50. (SUN Liang, ZHU Liang, ZHAO Xiao-
dong. Application practice of three kinds of hot metal desulphu-
rization process[J]. China Metallurgy,2018,28(3):50. )
KUIESH, B, TR, A5, w0 R A k(A PR R H A
ZIF R[] H R 42, 2018,28(6): 25. (LIU Yan-giang, LUO
Lei, ZHANG Peng; et al. Development of green recycling sys-
tem of hot slag and molten steel at Shougang Jingtang[J]. China
Metallurgy, 2018,28(6):25.)

XS T, WA, A SO, A B AT SR N Q4209D 1 K
[0]. " E A 45, 2018, 28 (2) : 67. (LIU Bao-xi, GAO Cai-ru,
ZHENG Wen-chao, et al. Development of Q420gD bridge steel
with high toughness[J]. China Metallurgy,2018,28(2):67.)

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

AL, 4, TRACFS , 4. CaO-FeO-Si0,-Al,05/Na20/TiO;
i 35 A AR K ) 8 4 ICAT b (0] BBk, 2017, 52(2): 18,
(LI Xian-peng, GAO Jin-tao, ZHANG Yan-ling;, et al. Distribu-
tion behavior of phosphorus between CaO-FeO-TiO,- ALOs/
Na,O/TiO, slags and carbon- saturated iron[J]. Iron and Steel,
2017,52(2):18.)

Ko, ZE AR AR, A5 BEANARIR A AN TR O fe 45 o AR
S [J]. AW Bk, 2013, 48 (11) : 32. (ZHANG Qiang, YUAN
Hong-wei, YANG Sen-xiang, et al. Practice of sulfur content
control during the smelting of low sulfur pipeline steel in Pan-
zhihua steel[J]. Iron and Steel, 2013,48(11):32.)

BARBG 2, AR, SRR, 5. GCr1S Bl 89 LF R M i 7 it o
AE 7 K1 44 g 2% VF 4 (7], 40 8K 0F 5 2% 4], 2016, 28 (5) : 30.
(CHEN Peng-ju, ZHU Cheng-yi, ZHANG Zhi-cheng; et al. Th-
ermodynamic evaluation of desulfurization ability of GCrl5
bearing steels during LF refining process[J]. Journal of Iron
and Steel Research, 2016, 28(5):30. )

W20 » G ML AR AR k1 22 SR 0. b R 4
2013,23(5):34. (YANG Rong-guang, WANG Zhi-gang. Prac-
tice of secondary refining for ultra-low sulphur steel[J]. China
Metallurgy, 2013,23(5):34.)

W 1, 25t Ak, A, 25 RH WOR BEGTE TR 3052 0],
J4 49, 2014, 30 (1) : 55. (YANG Hong-bo, LI Jing-she, GAO
Zeng-fu, et al. Study on process of RH desulfurization by pow-
der injection[J]. Steelmaking,2014,30(1):55.)

AT Y, 22, W A, A5, PR U AL IRy 125 ke
B, 2005100479801[P]. 2006-06-21.(ZHU Miao-yong,
ZHOU Jian-an, PAN Shi-song, et al. Technology and Device
for Bottom Powder Injection Through Slot Brick in Ladle: Chi-
nese Patent, CN2005100479801[P]. 2006-06-21.)

CHENG Z F, ZHU M Y. Theoretical analysis and experiment
of liquid metal penetration into slot plug applied for refining la-
dles[J]. Metallurgical and Materials Transactions B, 2014, 45
(5):1695.

LOU W T, ZHU M Y. A Mathematical model for the multi-
phase transport and reaction kinetics in a ladle with bottom
powder injection[J]. Metallurgical and Materials Transactions
B,2017,48(6):3196.

W5, R PR, 26300, A RH ZU5 R M IR OB ¢
#: A, 2012100127821[P]. 2012-07-11.(ZHU Miao-yong,
CHENG Zhong-fu, LOU Wen-tao, et al. A Device for RH Vacu-
um Refining with Bottom Powder Injection: Chinese Patent,
CN2012100127821[P]. 2012-07-11.)

T I, T Pl 2S00, 5. T B DR B T ORGSR
BNV B 2 M D7 vk [, 2015100221808[P]. 2015-04-29.
(ZHU Miao-yong, CHENG Zhong-fu, LOU Wen-tao, et al. A
Device and Method for Single-mouth Vacuuming Degassing Re-
fining of Molten Steel With Bottom Powder Injection: Chinese
Patent, CN2015100221808 [P]. 2015-04-29.)

RV D, REVPAR, SO0, — IR IERY 2028 I SORS MR K 1) 2
BT Th A, 2013102075258[P). 2013-08-21.(ZHU Miao-
yong, CHENG Zhong-fu, LOU Wen-tao. A Device and Method for
Vacuum Degassing Refining of Molten Steel with Bottom Powder
Injection: Chinese Patent, 2013102075258[P]. 2013-08-21.)



