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Innovation and Practical Exploration of
High—value Recycling Technology for Converter Slag

CHENG Xinli', SUN Qian’, LI Yan®’, GE Zhendong', WU Xiaoxia’, ZHANG Liang'
(1. Shandong Blue Sky Science and Technology Development Group Co. , Ltd. , Jinan 271104,
Shandong, China; 2. Shandong Iron & Steel Co. , Ltd. , Jinan 271104, Shandong, China)

Abstract: The annual production volume of converter slag in China is increasing, but 45% of it
is still adopted by the traditional stockpiling method, which leads to soil pollution incidents and
significant environmental and economic pressures. To adress these issues, internal recycling systems
in domestic steel mills, such as the intelligent slag retention closed—loop control system, the gradient
oxygen—supply dephosphorization process, hot metal pretreatment, and ladle slag supplementary
materials were introduced. These technologies achieved a stable recovery rate of metal iron from
converter slag at 80%~83%. However, the system still faces challenges such as compositional
fluctuations (w (CaO) ranging from 32% to 49%), high processing costs (85~120 yuan/t slag), and
associated quality and safety risks. Future efforts should focus on advancing precision—oriented and
cost—effective approaches to support the green transformation of the steel industry.
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F VAT, 2024 ARG i e AR AR 31421, #2020 4F
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Table 1 Generation and Stockpiling of Converter Slag
in China from the Year 2020 to 2024

Gy R ALy M % LA RITR%
2020 2.6 52 48
2021 2.7 50 50
2022 2.8 48 52
2023 2.9 45 55
2024 3.1 42 58

1.2 BRI ED T BRI A E K
I 2 T, A U T RS T R R 5 0 2545
P T7 5 ) CHBRAT ML ARBR AT 3 J7 58 ) 45 BUR W]
B 7R A AL H AR S EORTT 1 . M7 )=
T, IRHES ARV BRI o 22 TR Gy e b
T BEIRAC R T R 5 i (2024 4F) ', R 2 5
PTG R TR LY AR R HE B Al 3
AR
L3 TR ARERES
2020—2024 4%, B fP it PR BF R AN B2 G 1

R2 BB EGEPE R ABRSMR(2024 F)
Table 2 Policies and Effects of Converter Slag Resource
Utilization in Selected Provinces( Year of 2024 )
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40%. 723420202025 1AL A S i ) NG
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Table 3 Changes in Economic Benefits of Converter
Slag Internal Circulation in Shandong Iron and Steel

Group from the Year 2020 to 2025

AEG JTINIERZ R MLt B AR %
2020 200

2021 260 30

2022 338 30

2023 405 220

2024 429 216

2025 450 25

2 B B AR
2.1 WERD ST YHEBEE
kel A B BRI B AR, DL AAE A
R, 2 4 R 2020—2024 4 111X S A SR R A s
BB DL . R4 P DL, 2020—2024 4F
BEgpods v CaO 5 2 M 38.2% 42 T % 43.8% , FeO 75
T 18.7% FRER 13.5%. X 5% fit i 1 #5541
FNTIUR & W B AR B AR FH 2% UIAE G, 11545 1
KRR R R 15%. Geit kB, sk 2 5% 530
PO, & 22 7 B 3%, 2024 4EAE L b X Al 55 s
PO -3 5 53k 3.0% , AR R HBIX AU 1.5% , X F 22
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Table 4 Changes in Main Chemical Compositions of Typical
Converter Slag in Shandong Iron and Steel Group from the

Year 2020 to 2024 (Mass Fraction) %
Ay Ca0 FeO 802 P,0,
2020 38.2 18.7 16.5 1.6
2021 39.8 16.9 17.2 1.8
2022 41.3 15.1 16. 8 2.1
2023 42.5 14.3 16.3 2.3
2024 43.8 13.5 16. 1 2.5

50 2020—2024 4F 111 X 42 A1 5% i 32 B
YIH & ARG DL . R ST LLE Y, 2024 5%
P P RERR 5 (C,S) FRERR — 45 (C.S) &1l ikt
ik 45.5% , Horf C,S 75 2 M\ 2020 4119 23.6% $& T+ =
2024 41 29.2% ; BRIRES (CF) 5 RO G & Ly
26%, CF & & 5 340 1%, ¥ 14 Lb Rg Ak 2 5038 &
5% , A7 T w2k ML 4 Jm Bk . B BRI A (CMS)
N 2020 4E 1 5.2% | TF 2024 4E 15 9.0% , H:
7E 1 600 “Crap il T XF B 4 Aol 19 4= Dol i B2 3 AL 552
ARG 38% , R 8T B T KA ) I & $ A4 B A
JEURR R

5 2020—2024 £ LIS EE R HPE

FTETHHIETUBR(RESH)
Table 5 Changes in Main Mineral Phase Contents of

Converter Slag in Shandong Iron and Steel Group from

the Year 2020 to 2024 (Mass Fraction) %o
0y C,S CS CF RO CMS
2020 23.6 16. 1 12.3 12.7 5.2
2021 25.3 15.9 13.1 11.8 6.5
2022 26. 8 15.7 13.8 11.2 7.3
2023 27.4 15.8 14.2 10. 8 8.1
2024 29.2 16.3 14.5 11.5 9.0

2.2 YIIBEMRIRT

BRI M PR R S AL B T2 R B 1
AN TR A BT 20 X6 e s A B SR A R ) . AR Ak
PRAS A7 i —10 mm KBr 2 LT 28 78% J |, i —
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Fig. 1 Effects of Different Treatment Processes

on Physical Properties of Converter Slag
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Table 6 Application Effects of Slag Retention Operation

[13-14]

Technology in Ansteel Group

. Wi ARIMEE BiEER WA
A .
% (kg/tA9) % (JE/ILAN)

2020 45 72

2021 8 40 75 10
2022 9 36 78 14
2023 10 32 80 18
2024 10 30 83 22

T A AL A ok AR S (U R A 9 R 24 R
FARM & BB, B AR R AR AE S
R o T AR AR G T A 3R R B A
gy g o] R AR, 38 5 2 450 MHz (0 IR 5 5
18 3 min, 1 i 1 (-CaO G AT 25% , 3R [m 50 5
AL AR 12% 1 A A K, i — 20 AR JURHE #E -
2024 4F Tl i 96 2 W, 3202 AR (7 50 155 % 1sf ] 47
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3.2 ATFskokFstiE
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R R T IYR T M . 2R -
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TrtE SR . IR ALK b Se 2 ok Uk
PEALBEIE 2 10 mm DLF , PRl ad — 3R G HL 40
SRk, TR AT I, 0~5 mm R gL L
AJ 3k 85%. AbPRJE B it S5 A 7.3 1 LAl
TR B BB AR ), 7E 120 ¢4 K E o SR FH RS R AL
A+ TI0IR G B A R A 2, i R R I TR
0.06 m*/(t * min) o

&7 g T 4R PR B s T A KO AL B 2K
SOl R T AT LUE AR PR s
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2 85%, Wi i AR 1 R B 65%, 4 I WA 5
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2012200 t.

R MMER I E B FHKBRAZR
Table 7 Effects of Converter Slag on Hot Metal

Desulfurization in Hebei Iron and Steel Group!'®'*!

PN U2 ey S PRRACR A B IR RAR R/
(0~5 mm) /i He/% % %

2020 65 45 0

2021 70 50 0.8

2022 75 56 1.2

2023 80 62 1.5

2024 85 65 1.6

TR PH RSB T2 1 ) A A I i 10
HEFS AR o 382 78 A K T Ak B 3 2 26 SO
T, B BRI EE RSB #E (1 360+10) °CL UL
FEIPEE v FeO B A ALYE S CaO BB TG M IE W d5c 1
VCRC. FoA A ENFA MBS 5 24 AR s
A S R B i £, S B 2 0.035% B A
SIS L SN ik ash B A 3L R AR ARG
3.3 EANBEM IR

B dpv it U SRy BB D TR A BRI R 2, AR
IUAESCPEAL B 5 PR AR IR B4 B o KANAE A
AN B0 5 R A R X T T O e SR A T
KT s R oM T R T T AR TR, A R
PE B P i VR O AL T D TR M RE L AR AR R
MR . B bt 5B 8. 2 LLINE & )5 , 7
1 500 “CHLRY FR ARl 2 h, [l h C,S ST+ &
30% , K BEVEFR bR 5 40% .

2 8 T 2020—2024 4F- K XA A1 5 I it A
AL AN FE A A B4 L FH AR

<8 2020—2024 FKMERFIPEIEA
WA TR B AR

Table 8 Application Effects of Converter Slag as Ladle

Slag Supplementary Material in Taiyuan Iron and Steel
Group from the Year 2020 to 2024

N BRI KK A R 7K S 0
Lt f511% I8 B 1% R AT 85 /%
2020 15 0.005 0.003
2021 17 0.006 0.004
2022 18 0.007 0.004
2023 20 0.008 0.005
2024 20 0.009 0.006
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Table 9 Application Effects of Converter Slag
Recycling Technology in Shagang Group

P Rt AORINSRE ZOSEES R IR R
% (kg/t ) % %
2020 6.5 42 0.028 58
2021 7.2 36 0.022 65
2022 8.0 31 0.018 71
2023 8.5 29 0.015 76
2024 9.0 28 0.013 80

FH 2% 9 WI L, N A i R SR R H R S B
T T 2 2024 414 9.0% , £ K T FER% 2 28 kg/t
B, SRR 0.013%, 38 1 F AR EAR, B

) N B A A48 T 2 80% , 1 B AT M- 4 7K
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VD B0 A8 VAL BRI 1 e B e e o 88 S 0 T ok
JEF , 38 3 e A B KA AR B CaO A ORI R
T 92%., 2024 FFH0HE TR AR AR AR $i
151 22% , WA I8 S50 AR B AT 18 TG, TR NAF I
DG 8 500 t, ARSI T RIS 1.2 /40T,

(2) IhAEH

LA 4R AR G s —be & U IR R H AR 48
W J TR s e 8% L ABITE A be &l Ak , BR AR 43
ARAT, E IR AP 2 12 o/min, [FIR G
BHE A R 22 92% ., 210 Jy LU AN AR A1 4 i — e
R A HE RS R IOTUEE, 5
2020 4FAH L, 2024 AR EE A 4 55 0.6% , [ 4
WRRHHFEREMR 4 kg/t 4N, 415 2 BUAR I 8 200 J1TT.

F 10 WRMERFEPE-REHEF ARt
Table 10 Statistics of Synergistic Utilization Indicators for
Converter Slag and Sintering in Shandong Iron and Steel Group

PN Beits Ll WEARRORHE  esharahhn ARG/
% HE/(kg/t i) % Jiot
2020 3 58 57.2 2300
2021 5 56 57.5 4500
2022 6 55 57.6 6200
2023 8 55 57.7 8 000
2024 9 54 57.8 8200

LU A AT 5 A B IR 25 5 B A, SR FH A i
ol — R e — B PE R TS, AV A TR 3 4K 78 40
fift, i 1 01 S04 R A 20 B 5K 95% . 2 11 1N
AR AT o s I - e — A B B AR N R b M3k 2
Giit. R NAEH IZEARNHE, & E%&EeR
PE Tt 2 85% , M 5 i 1l B 0 B s R T M 4 2
PR B 79%, 4F MUk 4.5 7 t, B0k Hh RS 4F 1 5%
3800 Jiot*
4.2 EMRLA

7 ] 8 % 5 411 4 A 45 ) 7 Sl A 4k 4R AT 7
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Table 11 Application Indicators and Benefits Statistics of
Converter Slag Hot Disintegrating—Magnetic Separation—

Grinding Technology in Shandong Iron and Steel Group

by ek BTN AERNLEY RS
WIeE%  FEEU% Tit AERIRTT G
2020 68 65 2.1 1500
2021 73 70 2.8 2200
2022 79 75 3.5 2900
2023 84 78 4.2 3600
2024 85 79 4.5 3800

hEE A SRR SR R, R 12 AR
B AT A 2 e 418 R R R B R B R B
F1R2EM R LR, &8 gk EIeRET =
88% , 1434 [l Wit 45 J& 48 15 J7 o5 AR 80R e A%
G T 4R T 32%, 2024 AEMEAR IR AR FAIG 2.5 55
TG 2024 4% Az PR L Irl B E R ZE RN T 3 5 A
IR 12%, AE R E R 8 000 T RKIC. & 2024 4F
JEE BRIt 25 R 2Rk 5] 849% , Hoh Ak AR ER
i Lt 66% , JE 186 4 0] FH - 3264 1 FH - 58 R A0 8 1Y)
Z IR B 2

R12 ERTERE
IR EREIRF AR AR X EIER
Table 12 Key Indicators of Converter Slag

[23-24]

Recycling Technology in ThyssenKrupp Group

P BRImMcRs  BEACR EBRRAREIL  ZRG A
% #eTti%e  (FETUMEER) /%
2020 68 72
2021 75 18 1.2 78
2022 81 25 1.8 80
2023 85 30 2.3 83
2024 88 32 2.5 84

5 SR AR T PN e SO0 P R FH T I 1)
Pk
5.1 Bor i Eh 5 Ab IR R AN i 29

R NN =35, T ] A}, N W E) g Y A A W
AR E A OCEEI 22 . 3R 13 25 2020—2024 4F
FE] PN 22 SRV T I i =6 B8 40 U sl v L, TR 5
A T AN R AR (AN AR (NN

Kl AR s DX (g ) S AR et Aol , & R K i 2
B S N 2 13 R R R RAN T
E s h CaO & B K 32%~49% , FeO 5 >
11%~26% . X Fh 53 1% 2l BT 238 Be ik 22 , 6l
N WL AP RS (PO, & 5 >2.5% ) B IR [ 55 P it
2 AN K B 5 e R AR XU 34 0 40% o 38 b R 2k
Tl P &Gett, LAk sh T 800 A 7= S, AR
T B Y 22 T 4 842050

R 13 2020—2024 SFEEIPEE B R FEE
Table 13 Fluctuation Range of Main Composition of
Converter Slag from the Year 2020 to 2024

GO CaO F /% FeO &5 it/% P,0, & /%
2020 32~45 15~23 1.2~2.0
2021 34~46 14~22 1.3-2.2
2022 36~47 13~24 1.5-2.4
2023 38~48 12-25 1.6~2.6
2024 40~49 11-26 1.8-2.8

Ak R RSAS e N g — 20 B T i e
PRAHUERR . DALY b #33 F2 Ry 491, 2 s 4 1
A LR R B JS T 4 1mT T i i A B B AR K
85~1207T,

52 REEHEREXKE

e e e A AR FH v %) o e A S A T 2 A Bk

o 2 AP G A 2 4 5 o i KU R AL

it
i 501
VERAL N M e S
AR | | AR [ﬁﬁmmw
worps | [ st | [ rocao | | mem
SURBBA| | RAH | | s

B2 BpEETHAReSREaRTEE
Fig. 2 Schematic Diagram of Safety and
Quality Risks in Converter Slag Recycling
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