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Fig.1 Utilization of steel slag abroad
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Fig.2 Domestic steel slag utilization situation
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Table 2 Comparative analysis of steel slag treatment process parameters
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Fig.3 Steel slag treatment process
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Table 3 The advantages and disadvantages of double medium quenching and traditional process are compared

AL 1 o Beit
MRk AT E I K MR AR, I FR b v
Ml BUWICERIER AU BT -Ca 6 MR AT LK R
AT T £ 2 W e 250 P o M
XLV Ve \, } sl \’c ‘E‘T}: /s \‘%\r\ﬁ, X
R IS, LN, R RS B i s
AL RS A BB L, M KR 5
KA B TN R PRI AR AT, SRR ATERIER )
IR
REE BRI T BB R O AHCR AT, (U8 1
(G AR HE , WK VE TR, 285V KO 9
T T IRIIRBIS B AGERAG, S IIE A e ot it ke R BB R 5]

SRS UV H 56 (51 i)

3.3 WA BEARFARES

JE X PR BLAL B —E FRJE ok T
Bt A B A R, L T A AR A Rl  ROSE 22
SRR RACRCRMELURIIE . ZEA R KGE AT, 1)
AN R AR 25 5 TEORE | B T 52 M WL 7 A
PEFY o Ry T 325 4 0 WU B A AL A 1
ROR e 7 X 2 R S BT AR A R . Bl
U, 3 e R R R L XU LA R R AR, L ARAIE
IR ER I JEE MBI B (A5, TR m] LS Rk AL SOR 5
M I O R 2R LA TIA PR TS DL e 5 A b
POTEASE G, I AL FRSAS , B AR 7= i R P Y
REVRTH AR MR S 7 5 IS R DR , >R FH IR
FEBA A R 8 P il A 0 5 5 25 0 9 e 0
FIZ RO S5 BOR S BURLAR PR B A A7 o 1
O BRI o FIRT 22 53 R B AL, 5 | A B4R
BEERYT, UNGAE JJE A0AE T ik LA /N I ORE S
(12 57 , TR mREALSCR: o

B R v RAE B A AE A RN i 5 T .
A —E WPLF, w4 i SRR T R S
AL BRANEROR A HHLAF UK, (HAS A7 AE TS 2 1, 13
PAE T2 R M FE S R4 FPAE AR LA 7 1T

1) v RE B VA KA A 19 ) A o 38 o R XA

JREPAE Y AL A B A R , iT LS B VA 1) e R L
Pl & 5 B0 5 A bR EAT S A, il s i 2 0
AE  m PERE A B RLAL A L

2) FORA IS B AL . 50 XU 0K AL B2 R
AT AT SRR AR R A 7 o A v B S HR T, 9D B
B o IR A 5 Y I 5 Ak v BN AEL Y
BB, B AT 52 BN i ) 5 DAL R, SLRE S i A9 kA
NIABEZST 2N €Tl

3) M TR BEIN TR J o P A PR v kA £
ARAT LU 8 R B N T4 B PR B, T R 9 i v o %
RO BE IR (EL o e XU AR AL A ] 4 1) A
UKL AT DUVE D 86 16 B R SR A

4 SR MRR

BRI S A B A Bk T SRR, HATAY
Bt R AR B R R R
EAE LA —E TR B L DR AR T A7 A A58
R 2 T Y H A TR, (EAR SR A 74 i B U A
FIANSE 4 ARFREE 8 PR BB RAS v B i
SR, 2B R R P 05 H A S RUK AR i
PRPEV RLAL B ARAN G 5 19 7 5 AL BEAN i, %07 35 17)
TSI PP AR AR 50 A SR, R SR i



.38 -

T E A & s A

ER=ES

12 )3 B 7K ) 1 5 AR R 5 s T v 00 [

PCHRABORE , FEAER 1 40T 2T AEAL B 20 o
1) BB T v R A B AR 15 409 i 3 Jo 5 AR AR

254, BERERICE i 7Y, AR A9 I CaO \MgO 25

e B R, SURESR R AL URL A BRI BE , AR A0k AL

A28, DT S BB 8 ) e 2880 PR ORI o
2) HATE S A RLAL L 20 BT 23U A R

PSCRAT, BEAE IR i it JST S AR R T e, e R

LU R SRR, A RECHE s K A B A

PRI N , 2 1 BRI T, 5 FASCR 3 5 5

R AR R Ry 2k 2 4R M TTRRAE T, A A T 3058

B e R, 2% T AR R REVRAR , BREET5 /N, f

SERUAN BRI R 18 —CH
3) A WA Jo YA v R A B AR A Ak PR R i 0

TEERA RN AT, (BRI A, b

BN EL B MICE A R i e ), SE B2 57 Ak

it FIPABERLAR 1 K AL

[ 275 3K ]

[1] ZHANG Zelong, CHEN Lingen, YANG Bo, et al
Thermodynamic analysis and optimization of an air Brayton cycle
for recovering waste heat of blast furnace slag [ J]. Applied
Thermal Engineering, 2015, 90 742 —748.

(2] JAgkR, W58, LEITR, &5 BIEH G R AR IR AR LRI

SREFAIRCRSHT]. Wk, 2019, 54(4) : 73.
ZHOU Jicheng, LI Xiuping, SHANGGUAN Fanggin, et al.
Analysis of energy conversion mechanism and energy utilization
efficiency in steel manufacturing process [ J]. Steel, 2019, 54
(4):73.

(3] #2%, moileE. PEMELIL T+ WRER A =4
JEEE[T]. Wk, 2017, 52(7) . 9.

GAO Xue, SHANG Haixia. China’s iron and steel industry’s 12th
Five-Year”energy-saving achievements and 13th Five-Year outlook
[J]. Tron & Steel, 2017, 52(7): 9.

[4] ZHAO Qing, LIU Chengjun, MEI Xiaohui, et al. Research
progress of steel slag-based carbon sequestration [ J/OL ].
Fundamental Research, 2022 — 10 — 17. https://doi. org/10.
1016/j. fmre. 2022. 09. 023.

(5] JFFmek. B A e b BE d AT o 0 B f I 19 2% 0 ) At
[J]. @94k, 2010, 45(4) . 1.

YIN Ruiyu. On the construction of energy flow network and energy
flow behavior in the manufacturing process of steel mills[ J]. Iron
& Steel, 2010, 45(4) : 1.

(6] Toafl, JANE, RS2 W RERE ™ G2 ) T 2080t KA
SEelT]. &J@sril, 2010(1) . 175 177, 182.

YU Kexu, ZHOU Zheng, SONG Baoying. Steel slag magnetic

separation product selection process design and production practice

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

[J]. Metal mine, 2010(1): 175 177, 182.
Wrdk . 893 F A SR S E T Z R 5 [0 ],
2022, 44(03) : 33 =35, 40.

a4,

CHEN Zhenzhong. Research on the utilization status and recovery
process of steel slag[ J]. Sichuan Metallurgy, 2022, 44 (03) .
33 -35, 40.
HAN F, WU L. Comprehensive Utilization Technology of Steel
Slag: Chapter6[ M ]//Industrial Solid Waste Recycling in Western
China. Springer, Singapore, 2019 305 —356.
HAYASHI A, ASAOKA S, WATANABE T, et al. Mechanism of
suppression of sulfide ion in seawater using steelmaking slag[ J].
ISIJ International, 2014, 54(7) . 1741 - 1748.
GUO J, BAO Y, WANG M. Steel slag in China: treatment,
recycling, and management| J]. Waste Management, 2018, 78 .
318 -330.
Suguna Soumya Varanasi, Venu Madhava Rao More, M. Bhaskar
Venkata Rao. ladle furnace

Recycling slag as flux in

steelmaking:a review [ J]. Journal of Sustainable Metallurgy,
2019, 5. 449 -462.

JIANG Y, AHMAD M R, CHEN B. Properties of magnesium
phosphatecementcontaining steel slag powder[ J]. Construction
And Building Material, 2019, 195, 140 —147.

GAO Jintao, LI Shiqi, ZHANG Yanting. Process of re-resourcing
of converter slag [ J]. Journal of Iron and Steel Research.
International, 2011, 18(12); 32 -39.

Yogesh Nathuji Dhoble, Sirajuddin Ahmed. Review on the
innovative uses of steel slag for waste minimization[ J]. Journal of
Material Cycles and Waste Management, 2018, 20 1373 -
1382.

TR, WA, RS, & WEROD A TRea T ER
BREGRIIITE[T]. Be4iBRIAl, 2015, 49(3) . 48 -52.

XU Lu, FAN Dingdong, XIA Nengwei, et al. Experimental
study on dry desulfurization of sintering flue gas by steel slag
powder[ J]. Sintered pellets, 2015, 49(3) . 48 -52.

BRBE. B XA R A8 A 1 BE R 3 0k RAOR b ez xR
WID]. HB: el Rz, 2015.

WEI Xian. Effects and safety evaluation of steel slag on acidic
soil improvement in different rotation systems [ D ]. Wuhan;
Huazhong Agricultural University, 2015.
Balaguera, Maryory Astrid Gomez

CarlosAndres, Cardenas

Botero. Characterization of steel slag for the production of
chemically bondedphosphate ceramics( CBPC) [J]. Construction
and Building Materials, 2020, 241, 1 -11.

ZHANG Yi, YI Zhifeng, WANG Jingshi, et al. Sub-50 nm
amorphous iron phosphate dehydrate nanoplates fabricated via
liquid exfoliation from recycled steelmaking phosphate slag[ J 7.
Materials Letters, 2018, 233 290 —293.

WANG Zhanjun, SOHN JI. A review on reclamation and
reutilization of ironmakingand steelmaking slags[ J]. Journal of

Sustainable Metallurgy, 2019, 5. 127 - 140.



2024 4 8 J1 55 4 1] B LA B VY R ST IR B - 39 -

[20] e Epragit oy A5t Kk B ] P e AL K G0 FH Y (297 /%A, R, KE. K@K A BREBERU T
[D]. dbmt: dbmtRiHR:, 2020. [J]. SEkHLER, 2012, 33(3): 28 -33.

RAO Lei. Intrinsic law and application of composition, structure LU Hongwei, LI Junguo, ZHANG Yuzhu. Numerical simulation
and properties of converter steel slag [ D ]. Beijing: Beijing of gas quenching slag droplet cooling process [ J ]. Steel
University of Science and Technology, 2020. Vanadium Titanium, 2012, 33(3) . 28 —33.

[21]  EHR. W55 S F RN ], fReRit A, 2021, [30] #meXk, Friit, sRFER. KRRk T =0 L 0 i 2 ik
(6) : 305 -306. FORIHRELT]. MERBFTE 4R, 2008(7) : 1 -

WANG Xinfeng. Steel slag treatment and comprehensive DAI Xiaotian, QI Yuanhong, ZHANG Chunxia. Advances in dry
utilization [ J]. Low carbon world, 2021, 11(6) : 305 -306. granulation and sensible heat recovery of molten steel slag[ J].

[22]  FR243C, ZRWEPH, XUGR. cm i £ B4 AW i v R A BE 1Y Journal of Iron and Steel Research, 2008(7) 1=

P 5 SR [ CL//785 /i (2011) o [ 40 8k 4F 22 18 SO 4R, [31] E¥L, XER, 5kEH, & Sh@ @ﬁﬂﬁmilﬁl%(ﬁt
2011: 864 - 868. Rl T]. MEkLER, 2018, 39(4); 93 -98.
SU Xingwen, LI Xiaoyang, LIU Lei. Application and Practice of WANG Zibing, LIU Yue, ZHANG Yuzhu, et al. Experimental
short process treatment of steel slag in bayuquan steel plant of study on heat recovery of gas quenching granulation of blast
angang [ C]//Thesis Collection of the Eighth (2011 ) China Iron furnace slag[ J]. Vanadium and titanium steel, 2018, 39 (4) .
and Steel Annual Conference, 2011 864 —868. 93 -98.

(23] 7, RER, SREAE, S5 WAL 09 LSBT B 45 [32] BT, UREME, W, S s S-sKIR TR K
AMALI]. B8, 2010, 26(2) - 75 -78. AIAEY IR T]. FRek, 2020, 39(4) : 8 - 12.
WANG  Shaoning, LONG Yue, ZHANG Yuzhu, etc. WAN Xinyu, YAN Dingliu, GAO Jianjun, etc. Expanded
Comparative analysis and comprehensive utilization of steel slag experimental study on dry granulation and waste heat recovery of
treatment methods[ J]. Steelmaking, 2010, 26(2) ; 75 -78. blast furnace slag by gas-water mixed quenching [ J ].

[24]  EHR, fHME%, FRRY, & Wiksa ARl Ironmaking, 2020, 39(4) : 8 - 12.

FPIEA @R 4, 2021, 50(6) : 77 -82. [33] JmB, BERHAL, TREON, S RO & Bk b it g 4k Sz
WANG Jifeng, FU Hengyi, YAN Xiaotong, et al. Research T2 R ngem (] ek, 2018, 53(1) . 88.

status of comprehensive utilization of steel slag [ J]. China JU Dianchun, QIU Jiayong, XU Minren, et al. Effect of carbon
Nonferrous Metallurgy, 2021, 50(6) : 77 —82. on the thermodynamics of sodiumation reaction and sodiumation

[25] JBBK, 4R, sk EAE, 5. WASME AR AL FEAE R rate of titanium-bearing blast furnace slag[ J]. Steel, 2018, 53
WL L?ﬁ%}%,2013,35(6);38—42. (1);88.

LONG Yue, CAI Zhenlei, ZHANG Yuzhu, et al. Numerical [34] kMR, ™, S, & %’*J%Em 3 (16 A T ] D 40
simulation of gas quenching granulation process of liquid steel BrlJ]. ﬁﬂ@i, 2020, 55(1)
slag[ J]. Shanghai Metal, 2013, 35(6) ; 38 —42. ZHANG Jun, YAN Dingliu, QI Yuanhong, et al. Analysis of

[26] XA, 87 HS T A RS 0] SR — IR AL I 5256 5 R s difficulties in the treatment and utilization of iron and steel
WHFFE[D]. Kb EPRFH AR K, 2015. smelting slag[ J]. ITron & steel, 2020, 55(1) ;1 -5.

LIU Nan. Experimental and large eddy simulation study on [35] Fffisk, 2255, X, 2. 409 F (6] B[R] fsedgk Ao i 95 U5 Ak
primary atomization of liquid transverse jet in supersonic airflow MAB R[], FEIG4, 2011, 21(8) ; 50.

[D]. changsha; National University of Defense Science and WANG Deyong, LI Yong, LIU Jian, et al. New ideas for
Technology, 2015. resource utilization of iron and phosphorus from steel slag|[ J].

[(27] EmEEN, skEHE, JHER, &5 ORI b i OB s Ry China Metallurgy, 2011, 21(8) : 50.
PEECERLL) ] R AR, 2020, 20(8) : 887 -895. [36] XA, BARW, %, % BWE P REEE R R
WANG Lili, ZHANG Yuzhu, LONG Yue, etc. Numerical S5RiFLT]. 494k, 2018, 53(3) : 22.
simulation of liquid film flow characteristics of gas-quenched LIU Jie, ZHAO Dongming, LI Jianjun, et al. Research and
granulated blast furnace slag[ J]. Process Engineering, 2020, 20 application of low magnesium slag smelting technology in blast
(8) . 887 -895. furnace of Ansteel [ J]. Iron & Steel, 2018, 53(3): 22.

(28] BRA, X, skEAE, & TR E 4w PO Rk n 1k [(37] uwse, BRI, KI5, % PPk AR Y AL

BELJ]. ARALRE2 4 (AP , 2019, 40(2) : 202 - RRE SRR RPEALRIL) ] ek, 2023,58(6) : 1 -13.

206. ZHEN Changliang, CHENG Cuihua, ZHANG Qiaorong, et al.
KANG Yue, LIU Chao, ZHANG Yuzhu, et al. Properties of “ Two-step ”  reconstruction of steel slag phase change
blast furnace slag glass microspheres prepared by gas quenching characteristics and viscosity regulation mechanism [ J]. Steel,
method [ J ]. Journal of Northeast University ( Natural Science 2023,58 (6): 1 -13.
Edition) , 2019, 40(2) : 202 -206. [38] #BER, FFNL, sk, & mhaanR TR AT



- 40 - T E A & s A B ELsk

)], AARE IS 2Rk, 2007(5) ;14 - 19. effect evaluation [ J ]. China Nonferrous Metallurgy, 2023, 52
DAI Xiaotian, QI Yuanhong, ZHANG Chunxia, etc. Analysis of (2): 138 —148.
blast furnace slag quenching dry granulation process[ J]. Journal [40] XU, oL, DEZE, 4. BT CFD BB XE TS
of Iron and Steel Research, 2007(5) : 14 -19. PP ST, B, 2021, 37(4) : 74 - 80.

[39] NG, sk EAE, WSS, 5. BRSSO BAART N LIU Yuanjiong, SHI Jinming, MA Guojun, et al. Analysis and
i SRR T ], TP EA R4, 2023, 52(2) : 138 - 148. design of steel slag air quenching process parameters based on
SUN Lei, ZHANG Yuzhu, ZHEN Changliang, et al. Effect of CFD[J]. Steelmaking, 2021, 37(4): 74 -80.

wall structure on thermal insulation behavior of slag ladle and its

Research status and progress of quenching granulation of steel slag
ZHAO Kai, WANG Dianxin,ZHEN Changliang,ZHANG Qiaorong, CHEN Wei,ZHANG Yuzhu
( College of Metallurgy and Energy, North China University of Technology , Tangshan 063210, China )

Abstract; The annual new steel slag discharge in China is more than 100 million tons, and the utilization rate is
only 10% ~ 20% . There are abundant resources such as “slag, iron and heat ” in the liquid steel slag of
converter, which causes great waste by simple storage or landfill. At present, the mainstream technologies of steel
slag granulation mainly include hot stuffy method, air quenching granulation method, drum method, etc. , which
are all based on the development of steel slag granulation and free calcium oxide (f-CaO) digestion, which is
convenient for subsequent crushing, screening and magnetic separation to obtain slag steel, magnetic separation
powder and tailings. Although these methods have solved the problems of large investment, large land occupation
and heavy pollution in other methods to a certain extent, there are still some problems such as incomplete utilization
of steel slag resources, risk of volume stability, high grinding cost and high iron content. The author proposes to
use the combination of modified reconstruction and gas-water two-phase mixed fluid quenching granulation
technology to treat steel slag. This method adds acid flux and reducing agent to liquid steel slag, and uses the high
speed of gas and the high thermal conductivity of water to quickly cool the liquid steel slag into solid particles,
which reduces the fibrosis of steel slag and takes into account the granulation of reconstructed slag and the efficiency
of waste heat recovery. The tailings after iron extraction can be used in the fields of building materials preparation,
soil modification, glass-ceramic and ceramic materials after particle size classification. However, this method is still
in the research stage and not mature enough. In the later stage, it is necessary to carry out in-depth research on the
preparation of high-performance steel slag granulation materials, environmental protection utilization and resource
utilization, and the development of steel slag deep processing.

Key words: steel slag; double medium quenching granulation; quality reconstruction; iron recovery; waste heat

recovery ; resource utilization



