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Abstract

Converter steel slag pulverization is one of effective ways for its massive utilization. However, the
poor grindability caused by complex chemical composition and microstructure of converter steel
slag makes it very difficult to be pulverized. Converter steel slag contains polymorph dicalcium si-
licate (C:S), and its crystal structure can transform from S-C:S to y-C:S under cooling condition
accompanied by volume expansion, which could result in self-pulverization and improve steel slag
grindability. According to chemical composition of practical steel slags, CaO (50 wt%)-MgO (10
wt%)-Si02 (10 wt%)-Fe203 (30 wt%) slag has been chosen as basic experimental synthetic slag and
modified with different SiO; addition amounts. The results show that with the synthetic slag basicity
of 2, C2S can precipitate dominantly in converter steel slag, which results in high self-pulverization
effect, and screening rate of slag powder below 150 pm can even reach 94.3%. The results of the
experiments provide scientific reference for further recycling of converter steel slag.
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1. 5|18

AP RV TOR A AL B R R SR B e ORI FH (R B T2 . O A AR PR 5 TR A B AN AN T 4 v
BRERIREIE 2, IR Re e i BRI AR AT\ AU B V2 BN 1] [2] (U2 B T3 iR Ak 2 il 5
W AR SR, H G B 22 . R — AU B 7 vk, L OB AR ME B A, WIS AR e R e IR AR
HL T RPN RN [3] [4]. CANEN MBFFRY, B aRE — R 5 10%~30%7 44 1) C,S AH[5]
[6]o C,S TERFURIFEF IR A B-CoS 1A y-CoS HIMLALELAS, RRMERE 1% A4 BIARFEIK, F= AR A B
IR 5| EE PR 1) E R LI R (7] [8] [9]. PRILARES o C,S FHATT i 2 /0 S A9V 1) LR AL R . R
WL Ca0-Si0,-MgO-Fe,0; WU T & FiE RAIE N SLIRIEANE R, WL 1 SiO, BUTR XA B i C,S
PRI H T AN B AR A 2, SIS 45 R R A O A Bt TSR R A AR S %

2. SEI§

P EE R CaO. Si0,. FeO,. MgO J/b& MnO. AlLO;. P,0s. TiO, s 4L[10]. &
IR Pk A N A Ly, AN ST T 2 48 e 7 IR 8 0 A 7 [ 23 i 4l A 25 T 1 6 A
#, L CaO (50 wt%)-MgO (10 w%)-SiO, (10 wt%)-Fe,05 (30 wr%) VY 7t & ik RAE N SLiGFemtidt R, R
IRIMAS R 5 B 1) Si0, FC il OB s o AH R B 20 A BSOSV S B2 7 B 4L, —4AN N BLOs, ARV m] R ZE K ks
F IR ByOso B,Os fEHIH B-C,S 7] p-CoS I BUEEAR, mIPH IV RENG (b, DUE 5 M R 44
BT AT JEUR AV P (A B C,S HT UL, TR BLOs BN S B2 B4 I s i M 2E . 6 1 &
PSS AP ANV ) A (1 5 R AN SO (2~ 13 5 R IR 2 e L B s S v S0, I NN & o K - 2V R R N
w4l MgO I, BT MoSi, Mk, THEZE 1600 fF, WARRIE 30 min JGREPAEIE=E. SFARMN
B,Os 3 & ML RERE I R FLELAZ A 150 pm. 75 pm. 48 um KI5 FEET Iy, TFEEREEIRR, X
I B0; KK B BLIERE, WZY)EAPYE)E, H JEOL JSM-6510LV 4 5l INCA Feature
X-MAX20 GG (SEM&EDS) 3 WA i AR AN X AL 2 B 5
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Table 1. Composition ratio of the experimental converter steel slag with different SiO, addition amounts

%= 1. A SiOo, IANE &4 N SRREE B R ECte

H5 m (CaO)/ ., m (Si0,)/ 7%, m (MgO)/ 7% m (Fe,03)/ 3, SiO, AR/ R = w(Ca0)/w(Si0y,)
1 5.0 1.0 1.0 3.0 0.0 5.0
2 5.0 12 1.0 3.0 0.2 42
3 5.0 14 1.0 3.0 0.4 3.6
4 5.0 1.6 1.0 3.0 0.6 3.1
5 5.0 1.8 1.0 3.0 0.8 2.8
6 5.0 2.0 1.0 3.0 1.0 2.5
7 5.0 22 1.0 3.0 12 2.3
8 5.0 24 1.0 3.0 14 2.1
9 5.0 2.6 1.0 3.0 1.6 1.9
10 5.0 2.8 1.0 3.0 1.8 1.8
11 5.0 3.0 1.0 3.0 2.0 1.7
12 5.0 32 1.0 3.0 22 1.6
13 5.0 3.4 1.0 3.0 24 1.5

3. XWER51TiL
3.1. SiO, BB APWIE T C,S BT RIF M

Bl 12 RAN BLOs 1 1~13 S RE Si0, T G Bk LS. BT 1, B SiO, fIANERISEm,
SR I AN [RIRE L R A o B P ANV B A ROR £ 2L 5 CoS A& B 5% . B LR AR 4K,
D R ) CoS A AR A, R EE Z0 A BoOs HOGE R 43 I AN K A4 25052 5 (R AH

2 2K 1~3 S SEM T HUH BT KL T 1 SRS I aaE, oo
T R(wCaO/wSi0,) 4 5.0, BRERN . ¥ IS HEAH FZAKKIRT C5S MH(3Ca0-Si0,), WHEHEH A K I
C,S HH(2Ca0-Si0,), KILERA RN A K AR A 2%H) Si0, i, 2 SE P AFELE C3S Al C,S. Fifi
#H SiO, M, #or CS W15 SiO, RFIAE R CoS AH; I 4% SiO, i, 3 SR & A R 2R
C;S 1 C,8, H C,S HREFH WA, M CS M. MK 2 afLLEH 3 SEPHT K C,S REL 2 5
B2, ZWPE, 2 3 ST BERIAE CS MHAR, A AN HEAE, BohWIIEE CS H,
I CoS iy B AR I 77 A PR AR P B2 0 AS /2 DL RN, a5 1 fose ibdb, b A ) Bk A
FE i1 Ca fl Fe B, A CoF #(2Ca0-Fe,05); S0 () Uk AH A 5 B 47 FH(MgO)

] 3 20 B,Os Ak 4~7 S FI S HUH LT, 4~7 S8 Si0, NN AR K E: 6% 8% 10% 12%.
4~7 ‘SR E A E B CS, KRR CS. KW TR SiO MARKIEIN, SiO, H5#EHH C;S 4
HARLCS, HEH C5S TR M TE. I HLEEE Sio, I E4KELII N, Si0, ¥ 5858 CF H#) CaO
By L, #E— AR C,S, 1T CoF 478 N CF(CaO-Fe,05), W 4[] 5 SHEFEFT N FE4RSEINA Si0,,
CF ) CaO Mo tHah SiO, FHUAEM C,S, MR NI[Fe,05]" K HH#EF 1 MgO KM MF #
(MgO-Fe,05), 1Kl 4 1) 6 SRR, EHERES, HEAH CS 2KE8n: #5 Sio, k&, L F
1] Si0, 5 Mg, Ca RN AERLE 441 Ca-Si-Mg R0 AH. @i LA A 3 A 4~7 SEH ) C,S &, " EW
Eih 4 SRR CS B 5~7 S, MAWBCR A, Wi 5~7 S#T C,S frii B2, Kt
AR SR, 1 TR
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Figure 1. Pulverization images of slag samples with different SiO, addition amounts

& 1. A[E Si0, fi N\ S SEIR B ILE R

Rall BEC. 30V

2.1-3 SENEHSRTE

K 5 5200 BoOs KK 8. 9 ST HUR B, 8 519 S SiO, IAES AN 14%A1 16%. 8
SRR SR AR E BN C,S, (HARREE L E Sio, KA, FFIEH I Mg” A C,S HIEL %, C,S il
PLT I Mg e . C,S HEE M 3N, 4 45m C,S 1M B, ARIF49E HRk[11]: 9
SEH SIO AR 16%, EH R 7 RURE) CoS 4b, FFasHIUHIm 41, Blid& Sio, 5 Mg, C,S
SR R 2 KSR Ca-Si-Mg RS0 A7 C;MS,(3Ca0-MgO-2Si0,) . I 24 Si0, HI N &t £ i,
B CsMS, MHAIA R, CoS AHH LA a3, AN R AR 2308055

Kl 6 RAKME 104 11 SEFTEHUH P B TR s, 24 Sio, FIAE#BIT 14%)5, #h
fl Mg> ¥t — VRN C,S, 2B CMS, M, IR 10 SR 11 S R i SR EBR CMS, fl C,S. |
6 FTLAE Y, 10 5P TE CoMS, M AL LRI N B IEH B2 1) CoS MAFE. 5 10 S, 11 SHEH C,S
{1 22 0] L IR 2 k>

7 520 BoO; ANk AL 12 SHEAE 1 A 13 SEMEHUN BT 12 58 13 S Sio, i &5
A 22%K1 24%. 12 SERIS A AR CMS, fl C,S. 5 11 SEMELE, 12 S C,S i fE CMS,
FHIBZE, B 11 S C,S AHHE— /b 13 SHE Si0, BN E N 24%, B & A IE A 4 CMS,,
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Figure 3. BSE images of 4~7 slag samples
& 3. 4~7 SEREMSTETE

Figure 4. BSE images of 5, 6 slag samples
E 4.5, 6 SEREHSBETE

Figure 5. BSE images of 8, 9 slag samples
5.8\ 9 SEEHSTEFE

RAFTEM AR CoS AH, PRI AAB AL o

WG AP AR R SiO, BT NN B HI3E N, ANVE R C,S S, RIEw, SR R AR
N CMS, A 2 IR R INAN 0%~4% 1) SiO, I, ) CS 5 Si0, kM, C,S ®ZFHHEL; MA
6%~12%[1] SiO, HEATHUR I, Si0, 445 C,F ok CF W) CaO 45 &4 5 .S, fEZFyuEy, #hd
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Figure 6. BSE images of 10, 11 slag samples
6.10\ 11 SENEHESETE

Figure 7. BSE images of 12, 13 slag samples
7120 13 SEREHSRTE

B C,S M Z; SiO AR AT 14%LUE, HEL Mg™ BN C,S MHLG, FH CMS, . BE%E Sio,
IRk — D3 K, ) CMS, AH & B3N, CoS & ifi /b o SLIR gl FaR W, a1 SR R F I 0%~24%
1) SiO, HEAT BN, CoS MI& B4 —MEH 2 R b i i, Hordr Sio, A& 8%~12%M, i A4
B CoS %, T CoS MRBANTH, KA T 12 i e S AR S 1 R AR

3.2. Si0, B B4 E B MBI

B 1 AR B0 1 1~13 SR R A B AR X TR FLELAZR N 150 pm, 75 pm. 48 pm {5 F3E4T
G553, AR R A R S e o R A o ) B AR o S AU L B RE R L TR, IRTE R, 45 SR
e 2 fE 8 for.

SEA K 1~8 Fk 2 AT R, BN Si0, I S AIIE N, A0 B R e 5, 5 AR TS
HAPE R C,S M, MR FOR LR o Y BRI RPN 0~4%11) SiO, i, 1~3 S
BEREAAH . AT 20 3 SWRET CS SIIAK Si0, )V, C,S Wit EiZ Wit &, (5 i T i i b 1 ik
A FEEN C5S, CS EAE, HH HANEH S HRZ SRR CoF A, 52 14N 1 1 80
L Si0, IMAEN 6% (4 SR, C,S SE4ksatm, Ml H ek, Rl RRM, 150 um i
i RAUN 4.1%; T Si0, AN 8%~12% (5~7 SHEFF)NF, N ) i R 8 w150 um i i R IEA
1E 90%LA I, Feminlik 94.3%, 48 um i iR AR H] 65%LL Fo vl UL, AW H Sio, A RAEX AN
BRI A B, A RE B G 1) EL R A R . X R B TR VE S Sio, ME—B N, WEF T CS K
C,F. CF ¥J75 SiO, e MAE K C,S. TRV, C,S AN, WEHEMR C,S ML, AL
B SR SIO, AR KT 14% (8 S5, MBI iR 8k 2 T Es, BEEME Sio,
NECN 24% (13 SR, BE IFEEARMb. X2 E N Si0, FIMAE KT 14%LE, Mg A C.S,
B CMS, AR, HEEE Sio, AR, B CMS, S&IEI, C,S FEmd, BB
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Table 2. Screening rate of slag samples with different SiO, addition amounts

= 2. RN[E Sio, A EREHRE FER

HT Si0, IR /7 150 pm 3§ % 75 pum 3L FH R 48 um 3T
1 0.0 0.0% 0.0% 0.0%
2 0.2 0.0% 0.0% 0.0%
3 0.4 0.0% 0.0% 0.0%
4 0.6 4.1% 3.8% 3.6%
5 0.8 89.4% 80.9% 65.1%
6 1.0 94.3% 87.3% 70.3%
7 1.2 93.6% 86.9% 67.3%
8 1.4 73.1% 65.1% 53.5%
9 1.6 78.9% 61.0% 39.4%
10 1.8 75.5% 66.2% 48.1%
11 2.0 72.9% 52.2% 33.6%
12 2.2 61.6% 44.8% 29.2%
13 2.4 0.0% 0.0% 0.0%
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Figure 8. Pulverization results of converter steel slag with dif-
ferent SiO, addition amounts

[l 8. AN[E Si0, A2 Nk PIEM LR

Bz, AT, R Sio, AR 14%~18% (8~10 SEFE)Z AR G50, X2 RN
CoS A REEUDI, W CF. CMS, & B M 2N AR . T 4~6 I AR AN, 4
SiO; TN M 14%3G N E] 18% N, ¥ 1 5y BEVE 22 () iy i BE CoF B AHIE— Dok, AR 5 BE 1) C5MS,
TR, KRR CoS & E4kak/b, (B A XCE IS, SR G m. AE
SiO, AN EARELH N, BIRG BN CMS, S &4, H CS MARME /b A E LB INE,
AT S ANV o 7 2 AR AT 5 T P 34 o

zi ERTIR, 1) CaO (50 wt%)-SiO, (10 wt%)-MgO (10 w%)-Fe,05 (30 wi%) VU Je Al i & FF N SiO, #
T, CoS HTHEL I — Nl 2 Fib i, bR e 2 B . Horb Sio) IIAE N 8%~12%
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I, W C,S REMLHAMT I, Fel Nl BB RUR LS o 5 8 B ANk bl SRt Jr g )l 70 AN XU 45 A
X ENRLRG LR, R AP AR e AR R I AR 2 2R, AR CoS MR E T, i
AT SEHLAP AR ) B RAL -

4. g

HR Y8 SEBRFE P AN (IR S50 H, 38R CaO (50 wi%)-Si0, (10 wt%)-MgO (10 wt%)-Fe,05 (30 wi%) Y
TCRAHER I R, BEFL T SiO, BUTN & BRI AN HR CoS DRFAMT HE J AN FUR L i sg e, 25 R .

1) CaO-Si0,-MgO-Fe,0; VU yu Il i & £ 2 M8 C3S. C,S. CoF (Mg, Fe)O %5, Ffids SiO, 1
JRAVRIIIN, AR SR S8 SPAREC R AR AR . RN BB N 5.0 FEAKE] 1.5 id R, CoS
FHAEIE 2 JE kb, 2B EREMFE RN CMS, A1

2) It SiO, Ui, PR AR E, AT SEELE Y CoS AR AT, AR TR AN E A . B
e mEOd K, B CS MHTHA R, B-CoS ] p-C,oS FARK 7 A= 1 Y REZIK B2 78/, AR 11 8 A 28R
M7 . ISR, UIEHI P aE oI LR 2 Zo A, BN T CoS AR FH AT, BRIT
PN B R

3) SEBREEANVE R AE 3~5 Z (8], DA n]E s O R s A R L, BRICIREE = 2 i, AR
THEH CoS BN H, (RHENE B . AL LFRFERNE — RS H —E 2 POs 7, X2
CoS MIAR AL, ANHI TN Bkl DRI T SRR AP AR, B 1 32 SRS LA 2 CoS ILH T
Ak, BB AT —E IR AL ], XA T N — B R E TS . ARSI 4 oS A
PGP ARE R AT TR A T BB AR

E&WE

X H ARl 7 R4 B B H (51374006, 51204005).
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