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Abstract: In order to solve the problems of low utilization rate and poor treatment effect of steel slag, an efficient

carbonation method of steel slag using Na,COj, solution as the medium was proposed. The optimal reaction parameters

were investigated, the carbonation products and the silica prepared were characterized. The results indicate that by

adjusting parameters such as Na,CO, solution concentration, reaction temperature, liquid-solid ratio and reaction

time, the maximum carbonation degree of steel slag can reach 78.60%. Silicate phases in the steel slag can be

completely carbonized, but the carbonation of calcium present in the RO phase (continuous solid solution mainly

composed of FeO and MgO )-silicate phase solid solution in steel slag is limited. The extraction rate of 55.46 % for

silica can be achieved , with a purity of extracted amorphous silica gel as high as 98.79%. The research result provides

a direction for the high-value utilization of steel slag.
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1: CS 7: RO phase

2: B-C,S 8: Quartz(SiO,)
3:y-C,S 9: Calcite(CaCOs3)

4: CG,A 10: Iron oxide(Fe, 05,04)

5: Srebrodolskite(C,F) 11: Periclase(MgO)
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Fig.1 Particle size distribution and phase composition of SS
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Table 1 Chemical composition(by mass) of SS

Unit: %
Ca0 sio, ALO, SO,  Fe0, MgO KO TiO, MnO PO, NaO I Other
39. 89 18.77 4.15 0.92 17.17 5.00 0.17 1.43 5.32 2.50 0.14 3.36 1.18

Na,CO, iR 7 4 4 # 4, 44 K T 99.8% . HNO,
VW, AT Al & N 65.0 % ~68.0% , fdi T B =
1 mol/L. 350 FH/K S 25 85 7K 16 25 “CF ML BH R 24
S 18.2 MQecm.

1.2 GREBURERKNSHIEIT

AR 0K Na,CO, ¥ 0O 4K i JE 17 vk i fb ,
b N S 2 N E I ¢ o3 e ol = w2 N [ - ]
Na,CO, I, B34 100 mL Na,CO, 7 1 0 3% 55
FEERE B RERS L A TR R B AT (LR
AN TR BV L) HEAT B L S A R B ) o A
e b= Bl 1 A= RO (D) AR 5 R B
T K 22 WUk VB Ak A OF L U8 15 B B Ak 9
(carbonated steel slag, CSS) ; [FJH}, 7EIF TR 1 FHAS W@
A COAM, HER W pHIAERE 2 10 £ I RE b

1) 3C R B R 2L 35 ek A5 AR o 0 A S 3% S S Ak 7

B W (2) , 388t B0 (BRVE /KRB A B hE B S
W2, P REEE RS 248 S N B PR T S5 3RS — LRk
f-CaO + C,S + C;S + 6CO% +

4H,0—>6CaCO; y+2Si0} + SOH (1)
SiO3 + 2C0O, + H,0—2HCO; + SiO, (gel )(2)

SRR T Na,CO, % W 15 Tk 10 89 185 1Y e 4 S 1
SR, BT T A E Y Na,COR ¥ ¢(0.5.1.0.2.0,
2.5.3.0 mol/L) . i N i J& 0(20.,40.60 °C) W [# Lt
L/S(2~24 mL./g) Fl Jz i i} [] £(10~1 440 min) , 43
BT 50 8 7E 45 T S 80T 1 e A 7 B R e e e A8 A
T Ak sF SR FH 4 B L R ) 0 e 2 e e i e i
RN 700 r/min.
1.3 Wik A&

K I Mettler-Toledo TGAZ2 #4y #r Y 3k 47 4 H
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Fig.2 Wet carbonation process with Na,CO, solution

A3 AT, U B IR T BB 35~950 °C. B Ak 4 s RE S
CO, &7 w(CO,) .CO, W Mt ww, S 50 i AL T2 p
B8 4 = (3) ~(5) fir s

w(CO, =2 % 100% (3)
M5
w, =22 P 100y (4)
—
w,

X 100%  (5)

A W X M(CO,)/M(CaO)

s Am R RN A i AE 520~800 “CF H F Ak iR
5503 i S SR BRI AR5 om0 M RE SR E 105 “CHF A R
5w, w, 709 CSS . SS H COL R & 8 5w, i SS H
CaO Yy B2, 39.89% ; M(CaO) i CaO 1Y FE IR JF
1,56 g/mol; M (CO, ) H CO,RYEE /R i ,44 g/mol.

K pH 1 W B niz % W pH (A8 1k . 4 Ak

REFEICRE ¢ 1R =0 (6) firos
,— (¢, — cy)X M(SiO.zr)X L/S % 100%  (6)
1000 X w, (Si0,)
A w (Si0,) K SS H SIOL B B &, 18.77 % 5000
S 1.2 Y SiTC R W, mol/L; M (SiO,)
S Si0, /4 EE /R it &, 60 g/mol.

K 4B R A R IS H R (ICP-OES)
W52 W i SToe R Y B i R A HL R AR 21 A0l
T (FTIR) M — S A0k ) 25 440, 378 558 451 41 0 8001
9 4 000~400 em 'l I X G 2R A7 B A (XRD) ] 3t
T Ak 7= 4 K BT 4 B — SR AR e %) 4 AR AL, SR A
HL A — 75 B T 1R (SEM-BSE ) 43 ik 4k Ji5 44 i
O 35 1) 25 4k

2 FHR5WiE

2.1 RS EINERL NN
2.1.1 Na,CO.B Ik
F R FT Na,CO, I T 1 5 Ak 800 1 e 4 B2 g

HRE A SCHIFFE T Na,CO, I B BE L S0 IR BT ¥ [
Ll TS 17 BsF ] 5% 4 78 i £ 1 i 1 52 i) AR 4 D0 45 7
P S A B L B X (3) ~ (5) 1131 B9 i ik e AR
JE R AR S B e AR Ak RN S B AR A | 2
UL 3.

& 3(a) N A i 16 A [A] Na,CO, I8 W e BT T Y ik
fEFERE . Ho =40 °C,L/S=4 mL/g,r=2h. & 3
(a) AT, B 2 Na,CO, ¥ WMk 3 0 35, 4K 78 1) ik £k
TR BE3E K.Y Na,CO, % Wik B2 ML 0.5 mol/L ¥ i &
2.5 mol/L B, X i Y B 1k 8 B 52 4k 15 m, A
10.20% 34K 2 27.66 Yo . i DA T Wk B2 (9 15 n
BT RN W43 F TR) ARG RIE B AR T Ca”t
COZ™ M &5 A BRI 3F T Wik i B iy HEA 7 8K,
24 Na,CO, % W ¢ B M 2.5 mol/L 34 il & 3.0 mol/L
I B T 5 1 i 06 /L O S 086 o, 40 Al A R B ) 3
T R 7 3 T R H TV VR P A B, RN )
43 F 18] ) 2 (1) B 45 R0 AH 2 HE e AR B 1 1 52 By o %
f 1 KO B L 2.5 mol/LL Sk Na,CO, ¥ WY
FEWRE  IEBLWRE T, A9 I kAL T2 Ol 27.66 %0,
CO, W B 14y 8.67 %

2.1.2 A iRE

TE W 52 2.5 mol/L 24 Na,CO, % Wi # fix A% e
o, B HE L/S=4 mL/g, (=2 h, #F 5 T A [6] &
(20,40 .60 “C) XJ 5 i Bk 1k 72 B2 (4 52 Wi, 25 2R an &
3(b) fros . i & 3(b) AT A, 5K i 14 ik b AR B Bl G
S NE T B 1 S B B K S N Y R
() TH 5 22 P AR i e Ca® ' il 3 R R ) B R
AR 00 iR T R R T o T R IC, DATT m BR T R
B IE A IR T AR R Y HEAT L2 RN IR R
Sy 40 CCHE A9 i R 8 Y R R e AT Y ik b
TR BE o K, Oh 27.66 %6 SR, XY I BE 4k 2 Tt i B
Na,CO, iy 7K % 1 25 B AR, 9F H COZS &%kl
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Fig. 3 Effect of reaction parameters on carbonation degree of SS

HCO, , I BEAR T B B 2R . [ Ik, A9 i 1 e A
S0 i Ry 40 °C.
2.1.3 WL

Pl 3(c) Ay A i e AL A P8 BB 1 L 7284, e o=
2.5mol/L,0=40C,r=2h. & 3(c) T LLA ), 0 i
) B A i 5 I o VR 1 L 1 38 o g 14, {3 K R
BTN . AE N AL TR L 3 5 e i 4
WS R T L A 3 i 25 A1 R 4 B B 3%, AT A
HEBR AR NE R A T B I, 4V DA 2 mLL/ g 3
£ 20 mL/g i, i AL AR BE ML 19.07 %6 35 %8 56.84 %
T 25V [ L — 20 1 B, B3 ke (82 B 5 TS 1)l 1
3 IR [ L Ry 20 mLL/ g i, BT J5 A A 0
T R E IR A
2.1.4  JJN I ]

TE B AR R AR S 25 (c=2.5 mol /L, =40 C,
L/S=20mL/g) & , W 5% 1 Wk b B 8] X5 89 s e £k 72
FERSZ e, 25 S & 3(d) i . i B 3(d) AT LA
A s e AL R B2 I S i T I ) A 384 in R S0 K AR ik
AEAI 3, e T A b AT B B I DR B R L ik Ak B
TR AT B AR B 9 R R B A I A e A B (] 1Y
B, AR P A REFR ER A (B-C,S \C,S) B i bk fb 58 4

i T 0 RO A (FEZH FeO 5 MgO ¥ w9 %
S [ A 5 ORLAR ik 1R £ A T TR B A [ A HE L
B Ak, S IO ke b A5k i s [0 18 0 7 3 ¥ ALK
T Ak B 18 TN 22 18 . 7E 20 h i v 3k 1) A5 R Bk Ak e
J& 78.60% , Bt J5 T 4E 4 2 Iy Bisf [) DU) 9 7 1 sk A R
FEARTH

25 BT, AT LURA E Na,CO, ¥ B0 12 5% Ak 40 i
B B A RN S8 . c=2.5 mol/L,0=40 °C,L/S=
20 mL/g, =20 h. £ ] S 80T 843 vT DL 3k 31 de Kk
TEREE 78.60 % , CO, M Fff 2 Ky 24.63 % .
2.2 RUWRENT YWHEBS BRI

3 o ARV B R L ) AR T2 R fb AR
JE a0 (I3 2). Hidh CSS-1.CSS-2 43 Bl s ik
FERE N 27.66 % .70.42 % HIBRALAN I .

F2 WER 2R E T L KB 89 R B B
Table 2 Carbonation conditions for SS and CSS under
different carbonation degrees

Code Carbonation parameter w'%

SS 0.50
CSS-1 ¢=2.5mol/L, 6=40°C, L/S=4 mL/g, =2h 27.66
CSS-2 ¢=2.5mol/L, §=40°C, L/S =20mL/g, =7h 70.42
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1: CsS 7: RO phase

2: B-C,S 8: Quartz(SiO,)
3:9-C,S 0 9: Calcite(CaCOs)

4: C,A 3 10: Iron oxide(Fe,45,0,)
5: Srebrodolskite(C,F) 11: Periclase(MgO)

6: Mayenite(C A7) § 9
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Fig.4 XRD patterns of CSS-1 and CSS-2

(a)SS - - o (b) CS

¥
S-1

e Lal |PKal TiKal l
TAIK Ti Kp1 Fe Kp1
! _ FeKp1,

X5 SRS, HXRD g B g2y
fiff A7 AT S 06 T G SC A B BR R A
222 BOWIES

(&1 5 R AN [ e AL 2 B T A9 1Y) SEM-BSE .
F P15 AT A B fh 4 R 100 2% 0 Ui o8 2 RE R R
FRBT o EL 55 1R . 20 AR SO i ik Ak Ak B ik kN
T CSS-1 Hp A U B4 ek 1R 6 A B 9 5 728 O /N AR
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(O RS A 7= 0 T L R B ) 8 s 0K 3% 1T LT A B
B AR DT AT 30 4 v 1 0 T 1 Bl AR 80R  2 dlk
AR EERG N5 70.42 % B, B A AR i CSS-2 Hh K 43
FEMR £6 40 O 8 78 i Ak, (5% B3 4l RO AH B i Ak X J32
R RO AH — Tk 2 5 A0 575 14 . B 5(d) 45 S UE
SRR AL B CSS-2 Uk |, A7 78 ik iR 1 AH B RO
FE S 3 PR 2% 110 [ 1 140, 26 A RO AH — ik 182 8 A 351 75 14
(A7 AE BT 89 s e AL R B A 3 T

© Css-2

CaKal

Element  w/% At/Y%

‘ o) 41.85  62.13
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0 13 26 39 52 65 7.8 9.1 10411.713.0

Energy/keV

(d) BSE image at large magnification and EDS results of CSS-2
PS5 A Ialf AL PR BE T B0 i i SEM-BSE A
Fig.5 SEM-BSE images of SS under different carbonation degrees
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Table 3 Extraction rate of silica gel in steel slag with
different carbonation degrees

Code ul'% 7/ %
CSSs-1 27.66 22.49
(CSS-2 70.42 51.71
Max 78.60 55. 46
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Fig. 6 Silicon bearing gel characterization
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