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#1 ELRENENUERS (%)
Tab. 1

Chemical composition of Zhanjiang Steel roller steel slag(%)

FE Si0, CaO  MgO Mn,O; MnO

P,Os MFe FeO

Fe,04 SO; F-CaO Clr

Y EE 11.89  38.02 8.02 1.34 1.79

1.58 1.03 11.78 20.54 0.08 3.91 <0.02

: MFe: BEYEYR; F-CaO: B EALES .

ARG O 23 25 2R, VTR A A A P s R 2 RO
KL <10 mm AN B0 U ] ORAB0AE, o7 B Y

F2 BIIREWNEMHESHRAKE

90.36% . VL VR f31 4N 7 v 45 R0 AR AN o H I O T
F 2R,

Tab. 2 Particle size distribution and moisture content of Zhanjiang Steel roller steel slag

FALTEF/mm <25 2.5~5 5~10 10~16 16~20 20~25 >25
T E % 35.66 27.61 27.09 7.55 1.06 0.98 0.06
FIKFE % 1.95 2.18 1.57 1.61 0.45 0.54 0.36

1.2 ERAF WA T &
121 ARG TRER LR

R TS PR I SR AR, AR
SETEHOT 2 PRI 2 P AFAATER CO, HEATEE
55, THRANNFTARAER CO,yo 7 H S IR,
BEFRLAE A R LR AN . R/ N T 2.5 mm BOAE kL
RAE 2.5~5 mm [N LLRIARTE 5~10 mm 1497

*3 WEMEKERREKEER

(FIRTZS 106°CHET 2 h); /Y pH ALY X
], 356 VK A VLIS R A — S8 v K (LA 3R AR
TR AW G pHAR), BRALJS 10K ERE 4 30.4, pH N
7.30,

2 S B B AN SR 3 R, A AN 5 52 R 1)
& 60 min, F43HIAELE 0. 5. 10, 20, 30, 60 min %%
6 T2 IF AR . pH WE, IEFT AR

Tab.3 Steel slag/seawater system leaching experimental groups

S8 A 53] 1-1 1-2 2-1 2-2 3-1 3-2 4-1 4-2
B $i 4% /mm JE AR AN 2 <2.5 mm FiE 4 2.5~5 mm i 5~10 mm X7 4H
*;gﬂ IR i = = = o = 7 =
R FEA BB 250 g, 73435 T RAFAFIAENR G T RAEA
Rl &gl 50 50 125 125 250 250 500 500
aRA Bkt AR IFAE<2.5 mm BN, FHRESEITREAR,
AFH #I46 pH 7.30 7.30 8.60 8.60 9.00 9.00 9.40 9.40

APHAL B

B IINRIAE<2.5 mm BYEHIE 250 g, H NaOH AW VR30I 4R35 K pH, BRI B SEATREAR .

AFERIS pH Z A4 N 11 KO8 2 i vk ok
0. 2%. 4%. 8% NaOH &V fic il i i, )4k 1K
() pH 43514 7.30, 8.60. 9.00. 9.40.

PENBN I SR iR AL, F%Eh 125 rmin,

e FKAR/NT 2.5 mm YN 5 LR, AN
WIlE pH . 1 Sh & F AN ) 2 24 45 S 96 FH A i 4
K FRLAE/NF 2.5 mm WA o BRASTR] 7 B9 i 4 43
Fb, FHA TR 3 i B i B iR 250 g/Ls
122 KEMER LR

Foe HEAIG P KPR 12 A A A v 3R

357 ¥ (GB/T7023-2011), 2% Z7E i FF 3 55 vh AN [
AR B FIAS (] 55k 0 T A v 7K T e A7 O o AR [
BRSCEG U E S 41 30 L IR MGI A (G 4), Bl
IR T, AR R IR B RAR /N T 2.5 mm
(AW . RIARTE 2.5~5 mm BYERE DL KORARTE 5~
10 mm A E 2 = iR AT (106°C L 2 hyse . =il
A T R VTS 1 VD UE R AR M K CRAM R AL Ak 1), H:
ERJEF-Ih 31.4, pH 10k 8.10 A [A] k44 40 i 52
Kl R, BRas (A A, HoAh 45 410 i Ao
#BA 100 g/L,
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Tab. 4 Experimental groups of long-term leaching of steel slag

2H 51 75 [k 1-1 1-2 2-1 2-2 3-1 3-2 4-1 4.2
A ER AR /mm 0 IR RIREE <25 <2.5 2.5~5 2.5~5 5~10 5~10
ANEHE /(gL 0 5 5 10 10 20 20 50 50
KA I S5 B A 3R 4 BT B9S2 56 41 9, =Y S A v

BB R 90 d, FHES 0, 1, 2, 4,
7. 10, 14, 21, 28, 35, 42, 60, 90 d 2§ 13 i}
i) 1 S E R W Y FE AR 2S5 RS,
MR R KR . pH L £RBE, JFoREE 100 mL /Y
Vg KR AT [ e DU %5 P 38 TR 0 52 50 T o v
KRR, HIRH R AR D 5 19 i 7K FH 1
il fe i, PR SLAE RV IR A AN K . RIS, R
ol A PR s HE R I 2 BRI S C O, Y R AN 52 42,
FE AT S0 W B R Y R T — R, RN i —
W, X RS AR IR pH [ B 2 55 I
S5
1.2.3 pH. BEE. HEHIK

WK pH . TR . ER AT A R O W R
i) (GB17378.4-2007)i47 .
1.2.4 SEREKE RN E

Wit CaO AR KA [ T MgO, i CaO
HFARGWKE CO, i, Hih CaO #4515 43.08%!,
JIT LA s [ ik 22 DU R E5 o 32, BIACKE: CaO Afik
AL B A AR R AL . AN b ik
YI( Si0,. Fe,05. ALO;. TiO,. MnO) HXELLE CO,
RAEHRN, AUAZBEATE SNk EA S, 26
SN S, A R e 3 T o A T %) T o e e
W H CO, HERE M) T ZEFE AR

JFH 5 T8 AT A2, M BRI V(10 mL 1 K+
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B R A FETE A, BB R 1Y
PN TTIE G4 2 . Sy BRI AR (2 H 0.5 min YA
AT, AF IR E, AR pH 4% T 8, 55
PRifg K pH AEARFZIE, PR IA 3l e AR S 56 ) ik
A5 1 e 8 R LAY — E MER I . R S IR b e
1(800°C ) Y B B8 2T 24 4RI UE VA U o K U TS (L A B
IS AENRAR) E T HHA T, 7EHR T 106 CHET 2 h 5,
BHEE T TERS D, RERE, 158 m, PRI
A 800°C iy S b il Abs 1 'Y, B AR BT
FHegsh, SRIGBCHFRE, 188 myo MBI RR S 43
TEEESN 1300°C, JIr LA AR B HA) B R 5 AN 23 43 i

CaCO, —"# a0 +CO, 1

AT DA A [ 52 CO, BT m, B m=
(m—m,)x1000, FAik mg.

1.3 #HER I F &

SIS ARAFI A IR B R W B ] Excel kA%
RS, H Origin BERAE B 4- MK ok i 22
KB 12900 J5 301 04 A5 A0 1 0 B AR A K R R [T ik
17254k, HI SPSS BAF 4T Bt AH S 43 B

2 AMEBERE QN

21 TRARXRBEHTREHEAKKREZZHER
# pH 1k

3 SRR B BT S A /g K AR R R T
(1 pH 284k, #RIE pH X BRSO A, 45 R 1
FiR o

Xof TR [ A2 B AR T, i 2 IS I A T ) ZE K
B pH W2 TR, RE TR, I H AR
i/, 2 pH B IE K (B 1a).

X TR A i Rl HA2 Y pH 7EIR A
WA TR, S min Z2 47 SR AT R B — AR KAE, WA
BT, J5i pH LTSI TFRAE 1b); [F
BF, A9 O R R, pH B IR

J T EANFERI G pH AR KR R IR R
pH ZEMb K BB BCR, AR TAER %4 T With pH N
7.30. 8.60. 9.00. 9.40 (3= H & R AN 5 1% pH
Ak, GERANE 1c PR, 458 BoR, REVIHH pH A
25, (AREMEKIERE BT pH SR ET—4H
X5 v AR (HL, pH AR EZ I 9.50. BEWAAE 250 g/L X
R R D, G EE A U T (IR Y R
B e e AE pH~9.50 A 7K,

WA, ANEREGEINE I, Wik KR R
B Y pH FRBREAE S5 B (8] 9 AT BRI a K MH, R
TEf RAG M BT 38l A58 i shmt, ikiz
P pH BB & T ARG AL pH, ULEASk
Bl 13 0V AT i AR 7 A A v e R, AT AR F
& F pH $EFH(A 1d).
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Fig. 2 Changes of carbon fixation in steel slag/seawater system under different environmental conditions

200

175+

—_

wn

(=]
T

w P

w
x XK x

::::;;7*:::$::3

—_

3]

W
T

[&15 & /mg
S
T

ol /_—\———a
501 —v— AR
—x— Fif£<2.5 mm
25+ —e— Hif£2.5~5 mm
—*— i 1£5~10 mm
0 1 1 1 1 1
5 10 20 30 60
Hsf ] /min

P3N [RDRLAR A9 i/ 7K A 22 Tk ek BB I 1] ) 22 £
Fig. 3 Change of carbon fixation mass of different grain
size with time in the steel slag/seawater systems

TESNSh IR, 515 BEs KR B M AP 8%
B M A FITF CO, 5 NaOH 2 A i, Na,COs .
NaOH ¥ H(ZE CaO Ff e i i, Ca(OH),, i

Na,CO; 5 Ca(OH), A R Ml IH A= 1%, CaCOs, I i
RGN PRSI, BN LFEn 4 458 2d). %
SEIRA R, AP Eh R 0T L AR AL R BH D
P RNRE ST, BT AESF R T, WA s Y
P FA R KR TR [ 52 7K 1 CO, Y RISER
2.3 FrRARNEBKAR R BB ER G R E AT

B e KA R s AT R RIS
B AE KR T AT U RO IR S BE T R, R TR R
pH F, [RIEHE L AR SR I 43 COs.

CO,(aq)+H,0 < H,CO; < HCO; +H*
& 2C03 +H”

M b S g AT L, — e PLJR B AR B N ) A
HEATRIVE R 3R, AR AE T4 /7K A A 2R 1 [ sk
o MR S PRk 58 R E R KB OCR T LA
B, B S5K pH Z AL rE 5 B Rk R 4 SHE R,
EITEEZK pH 2 52 1A 509 s A6 1A vl [ e i 1) B4 T
R, WiEM AR R YR pH B, RSO R

Marine Sciences / Vol. 46, No. 8 / 2022 105



HEIRkE REPOATS

T g £k 5 4 VA R A 2 ] A A R 0 P LG, T L
b IR R S OMOG, i T HY T ARL AR ] AR
g 7K ER) pH, DA TG 8] 42 52 W A9 9 7 7 7K HP A 151 Bk BE
ROV RAR ), KB pH By, 7ERA R 2% 1F T
Ve e B B 22, [ SR T Bl e A e
SEHY T REARF AR R /DN, Ul WA S R, A R
PF R EE M AR, TR RRICR

®5 ERESEUMRERMEMEHEIXIR
Tab. 5 Linear correlation ship between carbon fixation
mass and different environmental factors
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Tab. 6 Correlation results between carbon fixation mass
and environmental factors
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Fig.4 Changes in pH and carbon fixation mass with different grain sizes during 90 d immersion in the steel slag/seawater systems
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Abstract: Steel slag is an underutilized resource that is produced as a by-product of the steelmaking process. When
steel slag is added to water, it significantly increases the pH level and absorbs a substantial amount of CO,. The pH
change characteristics and carbon fixation capacity in the steel slag/seawater system were investigated under dif-
ferent conditions such as particle size, steel slag content, initial pH, and external force disturbance to understand the
environmental feasibility of steel slag application in coastal environments. The results show that under different
conditions, the pH of the slag/seawater system increases rapidly in the initial stage and tends to stabilize as immer-
sion time increases. The pH increase of the leaching solution was mainly due to particle size, steel slag content,
initial pH, and external force disturbance. Furthermore, the carbon fixation efficiency in the steel slag/scawater
system is influenced by the pH level that can be maintained by the leaching solution, and the particle size of steel
slag is the most direct factor affecting its carbon fixation ability. The results of this work also show that dumping a
specific amount of steel slag into the real sea environment can help prevent the local acidification of seawater while
achieving the goals of carbon fixing and emission reduction. Therefore, the application of steel slag in the coastal

environment is feasible from an environmental protection perspective.
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