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Study on the Early Strength Law of Alkaline Steel Slag Replacing Cement by Chemical Excitation
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Abstract: Alkaline steel slag as the research object, the change law of alkaline steel slag cementitious activity was investigated
by chemical excitation methods. The effects of different kinds and dosage of chemical activators on the activity of steel slag were
studied. Hydration products of cement replaced by steel slag were analyzed by XRD and SEM. The results show that mechanical
grinding can effectively improve the content of coarse and fine particles in the steel slag particle size, and optimize the particle
gradation. The optimal grinding time is 20 min Ininters Chemical excitation can further improve the cementitious activity of steel
slag on the basis of mechanical stimulation, and the best effect is obtained when the self— made early— strengthening agent dosing
is 2. 0% , the dosage of mirabilite is 3. 0% , the dosage of sodium hydroxide is 1. 0% , and the dosage of steel slag is 25%. The
main hydration products of cement replaced by steel slag are calcite ( CaCO;), calcium hydroxide (Ca (OH),), dicalcium
silicate (Ca,Si0,), and C—S-H gel. The microstructure presents a fiber network structure, which lays the foundation for the
improvement of mechanical properties.
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Table 1 Composition of the steel slag / %
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Fig. 1 XRD pattern and size distribution of the steel slag
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Table 2 Orthogonal experiment table of cement

replaced by steel slag /' %
e R N s LR T AL AN
1 10 1 2.0 0.5
2 10 2 2.5 1.0
3 10 3 3.0 1.5
4 10 4 3.5 2.0
5 15 1 3.0 2.0
6 15 2 3.5 1.5
7 15 3 2.0 1.0
8 15 4 2.5 0.5
9 20 1 3.5 1.0
10 20 2 3.0 0.5
11 20 3 2.5 2.0
12 20 4 2.0 1.5
13 25 1 2.5 1.5
14 25 2 2.0 2.0
15 25 3 3.5 0.5
16 25 4 3.0 1.0
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Table 3 Particle size parameters of steel slag after grinding

13 B[] FHIERIAR/ pm
/min Dy Ds, Dso Dgo Dy
10 5.86 9.43 15.39 19. 48 34.83
20 4.78 7.86 14. 56 17. 18 31.97
30 4.08 7. 80 11.76 14. 65 29. 36
40 3.71 6.29 9.99 13.38 28. 54
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Fig. 2 Curve of steel slag particle size with grinding time
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Fig. 3 The strength curve of cement replaced by steel slag with early strength agent
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Fig. 4 The strength curve of cement replaced by steel slag with mirabilite
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Fig. 5 The strength curve of cement replaced by steel slag with NaOH
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Fig. 6 XRD patterns of hydration products of cement replaced by steel slag
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3 g

(1) @I MUAR P B S, A9 i A 50 A 2%
WTZERS , A A R I 18] A 38, e rRORLABURE L 4
RS R BE T, AR R S M ik — 2P B AR, Bt
Ho3 B 1] 29 20 min,

(2) =Rl B3 [ BE A% A 8004 A9 T ) T
W, HORFBRR 2.0%, EHBERN 3.0%,
NaOH 244 1.0% , WittiBi 0 25% if, WORBOR
s BNV i d)/ NS

(3) 8o B AROK U8 Ak A 7= 1y 3 20 T iR 4
(CaCO;) . EHE A (Ca (OH),) FIREM 55
(Ca,Si0,) , BEEFFIRIIAIE I, KA PR

JIHLR AR B S, T mUEF 4 IR S5 4, 1 ) 2%
fAEHE— 255

Z £ X #t

(1] sk, SKEE, AR, 55 R ML X /K U8 36 b1 B
sgmitst [J]. IR#E+, 2020 (2): 83-89, 93.

(2] Jeflifd, R, AW, . SRk 72 MR E P Y s FHin
ER AT g (1], T E LA R H, 2022, 40 (4):
128-132.

(3] =97, XA, FRE R A SR R A BBIE 5 R Rt 3
[J]. TRRMEER, 2021, 43 (12); 1713-1724.

(4] SRR, EHIT, ST, 5. Wk 575 U U IR 9 AL AT 5% ik
J& [J]. AbsfiEdz, 2023, 86 (1): 83-90, 104.

(5] Z=E%, sigbl, SDORE, % Wil - K - BRI Aot
AT R AR R ()], stm (T 255 39 W)



33

JESr A% TR AR C150 M PEReIREE + 25 S Mk RE T 39

AE (WishtE (PRED) . PURMREEFBEG) 15
FREE, lAEAS I B iR AHP ER o Hrik, 15
4 DNHREXFRbRE R, 258

(1) MBS B X sh PR 52 g 3K, i v 08
FE A5 15 B0 3 BE S M R, 7K e 8 1 X i B
giis A0 iy

(2) i AHP 2R 5 Hrik A 538, 15 4
ANPIZEXT C150 i PR BETR 5 1 25 A PEAN 52 i AR AR
WHh: BRIK (0.35) > fmmid+ (0.29) > fEK
(0.20) >K¥ (0.17), HyEA AN =5 0 x5 C150
AR TR BE T 2R A M RE R AR K, W A AR AR
BT R4 A A2B3C3D4 (7K Je#B 5 700 kg/m’ |
FEKAB R 200 kg/m’ | fii 504 + 48 B 100 kg/m’ | 5
K IBE 150 kg/m*) o

FEXT C150 3k R JFM BRI R 8 Z, MRS 6 R
ANHf AR B R PR AR TR 1, 1E 2SI AHP 2
YA AT AT AP I o 0t 10 1 8 e L & L, XS
AT T A% I a5 A 1 1k BT BE A48 FE

2 % X #t

(1] 2021 4Fop [l i Mh BB IR B+ (UHPC) R 507 H & R4S
() [J] . BEELHR, 2022, 152 (2): 24-33.
(2] ZA, 2%, TG, 55 B m e Re IR EE 1 I 25 Mg il i

(L% 29 1)
haE R, 2020, 39 (1) 175-181.

(6] ¥ze, R, DRE, % BRGNS EERR [T].
RERRERE R, 2018, 37 (12) . 4034-4039.

(7] ZefdA:, 5%, B, 5. SeRAM 8 SR R &
SRR [J]. BRI R¥%%4M (AKRER), 2020,
37 (4). 321-326.

[8] SINGH S K, VASHISTHA P. Development of newer composite
cement through mechano — chemical activation of steel slag [ J].
Construction and Building Materials, 2021, 268. 121147.

(9] E&NW, Zé#, EEE, % MESEori e & rE [T].

BT A, 2020, 38 (5): 133-137, 106.

TR B R B/ ZK AL R E B HL 6 TR B b R 1 2L 1

fig [D]. dbxt. PESEKRY, 2015.

M. DUBERAT Il [ 5 A TR 09 5 it i Pk B R BE 1 BIF 5T

[D]. dbmt: demtkidoRs:, 2017.

[10]

[11]

[12]

[13]

[12]

[13]

[14]

[16]

[(17]

RN SeedFgy [J]. HKES i, 2022, 42 (4): 28-35.
AAE, T, KT, & LTRSS RS A
HEREREEE & ikl [J]. GEMRER %4, 2020, 48 (8):
1145-1154.

il 5 YIIB AR v B VR R - K Ak B RS A T B B
W [D]. RE5t: AREEARH:, 2017.

AR, BER, RokAF, 2. LT MAA %R UHPC JEARR
AR AR T (] ST B4R, 2022, 25 (7):
693-699, 743.

RRERRH, EEEREE, B . RetERRIREE LR A O SR
SRESREGATST [J]. Tk, 2020, 50 (3): 124-130, 141.
TEA. KRB UHPC F 32 i 1 e /K Ak 3 1 0 K 55 {8 4 17
[D]. K¥: WimKE, 2021.

fefR, R/, A, A MR R R TR BE IR
R T Wi [J]. JK¥e T2, 2019, 189 (3): 86-89.
fTaEy, WiEsR, EmI, % 2460 R0k S g EER
KUK GRG0 [T]. RERRERSAH, 2007, 217 (6):
796-800.

REAETR. —RPEBE SR TR £ KR BUR B i 7 B 2400 5%
[D]. . RINHT R, 2013,

RIS G, KRIBRT W15 E RS RHA R KL A BT 5T
[D]. BEARFF: Fstfol K4, 2017,

XITEWE, TKAT, FAEAE. AN BRI 3 5
[J]. BrE RSN, 2018, 36 (6): 84-85.
AR, WM. EsRBE RSN [T]
2004, 20 (1): 4.

Fot. WEEEN R EMWENHR. S5k (D]
det: P EESMRRERT T BB, 2018.
X, B L SR RO BT KOM A [D].
JERHE R, 2018.

WG, BN RIS 4 R MR 5 i Vi B R T A e
WiE [D]. dbst: dbntRHR:, 2018,

K, EAK, B T XRD 5 FTIR BTN B sk Rl
BRI (1] Lk 56055 Fr, 2018, 38 (7).
2302-2306.

XVEF, AE2EME, 30, 45 SRR XA R TR E 130 1 (Y 5
[J]. &J8® 1L, 2016 (10); 189-192.

GAOTM, DAIT, SHEN L, etal. Benefits of Using Steel Slag in

AFRE: W

Cement Clinker Production for Environmental Conservation and
Economic Revenue Generation [J]. Journal of Cleaner Production

2021, 282 124538.





