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Mechanism of steel slag powder stabilization and improvement of
expansive clay

SUN Yinlei, YU Chuan, LIAO Lei, LI Zhifei
(School of Architecture and Planning, Yunnan University, Kunming, Yunnan 650500, China)

Abstract: Expansive clay is prone to geological disasters such as roadbed deformation, slope instability, and
landslides under long-term hot and humid conditions. To address these engineering challenges and promote the
high-value, resource-efficient use of steel slag, it is crucial to investigate the macroscopic and microscopic
characteristics of steel slag powder (SSP)-improved expansive clay. This paper provides a comprehensive review
of the current research on SSP-improved expansive clay, systematically summarizing the physicochemical
properties and gelling activity of SSP. Additionally, the excitation principle of alkali exciters on the activity of
SSP was described, and the micro-mechanism and mechanical properties of SSP improved expansive clay were

revealed. The main conclusions are as follows: (1) SSP contains abundant active mineral components that can
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undergo ion exchange and hydration reaction with clay particles, thus changing the microstructure and
physicochemical properties of clay. (2) The chemical composition and structural properties of SSP will be affected
by the production process and the use of the environment, which in turn affects its chemical activity. By reducing
the particle size of SSP, adding alkaline exciters or compound modification can improve its cementation activity
and hydration rate. (3) SSP as a soil conditioner can significantly improve the performance of expansive clay,
including expansion and contraction and mechanical properties. (4) The studies on the interaction mechanism
between SSP and clay and the application effect of composite exciters remain insufficient and requires further
investigation. (5) Future research should consider the chemical and physical properties under the coupling of
different factors, including the chemical-mineral composition and the microstructure evolution law of the soil, as
well as the mechanical properties of the soil under the water-chemical-force interactions. By further exploring the
micro-mechanism and engineering properties of SSP-amended soils, the value of their engineering applications

can be improved, providing valuable insights for the recycling of solid waste resources and environmental

7K SCHb BT TR b S 914

protection.
Keywords: steel slag powder;

mechanical propertie

R M 1k 2 AR S — B RR R B = s 1, AR
K 2B K A (B R L S ie 2 RS2 B A1),
WK AP 5 & B IR, 5 B0RE B0 K K
Pk s T 24020, AR R AR BRIk
Z R REERRK BN, T v IR IR K i
PE RV AR R R, A 22 BRI LR A RS KRS,
I TR G AR5 A5 S T 7R R Bk vk A AT Ak 2 ek
Koo Xtk W5 E 5 0RO S s PR . B RS
e | BEE AR AL AR, A RO T A 0 Bk g A
B R . SR, A5 58 et K300 00 A= 7 AR A — S Ak il HE
B, R T AE N Bk s W - R AR L T
IR AT P EL % TR 0 B 5 oK, B A . R L R
T8 RN W5 43 (steel slag powder, SSP) 55 R o 14 5771 i 7
B, A AR Ry B2 T I IR B R
AV B AL | TE A R A SR

A Ry R A P A R R B — R TR F .
e R e 2 AR Y 12, i A
IS LUACHER O A LT H A R A KR
Tl KB ER, hE R AR LR A R RAU R 29.5%,
HFEEHTEARTRE01%) . K47 (93%) . +
TR KRG B B (7.5%) DL R Hee F 8 (2.6%) ™, Tk
SSP ZE 4 ) FH R 55 1K A =8 2 DR A 468 A 7= il i T
SIS BRI KO B AS I |k BOR 0 BRI DA
ZATZ AR R P bR E o G SR TR AR b B v A
A4 Tl R FH 23, o 25 R SO I A 5 1 e R+ R R Y
TR, A & A RRR 0 P ALk 2 4 (i
AL AL ), Bl LS R gk o F g+

gelling activity; swelling-shrinkage; clay mineral; improving mechanism;

TR PR 1 S e S B2 SO, DN T Il 4 6 G
Yo, SRR B A RO R 45 k. X — I R R
P e VAR 1 B SR RN A R G I K Y
SAPE L B R K R R [ A i B RHE K PR RE AR
R FH B0 v o o R T - 1) TR PR O, AR G A Al A
PR e B, mT AR v [ I 5 A A s R o A
H, I AR TR A PR AR o AR SO 5 WL S RO A
BB g 7B B M BTRTZE . o R L TR
ROR AL 5%, & 6 4 T 34 409 i op ol R g
FEARH . FEILIERE b, X SSP Bt B HAAFE A i Rk
o 0 R J T o) it LSRRI, DAY Oy ) R i ok R 4
BT A R RN AR A

1 SNEM T

1.1 B A i ERAL e P

B R AE = IR BT Rl s b B el A
PR ) TR, FER A L A KA (CaCos) .
FE R AE IR R AR s Ry i A T A
Ko 08 FE AH. R=m(Ca0)/m(SiO,+P,04)(m Ky Tt & ) i A [,
n] g H oy Sk i i (blast furnace slag, BFS) | HEL S
(electric arc furnace, EAF) . 4 4" i (ladle furnace slag,
LFS) 5% i 1 %0 4 # (basic oxygen furnace, BOF)!",
AN B R<1.8 I, R A (IR B2 4N 5 R=1.8 ~ 2.5
A, B A B 5 R>2.5 FR O e B RE AN, I &)
JE R C,S Fil C,S 54 1", Oluwasola 5527 LA Ry &%
W B R0 e A ORGP EE 4
JIRAHEK BB S . BT A T2,



2025 4F

VIR, 45 4T3 11 1 e R R Tk 2 L BT 5 0 - 115 -

& JE FER K AR AE R 2= BT L R L SRR L R A
Ay VA BCBR A S A5 0 1R E ] v AN R L B9
B ) 22 Y, 55 S EUNE B Y . H
TR KA b2 g FLBR A PH (E S B4
R A I~ S o 587 SN = Sl =< 51/ & =
FE BRI LRI A 5 AR AR B A A —
FYVEEE B BT, A 2 B8 = SSP B BE AT 3 i H K AR
PE o {HH T SSP AR g PR 25 S A= 7= 120 52 il
AR AR b IR ot L A 0 40 58

B K R B L A O A1 (2MgO-2FeO-
Si0,) .FeAlO;(Ca0),.Ca,Fe,0;.4Ca0-Al,0,-FeO,(C,AF) .
BRR — 45 (2Ca0-Fe,0s, C,F) | -k iR — 45 (2Ca0-Si0,,
C,S) 8 a-C,S. Ca,Si0,. Ca,Si0;. HE: 5 41 (3Ca0-MgO-

28i0,) . FeO, MgO, iR =45(3Ca0-Si0,, C;S) . tEH:H"
Yy (TR A <“RO A7) Fil CaO-FeO-MnO-MgO 5541 i1,
R B 5E 22 B SSP Jm F & 45 i A v 0 [ R R A,
H1, C,S. CS. C,F il C,AF ¥ & 1) SSP 5 fif: iR £k 7K Je
WL AL . BRSSP AT ST I A Sy 52 2%, 1 ) i AR
TEARASHLIU, {5 SSP iy [ 44 7] %5 P B 43 7 B
A R F AR, T8 R eIk 1 o, 2 T ol R 8 1
JEEEPERER 2, Ak, SSP IV HIHLE | fhar A .
FNEHY ORI AR« FIURE R /N a3 A Btk okt + 3 ek )
BORSAEEE R W, WL, AR TZEZ&GTH
SSP k2% B o Al A i (2 1) $EAT TR0 20 B %t 1 4 5 ek
RAEAHEEZ X,

F1 ERMIBEBMEENLERSSRESH

Table 1 Main chemical composition and mass fraction of steel slag powder at home and abroad
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T T Z:7% ik
Ca0 Sio, Fe,0,/FeO ALO; MgO MnO P,0; He
B BOF 22.48 19.38 8.49/30.54 5.27 9.51 1.10 0.35 1.23 [25]
EEE BOF 52.30 15.30 —/16.20 1.30 1.10 0.39 0.86 — [26]
" BOF 45.00 11.10 13.20/10.70 1.90 9.60 3.10 — 0.79
i [27]
EAF 38.80 14.10 20.90/5.60 6.70 3.90 5.00 — 1.45
%0 Jg il EAF 36.20 15.80 —/8.20 3.80 7.60 8.70 0.70 — [28]
At EAF 35.70 17.53 26.36/— 6.25 6.45 2.50 — 2.07 [29]
S| BOF 45.00 10.80 32.00/— 1.90 4.50 2.60 1.40 0.90 [30]
W% EAF 48.80 34.30 9.10/— 4.80 1.10 — — — [31]
biwiN::p EAF 48.00 14.73 20.44/14.30 4.06 7.62 — 1.04 1.60 [32]
AFRE EAF 65.14 22.17 0.51/— 5.03 4.03 235 — 0.15 [33]
IOE%=) BOF 64.84 21.87 0.54/— 6.12 485 — — 3.78 [34]
=LAl BOF 59.17 17.79 9.65/— 4.87 6.23 — 1.35 0.89 [35]
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Fig. 1 Deformation and failure mechanism of expansive clay (adapted from Ref. [60 — 61])
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Fig. 2 Microstructure of chemically modified soil (adapted from Ref. [59, 72])
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Fig.3 Mechanism of alkali activator catalyzing mineral powder (adapted from Ref. [79])

A E AN AT T3 S L R N I M . [RlBT NaOH., CaCl,
Shy Bt e ) T M AR AR R, T DL S el L B L Ak
MR, $E 0 SSP /K AL S N 2 . B & SSP
BUBRIE : BB TR AR HE T 3 308 A 235 g 1% fige 83 0 o 4
U C-S-H, C-A-H F1 Ca(OH), BEI Y e, 45 1
758 45 7E — AL I 3 S R 4 2, SR 2L R L [
B 34 A= 8 BN A 32 3 A AT 2R b 3] S 4 1 HE 2R A
FH, 5 5 i ) 15 3[R B2 18] IR 45 #) f 2 3 70 +
L, 1 AR R A R

A A B B AR A2 TR M R A . SR
T, 38 2 T8 0B 38 A 90 (U e . 7K L W RN L R
AN A5 ) SR R AR A 41 4, AT DR v R R JF:
W HL Ak 2 B Ny e, DI 344 5 HL RS 5 o Rl 4 5
(F 4) ., T [ 25 4609 fF 58 40 JK -SSP el R 4 TOU L EE,

" Al,O,+2NaOH==2NaAlO, +H,0 N
2NaAlO,+H,0 — 2Na " +2A10;+H,0
Si0,+2NaOH==Na,Si0;+H,0
Na,Si0,+H,0 — 2Na” +Si0¥ +H,0
MgCO,+OH™ — Mg(OH), + CO> +H,0
Si0¥"+CO, +3H,0=H,Si0, (i) + CO
2A10;+CO, +H,0=2AI(OH), (i 14) + CO?
CO¥ +H,0=20H" +H,CO,

Al(OH), (1K) + OH™ < AIO; +H,0
\ . H,Si0, (1%) < Sio, + H,0 !

:

RIN SSP & A B Y, Rets 5 LR &
AR A A BUZR 5 W) O S S A L R ], R B AT L g
MR R PR, A HE I U8R B9 U R K Ak R AR B C-S-
H 5 e ) 01, 3 70 7 TR [R] , 3 5 U (7] 7 422 fi 1o FR
FEREVE . Wu S0 ) X-S 2R A 8 L 40 L B AR
oA LB BE W o 4 7 1%, 4 1 SSP e Rk - i A0
MLBR, & BLIG ME i % 7 (NaOH)FE R, SiOT ., APHI
Ca®" m] LUBR 3 [ 1 A B, C-S-H. C-A-H il Ca(OH), &5 7K
o= se | 2 0k, AR HT I, 26 - 5Kk 4k
7Y N - ' N X A= T AR X =%
L[] 1) 285 5 B RS 245 77, Al - 0L 141 SR AE — P iR
FE S5 o SR AT A 3@ i &= N IR g B oY TR AR PR
T SSP-7K 8 B R B Ik £, & B A e = i 4k 770 119 15 150
T, SSP 1 B KAk 2 i 18, 7 B 60 d A RE 58 42 I o

Fig. 4 Reaction mechanism of alkali treatment (adapted from Ref. [78])
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Fig.5 Changes of free expansion rate and shear strength of soil under different SSP contents (adapted from Ref. [13, 87])
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