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Effect of shell powder on hydration of high-volume slag cement
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3. School of Civil Engineering, Chongqing Jiaotong University, Chongqging 400074, P. R. China)

Abstract: To investigate the effect of shell powder on the hydration behavior and mechanical properties of a
high-volume slag cement system, the effects of different shell powder addition levels (0%, 10%, 20%, and
30%) on the 28-day mechanical properties were evaluated, the hydration products and microstructural evolution
were characterized using X-ray diffraction (XRD), scanning electron microscopy (SEM), and Fourier-transform
infrared spectroscopy (FTIR). The results indicate that an appropriate amount of shell powder improves the
distribution of hydration products and increases matrix densification through particle filling and heterogeneous
nucleation. When the shell powder replacement is 10%, the 28-day compressive and flexural strengths reach
43.5 MPa and 8.9 MPa, respectively, showing a significant increase compared to the reference group without

shell powder; SEM observations reveal reduced porosity and improved interfacial bonding in this group. XRD
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and FTIR analyses show enhanced CaCO ;-related peaks and changes in hydration-related absorption bands,

suggesting that shell powder mainly affects the hydration structure through physical filling and nucleation.

Excessive shell powder leads to increased unreacted particles and loose interfaces, causing strength reduction.

The study demonstrates that a 10% shell powder replacement is optimal.

Keywords: shell powder; high-volume slag cement; hydration mechanism ; microstructure

1 7 U1 5 % R Ak R FE 2 1 0R B 3  ve (E R A
Rt b IF & S R R 2 — o D52 EE
430 CaCOy, AT RIR 12 JRAAK 5 7K U8 2541 4}
FH S G (0 R s DR B A Ry S EL A I v 1 4
FET W RE . K 3 VLSS N T DL SE M OF F T I
HE R RLBIPE S Bl T S B O IR AL R
A Shy S €0 AT Al A 1) T 2R i BT 1 D ke

KB R HEKIMA R BB AL RIS 5
T oy B8 /N A Sk (0 HE B 400 3 B AT A 4 9
S BRI, A R P TS O R RO TS
0 B U K R LR A R R K AR R g R
JE R AN TR R AR 45 4 AS 0 B0 5 ) Y, R i
B LEIRARE R E =R ARRSERTWB S
BRI B KA AEE . © A
G2 B ik 2 A T A Ak URL R E 4 i S A R
785, I K U HEAR ZR K Ak ™ W 0 T8 15 25 4 i Ak
FEA R o A SE B ST AR FEHA T LS R 7E i TR
Bt K U TR R - K M K YR SR AR B — i
PERCR 42 T 1 24 e 8 L1 Ab SO0 45 4 B it P
iR — W . A A AT L
S0 E 3 7K U8 A ek Bl A TR A R N
X F HAE KB B K UK & b il R AT i
ZRGONRM, JUHUR USRI AR & b 4 KAk
VI AS O R T 1 B 2 v e AR AR 1 52 i AL
AN B AR LI R OB W R A A B AR N A
RN T8 B0 A5 Ak 5N 22 18] Y B R DG R A A
etk — B 7 s A B R [ 48 5 410 S s i
RN DS EUR &2 NI RN A RN 7S 3
G307

T, IS PO 42, 5K . K A e 2k
Tt J 95 A4 5 = R A LG 4 S R 7096 .20 %6 Al
10% W KB RO KUK R WIS 4, % 5 AT
DU Ky AR 48 4 (026 . 1026 .20% . 30 %) X H: 28 d J)
SR RE KAk 7 0 2L R A O 5 A 1 R )

1 E#e Ol & RNIK 7%

1.1 FE#

Wi T E SR R 5 A IR A AR kT
i SM-500 B EE HL B AT A B 17 h, fff HAKFR P
¥rkife D4, 3135 %) 10 pm LA F . Hdh D[4, 3131

T JORLAR B3 A TH 5 00 S Y R0 AR R T T R AE R 1A
WKL ) R AR KO . IR 1 TR B A% D4, 3]
R 7. 211 pms HAb2E B WL 1, BT Y B AR
380 m*/kg,28 dIE EHE £ M 1. 04,

100 . 7.0
: Jles
90 1

[ S -1 6.0

80 | 4 CWiF () Il
[t Bt o [] 55
70 4 5.0
-1 4.5
g H 4.0
50 : J3s
430

40 4
- 2.5
30 J20
20 '",; 1 1.5
| 410
" il i i
0 . =l i ! Hi ? 0.0

0.01 0.1 1 10 100
FdE (pm)

E1 wEmieEsmE
Fig.1 Particle size distribution of slag powder
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Table 1 Main chemical composition of slag powder

A %

CaO  SiO, ALO, MgO Fe,0O, Na,0O K,O £E5kit

39.29 33.06 15.04 9.96 0.26 0.39 0.31 0.6
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Fig.3 Particle size distribution of shell powder
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Table 2 Main chemical composition of shell powder

Hfi %

CaO SiO, Na,O MgO ek

il

51.9 1.8 0.9 0.6 3.1
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Fig.7 SEM of the specimen mixed with 0% shell powder
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