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Strength and hydration characteristics of alkali solid waste synergistically

stimulated cementitious materials

ZHANG Yannian, HE Mingheng”
(School of Transportation Engineering, Dalian Jiaotong University, Dalian 116028, China)

Abstract: Aiming at the problems of insufficient mechanical properties and unclear microstructure characteristics
of industrial solid waste-based cementitious materials, a quaternary cementitious material system of alkali slag-
carbide slag-slag-silica fume was constructed. The mechanical properties of the material system under different
ratios were evaluated by means of macroscopic performance test and microscopic characterization, and the
formation mechanism and structural evolution of hydration products were revealed. The results show that when
the mass ratio of alkali slag, carbide slag, slag and silica fume is 8:2:14: 1, the strength of cementitious material
is higher, and the strength of 28 d reaches 38.24 MPa. Alkaline slag and carbide slag can synergistically stimulate
the activity of the system; the silica fume can be used as a supplementary material to provide silicon and
aluminum components, which has a positive effect on the strength growth of the system. The main hydration
products of the material are C-S-H and C-(A)-S-H. The research conclusions provide a reference for the
application of low-carbon cement alternative materials.
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Fig.1 particle size distribution of materials
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Tab.1 chemical composition of materials

g . Tt 530 % |
Sio, ALO, Fe,0, CaO P,0, MgO K,0 Na,0 TiO, SO, cr
i 8.72 3.04 1.14 51.22 0.05 7.08 1.97 791 18.87
LA 1 2.41 1.29 0.52 94.74 0.01 0.06 0.04 0.06 0.09 0.78
Wit 26.64 13.12 0.03 52.43 0.02 5.71 0.41 0.09 1.47 0.08
IR 21.54 68.20 2.20 0.66 0.24 0.14 6.09 0.93
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CaCl,, NaCUERAEE, 415 naE 7w 8uk
27 18.87%, HLAMAL T F 20 CaO H 5 i
L, RSB T 94.74% W) EEAL 5> N CaO
SiO, f1 ALO,, fit /KM FEA L2155 h ALO, 1 Si0,,
DI REA TIO,, fE KRS 7 1Y) S10, & AT .

E LT LLE 4R R R AR T fE 10~
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A 25N
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Fo L 2o R0 A ZHERTTAN [R) FR 47 PRI 0 4 e 45 10
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k) 035, 43l mog, 225¢. 38¢g. 4¢g.
5.2 gk, CHIRFEAKME LR, ZEMRHEC L
PREEAZ BTG OLT , e oK gl 4.5 g,
KI5 0.3, 0.32, 035, 0.38, 0.4, DA
FERE K 7 B 5 BE (R 52, DRk A R C
FE UK FEAAS , a8 4.5 g Uik 30, i K o & 4
G R 2%, 6%, 8%. 10%. 12%. 14%.,
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ReEE, SokE (T80 8T 1%, H A AT
B2 APk, B . B E, e
BUBERE 2~3 YR, 445 A 45 B 0 B b 3 Sk /NSRS
18 Z2 D REA BRAILA R/ NBURE A4 B 3~5 min,  #3 i
B 1T i S8 s AR B FE 0 M R o B B R Rk A
PRIGFHLIEST | mindRshid i, 7ML R 0.025 mm.
EL L A Ll FHEREE AL LIS 35 300 v/min B 15 min.
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Tab.2 material ratio
P Jiiin/g
WA pE 0 REK 7K %S|
Al 108 72 252 18 157.5 4.5
A2 108 72 252 18 157.5 4.5
B3 108 72 252 18 157.5 0
B4 108 72 252 18 157.5 2.25
BS 108 72 252 18 157.5 3.8
B6 108 72 252 18 157.5 4.0
B7 108 72 252 18 157.5 5.2
C8 108 72 252 18 135.0 4.5
Cc9 108 72 252 18 144.0 4.5
C10 108 72 252 18 171.0 4.5
Cl1 108 72 252 18 180.0 4.5
D12 108 72 261 9 157.5 4.5
D13 108 72 243 27 157.5 4.5
D14 108 72 234 36 157.5 4.5
D15 108 72 225 45 157.5 4.5
D16 108 72 216 54 157.5 4.5
D17 108 72 207 63 157.5 4.5
E18 36 144 252 18 157.5 4.5
E19 54 126 252 18 157.5 4.5
E20 72 108 252 18 157.5 4.5
E21 90 90 252 18 157.5 4.5
E22 126 54 252 18 157.5 4.5
E23 144 36 252 18 157.5 4.5
(2) ke
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TOIE S5 HT -
3 HEREi®w
3.1 J1=kRE

AP SR WL 3. 7RI, AL
AR A5 B W T A2 A5 L (ELE 3 R
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Tab.3 group A compressive strength

. s PYUHESR i /MPa
W5 FRPHEE pHHE ~
& /em 3d 7d 28d
Al Ei 12.08 256  27.13 2289  23.58

A2 FEIH 11.69 281 26.69 2217 2991

*4 BA.CARA2ERpHE
Tab.4 pH value of group B, group C and A2

Y pH{H G pH {H
B3 11.9 B7 12
B4 11.74 C8 12.35
B5 11.89 C9 12.19
B6 11.93 C10 11.59
A2 12.08 Cl11 11.74
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