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A fundamental study on the sulphate-resistant mortar using waste glass
fine powder and meta-kaolin according to various fine aggregates
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Abstract The degradation of the concrete due to deterioration factors, such as corrosion of steel bars, cracks and
structural strength of reinforced concrete structures, is a social problem. Especially, concrete structures constructed in
seawater, underground water, waste water treatment facilities and sewerage are subject to chemical attack by acid and
sulphate. Therefore, this study was conducted to compare sulfated glass and fine aggregate of slag using waste glass fine
powder and meta kaolin. The results showed that the slag fine aggregate showed better sulfate resistance than the river
sand, and the fine powder of waste glass showed the best performance at 3 % displacement.
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Table 1
Experimental plan
Items Variables
W/B (%) 1 36
C:S (%) 1 0.5
Meta-kaolin substitution rate (%) 1 10 %
Mixtyre Waste glass replacement rate (%) 5 « 1,3,5,7,10
= River sand
Fine aggregate type 3 = Blast furnace slag sand
» MIX (1:1)
Not hard mortar 1 = Flow
Test » Compressive strength (3, 7, 28 Days)

Hardened mortar 3 = Sulfuric acid immersion resistance (Weight reduction method)
= Micro analysis (SEM, XRD)
Table 2
Mixing proportions of the mortar
Weight (kg/m’)

Kinds W/B c¢:s Binder

Plain 248.8 691.1 - -
IWR 2478 612.6 68.8 6.8
3WR 2475 598.1 68.7 20.6
SWR 2471 5834 68.6 343
TWR 2469 569.2 68.5 48.0
10WR 246.5 5477 68.4 68.4
IWS 253.8 6274 70.5 7.0
3WS 36 12 253.5 612.6 70.4 21.1
SWS T 2534 5983 70.3 35.1
TWS 253.0 5833 70.2 49.1
10WS 2525 561.1 70.1 70.1
IWRS 250.8  620.0 69.6 6.9
3WRS 2555 6053 69.5 20.8
SWS 250.2  590.7 69.5 34.7
TWS 2498 5759 69.3 48.5

Fine aggregate
Water Cement Meta- kaolin Wast glass powder Superplasticizer River sand Blast furnace slag sand

4.1 1382.2
4.1 1376.6 -
4.1 1375.0 -
4.1 1372.7 -
4.1 1371.6 -
4.1 1369.4 -
4.2 - 1410.0
42 - 1408.3
42 - 1407.7
4.2 - 1405.5
4.2 - 1402.7
4.1 696.6 696.6
4.1 695.8 695.8
4.1 695.0 695.0
4.1 693.8 693.8
4.1 693.0 693.0

10WRS 249.5 5544 69.3 69.3
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Table 3
Physical properties of cement
Density Blaine Soundness Setting time (min) Compressive strength (MPa)
(g/em’) (em’/g) (o) Initial set Final set 3 days 7 days 28 days
3.15 3390 0.05 230 345 24.8 393 56.9
Table 4
Physical and chemical properties of meta-kaolin
Dens1ty Blaine Chemical composition (%)
(g/em’) (cm’/g) Sio, AlLO, Fe,0, MgO Ca0 TiO,
2.66 7 800 56.9 384 2.7 0.6 342 0.9
Table 5
physical and chemical properties of wast glass powder
Dens1ty Blaine Chemical composition (%)
(g/em’) (cm7g) Sio, AlLO;, Fe,0, MgO CaO SO,
2.50 4120 73.2 16.4 0.4 1.0 8.91 0.24
Table 6
Physical properties of fine aggregates
Kinds Maximum size (mm) FM Density (g/cm’) Absorption (%) Passing 0.08 mm sieve (%)
River sand 5 2.57 2.10 1.44
Blast furnace slag sand 5 3.01 3.12 -
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Table 7
Chemical properties of slag sand

Chemical composition (%)
Sio, AlO; CaO MgO TiO, S
33.5 13.65 41.8 0.5 1.3 1.0
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Table 8
Physical properties of superplasticizer

Chemical composition (%)

Chief ingredient Chief ingredient Color

Density (g/cm’) pH Alkali (%)

Polycarboxylate-based Liquid phase

Brown liquid

1.06 5.0 0.01
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