Experimental Study on the Development and Application of High —Performance
Composite Utilizing Industrial Waste Products for Construction Works
— Carbon Fiber Reinforced Fly Ash - Cement Composites —
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Abstract

Results of an experimental study on the manufacture, the mechanical properties and watertightness of pitch—based
carbon fiber reinforced fly ash - cement composites are presented in this paper.

The carbon fiber reinforced fly ash - cement composites using early strength cement, silica powder and a small
amount. of stylene butadiene rubber latex are prepared with carbon fiber, foaming agents and mixing conditions. As
a result, the mechanical and physical properties such as compressive,tensile and flexural strengths, watertightness and
drying shrinkage of lightweight carbon fiber reinforced fly ash cement composites are improved by using a samll
amount of stylene butadiene rubber latex. Also, the manufacturing process technology of carbon fiber reinforced fly
ash - cement composites is developed. The development and applications of precast products of lightweight carbon fiber
reinforced cement composites are expected in the near future.
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Table 1. Chemical Compositions and Physical Properties of Early Strength Portiand Cement
Si0, AlLO, Fe0, Ca0 MgO SO, Ig. loss Specific Blaine's Specific
(%) (%) (%) (%) (%) (%) (%) Gravity(20T) Surface Area(cm’] 8)
192 59 28 6L.7 36 42 137 3.14 4,500
Table 2. Chemical Compositions and Physical Properties of Fly Ash
Si0, | ALO, | FeO; | CaO MgO | Na0 KO Ig. loss Specific Blaine’s Specific
(%) (%) (%) (%) (%) (%) (%) (%) Gravity(20C) Surface Area(em?/ &)
64.10 | 28.10 4.25 1.20 0.76 1.27 0.07 5.3 221 4451
Table 3. Physical Properties of Carbon Fibers
. Fiber diameter . . Tensile Strength Modulus of Elasticity Elongation
T f fibe: Specific Gravit;
e (10°'m) pectie Ty (kgffem?) (10%kef/om) (%)
Pitch — based
Catbon fiber 14.5 1.63 7.800 38 2.1
Table 4. Chemical Compositions and Physical Properties of Aggregates
SiO, AlO, Fe,0, Specific Gravity . .
Name of Aggregate Particle Size
gerce (%) (%) (%) 20) 1
Silica Powder 99.6 0.01 0.01 2.60 Less than 0.15mm
(Average 7.0pm)
Table 5. Properties of Polymer Dispersions
Type of Polymer Appearance Specific Gravity pH Viscosity mPa - s Total Solids
Dispersion (20cC) (20C) (20C) (%)
Milky —White,
SBR Without Coarse Particles, 1.020 7.82 147 44.6
Coagula and the others
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Table 6. Mix Propertions of Lightweight Carbon Fiber Reinforced Fly Ash - Cement Composites

Fly Ash: Cement Silica P:)wder Foaming Agent CF ) Water/ Flow
(by Wt) (Vol. % of ’ (Wt. % of Vol %) (Fly Ash+Cement) A7545)
Fly Ash+Cement) Fly Ash+Cement) (%)
0 85
0.5 404
0 1.0 45.6 173
15 496
2.0 56.0
0 396 !
05 421
0.1 10 16.0 |
1.5 50.5 i
40:50 30 20 286
0 40.6
0.5 42.5
0.2 1.0 47.0 176
15 51.0
20 58.1
0 41.5
0.5 43.0
i 0.3 1.0 47.1 178
1.5 53.0
2.0 53.1

Tabie 7. Mix Proportions of Polymer —Modified Lightweight Carbon Fiber Reinforced Fiy Ash - Cement Composites

Type . . Silica Powder | Foaming Agent o Polymer/ Water/

of Fly Ash:Cement| =) "o o (Wt. % of CE (Fly Ash+ | (Fly Ash+ | Flow
Polymer (by Wt Fly Ash+Cement) | Fly Ash+Cement) (Vel. %) Cement)( %) Cement)}{ %)

- 0 3856 172
5.0 5.5 174
10.0 h3.2 176
SBR 40:50 30 0.1 1.5 150 198 175
20.0 45.0 176
25.0 42.0 177
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Fig. 1. Relationship between Water — (Fly Ash+Cement) ratio and
Carbon Fiber Content of Lt. Wt, CF reinforced Fly Ash -
Cement Composites
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Fig. 2. Relationship between Water — (Fly Ash+Cement) ratio and
Foaming Agent Content of Lt. Wt. CF reinforced Fly Ash -
Cement Composites
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Fig. 3. Relationship between Bulk Specific Gravity and Carbon
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Fig. 5. Relationship between Bulk Specific Gravity and Polymer —
(Fly Ash+Cement) ratio of Lt. Wt. CF reinforced Fly Ash -
Cement Composites
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Composites
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