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ABSTRACT

High flexible lightweight composites containing tobermorte as a main mmeral is produced using various
amorphous silicates, lime, cement and fibers. Here, Mechanical properties of 1he composites were studied
by ohserving rmcrostructures of hydrates and fibers. Amorphous silicates having better hydraulicity re-
tarded the crystallization of tobermorite due 1o better formation of C-S-H gel in water bath curing, but, dif-
ficult conversion from C-5-T1 gel to tohermorite m hydrothermal reaction. In the low molar ratio of Cal/
510, (0.67}, faster crystalization was ohserved dued to more impurities such as AlOs, alkali, resulting m -
proving mechamcal properties due to small crystal size and many contact pomts. It was identfied that a lot
of calcium silicate hydates formed at surface of pulps increase bonding strength and the crack-resistance of
matrix in the composites, but decrease hardness and compressive strength., The cholce of amorpous silicates
having better hydranlcity, low CaQ/S10; adding each fibers bellow about 5% in the raw mixs and lower
molding pressure should be needed to improve mechanical properties of composites.
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Table 1. Starting Materials

Chemical Composition (%)
: Remark
8103 AIQOS Fego;] Ca0 MgO Nago Kzo L.OI

Cement 20.6 6.7 33 61.6 31 0.13 0.76 - Blaine3200 cm’/g

Fly ash 60.5 23.9 47 3.0 0.9 0.25 0.89 4,9 88 |1 5%

Slag 351 15.2 0.4 42.4 58 0.32 .57 - Blaine4500 cm’/g

Diatomn earth 785 5.3 2.4 0.1 03 | 021 | 123 75 | Blame3200 em’/y

Sand 92.8 35 1.0 0.3 6.1 0.08 142 0.7 38 u: 8%

Caleium hydoxide 0.1 0.4 0.1 74.7 0.4 0.01 0.02 24.3 88 p: 10%

*ARG. 50.7 16.7 0.3 216 0.3 0.25 0.16 0.9 L:13 mm

Pulp Solud/Waler : 5%, Tickness b0 pm L:4mm

*A R.G :alkal resistance glass fiber

Table 2. Mix Design o Manufarture the Fibers Reinforced Calcium Silicate Rydrates

oS Raw materials(%) Fiber{7) Admixture(%)
. Calem . Metlyl | « Silicates
mole | Cement Silicates Sand hydroxide AR.G.| Pulp cellulose AA.
A 0.67 2.92 26.3 292 41.6 Diatom
0.77 274 24.7 274 44.9 earth
B | 077 383 345 38.3 234 2,35 5.0 0.2 0.4 Slag
G 077 2.98 26.8 208 40.4 Fly ash
D 0.77 3.31 13.3+16.6 331 332 Slag+Fly

“A.A ¢ antifoaming agent
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Fig. 3. SEM photographs of the fibers reinforced calcium silicate hydrates
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Table 3. Porosity of the Fibers Reinforced Calcium Silicate Hydrates by the Ceditions of Manufacture

{unst : mi/g)

Mix designs A 077-35-35 A 0.77-5-35 B 0.77-3.5-3.5 D 0.77-35-2

Press(kg/cm®) 10 25 10 25 10 25 10 25
Total pore content 1.269 1224 1.231 1.095 1.079 0.948 {1 864 0,734
300-1 pm pore content 0.135 0.133 0.171 0.139 0.129 0.050 0.069 0.040
0.01-1 pm pore content 1.108 1654 0.997 0.879 0.917 0.818 U769 0.667

Specific gravity 0.61 0.64 0.66 0.82 0.65 - 0.83 0.88

[Remark] Sort of silicate-C/S-AR.G ~pulp (A : dialom earth, B < slag, D ¢ slag+ily ash)
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Fig. 5. Destribution of pores in the [ibers remtorced calcium silicate hydrates by the condilions of manufactures.
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Fig. 7. SEM phaotographs of pulp i the fibers remnforced caleium silicate hydrates

[ARG] [pulp]
Fig. 8. SEM photographs of bridge effects of A.R.G. and pulp n the calowm silicate hydrates
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Table 4. Bending Strength of the Fibers Reinforced Calcium Sihcate Hydrates using Various Amorphous Silicales

Raw Materials A C/5-2-2 B C/5-2-2 C C/5-2-2 D C/5-2-2

Press(kg/cmz) 10 25 10 25 10 25 10 25 10 25
C/S male 0.67 0.67 0.77 0.77 0.77 0.77 0.77 G.77 0.77 0.77
Bend. str.(kg/cm®) 1300 B7.4 34.3 80.7 74.2 15.4 351 38.9 61.2 -
Specific Gravity 0.65 0.73 0 66 0.74 0.69 0.84 0.33 0.94 0.74 0.83

[Remark] Sort of sihcate-C/S-AR G.-pulp (A @ diatam earth, B @ slag, C: fly ash, D B+C)

Table 5. Hardness and Compressive Strength of the Fibers Reinforced Calcium Sihcate Hydrates

Sort ™ pulp content “ ARG. content |
Properties 7 Remark
P 3.0% 5.0% 7. 3.0% 1.0% 5.0%
Hardness 1.76 1.37 0.94 0.85 (.92 1.37 | - diatom earth
Compressive strength(kg/em®) 92.5 827 54.5 834 79.8 82.7 | -cfst0.77
Speaific gravity 0.67 063 0.57 0.58 0.61 0.63 | - press: 10kg/em®

*ARG was added 5% **pulp was added 5%

Table 6. Comparision of the Mechanical Properties of Developed Building Material and Artifical Woods

Sort #* o Developed hulding
m M.D.F P.B malerials

Bending strength 105-350 ka/em’ 105-23¢ kg/em’ 180-25¢ kg/cm’ }

Specific gravity 0.60-0.90 0.60~0.79 0.63
*M.I.F. : medium denstty fiber hoard “*P.B, : particle hoard
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