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ABSTRACT

High strength cement hardened body was prepared by ordinary portland cement, silica-fume, super-plasticizer
and the industrial by-produci powder such as tailing, paper sludge ash and granuiated slag. These raw materials
were mixed and formed with w/c=0.18. The cemenl hardened body is cured in the autoclave at 180T, 10atm..
These admixtures made the compressive strength of all specimens develope by 170~230%. The highest com-
pressive strength could be obtained by 236 MPa when mix composition was 14 wt% of silica-fume and 26 wt%
of granulated slag. The compressive strength increased with decreasing the average pore size and the amount
of the pore over the size of 50 nm by which the appearance of high compressive strength of the cement
hardened body were mainly influenced. In the result, the hydration products were C-5-H, tobermorite and
ettringite and it was realized that the reason why the cement hardened body became dense and revealed
the higher strength was that those hydrates were formed inside of the pore and filled in it and the unhydrated
materials plaved the role of an inner-filler.
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Fig. 1. XRD patterns of blending materials.

Table 1. Chemical Composition of QOrdinary Portland Cement and Blending Materizls

| ‘ Igloss | Si0y AlO; | FegO; | CaO | MpO | NaO ‘ K0 50y | [FCaQ |Blan(m?®/g}
OpC 1.32 2088 546 3.06 6222 298 - — 257 .76 0.329
Tailing 458 | 5608 | 1154 | 1050 | 1088 | 198 | 138 | 206 | 064 1031
Paper Sludge Ash 9.3 30.8 396 1.2 174 12 021 | 017 0.2 - 1.756
granulated Slag 0.3 34.2 162 0.9 41.8 6.0 0.22 0.48 — 0.979
C 5
silica fume max. 3.5/ min. 92.0| max. 15| max. 2.5 max. 2.0/ max. 3.0|max. 2.5\ max 30 18~—20
max. 25|max. 0.2
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Tahle 2. Mix Proportions of Specimens

Series | OPC Blending materials

SF | TG | PSA | SL
Plain 100 _ — — —
T 80 7| 13| - _

12 0 10 20 -
13 60 14 26 - _
FL | &0 T - | 1B | -

P2 70 10 o 20
P3 60 14 - 9% _
51 80 7 _ _ 1
S2 0 10 _ _ 20
|_53 60 14 _ _ o6

OP(: ordinary portland cement
SF: silica-fume

TG: lailing

PSA: paper sludge ash

SL: granulated slag
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Fig. 2. Compressive strength of the specimens (w/c=
0.18).
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Fig. 3. Pore size distribution of the specimens with th-
ree kinds of admixtures and plain hardened
body analysed by Mercury Intrusion Method.
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Table 3. Porosity and Average Pore Diameter in Har-
dened cement pastes determined with Mer-
cury Intrusion Method

Mercury intrusion porosity

Tota‘l Average Bulk .
Intrusion Pore Densit Porosity
Volume | Diameter ( g/:;]m‘g (%)

(md/g) -{pm}

Plain 0.1197 0.0110 1.5320 6.06
T1 0.0236 0.0059 20774 125
P2 0.0242 0.0053 21322 137
53 0.0200 0.0052 | 19454 1.04
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Fig. 4. XRD patterns of the specimens having the hi-
ghest strength in each case of admixtures.
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Fig. 5. SEM photographs of hardened cement pastes.
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