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ABSTRACT

Rheological properties of ordinary portland cement (OPC) containing metakaoline (MK), granulated blast furnace slag (GBS) and
polycarboxylate type superplasticizer (PCA) were investigated using a mini-slump test, sedimentation test and viscometer. Fluidity of
cement pastes containing MK (OPC-MK, OPC-MK-GBS systems) with PCA were higher than those of the cement pastes without
MK(OPC, OPC-GBS systems). Colloid suspensions with 0.1% PCA were changed from stable sedimentation behaviors to flocculation
behaviors in the OPC-MK, OPC-GBS and OPC-MK-GBS systems. The colloid suspensions showed stable sedimentation behaviors
with PCA greater than 0.2%. The OPC system showed shear thinning behavior. However, the other systems showed weak shear
thinning behaviors with PCA. Rheological properties of cement pastes were improved when MK and GBS were contained together.
The rheological properties of OPC-MK, OPC-GBS and OPC-MK-GBS systems were improved by PCA added greater than 0.2%.
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Table 1. Chemical Compositions of Materials (Wt%)
SiO, ALO; Fe,05 CaO MgO SO; F/Ca0 K,O/MNa,O LL. Blaine (cm’/g)
orPC 21.62 5.20 3.28 62.80 2.39 2.20 1.61 - 1.00 3200
MK 56 37 24 24 0.3 - - 0.9 - 12,000
SLAG 35.06 15.09 0.73 43.84 427 0.09 - - 0.01 3440
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Fig. 1. Illustrations of sedimentation behaviors of (a) stable dispersion and (b) flocculated suspension.

FAIeE 8E)%)



B EMS LiESHIE 7R ARIE Fo]l~Ee] f554 739

500+

(@)
4504
400 . e S
&E\ 2501 /l e ) e » -
& 3001 AT
1m0
g 250+ P § .
< 2004 —8—OPC
- 10MK
1504 - A« 10GBS
—» = 15GBS
100+ —O- 20GBS
- 3% - 10MK10GBS
50+ - % - 10MK15GBS
= 1%+ 10MK20GBS
0 T b ¥ ¥ v T
0.1 0.2 0.3 04
PCA dosage (wt%)
500 “ (C)
450 4 L
400 4 e
‘ 7
< 350 o &
§ ] /¥ SR L.
£ 300 -5 2. e
© s Iy
© 2501 . ,’ i/ Lol
< 2004 B o
. o
150 -t
-+ 20GBS
100 4 - ¥ - 10MK10GBS
« e 10MK15GBS
50 4 i+ 10MK20GBS
¥ v L} A T
0.1 0.2 0.3 04
PCA dosage (wt%)

500+ (b)
450 Vs
400 2
gg 350 e A LA
& 3001 'lf‘ i B
© 250 '//.'/' fj/ ,
< 200 Lt ——opc
S —~o— 10MK
] - A+ 10GBS
150 s — = 15GBS
} =- 20GBS
100 = ¥- - 10MK10GBS
50+ P 10MK15GBS
- 3%+ 10MK20GBS
0 ¥ T 1 ¥
0.1 0.2 0.3 0.4
PCA dosage (wt%)
500 1 (d)
4504 0
400 e 5 R
g 350 o’
S 3001 R AP
8§ 2501 R
J J . OPC
< 200 RS o
‘ - A« 10GBS
150 —p = 15GBS
wOe 20GBS
1001 ~ ¥ - 10MK10GBS
- Perr JOMK15GBS
50 4 =% 10MK20GBS
¥ 1 1 v 1
0.1 0.2 0.3 0.4

PCA dosage (wt%)

Fig. 2. Mini-slump variations as a function of dosage of PCA for the samples with various replacement ratio of mineral admixture;
(a) after mixing, (b) at 30 min., (¢) at 60 min., and (d) at 90 min.
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Fig. 3. Sedimentation variations of cement pastes as a function of time for the samples with various replacement ratio of mineral
admixture; (a) 0% PCA, (b) 0.1% PCA, (c) 0.2% PCA, and (d) 0.3% PCA.
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Fig. 4. Apparent viscosities versus shear rate flow curves for cement pastes measured at decreasing shear rate; (a) W/B 0.5, 0% PCA,
(b) W/B 0.35, 0.1% PCA, (c) W/B 0.35, 0.2% PCA, and (d) W/B 0.35, 0.3% PCA.
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