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Hydration characteristics of cement containing zeolite mined at Daepo in Gyeongbuk province were studied for use as a min-
eral admixture. The cement paste containing zeolite was characterized by the measurement of heat evolution, XRD, EDS,
nitrogen adsorption and mercury intrusion porosimetry. The cement paste containing zeolite exhibited tendencies toward accel-
eration of paste setting and promotion of cement hydration with the increase of zeolite content. The flow of mortar containing
zeolite strongly reduced with increase of zeolite content. Compressive strength of the mortar containing zeolite increased very
rapidly at an early age in comparison with plain mortar. These results would be related to aluminum species escaped from
zeolite particles during the alkali dealumination of zeolite by the hydration process of cement.
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Table 1. Chemical Composition of Natural Zeolite and Cement

SiOz A1203 FCzO3 CaO MgO Na20 SO3 Kzo CI‘zO; TiOz lg. loss
Zeolite 66.74 12.77 2.10 2.71 0.41 231 - 4.02 - 0.46 8.48
Cement 20.36 577 2.84 64.33 2.05 - 2.51 1.30 0.30 0.24 0.29
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Figure 1. XRD powder pattem of zeolite. O : clinoptilolite, < :
mordenite, >k : montmorillonite, x : quartz.
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Figure 2. Particle size distribution curves of zeolite and cement. Solid
line : zeolite, dotted line : cement.
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Figure 3. Heat evolution of cement containing zeolite. Solid line : 0%,
dotted line : 10%, dash line : 20%

Table 2. The Setting Time of Cement Pastes Containing Natural Zeolite

Zeolite content

Initial setting time Final setting time

(%) (hr : min) (hr : min)
0 254 404
10 2 :30 3:48
20 2:15 3:16
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Figure 4. XRD powder patterns of hardened cement pastes containing
zeolite. @ : C3S, O : Ca(OH);, M : ettringite, [ : zeolite.
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Figure 5. Scanning electron micrograph (x 7500) of hardened cement
paste containing zeolite (41 days).

Table 3. Chemical Composition of Hardened Cement Pastes Obtained
from EDS Analysis

20%
Plain

(with zeolite particle) (without zeolite particle)

Si 24.8 32.6 33.8

Al 5.1 5.3 6.6

Ca 61.9 445 54.5

Atomic . 36 1.8 24

percent

Fe 2.3 1.3 1.6

K 1.8 5.6 1.5

Na 0.5 8.9 0.6

Si/Al ratio 4.8 6.1 5.1
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Figure 6. Pore size distributions obtained from the adsorption isotherms
of nitrogen at 77 K on hardened cement pastes containing zeolite.
Solid line : plain, dotted line : 10%, dash line : 20%

Table 4. Total Pore Volume and Average Pore Diameter of Hardened
Cement Pastes Obtained from Adsorption Isotherms of Nitrogen

Age Plain 10% 20%
R 7 days 0.048 0.051 0.078

Total volume (cm’/g)
28 days 0.036 0.043 0.073
7 days 9.2 8.3 8.4

Average diameter (nm)
28 days 79 8.6 8.4
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Figure 7. Pore size distributions obtained from mercury intrusion
porosimetry on hardened cement pastes containing zeolite. Solid line
: plain, dotted line : 10%, dash line : 20%

Table 5. Total Pore Volume and Average Pore Diameter of Hardened
Cement Pastes Obtained from Mercury Intrusion Porosimetry

Age Plain 10% 20%
5 7 days 0.233 0.258 0.289

Total volume (cm’/g)
28 days 0.167 0.173 0.199
. 7 days 16.2 15.9 18.3

Average diameter (nm)
28 days 10.8 10.3 9.5
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Figure 8. Flow of mortar containing zeolite as a function of zeolite
content.
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Figure 9. Compressive strength of hardened mortars containing zeolite
as a function of zeolite content.
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Table 6. Mixing Proportions of Mortar

Weight (g)
Z/(C+Z) (%) WIC+Z) (%)
Water Cement  Zeolite Sand
0 48.5 368.6 760 0 1862
5 48.5 368.6 722 38 1862
10 48.5 368.6 684 76 1862
15 48.5 368.6 646 114 1862
20 48.5 368.6 608 152 1862
25 48.5 368.6 570 190 1862
30 48.5 368.6 532 228 1862
Z : zeolite, C : cement, W : water
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