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Abstract

In this study, high-calcium fly ash (HCFA) and silica fume (SF) were used as mineral admixtures. The effect of these admixtures on the

microstructure of cement paste was investigated using X-ray diffraction (XRD) and scanning electron microscopy (SEM). The reaction of

HCFA and SF with portlandite, which occurs in Portland cement (PC), forms a new calcium-silicate-hydrate (C-S-H) gel. D 2002 Elsevier

Science Ltd. All rights reserved.
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1. Introduction

The reaction of cement with water causes a series of

complex chemical reactions. Some hundred years ago, Le

Chatelier was the first to observe that the products of

hydration of cement were a combination of the products

of the individual compounds under similar conditions [1].

Then, Le Chatelier’s observation was supplemented by

Stenior [2] and by Bogue and Lerch [3]. According to the

supplementation, the products of reaction may themselves

interact with the other compounds in cement. The main

compounds in cement are two calcium silicates (i.e., dical-

cium silicate and tricalcium silicate), and the physical

behavior of these compounds is similar to that of cement

during hydration.

Highly crystalline portlandite [Ca(OH)2] and amorphous

calcium-silicate-hydrate (C-S-H) are formed in the hydra-

tion of Portland cement (PC). The hydrated cement paste

consists of approximately 70% C-S-H, 20% CH, 7% sul-

foaluminate, and 3% secondary phases [4].

Calcium hydroxide, which is formed as a result of

chemical reaction, is soluble in water and has low strength.

These properties affect the quality of concrete negatively.

Adding mineral admixtures to cement decreases the amount

of Ca(OH)2.

Some mineral admixtures are low-calcium fly ash

(ASTM Class F) obtained by burning asphaltic coal, anthra-

cite, and high-calcium fly ash (HCFA, ASTM Class C) that

is produced by burning of lignite and bituminous coal [5].

Type C ashes have both pozzolanic and cementing prop-

erties. Because of these properties, HCFA is also used in

cement and concrete.

According to Lessard et al. [6], cement paste containing

silica fume (SF) produces amorphous C-S-H gel with high

density and low Ca/Si ratio.
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Table 1

Chemical analysis of cement, FA, and SF (%)

Chemical composition PC (ASTM Type 1) HCFA SF

SiO2 20.20 47.60 93.60

Al2O3 6.20 9.30 0.90

Fe2O3 2.90 9.00 0.70

Total 29.30 65.90 95.20

CaO 61.70 19.10 0.50

SO3 3.30 1.50 –

MgO 2.70 – 0.90

Na2O – – –

Insoluble residue 1.8 1.60 1.03

Ignition loss 1.10 1.60 2.32

Blaine specific area (cm2 g) 3302 5625
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The aim of this study was to investigate the effects of

HCFA and SF addition on the microstructure of hydrated

cement paste.

2. Materials and methods

2.1. Materials

PC (similar to ASTM Type I Portland Cement) from

Niğde Cement Factory, high-lime fly ash (FA) from Soma

Thermic Electricity Station, and SF from Antalya Electro-

metallurgy Industry were used. Their chemical analyses are

shown in Table 1. Three, 7-, 28-, and 90-day hydrated,

cement samples were used in each for X-ray diffractions

(XRD) and scanning electron microscopy (SEM) analysis.

2.2. Methods

For microstructural analysis, 100% PC, 70% PC+ 30%

HCFA, and 70% PC+ 24% HCFA+ 6% SF were mixed

according to weight percentages [7]. The water-to-binder

(w/b) ratio 0.40 was kept constant. Mixture proportions are

shown in Table 2. Paste samples were placed in sealed tubes

so that air transfer into tubes was prevented.

Pastes samples of 7, 28, and 90 days of hydration were

ground and immersed into acetone for 24 h to prevent

hydration. Then, they were dried in an oven at 45 ± 2 �C.
Some of these samples were ground further for XRD.

3. Results and discussion

It was observed that large portlandite crystals appeared at

the seventh day for samples containing no admixtures.

Portlandite decreased in the samples with HCFA and

HCFA+ SF at 7 days. In the 28- and 90-day samples

containing HCFA and HCFA+ SF, portlandite decreased

much more than in 7-day samples. Ca(OH)2 is formed as

a result of reaction of PC and water. Therefore, Ca(OH)2
crystals decrease. Durning and Hicks [8] reported that in a

mixture of 30% SF and 70% PC, Ca(OH)2 disappears

entirely. Kazuyiki and Mitsunori [9] found that Ca(OH)2
also decreases when SF and FA are used together. Carette

and Malhotra [10] and Mehta and Gjørv [11] demonstrates

the positive effects on concrete strength and durability when

FA and SF were used as admixtures.

4. Conclusion

It was found that there was significant amount of SiO2

in the chemical composition of HCFA and SF. During

the chemical reaction period of PC, this silicate reacted

with free Ca(OH)2 and formed amorphous C-S-H gel.

Thus, the amount of Ca(OH)2, which is harmful for con-

crete, decreased.
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[8] T.G. Durning, M.C. Hicks, Using microsilica to increase concrete’s

resistance to aggressive chemicals, Concr. Int. (1991) 42–48 (March).

[9] T. Kazuyiki, K. Mitsunori, Effect of fly ash and silica fume on the

resistance of mortar to sulfuric acid and sulphate attack, Cem. Concr.

Res. 24 (2) (1994) 361–370.

[10] G. Carette, V.M. Malhotra, Early-age strength development of con-

crete incorporating fly ash and condensed silica fume, ACI 79 (1983)

765–784.

[11] P.K. Mehta, O.E. Gjørv, Properties of Portland cement concrete con-

taining fly ash and condensed silica fume, Cem. Concr. Res. 12 (1982)

587–595.

Table 2

Mixture proportions (mass%)

Specimensa PC HCFA SF W/B

1 100 0 0 40

2 70 30 0 40

3 70 24 6 40

a Specimen ages were 7, 28, and 90 days.
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