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Pozzolanic Property of

Natural and Synthetic Pozzolans:

A Comparative Study

By S. Chatterji, Mario Collepardi,
and Giacomo Moriconi

$ynopsis: Three natural pozzolans, a fiy ash, and a
sample of silica fume have been character{zed by means
of chemical analysis and nitrogen adsorption, The pozzo-
lanic activity i.e. the lime consuming capacity of each
of these poz2olans has been evaluated by making portland
cement -~ pozzolan paste and determining free calcium
hydroxide c¢ontents after different intervals of hydration.
Machanical strengths of the abave portiand -cement -
pozzolan mixtures have also been determined. The results

indicate why previous workers in this area have obtained
discordant results.

Keywords: calcium hydroxides; chemica) anmalysis; compressive
strength; cracking (fracturing)i fly ash; portland pozzolan
cements; pozZolans; silica.
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Mario Collepardi is a professor of Materials Technology
and Applied Chemistry in the Department of Materials
Science at the Unjversity of Ancona, I[taly. He has 15
years of experience in the field of cement and concrete,
Prof. Collepardi is the auther or coazuthor of numerous
research papers in the area of cement chemistry and
cancrete properties.

Giacomo Moriconi 1s an assistant professor in the Depart-
ment of Materials and Earth Science of the University
of Ancona. He is coauthor of 15 papers most of which
are in the field of cement chemistry,

INTRODUCTION

The pozzolanic activity of diffarent types of pozzolans,
natural, treated and synthetic, has been studied by
different workers. In many of these studies the pozzo-
lanic activity of the sampleshas been avaluated from
the strength development characteristics of mortar or
concrete mixtures made with portland cement - poizolan
mixture. Another popular method 1s to make pastes of
Ca (OH), - pozzolan then, either to follow the rate of
disappearenca of Ca (OH)}, or to follow the rate of
strength development.

Attempts have then been made to correlate the ‘measured”
pozzolanic activity of a saries of pozzolans and their
physical and chemical characteristics e.g. specific
surfaces, chemical analyses, different heat treatments
etc. These attempts have yielded diverse results; some
have reported good correlations but others none i1,2}),
The reasons for the above divergenca are notobvious. -
1t would be of interest §f some explanations could be
found for the above divergance.

Natural pozzolans or their treated products are highly
porous and have high specific surface areas when measured |
N, adsorption technigue. However in a chemical reaction,
only the outer surfaces of the individual grains of this
type of material can take part; the fnner surfaces 1.e.
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the surfaces of the pore, are te a Targe extent scraen-
ed off from cther reactants. Recantly a tyce of pozzo-
lan, so called $i0, - fume, has been introduced in the
field which does not suffer from the abeve disadvantage,
aAn electron microscopic chservation shows that the in-
dividual particles of silica - fume are sclid spheroi-
dal bodies of fused silica. The specific surfaces of
silica fume samples vary between 20 - 30 mi/g, and most
of the individual particles are less than 0.05 um in
size. In 4 well mixed paste of a portland cement -
silica fume mixture, there is very little of the surfa-
ce of the silica fume sample which is not available far
chemical reaction. It would be of interest to compare the
pozizelanic activity of a silica fume sample with those
of natural pozzolans of similar specific surface areas,
The primary object of this work was to compare the poz-
zolanic activity of a sample of s{1i¢ca fume to that

of some natural pozzolans using both Ca (QM), fixation
and strength development as measures of pozzeolanic
activity. A secondary object was to find explanations,
at teast in parts, of why earlier workers had obtained
such divergent results,

Materials and Experimental Techniques,

One sample of silica fume, three samples of natural
pozzolans and a sample of fly ash were used fn this
investigation. The si1ica fume and fly-ash samples were
used as received. The pozzolan samples were ground teo
pass a 74 um size sieve. A sample of mainly quartz sand,
Torre Lago sand, was also ground to the same size and
was used as a reference inert powder. AJ1 the pozzolans
were chemically analysed and their specific surfaces
measured by N, adsorption technique. A single batch of
portland ¢cement was used to make portland cement - poz-
zalan mixtures,

300 gr. of each of the pozzolan powders were then blend-
ed for 5 min., with 1200 g. portland cement. To each
blend 750 g. water was added {(the over all water/solid
ratio was 0.5) and mixed further for 5 min. The pastes
thus producad were then cast into several 40x40x160 mnm.
moulds and stored in a humid atmosphare. The prisms we-
re demoulded after 72 h, and thereafter stored in the
laboratory atmosphere of 65% R.H, at 20°C until tested.
At 3, 7, and 28 days the compressive strengths of the
prisms were determined. Parts of the broken prisms were
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ground under methyl alcohel to stop further hydration,

filtered, and dried at 30°C. The dried powders were

thermally analysed in a Netzsch Thermoanalyser using a

heating rate of 10°C C/min, This thermoznalyser sSimul-

taneously gives TG, DTG, and DTA results. DTG and DTA
were used to detect the formation of Ca {0H}, and Calo,,

TG was used to estimate Ca (OH}, and CaC0, quantitati-

yely. Unhydrated mixtures were also analysed to correct

for the initial contents of Ca (OH), and CaC0,. All the
hydrated samples were examined, by means of an X ray
diffractometer, for the presence and the nature of
fa{OH), crystals.

Besides main series of work the following subsidiary

experiments were also performed:

1} 300 g. of silica fume was first mixed with 750 g.
water for 5 min. To this paste 1200 g. portland
cement was added (the over all water/solid ratio was
0.50) and mixed for further 5 min. The paste was
cast §n 40x40x160 wm. moulds as in the mafin series,
The prisms were cured in a humid atmosphere for T2
“hours and then in 65% R.H. at 20°C, The prisms were
used for the visual examination only.

2) 300 g. silica fume, 1200 g. portland cement and 900
9. water were mixed to form a paste, The paste was
treated as in serie 1 of the subsidiary series. The
prisms were used for the gstimation of Ca(OH), forma-
tion only. This was done to evaluate the effect of
w/c ratio on the reaction rate.

Results and Discussion.

A} The chemical and physical characteristics of the
materials.

- The chemical analyses of the pozzolans and the
portiand cement sample are shown in Table 1, which
also shows the specific surface areis, A1l the
pozzolan samples, except for Segni, have silica
contents in excess of 70%. Except for the fly=-ash
sample, all the pozzolans have fairly high speci-
fic surface areas. It is therefore axpected that
except for the Segni and fly-ash samples others
will be highly reactive.
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g) Strength development characteristics of different
mixtures,

Fig. 1 shows the strength of various mixtures at
intervals up to 28 days. In discussing the stirength
results, it is necessary to remember that they were
determined on paste prisms and as such are not direc-
t1y comparable with those determined on mortar or
concrete prisms.

The strength results are very unexpected. The sacro-
fano pozzolan, with its second highest specific sur-
face, gave the lowest strength at all times, even
lower than those of the inert powder (Torre Lage
sand). The strength results at 3 days are also un-
expected. For example at this age the diatomaceous
earth, which has a specific surface that is 50%
higher than that of silica fume, yielded a strength
about 20% lower than that of silica fume, During the
sample preparation for the strength determination

it was observed that some of the prisms containing
highly siliceous pozzolans e.g. sacrofano, silica
fume etc. have developed cracks. These cracks appear-
ed within 24 h. after casting even though the prisms
were stil) in their mouldsand in a humid atmosphere,
Fig., 2 shows one of the cracked samples. It was then
thought that the crack formation is a result of the
mixing procedure used to make the prisms. To test
this hypothesis the supplementary mixture No. 1 was
carried out. In this case no crack was visible until
the prisms were exposed to a drying atmosphere of
65% R.H.; even then the cracks were narrower but
more numerous {(Fig. 3), than those in the main series.
It will thus appear that the time of appearance of
visible cracks, their number and width depend, besi-
de other things, on the mixing procedure. Obviously
the above observations refer to prisms made with
pastes; however there 1s no reason to belfeve that they
are not equally applicable to mortar or concrete
prisms containing pozzolans. One of the authors has,
in fact, previously postulated that under certain.
circumstances cracks may form in mortar and concrete
samples even before they are demoulded (3). The above
mentioned observation may explain both the unexpected
strength results of this serie as well as the di-
scordant relationship found by different workers
between the physical and chemical properties of
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different pozzolans and their strength development
characteristics.

Lime - consuming characteristics of different poz-

rplans.

Fig. 4 shows Ca (QH), contents of different pastes
at different time intarvals. Before the results
¢ould be discussed in detail, something has to be
said about the way in which the results were obtain-
ed,

Combining the weight loss curves of TG and DTG, it
is possible to estimate quantitatively the contents
of Ca{OH), and (aC0, in any cement sample, either
hydrated or "anydrous". It has been observed that in
many of the hydrated samples the calcium carbonate
contents were higher than those of the starting ma-
terials. It has been assumed that during curing and
preparation of hydrated samples for the thermal
analyses, part of their Ca{OH), content have been
converted to CaC0,. On the above assumption Ca(OH),
cantents of the samples were adjusted upwards te
take account of the above conversion. Fig. 4 shows
the corrected Ca(0H), contents of different samples.
Fig. & shows that the curves of Ca{OH), contents can
be divided into two groups. In the first group com-
prising Torre Lago sand, Segni and fly-ash samples,
Ca{OH), contents increased regularly with time.

The second group shows a dip in the Ca(0H}, content
vs time curves at 7 days. For a given time, the dif-
ference in Ca(OH}, contents between Torre Lago and
any other pozzolan is¢ due to a reaction between
Ca(OH), and the pozzolan. Fig. 4 indicates that the
Segni and fly-ash samples have lower lime - fixing
¢apacities than the other pozZolans,

The dips in the Ca{0H), content - vs time curves of
the high activity pozzolans are of interest. The dip
may indicate that either the po2zolan has been com-
pletely consumed by this time and the further increa-
se in Ca{OH}, is due to a continued hydration of
portland cement or the rate of reaction between the
pozzolan and Ca(OH), has been reduced without 2
compensating drop in the hydration rate of portland
cement. To distinguish between the above two possi-
bilities the 7 days old sample of the portland ce-
ment - silica fume mixture was examined by the
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y-ray diffraction technique both before and after
heating to 1000°C, The lines of quartz were found in
the heated sample but not in the unheated sample.
The formation of quartz in the heated sample indica-
tas the presance of unreacted silica fume in the 7
day old paste. This result is also expected from
the chemistry of Ca0-5i0,-H,0 system. It s not pos-
sible te react completely 27% added silica by a
fraction of Ca{OH}, liberated from portland cement
present in the mixture. This fs particularly so as
only 2 part of vortland cement has been hydrated by 7 days.
It is of interest to note that all the high activity
pozzolans had consumed Ca{QH}, to the same extent;
this happened in spite of their varying specific
surfaces. This will indficate some other factors
beside the specific surface, determine the lime -

- consumption rate of the poziolans. [t seems pos-
sible that the apparent drop in the lime consumption
rate is due to a hindrance of material transport
through a layer of initial hydration products which
surround the individua) grains of pozzolans.

In that case by increasing the water/solid ratio of
a portland cement - pozzalan mixture the rate of
cement hydration could be increased without a cor-
responding increase in the consumption ef lime by
pozzolan i.e. a mixture with a higher water/solid
ratio should show a higher Ca{0OH}, content, The second
set of subsidiary work was performed to check this
possibility,

In the main series the water/solid ratio was (.50,
and in the second serie 1t was 0.60. In table 2,
Ca{0H), contents of both the serfes have been col-
lected. From table 2 it can be seen that Ca(OH),
contents of the second series are higher than cor-
responding member of the main serfes. It will thus
appear that the above postulated hinderence in the
material transport plays an important part in level-
1ing out the effects of the high specific surface
areas of high activity pozzolans,

A reviewer has commented that sometimes with very
exhaustive characterizations of pozzolans, it is
possible to correlate thelr various properties. Qur
results fndicate that a layer of initially formed
reaction products on the pozzolan grains plays a
very dominant role in thefr subsequent reaction with
Ca(oM},. If this is found to be generally true then
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most of the "good correlations" would be fortuoys,
The reviewer also wondered if the entrapped afr-voig
visible on the surfaces of the samples of Fig. 2 and 3 woylyg
affect their strength or not, The surface air-voids
would, of course,somewhat affect their strength,

_ However the cracks of size visible in the figures

will have catastrophic effect,
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Fig. 1 Strength develcpment characteristics of different
pozzolan - cement mixtures,
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Fig. 2 Shows crack in a prism. Mixing procedure was
first si11ca fume and cement then water. Crack
appeared when the prism was still in its mould,

Fig. 3 S5hows cracks in a prism. Mixing procedure was
first silica fume and water then cement, The
¢racks appeared after the prism has been exposed
to 65% R.H.
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Fig. 4 Ca {UH)2 contents of different pozzolan
cement mixtures.



