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ABSTRACT
The present work describes a study of setting and hardening of fresh blends
of gypsum binder, Portland cement, and silica fume. Such blends can possess
the advantages of gypsum (early hardening, high early strength, enhanced
workability) and Portland cement (improved durability in moist conditions),
but are free of the deleterious effect of ettringite and thaumasite, which are
formed when gypsum and Portland cement interact. In part 1, the temperature
and setting expansion dependencies in time are described. The influence of
superplasticizer on setting and hardening of gypsum, gypsum-cement, and
gypsum-cement-silica fume mixes is analyzed. In part 2, the data of early
strength, DTA, XRD, and SEM observations are reported and discussed.
© 1998 Elsevier Science Ltd

Introduction

It is known that gypsum with an addition of Portland cement and pozzolana has a potential
for developing improved durability in water, in spite of the fact that mixing gypsum with
Portland cement is unfeasible because it can result in the formation of ettringite and
thaumasite, which cause expansion and lead to deterioration (1-4). In (1), a blend of 75%
gypsum binder, 20% Portland cement, and 5% silica fume was recommended for obtaining
gypsum-based materials with improved resistance in humid environment. In the previous part
of this study, the temperature and setting expansion dependencies in time for such a blend
were described and discussed (5).

It was shown that while the maximum temperature depended regularly on the gypsum
content, the mechanical properties of the fresh pastes (maximum setting expansion, work-
ability, and rheological characteristics) were strongly influenced by cement content: even a
small addition of Portland cement to the gypsum binder resulted in a drastic decrease of
setting expansion and made workability worse. In order to improve workability of gypsum-
cement blends, it is desirable to use superplasticizer. The influence of superplasticizer on
setting and hardening of gypsum, gypsum-cement, and gypsum-cement-silica (GCSF) fume
mixes was analyzed.

It was also found in (5), that the superplasticizer used (Rheobild-1000) influenced tem-
perature and setting expansion of pure gypsum paste to a limited extent, but added to
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gypsum-Portland cement paste it resulted in the decrease of the initial solubility of hemihy-
drate, in the delay of setting, and in the drastic growth (by 4-5 times) of the maximum setting
expansion. It was concluded that the superplasticizer acts on the cement part of the blend, but
in such a way that it is indirectly reflected in the crystallization of calcium sulfate dihydrate,
releasing internal stresses in the microstructure formed and providing better (more free)
conditions for the development of the framework made of gypsum crystals.

In part 2 of the present paper, the data of early strength, differential thermal analysis
(DTA), x-ray diffraction (XRD), and scanning electron microscopy (SEM) observations are
reported and analyzed.

The object of this study is to reveal specific peculiarities of setting and hardening of GCSF
blends, in order to find out the optimum structure possessing both the advantages of gypsum
and Portland cement.

Experimental

The GCSF mix studied in the present work was made of a blend of 75% by mass of calcium
sulphate hemihydrate, 20% of Portland cement, and 5% of silica fume.

The Portland cement was ASTM type |, having a standard compressive strength of 30 MPa
and a specific mass of 3100 kgirta product of Nesher Industries, Israel). The calcium
sulphate hemihydrate was of tligetype, 93% pure, produced by Gesher Gypsum Works,
Israel. The silica fume was of 18.2%g specific surface area, with 92% SiGontent.

In addition, the behavior of pure gypsum and gypsum-Portland cement mixes with various
gypsum-cement ratios was studied.

All the mixes were prepared at a water/binder ratio of 0.50. In order to achieve proper
dispersion of the silica fume and to improve workability, superplasticizer Rheobild-1000 was
incorporated into the mixes. As it was found in the previous part of the study (5), the
superplasticizer is very important factor in the formation of material microstructure. In
addition to dispersing silica fume particles, the superplasticizer retards dissolving calcium
sulfate hemihydrate during the first minutes after mixing with water, and it results in the
setting retardation of the GCSF paste with a desirable degree. Therefore the superplasticizer
was incorporated into all the mixes examined in this part of the study, with a constant content
of 2% of the blend mass.

The mixes were hand-mixed during 1 min. and cast as cubes 25 X 25 mm. The
specimens were demoulded in 10-12 min. after casting and were examined on compressive
strength in early age. Fragments of some of the broken cubes were tested to determine their
composition by XRD using Cu& radiation and DTA. Microstructure was characterized by
SEM.

Differential Thermal Analysis (DTA)

DTA curves were obtained in a homemade apparatus described in (6), on hardening gypsum-
cement (GC) and gypsum-cement-silica fume (GCSF) pastes, at a various times after casting.
The specimens were dried by methanol, and the DTA was carried out at a heating rate of
10°C/min, up to a temperature of 250°C. The reference material was anhydrite, anhydrous
calcium sulfate.

The DTA diagrams obtained for the GC mixture consisting of 75% calcium sulfate
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FIG. 1.

DTA diagrams for gypsum-Portland cement mix with 2% of superplasticizerin 1, 2, 4, 6, and
10 min. after casting.

hemihydrate and 25% Portland cement in the very early stages of hardening (up to 10 min.
after mixing water was added) are given in Figure 1. Two peaks characteristic of decompo-
sition of gypsum {150°C) and calcium sulfate hemihydrateZ00°C) are clearly seen. The
older the paste, the higher the ratio between the peak of gypsum and that of calcium sulfate
hemihydrate. This shows that the amount of gypsum crystals grows in the paste. No signs are
seen of the formation of either the high-sulfate form of calcium sulfoaluminate hydrate
(ettringite), or of the monosulfate form of calcium sulfoaluminate hydrate (monosulfate),
which show usually the peaks at125-130°C and at-190-195°C, respectively. Ettringite

was expected to form, because it is known that ettringite is observed in the first stages of
Portland cement hydration, when one of the clinker minerals, tricalcium aluminate, reacts
with gypsum added in small amounts to the clinker during grinding.

The DTA diagrams of the same fresh paste, but at somewhat later age (15-120 min. after
mixing with water), are shown in Figure 2. It can be seen that the general picture did not
change. As in the previous case, the two peaks of dihydrate and hemihydrate dominate.

By an assumption that by the agé2h all the gypsum binder reacts with water, it is
possible to evaluate the degree of hydration from Figures 1 and 2. It follows from the
calculation of the ratio between two peaks measured, tHH1% of hemihydrate reacts
within the first 2 min.,~50% of gypsum is formed within the first 5 min., and during the
following 5 min. the amount of gypsum crystals achieves alrea@i§%. In other words, the
setting starts when about 90% of gypsum is formed in the paste.

Similar results were obtained for the GCSF paste (Fig. 3).

No significant difference was observed between the diagrams of the GC and GCSF pastes
also at the age of 1 week (Fig. 4). The cubes were cured in air at a temperature of 20°C and
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FIG. 2.
DTA diagrams for gypsum-Portland cement mix with 2% of superplasticizer in 15, 45, and
120 min. after casting.
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DTA diagrams for gypsum-Portland cement-silica fume mix with 2% of superplasticizer in
15, 45, and 120 min. after casting.
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FIG. 4.
DTA diagrams for gypsum-Portland cement and gypsum-Portland cement-silica fume mixes
with 2% of superplasticizer in 1 week after casting.

relative humidity of 65%. The only difference in comparison with the DTA curves obtained
at younger age is very small peak-ai90°C, which could indicate monosulfate.

X-ray Diffraction (XRD)

The XRD patterns of both GC and GCSF pastes at very young ages (up to 2 h), tested both
in dry and wet states, do not show any peaks except those characteristic of gypsum (7.56,
4.27, 3.79, 3.05 A) and calcium sulfate hemihydrate (6.01, 3.46, 3.00 A). However, already
by 2 h after mixing the blend with water the XRD peaks for hemihydrate disappear (Fig. 5).

The XRD data confirm the conclusion obtained earlier that the formation of gypsum does
control the beginning of hardening process of gypsum-Portland cement blends in which
gypsum is a major component. They also did not show any signs of the formation of ettringite
or other hydrates.

Compressive Strength in Early Age

The compressive strength was tested for both GC and GCSF pastes cast as 25-mm cubes. The
development of compressive strength in time after casting is shown in Figure 6. It can be seen
that the strength increases similarly for both gypsum-cement and GCSF mixes. In other
words, the presence of 5% silica fume in the blend does not influence the mechanical strength
in early age, because a pozzolanic reaction between silica fume, calcium hydroxide and water
requires much longer curing.
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FIG. 5.
XRD diagram for gypsum-Portland cement-silica fume mix with 2% of superplasticizer, 120
min. after casting.
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FIG. 6.
Cube compressive strength vs. time after casting for gypsum-Portland cement (GC) and
gypsum-Portland cement-silica fume (GCSF) pastes.
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FIG. 7.
Micrographs of the microstructure of gypsum-Portland cement paste at early age (4 h).

The growth of the strength was observed already at 15-20 min. after casting. The fast
strength growth was ended already in 26—-28 min. after casting, when the strength achieves
the maximum value, which practically does not change during four h of continuous testing.
Slow strength growth at later ages can be caused, as shown in (1), by drying of the material
and/or by hydration of the silicate part of the blend. However, the structure of gypsum-
cement materials formed at the very beginning of the hardening is strong enough to make the
early demoulding possible. It has to be emphasized that the strengthening of the materials
studied here is very similar to that of pure gypsum, which achieved at the age of 1 day the
same value of compressive strength (5.6 MPa) (1).

Scanning Electron Microscopy (SEM)

After the strength tests, specimens of 4-h-old GC and GCSF pastes were oven-dried at 50°C
and their microstructure was observed with the help of SEM.



530 K. Kovler Vol. 28, No. 4

8828586

Bl e

280kV XS5.0080 Sem 882051

FIG. 8.
Micrographs of the microstructure of gypsum-Portland cement-silica fume paste at early age.

The microstructures of both mixes look similar. The separate cement grains are clearly
seen in Figures 7 and 8; however, the products of cement hydration are almost not revealed
in both of the pastes. The C-S-H gel formed, in GCSF mixes at old age as a result of
pozzolanic reaction (1), is not observed here for these young pastes.

Small particles of silica fume are adsorbed on the surfaces of large crystals characteristic
of gypsum (Fig. 8), but do not possess a microfiller property. The microstructure looks open
and friable, like that of gypsum-cement (Fig. 7).

Conclusions

The rate of strength development of the GCSF blend in early age is similar to that of pure
gypsum. This fact indicates the important point that the improved performance of such a
blend at old age is not achieved as a result of mechanical behavior in early age.

The mechanical properties and microstructure of young gypsum-cement and of young
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gypsum-cement-silica fume pastes are very similar, because the strengthening role of silica
fume as a pozzolanic component is not revealed within a period of a few hours. The early-age
microstructures of both materials are very porous and no signs of C-S-H gel in between

gypsum crystals are observed in the GSCF blends.

There were not found any signs of ettringite formation in the GCSF paste in early age.
However, the question remains as to when ettringite starts to appear, and therefore this issue
has to be investigated further.

The continuation of the work is of great importance, because it solves both theoretical and
applied problems. The theoretical significance is for the understanding and explaining of the
setting and hydration mechanisms of such a complicated system as gypsum-Portland cement-
silica fume blend. The applied significance is for determining ways to improve water
resistance of gypsum binders without any loss in the advantages of gypsum (early hardening,
high early strength, enhanced workability, and fine finish).
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