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When in contact with water, calcined gypsum rehydrates through dissolution, nucleation and crystallization
steps. Additives may be used to improve the paste workability and the mechanical properties of the hardened
piece. This study investigated the effect of addition of polysaccharides on the setting time, hydration heat, consis-
tency and compressive strength. The changes in the gypsummicrostructure were observed by scanning electron
microscopy (SEM). The results showed that dextrin, starch and cellulose did not affect the gypsum properties.
However, the addition of only 0.025% of carboxymethylcellulose (CMC) results in an increase in the initial and
final setting time of 12 and 52%, respectively, without significantly affecting themechanical strength of the hard-
ened piece. The effect of CMC is attributed to the formation of calcium carboxylate, which reduces the availability
of calcium in the crystallization step, slowing down the setting time.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Gypsum is a calcium sulfate dihydrate mineral that occurs in several
regions around the world with a wide variety of industrial applications.
It can be used in its natural or dehydrated form. Depending on the calci-
nation process, alpha or beta hemihydrate types can be obtained (Baltar
et al., 2006). These hemihydrates differ from each other by their crystal
structure and reactivity, allowing the production of plasters that can be
applied in many different products.

Dihydrated calcium sulfate shows the peculiar facility to lose and
recover water due to crystallization. During the calcination process, it
loses 3/4 of water due to crystallization, and changes into calcium sul-
fate hemihydrate (CaSO4·1/2 H2O), as shown in reaction (R-01).

CaSO4 � 2H2O
gypsumð Þ

→
125−180 �C

CaSO4 �½H2O þ
hemihydrateð Þ

3=2 H2O
steamð Þ

ðR � 01Þ

When in contact with water, however, the hemihydrate rehydrates
back to the dihydrate form as shown in reaction (R-02).

2 CaSO4 �½ H2Oþ 3 H2O→2 CaSO4 � 2H2Oþ heat ðR � 02Þ

Antunes (1999) Karni and Karni (1995) reviewed the first studies on
plaster hydration that have been published by Lavoisier in 1798, and

Le Châtelier in 1887. Le Châtelier explained the hydration mechanism
through the crystallization theory in three steps: 1) chemical dissolution
phenomenon — when the crystals hemihydrate (CaSO4·1/2 H2O), mix
with water, dissolve and originate a saturated solution of Ca2+ and
(SO4) 2− ions; 2) physical crystallization phenomenon—when the solu-
tion is saturated and the dihydrate crystals (CaSO4·2H2O) precipitate in
the form of needles and 3) mechanical hardening phenomenon —when
the paste hardening is caused by the increased concentrations of crystals.

Thus, the hemihydrate in contact with themixingwater forms a sat-
urated solution of Ca2+ and (SO4)2− ions. During the induction period,
the first nucleation points occur (forming the first dihydrate crystals).
Due to the fact that dihydrate crystals are less soluble than the hemihy-
drate, they accumulate in the medium until reaching a critical number
of crystals, starting the setting time. With continued formation of crys-
tals, the medium becomes saturated of crystals, hardens and acquires
mechanical resistance. The crystallization theory has been cited and
used to explain the hydration mechanism of the plaster up to the pres-
ent time by several authors (Antunes, 1999; Hincapie and Cincotto,
1997; Leinfelder and Lemonf, 1989; Phillips, 1984).

The number of nuclei per solution volume unit influences themicro-
structure growth rate and crystal size (Antunes, 1999). Thus, by increas-
ing or decreasing the number of nuclei per volume unit it is possible to
modify the crystalline structure and, consequently, the mechanical
properties of the hardened product. In order to obtain adequate paste
fluidity to appropriate manipulation and casting, an amount of water
larger than stoichiometric amounts must be used. During the crystalli-
zation process, the evaporation of excess water results in the appear-
ance of pores that contribute to reduce the mechanical strength of the
hardened piece (Leinfelder and Lemonf, 1989; Phillips, 1984). An illus-
trative diagram of the steps from dihydrate dehydration up to hemihy-
drate hydration is shown in Fig. 1.
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The crystal growth conditions directly affect the physical andmechan-
ical properties of the products in the fresh and hardened states, which
allowed both to adjust the pasteworkability to the time required for han-
dling and to adjust the mechanical strength of the product in the hard-
ened state to meet the market standard requirements. The amount of
water, impurities and use of additives in the paste may interfere in the
crystal growth and modify the mechanical properties of products. The
paste workability increases by increasing the water/gypsum ratio that,
in turn, results in reduced mechanical strength. Thus, a great challenge
to the gypsum technology is to obtain pastewith the following antagonis-
tic characteristics: easy handling (adequate consistency), adequate set-
ting time and good mechanical strength of the hardened piece.

In the production of more elaborated commercial plasters, different
reagents are added to reach consumers' requirements for each particu-
lar application. The reagents used to delay or to accelerate the setting
time change the crystal morphology (Jorgensen and Posner, 1959),
modifying the mechanical strength of the hardened piece (Henao and
Cincotto, 1997; Singh and Garg, 1997).

Various additives have been used to modify the setting time (Baltar
et al., 2005; Domínguez and Santos, 2001; Peres et al., 2008): Potassium
sulfate and calcium are cited as accelerators (Leinfelder and Lemonf,
1989), while citric acid and its sodium salt, acetates and borax, among
others, are known as retardants (Henao and Cincotto, 1997; Hincapie
and Cincotto, 1997; Lòpez, 1997; Peres et al., 2008). The present re-
search aimed to observe the effect of different polysaccharides on the

gypsum properties and to determine the action mechanism of these re-
agents. The influence of polysaccharideswas evaluated in terms of paste
consistency, setting time, hydration heat and mechanical strength.
Scanning electron microscopy (SEM) was used to support the evalua-
tion of the gypsum characteristics.

2. Materials and methods

2.1. Materials

2.1.1. Sample
A commercial alpha gypsum sample produced and provided by

Minera San Jorge (MSJ) — Pernambuco/Brazil, with average particle
size of 14.3 μm (Fig. 2) was used in experiments.

2.1.2. Equipment
Mechanical stirrer, IKA Eurostar, microcontroled.
Vicat apparatus, manufactured by SOLOTEST.
Manual Hydraulic Press, with capacity of 20 tons and digital display of
force sensitive to 1 kg Pseudo-adiabatic systemwith thermocouple.
Table by shock compaction, with controller digital, manufactured by
SOLOTEST. Elektro Therm Oven.
Scanning Electron Microscope (SEM), model 200F, FEI QUANTA.
Particle Size Analyzer, laser, model Mastersizer 2000, Malvern.

(a)

(b)

Fig. 1. Representation of the gypsum dehydration process; dissolution crystallization and hardening of the hemihydrate.

Fig. 2. Particle size distribution of gypsum samples used in experiments.
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