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ABSTRACT

Calcium aluminosulfate (3Ca0-3A1,0,-CaSO, or C,A,S) was prepared by chemical synthesis from the nitrate salts and alumi-
num sulfate. C,AS was the main phase after calcination at 1100°C. The specific surface areas after calcination at 1100°C and
1300°C were about 2.5 and 1.0 m%g, respectively. Hydration was investigated by XRD, DSC, SEM, EDS, conduction calorimetry
and analysis of the liquid phase. Calorimetry showed that the induction period was longer than that of a sample prepared by con-
ventional solid state sintering and this was attributed to the formation of amorphous coatings in abundance of AlL,O, and SO,.
Crystalline hydration products, principally calcium monosulfoaluminate hydrate and A(OH),, appeared subsequently.
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1. Introduction

C alcium aluminosulfate, C,A,S, is an important mineral
phase for rapid hardening calcium aluminate sulphate -
based cement."” Formation of C,A,S takes place at a rela-
tively low temperatures,*® it can be used for the preparation
of special low energy calcium alumino-sulfate cement by
using gypsum along with low grade limestone, clay, fly ash,
red mud and blast furnace slag, etc.>” The formation of pure
mono-mineralic C,A,S is reported to be difficult since the
gymsum decomposes to varing degrees and SO, volatilizes
during sintering,” but it can be prepared by repeated firing
of a stoichiometric mixture of oxides and gypsum at 1350°C.

C,A,S hydration proceeds with formation of C,ASH, and
AH,*'" Simultaneous crystallization of C,ASH, and AH,
occurs after initial induction period up to total conversion.
Three mono-sulphoaluminate hydrates, C,ASH, have been
identified in the hydrated products, with x =10, 12 and
15.10

In this paper, C,A,S has been chemically synthesized by
the PVA process, which has been used to prepare other
cement compounds.'® Because the PVA synthesis involves
primarily steric entrapment of cations into a polymer net-
work, it results in a pure, highly reactive and homogeneous
powder at the molecular level.'”®® The early hydration of
the powders were studied by XRD, DSC, SEM, EDS, con-
duction calorimetry and analysis of the liquid phase. Com-
parison is made with the conventional solid-state reaction
method.
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2. Experimental Procedure

2.1. Chemical Synthesis

Ca(NO,)- 24H,0, AIINO,)- 29H,0 and Al,(SO,),-14-18H,0
(Junsei Chemical Co., Ltd.) were used as starting materials.
A spray-dried preparation of 78% hydrolyzed PVA with a
particle size of about 150 um (Goshenol KH-17s, Nippon
Gosei) also was used. A stoichiometric mixture of the three
salts was added to a 5 wt% aqueous solution of PVA. Water
was evaporated by continuous stirring during heating on a
hot plate. The gel-type precursor was completely dried at
105°C after approximately 12 h. The resulting gel was finely
ground and then calcined at a rate 5°C/min, both 1100°C
and 1300°C for 1 h. Because C,A,S was the main phase after
calcination at 1100°C. The specific surface areas after calci-
nation at 1100°C and 1300°C were 2.5 and 1.0 m%g, respec-
tively.

2.2. Solid State Sintering

C,A;S was prepared by the conventional solid-state reac-
tion and hydrated, for comparison. A stoichiometric mixture
of reagent grade CaCO,, CaSO,-2H,0 and Al,0, was sin-
tered 1350°C for 1 h. The specific surface area measured by
BET was 0.54 m%/g.

2.3. Hydration Experimentis

The calcined powder was mixed with deionized water at
water/solid ratios of 1.0. The pastes were sealed in plastic
bottles and held at 23°C for times from 30 min to 72 h.
Hydration of the solid was stopped by immersing the
crushed samples in acetone. Acetone-exchanged samples
were filtered and dried at 45°C for 72 h and kept in a desic-
cator until analysis. The water to solid ratio used for analy-
sis of the liquid phase is 10. The liquid phase in the
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hydrated paste was separated by absorption with a filter
paper and concentrations of CaO, ALO, and SO, therein
contained were measured by Inductively Coupled Plasma-
mass Spectrometry(ICP) (Shimadzu ICPS-1000) and Ion
Chromatography(IC) (Bionex DX-100).

2.4. Materials Characterization

The specific surface area of calcined powders was deter-
mined by nitrogen absorption (BET) (Quantachrome
Autosorb-1) and the phases of the calcined powder and
hydrated samples were identified by X-Ray Diffraction
(XRD) (Shimadzu DX-D1) using Cu K, radiation (30 kV,
30 mA). The liberation of heat of hydration was measured
by conduction calorimetry (Tokyo Riko TCC). Differential
Scanning Calorimetry(DSC) (Shimadzu DSC-50) was used
to determine the phases of the hydrated pastes using a
heating rate of 5°C/min. The microstructure and the analy-
sis of hydrated samples were observed by Scanning Electron

Microscopy(SEM) (JEOL JSM-5200) and EDS (Kevex -

Superdry), respectively.

3. Results and Discussion

Conduction calorimetry reveals a long induction period
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Fig. 1. Heat evolution rate in C,A,S + H,O system.
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when little reaction occurs, followed by a period of relatively
rapid reaction (Fig. 1). Surprisingly, the induction periods
for the directly synthesized samples are much longer than
that for the sintered sample and the subsequent rate of heat
evolution is much slower.
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Fig. 3. XRD patterns of hydrated C,A,S; powders at
(a) 1100°C and (b) 1300°C.
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Fig. 2. DSC thermograms of hydrated C,A,S; powders synthesized by : (a) calcination at 1100°C, (b) calcination at 1300°C and

(c) solid state sintering.
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Fig. 4. SEM micrographs of C4A3§ hydrated for 1 day; pow-
ders calcined at (a) 1100°C and (b) 1300°C.

The increased induction period is confirmed by the DSC
data (Fig. 2) and XRD (Fig. 3) although subsequent hydra-
tion appears to be similar. However, by 1d large amounts of
calcium monosulphoaluminate hydrate (C 4A§H12) and crys-
talline AOH), form (Fig. 4). SEM observations of the 1d
samples show abundant plate-like crystals attributed to
C,ASH,, (Fig.4).

The DSC curves of hydrated C,A,S pastes are shown in
Fig. 2. As temperatures approach and exceed 100°C, uncom-
bined water is expelled including some loosely bound water
which may be associated with amorphous alumina gel.'”
The endothermic peaks of C4A—S_H12 (around 180°C) and crys-
talline aluminum hydroxide (about 250°C) increase with
hydration time.

Sera and Tsuchiya” proposed that the long induction
period might be due to the rapid formation of an amorphous
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Fig. 5. Concentrations of CaO, AlL,O, and SO, in the liquid
phase; powders synthesized by : (a) calcination at

1100°C, (b) calcination at 1300°C and (c) solid state
sintering.

AI(OH), coatings on the surface of C,A,S particles. Similar
coatings have been claimed in the early hydration of cal-
cium aluminate cements.”"® In this case unequivocal evi-
dence of such a coating was not obtained by SEM
observations, but only a very thin coating would be suffi-
cient to influence reaction kinetics but not necessarily
observable by SEM. The length of this induction period
depends on the calcination temperature and specific surface
area of C,A,S. At the end of the induction period there is rel-
atively rapid reaction to form C,ASH,, and aluminum
hydroxide.
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Fig. 6. SEM micrographs of C4A3§ hydrated for 6 h; powders
calcined at (a) 1100°C and (b) 1300°C.
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Fig. 7. EDS analysis in chemical synthesized samples at
10 h.

The results obtained by measuring the concentrations of
Ca0, A),0, and SO, in the liquid phase are shown in Fig. 5.
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In the case of chemically synthesized samples, concentra-
tions of CaO and AlL,O, were increased with hydration time
in the induction period for ab. 20 h. After it, those were
decreased due to the formation of crystalline hydration prod-
ucts, calcium monosulfoaluminate hydrate and Al(OH);.
However, during the induction period the concentration of
SO, might be consumed by the formation of an amorphous
hydrates. When the induction period was ended, SO, con-
centration was increased with hydration time. It was con-
sidered that calcium monosulfoaluminate hydrate was
formed and Ca*, SO,”, OH™ and AI(OH), were dissociated
from the above amorphous hydrates.'”

From the relatively low concentrations of Al,O, and SO, in
the induction period, the amorphous hydrate in abundance
of ALO, and SO, formed over the entire surface C,A,S parti-
cles. The EDS analysis of hydrated C,A,S pastes are shown
in Fig. 7. In the hydrated Al and Si were abundant compar-
ing to Ca.

SEM observation of C,A;S particle surfaces after 6h
hydration revealed that an amorphous or nearly amorphous
hydrates with a partially needle-shaped one were formed on
the surfaces of particle (Fig. 6). Accordingly, the long induc-
tion period would be due to the rapid formation of an amor-
phous hydrated on the surface of C,A,S particles.

4. Conclusion

Although C4A3§ is more reactive when synthesized chemi-
cally, it has the longer induction period before crystalline
hydration products form compared to a sample prepared by
solid state sintering. This may be due to the rapid formation
of a protective and amorphous coating, which prevents fur-
ther hydration until the crystalline products, calcium mono-
sulfoaluminate hydrate and AI(OH),, can nucleate and
grow. In chemically synthesized sample, amorphous or
nearly amorphous hydration products containing abundant
AL0, and SO, are formed in C,A,S particle surroundings
and needle-shaped phase is observed before crystalline
products are detected at the induction period. The formation
of amorphous hydration products may be due to a rapid
reactivity of C4A3§ powders.
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