ISSN 1392-1320 MATERIALS SCIENCE (MEDZIAGOTYRA). 18, No. 4. 2012
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Influence of C& on the formation ofi-semi-hydrate gypsum was investigated in this wemsemi-hydrate gypsum is
normally obtained by heat conversion of the dihigigypsum. The model system: Ca&bL,0-Ce(S0,)38H,0 was
designed. The amount of £80;)3-8H,0 corresponding to 0.1; 0.5 and/lof CeO; from the mass of dry materials
(gypsum) was added to solution. Maleic anhydridgH¢Os) was used as crystal modifier and %lof C,H,O5 from the
mass of dry materials (gypsum) was added to solutidater/gypsum of the suspension was equal tdh@.system was
processed under hydrothermal conditions at°C28°C and 138C +2°C temperature; the duration of isothermal curing
was 3 hours. The product obtained was treated @tGQemperature. The X-ray powder diffraction (XRBpurier-
transform infrared spectroscopy (FT-IR) scanningted® microscopy (SEM) was used to characterizetbduct.

The results showed that the larger amount 6f ethe system, the larger the remaining amountrefiehydrated
dihydrate gypsum in the final product, and the Itesy crystals ofa-semi-hydrate gypsum are tiny, indefinite and
irregular in shape. Therefore, the results obtaitesdl to a conclusion that £ehas a negative influence on the
dehydration of dihydrate gypsum (or on the formatmf a-semi-hydrate gypsum) and the morphologyoedemi-
hydrate gypsum crystals.

Keywords gypsum o-semi-hydrate gypsum, cerium sulphate octahyddatieydration, crystal morphology.

1. INTRODUCTION often contradictory [7, 915], whereas the influence of
Ln* on the crystal morphology of dihydrate
phosphogypsum has been little studied{15].

The influence of impurities contained in phosphate
rock on the crystal morphology of semi-hydrate
phosphogypsum has been unspecified so far [13].

Natural dihydrate gypsum is the main raw mateial f
the production of gypsum binding materials. Lithiaanas
no deposits of natural dihydrate gypsum that cbeldised
to make gypsum binding materials. It could be regdaby

f[he technoI%gicaL waste containingh_cilcifum SUIphmﬁ Since the semi-hydrate phosphogypsum under analysis
Instance, phosphogypsum 18], which forms in t € isa multi-component compound, it is rather difficto
phosphoric acid production process by decomposing, 5| ate the influence of impurities on the crystakphol-

phosphate rock with sulphuric acid and phosphocid.a . ;
. ! gy of semi-hydrate phosphogypsum. It is approeriat
Depending on technological parameters, the proesssts ¢, mogel systems in order to dissociate from iothe

in  dihydrate  phosphogypsum  or S‘emi'hydr"j‘tecompounds (impurities) and to determine the infogenf
phosphogypsum.

Al** Mg?*, F and other impurities containing £h Fe*

Due to a relatively large amount of phosphate;,q N4 on the crystal morphology of semi-hydrate

impurities, phosphogypsum is not widely used in the, o m The determination of the impact of the @bov
industry of construction materials. The morpholcayyd mentioned ions on the properties of semi-hydraesgsn

size of crystals of phosphogypsum have influencahen i |ead to a more accurate evaluation of theftuience

amount of water-soluble phosphate impurities inltitis on the properties of semi-hydrate phosphogypsum.
known that crystal morphology depends on the intj@sri Semi-hydrate gypsum (Ca$Q.5H,0) is usually

contained in phosphate rock 7] obtained from dihydrate gypsum (CagZh,0). When

Previous research [8] has proven that the semigtgdr . : .
phosphogypsum obtained from Kovdor and KirOVSkd|hydrate gypsum is treated in the saturated vapdur

: : : .1 120°C and pressure 0.13 MPa, it results in a loss of
apatites differs in crystal morphology and physical : ' : :
mechanical properties. The phosphate rock of tleeeaf hydration water (bO) [18]. The dehydration of dihydrate

mentioned localities does not only differ in thecamt of gypsum toa-semi-hydrate gypsum occurs according to the
the maincomponents CaO, ,®s and F but also other reaction [19]:

components, in particular the amounts of MgO,Qdland  CaSQ-2H,0 — a-CaSQ-0.5H,0 + 1.5 HO Q)

Ln205 (Ce05, L&Os). _ . Previous studies [20]relied on model systems
Scientific data on the influence of Mg AI**, F and (CaSQ-2H,0-NaF, CaS@2H,0-NaS0,, CaSQ-2H,0—-

other ions in phosphate rock on crystal morpholaggt a  \gsO,-7H,0, CaSQ-2H,0-Aly(SOy)3-18H,0,

particle size of dihydrate phosphogypsum formedhie@  casQ-2H,0-Fe(S0y);-6H,0), by adding such amounts
production of phosphoric acid are not comprehenaiveé  of soluble salts into the systems that the coneiotr of
Al 05, F&0s5, MgO, NgO, F would equal to 0.1 %2 %

" Corresponding author. Tel.-+370-37-300163; fax/6-37-300152. and it would be close to their amount in phosphatk.
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Maleic anhydride (¢H,O3) was used as crystal modifier
and 0.1% of C4H,0; from the mass of dry materials
(gypsum) was added to solution. The results redetiat
when the systems containing®AIMg?*, F [20] as well
as F&" and N4 in addition to dihydrate gypsum are
processed under hydrothermal conditions at 128
temperature, the duration of isothermal curing hoBirs
and the product obtained is subsequently treatd@GfC
temperature, the final product éssemi-hydrate gypsum
differing in crystal morphology.

The aim of this study is to determine the influende
cerium ions on the formation afsemi-hydrate gypsum.

2. EXPERIMENTAL DETAILS

Reagents: gypsum Ca%@H,0 (99.97% purity
Sigma-Aldrich, Germany), cerium (lll) sulphate
octahydrate C£S0,);-8H,O (299.9% purity, Lachema,
Czech Republic), maleic anhydridgHGO3 (=99 % purity,
Sigma-Aldrich, Germany).

a-semi-hydrate gypsum (Ca$Q@5H.0) was obtained
from gypsum (CaSgPH,O) in rotating autoclave
“Lampart” at 128C+2°C and 138C+2°C temperature;
the duration of isothermal curing was 3 hours. Dieatjon
of gypsum has been carried out when water/gypsutheof
suspension was equal to 2. Maleic anhydridg1{O;) was
used as crystal modifier and Qslof C,H,05 from the mass
of dry materials (gypsum) was added to solutior].[Zhe
amount of CgS0y)s-8H,0 corresponding to (0-41) % of

Ce0; from the mass of dry materials (gypsum) was added

to solution. The products of the synthesis hava ffigeated,
rinsed with ethyl alcohol to prevent hydration ohtarials,
dried at 100C +2°C temperature 24 hours.

Ignition loss of semi-hydrate gypsum was determine
by heating the substance at 2Qtemperatures.

Scanning electron microscopy (SEM) (OXSFORD
ISIS LEO 440i, UK)of the samples was performed using

an accelerating voltage of 20 kV and a workingatist of
10 mm for SEM observation.

The X-ray powder diffraction (XRD) data were
collected with DRON-6 X-ray diffractometer with Byg
Brentano geometry using Ni-filtered Cu, Kadiation and
graphite monochromator, operating with voltage 80 k
and emission current of 20 mA. The step-scan calvtdre
angular range %5-60° (26) in steps of 2=0.02. For
diffraction profile refinement under the pseudo &oi
function and for a description of the diffractional
background under thé“3egree Tchebyshev polynom, we
used a computer program X-fit [22]. The materiaksrav
identified using database JCPDS (International xeefar
Diffraction Data, Swarthmore, PA).

Fourier-transform infrared spectroscofiyT-IR) was
carried out with the help of spectrometer Perkimé&d FT-
IR system Spectrum GX. Specimens were prepared
mixing 1 mg of the sample in 200 mg of KBr. The cpal
analysis was performed in the range (40@00) cm® with
spectral resolution of 1 ¢hn

3. RESULTS AND DISCUSSION

When dihydrate gypsum is processed
hydrothermal conditions at 128 +2°C temperature and

the product obtained is treated at 4G0temperature, the
amount of hydration water in it equals to 6.1 %tHaory,
the amount of hydration water in semi-hydrate gypsu
amounts to 6.2 % [19].

Therefore, the results obtained lead to a conatusio
that the product resulting in the reactioruisemi-hydrate
gypsum.

The X-ray diffraction analysis (Fig. 1, curve 1),
showed the diffraction peakd £ 0.6013; 0.3467; 0.3006;
0.2803; 0.1849; 0.1845 nm) characteristic of seydirate
gypsum. Thus, the results confirm that the matéoiahed
in the reaction is-semi-hydrate gypsum.
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Fig. 1. X-Ray diffraction patterns of product obtained inet
systems without and with @&0,)s-8H,0: 1 — without
Cel(SOy)3:8H,0, 2 — with Cg(SO,)3:8H,0 (0.1% Ce05
in the system), 3 — with G&0y)3-:8H,0 (0.5% Ce0zin
the system), 4 — with GE0y)3-:8H,0 (1% Ce0sin the
system). Indexes: P — semi-hydrate gypsum, G —gyps

The peaks identified in FT-IR spectrum (Fig. 2,veut)
are typical of this compound. A group of absorptiands
in the (3600-3200) cm® region were referred to valence
vibrations of the O-H bond in water molecules. &ms
hydrate gypsum, O-H vibrations can be seen at dhger
3610 cm® and 3550 cit. The range of (16201680) cm®
is assigned to the H-O-H deformation mode. A single
babsorption band with a maximum at 1620 tmtypical for
s%mi-hydrate gypsum [23]. Absorption bands at 1146,
995 cm® are attributed to valence vibrations of oxygen
atoms in sulphate group. The bands at 660 cand
600 cm® are assigned to the deformation vibrations of
oxygen atoms in sulphate group [24].

The SEM images (Fig. 3) af-semi-hydrate gypsum

undeshowed the prevalence of hexagonal prism-shapedatsy

characteristic ofi-semi-hydrate gypsum [25].
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absorption bands (366200 cm* and 1626-1680 cm?)
depending on the change in the amount of hydratater.

Table 1. Amount of hydration water in the product dependenc

on the amount of G in the system

2219 2135

Amount of hydration water, %
E C%jo& hydrothermal conditions| hydrothermal conditiong
° | at128°C+2°C at 138°C +2°C
temperature temperature
= 0.1 8.24 6.93
0.5 11.42 8.72
E 1.0 17.75 16.09
_E

The valence vibrations of the OH-bond of water
molecules in semi-hydrate gypsum can be seen & 86d
3550 cm’, whereas in dihydrate gypsum they shift to the
shorter waves (3540 and 3400 ¢m The range of
(1620-1680) cnt is assigned to the H-O—H deformation
vibrations. Semi-hydrate gypsum can be charactéhyea
single absorption band at 1620 ¢mwhereas dihydrate
gypsum exhibits two bands (1680 and 1620";f23].

As the amount of C& in the system increases,
absorption bands at the range of 368200 cn become
broader and shift to the side of shorter wavesentiie
band at 1680 cth gets more intensive. It confirms the
presence of a larger amount of water in the rewylti
product structure.

When the temperature of hydrothermal treatment is
increased to 138 +2°C, the dehydration of dihydrate
gypsum in the system Cag@H,0-Ce(SOy)s-8H,0
accelerates as the amount of hydration water deesea

When CaSQ@2H,0 is processed with G&0,)3-8H,0  (Table 1). However, the products obtained still taom a
admixture (Cg0; 0.1%-1%) under hydrothermal |arge amount of dihydrate gypsum. It means that Bas a
conditions at 128C+2°C temperature and the product greater influence on the resulting compound tha@ th
obtained is treated at 400 temperature, it contains a increase in temperature.
large amount of hydration water (Table 1). SEM analysis of the products obtained under

The results show that the larger amount of'@ethe  hydrothermal conditions at 128 was carried out
system, the more hydration water is in the finalduct. It (Figs. 4-6). It has been identified that the crystals of the
is an indication that gypsum dehydrated incompyjetel products obtained from Ca$QH,0 with Ce(SOy)s-8H,O

The data received supports from the X-ray diffiacti admixture differ from the crystals of thesemi-hydrate
analysis results (Fig. 1, curves-2), showing that the gypsum (product obtained from CaSEHO without
larger the amount of é’é the higher the intensity of Cey(SQ,)s-8H,0admixture (Fig. 3).
diffraction maximumsd — 0.7601, 0.4281, 0.3064, 0.2872  SEM images (Fig.4) of the material with a small
and 0.2686 nm) typical of dihydrate gypsum. amount of C& (the admixture contains 02 Ce0s) show

The analysis of FT-IR spectrum (Fig. 2, curves4?  the dominance of hexagonal prism-shaped crystalsiru
revealed the difference (form, intensity) time type of crystals of indefinite, irregular shape can alsddogd.

1153 " 1083
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Fig. 2.FT-IR spectrum of product obtained in the systeritkout
and with Cg(SQy)s-8H,0. 1 — without C£SQOy)5-8H:0,
2 — with Cg(SQy)3-8H0 (0.1% CeO; in the system),
3 — with Cg(SQy)3-8H,0 (0.5% CeO;s in the system),
4 — with C¢(SQy)3-8H,0 (1% Ce0sin the system)

Fig. 3. SEM images ofi-semi-hydrate gypsum



Fig. 6. SEM images of product obtained from Ca&b,,0 with Ce(SQ),-8H,0 (Ce0s; -1 %)

When the amount of ein the system is increased To find out whya-semi-hydrate gypsum fails to form
(0.5% Ce0s), the SEM images (Fig.5) of the final in the system CaS2H,0-Ce(SQ,);-8H;0 in the course
material show the crystals of three-fold morphotolgyng ~ of ~ hydrothermal  processing, the reaction  of
and thin crystals resembling the crystalsiefemi-hydrate  Ce(SQOy)s-8H,0 with the crystallization regulator — maleic
gypsum by their shape; larger crystals characierist anhydrite (GH,O3) was carried out. The process resulted
dihydrate gypsum; and tiny irregular-shaped crgstal in gel deposits. It is known that complex compoufais

Large crystals typical of dihydrate gypsum prevailin the reaction between lanthanoides and organic
amidst the crystals of the product obtained indpstem compounds [26]. Hence, it may assume that
with a large amount of Ce(SR8H0O (1% CeO;)  Ce(SOy)s-8H,0 reacted with ¢H,0;, and the gel deposits
(Fig. 6). The data supports the results of X-reffratition  are their complex compound.
and FT-IR analyses showing large amounts of un- It is likely that when CaSP2H,0 is processed with
dehydrated dihydrate gypsum in the material. Ce(SOy)3-8H,0 admixture under hydrothermal conditions,

The results show that even a small amount of thi€e(SOy)s-8H0 also reacts with 1,05, thus resulting in
admixture (0.2 CeOs;) has influence on the crystal their complex compound. The larger the amount df @e
morphology. the system, the larger share of complex compound is

Hence, it can concluded that with*®im the system, obtained, whereas the final product retains a mighgount
not only is the full dehydration of dihydrate gypsu Of un-dehydrated dihydrate gypsum. Therefore, ity ma
prevented but the resulting crystals aefsemi-hydrate supposed that the complex compound of(§@y)s-8H,0
gypsum are tiny, indefinite and irregular in shape. and GH2O; envelopes the crystals of dihydrate gypsum,
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thus preventing them from dehydration (slowing downlO.

their dehydration).

Furthermore, the experiment revealed that with a
larger amount of Céin the system, the reaction results in
a denser suspension which is more difficult tadii. Such
a phenomenon can be observed when a crystallisation
regulator is not used [21].

Thus, it is likely that due to the formation of the
Ce(SQys-8H0 and GH,O; complex, GH,O; loses its
crystallisation regulator’s function. This factalso supported
by the SEM analysis (Figs—), which shows that with the
growing amount of C& in the mixture, the number of tiny
crystals of indefinite and irregular shape increase

4. CONCLUSIONS

It has been determined that 3Céhas a negative
influence on the dehydration of dihydrate gypsumdo
the formation of a-semi-hydrate gypsum) and the
morphology of a-semi-hydrate gypsum crystals, when
dihydrate gypsum is
admixture for 3 hours under hydrothermal conditiais
128°C +2°C temperature. The larger amount of Oa the
system, the larger the remaining amount of un-dettgd
dihydrate gypsum in the final product (or the semll
amount ofa-semi-hydrate gypsum is in the final product),
and the resulting crystals ef-semi-hydrate gypsum are
tiny, indefinite and irregular in shape.

17.
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