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Abstract

Preparation of needle-like aragonite particles faaicium nitrate aqueous solutions was
investigated in the temperature range 70 °C — C3Mifferent additives recommended in
literature as substances influencing morphologgragjonite crystals were tested. It was
found that the studied system is so complex thatambhmeters (concentration of reagents,
temperature, rate of mixing), not only the presesfcaurface active substances influence the
process of nucleation and crystal growth. The regkield of aragonite was obtained in the

system HO — Ca(NQ), — CG at 70 °C with no admixture of organic substances.
Keywords: aragonite, precipitated calcium carbonate, calaiitnate

Introduction

Precipitated calcium carbonate is widely used imyrtaranches of industry. Each application
requires different properties of calcium carbonateh as crystal structure, size and shape of
particles, purity, etc. In paper industry, needlte-aragonite is used in surface treatment of
papers. Diameter of the aragonite needles has tienttes of micrometer and length about

1 um. There are many papers dealing with this stlgfeeng et al. 2007, Lee et al. 2009, Park
et al. 2008, Wang et al. 2006, Wang et al. 199an¥iet al. 2002, Yu et al. 2004). They
describe importance of metastable phases and lohgtbility of different crystallographic
modifications of calcium carbonate (Elfil and Rog@®01, Elfil and Roques 2004). Many
papers are also devoted to the influence of orgautistances on the formation of specific
phases of calcium carbonate (Feng et al. 2007¢et.ak 2009, Park et al. 2008, Wang et al.
2006, Wang et al. 1999, Xiang et al. 2002, Yu e2@04). In industry, lime, calcium hydrate,
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calcium chloride or calcium sulfate are often uk®doreparation of precipitated calcium
carbonate. Source of carbonate anion is most conyn@dy,, but NaCO; or (NH,)COs can

be used as well.

In this paper we will describe the preparation @édie-like aragonite particles from calcium
nitrate. In industrial scale, calcium nitrate candoepared in different ways — from limestone,
dolomite or from waste calcium hydrate. In thedat@se, aqueous solution of calcium nitrate

is formed by the reaction of calcium hydrate withnraonium nitrate.

Ca(OH)(s) + 2 NHNOs(aq) = Ca(N@)2(aq) + 2 NH(aq) + 2 HO(l) 1)
In the next step calcium carbonate precipitatesraiag to the reaction scheme:
Ca(NGy)2(aq) + 2 NH(aq) + HO(l) + COx(g) = CaCQ(s) + 2 NHNOs(aq) (2)

Ammonium nitrate is returned back to the process.applied this idea to the preparation of
calcium nitrate from waste lime from the productafracetylene from calcium acetylide.
However, in the laboratory experiments reportethis paper we used higher purity (“pro
analysis”, “purum”) reagents. The aim is to prepagedle-like aragonite crystals which could
be applied in paper industry.

Experimental

The following chemicals were used: Ca(®$£4H,0, purum, Mikrochem; NFOH (26 wt %
NHs, p.a.), Mikrochem; C@(gas cylinder), Messer. Several reagent gradeauess were
used as admixture influencing crystallization dtwan carbonate: maleic acid, malic acid, o-
phthalic acid, imidodiacetic acid, diglycolic ag@B %), DL-aspartic acid (99 %), sodium
stearate, polyethylene glycol (Mn 600); Sigma AddriFluka.

On the basis of literature data (Gmelins 1961)@ndpreliminary experiments, the
precipitation reaction was carried out at threegeratures: 70 °C, 110 °C, and 130 °C. In this
temperature range and for concentrations of reages#d, aragonite phase of calcium
carbonate is formed. The experiments at the teryesahigher than 100 °C were carried out
in a pressure reactor (Parr 4842).

In the case of experiments carried out at 70 @; Was introduced to the 15 wt %
Ca(NG;),; aqueous solution (150 ml) through glass frit (£Xcess of NHOH was 10 wt %.
When amorganic admixture was added, its concentrationimas % to product. The reaction
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vessel was kept in a thermostat at 70 °C and tlwi@o was mixed by a magnetic stirrer
(400 rpm). The amount of G@as was measured by a gas flowmeter.

The experiments in the pressure reactor wereethaut at 110 °C and 130 °C. 100 mi
of solution was used and pressure of,@0the beginning of experiment was 0.6 MPa.
Because the reaction (2) is exothermic, the tentyperancreased by 8 °C in 5 min. After next
ten minutes the temperature slowly dropped to ateon value, which was considered as the
end of the reaction. Precipitated Ca{i@s filtered and washed by distilled water.
Application in paper industry requires concentraesgpension of aragonite needles. This
suspension was also used for scanning microscapyX{fay analysis, the samples were
dried at 50 °C. Powder X-ray analysis (STADI P, &)@nd SEM (Tesla BS 300 with digital
unit Tescan) were used to characterize the pro@aettent of crystallographic phases of
CaCQ in samples was determined on the basis of X-risadtion. It can be estimated that
the error is about 5 %. From an extensive set &fl piEtures only a few of them are shown
here for illustration. The other can be obtainearfrauthors on the request.

In this paper, the following abbreviations arecuf® organic substances:

Me — maleic acid; M — malic acid; Ph — phthaliccadDA — iminodiacetic acid; SNa —
sodium stearate; DG — diglycolic acid; PEG — pdiy&tne glycol; DLA — DL-aspartic acid.

Crystallographic phases of calcium carbonateslaneted as follows:

A — aragonite; V — vaterite; C — calcite.
For the description of shape of crystals, follogvgymbols are used: P — prism; S —

spheres; D — discs; N — rods (needles); R — rodetiminant structure is printed in bold.

Results and Discussion

Preparation of CaC@at 70 °C

The results of the experiments carried out at 7@&r&Csummarized in Table 1. It can be seen
that the admixtures of organic substances remayledfdct crystallographic phase in which
CaCQ crystallizes. When maleic acid was added, onlgniat was formed. In other cases all
stable crystallographic phases of Ca®@re present in different ratios. An influence of
organic additives is described in many papers @ted. 2009, Park et al. 2008, Wang et al.
2006, Xiang et al. 2002). Organic dicarboxylic acrdbrk as a template of nucleation.
Organic molecules adsorb €aions and become nucleation centres for Caflase. Which

phase is created depends on the layout and distetween two carboxylic groups.
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From X-ray analysis it follows that the highestamt of aragonite (71 %) was
formed when 1 % of polyethylene glycol was adddte admixture of sodium stearate
resulted in the formation of 45 % of aragonite. le@er, aragonite was formed also when no
organic admixtures were used (36 %). As can be eenscanning electron microscopy
(SEM) (Fig. 1), different crystallographic phasésalcium carbonate have different shape.
Vaterite forms empty spheres or discs, calcite focubes and aragonite forms needles.

Table 1. Influence of the addition of organic substancew{ %) on the crystal structure
and shape of precipitated calcium carbonate; teatyer 70 °C.

No. Admixture C [%] A [%] V [%] Shape Sizeun]
1 - 64 36 - N, P 1-8
2 Me - - 100 D, G 2-12
3 M 64 10 26 D,G,P 1-6
4 Ph 60 - 40 D,P 1-5
5 IDA 94 6 - P, N, R 1-10
6 DG 80 20 - P,N <5
7 SNa 55 45 - N, R, P 1-5
8 PEG 29 71 - N, P 0.5-10

Preparation of CaC®@in pressure reactor at 110 °C
Table 2 summarizes phase composition of Ca@@pared at 110 °C. It follows that
temperature has remarkable effect on the formati@pecific crystallographic forms of
CaCaQ. (In this case Cg&Xilled up over the level of liquid and it dissotvé the solution.
Thus mixing of reagents was different from thatarépd above.) In almost all cases (with
exception of sample 11) the product of precipitatontained only mixture of aragonite and
calcite in different ratio. The highest yield ohgonite (74 %) was achieved when no organic
admixture was used. SEM of prepared samples (frigprfirms this conclusion. The higher
is the content of aragonite the higher is the paege of needle-like crystals in the sample.
When diglycolic acid was used as the admixturey plate-like crystals of calcium carbonate
were formed (see Fig. 2). They have probably chggfeaphic structure of calcite.

As mentioned in the introduction, literature (leteal. 2009, Park et al. 2008, Wang et
al. 2006, Xiang et al. 2002) describes influenceeseral admixtures on the crystallographic
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structure and shape of precipitated CagQQur results do not always confirm conclusions of
the literature. This, however, has been also tipemsnce of other authors (Feng et al. 2007).
As can be seen, the highest yield of aragoniteasésired phase was obtained for the system
containing no admixtures of organic substancess irt@ans that also other parameters
(temperature, rate of mixing, concentration of icaftcations, partial pressure of @O

influence formation of specific crystallographiarioof CaCQ. Moreover, most results in the
cited literature were obtained by precipitatiorCafCQ; from Ca(OH) suspension in which

calcium cations have a low solubility and pH is stamt during reaction.

Table 2. Influence of the addition of organic substancesvi%) on the crystal structure
and shape of precipitated calcium carbonate; teatyper 110 °C.

No. Admixture A [%] C [%] Shape Sizaun]
9 - 74 26 N, P 05-5
10 SNa 18 87 P, N 0.5-3
11 DG 9 91* D,P ~2
12 DLA 16 84 PR, N 0.5-20

*The value 91 corresponds to the sum of two ph&sés

Preparation of CaC@in a pressure reactor at 130 °C
Table 3 summarizes phase composition of Ca@@pared at 130 °C. It can be seen that the
content of aragonite in samples prepared withoytaaimixture of organic substance
increased up to 80 %. However, also size of crystedreased twice in comparison with
lower temperatures, which is not a desired effBlots experiment also confirmed that the
addition of the admixture of organic acid doesgerterally contribute to the increase of

aragonite in precipitated calcium carbonate.

Table 3. Influence of the addition of organic substancesvi%) on the crystal structure
and shape of precipitated calcium carbonate; teatyer 130 °C.

No. Admixture A [%] C [%] Shape Sizeuin]
13 - 20 80 N, P 1-6
14 DG 18 82 N, P 1-20
15 PEG 18 82 N, P 1-15
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Fig. 1. SEM of CaCQ patrticles prepared at 70 °C; the effect of 1 woRadmixture.
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Diglycolic aci, 11C
Fig. 2. SEM of CaCQ particles prepared at 110 °C; the effect of 1 waféadmixture.

20 pm

No admix
Fig.3. SEM of CaCQ patrticles prepared at 130 °C; the effect of 1 waféadmixture.

ture, 130 °C Diglycolic acid, 130 °C
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Conclusion

Based on the literature data we prepared needdealizgonite from calcium nitrate. We found
that the influence of admixture of organic substanaften influences morphology of calcium
carbonate in different way than thasscribed in literature. From the point of view of
preparation of needle-like aragonite, the bestlr@gs achieved when the system contained
no organic admixtures and the precipitation waseaout at 70 °C. Besides temperature and
concentration of calcium nitrate, partial pressfr€0; plays very important role at the
synthesis. Also pH of the reaction mixture is adarimportance. Achieved results served as a
base for construction of a continuous reactor feppration of needle-like aragonite. The

experimental work is in progress.
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