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Abstract: The study of powder X-ray diagrams of calcite and aragonite has shown that the
appearance of a rather intense diffraction maximum at 20 = 27.620 ° in the aragonite
debyegram (absent in the calcite diagram) as well as the existence of an extremely strong
maximum at 26 = 31.970 ° in the calcite diagram (where aragonite does not exhibit
diffraction) make it possible to detect impurities of aragonite in calcite and vice versa. The
comparison of the data estimated by both FT IR and powder X-ray diffraction methods has
shown that the X-ray diffraction method is more sensitive.
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1. Introduction

Since carbonate minerals, especially the polymorphic forms of calcite and aragonite
(their chemical composition is identical and they both are calcium carbonate) may appear in
common mineral agregates, it is advantageous to have a rapid and simple method for detecting
impurities of these minerals in one another. In that sense, as a part of the broader research of
the structural and spectroscopic characteristics of metal minerals originating from Macedonia,
we have previously studied the analytical application of the FT IR spectra and partly of the
powder X-ray diffraction patterns of the carbonate minerals calcite and aragonite [1]. It should
be noted that the IR and Raman spectra of calcite and aragonite were previously studied [2, 3]
including the suggested method on how to distinguish them using FT IR and FT Raman
spectroscopy [4].

As in other methods, the detection of the presence of mineral impurities by powder X-
ray diffraction in this work was based on the appearance of selected analytical maxima in the
diagram region where other constituents of the studied system do not exhibit diftraction.
Namely, the analysis of the powder X-ray diagrams of calcite and aragonite has shown that
appropriate analytical bands are indeed present in their X-ray diagrams.

2. Experimental

The calcite mineral was from Zletovo while the aragonite mineral sample was taken
from the R " anovo ore deposit in Macedonia. They were very carefully picked under a micros-
cope from the ore samples. ‘
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The appropriate artificial mixtures of calcite and aragonite were prepared by mixing
certain amounts of pure minerals, the total mass of the samples always being 2 mg.

The X-ray powder diagrams were recorded on a Philips Analytical Diffractometer type
PW3710 using CuKo radiation.

3. Results and discussion

In Figures | and 2 are shown the powder X-ray diagrams of aragonite and calcite,
respectively, whereas the diagram of the corresponding calcite sample with aragonite impu-
rities is presented in Fig. 3. '

The study of powder X-ray diagrams of calcite and aragonite has shown that the appe-
arance of rather intense diffraction maximum at 26 = 27.620 ° in the aragonite debyegram
(absent in the calcite diagram) as well as the existence of a very strong maximum at 260 =
31.970 ° in the calcite diagram (where aragonite does not exhibit diffraction) enables detecting
impurities of aragonite in calcite and vice versa.

In order to determine the presence of aragonite impurities in the calcite samples the
series of synthetic calcite : aragonite mixtures have been prepared and their powder X-ray
diffraction diagrams have been analyzed. The analysis has shown that the limit of detection of
impurities of aragonite in calcite is between 1 % and 2 % (Fig. 3).

The presence of an extremely strong maximum at 26 = 31.970 ° in the calcite diagram
(where, as it was mentioned, aragonite does not exhibit diffraction) (see Figs. 1 and 2) makes
it possible to detect the impurities of calcite in aragonite even in the cases when the presence
of the latter is lower than | %.

The comparison of the data previously estimated by FT IR spectroscopy [1] and the
data obtained using powder X-ray diffraction methods (this work) has shown that the X-ray
diffraction is more sensitive method for determination of the impurities of calcite or aragonite
in the calcite-aragonite mineral mixtures.
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Fig. 1. Powder X-ray patterns of aragonite.

» Structural Chemistry

56



I'murop JoBaHOBCcKH

16. KonzZpec Ha xemuuapuitie u iiexHoao3uitie Ha Makedoruja, Croiije, 28-30 oxitiomapt, 1999

120

.%“ooooi
— 22500
10000 ]
2500
0.
Fig. 2. Powder X-ray patterns of calcite.
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Fig. 3. Powder X-ray patterns of mineral mixture containing 98% calcite and 2% aragonite.
The aragonite maxima are denoted by arrows.

4. Conclusion

The analysis has shown that the powder X-ray diffraction is a more sensitive method
for the detection of the impurities of calcite or aragonite in the calcite-aragonite mineral
mixtures than the FT IR spectroscopy.

CiupykitiypHa xemuja 45

57



COBPAHHU TPY/IOBHU

16™ Congress of the Chemists and Technologists of Macedonia, Skopje, 28-30 October, 1999

5. References

[1]1 G. Jovanovski, B. Soptrajanov, V. Stefov, B. Jovanovski, B. Kaitner, XVI Croatian
Meeting od Chemists and Chemical Engineers, Split, 1999, Book of Abstracts, E6, 184.

[2] D. R. Tylor, R. S. Growther, P. Sharrock, J. Wu, R. D. Soloway, Hepatologyv, 22, 488
(1995).

[3] R. Frech, E. C. Wang, J. B. Bates, Spectrochim. Acta, 36A, 915 (1980).

[4] J. Tao, Y. Xu, Z. Xu, J. Wu, D. Xu, XVIth International Conference on Raman Spectros-
copy, Cape Town, 1998, Proceedings, 716.

MMHEPAJHN O MAKEJOHHJA: 1. AHAIIMTUYIKA ITPUMEHA HA
PEHATEHOTPAMUTE HA CITPAIIEHH OBPACIHOU O/
KAJIIONUT 1 APATOHUT

I. Josanoscku', B. Credos’, b. Josanoscku', b. Ilontpajanos', B. Kaitner’

'Uncitwuinyiti 3a xemuja, IIM®, Ynusepsuitieit “Ca. Kupua u Meitioduj”, I1. ¢hax 162, 91001,
Crkoiije, MakxedoHuja

2 Zavod za opcu i anorgansku kemiju, PMF, Sveuciliste u Zagrebu, HR-10000 Zagreb. ul. kralja
Zvonimira 8, Hrvatska

KapOonaTHHTE MHHEpaIM MOHEKOTall ce MOojaByBaaT BO 3aeJHHYKH arperaT. 3apanu
TOA € MOTPeOHO [la ce pa3BIBaaT €JHOCTABHH (HO Op3W M TOYHU) METOMHM 3a ONpeesyBake Ha
MHOTY MaJI¥ KOJTHYEeCTBa Ha €[IHAa MJIH MOBeKe KOMIIOHEHTH BO MEIIAHHOT MPHPOHEH MHHEpA-
neH obpaszel.

ITpomomkyBajKi TO UCIIUTYBAHETO HA CTPYKTYPHUTE KapaKTepPHCTHKH Ha MeTaTHUTE
MUHEpany Mo NoTekyo o MakenoHHja, pabOTEHO € U Ha aHaJIUTHUYKaTa IPUMeHa Ha peHOreH-
ckaTa audpakiigja 3a onpene/yBatbe Ha MIPUMECH Off KaJIIUT BO aparOHUT U 0OpaTHO.

CnuyHO Kako U ITpH NPHMEHAaTa Ha IPYTrUTe METONH. ONpelelyBabeTO Ha HPHCYCTBOTO
Ha MUHEpaJIHU HeYHUCTOTHH CO IOMOLI Ha peHAreHcka gudpakiuyja Oelle 3aCHOBaHO Ha H30u-
paibe Ha aHAJIUTHYKH MAaKCHUMyMH BO OHHE IMOfpayja Off peHAreHOTpaMHUTe Kafe IUTO ApyraTa
KOMITOHEHTa Off CHCTEMOT He MOKaxKyBa JudpakLHOHAa aKTHBHOCT. AHa/IM3aTa Ha CHHTETHY-
KHTE CMECH Of] ABaTa MHHepaJsa cO pa3/JIMUeH OJHOC aparoHHUT : KaJUHUT [IOKaxXa [eKa JOJHaTa
IpaHULA Ha HeTeKIja Ha HeUHCTOTHH Off aparOHUT BO KaJUUT u3HecyBa H3Mely 1 % u2 %, a
rpaHULATa 3a ONpefle/lyBare Ha HEUHCTOTHH Of KaJIUT BO aparoHUT € AypH nop 1 %.

CnopenfaTa Ha pe3yiaTaTUTe O aHAJIMTHYKATa NPUMEHa Ha PEHAreHcKaTa audpak-
I[{ja 3a OnpefieslyBakhe Ha HEUUCTOTUH Of KaJLUMT UIX aparOHUT BO KAJIHT : aDarOHUTHH M-
HEepaJIHU CMECH IOKa)Ka [eKa peHAreHckaTta gudpakiyja € nooceTjnBa MeToga og Pypue-
TpaHcdOpMHaTa HH(ppaLpBeHa CIEKTPOCKOIH]a.

Knyunu 360posu: MakenoHuja. MHHEpanu, KallMT, aparoHUT, aHaJTH1HYKa MPHMEHA. peHN-
resHcka audpakuyja Ha crpayeHn obpacuy.
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