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Abstract

Four samples of bentonite, two of perlite, a kaolin and a pumice sample from five
mines of Milos Island, have been investigated for their Cation Exchange Capacity
(CEC) and the mineralogical composition (wt.%), by using the Ammonium Acetate
Saturation (AMAS) method and X-Ray Powder Diffraction (XRPD) method, respec-
tively. The bentonite samples contain 68-100 wt.% clay minerals and show CEC
values of 35-121 meq/100g, while the kaolin sample contain 41 wt.% clay minerals
and show CEC value of 28 meq/100g. The amorphous materials are the main con-
stituent of the perlite samples (73-77 wt.%) and pumice sample (88 wt.%). The CEC
values of perlites were 3-4 meq/100g, while the pumice sample showed a CEC value
of 73 meq/100g. The CEC of the samples showed positive correlations with the total
content of microporous minerals (clay minerals+micas) as well as with the micro-
porous minerals+amorphous content, mainly affected by the clay minerals content.
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Mepihnyn

Téooepa detyuara pumevrovity, 000 mepAity, Eva kaoAivy kol éva KIOONPHG Amo TEVTE
opuyeia s Nigov Milov, ueletifnkav wg mpog v 10vioavtadiokticny Toug ikavo-
wra (I41) kar hv opvkroloyikn tovg obotaon (% k.f.) ue tic uefodovg tov kopeauot
o€ oliko appvio kot e mepiblaciuetpios axtivwv-X, avtiotoya. Ta deiyuata tov
umevrovity mepigyovv 68-100% «.f. apyidikd opvkta kar wapoveialovv IAI 35-121
meq/100g, evdd to deiyua tov kaolivy mepiéyer 41% k.f. apyilikd opvKTe Ko Topov-
araler [AI 28 meq/100g. To auop@a vAikd amoteloly 10 KUPIO GLGTATIKG TWV OEIYUG-
TV 100 TEpAitny (73-77% k.B.) ko tov deiyuarog s kioonpns (88% k.p.).Or tiuég
¢ 1Al twv meplitwv eivou 3-4 meq/100g, evad tov deiyuotos e kioonpns 73
meq/100g. H IAIl twv deryudtwv supaviler Oetikhy ouayETION UE TIG TEPIEKTIKOTHTES
OV GVVOAOD TWV UIKPO-TOPWHOMV OPUKTOV (Apyilikd OpvKTA+uapuapvyies), kabg
KO UE TO GUVOAO UIKPO-TTOPWIWY OPUKTOV+EUOPPO DAIKG, EXNPEalOuevy KOPIwS amo
T0 TOGOGTO TWV OPYIAIKOV OPUKTOV.

Aéerg kierhd: urmevrovitng, kaodivig, meplitng, kioonpn, 1AL
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1. Introduction

In Milos Island many mineral deposits (bentonite, kaolin, barite, sulphides, sulphates, alunite,
perlite, manganese, obsidian, crystalline and non crystalline silica, diatomite, pozzolana and
zeolite) are found. The bentonite, kaolin, perlite, barite, pozzolana and amorphous silica are
mainly exploited (Decher et al. 1996, Stamatakis et al. 1996, Perraki and Orfanoudaki 1997, Hein
et al. 1999, Hein et al. 2000, Drakoulis et al. 2005).

The mineralogical composition and the cation exchange capacity of the industrial minerals are
important factors for classifying the type of applications and uses. Concerning perlite and pumice,
amorphous-rich industrial minerals, certain uses are affected from the sorption ability of the
contained amorphous material, such uses are for perlite: carrier for herbicides, pesticides,
insecticides and fertilizers, for pelletizing seed, soil conditioner and rooting medium, and for
pumice: soil substitute and additive, catalyst carrier, floor sweep products, acid-washing, grease
collector in gas-fired grills, herbicide, fungicide and pesticide carrier (Harben 2002).

In the present paper the cation exchange capacity is correlated with the mineralogical composition
of the industrial minerals of Milos Island. In particular, bentonite, kaolin, pumice and perlite have
been collected from different mines of the island.

2. Materials and Methods

Representative  bulk  samples
having a weight of ~20 kg each
were collected from five mines
of the island. More precisely,
four samples of bentonite, one of
kaolin, one of pumice and two of
perlite were collected. The
approximate location of the
studied samples is shown in
Figure 1, while their precise
location is given in Table 1. Each
sample was ground (<125 um),
homogenized and separated into
two equal portions. The first
portion was used to determine
their cation exchange capacity.

The second portion was ground LEGEND
further (<63 um) and used for [ Alluvial deposits
. 1 5 l l . EE Ryolithic lava domes and mainly successive lava flows

mineralogical analysis. Various lahars

= R . I Andesitic, dacitic to rhyodacitic lavas
The semi-quantitative minera- B ~ncecitic and dacitic lava domes and flows
logical composition Of the - Strongly hydrothermally altered lavas

- = % .| Tuffs and pumice flow deposits
samples was determined by X- FF 4 o tuffs
Ray Powder Diffraction (XRPD) T r\' :rarlltsgressive conglomerates and limestones
4 au

method. XRPD analysis was

performed using a  Philips Figure 1 — Simplified geological map of Milos Island

PW1710 diffractometer with Ni- (modified after Fytikas 1977) and sample location
filtered CuK, radiation on

randomly oriented samples. The samples were scanned from 3 to 63°26 at a scanning speed of 1.2
°/min. Semi-quantitative estimates of the abundance of the mineral phases were derived from the
XRPD data, using the intensity of specific reflections, the density and the mass absorption
coefficient for CuK, radiation, for the minerals present.
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The semi-quantitative estimation of the percentage of total amorphous material was achieved by
comparing the area of each broad background hump, which represented the amorphous material in
each sample, with the analogous area of standard mixtures of minerals with different contents of
natural amorphous material, scanned under the same conditions (Kantiranis et al. 2004b, Drakoulis
et al. 2005).

The ammonium ion is most commonly used for CEC testing of materials and the results therefore
are referred as ammonium exchange capacity. The ammonium cation exchange capacity of the
studied samples was determined according to the AMmonium Acetate Saturation (AMAS) method
(Kantiranis et al. 2004a, Drakoulis et al. 2005).

3. Results and discussion

The semi-quantitative mineralogical compositions and the cation exchange capacity of the studied
samples are presented in Table 1. Micas and clays constitute the microporous minerals of the sam-
ples, while the non-microporous minerals are quartz, feldspars, calcite, barite and gypsum.

Table 1. Mineralogical composition and cation exchange capasity (CEC) of the studied sumples.

Location CEC
from Adamas Rock Type | Samples]| Mi | CI |[TMM] A | TMM+A| Qz | Fs | Cc | Ba | Gy | TNM
% meq/100g

Village

Bentonite MIL8 - 100 ] 100 | - 100 - - - - - - 106
i km E22.N Bentonite MIL10 - 98 | 98 2 100 - - - - - - 121
Aggeries mine

Bentonite MIL21 - 68 | 68 - 68 3 2 - 16 11 32 35
5.9 km E15N Bentonite MIL17 - 96 96 - 96 2 - 2 - - 4 93
e Pumice MIL26 | - | - | - | 88 88 2| - -1 -1-1 11 73
BAkm W245 1y olin miLi2 | - | a1 | 41| 8 49 2|2 |27| - | - | s 28
Ralaki mine
g km N3.1W Perlite MIL29 5 - 5 73 78 17 5 - - - 22 3
Trahilas mine
7'2 o 823,E Perlite MIL30 - - - 77 77 18 5 - - - 23 4
Tsigrado mine
Mi: Micas, Cl: Clay minerals, TMM: Total Microporous Minerals, A: Amorphous material, Qz: Quartz, Fs: Feldspars, Cc: Calcite
Ba: Barite, Gy: Gypsum, TNM: Total Non Microporous Minerals.

Clay-rich samples (bentonite and kaolin) and amorphous-rich samples (pumice and perlite) were
identified in the investigated materials. The bentonite samples contained 68-100 wt.% montmoril-
lonite, while the kaolin sample contained 41 wt.% kaolinite. The pumice and perlite samples con-
tained 73-88 wt.% amorphous material.

Several researchers in their individual sampling of bentonite, pumice and perlite from near-about
the same mines or locations, rendered more or less similar results concerning the composition of
clay minerals for bentonites (Decher e al. 1996, Kantiranis et al. 2005) and amorphous material
for pumice and perlite (Drakoulis et al. 2005). The similarities apply for the cation exchange ca-
pacity concerning the bentonites (Kantiranis ef al. 2005). The higher CEC values for perlites and
pumice are mainly explained by the differences observed in the chemistry of the amorphous mate-
rial contained in their samples (Drakoulis ef al. 2005).

The CEC of the samples mainly depends on the type and content of the clay mineral. A good posi-
tive correlation is observed between CEC and the clay mineral content of the samples (Fig. 2). The
same good positive correlation exists between the CEC and the total microporous minerals (clay
minerals+micas) of the samples (Fig. 3). A general positive correlation exists between CEC and
the total microporous minerals+amorphous material (Fig. 4), since amorphous materials includes
anionic charges that are responsible for the sorption ability of the amorphous materials,
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Figure 2 — Correlation between CEC and clay minerals content
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Figure 3 — Correlation between CEC and total microporous minerals

depending on their chemistry (Drakoulis et al. 2005). The pumice sample (CEC 73 meq/100g)
seems to include much more anionic charges than the perlite samples with negligible CEC values
(3 & 4 meq/100g), resulting to a modest correlation presented in Fig. 4.

4. Conclusions

The bentonite samples contain up to 100 wt.% clay minerals and the Cation Exchange Capacity
(CEC) reaches values up to 121 meq/100g. The kaolin sample contains 41 wt.% clay minerals and
exhibit a CEC value of 28 meq/100g. The perlite and pumice samples are mainly rich in amor-
phous material (up to 88 wt.%) and show very low CEC values (3 and 4 meq/100g), while the
pumice sample show a much higher CEC value of 73 meq/100g. The cation exchange capacity of
the studied industrial minerals show a positive correlation with clay minerals content, as well as
with the microporous minerals (clay mineralstmicas)+amorphous materials. The cation exchange
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Figure 4 - Correlation between CEC and total microporous minerals + amorphous material

capacity is mainly affected by the clay minerals contained in the rock samples. The amorphous
material probably affected to a less extent the CEC values, depending on their chemistry and de-
spite of their lack in crystallinity, since the chemical structure of the amorphous material includes
anionic charges and thus may result to their sorption ability.
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