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Abstract

Quality requirements for the product assortments, obtained from a large number of non-metallic
mineral raw materials, are defined, and above all, they have the defined particle size. Are the quality
requirements for zeolite assortments defined? Searching for the answer to this question, an internet
research was done. The web pages of the most significant producers of materials based on natural zeo-
lite were studied as well as the papers of a large number of prominent researchers whose experiments
are focused on the natural zeolite. This paper presents the findings primarily with the aspect of particle
size as the quality parameter of zeolite assortments. Based on this analysis, it is considered that it should
define the quality requirements of zeolite assortments, especially the particle size for each product. In
fact, it is important to know the particle size in mineral processing in order to choose less expensive
procedure for obtaining the finall product.

Keywords: natural zeolite, zeolite assortment, quality requirement, mineral processing, particle size
of zeolite assortment

1 INTRODUCTION

In order to investigate the possibility — Quality requirements relate to the physi-
of use the non-metallic mineral raw mate-  cal, chemical, mineralogic and other pro-
rial, i.e. to determine whether one or more  perties of given material. They define
useful products can be obtained from  minimum or maximum values of specific
some non-metallic raw material, it is nec-  parameters and the allowed discrepancies.
essary to know the required quality of that ~ The basic and initial parameter in this re-
product, i.e. which quality of that product  spect is the particle size, respectively size
is needed by the end users. This subject is  class, respectively range of products. Par-
most often regulated by standards for each ticle size is important from the aspect of
material, obtained from non-metallic min- its application since not all material sizes
eral raw material which has users and ap-  can be used for any application. There are
plication. So, for example, there are stand-  similar standards for products obtained
ards for calcium carbonate raw materials ~ from quartz raw materials, clays, feld-
which define the quality requirements for  spars, phosphates, etc. There are standards
products used in a range of industries. of particular states, and there are some
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standards for the EU countries. What is
the state of affairs in this respect when it
comes to one of the most significant non-
metallic mineral raw materials-zeolite? It
was searched for the answer to this ques-
tion on web pages the most significant
manufacturers of natural zeolite products,
as well as by means the investigation of
papers published by a large number of
prominent researchers of natural zeolite.
Only the certain aspect of the particle size
range of products was studied. The obser-
vations and recommendations are present-
ed in this paper.

2 OVERVIEW OF ZEOLITE
PRODUCTION ASSORTMENTS

When zeolite production is in question,
Robert L. Wirth presents the production
and mine reserves [1]. Natural zeolite pro-
duction was the highest in 2011 in China
and it amounted to nearly 2,000,000 tons
(including pozzolanic applications). Apart
from China, the biggest producers are the
United States, Japan, Jordan, South Korea,
Slovakia and Turkey. All others produced
around 5,500 tons in 2011. The world total
(rounded) in 2011 was 2,800,000 T.

Speaking about the processes of ob-
taining the zeolite products for further
application, it is interesting that F. A.
Mumpton 1977[2] wrote about application
and obtaining the products based on natu-
ral zeolite. This author, at the end of this
consideration wrote: “For many ion ex-
change applications, the desired size
range is 20 x 50 mesh (850 to 300/am)
which has been found to optimize the con-
tact time and hydraulic characteristics of
packed columns™.

The internet research provided data on
companies in the business of manufactur-
ing products from natural zeolite. In this
paper, the most interesting data are present
according to the evaluation from websites
of the nine companies worldwide. These
data relate to the assortments (i.e. particle
size) and product use in the market, and
details can be found on websites of these
companies, which are present in Tables 1
and 2.The present data in Table 1 show a
wide range of natural zeolite products.
Those assortments (size classes) are dif-
ferent for the same application. Assort-
ments are in the range from -32+16 to less
than 20 micrometers.

Table 1 Testing the production of zeolite assortments obtained from natural zeolite and

their application

Company / website / and assortment, mm
Application of natural USA USA USA USA
zeolite Bear River zeolite | St. Cloud Mi- SS?(S(I:?:I?S ZEO,
co., inc[3] ning Co. [4] Minerals[s] Inc. [6]
1) Water Treatment
Aquaculture -12.7+4.76 Powders
-4.76+2.38 -0.044
4.76+1.41 -0.149
1.41+0.4 -0.42
Wastewater treatment -0.4+0 sands -4.76+2.38
Drinking water treatment 1.41+0.4 -0.4+0.177 -1.4140.4
Pool filters 1.41+0.4 1 41+'O 4 SVZ 0.65
' ' Ko 1.85
Flocculation
For fish ponds
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Modified or combined Granules

zeolites -4.76+3.36
2) Animal and Feed and -3.36+2.38
Agricultural -3.36+1.41
Complete feed mixture -1.4+0.4 | -.2.38+1.41 -0.5+0
Animal feeds mixture Ultra,
Aggregates -45um
Soil -12.7+4.76
Soil remediation -1.41+0.4 | -19+12.7 -1.4+0.25
-0,4+0,25 | -25.4+19
-0,4+0
For lawns -2.38+1.41
-1.41+0.4
-0.595+0.25
For pellets -0.4+0

For artificial fertilizers
and substrate

For golf courses

3) Air Treatment

Air Filtration -9.5146.35
Removal of impurities

4) Industry

Concrete and pozzolanic -0.045+0
for cement

Fillers in paper, cardboard, -0.4+0
plastic, rubber, adhesives, -0.15+0
asphalt

Table 2 Review the production of zeolite assortments obtained from natural zeoilite and
their application

Company / website / and assortment, mm

Australia South

Application of natu- | = zeolite Africa | Turkey Rota Slovakia Spain
ral zeolite Australia | Pratley | Madencilik ZEOCEM | ZeoCat
Pty Ltd (Pty) [9] ,a.s. [10] | S.L.U[11]
[7] Ltd[8]
1) Water Treatment .

Aquaculture \C;Vre a(l:r;rflzes -32+16;
_pro_duce -16+8:
any grain size 8+4;
according to 2.5+2:
your require- 241
ments. Below 1405

there is a list of

Wastewater treatment AR
—— - grain sizes in our
Drinking water 0.84+0.25 standard produc-
treatment R
- tion line:
Pool filters
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Flocculation -0.075+0
For fish ponds -2+0.5
Modified or combined
zeolites
2) Animal and Feed
and Agrocultural
-0.075+0
Complete feed 0.5+0
mixture
. L -1.6+0.5
Soil remediation 2405
-0.075+0
For pellets -0.5+0
-0.075+0 -4+42
For artificial fertilizers -0.5+0 -4+0.25
and substrate
For golf courses -0.84+0.25

3) Air Treatment

Air Filtration

Remove impurities

4) Industry

Concrete and
pozzolanic for cement

5) Other Products

Environment

Wide range

-20 microns,
-50 micron,
-75 microns,
-0.1

-0.225
-0.425
-1.18+0.7
-1.6+0.7
-2.5+1
-5+2.5
--9+5

-16+9

-8+4;
-4+2.5;
-2.5+1.2;
-1.2+0.5

-1+0;
-1+0.5;
-1+0.2;

-0.5+0.2;
-0.2+0

-1+0.3;
-8+4;
-5+2.5;
-5+1;
-2.5+1

-8+5;
-4+2,5;
-2.5+1;
-1+0.5;

-0.5+0.2

-8+5;
-4+2.5;
-2.5+1;
-1+0.5;

-0.5+0.2

-5+2

-0.7+0

3 REVIEW OF RESEARCH PAPERS
FROM THE ASPECT OF NATURAL

ZEOLITE

For the purpose of easier research, this
paper presents the review of conditional
classification according to theapplicability
of natural zeolite. Three references were

used for this list of application the zeolite

products: website[1,12] and [10].

¢ Physical, chemical and mineralogical

characterization
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o Natural zeolite — water treatment
¢ Environmental application of natural

zeolite

o Natural zeolite in agriculture and ani-
mal nutrition

e Natural zeolite in cement and cera-
mic bodies

¢ Biomedical and biotechnological ap-
plications of natural zeolite

e lon exchange of natural zeolites/sur-
face modified natural zeolites

3.1 Characterization of natural zeolite

Zeolite characterization is usually perfor-
med on samples taken in the beginning of
preparation and processing, after that they
are ground in laboratory into powder, for
example <0.063mm [13-17]. However, O.
Korkuna, et al. [18] in the paper Structural
and Physico-chemical properties of Natural
Zeolites:Cclinoptilolite and Mordenite, cho-
se the fractions of clinoptilolite with the par-
ticle size ds = 0.355-0.5 mm and mordenite
of ds = 0.2-0.315 mm for investigation.

3.2 Natural zeolites for water treatment

Researchers dealing with water treat-
ment use the following natural zeolite size
classes, obtained from the raw material:
-2+0.5 mm; -1.5+0 mm; -0.2+0.15 mm;
-0.16+0.04 mm; -0.075+0 mm and -0.02
mm. For example Denes Kallo[19] used
particle size in the range of 40-160 pm ,
whereas Filippidis[20] tested the sample <
0.5 mm.

3.3 Environmental application of
natural zeolite

Investigations are carried out on natural
zeolite classes -2.4+1.4 mm; -1.4+0.4 mm;
-0.4+0 mm. Zeocern company from Slo-
vakia offers the following products of this
kind: -8+5 mm; -4+2.5 mm; -2.5+1 mm;
-1+0.5 mm; -0.5+0.2 mm. The authors
Englert and Rubio [21] homogenized and
sieved the sample below 149 pm (100 Mesh

Tylerk) before characterization and experi-
mentation. Saltali et al. [22] published the
Removal of Ammonium lon from Aqueous
Solution by Natural Turkish (Yildizeli) Zeo-
lite for Environmental Quality. They used
the commercial sample of natural Turkish
zeolite (Yildizeli town of Sivas) as an adsor-
bent in this study, supplied from Rota A.S,
Mining Company, Istanbul, Turkey. The
natural zeolite samples were crushed in a
mortar and sieved using 200-mesh (0.075
mm) sieve. Godelitsas et al. [23] in the re-
port of investigation of uranium sorption
from aqueous solutions used the HEU-
type of zeolite crystals (particle-size <20
pm) by means of a batch-type method.
Godelitsasand associates dealt with the ad-
sorption of Ni, Cu and Co-Heu using zeolite
grains 20-90 microns. Misaelides [24] dealt
with the application of surfactant-modified
zeolites to the environmental remediation
and use of natural zeolites in the permeable
reactive barriers. Leyva-Ramos [25] in his
paper “‘Removal of Ammonium from Aque-
ous Solution by lon Exchange on Natural
and Modified Chabazite” performed the
investigations on samples of zeolitic rocks
from the mineral deposit in the state of So-
nora, Mexico. The zeolite samples were
ground and sieved to the average particle
diameter of 0.18mm (=70+100 US mesh).
Results of investigations from this field were
also published by Ming and Alen [26],
Colella [27], Capelletti [28].

3.4 Natural zeolites in agriculture and
animal nutrition

Researchers use -0.5+0 mm or 0.3+0
mm zeolite classes. The company “Australia
zeolite” (Table 2) offers the following prod-
ucts: -0.075+0 mm; -0.5+0 mm; -1.6+0.5
mm; -2+0.5 mm. Zeocem Slovakia offers
complete feed mixture for feed additives
(Table 2): -140 mm; -1+0.5 mm; -1+0.2
mm; -0.5+0.2 mm; -0.2+0 mm.

Mumpton and Fishman in the paper
,»The Application of Natural Zeolites in Ani-
mal Science and Aquaculture™®say: “For
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many ionexchange applications the desired
size range is 20 x 50 mesh (850 to 300/am)
which has been found to optimize contact
time and hydraulic characteristics of packed
columns. Filippidis [29] presents the results
of investigations on zeolite from Greece.
The Hellenic Natural Zeolite (HENAZE)
sample was used from a vertical profile. The
sample was ground < 0.5 mm and homoge-
nized.

3.5 Natural zeolites in cement and
ceramic bodies

The following sizes are mentioned in the
papers: -0.88+0.5 mm and production of
pellets in sizes 23 to 27 mm or 11 to 13 mm.
Zeocem company offers the following prod-
uct classes for this purpose: -1+0 mm;
-1+0.5 mm; -1+0.2 mm, -0.2+0 mm. Bear
river zeolite co., inc offers class -0.4+0 mm
and -0.15+0 mm.

Mertens et al. [30] published in the
study: ""The grain size of all the samples
after wet milling was determined in an
aqueous suspension by laser diffraction
using the Malvern Mastersizer S Long
Bed with a 300RF optical lens for grain
sizes between 880 pm and 0:05". Dondi
et al. [31] used eighteen zeolite bearing
rocks from Sardinia; campaigns and Tus-
cany were taken into account, along with
low densities (0.5-0.7 GCM-3) and fair
technical characteristics (mass and stren-
gth loose particles). De Gennaro [32] for
light aggregates used two different sizes
of particles: one set was 23-27 mm, and
other 11-13 mm. These sets are obtained
starting from 3.36 and 0.31 cm® pellets,
respectively. Lilkov [33,34] and Chipera
and Bish [35] did not mention the size of
the material they had used.

3.6 Biomedical and biotechnological
applications of natural zeolites

Colella [36] wrote a critical reconsid-
eration of biomedicaland veterinary appli-
cations of natural zeolites. The starting

sample was not cited. Polat [37] in his
doctoral thesis states that the sample was
used in 75-150 micron sized particles.
Orha et al. [38], state that the study used
azeolite mineral from the Romanian re-
gion Mirsid with a grain diameter for ex-
periments between 315-500 microns.

3.7 lon exchange of natural zeolites /
surface modified natural zeolite

Researchers have mostly experimented
in this field on the basis of natural zeolite.
The results of their investigations can be
applied in several fields since the ion ex-
change occurs in any field of usage the
natural zeolite.. However, the researchers
are mainly focused on investigations the
results that can be used in application of
zeolite products for animal feed or water
purification. Researchers use a range of size
classes for this purpose: powder, -5+2 mm;
-2+0,5 mm; -240 mm; -2.4+1.4 mm;
-1.4+0.4 mm; -04+0 mm; -0.1+0 mm;
-0.8+0.6 mm; -0.5+0 mm; -0.5+0.315 mm;
-0.15+0.075 mm; -0.090+0.063 ~mm;
-0.5+0.1 mm; -0.1+0.04 mm; -0.63+0 mm; -
0.2+0 mm; -0.043+0 mm; -0.1+0.063 mm.

Tarasevic et al. [39], in the Micro-
calorimetric Study of the Interaction be-
tween Water and Cation-Substituted Clino-
ptilolites, used for experiments 0.25-0.5 mm
fractions, too, when determining the Q 0
values of cation-substituted forms of
clinoptilolite. Tomazovi¢ et al. [40] used for
experiments the natural zeolite with sized
particles of 0.090-0.063 mm. Trgo and Peri¢
[41], used for experiments the natural
zeolite particle size of 0.1-0.5 mm from the
Croatian deposit Donje Jesenje. Misaelides
et al. [42], used for investigations the ho-
mogenized materials, pulverized samples of
zeolie ferous rocks from Georgia and Greece
with grain size <2 mm or -10 mesh. Mendo-
za-Barron et al. [43], used the modified nat-
ural zeolite from the deposit located in San
Luis Potosi, Mexico. The sample was
ground and sieved to the average particle
size of 042 mm (-20+30 US mesh).
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Curkovié et al. [44], published a paper enti-
tled Kinetics and Thermodynamics Study of
Copper lons Removal by Natural Clino-
ptilolite. Natural clinoptilolite zeolite from
Donje Jasinje was used in three size classes:
-0.5 mm, -2+0.5 mm i -5+2 mm. Trgo et al.
[45], used the natural zeolite sample with
particle size of 0.04-0.10 mm. Simpson and
Bowman [46], used zeolite in their investi-
gations which was the natural clinoptilolite-
rich tuff from the St. Cloud mine near Win-
ston, New Mexico. The zeolite was crushed
and sieved to 14-40 mesh size (1.4 - to 0.4
mm diameter). Faghihian and Bowman [47],
used in their investigations two different
size fractions, 0.4-1.4 mm and 1.4-2.4 mm.
Sullivan et al., [48], prepared the SMZ from
a clinoptilolite zeolite from New Mexico.
The external cation exchange capacity of
zeolite, determined by Ming and Dixon
method (1987), was found to be approxi-
mately 70 to 90 mmolc/kg. Bowman [49]
used the natural clinoptilolite-rich zeolitic
tuff New Mexico with particle size <0.4
mm, 1.4-0.4 mm, or 2.4-1.4 mm. Toma-
Sevi¢-Canovi¢ et al. [50]: the starting materi-
al used in the experiments was raw zeolitic
tuff sieved to yield particles <100 pm.
Vujakovi¢ et al. [51], Dakovi¢ et al. [52]:
The starting material used in the experiments
was raw zeolitic tuff sieved to yield particles
<0.063 mm. Stanic et al. [53] used for exper-
iments the raw zeolitic tuff zeolite from the
Bala Mare deposit in Romania, and the
sample was prepared under 0.2 mm in size.
Krajisnik et al. [54]: The raw zeolitic tuff
was sieved to yield particles below 43 pm.
Cerjan Stefanovic¢ et al. [55] proved that the
highest absorption of metallic cations on
fraction of grain size of 0.1 to 0.063 mm, so
that the reasons why they had chosen this
fraction. Siljeg et.al. [56] were chosen the
fractions of grain size of 0.1 to 0.5 mm for
experimental work.

4 OBSERVATIONS AND
CONCLUSIONS

Based on the presented review, it can
be concluded that there are no standar-
dized physical, chemical or mineralogical
parameters of quality for zeolite assort-
ments for any field of application, unlike
in the case of some other non-metallic
mineral raw materials. There are regula-
tions for pozzolanic additives of cement
(which are applied on zeolite, too) used for
those purposes (European Standard EN 197
and Italian Standard UNI 7549...). There are
regulations defining the allowed impurities
in the animal feed, so zeolite must conform
with those regulations, too, but the minimum
content of zeolite mineral, maximum harm-
ful impurities, minimum CEC or the size of
the product are not defined. Companies that
process the natural zeolite in commercial
products, as proof of the quality of these
products, provide the tests for various appli-
cation areas. Tests show that zeolite acts
better than alternative materials. Researchers
use a variety of particle size for the same
purposes. For example, some researchers
use classes -0.5+0 mm for water treatment
and animal feed, while others use 0.063+0
mm etc. Frederick Mumpton, at the end of
1999, discussed the role of scientists in the
study of mineral zeolite, and said that the
role of scientists is multidisciplinary. The
joint effort of scientists is essential to under-
stand, for example, the zeolite functions in
the digestive system of animals. He added
that for further, besides all, the aspect of
mineral processing should be present. It was
observed in this research that: the particle
size of zeolite assortments is not standard-
ized for any application. But, in mineral
processing, it is essential to know: wheth-
er the zeolite assortments were obtained
by crushing and sieving process or it is
necessary to carry out the other complex
mineral processing operations. Due to this,
probably, in the future, the manufacturers
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of zeolitic product ranges and researchers,
who work with natural zeolite, together
with users have to define the quality re-
quirements, and especially the particle

size

as the quality parameter of zeolite

assortments.
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DEFINISANJE KRUPNOCE KAO PARAMETRA KVALITETA
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ZEOLITSKIH ASORTIMANA PROIZVODA

lzvod

Zahtevi za kvalitet asortimana proizvoda koji se dobijaju iz velikog broja nemetalicnih mine-
ralnih sirovina su definisani, a iznad svega, imaju definisanu velicinu cestica. Da li su zahtevi za
kvalitet asortimana na bazi zeolita definisani? Tragajuci za odgovorom na ovo pitanje izvrsili smo
internet istraZivanje. Pregledali smo internet stranice najznacajnijih proizvodaca materijala na
bazi prirodnog zeolita, kao i radove velikog broja istaknutih istraZivaca ciji su eksperimenti
fokusirani na prirodni zeolit. Ovaj rad predstavlja naSe nalaze, pre svega sa aspekta velicine
Cestica kao parametra kvaliteta zeolitskih asortimana proizvoda. Na osnovu ove analize,
smatramo da bi trebalo da se definiSu zahtevi kvaliteta, posebno velicina cestica za svaki proizvod
na bazi zeolita. U stvari, u pripremi mineralnih sirovina je vazno da znate velicinu Cestica, kako bi
izabrali jeftiniji postupak za dobijanje konacnog proizvoda.

Kljuéne reéi: prirodni zeolite, zeolitski asortiman, uslovi kvaliteta, postupci pripreme, velicina
Cestice zeolitskih asortimana

1. UvOD

U cilju ispitivanja mogucénosti upotrebe  Proizvoda koji se koriste u razli¢itim indu-
nemetalnih mineralnih sirovina, odnosno Strijama. Zahtevi kvaliteta se odnose na fizi-
utvrdivanja da li se na bazi neke neme-  ¢ke, hemijske, mineraloske i druge osobine
taliénih mineralnih sirovina moZe dobiti ~ datog materijala. Oni definisu minimalne i
jedan ili vige korisnih proizvoda, potrebno je ~ maksimalne vrednosti odredenih parametara
znati trazeni kvalitet tog proizvoda, odnosno | dozvoljena odstupanja. Osnovni i pocetni
koji kvalitet tog proizvoda je potreban za ~ parametar u tom smislu jeste veli¢ina
krajnjeg korisnika. Ovo pitanje je najéeiée  Cestica, odnosno klasa krupnoce, odnosno
regulisano standardima za svaki materijal ~ asortiman proizvoda. Veli¢ina Cestica je
dobijeno dnemetalnih mineralnih sirovina ~Vazna sa aspekta njegove primene, jer ne
koja ima Kkorisnika i primenu_ Tako, na mogu se koristiti sve veli¢ine Cestica za bilo
primer, za ka|cijum-karbonat postoje kOjU aplikaciju. Postoje sli¢ni standardi za
standardi koji definisu zahteve za kvalitet ~ proizvode dobijene iz kvarcnih sirovina,

" Institut za tehnologiju nuklearnih i drugih mineralnih sirovina, Fran3e d’Eperea 86, 11000 Beograd,
Srbija, e-mail: z.sekulic@itnms.ac.rs
™ Univerzitet u Beogradu, Rudarsko geoloski fakultet, Pusina 7, 11000 Beograd, Srbija
- Ovaj rad je rezultat istraZivanja u okviru projekta 034013 ,,Osvajanje tehnoloskih postupaka
dobijanja ekoloskih materijala na bazi nemetalicnih mineralnih sirovina*™ i 172018 ,,Porozni
materijali na bazi oksida u zastiti Zivotne sredine od genotoksicnih supstanci”, koje finansira
Ministarstvo prosvete, nauke i tehnoloskog razvoja Republike Srbije od 2011-2014 .
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glina, feldspata, fosfata, itd. Postoje stan-
dardi pojedinih drzava, a postoje neki
standardi za zemlje EU. Kakvo je stanje u
tom pogledu, kada je u pitanju jedna od
najznacajnijih  nemetalinih  mineralnih
sirovina - zeolit? Mi smo traZili odgovor na
0VO pitanje na veb stranicama najznacajnijih
proizvoda¢a prirodnog zeolita proizvoda,
kao i putem istraZivanja objavljenih radova
od strane velikog broja istaknutih istrazivaca
prirodnog zeolita. Proucavali smo samo
odredeni aspekt opseg veli¢ine Cestica
proizvoda. NaSa zapaZanja i preporuke su
prikazani u ovom radu.

2. PREGLED PROIZVODNJE
ZEOLITSKIH ASORTIMANA

Kada je u pitanju proizvodnja zeolita,
Robert L. Virta predstavlja proizvodnju i
rudne rezerve [1]. Proizvodnja prirodnih
zeolita je najveca u Kini u 2011. godini i
iznosila je skoro 2.000.000 tona (ukljucuje

pucolanske aplikacije). Pored Kine, najveci
proizvodaci su SAD, Japan, Jordan, Juzna
Koreja, Turska i Slovacka. Svi ostali su
proizveli oko 5.500 tona u 2011. godini.
Svet je ukupno (zaokruZeno) u 2011. godini
proizveo 2.800.000 t.

F. A. Mumpton je joS 1977 [2] pisao 0
primeni i dobijanju proizvoda na bazi prior-
dnog zeolita. NaSa istrazivanja su na bazi
podataka sa Interneta 0 kompanijama koje
proizvode proizvoda od prirodnih zeolita. U
ovom radu predstavicemo najinteresantnije
podatke prema naSim procenama iz sajto-
vima devet kompanija Sirom sveta. Ovi
podaci odnose se na asortimane (odnosno
Cestica po krupnoéi) i primenu proizvoda na
trzistu, a detalje mozZete pronaci na sajtovi-
ma ovih kompanija, koje su prikazane u
tabeli 1. i 2. .Podaci prikazani u tabeli 1
pokazuju Sirok spektar proizvoda na bazi
zeolita. Ovi asortimani se razlikuju za istu
aplikaciju. Asortimani su u rasponu od -32
do +16 i manje od 20 mikrometara.

Tabela 1. Istrazivanje proizvodnje zeolitskih asortimana dobijeni od prirodnog zeolita i

njihove primene

Kompanija / websajt / i asoriman, mm
_ _ _ USA USA USA USA
Primena prirodnog zeolita Bear river St. Cloud Steelhead ZEO, Inc.
zeolite co., | Mining Co. Specialty [6]
Inc [3] [4] Minerals [5]
1) Tretman vode
-12.7+4.76
-4.76+2.38 Prah
Akva kultura 4.76+1.41 -0.044
-1.41+0.4 -0.149
Tretman otpadne vode -0.4+0 -0.42 -4.76+2.38
Tretman vode za pice -1.41+0.4 -1.41+0.4
o Pesak SVZ 0.65
Filteri za bazene -1.41+0.4 | -0.4+0.177 Ko 1.85
= -1.41+0.4 -
Flokulacija
Zaribnjake
Modifikovani ili
kombinovani zeolit
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agrokultura

2) Hrana za Zivotinje i

asfalt

Kompletna meSavina -1.4+0.4
Mesavina sto¢ne hrane
Zemljiste
-1.41+0.4
Remediacija -0,4+0,25
-0,4+0
-2.38+1.41
Za travnjake -1.41+0.4
-0.595+0.25
Za pelete -0.4+0
Za golf terene
3) Tretman vazduha
Filtracija -9.5146.35
Uklanjanje necistoca
4) Industrija
Beton i pucolan za cement -0.045+0
Fileri papira, kartona, -0.4+0
plastike, gume, lepila, -0.15+0

-0.5+0

Ultra
-45mM

Granulat

-4.76+3.36
-3.36+2.38
-3.36+1.41
-2.38+1.41

-1.4+0.25

Agregat
-12.7+4.76

-19+12.7

-25.4+19

Tabela 2. Pregled istraZivanja proizvodnje zeolitskih asortimana dobijenih od prirodnog
zeolita i njihova primena

Kompanija / websajt / i asoriman, mm

) ) i South
Primena prirodnog | Australia | g, Turkev R Slovakia Spain
zeolita Aﬁi?r“afleia Pratley M;cger?zilils t[g] ZEOCEM,a. | ZeoCat
s. [10 S.L.U[11
Pty Ltd [7] (Pty[%]ud [10] [11]
1) Tretman vode Mi mozemo da
proizvodimo  bilo -32+16;
koju veli¢inu zrna -16+8;
u skladu sa vasim -8+4;
Akvakultura zahtevima. Ispod je 25+2;
spisak od veli¢ine +1:
zrna u nadoj stan- 1405
dardnoj  proizvo- .
Tretman otpadne dnoj liniji:
vode
Tretman vode za -0.84+0.25 | -20 mikrometara,
pice -50 mikrometara
Filteri za bazene -75 mikrometara
Flokulacija -0.075+0 0.1
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Za ribnjake -2+0.5
Modifikovani ili -0.225
kombinovani -0.425
zeolit -1.18+0.7
-1.6+0.7 -8+4;
2) VI-_|ran_e\ z -2.5+1 -4+2.5;
;;g}(‘ﬂ{fu'm -5+2.5 -25+1.2;
-9+5 -1.2+0.5
-0.075+0 -16+9 -1+0; -1+0.5;
Kompletna -0.5+0 -1+0.2;
mesavina -0.5+0.2;
-0.2+0
Mesavina sto¢ne -1.6+0.5
hrane -2+0.5
-0.075+0
Za pelete 0540
7a veitacka -0.075+0 -4+2 -140.3; -8+4;
dubriva i podioge -0.5+0 -4+0.25 -5+2.5; -5+1;
-2.5+1
Za golf terene -0.84+0.25
3) Tretman vazduha
Filtracija
Uklanjanje
necistoca
-8+5; -4+2,5;
.. -2.5+1;
4) Industrija 140.5:
-0.5+0.2
Beton i
pucolanski
dodatak cement
5) Drugi proizvodi
-8+5; -4+2.5; 5+2
. -2.5+1;
Zadtita 1405,
-0.5+0.2
Sirok opseg 0.7+0
3. PREGLED ISTRAZIVACKIH
RADOVA SA ASPEKTA
PRIRODNOG ZEOLITA
Radi lakseg istraZivanja, ovaj rad - fizi¢ka, hemijska i mineraloska kara-
predstavlja pregled prema uslovnoj podeli kterizacija,
prirodnog zeolita na osnovu primenjivost. - prirodni zeolit - tretman vode,
Koristili smo tri reference za ovaj spisak - primena prirodnog zeolita u Zivotnoj
primene zeolitskih proizvoda [1,12] i [10]: sredini,
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- prirodni zeolit u poljoprivredi i ishra-
ne Zivotinja,

- prirodni zeolit u industriji cementa i
keramike,

- biomedicinske i biotehnoloske pri-
mene prirodnog zeolita,

- jonske izmena prirodnih zeolita/povr-
Sinski modifikovani prirodni zeoliti.

3.1. Karakterizacija prirodnog zeolita

Karakterizacija zeolita se obi¢no vrsi
na uzorcima uzetim u pocetku pripreme i
obrade, nakon c¢ega se u laboratoriji
usitnjavaju u prah, na primer < 0,063 mm
[13-17]. Medutim, O. Korkuna i drugi
[18] u radu Strukturne i fizicko-hemijske
osobine prirodnih zeolita: klinoptilolita i
mordenita, za istraZivanje su izabrali
frakcije klinoptilolita veli¢ine Cestica
ds=0.355-0.5 mm mordenite ds=0.2-
0.315 mm.

3.2. Prirodni zeolit za tretman vode

Istrazivaci koji se bave tretmanom vode
koriste sledece klase krupnoce : -2 +0,5 mm;
-1.5 -0.2 +0 mm; +0,15 mm; -0.16 +0,04
mm; -0.075 +0 mm i -0.02 mm. Na primer
Denes Kallo [19] koristi veli¢inu &estica u
opsegu 40-160 mikrometara, dok Filippidis
[20 ] ispituje uzorak koiji je <0.5 mm.

3.3. Primena prirodnog zeolita u
Zivotnoj sredini

IstraZivanja se obavljaju na prirodnm
zeolitu klase -2.4 +1,4 mm; -1.4 +0,4 mm, -
0.4 +0 mm. Zeocem, Slovacka kompanija,
nudi sledece proizvode ove vrste: -8 +5 mm;
-4 +2.5 mm; -2.5 mm; -1 +1 +0.5 mm; -0.5
+0,2 mm. Autori Englert i Rubio [21]
homogenizuju i prosejavaju uzorak ispod
149 mikrometara (100 meSa) pre karakte-
rizacije i eksperimentisanja. Saltali i
saradnici  [22] su koristili komercijalni
uzorak prirodnog zeolita kao adsorbent, koji
se dobija iz rudarske kompanije. Prirodni

uzorci su usitnjeni i prosejavani na 0,075
mm. Godelitsas i dr. [23] u lzveStaju o
istraZivanjima sorpcije uranijuma iz vodenih
rastvora koriste Heu - tip zeolita (Cestica
veli¢ine < 20 mkm). Godelitsas i saradnici
za adsorpciju Ni, Cu i pomoc¢u Heu zeolita
koriste  krupnou 20-90 mikrometara.
Misaelides [24] se bavi primenom povrsin-
sredine. Leiva-Ramos [25] u svom radu
"Uklanjanja amonijaka iz vodenog rastvora
od jonske izmene na prirodni i modifikovani
chabazite" wrsi istraZivanje na uzorcima
zeolitnih stena od mineralnih leZista u drZavi
Sonora u Meksiku. Uzorci su na terenu
prosejavanja na Cestice preCnika od 0.18
mm. Rezultate istraZivanja iz ove oblasti su
takode objavili Ming i Alen [26], Colella
[27], Capelletti [28].

3.4. Prirodnih zeolita u poljoprivredi i
ishrane Zivotinja

Istrazivaci koriste klase zeolita -0.5 +
0 mm ili 0,3 +0 mm. Kompanija
"Australija zeolit" (Tabela 2) nudi sledece
proizvode: -0.075 +0 mm; -0.5 -1.6 +0
mm; +0,5 +0,5 mm; -2 mm. Zeocem
Slovacka nudi kompletnu smesu za aditiv
(Tabela 2): -1 + 0 mm; -1 +0,5 +0,2 mm; -
1 mm; +0,2 mm; -0.5 -0.2 +0 mm.

Mumpton i Fishman u radu "Primena
prirodnih zeolita u stoCarstvu i akvakulturi"
kazu: "Za mnoge aplikacije jonske izmene
zeljeni opseg velicina je 0.850 do 0.300 mm.
Filippidis [29] predstavlja rezultate istraZi-
vanja o zeolitu iz Grcke. Koristi se prirodni
zeolit (HENAZE) krupnoce < 0,5 mm koji
se homogenizuje

3.5. Prirodni zeolit u industriji cementa
i keramike

U radovima se sledece veli¢ine pominju:
-0.88 +0.5 mm i proizvodnju peleta u
veli¢inama od 23 do 27 mm, ili 11 do 13
mm. Zeocem firma nudi sledece proizvode
za owu svrhu: -1 40 mm; -1 +0.5 mm; -1
+0,2 mm, -0.2 +0 mm. Bear River zeolit CO
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Doo nudi klase -0.4 +0 mm i -0.15 +0 mm
.Mertens i dr. [30] su u Studiji Koristili
Cestice uzoraka, nakon mokrog mlevenja,
veli¢ine 0,880 mm 1 0.05. Dondi i dr. [31]
koriste osamnaest zeolitskih lezista iz
Sardinije, kampanije iz Toskane. Uzeti su u
obzir uzorci male gustine (0.5-0.7 g/cm?).
De Denaro [32] za lake agregate koristi dve
razlicite veli¢ine Cestica: jedan set je 23-27
mm, i drugi 11-13 mm. Ovi skupovi su
dobijeni polaze¢i od 3,36 do 0,31 cm-
peleta, respektivno. Lilkov [33,34] i Chipera
i Bish [35] nisu pominjali veli¢inu materijala
koji su koristili.

3.6. Biomedicinska i biotehnoloska
primena prirodnih zeolita

Colella [36] je kriticki preispitivao
biomedicinsku i veterinarsku primenu
prirodnog zeolita. Polazni uzorak nije bio
defnisan. Polat [37] u svojoj doktorskoj tezi
navodi koristi uzorak krupnoc¢e 75-150
mikrometar. Orha i dr. [38], je naveo da u
studiji koristi mineral zeolit iz oblasti Mirsid
pre¢nika izmedu 315-500 mikrometara.

3.7. Jonske izmene prirodnih zeolita /
povrsinski modifikovani prirodni
zeolit

Istraziva¢i su u ovoj oblasti uglavnom
eksperimentisali na bazi prirodnog zeolita.
Rezultati njihovih istraZivanja mogu se
primeniti u nekoliko oblasti jonske izmene u
kojoj se prirodni zeolit koristi. Medutim,
istraziva¢i su uglavnom fokusirani na
istraZivanja ¢iji rezultati se mogu Koristiti za
primenu zeolitskih asortimana za sto¢nu
hranu, odnosno pre¢is¢avanje vode. IstraZi-
vaci koriste razli¢ite klase krupnoce za ovu
namenu: prah, -5 +2 mm; -2 +0,5 mm;
-2+0mm; -2.4 +1,4 mm, -1.4 +0,4 mm, -0.4
+0 mm ; -0.1 +0 mm; -0.8 +0,6 mm, -0.5 +
0 mm; -0.5 +0.315 mm; -0.15 +0.075 mm, -
0,090 +0,063 mm, -0.5 +0,1 mm, -0.1 +0,04
mm; - +0 0,63 mm; -0.2 +0 mm; -0.043 +
0 mm; -0.1 +0.063 mm.

Tarasevi¢ i dr. [39], u svom radu za
eksperimente koristi frakciju 0.25-0.5 mm,
Tomazovi¢ i dr. [40] za eksperimente na
prirodni zeolitima koriste Cestice veli¢ine
0.090-0.063 mm. Trgo i Peri¢ [41] su u
svom eksperimentalnom radu koristili prior-
dni zeolit krupnoce 0,1-0,5 mm, izleZista
Donje Jesenje u Hrvatskoj. Misaelides i dr.
[42], koriste homogenizovan materijal,
mleveni uzorak stena iz Gruzije i Grcke
granulacije <2 mm ili -10 mesh. Mendoza-
Baron i drugi [43], za istraZivanja Koriste
modifikovani zeolit iz leZista koje se nalazi u
San Luis Potosi, Meksiko. Uzorak je
prosejavan na proseénu veli¢inu Cestica od
0,42 mm (-20 +30 US mes3a). Curkovié i dr.
[44], objavili su rad pod nazivom lIstrazi-
vanje Kinetike i termodinamike uklanjanja
jona bakra prirodnim  klinoptilolitom.
Prirodnog zeolita tipa Donje Jasinje je
kori$¢en u tri veli¢ine klase: -0.5 mm +0,5
mm, -2 i +2 -5 mm. Trgo i dr. [45], za istra-
zivanje su koristili prirodni zeolit veliine
estica 0.04-0.10 mm. Simpson i Boumen
[46] su koristili Klinoptilolit-tuf iz St. Cloud
kamenolomu kod Vinstona, Novi Meksiko
koji je prirodno bogat. Zeolit je drobljen i
prosejavan na 14 - 40 meSa (1,4 - 0,4 mm).
Faghihian i Boumen [47], u svojim istraZiva-
njima koriste dve razliCite veli¢ine frakcije:
0.4-1.4mm, 1.4 - 2.4 mm. Sullivan i sarad-
nici [48], pripremaju SMZ od zeolita iz
Novog Meksika. Spoljni kapacitet katjonske
izmene zeolita je 70 do 90 mmolc/kg.
Bowman [49] Koristi prirodni klinoptilo-
litom bogat zeolitni tuf iz Novog Meksika,
veli¢ine Cestica <0,4 mm, 1.4 - 0.4 mm, ili
2.4 - 1.4 mm. Tomasevi¢ - Canovi¢ i dr.
[50]: Polazni materijal koji se koristi u
eksperimentima je zeolitni tuf koji se pro-
sejava na velicinu Ccestica <100 mikro-
metara. Vujakovi¢ i dr. [51], Dakovi¢ i dr.
[52] koriste polazni materijal koji se koristi u
eksperimentima sirov zeolitni tuf prosejavan
na Cestice <0.063 mm. Stani¢ i dr. [53] za
eksperimente su koristili sirov zeolitni tuf iz
Bala Mare leZista u Rumuniji, a uzorak je
bio pripremljen na -0,2 mm. Krajidnik i dr.
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[54] koriste sirov zeolitni tuf koji je
prosejavan na cestice ispod 43 mikrometara.
Cerjan - Stefanovi¢ i sar. [55]: Dokazano je
da je najveca apsorpcija metalnih katjona na
frakciji veli¢ine zrna od 0,1 do 0.063 mm, pa
su zato izabrali ovu frakciju. Siljeg i sarad-
nici [56] su izabrali frakcije veli¢ine zrna od
0,1 do 0,5 mm za eksperimentalni rad.

4. ZAPAZANJA 1 ZAKLJUCCI

Na osnowvu prikazanog pregleda moZe se
zaklju¢iti da ne postoje standardizovani
fizicki, hemijski ili mineraloski parametri
kvaliteta za zeolitske asortimane za bilo koju
oblast primene, za razliku od nekih drugih
nemetalicnih mineralnih sirovina. Postoje
propisi za pucolanski dodatak cementu (koji
se primenjuju na zeolit, takode) koji se
koriste u te svrhe (evropski standard EN 197
i UNI Italijanski standard 7549 ...). Postoje
propisi koji definiSu dozvoljene necistoce u
hrani za Zivotinje, tako da zeolit mora u
skladu sa tim propisima da ispunjava uslove,
ali minimalni sadrzaj minerala zeolita,
najviSe Stetnih primesa, minimalni kapcitet
katjonske izmene ili krupnoc¢a proizvoda
nisu definisani. Kompanije koje preraduju
prirodni zeolit u komercijalne proizvode,
kao dokaz o kvalitetu ovih proizvoda daju
testove za razli¢ite oblasti primene. Testovi
pokazuju da zeolit deluje bolje od
alternativnih materijala. Istraziva¢i koriste
razli¢ite veliCine Cestica za iste svrhe. Na
primer, neki istrazivaci koriste klase -0.5 +0
mm za preradu vode i hrane za Zivotinje,
dok drugi koriste 0.063 +0 mm i dr..
Frederik Mumpton krajem 1999. godini, u
studiji iz zeolita, kaZe da je uloga nauc¢nika
multidisciplinarna. Zajednicki napor
naucnika je od sustinskog znadaja ako
Zelimo da razumemo, na primer, funkcije
zeolita u digestivnom traktu Zivotinja. On je
dodao da za dalje, pored ostalih, i aspekt
pripreme mineralnih sirovina treba da bude
zastupljen. U naSem istraZivanju smo
primetili: veli¢ine Cestica zeolitski asorti-
mana nije standardizovan za bilo koju
primenu. Ali, u pripremi mineralnih sirovina

je vazno da se zna: da li se asortimani
dobijaju drobljenjem i prosejavanjem ili su
potrebne druge sloZene operacije. Zbog toga,
verovatno, u buduénosti, proizvodaci
zeolitnih asortiman i istrazivaci koji rade sa
prirodnim zeolitom, zajedno sa korisnicima
treba da definiSu zahteve kvaliteta, a pre
svega veli¢inu Cestica kao parametar
kvaliteta zeolita sortimenata.
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