ISSN 2079-1704. Ximisi, ¢bisuka ma mexHosnoeis nosepxHi. 2019. T. 10. Ne 1. C. 13-21

UDC 553.61:539.26+536.42 doi: 10.15407/hftp10.01.013

O.1. Oranska, Yu.l. Gornikov

X-RAY DIFFRACTION AND THERMAL STUDIES ON SOME
FOOD AND COSMETIC BENTONITE CLAYS

Chuiko Institute of Surface Chemistry of National Academy of Sciences of Ukraine
17 General Naumov Str., Kyiv, 03164, Ukraine, E-mail: el oranska@gmail.com

Due to the peculiarities of the layered structure and cationic composition of the interlayer space of the smectite
(montmorillonite) minerals present in bentonite clays, it is possible to use such clays in the food industry, medicine,
pharmaceuticals, and cosmetics. In order to line up bentonite clays with the high content of smectite group mineral
for the development of new functional fillers of hygienic cosmetics, a study of the phase composition of a number of
bentonite clays of Ukrainian and foreign origin has been carried out.Using powder diffraction (Cuk, radiation) and
thermal analysis (a derivatograph Q-1500D) methods, the phase composition of commercial bentonite clays for food
and cosmetic purposes has been analyzed. Food clays were represented by clay of the south of Ukraine, such as
bentonite, blue and green clay and Minerol. Cosmetic clays were represented by South-Ukrainian yellow and pink
clay, as well as French Russoul and Indian Multani-mitti. To identify smectite group mineral, an analysis of the
basal reflections of XRD patterns of the clays saturated with water and dehydrated at 400 °C was performed. The
shift of the first basal reflection (001) with an interplanar distance of 1.5 nm in the initial clay samples was
accompanied by an increase to 1.8-2nm or a decrease to 0.9 nm interplanar distance in water-saturated or
dehydrated clay samples, which confirmed the assignment of the clay mineral to the smectite group. Thermal
analysis was carried out to determine the temperatures of thermal effects corresponding to the phase
transformations and clarification of phase composition of the samples. Thus, smectite group mineral was found in all
clays. Associated minerals, such as kaolinite, calcite, quartz, mica, gypsum were detected in these clays as well. It
has been found that the Ukrainian blue clay and Minerol, the foreign Ghassoul and Multani-mitti contain a
significant amount of smectite group mineral and can be used to modify them with various compounds to give
desired properties to cosmetic compositions.

Keywords: X-ray diffraction, thermal analysis, bentonite food and cosmetic clays, montmorillonite, phase
composition, concomitant minerals

INTRODUCTION supplements [3-7)]. The recent interest in
bentonite clays is explained by their mineral, that
is natural origin, ecological purity, dispersion of
particles and possibility of modifying the
external and  inter-package  surface of
montmorillonite group mineral particles with
compounds of different nature [8—11].

The natural character, ecological purity and
dispersion of particles of natural bentonite clays
are of practical interest for the development of
new nanomaterials in areas related to nutrition,
health and human hygiene.

The structure and properties of clay minerals
have been studied by many researchers [12—17].
Ukrainian school scientists F.D. Ovcharenko and
Yu.l. Tarasevich were among them also [18, 19].
According to these data, the layered structure of
clay minerals is formed by a certain alternation
of layers of silicon-oxygen tetrahedra and
aluminum-hydroxyl octahedra. The thickness of

Bentonite clays are known and used by man
since the ancient times. They were first described
at the end of the 19th century and received the
real name in the 20s of the 20th century with the
discovery and development of large clay deposit
in Fort Benton (Wyoming, USA) [1]. These
clays have unique adsorption and ion-exchange
properties due to the presence in them of
minerals of the smectite group from the subclass
of layered silicates. Montmorillonite is the most
famous mineral from this group. It was extracted
and described in the middle of 19th century near
the town of Montmorillon (France), from which
it received its name [2]. Currently, bentonite
clays are used in such areas as filtration of oil,
water, drilling of the wells, ion exchange,
production of building materials, ceramics,
textile, paper, food industries, agriculture,
medicine, pharmacology, cosmetics, nutritional
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one layer averages 0.33 nm. Silicon atoms in
tetrahedral layers can be partially replaced by
aluminum atoms, and aluminum atoms in
octahedral layers can be replaced by magnesium,
iron and others atoms. The interacting layers
form two-layer and three-layer packages. The
number of layers in the package, the chemical
composition and the nature of interpackage
interaction determine the type of clay mineral
and its adsorption and ion-exchange properties.
Thus, layered minerals of the kaolinite group
with the structural formula Al(Si,05)(OH), are
formed by two-layered packages consisting of
one layer of silicon-oxygen tetrahedra and one
layer of aluminum-hydroxyl octahedra. Layered
minerals of the muscovite group with the
structural formula KAI,[AISi;O;]-[OH], are
formed by three-layered packages consisting of
two layers of silicon-oxygen tetrahedra with one
layer of aluminum-hydroxyl octahedra between
them. Strong interpackage interaction is
characteristic of these minerals. In the minerals
of the smectite group (montmorillonite) with the
structural formula (Na,Ca)s(ALMg)(SiOy) (OH)nHO
three-layered packages composed as in
muscovite are separated by a layer of water
containing metal cations. Thus, the periodicity of
the motif of the layered structure in
montmorillonite is larger than that of muscovite
(~1 nm) and is ~1.5 nm. When mineral is wetted
with water, this period increases to 2 nm or
more. Therefore, the adsorption of water and ion
exchange occurs not only on the surface of the
particles, but also within the crystalline structure
of the mineral, in contrast to the minerals of
kaolinite and muscovite groups.

The X-ray diffraction [20, 21] and thermal
analysis [22,23] are the main methods for
identifying the phase composition of clays. The
powder diffraction method is highly effective in
determining the clay mineral group. Mainly clay
minerals crystallize in monoclinic syngony, for
which a large number of diffraction reflections
are characteristic. The weak crystallinity of clay
minerals leads to broadening, superposition, and
smearing of the diffraction peaks. However, the
parallel arrangement of the layers in the direction
of the crystallographic axis ¢ creates a series of
intense basal reflections with indices (00/), that
is (001), (002), (003), efc. The difference in the
angular position of the family of reflections (00/)
for basic clay minerals is clearly visible from
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Fig. 1 with the image of diffractograms of these
minerals, recorded by the authors.

The interplanar distance of the first basal
reflection (001) practically corresponds to the
thicknesses of the initial package of the layered

structure. For kaolinite, muscovite and
montmorillonite it is 0.714, 0.99 and 1.5 nm,
respectively.

At a weak intensity of the first basal
reflection, various techniques are applied to
identify the minerals of the montmorillonite
group. One of them is the study of diffraction of
clay samples swollen in water or other organic
liquids, such as glycerol, diethylene glycol, in
the angular range of the first basal reflection. For
minerals of the montmorillonite group, this
reflection shifts to smaller angles, and the
interplanar distance increases to 1.8-2.2 nm [24].
Another method is the study of the diffraction by
clay samples after the complete removal of water
from the inter-package space at a temperature of
~400 °C. The position of the first basal reflection
shifts to a large angles, approaches to the
position of the first basal reflection of the
minerals of the muscovite group and decreases in
intensity. Each clay mineral has certain thermal
properties, such as dehydration, dehydroxylation,
chemical  destruction  temperatures  and
corresponding thermal effects. The heating of
minerals to such temperatures leads to
characteristic phase changes as well [25].
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Fig.1. XRD patterns of  kaolinite (D),

montmorillonite (2), muscovite (3)

Ukraine is rich in deposits of bentonite clays,
formed mainly of sedimentary rocks. The main
regions of their occurrence are western Ukraine,
Transcarpathia, Dnieper area, Donbass, Southern
Ukraine. Bentonite clays are multi-mineral and
heterogeneous materials depending on the
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deposit and geological conditions of their
formation. Different batches of clays from the
same deposit can have different composition as
well [27]. Western Ukraine, Dnieper, Donbass
clays are the most studied. Our choice was on the
bentonite clays from Southern Ukraine. In order
to optimize the selection of certain types on
bentonite clays for the subsequent development
of new functional fillers for hygienic cosmetics,
a study on the phase composition of a series of
commercial bentonite clays of Ukrainian and
foreign origin, denoted as food and cosmetic and
sold through a network of cosmetics ingredient
stores, has been carried out. Food and cosmetic
clays are clays that have obtained sanitary-
epidemiological conclusions or certificates of
conformity, or manufacturer’s specifications
(MS) for their use as food additives and
cosmetics by Ukrainian certification agencies, in
accordance with the law [27, 28].

EXPERIMENTAL

In this work six clays from deposits of the
south of Ukraine, classified as food and
cosmetic, such as bentonite, blue, green, Minerol
(trade mark for bentonite clay product
MS 21540172-1-2001), yellow, pink, and two
foreign cosmetic clays, such as Multani Mitti of
Indian origin and Ghassoul of French
(Moroccan) origin, were taken as objects of the
study. Two geological samples such as beidellite
(Khmelnitsky) and montmorillonite (Cherkasy)
with the structure of smectite group mineral were
used for comparison. The clays were divided into
three groups according to their assignment:
geological samples, food clays and cosmetic
clays.

X-ray diffractograms were recordered using
a diffractometer DRON-4-07 (Burevestnik,
Russia) in  filtered  copper  radiation
(A =1.5418 A) with Bragg-Brentano geometry in
the angular interval 20 of 1-80 degrees.
Identification of crystalline phases in the samples
was performed using the X-ray database of
ICDD PDF-2. Semi-quantitative phase analysis
was executed using the program of phase
identification from powder diffraction Match!
V.1.9. The measurement error of the intensity of
diffraction reflections ranged from 1 to 3 %
according to the formula //\N, where N —
reflection intensity.

Thermal studies were carried out on a
derivatograph Q-1500D (Firm MOM, Hungary)
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with linear heating rate of 10 deg/min in the
temperature range from 20 to 1000 °C. Heating
of the samples at intermediate temperatures was
carried out in a muffle furnace.

RESULTS AND DISCUSSION

Our results on the application described in
paper [22] several techniques for treating the
clay materials in order to identify the minerals of
the montmorillonite group are presented for
geological samples consisting mainly of this type
of mineral.

XRD patterns of geological samples
beidellite and montmorillonite are shown in
Fig. 2. The data are similar to those given in
[29,30] for clays of Khmelnitsky and
Cherkassky deposits. The diffraction peaks
related to the mineral of the montmorillonite
group are observed on them excluding the peaks
of quartz and insignificant amount of impurity
phases, being in the geological sample of
montmorillonite. The first basal reflection (001)
of these samples corresponds to an interplanar
distance d or parameter ¢ of montmorillonite
crystal lattice of 1.5 nm. When the samples are
wetted with water, the reflection (001) shifts
towards smaller angles so that its interplanar
distance d increases to 2.1 nm. At the same time,
heating the samples to 400 °C, based on thermal
analysis data, results in the removal of water
from the inter-package space in the structure of
montmorillonite and consequently shift of the
reflection (001) towards larger angles and
decrease in its interplanar distance d to 1.0 nm,
as it is illustrated in Fig. 3. The interplanar
distance d is calculated from Wulff-Bragg’s
formula 2d sinf = A, where 6 — half diffraction
angle, A — radiation wavelength.

Thus, the swelling nature of the crystal
structure and the presence of a water-containing
inter-package layers in minerals of these
samples, as the main criteria, confirm their
belonging to the minerals of the montmorillonite
group.

According to thermal data, the weight loss
(TG), differential weight loss (DTG) and
differential thermal analysis (DTA) curves have
a similar character for both samples. As example
in Fig. 4, the derivatogram of montmorillonite
sample is given.

As seen, the destruction of the layered
structure of minerals occurs, in general, in two
stages. At the beginning, at the temperatures of
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100-180 °C, the adsorbed and interlayer water

removes from the sample. Above 500 °C,
dehydroxylation of aluminum-hydroxyl
octahedral layers occurs. For beidellite,

dehydration and dehydroxylation temperatures
are higher than those for montmorillonite. So,
they are 140-200 °C and 670 °C, respectively.
Apparently, this is due to a stronger interaction
of the layers in the beidellite, in which the partial
substitution of silicon in the tetrahedral layers by
aluminum takes place. This is consistent with the
data given in the literature [23, 24].
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Fig. 3. Small-angle part of diffractogram of

montmorillonite: initial (/), impregnated
with water (2), heated to 400 °C (3)

X-ray diffraction patterns of commercial
products: bentonite, blue, green, Minerol,
designated as food clays are presented in Fig. 5.

Diffraction peaks corresponding to the
weakly crystalline structure of the mineral of the
montmorillonite group are observed on all
diffractograms. The most intense peaks of this
phase are observed for the Minerol sample and
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blue clay. High-crystalline quartz is present in all
samples as well. For the samples, except for
Minerol, calcium carbonate (calcite) is found
with a different content. Kaolinite and mica are
present in small amounts, about a few weight
percent. In Table 1, crystalline phases and the
relative content of calcite and quartz without
taking into account the slightly crystalline
montmorillonite and low content of kaolinite and
mica are given.
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Fig. 4. Derivatogram of montmorillonite sample

The samples are listed on the decrease of
calcite content and increase of quantity in
montmorillonite also. Thus, these food bentonite
clays have a  different content  of
montmorillonite, calcite and quartz.
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Fig. 5. XRD patterns of food clays: bentonite (/),
green (2), blue (3), Minerol (4). Signs: M —
montmorillonite, S — Si0, quartz, C — CaCO;
calcite

Experimental data of thermal studies of two
clays with a significant difference in the content
of montmorillonite and calcite (bentonite and
blue clay) are presented on Fig. 6 and 7.
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Table 1. Phase composition of food clays

Sample

Relative content of calcite and

No Clay Phase composition a-quartz, wt.%
1 Bentonite Calcite 74+2
a-quartz 26+2
Montmorillonite
2 Green Calcite 72+2
a-quartz 28+2
Montmorillonite
3 Blue Calcite 34+2
a-quartz 66+2
Montmorillonite
4 Minerol o-quartz 100+2
Montmorillonite
montmorillonite is confirmed by thermal effects
0 in the temperature range of ~100-150 and
500 °C, which correspond to the removal of
-10 water and hydroxyls, respectively. That is the
§ data of the two methods confirm the multi-
20 2 mineral character of food bentonite clays.
£ X-ray diffraction data of cosmetic bentonite
30 § clays are presented on Fig. 8.
-40
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-100- As seen, cosmetic clays are also multiphase,
: : : : : =30 as food clays. Montmorillonite minerals are
0 200 40_?_ c 600 800 1000 weakly crystalline also. The greatest amount of

Fig. 7. Derivatogram of blue clay

Such thermal phenomena as mass loss and
endothermic effects in the temperature range of
780-870 °C indicate the decomposition of
calcite. These effects are expressed more for a
sample of bentonite. The presence of
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montmorillonite mineral is found in the clays
Ghassoul and Multani mitti. The phase
composition of cosmetic clays is collected in
Table 2. So, clays with N 1-3 consist of two
phases, significantly different in the crystallinity.
Clay Multani-mitti (N 4) contains at least four
phases with different crystallinity. Therefore,
quantitative phase analysis within the framework
of the Match! program is not quite correct.
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So, in the clays of Ukrainian origin, kaolinite
and calcite accompany the montmorillonite.
French clay Ghassoul contains mainly stevensite
— a mineral of the montmorillonite group with a
structural formula (Ca,Na)Mg; (Si4010)(OH),,

Table 2. Phase composition of cosmetic clays

as claimed by the manufacturer. As shown by
thermal analysis data (Fig.9), destruction of
stevensite occurs stepwise in the temperature
range of 630-850 °C and confirms its complex
composition.

Saglg)le Clay Phase composition
Ghassoul Stevensite
1 . o
Magnesium silicate
Yellow bentonite Montmorillonite
2 .
Calcite
3 Pink montmorillonite Montmorillonite
Kaolinite
4 Multani-mitti Montmorillonite

Mica, Gypsum, Kaolinite

0
200+
> -10 io_
E =
5 £
20 €
S
| 120
200 , ; : :  -30
0 200 400 600 800 1000
T,°C
Fig. 9. Derivatogram of Ghassoul clay
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Fig. 10. Derivatogram of Multani-mitti clay
The phase composition of the Indian clay

Multani-mitti is a good example of the multi-
minerality of a clays. In addition to main

montmorillonite mineral, it contains kaolinite,
mica, gypsum, quartz. However, only the effects
of decomposition of montmorillonite mineral are
observed on the derivatogram of this clay
(Fig. 10). It is known that the destruction of
gypsum and kaolinite occurs at 180 and 500 °C,
respectively, which, apparently, leads to the
imposition of the thermal effects. Further, the
successive heating of Multani-mitti clay to 200
and 500°C is accompanied with the
disappearance of diffraction peaks of gypsum
and then kaolinite on the corresponding
diffractograms.

CONCLUSION

The data on the phase composition of a
number of studied food and cosmetic clays,
obtained using X-ray diffraction and thermal
analysis methods, allows us to optimize, in the
first approximation, the choice of clays by the
criterion of the highest content of the smectite
group mineral in them in order to develop new
functional fillers of hygienic cosmetics. So, it
has been shown that the mineral of the
montmorillonite group is present in all samples.
Its content is greatest in the clays such as
Ukrainian blue clay, Minerol, French Ghassoul
clay and Indian Multani-mitti clay. At the same
time, the presence and content of concomitant
minerals, such as kaolinite, quartz, mica,
gypsum, which can affect physical, chemical
properties of cosmetic compositions and human
skin, should be taken into account.
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Pentrenogudpaxuiiine Ta TepMiuHe T0CTITXKEHHS T1eAKHUX XaPYOBHUX Ta KOCMETHYHHUX
OCHTOHITOBHMX I''IHH

0.1. Opanceka, 10.1. I'opHikoB

Tuemumym ximii nogepxui in. O.0. Yyiixa Hayionanvhoi akademii Hayk Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Ykpaina, el.oranska@gmail.com

3asoaxu ocobaugocmam wiapygamoi cmpyKkmypu i KamioHHO20 CKAAOY MINCULAPOB8O20 NPOCMOpPY MIHepaie
2pynu cMexmumy (MOHMMOPUIIOHINLY), RPUCYIMHIX 8 OEHMOHIMOBUX 2TUHAX, MONCTUBE 3ACMOCYBAHHSL MAKUX 2IUH 6
Xapuositl npOMUCI080CMI, MeOuyuni, papmayesmuyi, kKocmemuyi. 3 memoro 6i0060py OeHMOHIMOBUX 2/IUH 3 GUCOKUM
EMICMOM MIHEPAy 3 epynu cMekmumy 0/ pO3POOKU HOBUX (DYHKYIOHANbHUX HANOGHIOBAUIE 2I2IEHIYHOI KOCMEMUKU
8UBYEHO (Paz08uUll cKiao psdy OEHMOMIMOBUX 2IUH YKPAIHCbKO20 MA [HO3EMHO20 NOXOOMNCEHHS. 3 BUKOPUCIAHHAM
Memooie nopowkogoi ougpaxyii (CuK, sunpominroeanns) ma mepmiunozo auanizy (depusamoepagh Q-1500D)
npoananizosano Gazoeuti CKia0 KOMEPYIUHUX OeHMOHIMOGUX 2NIUH XApPYo8020 [ KOCMEMUYHO20 NPUSHAYEHHS.
Xapuosi enunu Oyau npeocmasieHi enunamu nigoHs YKpainu - OenmoHimom, ONAKUMHOK 1 3el1eHOI0 2AUHOK ma
Mineponom. Kocmemuyni - nie0eHHO-yKpAiHCoKUMU HCOBMOIO | POA#CEBOI0 2IUHONW, a maKkoxic Gpanyyzvkor Paccyn
ma inoiticekoro Mynmani-mimmi. [nsa idenmugbikayii minepany epynu cmMekmumie Npo8eOeHO aHANi3 Oa3aNbHUX
pedghexcie penmeenozpam enuH, Hacuyenux 600010 i 3ueeoonenux npu 400 °C. 3cye nepuiozo 6azanvhozo pegaexcy
(001) 3 midicniowunnoio iocmannio 1.5 HmM 8 GUXIOHUX 3pA3KAX 2AUH 8I0N06I0A8 30inbuennto 00 1.8—2 nm abo
smenwennto 00 0.9 Hm 11020 MIJICHAOWUHHOT 6IOCMAHI 6 HACUYEHUX 800010 AOO 3HEBOOHEHUX 3PA3KAX 2IUH, WO
niomeepouo BIOHECEeHHsl 2TUHUCMO20 MIHepary 00 epynu cmexmumis. TepMiuHull aHaniz 6UKOPUCMAHO Ol
BUBHAYEHHS MeMNepamyp meniogux ehexmis, nog a3anux 3 Gazoseumu nepemeopeHHaMU ma Ymo4HeHHs: (haz08020
ckaaody spaskis. Taxum wuHOM, y 6CIX eIUHAX OYI0 8UABLEHO MIHEPA 3 2PYnU cMekmumie. Buseneni makooic cynymmi
MIHepanu, maki K KAoAiHim, Kaivyum, Keapy, ciooa, 2inc. byno ecmanosieHo, wjo yKpaiHcbKi ONaKumHa enuna i
Minepon, inozemni enunu Paccyn i Myamaui-mimmi micmamo 3HAUHY KiTbKiCmMb MIHEpANy 3 epynu CMeKmumis i
MOdHCYMb  OymuU  BUKOPUCMAHT 0151 MOOUGDIKYBAHHA PISHUMU CHOAYKAMU 3 MeMmoi HAOAHHA KOCMEemUYHUM
KOMRO3UYIAM OAHCAHUX 81ACMUBOCTEU.

Knrouosi cnosa: penmeeniscoka ougppaxyisa, mepmiuHuil ananis, 6eHMOHIMOBI XAP408i Ma KOCMEMUYHI 2AuHU,
MOHMMOPUILIOHIM, a306ull CKIAO, CYRYymHi MiHepaiu

PenTreHogudpaknunoHHoe U TEpPMUYECKOe HCCIeI0BAHUE HEKOTOPBIX MUIEBBIX U
KOCMETHYeCKHUX 0EHTOHUTOBBIX IJINH

E.N. Opanckas, FO.W. I'opuukos

Hnemumym xumuu nosepxnocmu um. A.A. Yyixo Hayuonanvroti akademuu Hayk Ykpaunel
ya. enepana Haymosa, 17, Kues, 03164, Yxpauna, el.oranska@gmail.com

bnazooapa ocobennocmam croucmoii cmpykmypvl U KAMUOHHO20 COCHABA MEHCCI0e8020 NPOCMPAHCINEd
MUHEpPANo8 2pynnvl CMeKmuma (MOHMMOPUIOHUMA), APUCYMCIMBYIOWUX 8 OEeHMOHUMOBLIX 2IUHAX, BO3MONICHO
npUMeHeHUe MAKUX 21Ul 8 NUWe8ol NPOMbLULIEHHOCIUY, Meduyute, gapmayesmuxe, kocmemuxe. C yenvio ombopa
OEHMOHUMOBBIX 2NIUH C BbICOKUM COOEPICAHUEM MUHEPALA U3 2PYANbL CMEKMUmog O paspadbomru HOBbiX
DYHKYUOHANLHBIX HANOJIHUMENEl 2USUCHUYECKOU KOCMEeMUKU U3yuer azosvlii cocmas psiod OeHMOHUMOBLIX UM
VKpauHcko2o u 3apybesxcrnozo npoucxodicoenus. C ucnonv3osanuem memooos nopowxogoi ougpaxyuu (Cuk,
usnyuenue) u mepmuyeckoeo awanuza (Oepusamoepad Q-1500D) npoananuzuposan ¢hazoswiti  cocmag
KOMMep4ecKux OeHMOHUMOBLIX 2NUH NUWEe8020 U KOCMemuuecko2o Haznavenus. Iluwesvle enunvl  Obliu
npeocmaegienvl 2IUHAMU 102a YKpauHvl - OeHMOHUMoM, 201y60u u 3eieHou enunou u Muneponom. Kocmemuueckue —
FOXCHO-YKPAUHCKUMU JHCEMOU U PO3060U 2IUHOU, a makace panyysckou Paccyn u unoutickot Mynmanu-mummu.
Jna udenmughuxayuu MuHepana cMeKmumosou epynnsl NPOSeder AHAIU3 OA3ANbHBIX OMPANCEHUL PEHM2eHOSPAMM
2NIUH, HACBIWeHHbIX 8000U u obe3goocennvix npu 400 °C. Cosue nepsoco bOazanvrozo ompadicenus (001) c
MENHCNIOCKOCMHBIM paccmoanuem 1.5 HM 8 UCXOOHbIX 0bpasyax 2iuH coomeemcmeosan yseauvenuo 00 1.8—2 nm
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unu ymenvueHuro 00 0.9 HM €20 MeHCNIOCKOCIMHO20 DPACCNOAHUAL 8 HACHIUEHHbIX 8000l UIU 00e380MHCEHHBIX
obpasyax 2nuH, 4mo noOmeepouso OmHeceHue 2UHUCIO20 MUHepald K epynne cmexmuma. TepmuuecKuti ananus
ObLL  UCNONBL308AH OISl ONpedeNeHUss MeMnepamyp Mmeniogulx 3Ppexkmos, coomeemcmseylouux @azoewvim
npeepawenusm u ymounenus azoeoco cocmasa oopasyos. Taxum obpazom, 6o ecex enunax Ovli obHapydceH
MUHEpAn u3z epynnel cMekmumos. Buiasnenvl maxoice conymcemsyrowjue MuHepansl, maKue KaK KAoauHum, Kanbyum,
Keapy, cuooda, eunc. beiio yemanosneno, umo ykpaunckue 2onyoas enuna u Munepon, sapybescnuvle enunst Paccyn u
Myamanu-wummu  cooepoicam 3HAYUMENbHOE KOAUHECMB0 MUHEPANd U3 ZpYnnvl CMEKMUmos u moz2ym Ovlmb
UCNONB308AHBL O  MOOUDUYUPOBAHUSL  PATUYHBIMU  COCOUHEHUAMU C Yeablo NPUOAHUS  KOCMEMUHYeCcKUm
KOMRO3UYUAM JICENAeMbIX CEOUCHE.

Knrouesvie cnosa: PEHMCEHOBCKAs 6uqbpai<uuﬂ, mepxwuuecxuﬁ aHanus, benmonumoswle nuweesvle u
Kocmemuvdeckue ciuHbl, MOHMMOPULIORUM, (1761306bl11 cocmaes, conymcemeyrowjue munepaisl

REFERENCES

Spense H.S. Bentonite: Canada. Can. Dep. Mines, Mines Branch. 1924. 626: 36.

2.  Damour A., Salvetat D. Et analyses sur un hydrosilicate trouvé a Montmorillon (Vienne). Ann. Phys. Chim.
1847.21(3): 376.

3. Wesley L.R. Clays and clay minerals: geological origin, mechanical properties and industrial applications
(Earth sciences in the 21st century). (New-York: Nova Science Publishers Inc., 2014).

4.  Murray H.H. Applied clay mineralogy. Occurrences, Processing and Application of Kaolins, Bentonites,
Palygorskite-Sepiolite and Common Clays. (Amsterdam: Elsevier Science, 2007).

5. Murray H.H. Clay sorbents: the mineralogy, processing and applications. Acta Geodyn. Geomater. 2005. 2(2):
131.

6.  Clays, clay minerals and layered materials. Proc. 1th Russian workshop. (Moscow: IGEM RAS, 2011). [in
Russian].

7. Kim M.H., Choi G., Elzatahry A., Vinu A., Choy Y.B., Choy J.H. Review of clay-drug hybrid materials for
biomedical applications: administration routes. Clays and Clay Minerals. 2016. 64(2): 115.

8. Uddin F. Clays, Nanoclays and Montmorillonite Minerals. Metallurgical and Materials Transactions. 2008.
39A: 2804.

9. Ruiz-Hitzky E., Aranda P., Darder M., Rytwo G. Hybrid materials based on clays for environmental and
biomedical applications. J. Mater. Chem. 2010. 20(42): 9263.

10. Finevich V.P., Allert N.A., Karpova T.R., Duplyakin V.K. Composite nanomaterials on the basis of acid-
activated montmorillonites. Russkii Khimicheskii Zhurnal. 2007. 51(4): 69. [in Russian].

11. Schmidt C.U., Lagaly G. Surface modification of bentonites. I. Betaine montmorillonites and their rheological
and colloidal properties. Clay Minerals.1999. 34(3): 447.

12. Kotelnikov D.D., Konyukhov A.l. Clay minerals of sedimentary rocks. (Moscow: Nedra, 1986). [in Russian].

13. Osipov V.1, Sokolov V.N., Rumyanceva N.A. Microstructure of clayey rocks. (Moscow: Nedra, 1989). [in
Russian].

14. Drits V.A., Kossovskaya A.G. Clay minerals: Smectites. Mixed layer formations. (Moscow: Nauka, 1990). [in
Russian].

15. Minerals. Handbook. Layered silicates. Layered silicates with complex tetrahedral radicals. (Moscow: Nauka,
1992). [in Russian].

16. Mystkowski K., Srodon J. Mean thickness and thickness distribution of smectite crystallites. Clay minerals.
2000. 35(3): 545.

17. Bergaya F., Theng B. K. G., Lagaly G. Handbook of clay science. (Amsterdam: Elsevier Science, 2006).

18. Ovcharenko F.D. Hydrophilicity of clay and clay minerals. (Kyiv: AS USSR, 1961). [in Russian].

19. Tarasevich Yu.l. Structure and surface chemistry of layered silicates. (Kyiv: Naukova dumka, 1988). [in
Russian].

20. Brindley G.W., Brown G. Crystal Structures of Clay Minerals and Their X-ray Identification. (London:
Mineralogical Society, 1980).

21. Frank-Kamenetsky V.A. X-ray diffraction of the main types of rock-forming minerals (layered and framework
silicates. (Leningrad: Nedra, 1983). [in Russian].

22. Ivanova V.P., Kasatov B.K., Krasavina T.N., Rozinova E.L. Thermal analysis of minerals and rocks.

(Leningrad: Nedra, 1974). [in Russian].

—_—

20 ISSN 2079-1704. X®TI12019. T. 10. Ne 1



X-ray diffraction and thermal studies on some food and cosmetic bentonite clays

23. Foldvari M. Handbook of thermogravimetric system of minerals and its use in geological practice. (Budapest:
Innova-Print Kft., 2011).

24. Frank-Kamenetsky V.A. Manual on X-ray study of minerals. (Leningrad: Nedra, 1975). [in Russian].

25. Kononova M.M., Kononov Yu.V., Sharkin O.P. Phase Transformations in Rock-Forming Silicates. (Kyiv:
Naukova dumka, 1989). [in Russian].

26. Shcherbak M.P., Goshovsky S.V. Mineral deposites of Ukraine. (Kyiv-Lviv: Centre of Europe, 2006). [in
Ukrainian].

27. Law of Ukraine "On Basic Principles and Requirements for Food Safety and Quality"

28. Order of Ministry of Health of Ukraine N 1114 of 12.12.2013. On Approval of Hygienic Requirements for
Dietary Supplements.

29. Kadoshnikov V.M., Shekhunova S.B., Zadvernyuk G.P., Manichev V.I. Autigenal minerals of bentonite lay of
Cherkass deposit. Mineral. J. 2013. 35(3): 54. [in Russian].

30. Kosorukov P.A. Increasing the dispersion of ilnitsky beidellite by chemical modification. Nanosystems,
Nanomaterials, Nanotechnologies. 2008. 6(2): 433. [in Russian].

Received 26.07.2018, accepted 18.02.2019

ISSN 2079-1704. X®TI12019. T. 10. Ne 1 21




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Uncoated FOGRA29 \050ISO 12647-2:2004\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


