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Abstract. The survey has been comprised in historical sequence. It has been attempted to group
literature sources in a way that we consider to be the most relevant in the publication. Analysis of literature
led to the following conclusions: during the last years most important and most advanced ways in
investigations of Latvian clay surface characteristics have been found: Value determination of clay specific
surface; Clay’s porous structure investigation; Cation exchange capacity determination; Characteristics of
organoclays; Catalytic characteristics of Latvian clays; Practical usage of clays in waste water treatment;
Usage of clays in adulterants elimination from vegetable oils; Clays as catalysts in of organic compound
reactions; New type of sorbent from rapeseed oil treatment waste. Experimental measurements supplement
data base about surface characteristics of Latvian clay samples.
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On the subject of accomplishment of material science at present particular attention is
attracted by properties of such materials, which are in high dispersed position. Porous solids —
sorbents and catalysts have intensively been investigated. Currently its role in decreasing of
contamination of environment, weathering of construction materials and cultural monuments
protection are realized.

Knowledge about properties of new high dispersed systems is deficient, because of emerging
more new materials as well new opportunities for using well-known materials in
unconventional industries.

Its investigation demarcates usage boundaries and navigates towards deepened penetration
about connections between structure and specific operation properties.

Imposition of unconventional local natural clay minerals is theoretically motivated and live
high dispersed system analysis from thermodynamic aspect.

In consecution of geological processes complicated chemical and physically chemical
processes take place, in which results ensure widely distributed high dispersed aqueous
rocks — clays.

They have high reserve of free surface energy which is potentially available.

It is unpretentious to do this by using clays as the sorbents: adsorption on clays occurs
spontaneously. Until now this does not count much to keep a close watch.

Fonts of literature about sorption properties of Latvian clays are grouped in four parts: first
articles; experimental measurements of the surface characteristics (specific surface area, pore
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structure, determination of ion exchange capacity); field of usage (water pollution, air
purification, rapeseed oil bleaching); dr. habil. theses, latest works.

The survey has been conducted in historical sequence. It has been attempted to group
literature sources in a way that we consider being the most relevant in the publication.

The first articles about surface characteristics of Latvian clays have been shown in 1950s of
the last century in works of professor J. Eiduks. First scientific work about sorption of organic
stains as methylene blue, fuchsine and other on the samples of Latvian clays [1] has been
published in 1951. Researches of pigment sorption were continued in a work of A.Vaivads
and A.Upite, aimed onto determination of mineralogical contents of clay samples [2]. In
1973, professor J. Eiduks suggested research was published, and methanol gas sorption on
Latvian clay samples has been measured for the first time [3]. It has been found that if the
treatment temperature of samples increases, but value of specific surface area decreases.

More detailed results were analyzed in an article [4].

In the Soviet times, no great attention was paid to the sorption characteristics of Latvian clays.
Only in 1991, research reports began to appear about Latvian clays surface characteristics.
Systematic research has been made by A. Ruplis with collaborators. Docent of Latvian
University, Rolands Bumans, also was involved in these works. Hexane and carbon
tetrachloride vapor sorption isotherms were measured for aluminum oxide and aluminum
hydroxide samples in order to determine their specific surface and pore structure parameters
[5].

Specific surface of samples is one of the most significant parameters of disperse systems.
There were numerous methods developed for detecting the specific surface; however
nowadays the most widely used is the one based on analyzing gas or vapor physical
adsorption [6, 7].

At first, experimentally measure adsorption isotherm of the analyzed sample. Using BET or
Longmire equation, calculate amount of the adsorbed substance (sorbate) in a monomolecular
layer an, (mol/g). This internationally acknowledged BET method is used in various works for
determination of specific surface of Latvian clay samples [3; 4; 8-10].

Sorption processes depend on pores of the samples. The most significant parameters of pores
are total pore volume and pore volume distribution per radiuses or diameters [5]. These are
determined by measuring adsorption-desorption isotherms. Various pore distribution
calculation methods are based on Kelvin capillary condensation equation. Maximum of pore
distribution curve demonstrates most frequently occurring pore radius (effective pore radius).
Total pore volume is obtained by measuring adsorption of saturated vapor. In these
conditions, adsorption isotherms of clay samples asymptotically approach ordinate axis, thus,
total pore volume is detected by measuring amount of adsorption in pressure which is smaller
than pressure of saturated vapors [11]. Usually, a pressure is chosen which lays within the
relative equilibrium pressure interval between 0.90 and 0.98 [4; 12].

In numerous works [6;13-16], changing sorption parameters by thermal treatment or modified
by mineral acids [17-20] is investigated. It was found that after a thermal treatment, specific
surface and total pore volume of Latvian clays is descending [21; 22]. After modification with
acids, specific surface and pore volume of samples is changing depending on acid
concentration: increasing concentration, specific surface also increases, reaches its maximum
and then descends. Changing of pore volume amount has the same nature [8; 23]. It was
realized that acidic treatment of Latvian clay samples results in sorbents of energetically
homogenous surface. These sorbents are used in gases and gases — liquids chromatography
practices. In scientific work [24] attention is focused on sorption of humic substances on clays
from Latvia deposits.

The results of works were summarized in A. Ruplis habil. doctor’s work in 1998 [25].
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Determination of cation exchange capacity must be specially accentuated. This characteristic
is significant in analyzing different unacceptable (toxic, radioactive) adulterant migration in
over ground and ground-waters in normal or catastrophe created situations, it will open up the
new opportunities for scientific motivated usage of sorbents for waste water treatment [26]
and other.

Capacity amount of clay ion exchange plays a great role in various processes, however, for
Latvia the most important are those related to soil fertility and environment pollution
problems. Numerous methods were developed ion capacity determination of sorbents. In the
middle of nineties, lots of attention was focused onto cation exchange capacity determination
of Latvian clay samples by using organic pigments (methylene green, methyl violet).

lon exchange capacity of Latvian clays is an important parameter of processes in which clays
are used as sorbents at water solutions. It is determined and described in various scientific
works [27-30].

In a bulletin [28], attention is focused onto method of measuring adsorption of methylene
blue. It was found that amount of adsorption changes during shaking of clays and liquid (from
2 to 48 hours) depending of sample characteristics. At samples treated with mineral acids,
adsorption of methylene green decreases in proportion with acid concentration.

It was found that, p — nitro aniline is not adsorbed on Latvian clays from water solutions. It
adsorbs weakly on the samples, whose surface is partially covered with rapeseed oil coking
products [27]. In scientific work [26], opportunities of using natural and thermally treated
clay samples (from 200 to 800 °C) from SuntaZi, LaZa, Veldze and Kuprava deposits for
cleaning wastewater are researched. The highest adsorption ability is characteristic for clays
from Kuprava deposit, and it’s explained by its mineralogical properties and small amount of
additions. It’s said that the active component in the clay composition is hydro muscovite.
Chrystallic chemical structure of clays decomposes in — 500-600 °C temperature [26], and its
destruction is accompanied by reducing adsorption ability. Clays from Veldze deposit, both
natural and at 600 °C thermally treated, show good sorption abilities by cleaning wastewaters
at “Reagents” and “Grindeks” companies. Meanwhile, clays from Kuprava are successfully
used in cleaning technological wastewaters in Valmiera glass fiber production plant from non-
ionogenous surface active substances, oil products, formaldehyde. [31] talks about cleaning of
wastewaters containing phenol and formaldehydes using Latvian clays In the same time, it
was discovered that Latvian clays may be used as catalysts in organic synthesis [32-34].

It was found that Latvian Quaternary (Priekules and Nicgales) and Devonian (Kupravas) clay
samples can be used as effective catalysts in organic synthesis reactions, where final product
is anticancer agent (1,4-butanediol dehydration reaction) [34].

Searching for new catalyst carriers is vital for improving of synthesis of several very
important medicals [35] and further development of catalysis theory which is closely related
to research of adsorption-desorption mechanism and issues of sorbent modifications [36].
Cation exchange in clay minerals depending of length of sulphuric acid treatment is
researched in work [37]. It was stated that treating clay with 25% sulphuric acid for 1 hour is
effective and improves its adsorption capabilities [37]. In article [38], it is informed about
adsorption of lead ions from water solution at clay plates, but [39] — about lead ions
adsorption from water solutions at scorched clay pellets. In article [40] are shown sorption
properties of Kuprava clays — illits. [41] informs about using Latvian clays in air cleaning.
Academician E.Gudriniece with collaborators signified the idea about the rapeseed oil
purification on Latvian clay samples [42; 43]. Discoloring, or bleaching is one of the
refinement stages of vegetable oil. As a result, plant pigments like chlorophylls, carotinoids,
etc are bound on sorbent’s surface, also improving taste of the oil. Non-activated and
thermally treated clay samples slightly improved number of rapeseed oil color, however, such
oil does not correspond with nutrition oil standards. [44]. A. Ruplis and his scientific
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collaborators clarified, that samples of Latvian clays treated with mineral acids are useful for
rapeseed oil bleaching [10; 44-46]. During process of bleaching, by-products appear. They are
clays that contain 30-40% of rapeseed oil. By thermal treatment, a valuable product is
obtained and it can be re-used in environmental protection [47; 48].

Obtained material finely adsorbs organic solvents from vapor phase, functioning as active
coal. Materials produced from rapeseed oil bleaching by-products have good sorption
parameters. This new type of sorbents are made of Latvian clay originated alum silicate
matrix and rapeseed oil coking (250, 400 un 600 °C) products. Specific surface of studied
samples is about 100 m? /g. They adsorb methanol and benzyl vapors at room temperature and
demonstrate high thermal resistance [47]. Work [49] informs about obtaining silica gel-like
sorbents from clays not containing carbonates.

At the end of 90-ies academician J. Freimanis developed his investigations about Latvian
organoclays [50-52].

These are clays, whose metal ions are substituted by tetraalkilamonuim ions. They have
higher interaction with oils and oily materials and they are capable to perform as powerful
environmental cleaners, for example, against leakage of mineral oils [50; 53]. Also, these
clays keep high turgescence ability and are widely used as thickeners for turning various oils
into ointments, etc. [54]. Carbon tetrachloride and n-hexane vapor sorption increases in
organoclays at the highest interval of equilibrium pressure. It can be considered that
organoclays may colligate oleofilic molecules (petroleum, oils) from water/oils emulsions and
water solutions [55]. Information about sorption of carbon tetrachloride vapors confirm the
ability of organic cations to fix structure of plane parallel pores [56].

Analysis of literature led to the following conclusions: during the last years most important
and most advanced ways in investigations of Latvian clay surface characteristics have been
found:

1) Determination of value of clay specific surface.

2) Investigation of clay porous structure.

3) Determination of cation exchange capacity.

4) Characteristics of organoclays.

5) Catalytic characteristics of Latvian clays.

6) Practical usage of clays in waste water treatment.

7) Usage of clays in treatment of vegetable and other oils from adulterants.

Experimental measurements supplement data base about surface characteristics of Latvian
clay samples. Experimental usage of clays: understanding adulterants distribution in natural
conditions (soil, over ground and ground-water); waste water treatment, catalytic
characteristics, treatment of vegetable and industrial oils, synthesis of new sorbents including
organoclays).

Nevertheless, in comparison with clay samples investigation in other countries contribution of
Latvian scientists is small and measurements about colloid chemical characteristics are at the
beginning, in spite of indigenous clays significance in management of different processes of
environmental protection, as well as in their usage in new and nontraditional branches.

References

1. Eiduks I., Vaivads A., Pilskalne A. Dazadu Latvijas PSR malu adsorbcijas spgjas // Latvijas PSR Zinatnu
Akadémijas Véstis. Nr. 2 (43). 1951. 293.-298.1pp.

2. Vaivads A., Upite A. P&tjjumi par malu mineralogiska sastava noteikSanu ar krasoSanas metodi// Latv. PSR
ZA Vestis, 1956. 2 (103), 127 Ipp.

3. Pymmc A.A., Pamanm A.Il, Jiigyk 10.51. HoBble wucciemoBaHuss B OONACTH XUMHH W XHUMHYECKOH
texnosnoruu. Puxck. ITonurexH. ud — 1. Pura, 1973. 67 C.

4. Pymmc A.A.,, Paman Al “KommonmgHo-xmmuueckue cBoiicTBa saTBuiickux riamH 1. M3MeHeHne
MOBEPXHOCTH TPU TEPMOOOpPaOOTKE HEKOTOPHIX AEBOHCKMX W YeTBepTHUYHBIX IiMH JlatBum”. Latvijas
Kimijas Zurnals Nr.3, 286.-294.1pp. 1994,

225



Lakevics V., Berzina—Cimdina L., Ruplis A., Pelss J. Sorption properties of Latvian clays and environmental

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

protection survey

Ruplis A., Bamans R. Pore Structure and Fractal Dimensions of Ferric Hydroxide, Aluminium Hydroxide
and Latvian Clays. IUPAC- Symposium on the Characterization of Porous Solids, COPS Ill, Marseille,
France, May 1993. Book of Abstracts, p.47.

Ruplis A., Viss R. Latvijas malu sorbtivas ipaSibas./ Vispasaules Latvie$u zinatnu kongress. Tézes. Kimijas
sekcija. Riga, 1991. 130.Ipp.

Ruplis A. Latvijas malu sorbcijas Tpasibas./ Latvijas Kimijas Zurnals, 199. Nr.2, 43.-47.Ipp.

Lakevich V. Sorption Characteristics Change by Thermal and Acidic Treatment for Some Latvian Clay
Samples. 1% Nordic-Baltic Meeting on Surface and Colloid Science August 21-25, 1999. Vilnius, Lithuania,
Programm and Thesis,Vilnius, 1999. p.12.

Svinka V., Moertel H. Physico-Chemical Properties of lllite suspensions after Cycles of Freezing and
Thawing. Clay and Clay Minerals, Vol 47, No 6, 1999. p. 718-725.

I'ynpunuene 3., Pymmuc A., Cepxane P., Ctpene M. AncopOeHThI U3 INIMH JaTBUHCKUX MECTOPOKIACHUH
Jutst otOenuBanus parcoBoro macna" XK. Ipuxi. Xumun. 1999. 1. 72, Beim. 5, ctp. 759-762.

Ruplis A. Sorption and catalytic properties of Latvian clay powders. Progr. Colloid. Polym. Sci. (2000) 116:
48-56 Springer-Verlag, 2000.

A. Ruplis "Adsorption method used for clay powder characterization “, 13" International Congress of
Chemical and Process Engineering, CHISA'98, p.23-28, August 1998, Praha, Czeh Republic, Summaries
4, p. 180.

Ruplis A., Bimans R. The Influence of Acid Treatment on the Sorption Properties of Latvian Clays,
Adsorption Science and Technology, 1993. Vol.10, p. 137.

Ruplis A., Bamans R., Martcin 1., Viss R., Tjumina A. Colloid Chemistry of Latvian Clays 2. Influence of
Acid Treatment on Sorption Properties of Devonian Clays from Deposit Liepa. Latvian Journal of
Chemistry (Latvijas Kimijas Zurnals), No. 5-6, p. 36-42, 1995.

Bumans R., Ruplis A., Tjumina A., Viss R. Change of the Surface Characteristics by the Modification of the
Latvian Clays Powders. Fourth Euro Ceramics. Vol.12 , pp. 139-146, Bricks and Roofing Tiles, Ed. by I.
Braga, S. Cavallini, G.F. Di Cesare, Gruppo Editoriale Faenca Editrice, 1995.

Viss R., Drille M., Marcins 1. Adsorbcija uz maliem un ar skabi apstradatiem malu paraugiem./ RTU
zinatniskie raksti. Materialzinatne un lietiska kimija. 4.s€jums, 2002. 32.-44.1pp.

Ruplis A., Mezinskis G., Chaghuri M. Adsorption Characteristics of Kupravas Deposit Clays Modified by
Phosphoric Acid/ Starptautiska konference EcoBalt’98 1998.gada 22.-23.maija. Riga, 1998. 54.Ipp.

Viss R., Drille M., Marcins I. Latvijas malu sorbtivas ipasSibas un to palielinasana, apstradajot malus ar
skabes §kidumiem. RTU Rakstu krajums, Riga, 2000. 102.1pp.

Viss R., Drille M. Malu mineralu virsmas strukttira péc to apstrades ar skabém./ Il Pasaules Latvie$u
Zinatnieku kongress Riga, 2001.g. 15.aug. Tézu krajums, 327.1pp.

Lakevich V., Ruplis A. Acidic Treatment Influence on Sorption Parameters of Latvian Clay Samples./
Starptautiska konference EcoBalt ’99. Riga, 1999.9. 14.-15.maijs, 78.-79.1pp.

Lakeviés V., Ruplis A. Nicgales malu paraugu virsmas raksturojums./ 40.studentu zinatniskas un tehniskas
konferences materiali. 1999.9. 26.-30.april1. I s§j. Kimija un kimijas tehnologija, Riga, 1999. 6.Ipp.

Lakevich V., Ruplis A. Sorption Characteristics of Latvian clay samples. Ecers Topical Meeting
Sedimentary Rocks in the ceramics technology. April 29-30, 1999. Riga, p. 30.

Ruplis A. Sorption and Catalytic Properties of Latvian Clay Powders./ 1% Nordic-Baltic Meeting on Surface
and Colloid Science. August 21-25, 1999, Vilnius, Lithuania. Programm and Thesis, Vilnius, 1999. p. 48.
Klavins M., Apsite E. Sorption of humic substances on clays from Latvia. Latvijas Kimijas Zurnals. 1998,
Nr.1. 67.-70.Ipp.

Ruplis A. Sorption Properties of Crystalline Ferric Hydroxides(Oxides) and Latvian Clays. Dr. habil. chem.
Dissertation. Riga, 1998. 68 p.

Svinka R., Svinka V., P&tersone E. Latvijas Kimijas Zurnals, No.3, 1994. 280 Ipp.

Ruplis A., Saveljeva I., Buholca L., Kugure K., Taurina D. Metilénzila un paranitroanilina sorbcija no tidens
Skidumiem. Latvijas zinatniski praktiskais seminars “Vides piesarnojuma analize, metodika un problemas”.
Riga, 1995.g. 25.0kt. 41 Ipp.

Ruplis A., Saveljeva I., Tjumina A. Latvijas malu jonu apmainas kapacitate un patngja virsma. Latvijas
zinatniski praktiskais seminars “Vides piesarnojuma analize, metodika un problémas”. Riga, 1995.9. 25.0kt.
43 Ipp.

Ruplis A., Saveljeva I., Denisenko D. Metilénzila adsorbcija uz pulverveida Latvijas maliem./ Starptautiska
konference EcoBalt’98 Riga 1997.gada 13.-14.junija. 19.-21.1pp.

Ruplis A., Saveljeva I., Denisenko D. Methylene Blue Adsorption on Latvian Clay Powders. Fifth Euro
Ceramics Society Symposium (ECERS V). Key Engineering Materials Volumes 132-136, Part | (1997)
pp.256 -259. Volume Editors: D. Bortzmeyer, M. Boussuge, Th. Chartier, G. Fantozzi, G. Lozes, A. Rousset
Trans Tech Publication, Switzerland, 1997.

226



Lakevics V., Berzina—Cimdina L., Ruplis A., Pelss J. Sorption properties of Latvian clays and environmental

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

51.

52.
53.

54,

55.

56.

protection survey

Svinka R., Svinka V., Petersone E. The Use of Latvian Clays for the Waste Water Purification. European
Clay Groups Association, Abstracts, Krakow, Poland, 1999. 135.p.

Lakevi¢s V., Ruplis A. Jaunas Latvijas malu izmanto$anas iesp&jas netradicionalos virzienos./ Starptautiska
konference EcoBalt Riga 2000.9. 26.-27.maija. Riga, 2000., I, 63-64.

JleGener A., Jlakesuu B., Jleitre JI., Pymmc A. Katanutudeckas akTHBHOCTH JaTBHHCKHX riuH. Organic
Chemistry, Tarptautines konferencijos praneSimu medziaga, (Starptautiskas konferences t€zes), Kauno
technologijos universitetas, Kaunas, 1999. p. 128-132.

Lebedevs A., Stonkus V., Leite L., Gudriniece E., Ruplis A., Fleisers M., Lukevics E. Latvijas malu
aktivitate 1,4-butandiola dehidratacijas reakcija. Latvijas Kimijas Zurnals, 1999.

Stonkus V., Leite L., Lebedev A., Lukevics E., Ruplis A. Synthesis of 2,3-Dihydrofuran by
Cyclodehydration of 1,4-butanediol in the Presence of Co/Porcelain Systems, CHISA 2000, 14th
Intern.Congr. of Chem. and Process Engineering, August 27-31, Praga, Czech Republic. Summaries, 2000.
P7.209, 318.

Stonkus V., Leite L., Lebedev A., Lukevics E., Ruplis A., Mikolajczyk M. Structure and catalytic properties
of C/porcelain system in the synthesis of dihydrofuran. J. Chem. Technology and Biotechnology JCTB
26/2000.

Viss R., Drille M. Katjonu apmaina malu mineralos atkariba no sérskabes skiduma iedarbibas ilguma. RTU
zinatniskie raksti. Materialzinatne un lietiska kimija. 6.s€jums. 2003.g. 16.-20.Ipp.

Kampars V., Blums J. Svina jonu adsorbcija uz adedzinata mala plaksném no Gidens Skidumiem. RTU
zinatniskie raksti. Materialzinatne un lietiska kimija. 6.s€jums. 2003. g. 40.-44.1pp.

Blums A., Kampars V. Svina jonu adsorbcija uz adedzinata mala loditém no tdens $kidumiem. RTU
zinatniskie raksti. Materialzinatne un lietiska kimija. 15.s&jums. 2007.g. 48.-50.1pp.

Freimanis J., Stonkus V., Hohlova L., Actin§ A. Jonu sorbcija uz Kupravas illita mala. Latvijas Kimijas
Zurnals. 2003. Nr. 4. 355.-364.Ipp.

Viss R. Sorption of Gas in Latvian Clay. Latvijas zinatniski praktiskais seminars “Vides piesarnojuma
analize, metodika un problémas”. Riga, 1995.9. 25 okt. 42.1pp.

Serzane R., Gudriniece E., Santare D., Stréle M., Ruplis A., Kalnin$ R. Petfjumi par e]lam un taukiem.
Tehniskas rapsu ellas atkrasosana (balinasana). Latvijas Kimijas Zurnals, No.6, 738.-740.1pp., 1993.
Serzane R., Stréle M., Ruplis A., Gudriniece E. P&tjjumi par ellam un taukiem Adsorbentu iegfiSana no
Usmas un Priekules atradnu maliem. Latvijas Kimijas Zurnals, No.5-6, 111.-114.Ipp., 1995.

Ruplis A., Gudriniece E., Bumans R., Serzane R., Stréle M., Ramans A., Saveljeva I. A New Type Sorbent
from Latvian Clay. Latvijas KImijas Zurnals, Nr.4, 497.-498.Ipp., 1994.

Ruplis A., Bamans R., Saveljeva ., Tjumina A. Jauna tipa sorbents no ellas riipniecibas atkritumiem.
Latvijas zinatniski praktiskais seminars “Vides piesarnojuma analize, metodika un problémas”, Riga,
1994.9. 20.un 21.sept., 61.1pp.

Pymc A., Cepxkane P., Crpene M., T'yapununene O. 'OtGenuBanne CBETIBIX parcoBeix macen. Organic
Chemistry, Tarptautines konferencijos prane§imu medziaga, (Starptautiskas konferences tézes). Kauno
technologijos universitetas, Kaunas, 1998. p. 84.

Ruplis A., Lakevics V., Bérzina - Cimdina L. Characterisation of new sorbents produced from by-product of
the rapeseed oil treatment. RTU Zinatniskie raksti. Materialzinatne un lietiska kimija. 18.s€jums, 2008, 97.-
102.1pp.

Lakeviés V., Saveljeva 1., Ramans A., Ruplis A.. Using Latvian clays in environmental protection.
International conference Eco-Balt 2008. Riga, 2008. 36 Ipp.

Viss R., Marcins I., Drille M. Silikag€lveidigu sorbentu un katalizatoru iegiana no karbonatus
nesaturodiem maliem. Latvijas Kimijas Zurnals, 2002. Nr. 4, 378.-382.1pp.

Freimanis J. Organoclays and some of their applications (a milestone review). Latvian Institute of Organic
Synthesis, Riga, 2000. 96 p.

Freimanis J., Stinkule A. Application of Clays for Purification of Organics Compounds. Latvian Journal of
Chemistry, 1999. Nr.4. 3-16.p.

Freimanis J. Vermiculite Organoclays. Latvian Journal of Chemistry, 2001. Nr.3. 284.-300.p.

Freimanis J., Hohlova L., Actin3 A., Svinka R. Organoclays from a Latvian smectite clay. Latvijas Kimijas
Zurnals, 2003. Nr.2. 191.-200.Ipp.

Freimanis J., Actin$ A., Stinkule A., Svinka R., Svinka V. Organoclays from Several Latvian Clays. Latvian
Journal of Chemistry, 2003. No.1, 69.-77.p.

Ruplis A., Freimanis J., Actin§ A., Lakevi¢s V. Colloid-Chemical Properties of Latvian Clays Il The
vapour Sorption of Hexane or Carbon Terachloride on Some Organoclays. Latviias Kimijas Zurnals, 2004,
Nr.2. 263.-269.1pp.

Ruplis A., Freimanis J., Lakevi¢s V. Vapours Sorption Properties of Latvian Organoclays, in Organic
Chemistry, Proceedings of Scientific Conference, Kaunos, 2003. p.51.-54.

227



