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Abstract

Various organoclays were mechanochemically obtained from Baltic region
clay resources and cationic surfactants that exhibited fine antibacterial and
antifungal activity. Nowadays organoclays are applied in water purification
procedures and as sorbents for sorption of such organic compounds as
pesticides, fungicides in wastewaters. Due to its specific properties clay materials
can be employed in the development of new Baltic region smectite clay based
materials, coatings and products. Promoting the use of the local resources,
the obtained organoclays have the potential to be used as antibacterial and
antifungal additives to various building materials and paints that can be
successfully used for construction and restoration needs, reducing the costs
of materials in comparison to silver ion-containing antibacterial analogues.
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Kopsavilkums

Mehanokimiska cel]a no Baltijas regiona zemes dziles resursiem un katjonu
virsmas aktivam vielam ir ieguti vairaki organomali, kas uzrada antibakterialu
un pretsénu iedarbibu. Siem materialiem piemit specifiskas ipasibas un tos
var izmantot par sorbentiem kaitigo organisko vielu (pesticidu, oglidenrazu)
savak$ana un notekiidenu attiri$ana, ka ari jaunu materialu un parklajumu
izstradé uz Baltijas regiona smektita malu bazes. Popularizéjot vietéjo

resursu izmantos$anu, iegtitie organomali potenciali var tikt izmantoti par
antibakterialam un antifungalam piedevam buivniecibas materialos un krasas,
kas var tikt sekmigi lietoti celtniecibas un restauracijas vajadzibam, samazinot
materialu izmaksas salidzinajuma ar sudraba jonu saturosiem analogiem.

Atslegvardi

smektita mali, organomali, virsmas aktivas vielas, sudrabs, antibakteriala un
antifungala aktivitate



INTRODUCTION

Nowadays more attention is paid to human health; healthy food and lifestyle are
promoted. Unfortunately, the stressful rhythm of modern life and conditions

make men to spend a lot of time indoors (offices, buildings in general), so indoor
surroundings become an important issue. New products and materials with
improved properties such as mechanical resistant, non-toxic, environmentally
friendly are demanded. The need for efficient, long-term and low-cost antibacterial
materials also increases.

The development of materials with the ability to inhibit bacterial growth have been
of great interest in recent years due to their potential use in everyday products

like paints, kitchenware, school and hospital utensils, etc. Inorganic antibacterial
materials have several advantages over traditionally used organic agents, like
chemical stability, thermal resistance, safety to the user, long-lasting action

period, etc. [1].

Antibacterial inorganic materials are generally based on metallic ions with
antibacterial properties, like copper, zinc, nickel, etc. [2]. Such metal oxides as zinc
oxide, magnesium oxide and calcium oxide also are characterized as antibacterially
active [3]. Inorganic antibacterial agents containing silver are among the most
important antibacterial agents due to little or no side effects on tissue. Moreover,
ionic silver has the highest antibacterial activity among metal ions. However,

the application of inorganic antibacterial agents containing silver is limited because
of discoloration and high cost [4]. Alkylammonium cations, especially those of
quaternary amines, also exhibit antibacterial activity used both as skin antiseptics
and disinfectants. These compounds seem to have antibacterial action by disrupting
their cell walls and/or inner bilipid membranes, which causes the cytoplasmic
membrane contents of the cell to leak out. The most active alkylammonium cations
contain alkyl chains between 8 and 18 carbons in length. For instance, compounds
with 16 carbon alkyl chains are effective against both Gram-positive and Gram-
negative bacteria [2, 5].

As silver discolorates and it is quite an expensive additive, but isopropyl alcohol
quickly evaporates and antibiotics can be harmful to people, it is important to
develop new long-term antibacterial agents with low cost, high antibacterial activity,
and good photostability. Antibacterial long-term materials can be obtained by
“encapsulating” the selected antibacterial agents into stable matrix, for example, into
the clay structure. Clays and clay minerals (especially smectites) have been used as
carriers with good results because of their high ion exchange capacity, high surface
area and sorptive capacity, chemical inertness and low or null toxicity [1, 6, 7].

In recent years some applications of antibacterial compounds supported on
inorganic carriers, from which they can be released into media, have been reported
in literature. For example, silver and copper ions were immobilised on palygorskite,
cetylpyridinium, cetyltrimethylammonium and tetradecyltrimethylammonium
were adsorbed on montmorillonite [8]. An organophilic surface and interlayer
environment can be produced by replacing naturally occurring inorganic
exchangeable cations with a variety of organic cations, for example, long-chain
alkylammonium ions. Intercalation of organic surfactant between layers of

clays not only greatly increases the basal spacing of the layers, but also changes

the surface properties from hydrophilic to hydrophobic. [9]. As a result the surface
of natural clay becomes water repelling. Such new hydrophobic surface property



IEVADS

Misdienas liela uzmaniba tiek pievérsta cilvéku veselibai, popularizéts veseligs
uzturs un dzivesveids. Diemzél saspringta dzives ritma un apstaklu dé] masdienigs
cilveks ir spiests daudz laika pavadit telpas (birojos, ékas kopuma), lidz ar to arvien
lielaka nozime tiek pieskirta videi. Paaugstinas pieprasijums péc jauniem produk-
tiem un materialiem ar uzlabotam ipasibam (mehaniski izturigi, netoksiski, videi
draudzigi u.c.). Pieaug arl nepiecieSamiba péc iedarbigiem, ilgi kalpojosiem un
turklat létiem antibakterialiem materialiem. Sadi materiali sekmigi tiek izmantoti
sadzives ikdiena, pieméram, virtuves un slimnicu piederumos, krasas [1].

Parasti antibakteriala efekta sasniegSanai izmanto dazadas organiskas vielas, to
skaita antibiotikas. Pretstata tradicionali lietotajiem organiskiem antibakterialiem
(dezinfekcijas) materialiem, neorganiskiem materialiem var minét vairakas prieks-
rocibas, pieméram, labaka kimiska stabilitate un siltuma pretestiba, nekaitigums
cilvékam un videi, ka ar1 pagarinats iedarbibas periods u.c. Parsvara neorganiskie
antibakterialie materiali satur dazadus metala jonus, kuriem piemit antibakterialas
ipasibas, piemeéram, var$, nikelis, cinks u.c. [2]. Antibakterialas ipasibas ir aprak-
stitas arl vairakiem metalu oksidiem, pieméram, cinka oksidam, magnija oksidam
un kalcija oksidam [3]. Sudrabs ir viena no svarigakajam komponentém antibakte-
rialajos materialos un virsmas, jo tam piemit visaugstaka antibakteriala iedarbiba
salidzinajuma ar citiem metala joniem. Ta¢u sudraba jonu izmanto$anu ka piedevu
materialiem limité ta augstas izmaksas un izbalésana [4]. Alkilamonija katjoni jeb
kvaternizétie amonija sali ir létaki un uzrada antibakterialu iedarbibu, tapéc ari tiek
plasi izmantoti par antiseptiskiem un dezinfekcijas lidzekliem. Siem savienojumiem
piemit spéjas izjaukt baktériju $tinu sieninas un membranas, izraisot $tinas bojaeju.
Par aktivakajiem antibakterialajiem agentiem tiek uzskatiti amonija katjoni ar
garam alkilkédém (C,-C,,) molekula. Pieméram, savienojumi ar 16 oglekla atomiem
alkilkede ir efektivi gan pret grampozitivam, gan gramnegativam baktérijam [2, 5].

Apzinot antibakterialu materialu nepieciesamibu, ir svarigi izstradat jaunus foto-
stabilus (sudraba gadijuma), nekaitigus (pretstata antibiotikam), ilgstosas iedarbibas
(izopropilspirts - atri iztvaiko) antibakterialus materialus. Sadu iedarbigu un ilgi
kalpojo$u materialu iespéjams izveidot, ievadot jeb “iekapsuléjot” izvélétu anti-
bakterialu agentu stabila matrica, pieméram, malu struktara. Maliem, it ipasi malu
mineralam smektitam (montmorilonitam), piemit augstas jonu apmainas spéjas,
liels virsmas laukums un sorbcijas kapacitates vértiba, kimiskais inertums, stabilitate
[1, 6]. Malu minerali nav toksiski. Minétas Ipasibas padara smektitus par potencia-
liem antibakterialu agentu neséjiem [7].

Literatara ir aprakstiti vairaki gadijumi, kad tika ieguti antibakterialie materiali

uz malu mineralu bazes ar sudraba, cinka, vara joniem vai kvaternizétiem amonija
saliem [8]. Turklat dabisku malu apstrade ar organiskiem savienojumiem
(alkilamonija saliem) — organomalu iegi§ana — izmaina malu virsmas ipasibas.
Virsmas modificé$anas rezultata mali no hidrofiliem materialiem klast hidrofobi
(tidens atgridosi) [9]. So ipasibu var sekmigi izmantot biivniecibas materialu
izgatavo$ana. Viens no potencialiem izmanto$anas veidiem varétu bat organomalu
pievienosana parklajumiem (ari betona paneliem) tdens necaurlaidibas
palielinaganai. Samazinot idens uzkrasanas iespéju, samazinas peléjuma raganas
risks uz iekstelpu sienam un griestiem. Cita iespéja varétu biit organomalu
izmanto$ana par piedevu Suvju java, pieméram, starp gridas vai sienas flizém.

Ta ka visbiezak tiek flizétas mitras vides virsmas (pieméram, vannasistabas, baseinu
telpas), javas Suves ir vispiemeérotaka vieta peléjuma attistibai. Antibakterialu
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Increase of interlayer spacing (d)
of the clay mineral smectite
during organoclay synthesis:

a) raw smectite clays,

b) organoclays

Malu minerala (smektita)

starpplaknu attaluma (d)

palielina$anas organomalu
iegisSanas procesa

a) dabiskie smektita mali,

b) organomali

can be effectively used in production of construction materials. One possibility

is to use organoclays in exterior cladding (as concrete panels), to maintain water
impermeability, since volcanic minerals are rich in silicium and would increase
water resistance in concrete. Natural montmorillonite is rich in sodium and
calcium, which strongly hydrates in the presence of water. This would require

the removal of inorganic exchangeable cations with cationic surfactants which
would convert the hydrophilic surface of the clay to a hydrophobic surface.

In order to use montmorillonite to effectively block water permeability, only
cationic surfactant-modified montmorillonite could be used. By blocking water
permeability, the risk of mould production at the interior sides of the walls is
lowered. A second possibility would employ these minerals in suture mortars
between wall tiles. Since tile is often used in wet and humid environments

(such as bathrooms), the mortar in the grout constitutes a suitable place for mould
growth. By mixing minerals with this mortar, the mould growth may be blocked.
Organoclays could also be mixed directly into the slab concrete between underfloor
heating and parquet. With steam pressure coming from the ground, wetness and
heat provide a proper environment for the mould growth on the slab concrete
under the parquet. Such a mixture may make the slab an unsuitable surface for
mould growth. This process already occurs to some extent with montmorillonite/
bentonite being mixed with some concrete types at ratios between 3% and

5% to increase the processability but not for its antifungal properties [10].

Raw clays that are modified with the organic compounds usually with the cationic
surfactants (alkylammonium salts) are called organoclays or organocomplexes.
Organoclays can be obtained from the smectite (montmorillonite) containing
clays by specific treatment with the quaternary ammonium salts. After processing
the inorganic cations (Na*, Ca?, etc.) in clay mineral interlayer spacing become
exchanged to organic ones (Fig. 1) [11].

There are different ways to modify clay minerals: adsorption, ion exchange with
inorganic cations and cationic complexes, ion exchange with organic cations,
binding of inorganic and organic anions, mainly at the edges, grafting of organic
compounds, reaction with acids, pillaring by different types of poly hydroxo metal
cations, dehydroxylation and calcination, delamination and reaggregation of
smectitic clay minerals, and physical treatments such as lyophilisation, ultrasound,
and plasma [12]. Approximately 80% of the papers describe the use of cation
exchange reactions, generally in aqueous solution, to modify the clay minerals [13].
Solid-state reaction is an alternative route of preparation of organoclays, but it

has been less employed than cation exchange.

a) @ = Na*, Ca?* —_— @ @ @ }d1
I
d, <d,
I
b) = /\<\1+/\ —_— d,
) I
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un antifungalu organomalu piejaukums javai varétu samazinat sénu vairo$anos.
Organomalu pievieno$ana var bit lietderiga betona platnés starp siltajam gridam

un parketu, kur ar tvaiku tiek raditi labveéligi apstakli peléjuma attistibai (paaugstinats
mitrums un siltums). Zinama méra malu piejauk$anas procesi buvmaterialiem jau
tiek izmantoti, pieméram, smektits (bentonits, montmorilonits) 3% un 5% apmeéra
tiek pievienots dazam betona markam, lai uzlabotu to apstradajamibu [10].

Dabiskus malu mineralus, kas ir modificéti ar organiskam vielam, parasti ar virsmas
aktivajam vielam (alkilamonija saliem), sauc par organomaliem jeb organokom-
pleksiem. Organomalus var iegiit no malu minerala smektita (montmorilonita),
noteikta cela to apstradajot ar dazadiem kvaternizétiem amonija saliem. Dabisko malu
modificé$anas rezultata neorganiskie katjoni (Na*, Ca?* u.c.) slanaina malu minerala
starpplaknu telpa tiek aizvietoti ar lieliem organiskiem katjoniem (1.att.) [11].

Pastav vairakas metodes dabisko malu modificé$anai: jonu apmaina ar neorganiska-
jiem katjoniem un katjonu kompleksiem, jonu apmaina ar organiskajiem katjoniem,
reakcijas ar skabém, dehidroksilésana, delaminésana un malu mineralu reagregacija,
fizikala ietekme (ultraskana, plazma utt.) [12]. Apméram 80% gadijumu malu mo-
difikacijas procediras pamata ir katjonu apmainas reakcijas, galvenokart tdens vai
organisko $kidinataju vidés [13]. Reakcijas cieta fazé jeb ta saucama mehanokimiska
mijiedarbiba ir alternativs panémiens organomalu pagatavos$anai.

Latvijas Universitates Kimijas fakultaté izstradats panémiens Nr. EP2690067 A1l
(solid-state reaction) [14], lai iegutu organomalus ar vairakiem alifatiskajiem
kvaternizétiem amonija saliem, kuru molekulas oglekla virknes garums ir C, ,un C ..
Bagatinati [15, 16] Saltisku karjera (Lietuva) triasa perioda smektita mali mehano-
kimiska cela apstradati ar katjonu virsmas aktivam vielam: oktadeciltrimetilamonija
hloridu (ODTMA Cl) un heksadeciltrimetilamonija bromidu (HDTMA Br).
Organofilizacijas rezultata, mainot komponentu attiecibas un apstrades laikus, ieguti
organomali — géli ar kristalisku struktiiru briina krasa, kurus ietvaicéjot un

saberzot iegtist pulverus. Modificé$anas rezultata dabiskie smektitu mali no izteikti
hidrofiliem materialiem kluva hidrofobi.

Antibakterialas un antifungalas aktivitates noteik$anai ir izmantoti dabiski un baga-
tinati smektita mali, smektita organomali ar ODTMA Cl un HDTMA Br (2. att.).
Pétamo materialu antibakterialas aktivitates noteiksanai ir lietotas tris baktériju
tirkultaras: Pseudomonas putida LMKK 650, Staphylococcus aureus LMKK 334

un Escherichia coli LMKK 332, antifungalas aktivitates noteik$anai ir izmantots
mikroskopiskas sénes Cladosporium herbarum celms LMKK 258.

Eksperimenti ar maliem noritéja 30 ml tilpuma sterilas stikla pudelés (Simax,
Cehija), kur sterilizéti (121 °C 15 min.) 1 g vai 3 g mala paraugu kopa ar 10 ml

-1y 0,05-0,06;
Ultrospec 3100 pro, Amersham Biosciences, Lielbritanija) inkubéti no vienas lidz

baktériju P. putida, S.aureus vai E. coli idens suspensijas (OD

¢etram stundam 30 °C temperatara. Péc tam gatavotas suspensiju at$kaidijumu
sérijas un veikti baktériju uzséjumi Petri traukos uz mikrobiologiskas barotnes
(Plate Count agar, Bio-Rad, Francija). Petri trauki inkubéti vienu (E. coli) vai divas
(P. putida, S. aureus) dienas 28 °C temperatira. Saskaititas baktériju kolonijas un
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Raw (No. 1), enriched (No. 2)
and mechanochemically obtained
organoclays (Nos. 3 and 4)

Dabiskie (Nr. 1),

bagatinatie (Nr. 2) un

ar mehanokimisku panémienu
iegatie organomali

(Nr. 3 un Nr. 4)

DETERMINATION
OF

A novel method Nr. EP2690067 A1 (solid-state reaction) [14] for mechanochemical
obtaining of the organoclays from the smectite clays and aliphatic quaternary

ammonium salts (cations having C, and C , atoms) were developed at the University
of Latvia (Department of Chemistry). According to the procedure, enriched [15, 16]
Triassic period smectite clays from Saltiskiy deposit (Lithuania) were modified with
cationic surfactants: octadecyltrimethylammonium chloride (ODTMA Cl) and
hexadecyltrimethylammonium bromide (HDTMA Br). The optimal parameters
were selected for the smectite clay modification (ratio of the components, time

of the mechanochemical treatment) and process of organophilization resulted into
brown gels with the crystalline structure, that after drying were crushed into fine
powders. The surface properties of the raw slay samples after modification changed
from hydrophilic to hydrophobic.

Raw and enriched smectite clays, organoclays with ODTMA Cl and HDTMA
Br were selected for determination of antibacterial and antifungal activity (see.
Fig. 2). Three different cultures of bacteria such as Pseudomonas putida LMKK 650,

THE ANTIBACTERIAL Staphylococcus aureus LMKK 334 and Escherichia coli LMKK 332 were used for

AND
ANTIFUNGAL
ACTIVITY

the determination of the antibacterial activity. For the evaluation of the antifungal
activity the fungi Cladosporium herbarum LMKK 258 were used.

30 ml sterile (121 °C 15 min) glass flacons (Simax, Czech Republic) were used
for the experiments, where 1 g or 3 g of the selected clay sample with the additive
of 10 mL aqueous suspension containing bacteria P. putida, S.aureus vai E. coli
(OD540
incubated for 1-4 h at 30 °C temperature. Then the series of the suspension dilution

0.05-0.06; Ultrospec 3100 pro, Amersham Biosciences, Great Britain) were

were made and bacteria were put on microbiological medium (Plate Count agar,
Bio-Rad, France) in Petri plates. Petri plates were incubated for 24 h (E. coli) and
for 48 h (P, putida, S. aureus) at 28 °C temperature. Later the colonies of bacteria
were counted and the number of colony forming units (CFU) on a gram of clay
were calculated. The limit of detection was 10 CFU for one millilitre and 2 CFU
for a gram of clay material.

Determination of antifungal activity was carried out in Petri plates with malt extract
agar (Becton & Dickinson, ASV). 0.05 g or 0.5 g of the sterile clay or organoclay
sample were accurately weighted into Petri plates (diameter 9 cm) and mixed with
the 25 mL of liquid malt extract agar, for obtaining of 0.2% and 2% concentration,
respectively.

After agar medium hardened, 3 ml of Cladosporium herbarum fungi suspension
with a density of 0.16 OD,,  were introduced to medium. The suspension was
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The effect of the smectite clays
and organoclays

on the viability

of the bacteria P. putida

Smektita malu un
to organomalu ietekme

uz P. putida baktériju dzivotspéju

aprékinats kolonijas veidojo$o vienibu (kvv) skaits uz vienu gramu mala materiala.
Noteiksanas apakséja robeza bija 10 kvv uz vienu mililitru un 2 kvv uz vienu gramu
mala materialu.

Antifungalas aktivitates noteiksanas eksperimenti noritéja Petri traukos ar iesala
ekstrakta agaru (Malt extract agar, Becton & Dickinson, ASV). Katra Petri trauka

ar 9 cm diametru iesvéra pa 0,05 vai 0,5 g sterila analizéjama mala vai organomala
un samaisija ar 25 ml saskidrinata iesala ekstrakta agara, iegiistot attiecigi 0,2%

vai 2% koncentraciju. Kad agarizétas barotnes sacietéja, uz tam uznesa pa 3 ml sénes

Cladosporium herbarum suspensijas ar blivumu OD_, 0,16. Suspensiju vienmeérigi

540
izkliedéja pa visu virsmu un lieko suspensiju atstica. Péc tam traukus inkubéja istabas

temperatira 5 dienas un analizéja mala materialu ietekmi uz sénes aug$anu [17].

Malu organokompleksu sastava eso$as organiskas vielas oktadeciltrimetilamonija
hlorids (ODTMA Cl) un heksadeciltrimetilamonija bromids (HDTMA Br) pieder
pie kvaternizétiem amonija saliem un ir pazistami ka katjonu virsmas aktivas
vielas (VAV) un dezinfekcijas agenti. Abi virsmas aktivu vielu saturosie organomali
samazinaja suspensijas pH lidz 2,50-2,36, palielinaja tas elektrovaditspéju un
iznicinaja baktérijas (1. tab.).

Malu organokomplekss ar abam virsmas aktivajam vielam - oktadeciltrimetil-
amonija hloridu un heksadeciltrimetilamonija bromidu - uzradija ari fungicidu
efektu. Vielu ietekme bija atkariga no to koncentracijas. 0,2% koncentracija sénes
Cladosporium herbarum augsana bija kaveéta, bet 2% koncentracija séne neauga
nemaz (3. att.). Dabiskie un bagatinatie Saltisku atradnes mali neietekméja

sénes aug$anu [17].

Materials Conductivity after  Viability of the bacteria, %
pH 4 h, mS/cm Baktériju dzivotspéja, %
Pétamie smektita malu Elektrovaditspéja
materiali 1h 4 h péc 4 h, mS/cm 1h 4 h
Raw smectite clays
8.9 8.6 0.16 100 90
Dabiski smektita mali
Enriched smectite clay
4.9 4.6 0.86 86 66
Bagatinati smektita mali
Smectite organoclays
with ODTMA CI
2.4 2.5 8.38 0 0
Smektita organomali
ar ODTMA CI
Smectite organoclays
with HDTMA Br
2.5 2.4 7.78 0 0
Smektita organomali
ar HDTMA Br
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CONCLUSIONS

distributed evenly over the entire surface, and the excess of the suspension was
removed. Then Petri plates were incubated at room temperature and after five days
the clay effect on the fungi growth was evaluated [17].

Octadecyltrimethylammonium chloride (ODTMA Cl) and hexadecyltrimethyl-
ammonijum bromide (HDTMA Br) selected for the clay modification represent
the class of the quaternary ammonium salts and are well-known cationic
surfactants and disinfection agents. Both cationic surfactants lowered the pH
of the suspensions to 2.50-2.36, increased its conductivity and killed bacteria
(see. Table 1).

Organoclays with both cationic surfactants (octadecyltrimethylammonium
chloride and hexadecyltrimethylammonium bromide) showed also fungicidal
effect. The fungicidal effect depended on the compound concentration.

The growth of fungi Cladosporium herbarum was retarded when the concentration
of the compound was 0.2%, while at 2% fungi did not grow at all (see Fig. 3).

Raw and enriched smectite clay form Saltiskiy (Lithuania) did not affect

the growing of selected fungi [17].

Smectite clays modified with the cationic surfactants (octadecyltrimethyl-
ammonium chloride and hexadecyltrimethylammonium bromide) showed
both antibacterial and antifungal activity. Due to its specific properties,
mechanochemically obtained organoclays have the potential to be applied
in development of new antimicrobial materials and products.
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SECINAJUMI

Katjonu virsmas aktivas vielas — oktadeciltrimetilamonija hloridu un heksadeciltri-

metilamonija bromidu - saturosi smektita mali uzradija gan antibakterialu, gan

antifungalu aktivitati, lidz ar to pastav iespéjas izstradat jaunas antimikrobialu mala

materialu iegi$anas tehnologijas un produktus.
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