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Materials that contain cellulose fibers as the most common natural carbohydrate are
known to be affected by different kinds of molds and microorganisms. 700 bacteria of
actinomycete, fungus use cellulose as a source of carbohydrate. These microorganisms have a
specific gem — cellulase, which is responsible for a complex biochemical process — destruction of
cellulose.

The problem of getting biocide materials that are not affected by different molds and
microorganisms is faced by a number of fields of domestic economy. This includes various kinds
of package materials used in food, medical, cosmetical, electro-technical, and other industries.

The work demonstrates some possibilities of getting biocide materials based on basalt
fibers including cellulose and its ethers processed with solutions of bactericide drugs and define
bactericide activity regarding to disease-causing organisms: Staph. aureus, F. Coli, and
derivatives of nitrofuran range are used as bactericide reagents.

Appliance of clay minerals of the montmorillonite type in the composition with basalt
fibers is proved to get materials that are characterized with high biocide properties and excellent
service characteristics. Thus, appliance of basalt fibers in this direction has a very positive
perspective.

This paper describes a methodology of producing a strong thin paper-like biocide
material based on non-organic basalt fibers, which can be used in many industries of domestic
economy.

Keywords: cellulose fibers, natural carbohydrate, biocide materials, molds, microorganisms,
clay minerals, basalt fibers, biocide properties, domestic economy.

Introduction

The problem of getting biocide materials that are not affected by different molds and
microorganisms is faced by a number of fields of domestic economy. This includes various kinds
of package materials used in food, medical, cosmetical, electro-technical, and other industries.
Getting of biocide paper that can stand against bacterias (bacterial), molds (fungicidal), and
insects is the problem the mankind has been tackling for a very long time [1].

Biostability of cellulose fibers is being searched and learnt even nowadays. There are
several ways of solving this problem: mechanical, fungicidal, etc. [2] Biostability of the materials
can be increased by modifying the chemical nature of cellulose. [2] Obviously, it’s easier and less
expensive to use non-organic fibers in compositions, in particular - basaltic. These fibers (of
unlimited fund) are get by stretching under high temperatures with air steam by frictional forces
between it and the fiber, which is moving with variable speed. At the same time, fibers are not
only stretching, but also are separated, divided. Materials that is being created, has durability of
80% of the initial one, in distinguish to other natural fibers that are got by the same technology,
but with 50% of the initial durability.
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Basaltic fibers are high-temperature resistant materials, with low chemical activity, which
is very important - they do not conduce to spreading of different molds and microorganisms, are
not affected by mildew, bacterias, and other pests, rodents, beetles, mosquitoes, etc.
Experimental part

Getting of carton-like materials basing on basalt fibers (BAS) like tiles, felt, scale, etc is
not a problem. Such materials do not contain binders in their composition content, but have
evenly intertwined basalt fibers. They have low durability, in practice after vacuuming (drying)
they can hardly be taken off the net, as basalt fibers do not have paper-creating properties (not
fibrilized, no hydrogen bonds), inter-fiber relations are purely mechanical. That is why for getting
a more durable thin paper-like material, applying of bonding substances is critical. Keeping this
in mind, depending on the usage conditions and requirements to the ready-to-use product,
different binding materials can be applied. The most popular and handy binding material is
cellulose (if further used under 120-130°C).

Cellulose (CEL) and basalt fibers have electro-kinetic potential which is equal by sign and
opposite by value, and which rise on the boundary of phase separation (solid-fiber-solution).
Reloading of the surface of one of the contacting fiber is learnt to give a possibility to get a
composition material that consists of oppositely charged particles (reloading of the surface of
cellulose fibers goes under
pH=3.7-3.8, but basalt fiber is recharged under pH=4.9-5.1), material durability and its
biostability is significantly increased [3] Thus, for example, durability of materials with 20-25%
of basalt fiber in composition with cellulose ones during recharge of the cellulose part of fibers is
increased more than 24%.

Recharge of cellulose fibers is possible without separation of fiber, using sulfate of
aluminium and without changing the potential of basalt fibers (without separating the
components). Consequently, mutual coagulation of oppositely charged fibers is increased,
properties of materials are improved [4].

Researches performed earlier confirmed that in order to get thin, flexible, and heat-
resistant material, which stops distribution and development of microorganisms, argillaceous
minerals can applied [5]. Bentonite clays are known to be associates of clay minerals with
prevalence of montmorillonite (MOT) in them. Mineral content of such clays is high-disperse
formations that mainly consist of fractions of less than 0,00 I mm.

Affected by water, montmorillonite transfers from elastically brittle condition to the
flexible condition because of bound and capillary water. Contact of clays and water provokes an
active swelling process. For the sake of research, rock-forming fraction of bentonite clay is
selected by soaking in distilled water and pouring out of the top 10sm layer after 24-hour settling.

Pyzhev bentonite of Chercassy deposit was applied in the procedure, as it contains sodium
oxide due to which it becomes more active because of intensive hydration and increased stability
of the system.

There was a research on possibility of getting and appliance of thin paper-like material
based on basalt fiber in compositions with recharged cellulose sulphite fiber (SFI) and its ether
(carboximetilcellulose, KMC). Compositions were injected with montmorillonite, a clay mineral.
Sorbic acid was used as a fungicidal-active material, which was applied from water suspension
with binding material of carboximetilcellulose. Because sorbic acid contains rough disperse
particles (up to 100mkm), to increase sedimentary stability, it was additionally fragmented in the
ball mill to get particles of a middle size (15-20mkm). This was done to ensure qualitative
coverage and significant fungicidal properties of the material [6].
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The obtained material was processed by 5%-solution of carboxymethylcellulose.
Bactericide activity was researched regarding to pathogenic microorganisms: Staph.aureus and
F.coli. Derivatives of nitrofuran and triazine series (furalhyn, hexacid, ethonium, vazin — they
depress growth of pathogen bacteria) were used as bactericide reagents.

Results of the researches of antibacterial properties of the materials are represented in
Table 1.

From Table 1, it’s obvious that the best variant of the composition, which effectively
depresses growth of microorganisms, contains basalt (50%) and cellulose (50%) fibers, sorbic
acid (50%) and hexacid, 15% of montmorillonite, a bacterial reagent. Obtained modified
materials that are part of basalt and cellulose fibers, and up to 15% of bentonite clay
montmorillonite, were tested against durability and filtering ability in accordance with the
methodics [4].

It is proved that a characteristic feature of clay suspensions is their low stability associated
with the extremely developed phase interface by the presence of an excess of surface energy that
facilitates the aggregation of the particles of the dispersed phase and the coagulation of the
system.

Improving the properties of clay suspensions can make them more stable by treating them
with surface active water soluble substances of synthetic or natural type. The main one is to
increase or develop the swelling process, which is due to the peculiarities of the wall structure of
the montmorillonite lattice. The result of the manifestation are hydrophilic properties of the
system [7]. The use of surface active substances helps to change the molecular nature of the
surface and makes it possible to obtain systems with a new features.

Table 1. Antibacterial properties of the materials

Composite materials Diameter of the microorganism oppression area, mm
50%SFI + 50% bas-+ Staph.aureus F.coli
15%MOT + furalhyn
o Y 15 18
50%SFI + 50% bas+ 32 48
15%MOT +
furalhyn + sorbic acid
50%KMC + 50% bas + 30 24
15%MOT + hexacid
50%KMC + 50% bas+ 62 42
15%MOT +
hexacid + sorbic acid
50%SFI + 50% bas+ 46 44
15%MOT + vazin
50%SFI + 50% bas+ 44 42
15%MOT + ethonium
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The effect of polar organic compounds during their exchange adsorption on the surface of
clay particles was studied. The behavior of sodium humates of carbonate alkaline reagents (SH)
and sodium salts of resin acids of SSRA in relation to a representative of bentonite clays,
montmorillonite.

Suspensions of Piezhevsky montmorillonite treated with alkali-reagent proved that 1%
additive is sufficient for research it. Clay suspension under these conditions has acquired high
stability and thixotropic properties. The system did not change the structural-mechanical type.
There appeared greater rapid elastic deformations, which can be explained by the presence of
developed protective shells around solid particles of dispersed phase.

The treatment of montmorillonite particles with sodium salts of resin acids of SSRA
showed that 4% of solutions for this purpose are sufficient to obtain a strong and stable
suspension in which conditions are created for the formation of coagulation structures.
Significant changes in the surface properties of bentonite clays are achieved by the exchange
adsorption of polar organic compounds. In this case, the surface of clay particles is completely or
partially a screened polar functional group.

Table 2 demonstrates that appliance of clay minerals with high ion-exchange capacity
leads to peptization of particles, their stabilization, and increase of forming the structure. This
reflects on basic durability characteristics of the materials. Thus, decrease of binding material in
the composition does not mitigate the main parameters of durability and filtering capacity.

Basalt fibers are known [1] to be the great protection from external impact of different
fungus, microorganisms, so the authors suggested applying them in compositions for producing
package materials (specifically for food designated for long-term storing). The pH level of
environment is known to significantly influence the degree of infecting of plant fibers by molds.

Table 2. Characteristics of materials, containing basalt and cellulos fibers, montmorillonite (15%
by weight of fibers), sodium humate (1% solution of alkaly reagents) and sodium salts
of resin acids (4% solution)

Properties of the composition
Properties
20% Cel +
) (1)
50% Cel 50% Cel+ 50% B%z?sf f;ol/;f(()),?) 4 80%Bas+
+50% Bas | Bas+ 15%MOT 10% SH 15%MOT+
° 10%SSRA
Compositions
Fracture, u.g.11. 416 640 960 980
Breaking length, m 920 1220 1410 1440
Air resistance, MM.water 18 20 24 26
Capillary sorption, 56 64 68 70
mm/min

As a rule, the optimal value of pH of nutritious environments for the majority of molds
are below 7, though the area of affection varies among fungus. Perfect conditions for formation
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and growth of cellulose are mainly created in acid environment, and only Stachybotrus atra’s
optimal value is deviated to alkalinity - pH=7,5. It’s interesting that increasing of alkalinity, say
up to 8, and its decreasing down to 5,5 - this fungus stops producing cellulose. This can be the
reason why the degree of coverage by this fungus is less than by fungus of other kinds. In
general, our investigations were held in acid environment (pH~4,9-5,2).

The easiest method of research of biostability is the visual one, which involves wetting
samples, infecting them with fungus of a particular kind, and placing them in a dark place [8].
The main requirement as for the research methods was that the investigations should have been
held in tough conditions for materials and favorable conditions for development of
microorganisms.

To be the most objective, stability of the materials against the fungus was tested with
three methodics: in liquid environment of Van-Iterson, on the surface of non-alkali ahar
(environment of Chapek) and in wet cell with relative humidity of 98%. Seeding was estimated
by 10-degree system, where 10 is the highest degree of overgrowth. The results of the
investigation of materials destroy under impact of fungus are represented in Table 3.

Table3. Biostability of materials of different compositions that contain basalt, cellulose fiber,
montmorillonite (MOT) in the liquid medium of Van-Interson (1), on the surface of
non-alkali ahar - Chapek’s environment (2) and in the moist chamber (3)

Phases
Fungi types Liquid phase (I) Solid surface (1) Moist chamber (I11)
a b c d a b c d a b c
Compositions
Chaktomium 5 3 2 2 6 4 2 2 5 3 2 2
glohosum
Paecilomuses 6 4 2 2 5 4 2 2 5 4 |2 2
varioti
Stechybotrus atra | 4 3 2 2 4 3 2 3 5 4 2 2
Mix of types 6 4 2 2 6 4 2 3 6 4 |3 2
Compounds:
a)50% Cel+50%Bas;

b)50%Cel+50%Bas+15%MOT(by weight of fibers);
¢)20%Cel+80%Bas+15%MOT(by weight of fibers)+10% SH;
d)20%Cel+80%Bas+15%MOT(by weight of fibers)+10% SSRA.
Where Cel is Cellulose, Bas is Basalt, MOT is Montmorillonite, SSRA is Sodium salts of resin
acids, SH is sodium humate (alkali reagents).
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Only specific and equal in all cases qualities of the nutrient medium were considered.
Seeding was performed with equal amount of homogeneous water suspension of spores. From
Table 3, it’s obvious that there is no material that could stand against fungus infection, but
infecting has different degree.

To unify tests of different compositional materials against biodurability, international
electro-technical committee suggested a set of fungus, which will be the indicator of biodurability
of the materials. Among them, there are three main “cellulose destroyers” (Stachybotrus atra,
Chacktomium glohosum, Paecilomyces variety). All the biostability tests are held under the
toughest conditions created for the material under investigation, but the most favorable for
development of microorganisms. The methodology of identification is described in [4]. To be
more objective. samples of materials were tested by three methods: in the liquid environment of
Van-Interson, on the surface of non-alkali ahar (Chapek’s environment), and in wet cell with the
relative humidity of 98%. Seeding was held weekly during 180 days. Results are represented in
the Table 3.

Tests were conducted with “clear” and “infected” fungus, meaning selected from the
infected paper.

Method of carrying out the tests consisted of two parts of visual observations and
qualitative characteristics. Qualitative analysis of the destroyed paper was help in the following
way: a sample of the paper without infection with fungus and in a month after infecting were
dried till the constant weight and weighted. The difference in the weight gave the quality of the
destroyed material.

These samples were tested against biostability in relation to some “active” fungus and
microorganisms and microelements. Methodology of tests is described in the [5]. Covering by the
fungus was estimation by 10-degree scale. Maximal coverage was equal the minimal stability
against the fungus.

Conclusions:

1. Almost all materials under investigation more or less were affected and destroyed by
fungus.

2. Materials that contain more cellulose are affected by fungus more and faster. Samples
which content of cellulose is up to 85% are affected by 5-6 day, in 12-15 days the
material is totally covered with fungus. The materials that contain up to 20% of cellulose
fiber are more stable: fungus appears only in 15-17 days.

3. Increase of basalt fiber in the composition content lead to increase biostability of the
materials.

4. Biostability materials and their strength characteristics have been significantly improved
by introducing bentonite clay - montmorillonite into the composition with the surface
treatment with organic compounds such as sodium humate (SH) and sodium salts of resin
acids (SSRA).

5. That’s it: pathogenic microorganizms such as Staph. Aureus type and depressed F.coli
are proved to be depressed in the best way by the composition of 50% basalt + 50% KMC
+ 50% MOT + hexacid + sorbic acid.

6. The best indicators are got by materials that contain bentonite clay of the montmorillonite
kind and little quantity if cellulose fibers (30%).
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BIOLIMITHI KOMITO3HUIIIi 3 BASAJIBTOM

B.M.llleBuenko, H.A.I'yn

Hayionanvnuii mexuiunuii ynieepcumem Yxpainu « Kuiscokuil norimexnivHuu incmumym imeHi
leopa Cikopcvrozoy, 03056, Kuis, np. [lepemocu, 37, (+38044)236-97-74, e-mail:

sec@xtf-kpi.ua

Ilpo me, wo mamepianu, y ckiaoi AKUX MIiCMAMbCA HAUOLTbUL PO3NOBCIOONCEHT Y NPUPOOL
8y21e800U - YeNlNI03HI BONOKHA, NIOOAOMbC 6NIUBY DIZHOMAHIMHUX NAICHLOBUX 2pubie ma
MiKkpoopeanizmie 8ioomo oasno. 700 baxmepiii akmunomiyemie ma 2pudié SUKOPUCMOBVIONDb
yenionosy Ak Odicepeno eyeneyio. Lli mikpoopeanizmu micmame cneyugiunuil pepmenm —
yenonasy, wo 8i0n08I0ac 3a pyuHy8aHHs Yeaiono3u.

Ilpobnema odepawcannsa Gioyuonux mamepianis, wo He nionaoaroms nio 6NIUE PI3HO20
PpoOy NiCHbOBUX 2pubie ma MIKpoopeanizmie mypoye 6asamo HANpIMKI6 ma 2anyseil
NpOMUCI08020 BUpoOHUYmMea. Hanpuknad, pisHoeo muny naxyeaivHi Mmamepianu, wo
BUKOPUCMOBYIOMbC 68 XAPUOBIU, MEOUYHIU, KOCMEMUYHIl, eleKmpPOmexHiuHil ma I[HUWUX
HanpsamKax npomMucio8020 UPOOHUYMEA.

Y pobomi npodemoncmposano 0esiki MONCIUBOCME 00ePAHCAHHI OIOYUOHUX Mamepialié Ha
OCHOGI 0a3an1bMoBUX B0JIOKOH 3 GUKOPUCMAHHAM yenono3u ma ii e@ipie, wo o00pobieHi
PO3UUHAMU OAKMEPUYUOHUX Npenapamie - NOXIOHUMU HIMPOodypanoeo2o pady ma UsHA4ArOmMb
bakmepuyuoHy axKmueHicms no GiOHOUIEHHIO 00 X80POOOMBOPHUX OP2AHIZMIB. CMAagiloKOKY
sonomucmomy (Staph. Aureus), kuwxisnoi nanouxu (F. Coli).

Hocniooiceno, wo euxopucmants y KOMRO3UYii 3 6A3a16bMOSUMU BOTOKHAMU 2TUHUCTAUX
MiHepanie muny MOHMMOPUIOHIMIE 00360JIAIE 00epIHCAmu Mamepianu, wo Xapakmepusymucsl
BUCOKUMU OIOYUOHUMU BLACMUBOCMAMU MA XOPOWUMU  CAYHCOOBUMU XAPAKMEPUCMUKAMU.
Takum uyuHOM, GUKOpPUCMAHHA OA3ANGMOBUX BOJOKOH YV OAHOMY HANPAMKY — Oydce
NepCcneKmusHo.

KarouoBi cjoBa: yenion03ni 60710KHA, NpupooHi 8yeneeoou, OIoyuoHi mamepianu, Ysii,
MIKpOOpeauizmu, 2IUHUCII MIHepanu, 0a3aibmosi 80J10KHA, DIOYUOHI 61ACMUBOCMI, BIMYUZHAHA
EKOHOMIKA.

177



BUONMUIHBIE KOMIIO3HUIIUU C BA3AJIBTOM
B.M. IlleByenko, H.A. 'y

Hayuonanvuoiii mexnuueckuil ynugsepcumem Yxpaunvl « Kuesckuil nonumexnuyeckuil uHCmumym
umenu Heops Cuxopckozoy, 03056, Kuis, np.Ilo6eowi, 37, (+38044)236-97-74, e-mail:

sec@xtf-kpi.ua

Mamepuanei, 6 cocmage Komopwix codepicamcsi Haubosee pacnpoCcmpaHeHHvle 6
npupooe y2nesoobl - Yernioa03uble 80I0KHA, NOOBEP2AIOMCsL 8030€liCMEUI0 PA3IUYHBIX NIIeCHEBbIX
2pub0o8 U MUKPOOP2aHU3M0o8 ussecmuo oasHo. 700 6axkmepuii axmunomuyemos u 2pudos
UCNONL3VIOM  YeNN0N03Y KAK UCMOYHUK — Yenepood. Omu  MUKPOOP2AHUSMbL  COOepHCaAm
cneyughuueckuil hepmenm - Yeanroano3d, Omeeuarowull 3a papyuleHus Yeunoi03bl.

IIpobnema nonyuenuss GUOYUOHBIX MAMEPUATIO8, He NOOBEPLAIOWUXCS BIUAHUIO PAZHO2O
pooa niecHesvix epubo8 U MUKPOOPSAHUIMO8 OeCnOKOUm MHO2Ue HANpagieHust u ompaciei
APOMbBIUUIEHHO20 Npouszsoocmed. Hanpumep, pasziuunoco muna ynako8oyHvle MAmMepudvl,
UCNONb3YeMble 8 NUWEBOL, MEOUYUHCKOU, KOCMEMUYecKoll, 3JIeKMpPOmMexXHUYecKol u Opyaux
HANPasieHusx NPOMbIUIEHHO20 NPOU3BOOCMEA.

B pabome npodemoHcmpuposanvl HEKOMopbie B03MONCHOCMU NOJIYVYeHUs OUOYUOHBIX
Mamepuanoe Ha OCHo8e OA3ANbMOBLIX BOJOKOH C UCHONb308AHUEM YELNI0N03bl U ee IPupos,
0bpabomanuble pacmeopamu OAKMepuYuUOHbIX NPEenapamos - NPoOuU3800HbLIX HUMPODYPAHOB020
paoa u onpeodensiom OAKMEPUYUOHVIO AKMUBHOCMb NO OMHOWEHUIO K 0OO0JIe3HemE8OPHbIM
opeanusmam: cma@uiokokka zonomucmoeo (Staph. Aureus), kuweynoti nanrouku (F. Coli).

Jokazano, ymo ucnonv3osanue 8 KOMROUYUU ¢ 6A3ANILMOBLIMU BOJOKHAMU IUHUCTNBIX
MUHEPANI08 MUNA MOHMMOPUIOHUMA NO360JIem NOLYYUMb MAMepuaisl, XapaKkmepusyouuecs
BbICOKUMU OUOYUOHBIMU CEOUCMBAMU U XOPOWUMU CLYHCEOHbIMU Xapakmepucmukamu. Takum
006pazom, UCNonb308aHUe OA3ATLMOBLIX 80JIOKOH 8 OAHHOM HANPABIEHUU - OYeHb NePCHEKMUBHO.

KiroueBble cioBa: yennono3nvle 60710KHA, NPUPOOHblEe Y2l1e800bl, OUOYUOHbIE MAMeEpudabl,

njieceHb, MUKPDOOP2AHU3MbL, ZIUHUCNIblE MUHEpAlbl, bazanbmosule 60JI0KHA, 6MOL;MaHbl€
CGOL?CI’I’IGG, omevyecmeeHHasA 9KOHOMUKA.
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