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Leading industrial countries display the growth of paper industry even more than other
industries. The paper is and was very important for our civilization. Technical industries also
require the paper. The electro-technical, radio-technical industries use widely various kinds of
paper for the production of things like cables, condensers, radio-diffusers, resistors, TV-sets and
so on. In the chemical industry papers are used for chromatography, electrophoresis etc.

But besides of clear advantages for simple usage there are some another advances for
some usage namely materials which are resistant to mold fungi and the microorganisms.

It is known that the least subject to the fungi effect are things what are consisted as linen
fibers among all as well as sulfite and sulfate cellulose. The artificial fibers are more resistant
than natural.

Obviously the problem of conservation of already printed on paper materials growths
more and more every year. Now it is strange when we can’t read old books which have not being
saved in new digital formats. That is why the preserve the old paper literature in worthy state is
so important for us and for future generations, and the problem of obtaining so called “biocide”
material is so actual. It means such material which may destroy bacteria, mold fungi, and
insects. In this work we have used the clays from Zakarpatiyan oblast Horbsky field. These clays
are classified as bentonite type and have the following consistence with particular size is
between 0,3 and 0,25 mm.

The authors studied the sorption of latexes by basalt fibers. The following latexes were
investigated: divinyl methyl methacrylate (DMMA), divinyl nitrile (SKN), isoprene nitrile (L-7).
A method was used to recharge the surface of cellulose fibers to obtain a flexible, durable filter
material. We checked the resistance of materials to mold.
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Introduction

Last time we could observe the increasing of the ways for obtaining such kind of
materials: injecting biocide materials into paper mass or processing in the gluing press. Besides,
everyone agrees that it is inadmissible to use toxic substances in the production of materials for
packaging food, medical, cosmetic and other products.

This scientific work is about the new kind of “technical paper”, namely the paper which
contains basalt fiber. Basalt fiber means inorganic fiber with low chemical activity. That means
low compliancy to fungi, microorganisms, insects etc.

This work describes low-cost basalt-fiber based paper-like material with some bonding
parts like cellulose, latex etc which is not complicated in production.

There is no problem to obtain carton-like materials based on basalt fibers even without
use of binding agents, for example: felt, plates and so on. But if you want to get thin transparent
paper-like material you never do without binders. For this, depending on the requirements for the
finished product, binders of various types that meet the necessary requirements can be used.

Clay materials have proven themselves well, especially bentonite clays, which are
characterized by a pseudo-hexagonal arrangement of silicon oxide tetrahedra, interconnected
with each other and capable of forming spatial coagulation structures with water. Bentonites tend
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to form thixotropic structured systems in suspensions, adsorb gases, liquids and solid compounds
on the surface, as well as interact with many substances that regulate their strength and
deformation properties.

In the course of work, it was found that for use in combination with basalt fiber,
bentonites from the Pyzhevsk mine are best compared to others: Kuntsevo, Cherkassy, Nadeevo

[1]

The work shows that the treatment of montmorillonite with an electrolyte peptizer (for
example, calcium chloride) contributes to an increase in the formation of coagulation structures
with specific structural and mechanical properties. Due to the replacement of calcium ion in
suspensions with sodium ion, an increase in plastic strength, stability, and the formation of
thixotropic structures are stimulated (maximum strength is observed with the introduction of
0.25% calcium chloride (Table 1).

Table 1. Straightness of materials containing 80% of basalt fiber, 10% of cellulose fiber and
10% of montmorillonite treated by calcium chloride solution

Temperature, °C Breaking weight, kgf
20 0,68
120 0,82

Since the basalt and cellulose fibers have equal by sign but different by value electro-
kinetic charge one of these fibers (before they contacted each other) we have recharged by
aluminium sulfate to get the surface charge to be positive. Thus, as you can see the coupling of
two against-charged fibers strengths the final product (Table 3).

Since the electrokinetic charge of basalt and cellulose fibers is the same of sign, but
different in value, before the contact of these two fibers, one of them (for example, cellulose
fiber) was recharged with aluminum sulfate until the surface charge reversed, i.e. became
positive. Thus, the connection of two oppositely charged fibers contributed to the strengthening
of the interaction between them, which led to an increase in the strength of the finished product
in Table 2.

Table 2. The straightness of materials containing basalt, recharged cellulose fibers as well as
15% of montmorillonite (relatively to fibers mass) processed by suspension of sodium
chloride with 10% of NaCl and 1% of calcium chloride

Contain of Montmorillonite treated by:
cellulose fibers
10% NacCl The suspense of 10% NaCl and 1% of
C&C'z

Capacity of cellulose fiber

25% 40% 25% 40% 25% 40%
Breaking 146 424 168 496 174 522
weight,
rgn
Breaking 212 826 184 544 186 664
length,
m
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Some troubles occur with the safety of finished products since the human beings are on
the Earth. The most of problems concern bacteria, fungi, microorganisms and like that. So, we
do have to have so called “biomicide” material to resist them all. Namely, this is a special
material which may kill bacteria, mold fungus and insects. The latter are better, however. One of
the most important applications for this is packaging materials for various kinds of food.
Besides, the paper is got older if the environment is too hot or wet or due to other inappropriate
factors. We can improve the situation by invading some biocide materials, but we shall be
careful because many of them are toxic and should not be used in general places.

Experimental part

For this work we have used the clays from Zakarpatiyan oblast Horbsky field. These
clays are classified as bentonite type and have the following consistence with particular size is
between 0,3 and 0,25 mm.

Bentonite clays have relatively high BET specific surface 422 m%g as well as hydrophilic
properties and porous structure and many other features, all that causes high sorption quality.

To obtain solid and crumb material one have to have the suspension of bentonite in
dispersed condition. During the slow boiling of such suspense the particles row over the surface
in parallel and create the planted film. For these purposes the Na-bentonite dispersions are good.
To obtain the desired suspension it is necessary to remove the electrolyte as completely as
possible, because material obtained with too much salt becomes porous and has a low strength.
To obtain Na-bentonite, the method of neutralizing the suspension in an acid form with sodium
hydroxide is used: bentonite is poured with distilled water in a ratio of 1:10 to swell for three
days. The swollen mass was rubbed on a sieve with 4900 holes per cm? and diluted five times
with 0.05 HCI. After daily sedimentation, the liquid above the precipitate was removed by
decantation. The process was repeated until a weak reaction to Ca*® ion (with ammonium
oxalate) was obtained.

Excess hydrochloric acid was removed by decantation with distilled water. The bentonite
in acid form which we have obtained was then neutralized by means of natrium hydroxide with
Ph 8,3 to 8,5. As it was revealed, for the strong foundation for bentonite suspension in acid form
the full neutralization does not occurred. Potentiometric investigations have shown that porous
structure of montmorillonite depends on the nature of exchange cations.

The cellulose distraction is the complex biochemical process. Mostly it’s done by
microorganisms with specific ferment — cellulase. There is not a consensus about the cellulose
distraction by mold fungi.

In general all tests of cellulose biostability are carried out on pure growth of particular
kinds of microorganisms. But as it was demonstrated fungi mix gives better result since inactive
fungi together with active ones become significantly active too. Besides, the material is
destroyed not only by one kind of fungi, this is the result of fungi mix activity. Compositions
which contain basalt fiber expand the zone of growth depression of such types of
microorganisms. Previously recharged cellulose fiber has a positive effect on expand the zone of
growth depression of fungi and microorganisms.

To make the interaction between basalt and cellulose effective in materials compositions
one may use the recharge of one of components’ surface because they have the same surface
charge by sign but with different with values. Using the fact that surface recharge rates are
different it is possible to treat the material by aluminium sulfate without components separation
to get an effect of recharge or decreasing one of components’ zeta potential almost to zero. It
increases the possibility of mutual coagulation of oppositely charged fibers’ surfaces (to recharge
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the cellulose fibers we decrease pH of the solution; if it’s necessary to recharge of basalt fibers
we increase pH of the suspension).

It was found that by adding the Na-bentonite to the composition the strength of material
with rising temperature increases. This may be explained by the fact that single strength contacts
between Na-bentonite particles increases as well as increases their contact with basalt fiber
surface because rising the temperature exhausts spare and adsorbed water from the system.

Table 3. Breaking weight (kg) depending of temperature

Temperature, °C Suggested material Standard material
20 0,30t0 0,34

300 0,470 1,30 1,20

500 0,5810 1,52 0,150 0,43

Pretty good results of paper-like materials strength were obtained using latexes in
composition with basalt and cellulose fibers mix, for example latex-DMMA-65GP, fluorinated
latex, latex SKF-260 and latex SKN-40.

Adding the mix of fluorinated latex with Na-bentonite to the blend composition gives the
possibility to obtain much more strong filtering material (breaking weight is 1,0 kgf, fracture
strength — up to 800 rgn, resistance to air flow — 24 mmWC.

It is possible to apply the natural palygorskite instead of Na-bentonite. Palygorskite is
widely used as filtering absorbent due to its corpuscles’ comb structure what leads to very good
mechanical and thermal stability. Mechanical strength features of the material of the same
composition are some higher (Table 4).

Table 4. Breaking weight depending on the temperature

Temperature, °C Breaking weight, kg
20 0,500 - 0,600
300 0,670 -0,720
500 0,780 - 0,840

As one can see admixing bentonite or palygorskite to the composition increases the
strength of materials due to formation of pieces rough surface. For temperatures of 1050 — 1100
OC the strength practically is not changed what could be the result of growth of connected
particles quantity.

One of the main problems is the selection of binding component which should bind basalt
fibers but does not affect material initial characteristics. For this purpose the bentonite clays are
recommended. It is known that the ability of clays to sorb liquid and gas substances on their
surface is connected with mineral’s surface activity and its textural features, i.e. porous structure.
In other words, sorption capacity depends on submicroscopic structure of clay material as well as
crystal structure of particles which it consists of. During the processing samples with
temperature of 1050 — 1100 °C the straightness is increasing due to more binding mass
formation.

Addition of the cation-active agents to the system (for example electrolytes) leads to their
adsorption in Stern layer and therefore decrease of negative charge (the value of potential) of the
surface. At a certain concentration of electrolyte (0,1% for aluminum sulfate and up to 0,3% for
aminopolyamide relatively to fiber mass) the charge of basalt fibers decreases almost to zero and
then, swapping the sign, continue to rise. Increase of positive potential value continues up to
certain electrolyte concentration, after that the concentration does not have a significant impact
on the potential. Probably Stern layer becomes saturated by electrolyte ions and further increase
of electrolyte concentration has only insignificant effect on double electric layer behavior.
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When using aluminum sulfate the recharge of basalt fibers surface takes place at pH of
4,95 — 5,05 while for polyelectrolyte this value is a bit higher: 6,0 - 6,1.

The authors have attempted to find a connection between basalt fibers zeta potential
changes and their ability of binding matters retention (sorption) such as latexes for example. The
sorption of latexes by basalt fibers was investigated by method of Voyutskiy. The method is
based on comparison of optical density of latex solutions which do not contain basalt fibers with
those ones which have been in the contact with basalt fibers for some time. Sorbent equilibrium
in the system of latex — basalt fiber establishes in a few hours. The following latexes were
investigated: divinyl methyl methacrylate (DMMA), divinyl nitrile (SKN), isoprene nitrile (L-7).
To get more strength there was used the sulfite unbleached cellulose with freeness of 60 °SR and
aluminum sulfate. At pH value of 3,7 — 4,1 the negative charge of cellulose fibers decreases
under the influence of aluminum sulfate and changes itself to positive, so the cellulose fibers
surface recharge happens resulting in flexible strong filter material. The characteristics are listed
in Table 5.

Table 5. Strength and filtering characteristics of the material

Parameter Output cellulose fiber Recharged cellulose fiber
Percentage 90% 50% 20% 90% 50% 20%
Breaking length, m 8340 2415 46 9215 3864 62
Number of double bends 1860 1230 28 2010 1460 42
Air flow resistance, mm 10 14 18 22 28 36
WG

Time of free flow, min 1,02 1,06 1,08 0,98 0,94 1,12

The data listed in Table 5 indicate that to obtain the material with advanced features, i.e.
to obtain better reaction between fibers of different nature, it is important to recharge one of
them having defined their initial surface potential. Such a way gives the possibility to eliminate
from the composition expensive imported binding materials such as latex and decrease the
content of toxic products in water and air and at the same time obtain better filter material.

The meaningful role in formation of hydration sheath around the particles of dispersion
phase belongs to exchange cations. It is known that depending of exchange cations types one
may change and regulate clay mineral’s structure and strength characteristics. Note that
exchange cations activity affects not only the thickness of exchange layer but the quantity of
structure-forming particles in volume unit. By values of wetting heat and by amount of bound
water the exchange cations can be arranged in a row: Ca™ > H* > Na* > K*. Despite the fact that
Ca-bentonite binds the water for example half times more than Na-bentonite their thixotropic
properties are opposite. In Flyate’s opinion [2] Ca-bentonite has the ability to form primary
hydrated structures which have stronger bond between particles forming the skeleton than Na-
bentonite.

For material compositions we have used Pyzhevsk ball-milled bentonite sifted through a
sieve of 900 holes per cm? and dried at the temperature of 150 — 200 °C for 2 hours.

The prime requirement for investigation methods was that samples were put into rough
conditions for materials and supportive environment for microorganisms growth [3].

For greater objectivity, the fungus resistance of the materials was tested by three
independent methods: in the Van-Iterson’s liquid medium (1), on the surface of the agar
(Chapek's environment (2) and in the dampening chamber with relative humidity of 98% (3) [4].
Inoculations were valued by 10-score system where 10 meant the highest high degree of fungi
overgrowth.

The results of experimental investigations of materials destroying by mold fungi are
listed in Table 6.
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Table 6. Biostability of materials of various compositions containing basalt fiber (Bas), cellulose
fiber (Cel) and montmorillonite (MOT) in different environments: 1 - Van-Iterson’s liquid
medium, 2 - on the surface of the dewaxed agar (Chapek's environment), 3 - in the dampening
chamber

Compositions Fungi types
Chaetomium Paecilomyces Stachybotrys atra | Fungi mix
globosum variotii
Samples biostability test environment

1 2 3 1 2 3 1 2 3 11213
50% Bas + 6 6 5 6 5 5 5 5 5 6 | 6 |6
50% Cel
50% Bas + 4 4 4 4 4 3 4 4 3 4 4 | 4
50% Cel +
15% MOT
70% Bas + 3 3 3 3 3 3 3 3 2 4 | 4 14
30% Cel +
15% MOT
80% Bas + 2 2 2 3 2 2 2 2 2 3 1313
20% Cel +
15% MOT

As can be seen from the table, all investigated materials to some extent fall under the
action of fungi, are affected and destroyed by them [5].

Conclusions

Materials with a greater amount of cellulose fibers in their composition are affected by
fungi to a greater extent and faster. Samples containing up to 85% cellulose fibers are affected by
fungi already on the fifth day, and after about ten days the material is completely covered with
mold. Materials containing up to 20% cellulose fibers in their composition are more resistant:
mold appears only on the fifteenth - seventeenth day.

Biostability increases with an increase the amount of basalt fiber in the composition.

Recharging one of the fibers (changing the surface potential) with aluminum sulfate
stimulates the production of a more durable material with better service characteristics.

We would recommend a competent filter-like material, which includes cellulose and
basalt fibers, as well as bentonite clay montmorillonite of the Pizhevsky mine. The biostability of
such a material is the best.
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®YHITUIUIHO YCTOMYUBBIA MATEPUAJ HA
OCHOBE BA3AJIBTOBOI'O BOJIOKHA
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Beoywue  unoycmpuanvHvie — cmpanbl  OeMOHCMPUPYIOM — pocm — OYMAXNCHOU
npoMblUIeHHOCMU Oadice bonbute, yem opyaue ompaciu. bymaea 6vina u Ovina oueHb 8aX*CHOU
0  Hawell yusuauszayuy. TexHuuecKue oOmpaciu makdce Hyxcoaomes 6 Oymace. B
NEKMPOMEXHUUECKOU, — PAOUOMEXHUUECKOU — NPOMBIUIEHHOCMU — WUPOKO — UCHOIb3YIOMCA
pasiuunsle 6uUdbl  Oymacu 01  NPoOU3BOOCMEa MAaKux npubopos, Kax KOHOEHCaAmopbl,
paouoouggyzopul, pezucmopul, menesusopwl, kabeiu u m. n. B xumuueckou npomviuLieHHoCmu
bymaea ucnoavzyemcs 011 xpomamoepaguu, snekmpoghopesa u m. 0. Ho nomumo ouesuomnvix
npeuMyujecme O0as Mmaxkoeo HpPoOCMOo20 UCHONb306AHUA, eCMb NOMPeOHOCMb 8 MAamepudnax,
YCMOUYUBHIX K NIAECHEBbIM ePUOAM U MUKPOOPLAHUSMAM.

Hzeecmno, umo Mmenvbuie 6ce20 NOpadcenHuro 2pubko8 NoodepICceHbl Beuecmada,
cocmosiyue U3 JbHAHLIX BOJOKOH, A MAKdce CYIbQumMHAs U CyIb@hamuas Yeuinonosa.
Hckyccmeennvie 6onokna 6onee npounvie, yem Hamypanvhvle. Ouesuono, umo npobrema
KOHCEpBayuu yice HANEYAmaHHvlX HA Oymaze Mamepuanog ¢ KaicobiM 2000M 000CMPAEnCsL.
Ceiiuac cmpanHo, K020a Mbl He MOHCEM YUmams cmapwvle KHU2U, Komopbwle He Obliu COXPAHEeHbl
8 HO8bIX yugposvix gopmamax. Hmenno nosmomy coxpamenue 6 OOCMOUHOM COCMOSHUU
cmapotl 6YyMadx)cHoll aumepamypvl maxK 8ANCHO O HAC U 01 OYOYWUX NOKONEeHUU, MakK ice
akmyanvHa npoodiema NoIy4eHus maxk Ha3vleaemoz2o «OuoyuoHoz2o» mamepuana. Mmeemcs 6
6UOY MAKOU MAmMepuan, KOMOPbLL MOJCem YHUUMONCAmsv Oaxmepuu, niecHegvle epudvl u
Hacekomvlx. B pabome ucnonvzosanvl enunvl 1opOCKo2o mecmopodcoeHuss 3axapnamckou
obnacmu, Komopwvie KIACCUPUUUPYIOMCS KAK — OeHMOHUmosvle U umerom mpedyemyio
KoHcucmenyuio ¢ pazmepom yacmuy om 0,3 0o 0,25 mm.

Aemopwl  uccrnedosanu  copoyuro  1amexkcos  OaA3AILMOGLIMU  80NOKHAMU.  Bovliu
uccnedo8amvl ciedyrujue 1amekcol. ousuHul memun memaxpuiam (DMMA), oueunun numpun
(SKN), uzonpen numpun (L-7). Boin ucnonvzosan memoo nepesapsoxku no8epxXHOCMU 60JIOKOH
Yennton03bl 01 NOJYYEeHUs 2UOKO20 U NPOUHO20 Quibmpyloueo mamepuaid. A6mopsi uzyuuiu
YCMOUYUBOCHb MAMEPUATO8 K NAECEHU.

KiroueBble ciioBa: 5u01/;u()Hble mamepudilol, Yeuiroi103a, bazanvmosuvle 60JIOKHA, 2luHUcmeole
MUHEpassl, 1ameKcol.
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Ilpogioni  indycmpianvui KpaiHu OeMOHCmPYIOmb 3POCMAHHS  PO3GUMKY NANeposoi
NPOMUCTIOBOCMI HABIMb Oinble, Hidc iHwux eanyzeu. Ilanip 6ys i € Oyoice eaxcausum 0as HAULOL
yusinizayii. Y enexmpomexuiunitl, padiomexuiurit nNpOMUCIOB0CMI WUPOKO BUKOPUCTOBYIOMbCS
Pi3HI 6uou nanepy 01 8UpoOHUYmMea Kabenro, KoHoeHcamopis, padiodighgysopis, pesucmopis,
menesizopie mowjo. Y XiMiuHill npomMucio8ocmi nanip UKOPUCMOBYEMbC 015 Xpomamozpaqii,
enekmpoghope3y i m. 0. Ane Kpim ouegUOHUX nepesaz Ons NPOCMO20 BUKOPUCMAHHS, ICHYE
HeoOXiOHicmb  po3poOKU 1 BUKOPUCMAHHA Mamepianie, Ccmiukux 00 ysiiesux epubig i
MIKPOOP2AHI3MIE.

Bioomo, wo matimenwie cxunvHi epaxcamucs cpubamu pedo8uHu, Wo CKIAOAOMbCsa 3
JUISIHUX B0JIOKOH, A MAKoXC Cyibghimua i cyavbgpamua yentonosa. LlImyuni 6o1okna miyniwii, Hixc
HamypanoHi. Ouesuono, wo npobaema 30epicants 8dice HAOPYKOBAHUX HA Nanepi mamepianie 3
KOJCHUM POKOM 3A20CMPIOEMbCA. 3apa3 OUBHO, KOIU MU HEe MONXCEMO YUmamu cmapi KHu2u, sKi
He Oynu 30epediceHi 6 Hosux yugposux gopmamax. Came momy 36epediceHuss 8 2iOHOMY CMAaHi
cmapoi nanepogoi nimepamypu max 8axiciueo O0Jisa HAC i 01 MAuOYMHIX NOKONIHb, MAK CAMO
aKmyanvHa npoonremMa OmpuManHsa max 36ano2o «bioyudnoz2o» mamepiany. Maemvcs Ha yeasi
maxkull mamepian, AKUll Modxce 3Huwyeamu oOaxkmepii, yeinesi epubu i komax. B pobomi
sukopucmati enunu 1 opbckoeo pooosuwa 3axapnamcekoi odracmi, wo Kiacu@ikyromocsa saK
OEeHMOHIMOBI | Maromb He0OXIOHY KOHCUCMEHYII0 3 po3Mipom yacmunok 6id 0,3 0o 0,25 mm.
Aemopu Oocnidocysanu copodyito aamexcié 6azanbmosumu 8010KHaMu. bynu odocnioxceni
Hacmynui namexcu: ousinin memin memaxpinam (DMMA) , ousinin nimpun (SKN), izonpen
Himpun (L-7). bye euxopucmanuii memoo nepe3apsaoKu NOBepXHi B0JIOKOH UentoNo3Uu O
OMPUMAHHS 2HYYK020 | MIYHO20 (Dilbmpyiouoeo mMamepiany, d mMaKoxic nepesipuiy CmitlKicmo
Mamepianie 00 Yaii.

KuarouoBi cioBa: dioyuoui mamepianu, yenronosa, 6a3anibmosi 60J0KHA, 2AUHUCMI MIHepau,
aamexcu
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