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Today despite the widespread introduction of electronic computer capabilities, paper is still the most
widespread media and it’s known as a considerable production in the world that is constantly growing. Therefore,
the problem of storing paper products is acutely actual. A considerable number of biocides were used to solve this
problem, but either the complexity of the use of technology or the danger to the health of staff or the weakness of the
drugs — none of the proposed ones did not solve the problem completely and even did not significantly advance its
solution significantly. It is simpler and most definitely cheaper to use inorganic fibers, namely basalts, which are
characterized by low chemical activity and do not promote the spread of different types of fungi of microorganisms
are not subjected to insect mold, etc. During this work samples of paper processed by solutions of disinfection means
with prolonged decontamination effect (“Gembar”, “Polidese”, “Metatin GT”) were studied on three types of
papers (newspaper, packaging, mucalent). The action biocides was carried out on test cultures of microscopic fungi
that were isolated from damaged documents. In addition, samples of paper comprised of compositions of basalt and
cellulose fibers, montmorillonite clay and sodium humate (SH) and salts of resin acids (SSRA). Aging samples were
observed with indicators such the whiteness of materials the tensile strength (n.d.f.) — properties that are sensitive to
the aging process. It is proved in the work that samples that have a composition mixture, basalt fibers almost to the
same degree inhibit the spread of fungi and microorganisms as well as typical disinfectants. It was interesting to
investigate ether homoionic form montmorillonite which is part of compositions based on basalt and cellulose fibers
affect the biocidal characteristic of materials. It has been proven that maximal firming of coagulatings systems
happens up and adding of 10 % solution of sodium-ion to 15 % suspention of clay. Processing with salts of sodium
has a positive impack of behavior of clay mineral of montmorillonite by stimulation creation of firmer composite
materials that before. Therefore, the work proposed the material and composition mixture, which guarantees certain
physics — mechanical properties and has a much simpler and cheaper technology of obtaining materials.

Keywords: biostable material, cellulose, basalt fibers, clay minerals

Today, despite extensive use of electronic for fighting black mould [4]. Many of them were
computer facilities, paper is still the most rejected due to complexity of usage or health risks
widespread  storage  “device”, which is they imposed on the personnel of repositories and
increasingly produced worldwide [1-3]. visitors [5]. The biocidal substances used were

Storing funds of paper records and preserving formalin, ammonia liquor, furaciline, thymol,
historical archive documents require tackling salicylic acid, DDT, etc. Yet neither of them
several daunting problems. First of all, premises eliminated the problem. Gas-phase treatment of
for storing paper materials must be appropriately damaged materials with ozone showed good
organized so that they meet certain requirements: results and, which is essential, was safe for people
the humidity must not exceed 55-60 % and the and environment. The use of ozone, however,
temperature must be 15-16 °C; there must not be expedites ageing [6] and requires complicated
any mould or microbiological dispersions in the conditions. Moreover, it does not eliminate new
air, etc. Unfortunately, even thorough mould growth [7].
decontamination does not exclude the necessity of The simplest and less costly solution to the
carrying it out again if the conditions are problem is to produce composites containing
encouraging, which will result in biodeterioration inorganic fibres, which do not encourage microbial
of paper objects. In addition, there appears a and fungal infestation, are not susceptible to mould,
problem of coping with the moldy smell, bacteria of different types, insects, vermin, bugs,
brittleness of leaves and, the most frightful, black etc. These fibres are promising composite materials
mould. in different respects.

At present, there are a great number of Cardboard-like materials based on basalt
biocides which have been used quite efficiently fibres (thick felt, tiles, sheets, efc.) are mainly
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used as building materials. These materials do
not need binders as they contain evenly
intertwined fibres of basalt itself. They are
usually thick sheets in which coupling between
the fibres is solely mechanical. To produce
strong paper-like material, different binders are
used dependent on the field of application and
requirements the products must meet. The most
common used binders are cellulose fibres
provided the application does not require
operation at temperatures higher than
120-130 °C.

The electrokinetic potentials that basalt and
cellulose fibres have at the fibre-solution
interface the same sign but different values [8].
Recharging the surface of one of the contacting
fibres enables one to obtain a material consisting
of oppositely charged particles, which increases
the strength of the product and its bioresistance.

Our earlier studies showed that clay minerals
can be used to obtain a thin, elastic and even heat
resistant material, which inhibits the growth of
microorganisms considerably [9].

In this work, paper specimens treated with
solutions of disinfectants having prolonged
biocidal action were studied. The disinfectants
under consideration were “Gembar” (from
research and manufacturing enterprise «Biocid»,
Kyiv [10]), “Polidez” (from “ZAT Ukrainian
ecological technologies” company, Kyiv [11])
and «Metatin GT» (from Acima company,
Switzerland). These three disinfectants belong to

Table 1.
biocides

low-toxicity substances (hazard class 4). The
paper specimens were immersed in 1.0, 1.5, and
2.0 % solutions of the Gembar, Polidez and
Metatin preparations for 4-5 s.

The disinfectants form a polymer film,
which can be easily washed out if necessary, on
the treated surface therefore provide a prolonged
biocidal action.

The effect of the preparations under study on
the growth of fungi was investigated using
slightly moistened solid medium by the
conventional agar well diffusion method in the
presence of inhibition zones.

The action of the biocides was studied in
test-cultures of microfungi taken from infected

paper documents. These microfungi were
Alternaria  alternata,  Aspergillus  niger,
Aspergillus  repend,  Aspergillus  ustus,

Aspergillus versicolor, Chaetomium globosum,
Cladosporium sphaerospermum, Paecilomyces
variotii, Penicillium aurantiogriseum,
Penicillium tardum, and Trichoderma viride. All
of them containate and destroy different
materials.

The solutions investigated were 2 %
solutions of the Gembar and Polidez preparations
and 1 % solution of Metatin. It was found that
the effect of the compounds under study on the
fungi cultures can be characterized as fungicidal.
Table 1 presents data on the effects of the
compounds under study on physical-mechanical
properties of paper specimens.

Changes in physical-mechanical properties of newspaper, micalent, and wrapping paper after treatment with

Indicator (newspaper paper)

Before treatment

After treatment with biocides

Metatin Gembar Polidez
Whiteness,% 62.2 60.4 58.6 58.8
Tensile strength (n.d.f.) 74.2 - 48.4 26.6
Indicator (micalent paper) Before treatment After treatment with biocides
Metatin Gembar Polidez
Whiteness,% 70.6 72.2 72.6 72.0
Tensile strength (n.d.f.) 2476 1276 1036 1472
(in  the machine
direction)
Indicator (wrapping paper) Before treatment After treatment with biocides
Whiteness,% 61 62.2 61.5 61.8
Tensile strength (n.d.f.) 1130 938 784 924
Simultaneously, specimens of  paper respect to the fibre weight) montmorillonite clay

containing 30 and 50 % basalt fibres (BAS), 70
and 50 % cellulose fibres (CEL), 15 % (with
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(MOT), and 10 % (with respect to the fibre
weight) of sodium humate (SH) and sodium salts
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of resin acids (SSRA) were investigated.
Newspaper, micalent and wrapping paper was
used as objects of the study.

Ageing of the substrate after treatment with
biocides and composites containing basalt fibres
were studied using such indicators as whiteness,

folding endurance (n.d.f. is the number of double
folds), which are the most important
characteristics of paper susceptible to ageing.
Table 2 and Table 3 show physical-mechanical
properties of newspaper, micalent and wrapping
paper specimens having different compositions.

Table 2. Physical-mechanical properties of 30 % (50 %) basalt fibre (BAS) + 70 % (50 %) cellulose fibre (CEL) + 15 %
(with respect to the fibre weight) montmorillonite clay (MOT) and 10 % (with respect to the fibre weight)

sodium humate (SH)

Composition

Whiteness, %

Tensile strength (n.d.f.)

30% BAS + 70% CEL + 15%
MOT + 10 % SH (newspaper paper)
30 % BAS + 70 % CEL + 15 %MOT
+ 10 % SH (micalent paper)

30 % BAS + 70 % CEL + 15 %MOT
+ 10 % SH (wrapping paper)

50% BAS + 50% CEL + 15%
MOT + 10 % SH (newspaper paper)
50 % BAS + 50 % CEL + 15 %MOT
+ 10 % SH (micalent paper)

50 % BAS + 50 % CEL + 15 %MOT
+ 10 % SH (wrapping paper)

56.2

60.4

58.6

60.2

58.8

56.6

72.2

2270.0*

1068.0

70.0

2268.0*

1086.0

* in machine direction

Table 3. Physical-mechanical properties of newspaper, micalent and wrapping paper specimens containing 30 % and
50 % basalt fibre (BAS) + 70 % and 50 % cellulose fibre (CEL) + 15 % (with respect to the fibre weight)
montmorillonite clay (MOT) and 10 % (with respect to the fibre weight) sodium salts of resin acids (SSRA)

Composition

Whiteness, %

Tensile strength (n.d.f.)

30% BAS + 70% CEL + 15%
MOT + 10% SSRA (newspaper
paper)

30 % BAS + 70 % CEL + 15 %MOT
+ 10 % SSRA (micalent paper)

30 % BAS + 70 % CEL + 15 %MOT
+ 10 % SSRA (wrapping paper)

50% BAS + 50% CEL + 15%
MOT + 10% SSRA (newspaper
paper)

50 % BAS + 50 % CEL + 15 %MOT
+ 10 % SSRA (micalent paper)

50 % BAS + 50 % CEL + 15 %MOT
+ 10 % SSRA (wrapping paper)

58.4

62.4

60.8

64.4

66.2

56.8

64.6

2286.0

1064.0

62.8

2294.0

1082.0

In addition, samples of the same paper
(newspaper, micalent, packaging) were studied
in parallel. They were treated with composite
composition, which included basalt and
cellulosic fibers, montmorillonite clay minerals
and sodium humate:

a) 30 % basaltic fiber (BAS) + 70 % cellulose
(CEL) fiber + 15 % (to weight of fibers) of

96

montmorillonite clay (MOT) and 10% (to weight
of fibers) of humate of sodium (SH);
b) 50 % BAZ + 50 % CEL + 15 % MOT and
10 % SH.

Some compositions had a slightly different
composition, namely:
¢) 30 % BAS + 70 % CEL, 15 % MOT + 10 %
(to weight of fibers) of sodium salts of resin
acids (SSRA);
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d) 50 % BAS + 50 % CEL + 15 % MOT + 10 %
SSRA.

Aging of the mineral basis after treatment
with its various biocides was studied by such
important properties of papers that are sensitive
to the aging process, such as the number of
double extremities (strength to breakage and
whiteness, given in Tables 2 and 3).

It was interesting to investigate whether the
form of montmorillonite, which is part of
compositions based on basalt and cellulosic fibers,
affects the biocidal characteristics of materials.

It is known that bentonite clays, which
include clay mineral montmorillonite, are very
hydrophilic, have a relatively high specific
surface, a sufficiently complex porous structure
and a significant exchange capacity. Dependent
on the kind of exchange cations, it is possible to
significantly change and adjust the strength
properties of the coagulation structures of the
clay minerals.

The process included montmorillonite clay
from Pizhevsky ancestry. Samples that included

Table 4. Physical-mechanical properties of papers

basalt and cellulose fibers, montmorillonite clay
of different homoion forms of changeable
cations of metals were investigated. The method
of getting homoion montmorillonites is
described in [10, 11].

It was proven that maximal firming of
coagulating systems happens upon adding of
10 %-solution of sodiumion to 15 %-suspension
of clay. Little worse results are received from
applying salts of calcium, the worst results —
from salts of aluminum.

The process included composites of sodium-

montmorillonites.
For the sake of comparison, we took the same
composition variants of the materials replacing
the output montmorillonite with the one
processed with salts of sodium. All the data are
in Table 4, which shows that processing with
salts of sodium has a positive impact on behavior
of clay mineral of montmorillonite by
stimulating creation of firmer composite
materials than before.

Breakage strength and

Composition Whiteness, % durability (n.d.f.)
30 % BAS+70 % CEL + 15 %Na-MOT + 10 % SSRA 61.8 66.2
Newspaper paper
30 % BAS+70 % CEL+ 15 % Na-MOT + 10 % SSRA 64.4 2288.0*
Micallet paper
30 % BAS +70 % CEL + 15 % Na-MOT + 10 % SSRA 63.6 1067.0
Package paper
50 % BAS + 50 % CEL + 15 % Na-MOT + 10 % SSRA 66.6 64.8
Newspaper paper
50 % BAS + 50 % CEL + 15 % Na-MOT + 10 % SSRA 68.2 2296.4*
Micallet paper
50 % BAS +50 % CEL + 15 % Na-MOT + 10 % SSRA 58.8 1084.0

Package paper

* in machine direction

Table 4 has the information of physical-
mechanical properties of newspaper, macallet,
and package papers that include 30 % of basalt
(Bas) + 70 % cellulose fiber (Cel) + 15 % of
Na-montmorillonite (Na-MOT) (in addition to
weight of fibers) and 10 % (in addition to weight
of fibers) and sodium salts of resinous acids
(SSRA) and 50 % of basalt (Bas) + 50 % of
cellulose (Cel) + 15 % (in addition to weight of
fibers) of Na-montmorillonite (Na-MOT) + 10 %
(in addition to weight of fibers) of sodium salt of
resin acids (SSRA).
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Samples that had sodium humates instead of
sodium salts of resinous acids in their
composition have almost the same values of
whiteness and durability. They are not included
into this investigation.

CONCLUSIONS

1. Data of the investigation provide a possibility
to suggest a material and composition that
effectively suppresses growth of fungus,
moldiness, decreases durability of
agglomerate spores, increases resistance.
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2. Almost all test materials are destroyed by The best values on physical-chemical
fungus (destruction by different kinds of properties and Dbioderability are in the
fungus of different degrees) compositions that contain basalt and cellulose

3. Materials that contain more cellulose fibers fibers, Na-montmorillonite clay, humate of
are affected by fungus more and faster. sodium (as well as sodium salts of resin acids).

4. Biodurability of materials is increasing upon Indicators of breaking durability are much higher
increase of basalt fiber in their composition. than in compositions that were processed by

previous biocides.

BiounanicTe manepis Ta 6a3ajabTOBE BOJOKHO
B.M. llleBuenko, H.A. I'yng

Hayionanvuuti mexniunuii ynigepcumem Yxpainu «Kuiscoxuii nonimexuiunuil incmumym imeni leopsa Cikopcvkoz2o»
Iepemozu Ilpocnexm, 37, Kuig, 03057, Yrpaina, gutsanelya@ukr.net

Ha cvoeooniwmiil Oenv, nonpu wupoke nposaodicenis eneKmpoHHUX KOMN 10MePpHUX mMexXHOI02IH, nanip éce uje
BANUMAEMbCST HAUOLIbWU PO3NOBCIOOICEHUM HOCIEM THpOpMayii ma 1020 eupoOOHUYMEO 8 C8Imi NOCMIUHO 3POCMAE.
Tomy npobaema 30epicanns naneposux upoodie € akmyanvHolo. J{is upiwents yici npooiemu GUKOPUCO8Y8ANAC
genuKa Kinbkicmos 6ioyudis, ma CKAAOHICMb BUKOPUCMAHHS MEXHON02il, abo Hebesneka Ol 300p08'st nepconany -
JHCOOEH 3 3aNPONOHOBANHUX He Supiwue npoodoaemy nosuicmio. Ilpocmiue i Hasimb Oeweguie BUKOPUCHIOBYBAMU
HeOpeaHiuHi B0JIOKHA, a came 0A3anbMu, AKI XAPAKMeEPU3VIoMbCs HULKOK XIMIYHOI AKMUBHICMIO | He CHpUsiomb
NOWUPEHHIO PI3HUX 8U0i8 epUOKi6 MIKpOOpeaHizmie, He niodaomscs Oii komax i m.0. B yitl pobomi 3pasku nanepy
6y10 00pobdeHo posuunamu 3acodie desingexyii 3 mpusarum oezaxmusayiunum egpekmom ("Gembar", "Polidese”,
"Metatin GT") na mpvox munax nanepie (2asemu, ynakoeka, mykaieumu). /lia 6ioyudie 0yra nepesgipena Ha
Mecmosux Kyabmypax MIKpOCKONiYHux 2epubig, AKi Oyau i301608aHi 3 NOWKOOXCEHUX Ookymenmis. Kpim moeo,
3pasKu nanepy cKiadaromucs 3 KOMRO3uyiu 3 6azanemy ma yeuoi03Hux G0J0KOH, MOHMMOPUTIOHIMOGOI eliunu ma
eymamy uampiio (SH), ma coneti cmonanux xuciom (SSRA). Ilpoyec cmapinns 3paskie eusuaiu 3a makumu
NOKAsHUKamu, sk oinicme mamepianie, miynicmio Ha pospus (n.d.f.). Takoosic 6y10 00CiONCEHO BNAUE 20MOIOHHOT
dopmu  MOHMMOPUNOHIMY, WO 3ACMOCO8YBABCA 8 KOMNOZUYISAX 3 0a3a1bmoeUMU  GOIOKHAMU, HA OIOYUOHI
Xapaxmepucmuxu mamepianie. B pobomi dosedeno, wo nonepeons (00 KOHMAKmMy KOMROHEHMIE) 0OpOOKA cONAMU
Hampio 8UXIOHO20 3ACMOCOBAH020 8 POOONT MOHMMOPULOHIIY NOZUMUBHO GIOOUNUCH HA 2IUHUCIIOMY MIHEPA, WO
BUKOPUCIOBYBANU 68 KOMHOSUYIIHOMY CKIA0i 3 6a3anbmosux ma yeror03HUx B0J0KOH — ye CIMUMYII08AN0
VMBOPEHHs HAaOiIb MIYHUX Komno3uyiti. B pobomi 0osedeno, wo 3pasku, wo Maioms KOMNOIUYIHY CyMiul 3
b6azanbmosumu 80JOKHAMU, Malidce 0OHAKOBO NPUSHIUYIOMb PO3NOBCIOONCEHHS 2pudié ma MIKpOOpeaHizmis, AK i
munosi 0e3ungixyioui 3acoou. Tomy 6 pobomi nponoOHyEMbCA KOMROSUYIUHA CYMIW, AKA 2apaHmye nesHi Qizuxo-
MeXaHiuHi enacmugocmi i Mae Habazamo npocmiuty i Oeuiesuty MmexHoL02iio OMPUMAHHA Mamepianie.

Knrouosi cnosa: oioyuoni mamepianu, yenronosa, 6a3aibmosi 60J10KHA, eIUHUCIE MIHEpanu

BuounaHocTs Oymar u 6a3aabTOBOE BOJTOKHO
B.M. llleBuenko, H.A. I'yn

Hayuonanvhwiti mexnuueckuu ynusepcumem Yxpaunot “Kuesckutl nonumexnuueckuil uncmuniym umenu Meops Cuxopckoeo”
Ip. ITobeowr. 37, Kues, 03057, Yxpauna, gutsanelya@ukr.net

Ha cecoomsuunuil Oetb, HeCMOMPsL HA WUPOKOE GHEOPEHIUE INIEKMPOHHBIX KOMNIOMEPHbIX MEXHON02UL, Oymaza éce
ewé ocmaémes naubonee pacnpocmpanHeHHbIM HOCUMeIeM UHGOpMayu u ee NPoU3600CmME0 8 MUpe NOCMOSIHHO PACHEN.
Tloomomy npobnema xpanenuss OYMANCHLIX U30eNULl AGTAEMCA  aKmyanvhol. Jlis pewenus 5mot npoosemvl
UCNOMB306ANIACL OONBLULOE KOIUYECEO OUOYUOOS, HO, WU CTIOAHCHOCHTb UCNOIb308ANHUSL MEXHOI02UL, WL ONACHOCb OJis
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300p08bS NEPCOHANA - HU OOUH U3 NPEONOANCEHHBIX He pewiun npobnemy noaHocmoro. Ilpowe u Oadgwce Oeuwtesne
UCNONIL306aMb HEOP2AHUYECKUe BONOKHA, A UMEHHO 0a3aibmbl, KOMOpble XaApakmepusviomcs HU3KOU XUMU4eCKOl
AKMUBHOCIBIO U He CNOCOOCBYION PACHPOCTPAHEHUIO PASTUYHBIX 8UO08 2PUDKO8, MUKDOOP2AHUIMOS, He HOOOaIOMC A
6030€UICMBUI0  HACEKOMbIX U m.0. B smoil pabome obpasyvl Oymazu 6vliu 00pabomanvl pacmeopamiu cpeocms
desungerxyuu ¢ onumenvhvim dezaxmusayuonnvim s¢pgpexmom ("Gembar”, "Polidese”, "Metatin GT») na mpex munax
Oymae (2azemvl, ynaxoska, Mmykanenmoi). [elicmeue 0uoyu0os OvLIO NPOBEPEHO HA MECMOBbIX KYIbMypax
MUKPOCKORUYECKUX 2pub08, KOmopuvle ObLiu U30IUPOBAHBI U3 NOBPENCOeHHbIX O00KyMenmos. Kpome moeo, obpasybl
bymazu cocmosim u3 KOMRO3Uyutl Oa3aibma U Yeunroai03HbIX 60N0KOH, MOHMMOPUIOHUIMOBOU IUHbL U 2YMAMAd HaAmpus
(SH), u coneti cmonsnwix kuciom (SSRA). Ilpoyecc cmapenus obpazyos uzyuanu no makum HOKA3amensam, KaK OenusHd
mamepuanos, npouHocms Ha paspvie  (n.df.). Taxowce OvLi0  UCCIe008aHO  GIUAHUE 2OMOUOHHOU  (hopmubl
MOHMMOPULIOHUMA, TNPUMEHABUIENCS, 6 KOMNO3UYUAX ¢ Oa3ambmosbiMu  60NOKHAMU, HA OUOYUOHBIE CBOUCMBA
Mmamepuanos. B pabome dokazano, umo npeogapumenvhas (00 KOHMAKMAa KOMROHEHMO8) 00pabomKa coisimu Hampus
UCXOOHO20 NPUMEHEHHO20 6 pabome MOHMMOPUIIOHUING ROTOHCUMENTLHO OMPASUTUCy, HA SIUHUCTOM MuHepaie, 4mo
UCNONL306ANU 6 KOMIO3UYUOHHOM COCMAge U3 OA3a1bMOSbIX U YEWTIONO3HbIX 60JOKOH - MO  CIUMYIUPOBATO
obpazosanue Haubonee NPOUHBLIX Komnosuyuil. B pabome doxkazarno, umo obpasyvl, umeroujue KOMNOUYUOHHYIO CMeCh ¢
06a3a1bMOBbLIMU  BOIOKHAMU, NOYMU OOUHAKOBO NOOAGISION PACHPOCMPAHEHUe PUd08 U MUKPOOP2AHUBMOG, KAK U
obviunvle Oesunguyupyrowue cpeocmea. Ilosmomy 6 pabome npednacaemcss KOMNOUYUOHHAS CMeChb, KOMOpas
eapanmupyem onpeoenentvle QuUIUKo-Mexanuieckue Cceoucmea u umeem 2opasdo Oonee npocmylo U Oeuegyio
MEXHON02UIO NOIYHEHUSI MAMEPUATLO8.

Knroueswvie cnosa: 61/10141/10Hbl€ mamepuaisl, Yeiirono3d, bazanbmosvie 60JIOKHA, cIUHUCmMblE MUHepAalbl
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