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One of the main problems today is the storage of funds, provision of storage conditions, the
absence of mold, microbiological dispersions in the air, processing of documents, detoxification of
previously processed materials.

In this work, samples of papers (condenser, writing, carton for lamination) and usage of
biocidal materials (Polydez, Gembar and Metatin) were investigated. The technology of processing
samples is not very simple. Biocidal effects were carried out on test cultures of microscopic fungi
taken from damaged documents.

In addition, samples of papers processed with composite mixtures containing basalt and
cellulose fibers, montmorillonite clay and sodium resin salts (SSRA) or sodium humate (SH) were
studied in parallel. Aging of samples was monitored by indicators such as the material's whiteness
and breakthrough strength (n.d.f.) - the properties that are sensitive to the aging process.

It has been proved that samples containing basalt and cellulose fibers, montmorillonite and
sodium salts of resin acids (or sodium humate) are more likely to suppress the spread of fungi and
microorganisms than official state biocidal materials.

Therefore, in this work it is proposed the material and composition mixture, which guarantees
certain physical and mechanical properties of the finished product and has a much simpler and
cheaper technology to obtain the disinfecting material.
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Introduction

Despite of the development of computer (paperless) technologies, paper carrier of information
is still the most widespread, widely used, continuously needed [1]. These are textbooks, notebooks,
newspapers, geographic maps, wallpapers, breads, money, documents, drawings, etc. One can
conclude that paper is a priceless spiritual bread of mankind. How to save it?

It is known that the paper made of vegetable fibers, aging with time, and this process is
irreversible (the chemical composition of the paper changes, mechanical strength changes,
brittleness appears, yellowish appears [2]), although it is known that from fiber of the tubular
structure and tape structure it is possible to get a durable paper with a closed surface; and a little
grinded fibers give the opportunity to get the most durable paper, and so on.

However, the problem of keeping funds is one of the main in this direction. It means
ensuring storage conditions, the absence of mold and microbiological dispersions in the air,
processing documents and detoxifying previously treated materials. In addition, in parallel, there is a
problem of fighting the smell of mold, appearing of fragility of pages and "black" mold.

One of the ways to combat this phenomenon is to use biocidal materials and treat them with
investigated samples of paper to obtain biocidal paper.
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In general, the concept of "biocidal" paper includes different types of paper. So, a paper that
has the ability to kill (destroy) a bacterium - a bactericidal paper, a paper that has the ability to
destroy moldy fungi - fungicidal, and destroy insects, beetles, etc. - insecticidal. Each of the biocidal
types of paper may have the ability to destroy one or two or even three of the specified types.

One of the main purposes of this type of paper is the packaging of various types of foods
intended for extended shelf life (butter, cheese, meat, fish, fruits, vegetables, etc.).

Interesting is the manufacturing of paper bags with biocidal properties. In such bags you can
store flour, cereals, sugar, etc. without damaging them with rodents, beetles and other pests.

Biocidal compounds used to create bioprotective paper are very different. Recently, different
types of biocides are used [1]. A prerequisite for biocidal use is not a very complicated technology
which provides safety for the health of storage personnel and users [3].

In work [4] found "tastes" (pests) of books. All three types of scarabs (blanket, anthrenus and
ham) very like cotton and sulphate paper products.

There are good results of the disinfection of books when they were treated with vacuum in
autoclaves with formaldehyde at t = 30-40 degrees Celsius and / or in the electric high-frequency
field [5, 6], ozone processing [7].

It is known about the use of formalin, ammonia, furatsilina, tiomula, DDT, and many others,
but none of them solved the problem completely.

Experimental part

For fungicidal and per-page paper treatments, biocidal preparations Methatein GT and
derivatives of polyhexamethylene guanadine (PGMG): Gembar and Polyhedes were used. All of
them belong to low hazard substances (Grade 4 hazard).

The study of biocidal activity was carried out on 11 test cultures of microscopic fungi taken
from damaged library documents: Alternaria alternata; Aspergillus niger, Aspergillus repens,
Aspergillus ustus, Aspergillus versicolor, Chaetomium globosum, Cladosporium sphaerospermum,
Paecilomyces variotii, Penicillium aurantiogriseum, Penicillum tardum, Trichoderma viride. All
these types of fungi are destructors of various materials.

All work related to the preparation and usage of biocidal solutions was carried out with the
observance of personal security measures that protect the respiratory system, skin, eyes, etc.

The processing of documents with biocidal solutions was carried out very carefully
(processed documents were re-lay by biocidal papers, put in stacks to prevent deformation, dried by
hair dryer). The worker was wearing special clothing, hygienic masks, rubber gloves and so on.

All surface of the room was carefully cleaned and treated with biocide solution, room was
closed for a day and then well ventilated.

2% of aqueous solutions of Gembar, Polyester and Methatein GT were studied. Samples of
paper were wet on both sides per page with drugs for 4-5 seconds. After drying, the samples of the
paper were infected with spore suspensions of fungi test cultures in a solution of mineral salts and
sugar (Chapek-Doxa medium) simulating the conditions of mineral and organic contamination of
the material. The prepared samples were then spread on a Chapek-Doxa (Petri dish) and kept for 14
days at a temperature of about 29 degrees Celsius, with a relative humidity of 90%.

The evaluation of the fungicidal properties of the test paper samples was carried out in 14, 21
and 28 days.

Aging of paper after treating them with biocides was studied according to such parameters as
paper whiteness (10) and breakage strength. Samples of condenser paper, writing paper and carton
for lamination were investigated. The humidity measurements were measured as described in [10]
by the carl Zeiss leukometer. Breakthrough strength is one of the main indicators of the strength of

522



papers, which depend on the length of the fibers from which paper is produced, their strength,
durability, elasticity of the forces of communication between the fibers. This method is sensitive to
the aging process of paper [2]. Breakthrough strength was measured according to DSTU 3476 [11].

It is simpler and most certainly cheaper to use the inorganic fibers in the compositions for the
processing of any papers, such as basalt. These are highly thermostable fibers with low chemical
activity, attracting attention because they do not promote the spread of different types of fungi and
microorganisms, are not subject to mold, bacteria, various types of pests, insects, beetles, etc. These
chemically little active fibers can be used in the composite mixture for materials of this direction.
There are known carton-like materials based on basalt fibers (scales, felt, slabs, etc.), for which it is
not necessary to use binding agents because they have evenly interwoven fibers of the basalt fiber
itself. In such material the linkage between the fibers is purely mechanical.

Binding substances are used to obtain a thin, durable and flexible paper-like material, most

often it is cellulose fibers (if the future usage does not require a temperature above 120-130 Celsius
degrees).
Previous studies have proved [8] that basaltic and cellulose fibers in the solution have the same
negative by sign and different electrokinetic potential that occurs at the interface of the phases (fiber
- solution). By recharging the surface of one of the contacting fibers (for example, basalt fibers with
help of aluminum sulfate), we obtain a fiber with an oppositely charged potential (positive).

Now the oppositely charged surfaces of two fibers (basalt and cellulose) will not push out
from each other, but be attracted, which positively affects the strength of the finished product and its
biostability.

Earlier studies have shown that clay minerals can be used to obtain a solid, thin, elastic, and
even heat-resistant material that greatly slows the growth and cultivation of microorganisms [9].

In the work sulphite cellulose of grade A-11, basalt fiber with a diameter of 1.4 microns, clay
mineral montmorillonite of Pyzhiv field were used.

It was found that the effect of the studied biocides on fungal cultures can be described as
fungicidal. The data is given in Table 1, from which it may be seen that the papers breakthrough
strength (the number of double folds, n.d.f.) and the whiteness decreases, losing their initial values.

Samples of papers a) and b) (condenser and writing) acquired fungicidal properties, c) (carton

for lamination) did not acquire a fungicidal effect, probably because this material (carton) in
comparison to other papers has a higher density and thickness, which does not allow used agents to
soak it properly.

In addition, samples of the same papers (condenser, writing and carton for lamination),
processed by composition, which included basaltic and cellulose fiber, montmorillonite clay
mineral, and sodium salts of resin acids (or sodium humate) were investigated in parallel.
Compositional mixture of these samples is given below:

A) 30% basalt fiber (Bas) + 70% cellulose fiber (Cel) + 15 % (to the weight of the fibers)
montmorillonite clay (MOT) + 10% (to the weight of the fibers) sodium humate (SH);

B) 50% basalt fiber (Bas) + 50% cellulose fiber (Cel) + 15 % (to the weight of the fibers)
montmorillonite (MOT) + 10% (to the composition of the fibers) sodium humate (SH);

Some compositions had a slightly different mixture:

C) 30% basalt fiber (Bas) + 70% cellulose fiber (Cel) + 15 % (to the weight of the fibers)
montmorillonite (MOT) + 10% (to the composition of the fibers) sodium salts of resin acids
(SSRA);
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D) 50% basalt fiber (Bas) + 50% cellulose fiber (Cel) + 15 % (to the weight of the fibers)
montmorillonite (MOT) + 10% (to the composition of the fibers) sodium salts of resin acids
(SSRA).

Table 1. Properties of papers before and after processing them by biocides.

After processing by 20%
Index Before processing solutions
M G P
Condenser paper. a)
Whiteness, % 62,4 60,4 60,6 61,3
Breakthrough strength (n.d.f.) 79,9 658 722 575
Writing paper. B)
Whiteness, % 74,8 68,6 72,4 74,3
Breakthrough strength (n.d.f.) 10,6 10,3 10,7 10,4
Carton for lamination. )
Whiteness, % 64,6 52,4 51,8 51,7
Breakthrough strength (n.d.f.) 1324 1368 1380 1394

M - Metatin, G - Gembar, P - Polydez.

Table 2 summarizes the data of the physical and mechanical properties of the condenser paper,
the writing paper, and the carton for lamination, which were processed by the above-mentioned
compositional media.

Table 3 summarizes the physical and mechanical properties of condenser paper, writing paper

and carton for lamination, which were processed by a mixture of compositions containing basalt and
cellulose fibers, montmorillonite clay and sodium salts of resin acids (options c) and d)).
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Table 2.Physical-mechanical properties of papers

Compositive mixture Whiteness % Breakthrough strength (n.d.f.)

a) 30% (Bas) + 70% (Cel) + 15%
(MOT) + 10% (SH); 64,3 74,8

Condenser paper

a) 30% (Bas) + 70% (Cel) + 15 %
(MOT) + 10% (SH) 68.4 78.6

Writing paper

2)30% (Bas) + 70% (Cel) + 15 %

1578,2
(MOT) + 10% (SH) o 378,

Carton

b) 50% (Bas) + 50% (Cel) + 15 %
(MOT) + 10% (SH)

62,4 72,2
Condenser paper ’ ’

b) 50% (Bas) + 50% (Cel) + 15 %
(MOT) + 10% (SH) 66.6 764

Writing paper

b) 50% (Bas) + 50% (Cel) + 15 %

(MOT) + 10% (SH) 522 1572,4

Carton

It was interesting to investigate whether the homo-ion form of montmorillonite, which is part
of compositions based on basalt and cellulose fibers, is influenced by biocidal characteristics of
materials. It is known [12] that bentonite clay is hydrophilic, has a relatively high specific surface, a
considerable volume capacity, can influence and regulate the strong properties of coagulation
structures.

The montmorillonite clay from the Pyzhiv field was used in various homo-ion forms of
exchangeable metal cations. The means for obtaining a certain homo-ion for montmorillonite is
described in [13]. It has been proved that the maximum strengthening of coagulation systems occurs
when adding 10% sodium ions supplements to 15% clay suspension.

Somewhat worse results are obtained with the use of calcium salts and even worse with the use
of aluminum salts.

525




Table 3. Physical-mechanical properties of papers

Compositive mixture

Whiteness %

Breakthrough strength
(n.d.f.)

¢) 30% (Bas) + 70% (Cel) +
15 % (MOT) + 10% (SSRA)

Condenser paper

68.4

75,2

¢) 30% (Bas) + 70% (Cel) +
15 % (MOT) + 10% (SSRA)

Writing paper

69,2

78,4

¢) 30% (Bas) + 70% (Cel) +
15 % (MOT) + 10% (SSRA)

Carton

53,3

1582,2

d) 50% (Bas) + 50% (Cel) +
15% (MOT) + 10% (SSRA)

Condenser paper

64,4

74,2

d) 50% (Bas) + 50% (Cel) +
15% (MOT) + 10% (SSRA)

Writing paper

75,2

76,8

d) 50% (Bas) + 50% (Cel) +
15% (MOT) + 10% (SSRA)

Carton

52,8

1584,4

For comparison, the same compositional materials were taken, replacing the original
montmorillonite with treated by sodium salts. The data given in Table 4 shows that the transition of
natural montmorillonite into sodium form (treated by sodium salts) has a positive effect on the clay
mineral, i.e. the use of Na-montmorillonite stimulated the formation of compositions stronger than

the previous ones.

Table 4 summarizes the physical and mechanical properties of condenser paper, writing paper,
and laminated carton treated by compositions comprising 30% (50%) of basalt fiber (Bas) + 70%
(50%) of cellulose fiber (Cel) + 15% Na - montmorillonite (MOT) + 10% (to the weight of fibers) of
sodium salt of resin acids (SSRA).
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Table 4. Physical-mechanical properties of papers

Breakthrough
Compositive mixture Whiteness % 5
strength (n.d.f.)
30% (Bas) + 70% (Cel) + 15 % Na - (MOT) + 10% = 0 o5
(SSRA); Condenser paper ’ ’
30% (Bas) + 70% (Cel) + 15 % Na - (MOT) + 10% = 00 o8
(SSRA); Writing paper ’ ’
30% (Bas) + 70% (Cel) + 15 % Na - (MOT) + 10% =
58,3 1678,4
(SSRA); Carton ’ ’
50% (Bas) + 50% (Cel) + 15% Na - (MOT) + 10% 8.8 iy
(SSRA); Condenser paper ’ ’
50% (Bas) + 50% (Cel) + 15% Na - (MOT) + 10% .y 04
(SSRA); Writing paper ’ ’
50% (Bas) + 50% (Cel) + 15% Na - (MOT) + 10%
54,6 1662,4
(SSRA); Carton ’ ’

Specimens that had in the composition sodium humates instead of sodium salts of resin acids
have similar patterns according to the values of whiteness and strength, therefore they are not
mentioned in this report.

Conclusions:

1. Virtually all experimental materials were, to varying degrees, been damaged by various
microorganisms and partly by fungi.

2. These studies provide an opportunity to offer material and composition, which effectively inhibit
the growth of fungi, mold, reduces the amount of agglomerate spores, increases resistivity.

3. Materials containing in the composition of more cellulosic fibers, are more affected by fungi and
faster. The mildew appeared on day 15, and by the end of the test (on day 28), the mold covered the
material by about 40%.

4. Biodegradability of materials increases with increasing influence of basalt fiber in composition.

5. The best physico-mechanical properties and biodegradability indices are compositional bases
containing basalt and cellulosic fibers, Na- montmorillonite clay and sodium salts of resin acids (or
sodium humate) that have been used as biocidal material. Physics - the mechanical characteristics of
materials when applied with the use of such biocidal means is much better than in other cases, and
the technology of paper processing is simpler, easier and cheaper.
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3ACTOCYBAHHS BA3AJIbTOBUX KOMITIO3UILIIN TPU
OIEPKAHHI BIOIUAHOI'O ITAIIEPY

B.M. Illeguenxo, H.A. I'yy, A.€. IlInax

Hayionanonuit mexuiunuu ynisepcumem Yxpainu «KI1I imeni leops Cikopcbkozoy,
03056,Kuis, np-m Ilepemocu, 37,
(+38044)236-97-74, e-mail: gutsanelya@ukr.net

Oona 3 ocHosHUX npobaem 30epicants naneposoi nNPooyKyii cbo2ooHi — ye 36epicatHs GoHOois,

3abe3neueHns yMo8 30epicants, GIOCYMHICMb NAICHABU, MIKPOOIOIOSIYHUX Oucnepciu y nogimpi,

00poOKa 0OKYyMeHmis, 0emoKcuKayis 00poodIeHux paniuie Mamepianis.

B pobomi oocniodcysanu 3pasku nanepié (KOHOEHCAMOPHO20, NUCANbHO20, KAPMOHY OJis

JIAMIHY8AHHS) mMa 3acmocyeants Oioyuonux mamepianie (Ilonioezy, I'embapy ma Memaminy).
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Texnonoeiss 0bpodxu 3paskie ne oyxce npocma. /ito GioYyUOHUX NPOBOOUNU HA MeCm — KVAbMYypax
MIKPOCKORIUHUX 2pubis, wo 0Y1u i301b08AHI 3 NOUWKOONCEHUX OOKYMEHMIE.

Kpim moeo, napanenvno docnioxcysanuce 3pasku nanepis, ujo 0OpoOAAnUCy KOMNOIUYIUHUM
CKAA0OM, WO Micmums 0a3anvmoge ma yYenion03He G0JOKHA, MOHMMOPUNIOHIMOB8A 2MUHA Mda
Hampiesi coni cmonsanux kuciom (SSRA) abo Hampito ecymam (SH). Cmapinnsa 3paskis
cnocmepieanu 3a MAaKuMu NOKA3HUKAMU, 5K OLlicmb mamepianié ma mMiyHicms Ha 31am, (4.n.1n.) —
81ACMUBOCMI, WO YYMIUBL 00 NPOYECy CMAPIHHSL.

B pobomi 0ogedeno, wo 3pasku, wo marwome y KOMROUYIUHOMY cKiadi Oazarbmose ma
yenono3He BOIOKHA, MOHMMOPUTIOHIM Ma HAMPIESi coi CMONAHUX Kuciom (abo Hampiio eymam) y
Oinbwiti cmyneHi NPUSHIYYIOMb PO3NOBCIOO0JNCEHHS 2pubie ma MIKpOOp2aHizmis, Hidc O@iyitiHi
deporcasHi GioyuoHi mamepiau.

Tomy 6 pobomi nponoHyemuvcs mamepian ma KOMROZUYIUHULL CKIA0, WO 2aApaHmye NneeHi
QDi3UKO-MexaHiuni 61ACMUBOCMI 20M0B020 NPOOYKMY MA MAE 3HAYHO NPOCMIuLy ma Oeulesuty
MEXHOI02I10 00ePIHCAHHS Mamepiay, o O0e3uH@IKYE.

KurouoBi ciioBa: 6ioyuoni mamepianu, yenronoza, 6a3aivmosi 60J10KHA, STUHUCMI MIHEPATU.

MCIIOJIb30BAHME BA3AJIBTOBBIX KOMITO3UIIUI
MPU NOJYYEHUU BUOLIUJTHOM BYMAT'U

B.M. Illeeuenxo, H.A. I'yy, A.E. Illnak

Hayuonanvnoiti mexnuueckuii ynueepcumem Yxpaunul « Kueeckuii noarumexnuueckuu
uncmumym umenu Heops Cuxopcroeor, 03056, Kues, np.Ilobeowt, 37,
(+38044)236-97-74, e-mail: gutsanelya@ukr.net

Hcnonvzoeanue >1eKMPOHHBIX MEXHOA02ULL HECKOIbKO OMMeCHU1Io Oymazy, HO He Hd
CMonbKo, umobwl eé 3aowinu. [Ipaxmuyecku 6 000U OMpaciu HApoOOHO20 X03alcmea dymaea 6cé
ewé ocmanacy Hauboee UCnoNb3yYeMOl, NOCMOSAHHO He0OX00UMOU, KAK 8 pabodux cumyayusx, max
u 6 domawnem ovimy. Ilpobnema coxpamnenuss OYMANCHbIX POHOO08 — OOHA U3 HACYUIHBIX 3A0AY U
ce2o0Ha. M36ecmno, umo cmapenue Oymazu — CIONMCHBIU NPoyecc, HA KOMOPbIU GIUAIOM OYEHb
MHO2ue hakxmopuvl (om 6uUda U XUMUYECKO20 COCMABA BOJOKHUCIO20 MAMEPUANd Geujecms Ois
npoxneusanusi u oxkpawueanus, pH cpeovt u m.n.).Yenosus coxpanenus oymazu (omHocumenvHast
BIAACHOCMb, MEMNEPAMypa 8030YUWHOU cpedbl, GUAHUe TyYell ceema U m.0.) — 6Cé, umo ausem Ha
MUKPOOUONIO2UYECKOE PA3PYULeHUEe COCMABIIOWUX OYMAU.

Takorce ocobennoe @rusAHUe XUMULECKUX 8eujecms, KOMopble NPUMEHAIOMCSA KAK HOCUMEb
ungopmayuu u pecmagpayuu OOKYMEHMOS8, U, KOMOpble He MO2YMm He GIuimb HA OYMANCHYIO
OCHOB).

B pabome uccneoosanuco o0bpazyvt Oymacu (KOHOEHCAMOPHOU, KAPMOHHOU  ONs
JAMUHUPOBAHUSA, NUCYel) U npuMeHeHue K HUM ouoyuoHvlx mamepuanos (llonuoeza, Memamumna,
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l'embapa). Jeticmeue 6Ouoyudo8 npogoounu Ha mecm-KyIbmypax MUKPOCKONUYECKUX 2pubos,
KOmMopbwle ObLIU UB0TUPOBAHBL U3 NOBPEHCOEHHBIX OOKYMEHMOS.

Kpome moeo, napannenvho uccrnedosanucy obpasyvl Oymacu, Komopwvle 00pa308aHbl

KOMNO3UYUOHHbIM — COCMABOM, — COOepxcawum  0a3anvmogoe U YeLlojo3Hble  B80JI0KHA,
MOHMMOPUNLIOHUMOBYI0 2nuny u 2ymam Hampusa (SH). Hdedopmayuro obpasyos nabaooanu no
Maxkum noxKazamensam: OeiusHa Mamepuanlos u nPoOYHOCMy HA U3I0M ( YUCIO OBOUHBIX nepecudos,
Y.0.1.) - 2MO CBOUCMBO, HA KOMOPOM OMPANCAIOMCS NPOYeCChl cmapenus bymae.
B pabome 6Oviio nokazano, umo obpasyvbl KOMopwvle co0epicam 68 KOMNOZUYUOHHOM cocmase
0azanbmogvle U YE0NI03HbIE  BONOKHA, MOHMMOPUIIOHUMOBYIO 2IUHY U Hampuesvie COaU
CMONAHLIX KUCIOM (UMU 2yMAmMo8 HAmpus) 6 3HAYUMENbHO O00abulell CmeneHu yeHemarom
pacnpocmparnenue 2pubos U MUKPOOP2AHUZIMO8, YeM OPUYUATLHO UCHOIb3YeMble 20CYOapCMBeHHbLE
OuoyUOHbIE MAMeEPUAbl.

Ilosmomy 6 pabome npedrazarom mamepuar U KOMHOSUYUOHHLIL COCMAS, KOMOPbIll
eapanmupyem onpeoenénHvle OU3UKO-MeXaAHUdecKue C8oUCmed 20mo8o20 NPOOVKMA U umeem
BHAYUMENIbHO NPOCMYI0  0eulé8yio MeXHON02UI0 NOAYYeHus: Oe3uHpuyupyrowe2o OUoOYuoHo2o
Mamepuana.

KiroueBble cjioBa: 6u0uu0ubze mamepudilbl, Yeunroilosa, bazanvmosuvle 60JIOKHA, cZluHucmble
MUHepabl.
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