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WATERPROOF PAPER
PACKAGING MATERIALS:
EVALUATION OF PROPERTIES

The results of studies of the properties of paper obtained by surface treatment
of a composition based on polyamide-amine-epichlorohydrin, polyvinyl alcohol and urea
are presented. A comparative assessment of the quality of industrial moisture-proof water-
proof paper packaging materials and foreign-made parchment as the closest analogue
was carried out.

Keywords: paper packaging materials, hydrophobic composition, polyvinyl
alcohol, polyamidamine pichlorhydrin, urea.
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Mamepuanvl: oueHka ceoiicme. I[Ipusedenvt pe3ynbmamsi UCCIC008aHUL CEOUCME Oymazu,
NOJYYEeHHOU NO0BEPXHOCMHOU 00pabomKol KOMNO3UYUYU HA OCHO8e NOIUAMUOAMUHENUX-
NOP2UOPUHA, HOTUBUHUTI08020 chupma u kapoamuda. [Iposedena cpasHumenvHas oyeHka
KAYecmea u3zeomogieHHbIX 6 NPOMbBIUIEHHbIX VCI08USX 61A2ONPOUHBIX 800OHENPOHUYA-
eMbIX OYMANCHBIX YRAKOBOUHBIX MAMEPUANIO8 U NOONeP2aMeHma UHOCMPAHHO20 NPOU-
3600CmMea KaxK Oaudicatiue2o ananozd.

Kiwuegvie cnosa: OymasicHble YNaKo8oyHble MAmepuavl, 2uopopoouslil coc-
mas, NOIUSUHULOBbLIL CRUPM, NOJUAMUOAMUHENUXTIOP2UOPUH, KAPOAMUO.
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Background. Improving barrier and protective properties, resistance
to moisture (water, steam) and air are the main requirements for wrapping
paper [1-3]. Such materials must also maintain high mechanical strength in
dry and wet conditions to ensure the reliability of packaging and protection
packaged products from the environment [4].

Results of studies [5—6] show that the mechanical strength of dry
paper can be adjusted by changing the degree of grinding cellulose fibers.
This 1s explained by the increase in the intensity of the weave of the
fibrillated fibers [7-8], however, this method does not provide the strength
of the paper in the wet state.

The works of J. Toland [9], P. Samyn [10], C. Silvestre [11] are
devoted to the problems of paper-based packaging materials and the study
of their properties. In particular, these authors propose to use polymer
coatings to obtain packaging materials with the desired properties.

In researches of scientists which are devoted to problems of manu-
facturing of paper packing materials with the set properties attention is paid
only to separate parameters.The general set of properties of paper pack-
aging materials, which are able to provide polymer coatings, is insuffi-
ciently studied.

Analysis of recent research and publications. Previous studies
have shown that the most effective fibrous raw material for the production
of paper-base for moisture-resistant waterproof packaging materials is sul-
fate unbleached cellulose of coniferous and hardwoods with the optimal
degree of grinding of cellulose fibers 55-65 °SR [12]. Also, previously
scientifically substantiated and proved the effectiveness of epichlorohydrin
resins in a composition with polyvinyl alcohol [13] to give paper packaging
materials barrier and protective properties, developed mathematical models
and obtained the composition of a hydrophobic composition for processing
paper-base that provides optimal properties [14].

The aim of the study is to investigate the properties of paper
packaging materials developed with using a hydrophobic composition and
compare them with the nearest analogue.

Materials and methods. 7he object of the study is paper packaging
materials made by treating the base paper with a hydrophobic composition.

Sulphate unbleached pulp of coniferous wood of the NS-2 brand of
production of JSC Baltic Cellulose (RF) and hardwood of the NS-3 brand
of wood of JSC Svetlogorsk Pulp and Cardboard Plant (Belarus) were used.
Paper samples were made from a composition of these coniferous and
deciduous pulp at a ratio of 80:20, ground to a degree of grinding of 65 °C.

Fibrous semi-finished products were subjected to dissolution and
grinding in the presence of water in the laboratory role of VALLEY at a drum
speed of 500 rpm. The degree of grinding was monitored on a Schopper-
Riegler device according to standard methods. The test paper samples were
prepared using a sheet-fed laboratory instrument with a combined Rapid
Kothen drying chamber.
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To give the paper packaging materials moisture resistance and water
resistance, the base paper was subjected to surface treatment with compo-
sitions using aqueous solutions of polyamidoamine epichlorohydrin (PAAEH),
polyvinyl alcohol (PVA) and urea.

To give the paper packaging materials moisture resistance and water
resistance, the base paper was subjected to surface treatment with compo-
sitions using aqueous solutions of PAAEH, polyvinyl alcohol and urea.

The preparation of the composition was performed by preparing
aqueous solutions of the components and mixing them (t = 20-30 min., T =
30-35 °C). The composition [14] was applied to the surface of the base
paper, the paper was dried, kept for 10 days and subjected to tests according
to methods and regulations adopted in the pulp and paper industry [15-20].

Studies of the microstructure of the paper surface were performed by
electron microscopy on a scanning electron microscope Jeol JSM-6700F
with energy dispersion system for microanalysis JED-2300 (accelerating
voltage 15 - 103 V).

Results.The set of barrier properties of the developed moisture-
resistant waterproof paper packaging materials was evaluated by the indi-
cators of surface absorbency, air permeability and water permeability. Paper
of different weight (45-60 g/m?) and density (0.65-0.75 g/cm?) was used
as a basis for packaging materials. This led to significant differences in the
values of the indicators that characterize the barrier properties of the deve-
loped types of packaging paper (Table 1).

Table 1
Barrier properties of developed moisture-resistant waterproof
paper packaging materials and the nearest analogue
Moisture-resistant waterproof
Characteristic paper packaging materials Parchment
B-50 B-55 B-65

Mass of material 492 56.3 66.4 55.3
with an areaof I m*, g

Density, g/cm? 0.68 0.72 0.79 0.78
Humidity, % 7.2 7.3 7.0 7.2
Air permeability, cm*/min 24 16 12 40
Surface absorbency, g/m? 24.1 20.2 18.5 45.2
Water permeability, s 2250 2470 2840 2100

The quality of the developed moisture-resistant waterproof paper
packaging materials was compared with the closest analogue. For pack-
aging paper brand B-55 as an analogue selected parchment made in Fin-
land, made by gluing, which in its quality corresponds to the parchment
according to GOST 1760-2014.

Compared to parchment, the developed materials have better barrier
properties. In particular, B-55 paper has 2.5 times less air permeability,
2.2 times less surface absorbency and 15 % less water permeability,
although the weight of 1 m? of these materials corresponds to the level
of 55+ 2 g/m?.
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The developed materials differ in the weight of 1 m? and the density of
the base paper used for their production. Accordingly, such materials differ in
the level of initial indicators, which as a consequence affects the properties of
the manufactured packaging materials. The highest indicators of resistance to
water (2840 s) and air (12 cm’*/min), and the lowest surface absorbency
(18.5 g/m?) has a sample with a higher density and mass per unit area.

Packaging paper (B-50) with the lowest weight (49.2 g/m?) and den-
sity (0.68 g/cm?), among the developed, has a slightly higher water per-
meability (2250 s) and surface water absorption (24.1 g/m?). The amount of
air passing through such paper has doubled, compared to the paper B-65 —
24 against 12 cm?/min.

The developed coating provides the paper with increased imper-
meability to water and air and limits the permeability to light rays, which
contributes to the comprehensive protection of products and extends its
shelf life. The results of tests of samples of wrapping paper and parchment
for light transmission are shown in Figure 1.

100

m Packaging paper B-50
90 4 m Packaging paper B-55
- Packaging paper B-65
HHEH parchment 78.2

%07 74.0 74.8

i 64.8

60

50

40 4

Opacity, %

30

20

10 +

0

Figure 1. Impermeability of samples of paper packaging materials

In this case, the opacity of the paper was ensured by the use in the
composition of the base paper of more dispersed cellulose of coniferous
wood ground to a degree of 65 °C, compaction of the structure of the paper
web and its surface treatment. The opacity of the developed packaging
materials is at the level of 74-78.2 % depending on the density and weight
of 1 m? of paper and exceeds the level of parchment by an average of 10 %.

An important indicator of paper packaging materials 1s the mor-
phology and structure of the cellulose fibers from which they are made.
Electron-microscopic images of the studied samples of the developed
packaging materials and parchment (Figure 2) give an idea of the nature of
the distribution of cellulose fibers in the material, allow to estimate their
transverse dimensions, visually examine the macrostructure of the surface.
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Figure 2. Electron microscopic images (200 times magnification)
of the surface of moisture-resistant waterproof packaging materials:
a) B-50; b) B-55; ¢) B-6; d) parchment

Cellulose fibers in samples of packaging paper obtained by treatment
with a hydrophobic composition are characterized by a greater degree
of fibrillation. The formation of interfiber bonds is better observed in the ima-
ges of the developed material (See Figure 2, a—c) than in the image of the
parchment (See Figure 2, d).

The waterproofness of the packaging material depends on the struc-
tural density of the base paper and the condition of its surface, the presence
of surface treatment with substances that can repel water.

The results of research and testing of packaging materials indicate a
high level of destructive force of the developed packaging paper in the
machine and transverse directions, which is evidence of the uniformity of
the mechanical strength of the material (7able 2).
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Table 2

Mechanical properties of the developed moisture-resistant waterproof
paper packaging materials and the nearest analogue

Moisture-resistant waterproof paper
Characteristic packaging materials Parchment
B-50 B-55 B-65
Mass of material 482 56.3 66.4 55.3
with an area of 1 m?, g
Destructive force, N:
- in the machine direction:
in the dry state 60.4 72.0 76.5 48.0
in a wet state 21.2 26.4 29.6 8.5
- in the transverse direction:
e in the dry state 54.2 60.0 64.1 35.0
e in a wet state 16.4 20.3 22.5 6.8
Moisture resistance, %
- in the machine direction 35.0 36.7 38.7 18.0
- in the transverse direction 30.2 34.0 35.1 20.0
Relative elongation
at the time of failure, %:
- in the machine direction 33 33 3.5 2.6
- in the transverse direction 7.6 7.4 7.2 3.8
Fracture toughness during
repeated bends.:
- in the machine direction 655 673 697 325
- in the transverse direction 746 772 784 384
Resistance to pushing, kPa 366 428 446 284

It should be noted that the parchment also has a fairly high level
of mechanical properties in the dry state, which exceeds the standards
provided, but in terms of destructive force in the wet state is significantly
inferior to the developed materials.

To assess the mechanical properties of packaging materials, their humi-
dity is one of the most important factors. Therefore, the destructive force in the
machine and transverse directions was measured in dry and wet conditions.

The destructive force of the developed paper in the machine
direction in the dry state (humidity 7-9 %) is more in 2.5-3.5 times and in
the transversedirection — 1.54—1.83 times higher than in the parchment, depen-
ding on the density and weight of 1 m? of material. The strength of the
paper in the transverse direction is less than in the machine, which is due to
the fact that the cellulose fibers in the process of pouring the paper are
oriented mainly in the machine direction.

The developed packaging materials have higher, compared to parch-
ment, indicators of destructive force in the wet state. In the machine direc-
tion, this figure is 2.5-3.5 times higher, in the transverse — 2.4-3.1 times.
Parchment has a much lower moisture resistance in both machine and
transverse directions — 18 and 20 %, concordantly.

High wet strength of the developed packaging materials is achieved
through a comprehensive approach to the formation of the strength of the
base paper by developing a fibrous composition based on hardwood and

g9I1dvVvd0.L HIALO0dHLOVVE

KHHAIVVHOMOOY A

.
................. feseces

53



cesecens

~

YOOCKOHAAEHHA
BAACTHBOCTEH TOBAPIB

cessemes

.....................................................................................................................................

softwood pulp with different fiber lengths, degree of grinding, density and
weight of paper fabric made from them, and the appropriate level of pro-
perties of the base paper and ensuring their preservation and preservation in
the wet state after surface treatment with a hydrophobic composition based
on PAAEH.

Relative elongation is an important indicator of packaging paper for
automated packaging (wrapping) of products, during which paper with a low
relative elongation is torn, thereby violating the integrity of the package.
The value of this indicator in the transverse direction is especially impor-
tant, because the destructive force in this case is much less than in the machine.

The elongation at the moment of fracture in the transverse direction
for the developed paper B-50 is — 7.6 %. With increasing material density, the
value of the indicator decreases slightly to the level of 7.4 and 7.2 % for
packaging paper brands B-55 and B-65, respectively. The relative elongation
in the machine direction is at the level of 3.3-3.5 %. For comparison in the
parchment: 2.6 % — in the machine and 3.8 % — in the transverse directions.

The maximum number of double bends that the paper can withstand
is characterized by the fracture toughness of the paper and its resistance to
dynamic loads. The ability of paper to withstand static loads is charac-
terized by resistance to punching. All other things being equal, these paper
figures depend on the strength of the bond between the cellulose fibers and
their flexibility. Sample paper B-55 has twice the breaking strength in both
directions and 1.5 times greater resistance to puncture compared to parch-
ment of the same mass of 1 m?, which is achieved by using different lengths
of cellulose fibers and the formation of more interfiber bonds due to use of
hydrophobic composition.

The results of the research showed the practical possibility of obtai-
ning moisture-resistant waterproof packaging material with the predicted
level of properties by adjusting the composition and structure of the base
paper and hydrophobic composition for surface treatment, which achieves
high barrier, physico-mechanical, protective and operational properties
of packaging material. which allow to use it for packing of various types
of production of food, pharmaceutical, light and other industries.

Conclusion. The developed moisture-resistant waterproof paper
packaging materials have increased water resistance, moisture resistance
and other strength and barrier properties, reduced level of surface water
absorption compared to the nearest composition and structure, as well as the
scope of application of the analogue — subparchment.

Based on complex studies obtained using the hydrophobic compo-
sition of moisture-resistant waterproof paper packaging materials, it was found
that the indicators of water permeability (2250-2840 s), surface absorbency
(18.5-24.1 g/m?) and mechanical strength in the dry state (60.4-76.5 N)
developed PM exceed the parchment (105s, 45.2 g/m?> and 48 N, res-
pectively), while ensuring a sufficient level of air exchange of the packaged
moisture-containing product with the environment (air permeability is 12—
24 cm’/min ), as well as significantly increases the mechanical strength
of the material in the wet state 21.2-29.6 N.
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Ocuka B., Komaxa B., Komaxa O. Bonozomiyni naneposi naxysanvui mamne-
pianu: ouinka enacmugocmeil.

[ocranoBka mpob6aemu. IlinBuinenHs Oap’epHHX 1 3aXHMCHUX BIIACTHBOCTEH
OIIOpY NMPOHUKHEHHIO BOJIOTH Ta TOBITPS € OCHOBHOK BHMOIOI0, II0 BHUCYBAIOTh 10 MaKy-
BaJILHOTO Tariepy. Taki MaTepiain MaloTh 30epiraTi BUCOKY MEXaHIYHY MIIHICTh Y CyXO-
My Ta BOJOIOMY CTaHax Hjsi 3a0e3ledyeHHs HaiifHOCTI TaKOBaHHSA, 3aXUCTy BIac-
THUBOCTEH yNAaKOBaHOI MPOAYKLI] Bill BIVIUBY HABKOJIHMIIHBOTO CEPEIOBHUILA.

Mema cmammi — TIOPIBHSUIbHE AOCIIIKCHHS BJIACTUBOCTEH MalepoBHX MaKy-
BanpHuX MarepianiB (I1ITIM), po3po0ieHux 3 BUKOPHCTaHHAM TiapodoOHOi KOMITO3MIii?
Ta HaHOMIKYOro aHajuora — MigepraMeHTy.

Marepiajiu Ta MeTOAW. 3pa3KH IMariepy BUTOTOBJIICHO 3 KOMIIO3UIlI XBOWHOI
(mapku HC-2 Big AT "Banriiickka nemonosza”, P®) ta mucrsHoi (Mmapku HC-3 Big AT
"CBITI0ropchKUi LENI0I03H0-KapTOHHUE KoMOiHaT", binopyck) nenrono3u 3a ciBBiAHO-
menHd 80:20, po3MeneHoi o cTyneHs nomeny 65 °IIP.

Bonoxnucti HamiBpaObpukaTH migaaBaiy po3mycKy Ta pO3MEIIOBAHHIO B IPHUCYT-
HOCTI BoAu B labopatopHomy poiti VALLEY 3a mBuakocti 6apabana 500 06/xB. CtymiHb
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nomeny KoHTpoiroBaau Ha npuiani lllommep-Pirnepa 3a cTraHZapTHOIO METOIHKOIO.
JocnimkyBaHi 3pa3ky nanepy roTyBali 3a JIOTIOMOTO0 JIMCTOBMIMBHOTO JIAOOPAaTOPHOTO
npuiIagy i3 KoOMOIHOBaHOIO CYIIMIIBHOIO Kamepoto Rapid Kothen.

[NanepoBi makyBanbHI Marepiaii OTPUMAHO TOBEPXHEBUM OOPOOJIEHHSM KOM-
MO3UIIISIMH 3 BUKOPHCTAHHSIM ONTHMAIHHUX BOIHUX PO3YHMHIB TOJIiaMiTaMiHEIiXIOPTiI-
pUHY, TOJNIBIHIIOBOTO CIUPTY Ta KapOaminy. [IpurotoBani BOIHI PO3YMHU 3MIIyBaH
(t= 20-30xB., T = 30-35 °C) i HaHOCWJIM Ha TIOBEPXHIO MaNepy-OCHOBH, MAIMip BUCY-
nryBaid, BuTpuMmyBaiu 10 mi6.

JlocmipKeHHS. MIKPOCTPYKTYPHY MOBEPXHI Marepy MPOBEACHO METOIOM EIEKTPOHHOT
MIKpOCKOIIii Ha PacTpOBOMY €JIEKTPOHHOMY Mikpockomi Jeo! JSM-6700F 3 eneproauc-
TepCiifHOI0 CHCTEMOIO [T MikpoaHaiisy JED-2300 (npuckoproroda Hanpyra 15-10° B).

Pesynbratn pocaigaxenns. Komruiekc 6ap’epHUX BIIACTHUBOCTEH pPO3pOOIIEHUX
BOJIOTOMIITHUX BopoHenpoHUKHUX [1IIM omiHeHo 3a NMOKa3HWKaMH MOBEPXHEBOi BOUP-
HOCTI, MOBITPONPOHUKHOCTI Ta BOAOIPOHHKHOCTI. SIK OCHOBY Ul MaKyBaJbHHX Mate-
pianiB BEKopHcTaHO Tamip pi3HOi Macu (45-60 r/mM*) Ta mimsHOCTI (0.65-0.75 r/em’).
SIKicTb po3po0IIEHUX BOJIOTOMIITHMX BOJOHENPOHHKHUX MAlepOBUX MaKyBaILHAX MaTepialliB
NOPIBHIOBAJIH 3 HAHOMMKYUM aHAJIOTOM — HiANepraMeHToM BUpoOHUITBa DiHISHAII.

[IpoTtu migmepraMenTy po3poOJicHI MaTepialli MarOTh Kpallli MOKa3HUKH Oap’ €pHUX
BJIACTHUBOCTEH. 30KpeMa, marip Mapku B-55 mae y 2.5 paza MeHITy MOBITPONPOHUKHICTD,
y 2.2 pa3a MeHIIy NOBEPXHEBY BOMPHICTH Ta Ha 15 % MeHITy BOZOIPOHUKHICTD, X04a 32
Macoro 1 M” 3a3HaueHi MaTepiajy BiIMOBIAAIOTH PiBHIO 55 + 2 /M.

3arampHANA aHai3 MIKPOCTPYKTYpH MOCTIIKYBaHUX 3pa3KiB 3a 30UTBIICHHS
y 200 pa3iB mae 3Mory 3pO0OHMTH BHCHOBOK, L0 TIOBEpXHEBE OOPOOJICHHS Marnepy-0CHOBH
riApoQOOHUM CKIIAIOM CIPHUSE CTBOPEHHIO OINBII 3IMKHYTOI MiKPOIIOPHUCTOI CTPYKTYPH,
KA, 32 Pe3yIbTaTaMu JOCIIUKEHHS, € MEHII TPOHUKHOIO ISl BOIH H MOBITPS MOPIBHSIHO
3 aHaJIOTOM.

CBITJIIOHETIPOHUKHICTh PO3POOJIEHUX MaKyBaJbHUX MaTepianiB mepedyBae Ha
piBHi 74-78.2 % 3aJ1€XHO BiJl MBHOCTI Ta MacK 1 M mamepy i mepeBHIye piBeHb M-
MepraMenTy B cepenubomy Ha 10 %.

BigHocHEe BHAOBKEHHS B MOMEHT pPyHHYBAaHHS y IOMEPEYHOMY HAMpPsAMi JUIA
pospobnenoro namepy B-50 craHoBuTh 7.6 %. 3i 30iNBLICHHSM INIIBHOCTI MaTepiany
3HAaYeHHsS TIOKa3HWKa Jem0 3HWXKYEThCS — 10 piBHA 7.4 Ta 7.2 % anmd makyBaJIbHOTO
nanepy Mapok B-55 ta B-65 BianosigHo. BiiHOCHE BUIOBXKEHHS Y MAITUHHOMY HarpsiMi
nepeOyBae Ha piBHi 3.3-3.5 %. J{ng nopiBHHA B mixnepraMenti: 2.6 % — y MalimHHOMY
Ta 3. 8% — y monepevyHOMy HampsMax.

BucnoBku. Po3po0inieHi BOJOrOMiIHI BOJOHENPOHMKHI TaIllepoBi IMaKyBalbHI
MaTepiali MarTh IiJIBUIICHI MOKA3HUKH BOJOHEIIPOHUKHOCTI, BOJIOTOMIIIHOCTI Ta iHIII
MIIHICHI Ta Oap’€pHi BIACTHBOCTI, 3HIKEHHI pIBEHb MOBEPXHEBOI BOMPHOCTI BOIU
MOPIBHSHO 3 HaWOIMKYMM 32 CKJIaJOM 1 CTPYKTYpOIO, a TaKOXK C(eporo 3acTOCYBaHHS
aHaJIOTOM — i AIIePTaMEHTOM.

Knwuyosi crosa: mamepoBi nakyBaibHI MaTepiaid, Tiapo(oOHUi CKIa, MMoTi-
BIHUTOBUI CITUPT, TTOJTiaMiTaMiHEXJIOPTiApHH, Kapoamis.
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