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WATERPROOF PAPER PACKAGING MATERIALS:
COMPREHENSIVE QUALITY ASSESSMENT

The main aspects of quality assessment of moisture-resistant waterproof paper
are considered. The results of expert evaluation of the advantages of the developed
moisture-resistant waterproof paper packaging materials over the analogue material are
presented. The complex indicator of quality of the developed moisture-resistant water-
proof paper packing materials is defined.
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Background. The world market of packaging materials over the last
decade is developing in the direction of increasing the share of paper-based
materials [1; 2]. In accordance with modern world trends, Ukraine is also
working to implement legislative initiatives to limit the use of polymeric
packaging materials. However, today the domestic market of paper packa-
ging materials (PPM) is import-dependent [3—5]. An integrated approach to sol-
ving this problem requires the development of competitive high-quality
packaging paper.

Based on the results of previous research, paper packaging materials
with a set of barrier and mechanical properties were developed and a range of
moisture-resistant waterproof packaging paper was formed, which is offered
as an analogue of parchment and sub-parchment of foreign production [6; 7].
Therefore, it is important to conduct a comparative quality assessment
of domestic and foreign paper packaging materials for similar purposes.
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Analysis of recent research and publications. The problem of stu-
dying the level of product quality in a globalized market is relevant for
domestic producers, as quality products are a decisive factor in improving
living standards, economic, social and environmental safety for consumers.
This forces domestic producers to pay more attention to assessing the level
of product quality. The International Organization for Standardization (ISO)
has defined product quality as the degree of satisfaction of consumer requi-
rements by a set of own product characteristics [8; 9].

The complex indicator of product quality depends on the indicators of
individual properties, taking into account their weight. Product quality assess-
ment is a set of operations, which consists of selecting a nomenclature of qua-
lity indicators of the evaluated products, determining the values of these indica-
tors and comparing them with the indicators of basic, reference samples [10].

The issues of product quality management have been studied quite deeply
in the domestic and foreign literature, but there are no comprehensive appro-
aches to assessing the quality of packaging materials. Researchers have been
analyzed only some indicators, which makes it impossible to get a complete
picture of the packaging material quality. The most thorough research in this
direction was conducted by O. O. Gavva [11-13] and L. A. Koptyukh [14-16].

The method of comprehensive assessment of the level of quality
should take into account the unequal weight of individual useful properties,
which are compared with each other.

The aim of the study is to conduct a comprehensive assessment of the
quality of developed moisture-resistant waterproof paper packaging materials.

Materials and methods. The objects of the study are paper packaging ma-
terials (PPM), made by treating the base paper with a hydrophobic composition.

Sulfate unbleached cellulose of softwood (NS-2 brand) and hard-
wood (NS-3 brand) was used in the study. Samples of paper were made
from a composition of these coniferous and deciduous pulp at a ratio
of 80:20, ground to a degree of grinding 65 °SHR.

Prototypes of paper were prepared on a Rapid Kothen device. To
provide PPM moisture resistance and water resistance, the base paper was
subjected to surface treatment with compositions using aqueous solutions of
polyamidaminepichlorohydrin EKA WS 325 manufactured by Eka Che-
micals AB (Sweden), polyvinyl alcohol and urea brand B of the highest grade.
Preparation of the composition was performed by preparing aqueous solu-
tions of the components and mixing them (z = 20-30 min., T = 30-35 °C).
The composition [16] was applied to the surface of the base paper, the
paper was dried, kept for 10 days and tested according to the methods and
regulations adopted in the pulp and paper industry [17-22].

The quality of the developed PPM was compared with the closest
analogue — parchment for packaging products with a high moisture content
of the brand ZhV. Evaluation of the level of quality of the developed PPM
was carried out by a complex method taking into account the most signi-
ficant properties. Expert and calculation methods were used in conducting
a comprehensive assessment of the quality of PPM properties [10].
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Results. Quality assessment of developed PPM was carried out
in the following sequence: determination of nomenclature of indicators for
quality assessment of moisture-resistant waterproof and moisture-resistant
water-grease PPM — formation of expert group for ranking of PPM quality
indicators — survey of experts to establish ranks of quality indicators
in each group for further calculations (establishing the consistency of experts’
opinions) — processing of expert assessments and determination of weigh-
ting factors of each quality indicator — calculation of relative and para-
metric quality indicators of developed PPM — calculation of complex qua-
lity indicators of moisture-resistant waterproof PPM and analysis of results.

Based on the analysis of normative documents, literature sources and
experimental studies, indicators for quality assessment were selected: air
permeability (cm?/min), surface absorbency (g/m?); water permeability (s);
destructive force (N), moisture resistance (%); breaking strength during
multiple bends (k. p. p); resistance to pushing (kPa).

To establish the ranks of quality indicators, 12 qualified experts from
among commodity scientists, pulp and paper practitioners and specialists in
the field of PPM production were involved.

The group of experts ranked the indicators of PPM according to the
importance of their contribution to the overall score of the sample. Each of
the experts independently determined the rank of the indicator. Repetition
of the same ranks by one expert was not allowed.

The results of ranking the quality indicators of moisture-resistant
waterproof PPM were subjected to statistical processing. The calculation of
the average values of the total ranks and deviations for each of the selected

indicators are given in Table 1.
Table 1

The results of ranking the quality indicators of moisture-resistant waterproof PPM

Expert Unit indicators
X1 X2 X3 X4 X5 X6 X7
1 2 4 7 5 6 1 3
2 3 4 7 5 6 2 1
3 2 3 7 6 5 1 4
4 2 4 6 5 7 1 3
5 3 4 7 5 6 1 2
6 2 3 7 5 6 1 4
7 2 4 7 5 6 1 3
8 2 4 6 5 7 1 3
9 4 2 7 6 5 3 1
10 2 4 7 5 6 1 3
11 3 4 7 5 6 1 2
12 2 4 7 5 6 1 3
S 29 44 82 62 72 15 32
D™ 19 4 —34 —14 —24 33 16
&’ 361 16 1156 196 576 1089 256
28 0.086 0.131 0.244 0.185 0.214 0.045 0.095

* Total rank of the indicator.
** Deviation from the average value of the total ranks.
*** Weighting factor of the indicator.
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The evaluation of the ranks of quality indicators of moisture-resistant
waterproof PPM was carried out on a seven-point scale, where the 1st point
corresponds to the indicator whose weight, according to the expert, is the
lowest, and 7 points — to the most important quality indicator. Based on the
obtained values, the consistency of expert opinions according to formula (1)
is determined.

Wg =Y d?/(1/12 x m* x (n’-n)), (1)
where Wg — consistency of opinion of experts;

m — number of experts;
n —number of indicators.

The opinions of experts are consistent, as the indicator of consistency
goes to 1:

Wg = 3650/(1/12 x 122 x (73-7)) = 0.905
The weights of the indicators were calculated by the formula (2).
Vi=Sily S, (2)

where Vi— the weighting factor of the i-th indicator;
Si— the total rank of the i-th indicator.

The ranking results and the calculated weights (see Table I) allowed
us to conclude that the most important indicators for moisture-resistant
waterproof PPM are water permeability and mechanical strength in dry and
wet conditions. In descending order of weight, the selected indicators are
arranged in a row: water permeability — moisture resistance — destructive
force — surface absorbency — resistance to pushing — air permeability —
breaking strength.

To determine the relative quality indicators of moisture-resistant
waterproof PPM brands B-50, B-55 and B-65, the absolute values of their
indicators were compared with similar indicators in the basic analogue —
parchment brand ZhV and were expressed in dimensionless form using
formulas: (3) — with direct dependences of absolute and relative quality
indicators and (4) — in inverse dependence.

qi= Pi/ Pik 3)
qi = Pir/ Pi, 4)
where gi— the relative i-th quality indicator of PPM;

Pi — the absolute value of the i-th quality indicator of the developed PPM,
which are evaluated,

Pir — the absolute value of the i-th quality indicator of the analogue,
selected as the base sample.

A comparative assessment of the absolute values of quality
indicators of the developed moisture-resistant waterproof PPM brands
B-50, B-55, B-65 with the basic analogue (parchment of the brand ZhV)
1s shown in Figure.
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c)

Profilograms of quality indicators of moisture-resistant waterproof PPM
(the B-50 (a), B-55 (b), B-65 (c) brands) and subparchment (the ZhV brand)

PPMs obtained by treating the base paper with a hydrophobic
composition are characterized by high barrier and protective properties
compared to the analogue, namely: increased water resistance, and much
higher mechanical strength in both dry and wet conditions, as well as
breaking strength and resistance to pushing.

The complex quality indicator was calculated, taking into account
the weighting factors, according to the formula (5).

Qcor=2Viqi, ()

where Qcor — the value of a comprehensive quality indicator;
Vi— the weighting factor of the i-th indicator;
qi— relative i-th quality indicator of PPM.

Summary results of calculations of complex quality indicators of
moisture-resistant waterproof PPM relative to the basic analogue are given
in Table 2.
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The values of the complex quality indicator of the developed mois-
ture-resistant waterproof PPM in comparison with the basic analogue —
subparchment of the ZhV brand higher inl.5, 1.7 and 1.9 times.

Conclusion. It is proposed to carry out a comprehensive assessment
of the quality of PPM for packaging products with high moisture content
on the following indicators: air permeability, surface absorbency, water per-
meability, destructive force, moisture resistance, breaking strength, resis-
tance to pushing. The selected unit quality indicators using the expert
method were assigned weight ranks, which allowed to obtain an objective
assessment for the studied materials.

The complex quality indicator of moisture-resistant waterproof
PPMis 1.513, 1.746 and 1.938 exceeds the closest analogue — subparchment
of the ZhV brand.
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Ocuka B., Komaxa O., Komaxa B. Bonozomiuni nanepoei naxysanvni mamepianu:
KOMRNEeKCHUIL NOKA3HUK AKOCMI,

I[MocTtanoBka mpodaemMu. Po3risiHyTO OCHOBHI aCIEKTH OLIIHKH SIKOCTI BOJIOTO-
MIITHOTO BOJOHENTPOHUKHOTO Tarepy. HaBesieHo pe3ynpTaT eKCIepTHOI OIliHKH MepeBar
PO3pOOJICHIX BOJIOTOMIITHAX BOJOHETPOHUKHUX IMAlEPOBUX IMAaKyBAIHHUX MaTepialliB
(TITIM) BigHOCHO MaTepiary aHanora. BuzHaueHo IXHi KOMIUIEKCHI MTOKa3HUKH SKOCTI.

Marepianu Ta metoau. [TanepoBi makyBanbHi MaTepianyd OTPUMAHO TIOBEPXHEBUM
00pOOJICHHSM KOMMO3HIIISIMI 3 BUKOPUCTAHHSM IOJIiaMiIaMiHeIiXJIOPTiApHHY, TOMIBiHI-
JIOBOTO CHMPTY Ta kapOaminy. Komiuiekc Oap’epHUX BIACTUBOCTEH PO3POOJICHUX BOJIOTO-
MIIHUX BOJOHETIPOHUKHUX MarepoBHX MMaKyBaJIbHUX MarepialliB OLIHEHO 3a MOKa3HUKaMH
TIOBITPONPOHUKHOCTI (CM’/XB), TIOBEpXHEBOi BOMpPHOCTI (I/M?), BOZOMPOHHKHOCTI (C),
py#HiBHOTO 3ycmmia (H), BomoromirtHocTi (%), MIIHOCTI Ha 37aM i 9ac OaraTopasoBUX
neperuHiB (K. . M), omopy mpodasmoBanHio (k[la). Sk OCHOBY misi MaKyBaJbHHUX
MaTepianiB BUKOPHCTAHO Marip pizHoi Mack (45-60 r/m?) Ta minsHoCTi (0.65-0.75 r/em’).

KomriekcHy OITIHKY SIKOCTI PO3pOOJICHHX BOJOTOMIITHMX BOJOHETPOHUKHHUX
[IIM 3pilicHeHO y TOpIBHSAHHI 3 HAWONMKYMM 32 TPU3HAYCHHSM 1 BIACTHBOCTSIMHU
aHaJIOTOM — MigrepraMenToM BupoOHunTBa Oinngaumii.

PesynbraTn gocaigxenns. [pymnoro ekcriepTiB MpoBeneHO paHKyBaHHS MOKa3-
aukiB [1[IM 3a BaromicTio iXHROTO BHECKY B 3arajibHy OaJIOBY OIIIHKY 3pa3ka. Y MOPSIKY
3MEHIIEHHS BarOMOCTI 00paHi MOKa3HUKH PO3TALIOBYIOTHCS B PAI: BOJOINPOHHUKHICTH —
BOJIOTOMIIIHICTh — pyHHIBHE 3yCHJIIS — TIOBEPXHEBA BOMPHICTH — OMip MPOAABIIOBAHHIO —
MOBITPOIIPOHUKHICTH — MIITHICTh HA 3JIaM.

OTtpumaHi BHACHiJOK 00poOIIeHHs nanepy-ocHOBH rigpodobHumM ckmagom MM
XapaKTepU3YIOThCsI BACOKUMH Oap’€pHUMU 1 3aXUCHUMH BIACTHBOCTSMH NPOTH aHaJora,
a caMe: MiJBUILEHNMHU BOJOHETIPOHUKHICTIO Ta 3HAYHO BHUIIMMH MEXaHIUYHOK MIIHICTIO
AK y CyXOMYy, TaKk 1 y BOJIOTOMY CTaHaX, a TaKOX MIIHICTIO Ha 37aM ¥ OImopom
NPOJIaBIIOBAHHIO.

Po3paxoBaHo 3Ha4eHHS KOMIUIEKCHHX TOKa3HUKIB SKOCTI pO3pOOJIEHUX BOJIOTO-
MIIIHUX BOJOHEITPOHUKHUX IMAIIEPOBUX IMAKYBAIBHIX MaTepialiB y MOPIBHAHHI 3 0a30BUM
a”ajyoroM — mianepramenToM Mapku JKB, siki craHoBIsTE 11t Mapku B-50 — 1.513, B-55 —
1.746, B-65 — 1.938, mo y miBTOpa — IBa pa3y BHIII.

BucHoBkH. 3ammponioHOBaHO 3IMCHIOBATH KOMILUICKCHE OITiHIOBaHHA skocTi [ITIM
JUIsl YIIaKyBaHHS MPOAYKLIi 3 BUCOKUM BMICTOM BOJIOTH 3a IMOKa3HHKAMHU: MOBITPOIPO-
HUKHOCTI, TIOBEpPXHEBOI BOMPHOCTI, BOAOIPOHUKHOCTI, PyHHIBHOTO 3yCHIIIS, BOJIOTOMIII-
HOCTI, MIITHOCTi Ha 371aM, OTIOPY TPOIaBIOBaHHIO.

OOpaHUM OIMHUYHHUM TTOKa3HHKAM SIKOCTiI 3 BUKOPUCTAHHSM E€KCIEPTHOTO METOY
NPUCBOEHO PaHTU BaroMoCTi, IO J]aJi0 3MOTY OTPHMATH 00 €KTUBHY OLIHKY JUISL JOCTiIKY-
BaHHUX MaTepiaiB.

KoMmrmiekcHi TTOKa3HUKHM SKOCTI PO3POOJICHHX BOJOTOMIITHUX BOJIOHETPOHUKHHIX
[IIM cranoBmate 1.513, 1.746 1 1.938 Ta mnepeBeplnyoTh HAMOMMKYMI 332 TpPU3HA-
YEHHSM 1 BJIaCTUBOCTSIMU aHAJIOT — MiANEpPraMeHT y MiBTopa — JIBa pasu.

Knwyosi cnoea: mamepoBi MakyBallbHI MaTepialid, CIOXHBYI BIACTHBOCTI,
MaTepiai-aHajaor, KOMIUIEKCHHH MMOKa3HUK SKOCTI.

cecesecesecesecne

105

R R R R R g R P E TP PP PR PR PPy

eeceeNecesecesecscssscne

cesee

KHHAVVHOMOOY X

g9I1dvd0.L HALOO0dH.LOVVE

cesees



