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NANOCELLULOSE FROM REED STALKS TO IMPROVE THE PROPERTIES
OF PAPER FOR PACKAGING FOOD PRODUCTS

Background. The development of technologies for obtaining materials from plant raw materials, the use of which im-
proves the consumer properties of cardboard and paper products and does not pollute the environment with harmful
substances from synthetic polymers, is an urgent problem of our time.

Objective. The purpose of the paper is to obtain pulp and nanocellulose from reed stalks by environmentally friendly
methods and apply nanocellulose to improve the quality parameters of paper for packaging food products on automatic
machines.

Methods. To obtain pulp from reed stalks with a minimum residual content of lignin and minerals, two processing
stages were used: alkaline extraction and organosolv cooking at a temperature of 97 + 2 °C. Nanocellulose was ob-
tained by the oxidation of organosolv reed pulp with 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) in the TEMPO /
NaBr / NaClO system, which is more environmentally friendly than acid hydrolysis. The resulting nanocellulose was
applied to paper samples from waste paper and sulphate unbleached pulp at a consumption from 1 to 3 g/m>.

Results. Organosolv pulp was obtained from reed stalks with a residual lignin content of 0.53 % and an ash content of
0.045 %, which was used to obtain nanocellulose. The resulting nanocellulose particles have a transverse size in the
range of 5—20 nm, a length of up to several micrometers, and the tensile strength of nanocellulose films is up to 60
MPa. It is shown that the application of nanocellulose to the surface of the samples increases the breaking strength and
breaking length, and reduces the surface absorbency of paper. It was determined that with a nanocellulose consumption
of up to 3 g/m?, paper samples have indicators that meet the requirements of the standard for paper for packaging food
products on automatic machines.

Conclusions. The use of nanocellulose from reed stalks as a hardening substance for paper production will allow replacing
environmentally harmful polymer additives and up to 50 % of more expensive softwood pulp with waste paper, while

maintaining paper quality indicators at the level of standard requirements.
Keywords: reed stalk; organosolv pulp; TEMPO-mediated oxidation; nanocellulose; paper.

Introduction

In connection with the deteriorating environ-
mental situation in recent years, there is a growing
interest in the production of materials from biode-
gradable raw materials, which are renewed annu-
ally and are not inferior to products from oil, gas
and coal. Polymers from these fossils take hundreds
of years to decompose, causing irreparable dam-
age to the environment. Plastic accounts for 85 %
of all waste in the world’s oceans, half of which
are disposable plastic products [1]. The European
Parliament Directive of 5 June 2019 on the reduc-
tion of the environmental impact of certain plastic
products prohibits single-use plastic products and
provides for their substitution with natural poly-
mers [2]. The use of natural polymers from cellu-
losic plant materials is being seen as an alternative
to plastics and could be a viable approach to reduc-
ing deforestation, increasing the use of agricultural
surplus and developing biodegradable materials [3].
The processing products of such renewable plant
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materials are widely used in the pulp, paper, chemi-
cal, textile, pharmaceutical, medicine and electron-
ic industries [4, 5]. New technologies for processing
plant raw materials into consumer goods contribute
to the sustainable development of society, solving
environmental and economic problems.

The main component of plant materials is cel-
lulose, which is the most abundant renewable bio-
polymer in nature. Cellulose has attracted consid-
erable interest as a raw material for the production
of nanocellulose. Nanocellulose (NC) belongs to a
group of nanomaterials consisting of the nanosized
cellulose particles. The NC exhibits unique prop-
erties, such as high elastic modulus, high specific
surface area, optical transparency, low thermal ex-
pansion coefficient, and chemical reactivity. NC has
high transparency, biodegradability and biocompati-
bility, a low lightweight and production cost in com-
parison with synthetic polymers [5—7].

Nanocellulose is produced using the following
methods: mechanical processing, chemicals and en-
zymatic hydrolysis, or a combination of both. Among
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chemical methods, in addition to the production
of nanocellulose with the use of mineral acids,
ecologically safe substances such as phthalim-
ide-N-oxyl (PINO) and 2,2,6,6-tetramethylpiper-
idine-1-oxyl (TEMPO) have recently been active-
ly developed [8, 9]. The literature provides results
on the production of nanocellulose with these re-
agents, mainly from wood cellulose [10, 11].

The main raw material for cellulose produc-
tion in the world pulp and paper industry is wood.
For countries that do not have large reserves of free
wood, alternative sources of fibrous raw materials
may be non-wood plant raw materials — annual and
perennial plants and fibrous waste from agricultur-
al production. Common reed (Phragmites australis)
also belongs to such raw materials. Common reed is
a cheap and common plant that grows on the banks
of rivers and lakes. Common reed has the ability
to form monospecific stands occupying large areas.
Only in Ukraine, common reed harvesting averages
3200 tons per year and tends to grow. Reed stalks
can be used for the production of pulp, paper and
board, but there is no data on the production of
nanocellulose by TEMPO-mediated oxidation and
the use of this reed nanocellulose in papermaking.

Problem statement

The aim of the study was to obtain and use
nanocellulose from reed stalks to improve the qual-
ity parameters of one of the mass types of paper —
paper for packaging food products.

Methods for obtaining pulp, nanocellulose and
paper

We used the biomass of common reed from
the Cherkasy region of Ukraine after the harvest in
2019. Before research, the raw material was crushed
to 2—5 mm and stored in a desiccator to maintain
a constant moisture content and chemical com-
position. The chemical composition of reed stalks
was determined according to TAPPI standards [12].
The analyses for the chemical characterization were
done in triplicate and the mean and standard de-
viation were calculated. Sodium hydroxide, glacial
acetic acid, hydrogen peroxide, ethanol, 2,2,6,6-te-
tramethylpiperidine-1-oxyl (TEMPO), sodium bro-
mide, and sodium hypochlorite were chemical grade.

The pulp was obtained from reed stalks in
two stages. At the first stage, an alkali solution was
used as a preliminary treatment of plant raw mate-
rials to remove the main part of hemicelluloses and
minerals and partially remove lignin. For this, the

reed stalks were extracted with a NaOH solution
with a concentration of 50 g/l at a temperature of
97+2 °C for 180 min, the ratio of liquid-to-solid is
10 : 1. At the second stage, to remove residual lig-
nin and extractives, organosolv cooking was carried
out using a solution of glacial acetic acid and 35 %
hydrogen peroxide in a volume ratio of 7 : 3 with
a liquid-to-solid ratio of 10 : 1 at a temperature of
97+2 °C for 120 min. These values of technologi-
cal parameters were previously determined for the
extraction of different representatives of non-wood
plant raw materials [13].

The TEMPO-oxidized nanocellulose (TONC)
has been prepared using the TEMPO/NaBr/NaOCl
system followed by ultrasonic treatment. This treat-
ment leads to the selective removal of the amorphous
regions of cellulose while maintaining the crystalline
regions of cellulose macromolecules [14]. The meth-
od of preparing of the TONC was described in [15].
The optimal conditions of preparing of the reed
TONC were consumption of TEMPO was of 1.6 %
by weight of ORP, the duration of the oxidation
was 24 hours. Ultrasonic treatment of a suspension
of nanocellulose oxidized with TEMPO was carried
out for 10—30 min until a transparent nanocellulose
gel was formed. The resulting nanocellulose suspen-
sion was used for papermaking.

For the production of samples of packaging
paper used waste paper brand MS-4A and sulfate
unbleached pulp from softwood. Paper samples were
made weighing 83 + 1 g/m? and 110 + 2 g/m? with
the addition to the mass and without the addition of
starch glue “Callpress” (SG) and alkyl ketene dimer
(ACD) with a consumption of 1.5 % by weight of
pulp. Waste paper and pulp were ground to a size of
2—5 cm, soaked for 1 hour in cold water, dissolved
for 20 min in a water breaker, and then another
10—22 min in a mill to ensure the homogeneity of
the suspension from the degree of grinding 30 °SR
(Shopper-Riegler). Paper sheets were made on a
Rapid-Kothen sheet-forming machine according to
the standard technique. After drying, the suspension
of reed nanocellulose was evenly applied to the man-
ufactured castings with a consumption of 1, 2, and
3 g/m2. In the obtained samples were determined
quality indicators in accordance with GOST 7247-90
“Paper for food packaging on machines” [16].

Results and discussion

Chemical analysis of plant materials showed
that reed stalks had the following content of compo-
nents: 49.3 % of cellulose, 22.9 % of lignin; hot water
solubility — 10.6 %; 1% NaOH solubility — 19.4 %;



92

KPI Science News

2021 /2

2.3% of resin, fats, and waxes; 3.5% of mineral sub-
stances (ash) relative to the mass of dry raw material.
Thus, the studied non-wood plant material contains
less lignin than wood of coniferous and deciduous
species, which a priori suggests a lower consumption
of reagents and a shorter duration of the process of
its delignification in comparison with obtaining pulp
from wood. The reed pulp after pre-treatment with
alkali for 180 min contains 12.2 % of lignin and ash
content of 0.87 % by weight of dry raw materials.
After the first stage of thermochemical processing of
plant raw materials, the resulting reed pulp contains
a significant content of lignin and mineral substanc-
es (ash), which do not allow obtaining nanocellu-
lose from it. Therefore, the second stage was carried
out — organosolv cooking — as a result of which reed
pulp was obtained, suitable for chemical process-
ing, in particular for obtaining nanocellulose from it.
The pulp after peracetic cooking for 120 minutes has
a lignin of 0.53 % and an ash content of 0.045 % by
weight of the pulp. This organosolv reed pulp (ORP)
has been used to produce nanocellulose.

A suspension of TEMPO-oxidized nanocel-
lulose (TONC) was extracted from ORP using the
TEMPO / NaBr / NaClO oxidation system fol-
lowed by sonication. It is shown that an increase
in the duration of the oxidation process promotes
the production of TONC films with a higher den-
sity and a high content of carboxyl groups, as well
as an increase in their transparency and mechanical
strength [15]. An increase in the mechanical param-
eters of TONC is associated with a decrease in the
size of cellulose macromolecules in the process of
TEMPO-mediated oxidation with their transforma-
tion into nanoparticles, which form denser structures
with stronger bonds between them. The nanosize of
cellulose particles is confirmed by AFM and TEM
data. The transverse particle size of nanocellulose is
in the range of 5—20 nm, but individual nanofibers
have a width of up to 28 nm and a length of several
micrometres. The tensile strength of nanocellulose
films is up to 60 MPa [15].

To study the effect of reed nanocellulose on
the physical and mechanical properties of paper for
food packaging, a suspension of reed nanocellulose
was applied to laboratory paper samples. The com-
position of the laboratory samples and the values of
the paper weight 83 g/m? and 110 g/m? are given in
Tables 1 and 2, respectively, and in Figs. 1 and 2.

Table 1. Physico-mechanical properties of paper weight
83 g/m? of different composition

Neo Composition Breaking | Degree Surface
force, N | of sizing, | absorbency,
mm Cobb,,, g
1 | Waste Paper (WP) [ 29.5 1.0 176.2
2 WP + ACD* 30.2 2.0 48.2
3 WP + SG™ 31.3 2.0 52.3
4 | WP + ACD + SG 31.8 2.0 41.5
5| WP+ NC 1 g/m? 334 2.0 75.9
6 [ WP+ NC 2 g/m? 38.7 2.0 71.8
7 | WP + NC 3 g/m? 49.2 2.0 46.3
8 | Requirements of | Noless | Noless | No more
the standard [16] 30 1.0 50
for brand E-II

*ACD — alkyl ketene dimer; **SG — starch glue

As can be seen from Table 1, the values of
the breaking force for paper samples weight 83 g/m?
without the addition of sizing agents to the compo-
sition and the surface coating are within the require-
ments of the standard [16]. The addition of sizing
agents to the fibrous composition slightly increases
the value of this indicator, but the addition of sus-
pension of reed nanocellulose on the paper surface
leads to an excess of the breaking force by 11—64 %.
The application of nanocellulose to the surface of
the paper also leads to a natural increase in the
breaking length of the paper samples (Fig. 1) due to
the formation of additional hydrogen bonds between
the cellulose fibers. The same dependence of an in-
crease in physical and mechanical parameters with
an increase in the consumption of nanocellulose
is observed for laboratory samples of paper weight
110 g/m? (Table 2 and Fig. 2).
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Mass of nanocellulose application, g/m?

Fig. 1. The effect of reed nanocellulose consumption on the
breaking length of paper samples weight 83 g/m?
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Table 2. Physico-mechanical properties of paper weight
110 g/m? of different composition

No Composition Breaking | Degree Surface
force, N | of sizing, | absorbency,
mm Cobby, g
1 Waste Paper 76.4 1.0 202.7
(WP)
2 | Sulfate pulp (SP) 80.4 1.0 144.3
S0WP:50SP 78.4 1.0 169.5
4 S50WP:50SP + 71.5 2.0 31.8
ACD
5 | 50WP:50SP + SG | 76.4 2.0 21.7
SOWP:50SP + 77.4 2.0 18.3
SG + ACD
7 SO0WP:50SP + 91.1 2.0 20.2
SG + NC 1 g/m?
8 [ SOWP:50SP + SG| 92.1 2.0 18.4
+ NC 2 g/m?
9 | SOWP:50SP + SG| 99.9 2.0 14.8
+ NC 3g/m?
10| Requirements of | No less | No less | No more
the standard [16] 39 2.0 40
for brand D

From the data in Tables 1 and 2 it is seen that
the values of the degree of sizing, which is deter-
mined by the dashed method, for paper meet the
requirements of the standard for samples weight
83 g/m? with the addition and without addition to
the composition of the paper modified starch glue
or ACD. And for samples of paper weight 110 g/m?
the values of this indicator meet the requirements
of the standard only after the introduction into
the fibrous composition of the above sizing agents
(Table 2).
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Fig. 2. The effect of reed nanocellulose consumption on the
breaking length of paper samples weight 110 g/m?

One of the important indicators of paper for
packaging food products is the surface absorbency
of paper with a single-sided wetting area of 1 m?
(Cobb,, or Cobb,, depending on the weight of the
paper). As can be seen from the data in Table 1,
the addition to the fibrous composition of modi-
fied starch paper and ACD at consumption of 1.5 %
by weight of pulp or on its surface 3 g/m? of reed
nanocellulose allows obtaining paper samples with
the value of surface absorbency of paper that meet
the requirements of the standard [16] for paper for
packaging food products for brand E-II. For paper
samples with the mass of 110 g/m?, the value of this
indicator required by the standard is fulfilled after
adding modified starch glue or ACD to the pulp,
and also significantly improves when a suspension of
nanocellulose is applied to its surface.

The improvement in the strength and surface
absorbency of the paper with increasing nanocel-
lulose consumption is due to the formation of ad-
ditional hydrogen bonds between the fibers of the
paper and the nanocellulose during its surface ap-
plication. The formation of the film on the surface
of the paper and the partial impregnation of the
nanoparticles into the inner layers of the paper was
published previously [17].

These conclusions are confirmed by SEM im-
ages of paper with and without the application of
nanocellulose on its surface (Fig. 3). The data in
Fig. 3, a show that the surface of the paper with-
out applying of nanocellulose has a porous structure
(Fig. 3, a), the fibers are long and clearly expressed.

The surface coating by nanocellulose suspen-
sion (Fig. 3, b) contributes to a reduction of po-
rosity of paper. In this case, the surface becomes
more uniform and smooth. There is a decrease in
the number of pores between layers and an increase
in the density of paper. As seen in the cross-section-
al view of paper (Fig. 3, ¢), spun fibers are placed
in paper layers with a loose structure and cavities
between them. When a nanocellulose suspension is
applied to the surface (Fig. 3, d), the density of the
surface layer of paper increases.

Thus, it is shown that the application of reed
nanocellulose on the surface of laboratory paper
samples improves the physical and mechanical
properties of paper for packing of food products on
automatic machines that meet the requirements for
paper brand E-II (for the manufacture of packages
for packaging groceries weight up to 3 kg) and
brand D (for the manufacture of packages for
packaging groceries weight up to 5 kg) in accor-
dance with GOST 7247-90 [16].
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Fig. 3. SEM images of paper for packing of food products without coating (@); with coating of nanocellulose (b); ¢ and b — cross-

sectional view of a and b, respectively

Conclusions

1. Thermochemical treatment of reed stalks in
two stages — alkaline extraction and organosolv cook-
ing — make it possible to obtain cellulose with a min-
imum residual content of lignin and minerals. Such
cellulose is suitable for subsequent chemical treat-
ment, including the production of nanocellulose.

2. To obtain nanocellulose, we used 2,2,6,6-te-
tramethylpiperidine-1-oxyl (TEMPO) in the TEM-
PO/NaBr/NaCIO system, which is more environ-
mentally friendly than acid hydrolysis. Subsequent
ultrasonic treatment makes it possible to obtain a sta-
ble nanocellulose gel with high mechanical properties.

3. It is shown that the deposition of up to 3 g/
m? of nanocellulose on the surface of the paper ob-
tained samples that meet the requirements for paper
for packaging food products on automatic machines.
It was found that the use of nanocellulose from reed
stalks as a hardening agent for paper production
makes it possible to replace up to 50 % of the more
expensive pulp with waste paper, which will reduce
the cost of paper production while maintaining the
requirements of the standard.

4. A prospect for further research may be the
use of nanocellulose from reed stalks for the pro-
duction of other mass types of paper and cardboard.
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B.A. Bap6aw, O.B. AweHko, A.C. loHaoBebka, O.C. AkMmeHko

HAHOLIEMIONO3A 31 CTEBEN OYEPETY OJ1A MOKPALWEHHSA BIIACTUBOCTEW MAMEPY ON1A NMAKYBAHHSA XAPYOBKX
MPOOYKTIB

MpobnemaTuka. Po3po6reHHsi TEXHOMOri OTPUMaHHS 3 POCIIMHHOT CUPOBUHU MaTepianiB, 3aCTOCYBaHHS sSIKMX NOKPaLLye CMOXMUBYi
BMaCcTMBOCTi KAPTOHHO-NaNepoBOi NPOAYKLii Ta He 3abpyaHIOE AOBKINMS LWKIANVBAMU PEYOBMHAMU 3 CUHTETUYHKX NONIMEPIB, € aKTyarb-
HOl Npobnemoto.

Meta pocnigxeHHA. OTpumaTy ekornoriyHo 6e3neyHmmm cnocobamu Lentonoasy i HaHouentnoay 3i cteben o4yepeTty Ta 3acTocyBa-
TW HaHOLIeMNoNo3y AN NOKpaLLEHHs SKICHMX napameTpiB nanepy AMs nakyBaHHS Xap4oBWX NPOAYKTIB HA aBToMaTax.

MeTtoauka peanisauii. [1ns oTpumaHHs 3i cteben o4epeTy Lentonosn 3 MiHiMansHUM 3anuLLKOBUM YMICTOM NirHiHy Ta MiHepanbHuX
pPeYoBUH BUKOPUCTOBYBanu ABi cTafii 06pobKmM: NyxHy eKCTpaKLio 1 OpraHoCoNbBEHTHE BapiHHSA 3a Temnepatypu 97 + 2 °C. HaHouento-
103y OTPMMYyBasnv OKUCIIEHHSAM OPraHOCONbBEHTHOI O4epeTAHOI Lentonosun 2,2,6,6-tetpametunnunepegnH-1-okcunom (TEMIMO) B cuc-
Temi TEMPO / NaBr / NaClO, wwo € 6inblu ekonoriyHum, Hix rigponia kucnotamu. OTprMaHy HaHOLLENNO3y HaHOCUIM Ha 3pasku nanepy
3 Makynatypu Ta cynbdartHoi HeBubineHoi Lentornosu 3 ButpaTtoto Big 1 4o 3 r/m?.

Pesynbratu gocnimkeHHA. OTpyMaHO OpraHOCONbBEHTHY Lientono3dy 3i cteben oyepeTy 3 3anmLLKOBUM BMICTOM irHiHy 0,53 %
i 3ombHicTio 0,045 %, 5Ky BukopucTanu ANS OTPUMaHHSA HaHouentonodun. OgepxaHi BHACMIAOK OKUCHEHHS YaCTUHKM Lientionosn manm
nonepeYvHnin po3mip 5—20 HM, AOBXUHY [0 AEKINbKOX MIKpOMETpiB. HaHOLIENono3Hi NniBKM Manu BUCOKI MEXaHiYHi MOKa3HMKK: LWiNbHICTb
no 1,5 r/em® i MibHicTb Ha po3pwe o 60 MMMa. MNMoka3aHo, WO HaHECEHHS! HAHOLIEMIONOo3K Ha NOBEPXHIO 3pa3kiB 36iNbLUye PO3PUBHY CUIY
Ta PO3PMBHY JOBXMHY, 3MEHLLYE MOBEPXHeBY BOMPHICTL nanepy. BuaHaveHo, Lo 3 BUTpaTO HaHouenonoan Ao 3 r/m? 3paskv nanepy
MatoTb MOKa3HWKY, WO BiAMNOBIAAITL BUMOram CTaHAapTy A0 nanepy AN NakyBaHHS Xap4yoBMX NPOAYKTIB HAa aBToMaTax.

BucHoBKkK. BukopncTaHHsA HaHOLEM0No3n 3i cteben oyepeTy K 3MiLHI0BaNbHOI Pe4YOBMHM AN BUpOOHMLTBA nanepy 4acTb 3MOry
3aMiHWTK €KOSOriYHO LWKIAMMBI noniMepHi Aobasku Ta Ao 50 % GinbL BapTICHOI LIENono3n Ha MakynaTtypy 3i 36epexeHHsIM NoKasHuKiB
AKOCTi manepy Ha piBHi BUMOT CTaHAapTy.

KnrouoBi cnoBa: ctebno ovepeTty; opraHoconbBeHTHa Lentono3a; TEMIMO-okMcHeHHS; HaHoUentono3a; nanip.
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HAHOLLENMIONO3A M3 CTEBJIEM KAMBIWA A1 YNYUWEHUA CBOWCTB BYMAIM [ANA YMAKOBKM MULLEBLIX
NPOOYKTOB

Mpo6nemaTtuka. Pa3paboTka TEXHOMOIMIM MOMyYeHns U3 pacTUTENbHOTO Cbipbsi MaTepuarnos, NPUMEHEHUe KOTOpbIX yny4yluaert
noTpebuTensckMe CBOWCTBA KapTOHHO-OyMaXHON NPOAYKLMM U He 3arpsi3HSIET OKpYyXatoLLyto cpeay BpeAHbIMU BELLeCTBaM U3 CUHTETU-
YeCKUX NoNMMepoB, ABNAETCS akTyanbHON Npobnemoi.

Llenb nccnepoBanus. MNonyynTb akonorndecky 6esonacHbIMU cnocobamu Lenmionosdy U HaHouenmionosy ua crebnen kambiwa
1 NPUMEHUTL HAHOLLENIoNo3y ANs yry4ylleHns napameTpoB KayecTBa bymarv Ans ynakoBku NULLEBbLIX MPOAYKTOB Ha aBToMaTax.

MeTopuka peanusaumu. [1ns nonyveHns na crebnei kambiwa LEnonossbl ¢ MUHUManbHbIM OCTAaTOYHbIM COAEPXKaHWEM NUTHUHA
1 MVHeparbHbIX BELLECTB MCMONb30Banu ABe CTaaun o6paboTku: LLEenoYHYo 3KCTPaKLMIO 1 OPraHOCONbBEHTHYIO BapKy Npu Temnepartype
97 + 2 °C. HaHouenntonosy nonyyany oKUCIIEHNEM OPraHOCONbBEHTHOM KaMbILLOBOW Lienntonossl 2,2,6,6-teTpaMmeTunnunepenuH-1-ok-
cunom (TEMIMO) B cucteme TEMPO / NaBr / NaClO, yto siBnsietcst 6onee aKONnornyHbIM, 4em ruaponusa Kucrnotamu. MNony4eHHyto HaHo-
Liennionosy HaHocunu Ha obpasubl Gymarn n3 makynaTypel U cynbdaTtHol HebeneHo Lennionosel ¢ pacxogom ot 1 o 3 r/m?.

Pe3ynkTaTthl nccnegoBaHums. NonyyeHa opraHoCONbBEHTHAs Lienstornosa n3 crebnei kambllia ¢ OCTaToOMHbIM COAepXXaHneMm nur-
HuHa 0,53 % wn 3onbHoCcTbo 0,045 %, KOTOPYO MUCMONBL30BaNV ANS NOMy4YeHUs HaHOLEeNMono3bl. MNonyyeHHble B pesynsraTte oOKUCeHUst
YacTuLbl Lenmnionosbl MMenu nonepeyHsin pasmep 5-20 HM, ANWMHY A0 HECKOMNbKUX MUKPOMETPOB. HaHOLENonosHble nneHku nMenu
BbICOKME MeXaHn4eckve nokasatenu: nnoTHocTb Ao 1,5 r/cm® n npoyHocTb Ha paspeiB Ao 60 MIMa. MokasaHo, 4To HaHeceHne HaHouen-
Nonosbl Ha NOBEPXHOCTb 0OPa3LIOB YBENUYMBAET Pa3pbiBHYIO CUMY U Pa3pbiBHYIO AMUHY, YMEHbLUAET NOBEPXHOCTHYIO BNUTLIBAEMOCTb
6ymarn. OnpepgeneHo, 4TO C pacxoAoM HaHoLennono3el 4o 3 r/m? obpasLbl Bymary MetoT nokasaTesnu, CoOoTBETCTBYoLMe TpeboBaHAM
cTaHgapTa k 6ymare Ans ynakoBKW NULLEBbLIX NPOAYKTOB Ha aBTOMarax.

BbiBoabl. Vcnonb3oBaHWe HaHOLENMonosbl M3 ctebnen kambilwa Kak yNpoYHsIoLLEro BeLecTBa Ans npou3soacTea bymarv nosso-
NUT 3aMeHUTb 3KOMNOrMYecky BpeaHble nonuMepHble Aobaskn 1 o 50 % Gonee CTOMMOCTHON LENsono3bl Ha MakynaTypy npu coxpaHe-
HWK NokasaTenen kavecTsa bymaru Ha ypoBHe TpeboBaHWUI cTaHdapTa.

KntoueBble crnoBa: ctebenb kambllla; opraHoconbBeHTHas Lenntonosa; TEMIMO-okvcnerne; HaHouenntonosa; bymara.
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