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The share of plastics used in agriculture is about 2% 
in Europe, 4% in the United States, and 20% in China. 
Plastics are used as films for greenhouses, tunnels, 
mulching, and ensilage, as vessels for plant sowing, 
thinning, and growth, and as containers. These items are 
made of traditional plastics (polyethylene, polypropylene, 
polystyrene) characterized by good physicomechanical 
properties and low cost [1]. However, these materials 
have also certain drawbacks. They are produced from 
nonrenewable natural resources and do not degrade in 
the environment. After the end of service, they should 
be reprocessed or incinerated. Most frequently they are 
disposed of in dumps where they lie for decades.

The best solution of the problem of polymeric 
waste is the use of biodegradable polymers. These are 
plastics based on natural biopolymers and chemically 
and microbiologically synthesized polymers [2–4]. 
One of possible lines in preparation of biodegradable 
materials is preparation of composite materials based on 
renewable natural polymers: starch, cellulose, proteins, 
containing diverse additives [5–8]. The best known are 
composites based on starch and polyvinyl alcohol [9, 
10]. A biodegradable material in composites can be 
a binder or fi ller. Such plastics are suitable for fabrication 
of consumer’s goods (disposable vessels, bags, boxes, 
seeding pots) which are fairly readily utilized after the 
end of the service life. The use of fi llers, on the one hand, 
decreases the cost of polymers and, on the other hand, 
allows utilization of organic wastes from agriculture 
or other fi elds as additives. Replacement of traditional 

plastics with biodegradable plastics will also allow 
the use of composting as the most environmentally 
and economically effi cient method for utilization of 
agricultural wastes [11].

A specifi c kind of additives that would be appropriate 
to use as a component of biodegradable composites for 
agriculture is drain silt. In large cities it is formed in an 
amount of about 1/3 of the total amount of production 
and consumption wastes. Therefore, it becomes topical 
to develop new utilization procedures. Utilization of 
drain silt is often associated with its use in agriculture as 
fertilizer or as additive in preparation of various composts 
[12]. Thus, polymeric composites containing drain silt 
would make it possible to expand both the assortment 
of biodegradable materials for agriculture and the set of 
procedures for utilization of wastes from water treatment 
facilities.

The goal of this study was to examine the physico-
mechanical and sorption properties of composites 
of polyvinyl alcohol and drain silt and to assess the 
possibility of using them for fabrication of vessels for 
plant growth.

EXPERIMENTAL

For formulating biodegradable composites we used 
polyvinyl alcohol IF-17 (Kuraray

Specialities Europe), glycerol (Barta a Cihlar, 
Czechia), and drain silt taken from municipal water 
treatment facilities. The dried and ground silt was sieved 
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through a sieve with a mesh size of 1 × 1 mm. 
Samples for tests were prepared as follows. A mixture 

of water, polyvinyl alcohol (PVA), and silt (PVA to silt 
ratios are given in Table 1) was stirred at 80°C for 60 min, 
after which glycerol (4%) was added. From the resulting 
mixtures, we prepared fi lms by pouring 10-ml portions 
of the mixtures into Petri dishes 10 cm in diameter and 
drying at 60°C. The thickness of the resulting fi lms (μm) 
was as follows: formulation no. 1, 110; no. 2, 160; no. 3, 
220; no. 4, 220; and no. 5, 260.

The mechanical properties of fi lms were measured on 
a special device for uniaxial extension [13]. In the course 
of extension, we measured the sample elongation and the 
stretching force. Taking into account the cross sections of 
samples cut to obtain the required shape, we calculated the 
mechanical stresses in fi lms and plotted the stress–strain 
dependences σ = f(ε). Typical σ = f(ε) dependences for dry 
and wet fi lms of formulation nos. 3 and 4 are shown in 
Fig. 1. The Young modulus characterizing the resistance 
of fi lms to extension was calculated from the slope of the 
σ = f(ε) curves in the initial step of extension when the 
strain did not exceed 2%. From the same characteristics 
we evaluated the tensile strength of the fi lms and their 
relative elongation at maximal load.

To determine the water absorption, samples were kept 
in a desiccator with 100% relative humidity at 20°C and 
weighed after a defi nite time.

The permeability to water vapor was determined 
gravimetrically using small glasses charged with a certain 
amount of water. The samples being tested were tightly 
fi xed on the glass opening. Then the glasses with the fi lms 
were kept in a desiccator with zero relative humidity at 
20°C. After a defi nite time, the glasses with the fi lms 
were weighed, and the permeability to water vapor 
(g m–2 day–1) was calculated from the weight loss.

The tests of the service properties of vessels under 
natural conditions were performed as follows. From 

formulation no. 4, we prepared pots and grew there 
plants (surfi nine) for 1 month. The soil temperature was 
measured daily, and the soil moisture content, on the 
fourth day after watering. Changes in the mechanical 
properties of the vessels after their use were evaluated 
visually.

The biodegradable materials from which vessels for 
plant growth are fabricated should be suffi ciently strong 
to stand transportation. Their mechanical properties 
should not be impaired in the wet state (e.g., after plant 
watering).

The results of determining the mechanical properties 
of dry and wet (kept in a desiccator with 100% relative 
humidity at 20°C for 7 days) fi lms of composites of PVA 
and silt are given in Table 2. The strength characteristics 
of commercial polypropylene (nos. 6, 7) and polystyrene 
(no. 8) samples cut from plant growth vessels are given 
for comparison.

It can be seen that the dry fi lms are stronger than the 
wet fi lms. With increasing silt content, the strength of the 
dry fi lms decreases and that of the wet fi lms increases (by 
80% for formulation nos. 3 and 4).

Films of PVA–silt composites (except formulation no. 
5) surpass the polypropylene and polystyrene fi lms in the 
relative elongation at maximal load. For the dry fi lms, 
this parameter decreases with increasing silt content. 
For the wet fi lms, the relative elongation varies with the 
silt content insignifi cantly, except formulation no. 5 for 
which this parameter decreases by 25%.

The Young modulus characterizing the fi lm elasticity 
passes through a maximum with increasing silt content. 
The highest Young modulus is exhibited by formulation 

Table 1. Content of PVA and silt in the mixture for preparing 
composites

Fig. 1. Typical σ = f(ε) dependences for fi lms of formulation 
nos. (1, 3) 3 and (2,  4) 4. (σ) Mechanical stress and (ε) relative 
elongation. Films: (1, 2) dry and (3, 4) wet.

σ,
 M

Pa

ε, %
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no. 2 in the dry state and no. 4 in the wet state. The Young 
modulus of synthetic fi lms (nos. 6–8) is considerably 
higher than that of PVA–silt fi lms.

Data on water absorption of the films are plotted 
in Fig. 2. The films are saturated with water within 
7–8 days. The sorption power of the samples depends on 
their composition. With a decrease in the PVA content, 
the sorption power of the fi lms decreases until the PVA : 
silt ratio reaches a certain level. With a further decrease 
in the PVA content and an increase in the silt amount, the 
sorption power of the fi lms increases.

The permeability of fi lms to water vapor varies with 
the silt content insignifi cantly:

Formulation no.  1 2 3 4

Permeability to water  107 117 119 90
vapor, g m–2 day–1

The sorption power, water-retaining power, and 

permeability to water vapor of the vessels signifi cantly 
affect the moisture content and temperature of soil in 
pots. The mean values of the temperature and moisture 
content of soil in the course of plant growth in peat, 
cellulose, and polypropylene vessels and in vessels made 
of the composite (formulation no. 4) are given in Table 
3. It can be seen that the composites of polyvinyl alcohol 
and drain silt are suitable for fabrication of vessels for 
plant growth. In the course of tests, these materials, as 
well as polypropylene, preserved high temperature and 
moisture content of the soil, required for plant growth. 
The mechanical properties of the vessels after their use 
changed insignifi cantly.

CONCLUSIONS

(1) Polymeric composites of polyvinyl alcohol and 
drain silt are suitable for fabricating vessels for plant 
growth.

(2) The presence of drain silt in composites favors 
improvement of physicomechanical properties of fi lms in 
the wet state. The sorption properties and permeability to 
water vapor of these fi lms ensure uniform moisture and 
temperature conditions in the soil.

Table 2. Mechanical properties of fi lms

Table 3. Temperature and moisture content of soil in vessels

Fig. 2. Water absorption WA of fi lms as a function of time τ. 
(1–5) Film formulation nos.

WA,%

τ, days



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  82  No.  7  2009

1300 GRAZULEVICIENE  et  al.

REFERENCES

1. Chiellini, E., Cinelli, P., D’Antone, S., and Ilieva, V.I., 
Polimery (Warsaw), 2002, vol. 47, nos. 7–8, pp. 538–
544.

2. Scarascia-Mugnozza, G., Schettini, E., Vox, G., et al., 
Polym. Degrad. Stab., 2006, vol. 91, no. 11, pp. 2801–
2808.

3. Okada, M., Prog. Polym. Sci., 2002, vol. 27, pp. 87–133.
4. Duda, A. and Penczek, S., Polimery (Warsaw), 2003, 

vol. 48, no. 1, pp. 16–27.
5. Morreale, M., Scaffaro, R., Maio, A., and La Mantia, F.P., 

Compos. Part A: Appl. Sci. Manufact., 2008, vol. 39, 
no. 3, pp. 503–513.

6. Tserki, V., Matzinos, P., and Panayiotou, C., Compos. Part 
A: Appl. Sci. Manufact., 2006, vol. 37, no. 9, pp. 1231–
1238.

7. Alemdar, A. and Sain, M., Compos. Sci. Technol., 2008, 
vol. 68, no. 2, pp. 557–565.

8. Chiellini, E., Cinelli, P., Corti, A., and El Refaye Kenawy, 
Polym. Degrad. Stab., 2001, vol. 73, no. 3, pp. 549–555.

9. Ban, W., Song, J., Argyropoulos, D.S., et al., Ind. Eng. 
Chem. Res., 2006, vol. 45, no. 2, pp. 627–633.

10. Vilaseca, F., Mendes, J.A., Pelach, A., et al., Process 
Biochem., 2007, vol. 42, no. 3, pp. 329–334.

11. Calmon, A., Guillaume, S., Bellon-Maurel, V., et al., 
J. Environ. Polym. Degrad., 1999, vol. 7, no. 3, pp. 157–
166.

12. Ramirez, W.A., Domene, X., Ortiz, A., and Alca-
niz, J.M., Bioresource Technol., 2008, vol. 99, no. 15, 
pp. 7168–7175.

13. Augulis, L., Tamulevicius, S., Augulis, R., et al., Opt. Laser 
Eng., 2004, vol. 42, pp. 1–8.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


