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Abstract. A solution to the problem of rational use of secondary polymeric raw materials and
wood waste is presented by creating composite materials for structural and decorative purposes on
their basis.

Wood-polymer composites (WPC) are modern materials made from a mixture of an organic
thermoplastic polymer and a plant-based filler. To obtain WPC, various fillers and thermoplastic
binders are used. Work in this direction is being actively carried out and the production of WPC
(molded, sheet, complex profile) is widely mastered in the world.

In order to significantly reduce the cost of composites while maintaining their physical,
mechanical and operational characteristics, studies were carried out on the use of secondary raw
materials as the main raw material. The object of the study was the most large-tonnage types of
waste polymeric thermoplastic materials, in particular, polyvinyl chloride, which is formed both in
the process of its industrial production, and in the field of industrial and domestic consumption, as
well as soft waste from sawmilling and woodworking (sawdust, shavings).

In the studies, the direct extrusion method was used.

Based on the results of a complex of studies, the optimal technological parameters of the
extrusion processing mode of the developed press compositions were determined, which have
sufficient manufacturability and ensure high physical, mechanical and operational performance of
the created composites at their minimum cost.

The optimal content of the modified polymer component in the press composition should be
in the range of 40-50% wt., depending on the purpose of products from this composite. From a
wide range of additives, only the most, in our opinion, significant and affordable additives were
used: calcium stearate (stabilizer and lubricant), dioctyl phthalate (plasticizer). These additives
provide the necessary thermal stability and fluidity of the press composition during extrusion, as
well as a certain light and thermal stability during product operation.

The best performance is for a composite based on wood particles of medium fraction (I =
2.0...8.0 mm), which is characterized by an optimal structure of reinforcing particles and uniform
distribution of the binder.

Comprehensive evaluation tests (physical-mechanical, technological, operational, sanitary and
hygienic) of WPC based on polyvinyl chloride waste and soft wood waste showed the practical
possibility and expediency of creating and mastering the production of structural and decorative and
finishing profile elements that are not inferior in basic properties to coniferous wood products rocks or
polymers. On an industrial scale, on the basis of domestic equipment, in particular, the WP 90x25
extruder with modified working bodies, a wide range of products has been launched (for example:
flooring profiles for civil and industrial construction, finishing boards, platbands, plinths, etc.).

Keywords: wood-polymer composites, press composition, polyvinyl chloride waste, wood
waste, direct extrusion method.

Introduction. One of the promising ways of rational use of secondary polymer raw materials
(production waste, depreciated products, etc.) and wood waste is the creation of wood-polymer
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composite materials and products (WPC) for structural and decorative and finishing purposes on
their basis. The promise and competitiveness of the created composites is due to the fact that in
terms of their basic physical, mechanical and operational properties they are not inferior to most
traditional materials (from the same polymers and wood) and at the same time surpass them in
terms of efficiency [1-4].

Analysis of recent research and publications. The term "wood-polymer composites (wood-
plastic composites)” in modern foreign and domestic literature is applied to materials obtained from
a mixture of an organic thermoplastic polymer and a filler of plant origin. To obtain wood-polymer
composites (WPC), a variety of fillers and thermoplastic binders are used. Works in this direction
are actively carried out and the production of WPC (molded, sheet, complex profile) is widely
mastered by a number of manufacturers in the world [5-8].

From the available information, it follows that the well-known composite formulations use
specially prepared fine wood (wood flour, needle-shaped shavings, wood fibers, etc.), primary
polymer raw materials, and various additives. The high cost of all these components is a significant
brake on the wide development of the industrial production of the developed composites.

Purpose and tasks. In order to significantly reduce the cost of composites while maintaining
their physical, mechanical and operational characteristics, studies were carried out on the use of
secondary raw materials as the main raw material. The object of the study was the most large-tonnage
types of waste polymeric thermoplastic materials, in particular, polyvinyl chloride [9], which is formed
both in the process of its industrial production, and in the field of industrial and domestic consumption,
as well as soft waste from sawmilling and woodworking (sawdust, shavings).

The screw extrusion method for processing wood-polymer mixtures (press compositions) into
WPC was chosen after a detailed analysis of its advantages over other methods.

Materials and methods of research. At the stage of the exploratory experiment, the primary
raw materials of polyvinyl chloride suspension (PVCS) and polyvinyl chloride emulsion (PVCE)
powder were used as a polymer matrix material. At the next stage of research, the results of which
are presented in this article, primary raw materials were replaced by secondary ones. The
production wastes of suspension polyvinyl chloride (WPVCS) and emulsion polyvinyl chloride
(WPVCE) were used, as well as the mass of finely dispersed shock-absorbing plastic products made
of polyvinyl chloride (WPVC).

The reinforcing filler in the press compositions was soft wood waste (sawdust, machine
shavings, small chips, mainly coniferous species), cleaned of foreign impurities and large
inclusions, dried to a moisture content of not more than 2 ... 3% wt.

From a wide range of additives, only the most, in our opinion, significant and affordable
were used:

« stabilizer and lubricant — calcium stearate (non-toxic, relatively inexpensive, quite
effective);

* plasticizer — dioctyl phthalate (highly effective plasticizer of domestic production, relatively
inexpensive).

These additives provide the necessary thermal stability and fluidity of the press composition
during extrusion, as well as a certain light and thermal stability during product operation.

The preparation of the press composition, the refinement of the recipe and the technology for
manufacturing prototypes of composites were carried out using a paddle mixer of thermoplastics
(non-standard equipment, heated, temperature 70 + 2 °C, rotation speed 28 + 2 rpm), and a single-
screw worm press brand "Reifenheiser” (screw diameter 63 mm, screw length to diameter ratio
20:1, screw for PVC processing), equipped with a die head (die), in the following sequence:

* dosage of prepared initial components by weight method;

* thermal plasticization of the polymer component by successive mixing of WPVC with a
stabilizer (3...5 min.) and a plasticizer (irrigation of the continuously stirred mixture for 5...7 min.);

* mixing of the prepared polymeric component with wood raw material for 7...10 min.

In the studies, the direct extrusion method was used. The freshly prepared press composition
was fed directly into the feed hopper of the worm press for molded product extrusion. At this stage
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of research, a die was used to form a square bar 2020 mm, directly intended for evaluation tests.
The product waste generated during extrusion was crushed and the mass was returned for
recycling at the stage of mixing the components.
Research results. Based on the results of experiments on the development of extrusion
technology, the optimal parameters of the extrusion mode were determined (Table 1).

Table 1 — Extrusion parameters of WPVC — wood press composition

Temperature regime by worm press zones, °C Speed of
Polymer ) .
rotation of |Productivity,
component of the . )
- I I i v die the screw, m/min

press composition rpm

WPVCE 90 120 140 150 150 12...15 0.6...0.7

WPVCS 100 130 150 160 160 10...12 0.5...0.6

WPVC blend
(powdered/crushe 100 130 160 170 | 170...180 to 10 0.4...05
d=1:1)

The determination of the optimal prescription compositions of composites was carried out on
the basis of the results of studies of the dependence of the properties of the composite on the
following factors:

* concentration and composition of the polymer component (matrix material);

* nature and fractional composition of the wood component;

« concentrations of modifying additives, etc.

The following criteria were adopted as the main evaluation criteria: the strength limit in static
bending and water absorption in one day of WPC samples made according to a certain recipe.
Samples were tested according to standard methods.

The results obtained are presented in Table. 2-4.

Table 2 — Dependence of the physical and mechanical characteristics of WPC on the content of the
polymer component (the content of additives is 5%)

Meaning of indicators:
Polymer flexural strength, MPa/water absorption, % wit.
component from the mass fraction of the polymer component in the compound, % wt.
25 30 40 50 60 70 80
WPVCS 2.8/- 6.5/19.8 |12.2/12.7 | 16.4/7.5 | 15.8/4.7 | 16.7/4.0 | 16.6/4.1
WPVCE — 7.1/21.9 |11.0/13.8 | 13.4/8.0 | 14.1/6.,5 | 15.3/5.7 | 15.2/-
WPVC blend - - 7.6/19.5 10.2/17 10.8/14 | 11.8/8.1 | 11.3/7.1

From the data in Table. 2 shows that the creation of composites with stable properties
containing a polymer component in an amount of less than 25% wt. practically not feasible. Press
compositions containing 30% wt. WPVCS or WPVCE are technologically advanced and allow
obtaining WPC samples with reproducible performance. When using as a matrix material a mixture
of WPVC powder with finely dispersed cushioned PVC products in a ratio of 1:1 (WPVC blend),
the minimum content of the matrix material in the press composition should be at least 40% wit.

With an increase in the content of the polymer component (WPVCS or WPVCS) from 30 to
60% wt., and the WPVCS mixture up to 70-80% wt. the water absorption of composites sharply
decreases to a certain minimum, which is explained by the formation of a continuous polymer film
on the surface of wood filler particles, which prevents the penetration of water into the capillary-
porous system of wood particles. In the case of using a polymer material in an initially more highly
dispersed form, a greater effect of waterproofing filler particles is achieved, especially in the region
of low polymer concentrations.
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The dependence of the increase in the strength characteristics of composites on an increase in
the content of the polymer component (or, which is the same, a decrease in the degree of filling of
the composites) in the range from 30 to 60% wt. has the following character: for WPVCS —
extreme, for WPVCS and WPVC blend — at first intense, turning into monotonous. With an increase
in the proportion of polymer in the composite up to 80% wt. a monotonous increase in strength is
observed. This is most likely due to the weak reinforcing effect of wood particles, which have
approximately similar dimensions in length, width, and thickness. With a low content of the
polymer phase in the composite, there is no solidity of the polymer interlayers between the wood
particles, which leads to low strength. With an increase in the polymer content, its uniform
distribution over the volume of the composite occurs and the formation of a continuous polymer
skeleton (as a result, an intensive increase in strength), and then an increase in the thickness of the
interlayers between wood particles (a monotonous increase in strength).

Based on the results obtained, considering the economic factor, it can be concluded that the
optimal content of the modified polymer component in the press composition should be in the range
of 40-50 wt.%, depending on the purpose of products from this composite.

Table 3 shows the physical and mechanical properties of WPC samples obtained on the basis
of wood pulp of various nature and fractional composition. The ratio of components in the
composite was constant: dispersed wood pulp — 50%, polymer component — 45%, modifying
additives — 5%.

Table 3 — Dependence of the physical and mechanical properties of composites on the nature and
fractional composition of the filler

The value of the indicator when used as a filler

The name of wood pulp fraction, mm crushed wood pulp wood
indicators grapevine special [flax fire
less2.0 | 20-80 | 80-200 | 55550 preparation mixes
1 2 3 4 5 6 7
Ultimate strength in
Static bending, MPa 12.0 15.2 13.7 15.2 18.9 19.4
Water absorption, % | 11.0 7.8 7.0 7.8 6.5 7.2

From the data in Table 3 it follows:

1. The nature of the wood filler (hardwood or coniferous wood, grapevine, etc.) does not
significantly affect the properties of composites (columns 3, 5), if the particles of various fillers do
not differ significantly in their strength, geometry, fractional composition, moisture content, etc.
indicators.

2. With an increase in the fraction, the physical and mechanical characteristics of the samples
improve (columns 2-4). This is due to the fact that with an increase in the linear dimensions of the
particles, the ratio of the surface area of the particles to their volume decreases, i.e. at a given
consumption of the binder, the thickness of the polymer interlayers between the particles increases
to the optimum. In addition, there is a reinforcement effect, which significantly increases the
strength properties of the composite. The best performance is for a composite based on wood
particles of medium fraction (1 = 2.0...8.0 mm), which is characterized by an optimal structure of
reinforcing particles and uniform distribution of the binder.

3. The influence of the reinforcing effect is clearly manifested if, instead of a filler based on
wood waste, a specially prepared (chopped and sifted) wood pulp of a fraction of 5.0 ... 10.0 mm is
used in the form of needle-shaped particles with a length-to-thickness ratio in the range of 5 ... 10
(column 6), and also if instead of 50% wt. wood filler with a fraction of 2.0 ... 8.0 mm, use chopped
flax fire fibers up to 20 ... 25 mm long (column 7).

As shown by the results of experimental work, a significant factor affecting the technological
and physical and mechanical properties of the composite is the presence and concentration of
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various modifying additives. For example, in the Chinese patent [10], it is proposed to use polyvinyl
alcohol as a plasticizer in the production of WPC.

The absence of such additives makes the extrusion processing of rigid press compositions
problematic; at the same time, an excess of one or another ingredient can play a negative role. Table
4 shows the data on the dependence of the physical and mechanical characteristics of the WPVC-
wood composite on the content of the plasticizer used by us — dioctyl phthalate (DOP). It follows
from the given data that the optimal ratio of the amount of DOP and WPVC is close to 1 to 10.

Table 4 — Dependence of the physical and mechanical properties of composites on the content of the
plasticizer (DOP)

The compound of the press composition, % wt. Tensile strength
woody . at static bending WaFer
) WPVC DOP stabilizer ' | absorption, %
filler MPa
50 47 2.5 0.5 15.5 10.0
50 45 45 0.5 16.5 8.5
50 40 9.5 0.5 13.0 6.5

The complex of conducted studies made it possible to determine the optimal formulations of
press compositions that have sufficient manufacturability and provide high physical and mechanical
properties of composites at a minimum cost. In Table 5 shows some of them, and in Table 6
comparative estimated physical and mechanical parameters of WPVC-wood composite and pine.

Conclusions. Comprehensive evaluation tests (physical-mechanical, technological,
operational, sanitary and hygienic) of WPC based on polyvinyl chloride waste and soft wood waste
showed the practical possibility and expediency of creating and mastering the production of
structural and decorative and finishing profile elements that are not inferior in basic properties to
coniferous wood products rocks or polymers. On an industrial scale, on the basis of domestic
equipment, in particular, the WP 90x25 extruder with modified working bodies, a wide range of
products has been launched (for example: flooring profiles for civil and industrial construction,
finishing boards, platbands, plinths, etc.).

Table 5 — Recipe composition of WPVC-wood press compositions

Content, % wt
Name of components composition | composition | composition
| 1 Il

Fine wood waste (sawdust, shavings, industrial chips,
etc.) with a moisture content of not more than 3%, 50.0 60.0 65.0
preferably a fraction of 2.0-8.0

Recycled polyvinyl chloride, for example, PVCS
waste according to TU 6-01-1177 or PVCE waste
according to TU 6-01-1179 or others (preferably a
mixture of WPVCS: WPVCE = 2:1)

Dioctyl phthalate according to GOST 8728 4.5 3.6 3.2
Calcium stearate or barium stearate according to TU 05 0.4 03
6-09-4803 or their waste ' ' '
* Note. In case of replacement of a part of fine-dispersed WPVC with crushed PVVC products, composition
111 is not recommended for use.

45.0 36.0 315
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Table 6 — Physical and mechanical (estimated) indicators of WPVC-wood composite (composition |

from Table 5) in comparison with control samples of pine grade | according to GOST 8486

Evaluation tests The value of the
- were carried out indicator for the
Ne Name of indicator X
according to the sample from
methodology composite pines
1 | Ultimate compressive strength, MPa OST 5.9296 27.4 26.6
2 | Ultimate strength at stat. bending, MPa GOST 4648 16.5 55.0
3 | Impact strength, kd/m* GOST 4647 2.94 5.43
Stiffness coefficient, KN/mm GOST 16483.2
4 |at+22°C 8.6 8.0
at -20 °C 18.7 8.0
5 | Abrasion, % GOST 16483.39 0.09 0.4
Splitting resistance GOST 13537 18.7
6 | along the fibers 9.8
across the fibers 35.7
7 | Volumetric weight abs. dry matter, kg/m’ OST 5.9296 1180.0 560.0
Water absorption, % OST 5.9296
8 | for 1 day 6.0 47.9
for 7 days 14.8 86.1
9 | Thermal conductivity coefficient, W/m-K GOST 7076 0.21 0.15
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Anotauis. Ilpeacrasieno BupimeHHs TpoOIeMy parioHAIbHOTO BUKOPUCTAHHS BTOPUHHOI
MOJIIMEPHOI CUPOBUHM Ta BIAXOJIB JEPEBMHHU IUISIXOM CTBOPEHHS Ha iX OCHOBI KOMIO3MLIHHHUX
MaTepialiB KOHCTPYKIIHHOTO Ta JEKOPATUBHO-03/100I0BAILHOTO MPU3HAYCHHSL.

Hepes’sno-nonimepni komnoszutu (JI1K) me cydacHi marepianam, 10 BHTOTOBISIOTHCS 13
CyMIIlll OPTraHiYHOTO0 TEPMOIJIACTUYHOIO IOJIIMEpY Ta HAlOBHIOBAYa POCIMHHOIO IOXOJKEHHS.
Hnsa orpumanus J[IIK 3acTOoCcOBYIOTH pi3HOMaHITHI HANOBHIOBadl Ta TEPMOIUIACTUYHI B’SKYUI.
PoGotn y mpoMy Hampsmi akTUBHO BeayThesi 1 Bumyck [IIK (moroHakHHWX, JHCTOBUX,
CKJIaHONPO(ITHHIUX ) IHUPOKO OCBOIOETHCS Y CBITI.

3 METOI0 CYTTEBOTO 3HIKEHHS COOIBApTOCTI KOMIO3HUTIB MPH OJHOYACHOMY 30€pexeHH] iX
(bi3MKO-MEXaHIYHUX Ta EKCIUTyaTalifHUX XapaKTePUCTUK OYyJlI0 MPOBENEHO MOCHIHKEHHS I0JO0
3aCTOCYBaHHS $IK OCHOBHOiI CHPOBHHHM — BTOpHHHOI. OO0'ekTOM HoCHiJpKeHHS Oyino oOpaHO
HaWOLIBII BEJIMKOTOHHAKHI BHJIM BIIXOJIB MOJIMEPHUX TEPMOIUIACTHYHUX MaTepialliB, 30KpeMa,
MOJIBIHUTXJIOPUY, IO YTBOPIOETHCS SIK Y TMPOLIECi HOro MPOMHUCIOBOTO BUPOOHMIITBA, TaK 1y cdepi
BUPOOHHUYOTO Ta MOOYTOBOTO CHIOKMBAHHSA, @ TAKOX M'SKI BIIXOAH JICONMWISHHS Ta IepEeBOOOPOOKH
(Tupca, cTpyxKa).

VY nociiiKeHHIX 3aCTOCOBYBAJIM METOJI IPAMOI €KCTPY3ii.

Ha migcraBi pe3ynabTaTiB KOMIUIEKCY IPOBEICHUX JOCHIIPKCHb BHU3HAYEHO ONTUMAJbHI
TEXHOJIOTIYHI MapaMeTpu PEKUMY EKCTPY3iiHOI mepepoOKu po3po0IeHUX Mpec-KOMITO3UIIH, 1110
MaroTh JOCTaTHIO TEXHOJOTIYHICTH 1 3a0€3MeuyroTh BUCOKI (DI3MKO-MEXaHIuHI Ta eKCIlIyaTalliiHi
MMOKa3HUKHM CTBOPEHUX KOMIIO3MTIB 3a iX MiHIMalIbHOI COOIBAPTOCTI.

OnTumanbHUA BMICT MOAM(DIKOBAHOTO TIOJIMEPHOTO KOMIIOHEHTY Yy Hpec-KOMIO3UIi
cknagae 40-50% wmac., 3anexHO BiJi MPU3HAYEHHS BUPOOIB 3 JAHOIO KOMIO3MTY. 3 IIHMPOKOTO
ACOPTUMEHTY aJIUTUBIB OYyJIM 3aCTOCOBaHI JIMIIE€ HAaWOUIbII, HAa HAIly TyMKY, CYTTEBI Ta JOCTYIIHI:
KaJbplil0 cTeapaT (ctabumizaTrop Ta MacTwio), AlokTuwidranar (tuactudikarop). Ll momatkm
3a0e31euyroTh HEOOXiJHY TePMOCTA0UIbHICTh Ta TUIMHHICTD MPECc-KOMITO3UIIT PH eKCTPY1yBaHHI,
a TaKOXX MIEBHY CBITJIO- Ta TEPMOCTAOUIBHICTh NPH €KCILTyaTallii BUPOOiB.

Haiikpari moka3HUKH KOMIIO3UTY Ha OCHOBI JIepeB’sSIHUX YaCTHHOK cepenuboi dpakmii (I =
2,0...8,0 MM), Ans SIKOTO XapaKTepHa ONTHMalbHAa CTPYKTypa YKJIaJaHHS apMYIOUYMX YaCTHHOK 1
PIBHOMIPHICTb PO3MOUTY B’ SXKY4OTO.

Bcebiuni  omiHOYHI BUNpoOyBaHHS ((i3UKO-MEXaHIYHI, TEXHOJIOT1YHI, EeKCIUTyaTaliiiHi,
ca"iTapHo-ririeHiuni) JIIK Ha ocHOBI BIAXO0/IB MOJIBIHUIXJIOPUIY Ta M'SIKUX BIIXOJIB J€PEBUHU
MOKa3aJIi MPAaKTUYHY MOKJIMBICTD 1 JOLIBHICTH CTBOPEHHS Ta OCBOEHHS BUITYCKY KOHCTPYKIIIHUX
Ta JIEKOPATUBHO-03/I00IOBATHPHUX MPO(UIBLHUX €JIEMEHTIB, 10 HE MOCTYMAalThCS MO0 OCHOBHUM
BJIACTHBOCTSM BHpOOaM 13 JIepeBUHU XBOMHHUX MOPiJ a00 MOJiMeEpiB.

VY npomucioBoMy macmTadi Ha 0a3i BITUM3HSHOrO 0o0jajHaHH:, 30KpeMa, ekcrpyaepa UIl
90%25 3 Monu(pikOBaHUMH POOOYMMHU OpraHaMH, HaJaroJKEHO BUITYCK IIUPOKOi HOMEHKJIATypu
BUpOOIB (HampUKJIan: JAOHIKAa Ta Opyc HACTHIIIB MiJJIOTH JAJs IUBLIBHOTO Ta IPOMHUCIOBOTO
OyA1BHUITBA, 03/100TI0BaIbHA (acaiHa JOIIKa, HATMYHUKHY, IUTIHTYCH TOIIO).

KiarouoBi  cioBa:  fepeB’sHO-TIOJNIMEpHI  KOMIIO3UTH,  IPEC-KOMIIO3UIIS,  BIAXOIU
MOJIIBIHUTXJIOPUTY, BIIXOJH IE€PEBUHH, METOJT IPSIMOi €KCTPY3ii.
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