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PREFACE

The GREDIT Conference 2016 (GREEN Development, Infrastructure and
Transport) was held in Skopje, Republic of Macedonia, from 30™ of March till 2™ of
April 2016. The Conference was organized by: Ss. Cyril and Methodius University in
Skopje, Faculty of mechanical engineering, Faculty of electrical engineering and infor-
mation technologies, Faculty of technology and metallurgy, Faculty of medicine; BENA
— Balkan environmental association; FUEL — R&D Centre for fuels engines and lubri-
cants; 6 Star and Pakomak from Skopje.

The venue of the Conference was the Technical Campus of the University. 230
articles from 543 authors from 13 countries were presented at the plenary session, 6 oral
sessions and 4 poster sessions of the Conference.

The topics of the GREDIT 2016 were:

Air — water — soil pollution

Risk assessment — sustainable development

Renewable energy resources and management of natural resources
Agriculture, Agro ecology, Food Quality safety

Management of urban and industrial waste

Climate change — biodiversity — Energy efficiency

Green smart cities/societies — green architecture and landscape design
Public health — environmental medicine

Legal framework — GIS and remote sensing control and

Round table on: Higher education and Industrial environment

Selected papers from the GREDIT2016 International Conference are published
in this issue of the Mechanical Engineering-Scientific Journal.

Dame Dimitrovski



MPEJATOBOP

Kondepenmmjara [PEJANT 2016 (3enen pa3Boj, uH(ppacTpykTypa U TPaHCIIOPT)
ce onpxa Bo Ckomje, Pemyonmka Makenonuja ox 30 mapt no 2. anpun 2016 ronuna.
Opranuzaropu Ha koH(pepeHmujata ce: YuuBepsuteroT CB. Kupun m Metoamj Bo
Ckomje, MammuHckuoT (akynrer, DakyaTeTOT 3a €IEKTPOTEXHHKA U HWH(POPMAIMCKA
TEXHOJIOTUH, TEeXHOJIOMKO-METATYPIIKUOT (akynrer, MemunuHCKUOT (aKyNITeT;
BEHA - bankanckata aconujanuja 3a >kuBoTtHa cpenuna, ®VYEJI — Ilenrtapor 3a
HCTPaXyBamhe M Pa3BOj HA TOPHBA, Ma3UBa U MOTOpH; 6 sBe3za u [lakomak o Ckorije.

Hacranute ox Kondepenmnujara 3emaa Mmecto Ha TEeXHUYKHOT KaMITyC Ha YHHU-
Bep3uteToT. 230 TpynoBu, ox 543 aBropu of 13 3emju, Oea mpe3eHTUPAHU BO PAMKUTE
Ha IUIeHapHara, 6 opainu 1 4'° mocrep cecun Ha Kondepenuujara.

Temute na Kondepenuujata [PEJIUT 2016 Gea:
— 3aragyBame Ha BO31yX, [I0YBa U BOJA
— Ilpornena Ha pU3UK — OJIPXKIIMB Pa3Boj
— OOHOBJIMBH W3BOPU Ha €HEPTrHja U YIPABYBAKE CO MIPUPOIHUTE PECYPCH
— 3eMjonenue, Arpoekosioruja u 6e30eTHOCT Ha XpaHa
— YmnpaByBame co ypOaH U HHIYCTPUCKU OTIAJ
— Kiumarckunpomenu — OMOUBEP3UTET — €HEpreTcka e(huKacHOCT

— 3eseHH rpaJioBU/OMIITECTBA — 3€JI€HA aPXUTEKTYpa U IPOCTOPHO
IUTAaHUPAE

— JaBHo 31paBje, MenuinHa MoBp3aHa co KUBOTHATA CpeIMHA
— IlpaBHa pamka Bo xuBoTHaTa cpeauHa u ['MC cucremu u

— Kpyxna maca: Bucokoro oOpazoBaHue 1 )KUBOTHATA CPEIUHA BO
UHyCTpHjaTa

N360p Ha TpymoBu on Merynapoanara kondepeniuja [PEJIUT 2016 e o6jaBen
BO OBa M3/1aHue Ha MaIIMHCKO WH)KEHEPCTBO — HAYYHO CITHCaHUE.

Hame JIuMuTpOoBCKHU
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Abstra ct: Because of increasing environmental demands, especially on dealing with product life phase end,
manufacturers and designers must consider future disposal of their products. In recent years, an increased emphasis
on developing recycling techniques for industrial waste products has been placed, with the goals of protecting the en-
vironment. The aim of the work is investigation of the possibilities of reusing of cotton textile waste, generated dur-
ing the manufacture in garment industry, as reinforcement in production of composite materials. The main focus has
been put on the preparation and characterization of composites based on cut waste from garment industry. The mate-
rials have been cotton fabric and cotton textile waste as reinforcements and phenol phormaldehyde resin as matrix.
The composites containing 60 % wt. reinforcement were manufactured by compression molding. For the composites,
the mechanical and thermal properties were analyzed and compared to those of commonly used continuous fiber rein-
forced composites based on cotton fabric and phenloic resin. It was found that the composites based on cotton textile
waste are more sensitive to processing cycles with respect to continuous fiber reinforced composites. The mechanical
properties for composites based on cotton textile waste are lower for about 25% compared to continuous one. The
thermal stability, investigated by Martens method for both composites reinforced with cotton fabric and with cotton
textile waste is very similar. The obtained results have shown that cotton textile waste could be reused for production
of composite with acceptable mechanical properties and they can be successfully used in various industries as con-
struction material.

Key words: textile waste; cotton fabric; reinforcement; composite material, garment industry

YHOTPEBA HA TEKCTHJIHUOT OTHA/ O KOHOEKIIUCKATA HHAYCTPUJA

AtncrtpakT: [Topagy MOBHCOKHTE SKOJOLIKA HOPMH, OCOOCHO 3a CIPAaBYBAHETO CO KPajoT HA )KHBOTHATA
(a3a Ha IPOU3BOIOT, IPU3BOJUTEIINTE U ANU3JHEPUTE MOPA [1a FO UMAaT BO IPEABHA HAHOTO ICTIOHUpPAHE HA HUBHH-
Te Npou3BOIH. BO MOCIenHNUTE FOAMHM, Ce CTaBa 3rOJIEMEH aKIEHT Ha Pa3BOjOT HA TEXHUKH 32 PELMKIMpPAbe Ha HH-
JOYCTPUCKHOT OTIIAJ, CO LN a CE 3aIUTUTH )KMUBOTHATA cpequua. Llenta Ha 0BOj TPYZ € [a ce HCTPaKaT MOKHOCTHTE
3a MOBTOpHA ynoTpeba Ha MaMyYHHOT TEKCTHJICH OTIMaj CO3JaACH 3a BpeMe Ha IPOHM3BOACTBOTO BO KOH(pEKIHCcKaTa
HHIYCTpHja KaKo 3ajakHyBad BO IPOM3BOJCTBOTO Ha KOMIIO3UTHH MaTepyjasii. I JIaBHHOT (OKYC € CTaBeH Ha IOJro-
TOBKara M KapakTepu3alujaTa Ha KOMIIO3UTUTE Ha 0a3za Ha OTMAJOT IIPHU KPOECHE O]l TeKCTUIIHATAa MHIyCTpHja. 3a
MPOU3BOJICTBO HA KOMITO3UTUTE Gea KOPUCTCHH aMy4YHa TKaCHMHA M TEKCTUJICH [TAMYYeH OTIa/| Kako 3ajakHyBauH U
beHonpopmanzexua kako Marpuna. KoMo3utHuTe Mateprjaiy Kou coapxkea 60 % Mac.. 3ajakHyBadu 6ea npousBe-
JICHH CO TEXHHKaTa OOJIMKYBabe MO/ MPUTHCOK. MeXaHWIKUTE U TEPMHUYKUTE CBOjCTBA HA KOMIIO3UTUTE 3ajaKHATH
CO TEKCTHJICH OTMazn Oea aHAIM3UPAHH U CIOPEACHH CO KOMBCHLMOHAIHH KOMITO3UTH 33jaKHATH CO KOHTHHYHPAHH
BIIaKHa Oa3MpaHy HA MaMyd4Ha TKaeHHHA U GeHomHa cMona. [Iponsnese nexa KOMIO3UTHTE Ga3spaHH Ha OTIaq OX fa-
My4EH TEKCTHJI Ce TIOTyBCTBUTEIIHN Ha HUKITYCHTE Ha 006paboTKa BO OJHOC HAa KOMITO3UTHTE 3ajaKHATH CO KOHTHHYH-
paHH BllakHa. MeXaHHYKUTE CBOjCTBA Ha KOMIIO3UTHTE Oa3MpaHK Ha 0TI O]l TAMYYeH TEKCTHII ce 3a 25% MOHHUCKU
BO cropenba co KOHTHHyHpaHuTe. TepMuukara cTabUIIHOCT, HCIIUTYBaHa cO MapTeHC METO/OT, U Ha KOMIIO3UTHTE
3ajakHATH CO [IAMy4YHa TKaCHHHA M CO OTIAJOT O[] IaMy4eH TEKCTHJI ¢ MHOTY ciim4Ha. JJoOOMeHHTE pe3yJTaT IoKa-
’Kaa Jieka OTHaJ0T OJ] TaMYy4eH TEKCTUII MOXE IOBTOPHO Jia ce YIIOTPeOU 3a IPOM3BOJCTBO HA KOMIIO3UTHH MarepH-
janmu co npudaTIMBH MEXaHWYKH CBOjCTBA M MOXKAT YCIICIIHO Ja Ce YHOTpeOyBaaT BO Pa3IMYHU MHIYCTPHU KakKo
KOHCTPYKLIMCKH MaTepHjal.

Kityunu 360poBH: TEKCTHIICH OTIA/; TaMyJHa TKACHHHA; 3ajaKHyYBaY; KOMIIO3UTEH MaTepHjair, KOH(PEKIHCKa
HHIYyCTpHUja
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INTRODUCTION

As result of the development in industrial
production, the level of waste of different type and
background has been significantly increased be-
coming worrying problem for today's civilization.
Although in the last two to three decades progress
in technological processes has been reported, the
amounts of various waste materials represents huge
problem in today's modern lifestyle.

The quantities of textile wastes that increase
on daily basis, the energy used in the process of
waste disposal or incineration, whether performed
correctly or not, impose a need for creating sus-
tainnable waste management practices. Sustainable
management of textile waste will contribute to re-
ducing waste generation, more efficient use of raw
materials and decreasing the cost of disposal. This
inevitably implies the necessity of restructuring of
the garment companies and raising the environ-
mental awareness of all generators of waste.

Usually the company's modernization is the
first step for an effective implementation of the
integrated system for managing textile waste, ef-
fective in terms of cost. Modernization is usually
associated with technological and operational
changes. This is further accompanied by changes
of equipment, operational settings, and exploring
the possibilities for reuse of the generated textile
waste as potencial raw material. On one hand, this
will ensure reduction of costs for the disposal. On
other hand, the sale or reuse of the textile waste
will lead to increasing the profitability and compe-
titiveness of the company. One of the potential ap-
plications of the generated textile waste is the pro-
duction of a composite material.

Preparation of composite materials using
textile waste as a reinforcement is a research
challenge, which involves solving multiple
problems, such as:

— appropriate choice of textile waste as a
reinforcement regarding polymer matrix;

—achieving their compatibility with the
application of various accessories;

— establishing suitable technology for
their interference;

— determination of optimal process para-

meters for manufacturing composites of required
properties.

Acquiring these prerequisites will depend on
the features of the resulting composite material.

The purpose of this study is to investigate
sustainable technology for production of composite
materials based on textile waste, in order to arc-
hieve additional profits and reduce the costs for the
disposal of the textile waste.

EXPERIMENTAL

For preparation of the composite materials the
following constituents were used:

— 60% wt. of cotton textile waste as a rein-
forcements

Different and irregular shapes and sizes of
cotton waste fabric from (25 x 50) mm to (50 X
500) mm and larger, purified from various admix-
tures and impurities.

— 40% wt. of phenol Formaldehyde resin as
matrices.

Phenol Formaldehyde resin was modified
with thermoplastic polyvinylbutiral (PVB) and di-
luted with alcohol in relation 1:0.2-0.5.

The preparation of composites has been per-
formed by mixing the resin and cotton textile waste
into a universal mixer Werner Pfliderer with two
S-fins, which can rotate in two majors.

The regime of mixing was as follows:
Half of the quantity of cotton textile waste and half
of the amount of resin was mixed first. It was
mixed for 2-3 minutes and then the other half of
the cotton textile waste and resin was added. The
total time of mixing was 60 minutes:10 minutes
movement of the fins of a mixer one versus an-
other, and five minutes movements in the opposite
direction. The mode of mixing was based on the
previous experience of industrial practice of the
company “Eurokompozit”. The mixed mass was
evenly divided in a layer with about 50 mm height.
The resulting mass was dried in a dryer at a tempe-
rature of 80 °C. The total drying time was 90 min-
utes: 60 minutes on the one side and 30 minutes on
the other side. Presence of impurities, ingredients,
fibers, fabric pieces and other substances in cotton
waste fabric were not allowed, which were visual
controlled in the early stage.

Thermal pressing of all samples was per-
formed on polyindustrial press under the following
conditions:

P =75 bar;
T=160°C;
¢t = 20 minutes.

Mech. Eng. Sci. J., 34 (1), 241-246 (2016)
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From the composite mass test samples were
fabricated and certain physical, thermal and me-
chanical properties of composite materials were
examined.

For testing the physical and mechanical prop-
erties of composite based on cotton textile waste
and phenolic formaldehyde resin standard methods
and procedure were used. Flexural strength and
modulus of elasticity was tested according ASTM
D 790 standard, impact strength according ASTM
D 256, and the compression strength according
ASTM D 695 standard. Thermal degradation tem-
perature was measured by the method of Martens,
DIN 53462

RESULTS AND DISCUSSION

Influence of the content of PVB on the
characteristics of the polymer system and
composites

The basic physical and chemical character-
ristics of polymer systems controlled in terms of
industrial exploitation are: content of dry sub-
stance, density and viscosity by Ford (Table 1).

In order to assess the reactivity of produced
resin systems, B-time at different temperatures is
investigated (Figure 1).

Table 1
Physical-chemical characteristics of the polymer systems
Characteristics PVB/phenolic formaldehyde resin
10/90 20/80 25/75 30/70 40/60 50/50
Content of dry substance, mas. % 15.2 14.8 14.6 15.2 16.3 16.1
Density at 20°C, g/cm’ 1.11 1.10 1.11 1.11 1.12 1.12
Viscosity at 20° C according to Ford (4 mm/20° C), s 220 210 215 225 195 210

=

T

[ RN
g

D
P

- rd
e

—
SR

B - time, min

Fig. 1. B-time of phenol-formaldehyde resin modified
with PVB at various temperatures

As shown in Figure 1, all B-time are in a nar-
row range, the pure phenol-formaldehyde resin has
the shortest time and the modified resin with PVB
(50/50) has the longest B-time. With increasing the
content of PVB, B-time of resin systems slightly
increases. The biggest change in the B-time occurs
between 110°C and 120°C, where it is reduced
about 60%, while from 120°C to 160°C, the decline
is significantly lower.

Table 2 shows the summary of shear strength
results for resin systems. From the statistical indi-

Maw. unoc.nayu. ciiuc., 34 (1), 241-246 (2016)

cators it can be concluded that there are many good
clustering of results around the mean value (Xsr),
i.e. it has a good reproducibility of results (the
standard deviation, Sd). It can be noted that PVB
has great influence on the shear strength, i.e adhe-
sion properties of the resin systems: the lowest
shear strength was showed the non-modified sys-
tem-pure phenol-formaldehyde resin. With increas-
ing the content of PVB, shear strength increases, so
when only 10% of PVB is used in resin system, it
increases about 28% (from 7.55 MPa to 9.64
MPa). The highest shear strength showed the resin
system with the highest content (50%) of PVB and
that more than 150% from non-modified resin sys-
tem.

Mechanical properties of the polymer systems

The mechanical and thermal properties of
composites based on cotton textile wastes were
compared with conventional (laminated) compos-
ites based on continuous cotton fibers. Tables 3
and 4 show the summary of the obtained results
from the testing of physical and mechanical prop-
erties of the laminated composites and the compos-
ites based on cotton textile wastes.



244 G. Demboski, V. Srebrenkoska, S. Zezova, S. Cortoseva

The properties of the composite reinforced
with short fibers heavily depend on the content and
distribution of fiber orientation, and on the adhe-
sion between the fibers and matrix. The content of
fibers is usually precisely controlled, although it
may come to segregation of the fibres and resin
during the production. The orientation of fibers
changes when we change the conditions of press-

ing, but that it is too difficult to control. The prop-
erties of the thermoreactive composites reinforced
with cotton textile waste is sensitive to processing
conditions and particularly from the methods of
processing, especially for composite based on phe-
nol resin, and can greatly differ even for identical
samples.

Table 2
Shear strength of resin systems (MPa)
Tube PVB/phenolic formaldehyde resin
0/100 10/90 20/80 25/75 30/70 40/60 50/50
1 7.34 9.38 11.87 13.65 1545 16.84 18.64
2 7.46 9.91 12.46 14.12 15.22 17.36 18.45
3 7.55 9.49 13.12 14.85 14.95 18.12 19.29
4 7.86 9.64 12.86 14.55 16.12 16.57 18.26
5 7.59 9.75 12.95 13.74 16.03 17.36 19.23
6 7.81 9.70 13.22 13.63 15.88 17.10 19.15
7 7.38 9.41 11.98 15.02 15.96 16.91 19.49
8 7.67 9.55 13.78 14.52 15.64 17.35 18.82
9 7.43 9.67 12.81 13.85 15.23 17.15 18.42
10 7.23 9.90 12.54 13.22 15.74 17.39 19.75
Statistical processing of results
Xsr 7.55 9.64 12.76 14.12 15.77 17.22 18.95
Sd 0.2 0.2 0.6 0.6 0.4 0.4 0.5
Table 3 Table 4

Physical and mechanical properties
on the laminated composites

Physical and mechanical properties on the com-
posites based on cotton textile wastes

Physical properties COMPOSITE

Cotton fabric/phenolic
formaldehyde resin

Specific weight, g/cm’ 13-14
Water absorption, % 0.4-0.8
Mechanical properties Test method

DIN 53457 >150
DIN 53457 7

DIN 53453  >30
DIN 53454 >170

Flexural strength, MPa
Modulus of elasticity at flexural GPa
Impact strength, kJ/m,

Compression strength, MPa

The results from the comparison of physical-
mechanical properties of conventional (laminated)
composites and composites based on cotton textile
wastes, with respect to the constituents matrix /

COMPOSITE
Cotton textile
waste/phenolic
formaldehyde resin

Physical properties

13-14
0.4-0.8

Specific weight, g/cm’
Water absorption, %
Test method

DIN 53457 128+8.8

Mechanical properties
Flexural strength, MPa
Modulus of elasticity at flexural, GPa DIN 53457  5+0.5
DIN 53453  20+6.4
DIN 53454 140+9.6

Impact strength, kJ/m?

Compression strength, MPa

fiber of 40/60 are shown as diagram (Figures 2, 3
and 4).

From the obtained results we can see that
there is a difference in mechanical properties be-
tween the composites. The mechanical properties

Mech. Eng. Sci. J., 34 (1), 241-246 (2016)
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for composites based on cotton textile waste are
lower for about 25%, but the thermal stability in-
vestigated by Martens method for both composites
reinforced with cotton fabric and with cotton tex-
tile waste is very similar. It is obvious that for all
the same parameters: ratio of the constituents and
conditions of production, the main reason for the
difference in mechanical properties is different re-
inforcing of the textile product. The fibers are pro-
cessed differently in various textile products. In the
fabric, fibers are with a continuous length, crossed
or tangled around each other, while the fibres from
the cotton textile waste are short and chaotically
distributed.

b v
arength, Al

LR ) (p ST
drenath, aba

Corron fubric. oo wagte
Phenolie resin Fagme

Fig. 2. Flexural and Compression strength, MPa

B viocus o
e . . "
10 ( 4 q
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W | il
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4
Cotton fabric / Cotion waste
Phenolic resin Prinwlic resin
Fig. 3. Modulus of elasticity at flexural, GPa
30 B Cmien hore
20 Prenciie e
10 ,
B ovfon vavier
e . Jheneiie esn

Conon wasta
Phenolic resm

Cotton fabric /
Phenolic resin

Fig. 4. Impact strength, kJ/m’
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Thermoreactive composites reinforced with
short fibers have the advantage of being able to
offer a unique combination of properties. However,
the differences in orientation and distribution of
the fibers usually occur in the samples themselves,
especially in thickness. It affects the optimal prop-
erties and can lead to imbalances of the mechanical
properties of the material.

CONCLUSION

The composite materials have been produced
from cotton textile waste, generated during the
manufacture in textile industry, as a reinforcing
phase and phenol-formaldehyde resin modified
with thermoplastic polymer (PVB) as a matrix.

e The mechanical properties on composites
based on cotton textile waste are about 25%
lower compared to the composites based on
continuous cotton fibers.

e The main reason for the difference in mechan-
ical properties at all parameters being equal:
ratio of the constituents and conditions of
production, the difference is in configuration
of reinforcing textile product. The lower
properties of the composites are obtained
where the reinforcement phase is cotton tex-
tile waste of fibers of various lengths and
random orientation. On the opposite, the con-
ventional composites have continuous rein-
forcement fiber.

e The thermal stability investigated by Martens
method for both composites reinforced with
cotton fabric and with cotton textile waste is
very similar. All composites are thermo stable
at temperature up to 200 °C.

e The obtained results have shown that the new
produced composite material has relatively
good properties and they can be successfully
used in many industries as a construction and
non construction material.

e The conventional composites are mostly used
in applications where quality is a priority.

e The composites reinforced with textile waste
are mostly used in applications where the cost
is a priority.

e Generally, composites based on cotton waste
are applying as non load construction ele-
ments.
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