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Abstract. Recycling of cable waste, especially the complepmmation of metal and insulating material for e2has
always been a problem. Especially this problenelisviant for small enterprises because present §gesdo recover
insulating material consists of many stages andires expensive equipment. The processes usuaibvien multi-
stage grinding of the cables into smaller piecessaparating them into metal and plastic fractions.

The problem can be solved by thermal methods basdtie differences in coefficient of thermal expansof the
insulating material and conductor. By one of thesthads the cable is passed between two rotatitgy wahile sur-
face of the one roll is heated below the meltinggerature of thermoplastic insulator, surface of mell stays cold.
Thus the thermoplastic insulator of the cable kseafter the total impact of thermal deformationirafulator and
metal conductor and softening of material of theulator. Conductor remains undamaged and can bevered by
new plastic insulating material layer. The experitaécable processing machine was designed andigeddn the
Laboratory of machines and technologies of theiM#rGediminas technical university, initial testsrev performed.
Such machine can be used by small cable manufagtarid waste management companies, electric denépesr
and manufacturing workshops. Results of experimeasearch are presented as optimal peripheratispete rolls
(or cable speed) versus diameter of the copperaandinum conductor of the cable, when the tempezatd the

“hot” roll equals 160°C.

Keywords: waste cable, conductor, copper, aluminum, PVC atsulroll, temperature.

1. Introduction

One such composite product is waste cables. The ca-

ble scrap can be produced during manufacturingessoc

It is known that European waste management hieraffor example, rejected for insulating material d¢f® and

chy is presented following (StaniSket al. 2004; Osi-
banjo and Nnorom 2007):
— prevention or waste minimization

materials recycling and reuse
incineration with energy recovery
incineration

landfilling

It should be noticed that waste minimization toozer

can't be achieved for many manufacturing proceasgse-
sent, and only second principle in waste managehieratr-
chy can be realized in many companies. It is not défi-
cult to recycle clean and homogeneous waste, btg ttan
be serious problems with composite products madaifof
ferent materials (for example, plastic mixed witletats,
rubber, paper, other kinds of plastics, etc). khsaucase, the
waste separation (mostly multistage and high-pyicedst
be included in waste recovery process.

due to the end of life of cables (for example, dgniepair
of electric devices and buildings). The most valeaom-
ponent of the cable that must be recycled is noodis
metals (copper, aluminum). Next, thermoplastic laisu
(like polyvinylchloride, polypropylene, and polygtane)
can be successfully granulated and reused in @lasild-
ing machines. It is established that plastic insdlacable
scrap contains 40-90 ¥tof metals (Hitoshi 2000).

The main cable waste recovery problem is how to re-

move plastic insulator from metal conductor. In thest
cables were recycled by simply burning them. Thepeo
remained solid and could be collected after burnig
though burning cables was a simple and efficiecitriel-
ogy, such thermal recycling is no longer allowedriany
countries owing the release of heavy metals, dastharm-
ful gases (hydrogen chloride, dioxins, etc) inte émviron-
ment. In addition, it is not economic to recovelydhe met-
als, without considering the insulating material.
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At present mechanical separation technologies are Further, the thermal methods can be used to remove
used. In general two technologies are being usedcdy  the insulator from conductor. These methods aredas
cle cable scrap (Sijstermans 1997; Al-Sakdtral. 2009): the differences in coefficient of thermal expansodrthe
- (cryogenic) shredding of cables insulation material and metals, with no need todjthe
— stripping of cables cable into small pieces to improve the liberatibmetal.

The room temperature shredding process involves _'Iéhe cables can be cut into a suitable length andeql

multistage grinding of cables into smaller pieceparating ::nc:ﬂtﬁ)lﬁ:?nciﬁre stgt:?ttgvrﬁteerréﬁj:g'nb?gg d'il;15a|52()e(zz) a
them into metal and plastic fractions. The mostigducable 9 P ' g sp

recovery equipment includes in that case the shredd CUtt”Jr?qéet?]get:ﬁ;|orrr?eﬁlﬁ(§3 igg"g:gr?n r%ar:)gee dav(\:/it:rl\er\:g(:)ee dt
sieves, and various separators (for example, lalie, talec- ; . prop ;
cut cables into the pieces. The single-core waalde s

trostatic separator, float®xdensity separator) used to sepa- . .
rate metal from plastics and other materials (Tiitime et plaged between two rotating rolls (Fig. 1). Surfetthe one
al. 2009: Nemerovet al 2009; Corbitt 1999). _roII is heated below the melting temperature ofrtimplastic
In t'he cryogenic shredéling process, cables areetrea ms_ulator and surface of second roll remains c‘ﬂ’r@ prepa-
with liquid nitrogen to make the insulating matemaore ration of the cables consists onl_y of rough stiaxging of
brittle. After liberation, the metal particles aseparated the cables_, method can be ea_lsﬂy automated. Itm
cable feeding and guiding device can be also useddid

from the insulating particles by using the differesin den- . . . . X
; : : : . cutting the long cables into pieces. Different diten length
sity, conductive and magnetic properties. The aepiy and material single-core cables can be processethiby

process did not find wider application due to tiyhtost of method. The metal conductor remains undamagedraad f

liquid nitrogen and cryogenic equipment (Sijsterma897). : ) o 0
Shredding process uses an excessive amount ofyenelr pm msylatlng material; It can be re-covered sfic insu-
Idtor during further operations.

for multistage grinding the cables into the smafierces.

The shredding technology has a high capacity, tsis i
mostly used in the big waste recycling companisis. &lso

is flexible, because more types of cable can begssed.

Shredding process results in some impregnation of
the insulating material with fine metal particléspreg-
nated metals are difficult to separate from insotata-
terial, it is important for the reuse of insulatimgterial to
be absolutely metal-free.

In the stripping process the insulating materidddaag
split and peeled of the conductor. By using strigpiech-
nology to process cable scrap, higher metal graddsre-
coveries can be achieved. The stripping machinaftén
manually fed, because it is necessary to straightenpre-
cisely orient the cable in respect of the cuttiolgr There-
fore stripping method has a low capacity. Cableth \&i
small diameter cannot be stripped and must be dided

The insulator can be also removed from cable manu-  Fig 1. Scheme of removing the insulator from metal con-

ally, but this process is not productive. Next, itgulator ductor: 1 — cable; 2 — “cold” roll; 3 — “hot” rol4 — metal
can be removed from conductor chemically with thph core (conductor); 5 — plastic insulater- peripheral speed
of solvents (Corbitt 1999), but in such a case ey of the rolls and linear speed of the caile; load

must be cleaned and utilized.

Fig 2. Experimental stand: 1 — “cold” roll; 2 — “hot” tpB — current collector; 4 — reduction gear; Secgomotor
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Table. Properties and composition of tested cables

Diameter of | Diameter of the | Thickness of insulating Metal, wt% PVC, wt%

the cable, mm| conductor, mm material (PVC) layer, mm| Al core Cu core Al core Cu core
3 1.85 0.575 58 82 42 18
4.4 2.8 0.8 60.5 83.5 39.5 16.5
6.8 4.6 1.1 65.5 86.2 34.4 13.8

2. Experimental stand

4. Results and discussion

The photo of experimental stand is presented in Fig

2. Electromotor 5 rotates rolls 1 and 2 via bedhfmis-
sion and reduction gear 4. Roll 1 rotates at thmesa
speed as roll 2. Both the rolls have equal diareeB&
mm. Roll's 2 surface is heated below the insulatimate-
rial melting temperature by means of current codle8.
Temperature of the surface of “hot” roll can beiedr
from room temperature to 250°C. It is controlled IBy

The results of experiments are presented in Fag 3
average optimal peripheral speed of the rolls (@ble
linear speed) versus diameter of the copper condwdt
the single-core cable.

Fig. 3 illustrates that when the diameter of copper
conductor of the cable increases from 1.85 to 46 m
optimal peripheral speed of the rolls required dom-

thermometer. The rolls are pressed one to another Ilplete removal of insulator decreases from 1.8 #i1 0.

pneumatic cylinder located inside the reductionr gka
The rotational speed of the rollers (or cable spéedar-
ied by means of variable-frequency drive (not shamn
Fig. 2) connected to electromotor 5. Both rolls m&dm
special manganese stainless steel to reduce adhekio
insulating material to the surfaces of the rollstational
speed of the rolls is measured by means of stropesc
(not shown in Fig. 2).

3. Object of research and experimental technique

Copper and aluminium single-core cables covered by

single layer of polyvinylchloride (PVC) insulatoreve ap-
proved as object of experimental investigationaPeters
of the cables are presented in Table. Surface temupe of
the “hot” roll during experiments was 160°C whilgface
temperature of the “cold” roll equalled to room pesrature
(approx. 20°C). Surface temperature of “hot” rolisnbe
less than melting point of the material of insulato also
must be high enough to soften the insulating natdtiis
recommended (Striska and MokSin 2008) to calculatg
following formula:

T =T — (50_ 60) 1)

where T, is surface temperature of “hot” roll, °T,, is

melting temperature of cable insulating material (212°C
for PVC insulator Makapos andKonrenapmycos 2003)).

Before the experiments all tested cables were put |
into 2 m length pieces. These cable pieces weese iédced
between rotating rolls of experimental stand (E)gQuality
of removal was controlled visually. If the incontplsepara-
tion of the insulating material was observed, th@tional
speed of the rolls was reduced and additionalvtast per-
formed. This procedure was repeated as long asletamp
removal of the insulator was observed, then therks-
tional speed of the rolls was accepted as optipedd for
the given diameter of conductor of the cable. Néxd
thicker cable was tested. Every test at optimatdd the
rolls was performed five times in order to minimibe in-
fluence of the random errors on results.

m/min (rotational speed of the rolls decreases féoto
1.5 rpm). When the diameter of aluminum conducter i
creases from 1.85 to 4.6 mm peripheral speed ofdife
decreases from 1.64 to 0.29 m/min (rotational spefed
the rolls decreases from 5,9 to 0,9 rpm).

It is established that results of experiments can b
approximated with following power functions:

v=4.701% )

v=5.27d"° (3)

wherev is optimal peripheral speed of the rolls, m/nin,
is the diameter of the conductor (core) of the eatvim.
Equation (2) is valid for copper conductor cabled a
equation (3) is valid for aluminum conductor cablEqua-
tions closely corresponds to results of experimethtsirs
coefficients of determination 0.99 and 1 respeltive

2
1,8
1,6
1,4
1,2

1-
0,8
0,6 1
0,4 1
0,2 T ‘

15 2,5 35 4,5
Diameter of the conductor, mm

— — — Cu wire

Al wire

Optimal peripheral speed, m/min

Fig 3. Optimal peripheral speed of the rolls as functén
diameter of the conductor of single-core cable

As is evident from Fig.3, the insulating materiahde
removed from copper conductor cables at highepbperal
speed of the rolls as compared with aluminum caieduc
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cables. When the 1.85 mm copper conductor caldesssd ger thermal conductivity, thus conductor is lengte

the optimal speed of the cable increases 1.1 tamesom-
pared with aluminum conductor cables of the sanneluo

evenly and breaks through the soft PVC layer. Atum

conductor diverges from vertical more than copperdac-

tor diameter. When 2.8 mm copper conductor calies ator due to less thermal conductivity and largerrtiad ex-

processed speed increases 1.1 times. 6.8 mm cogiic-
tor cables show a 1.4-fold increase in speed.

pansion coefficient, the optimal speed is decreased
The productivity diagram is presented in Fig. 5albv

The results can be explained by differences in-coefating the density of conductor material, it carststed that

ficient of thermal expansion and thermal conduttif
the insulating material and conductor. When the side
of the cable is heated, the hot section at theacbmiace
is lengthened according to well-known law:

AL =a | LAT 4)
where AL is change in linear dimension, m, is linear
thermal expansion coefficient, 1/°Cjs initial length, m,
AT is change of temperature, °C.

The linear thermal expansion coefficient of PVGi(iin
lating material) is significantly larger than coeiints of
copper or aluminum (52.10 1°C (PVC, at 20°C),
23-10° 1/°C (Al, at 20°C), 17-181/°C (Cu, at 20°C)). This
means that length of PVC section in the contadt dtt roll
zone increases more than length of conductor, whih
lower temperature (Fig. 4) due to much less theomadluc-
tivity of PVC layer. The difference between tempearas of
the insulator near “hot” and “cold” rolls is sigie#int (Fig.
4), section of PVC insulator near the “hot” rollshan in-
creased temperature, opposite side remains c@ddrthe
insulator starts to diverge from vertical. The tenapure is
more evenly distributed in the conductor (Fig. 4 do big-

machine can liberate 0.0239 kg copper and 0.0078lukg
minum per hour, while diameter of conductor of dable
equal to 1.85 mm. For 2.8 mm conductor cables thases
are 0.0548 kg/h and 0.0166 kg/h respectively. Forrdm
conductor cables — 0.148 kg/h and 0.045 kg/h.
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Fig 5. Productivity of removal of the insulator from tbables
as function of diameter of conductor of single-czable

Temp (Celsus]
1 BO0E+002
l 1.496=+002
1.39e002
- 1 287e+002
- 1.182e+002

— 1 076e+002

973764001
86934001
| 7B4ge+001

. BE0Se+001

5 561 e+ 001
4 518e+001
34748+001

v

Fig 4. Temperature distribution in single-core cable §steection is shown) calculated with SolidW&rsmulation software
(material of conductor — copper, material of intmla- PVC, diameter of conductor — 4.6 mm, diamefehe cable — 6.8 mm)
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