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ABSTRACT

Cable manufacturing in a developing country likg&tia today is faced with a number of problems #ffztct the
quality of cables produced from extrusion to intala of conductors. The main cause of the problénhe low and
variable output rate from extruder causing nonamif conductor diameter which results in insulaonface appearance
defects. These defects manifest in form of pimptésiples, cracking, air cavity, voids and porositighin the plastics

which are insulation.

The conductor insulation normally used is the Piolylchloride (PVC) which is normally sourced lolgabr
imported. The locally produced PVC is cheaper istdban the imported one but at the expense ofityudiie to
inconsistency in the percentage combination oftjglasrs, fillers, stabilizers, lubricants, and etfadditives required for
producing quality PVC resin for cable applicatioifsthe local manufacturers of PVC are not patredizit will lead to

employees losing their jobs and most likely thamfly income with other attending societal ills.

The work in this paper takes a close to look attve@uld be done to improve the quality of localhpduced
PVC at little or no increase in cost. It has be@mtubsed while working with one of the manufactsirémat the required
additives to produce an acceptable level of qualyC resins for cable application are not optimadlymbined
proportionately. In order to improve the qualitylotal plastics, optimum proportion of the requititives for quality

cable insulation were experimentally determined eadbmparable cost and better additive materialwopsion.

The ratio of weight per charge (Kg/charge) of addi especially plasticizer and chalk gave a gootput
comparable in quality to the imported ones. Thé riesults obtained from the analysis of the lodabfics with optimum
proportion of additives are comparable to the irntgbone. The analysis is based on insulation ¢est, savings, material
consumption/wastages, viscosity, melt temperafioe/s and pressure requirements associated witlugigh process of

thermoplastic.
KEYWORDS: Extrusion, Output Rate, PVC Resin, Additives, Witiger Charge, Material/Cost Analysis

INTRODUCTION

The basic materials required for cable productits @pper (Cu) or Aluminum (Al) and plastics. Thare a
variety of extruded power cables but the most comiynased are polymer for low voltage (< 1000V) ealisulation or
the outer jacket application are usually Polyvi@yllorides (PVC). Cable consists of a low resistacmeductor to carry

current and an insulator (PVC) to confine the aurfow into the conductor.
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The quality required for a good insulator includhégh flexibility at low temperature, high D.C voia strength,
low dielectric constant, low dielectric loss, higisulation resistance cut-through and high dielectirength. The quality
of cable depends more on the quality of the ingwdamaterial. The greatest threat to the qualitya @fable, especially to

end users, is that of insulation breakdown whislaiiably leads to short circuit.
The insulator (PVC) which is plastic is a blendpofymers and additives. Thus,
Plastic = Polymer + Additives (hit the additives)

Additives, such as chalk, plasticizer, lead stabili(particularly tribasic acid lead sulphate baeaaf its good
non-conducting electrical properties), fatty ag@draffin wax and ethylene — octene co-polymersaaiged to PVC resin

for cable applications to bring the insulationte tequired standard [1].

The formulations of flexible PVC require a largemher of formulations that include other additivesaddition
to the polymer resin. PVC formulations are desigoedsidering the quantity of components compardti %00 parts of

resin, that is in phrpart per hundred resin, by weight) [2]

A typical rigid PVC compound can have total ad@itivof 8 to 37 parts per hundred resins (phr). lditiech,
flexible PVC compounds can contain 25 to 80 Phplakticizers. The use of plasticizers sometimesiireg the use of

biocides to inhibit microbiological attack that magsult in discoloration or loss of properties.

Flexible PVC, in compounds characterized by higadlog of plasticizers, is used in variety of apgiions
including film and sheath for packaging, coatedrifabfor upholstery, floor coverings and wire amable insulation
[3].[4]. Vinyl wire insulation provides the eleatdl and physical properties necessary to meet fmoisding wiring

requirements.

There are several hundred vinyl compounds desigspdcially for insulating and jacketing applicatiéfexible
vinyl is the major material used in wire and caiolsulation and sheathing for telephone systemstreigic equipment
electrical apparatus and cords, power distributimes, and automotive components. Vinyl offers mamportant
properties such as dielectric behavior, elongadiod resistance to cutting/crushing, resistancdl &xposure, resistance to

embrittlement and resistance to UV light degraatefi].

This study is focused on experimental determinatibroptimum combination of plasticizers, fillersdanther
additive, and the chemical nature of PVC resirlfitgehich is susceptible to thermal degradatioelavated temperature to
produce a good quality PVC resin which when extdudan be used to produce a good flexible and guablble.
Additives are selected to be compatible with thetemial and the process conditions for shaping thatenml.
The improvement of specific property of a matebglthe addition of an additive is usually at th@emnse of some other

property [6]. Many of the problems experienced withyl extrusions are also applicable to other tin@plastics.

The structure of the rest of this paper is preskmie follows: Section 2 gives the theoretical baokgd of
thermoplastic (PVC) behaviour and extrusion processle section 3 is dedicated to quality evaluatioh local
PVC material in terms of its physical, chemicakrthal, mechanical and electrical properties in tatlito its specific

density and consumption rate evaluation.

The mixing of the percentage composition of cerilditives to generate new plasticized PVC gradktha
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analysis, on cost implication and consumption fatearried out in section 4 for comparisons, anttise 5 draws the
conclusion and recommendation of the study.

1. BASIC PRINCIPLE OF EXTRUSION

A plastic extrusion is a high volume manufacturmprgcess in which raw PVC material is melted andnfet into
a continuous profile [7]. Fundamentally, the prace$ extrusion consists of converting a suitable raaterial into a
product of specific cross-section by forcing thetenal through an orifice or die under controllezhditions. In order that
this simple conception can have practical valueyewer, there are certain requirements which mustdbisfied with as

regards the equipment and the PVC.

The equipment must be capable of providing sufficigressure continuously and uniformly on the niateso
that it will flow under pressure and solidify whrese conditions are removed. Extrusion of therastfa material (PVC)

takes place in the screw extrusion machine.
1.1 Screw Extrusion

Extrusion of thermoplastics is a process in which material is melted by external heat / frictiohaht and
conveyed forward by a screw to the opening of fiee which gives the shape of the required proddcicrew extruder is
a machine consists of a screw of special form irajain a heated barrel or cylinder in which a feggkning is placed

radially or tangentially at one end and an orificalie axially at the other.

The screw extrusion machine comprise of Hopperréd/&crew and Dies. A restriction in the form obreaker
plate and screen is sometimes placed between tseodithe screw and the extruding die in orderskisa the build-up of a
pressure gradient along the screw. The screw iallysoored throughout, or for some part of its lgmgo that it may be

fluid cooled or heated, according to the requiretsiefithe feed material [8].

The rotating screw takes the material which is ligua the form of free-flowing cold chips, powdeis
cubes-from the feed opening, through the heateelbzones, and compact it against the breaker platgher restriction,
so that a pressure is built up. During this petioel material is forced into intimate and substdigtisliding contact with

the hot barrel walls and is also sheared and wosketiat frictional effects are produced.

The combined effects of the hot barrel and the Haatto internal friction in the material cause tihermoplastic
to soften so that it may be forced through theria&in to the extrusion die, where it is given thexquired form.
The extruder, however, is mainly a “melting mixirgnd a conveying machine” to deliver a homogen@tastic melt to a
die at a specified uniform temperature and pressurdortunately, even when all the operational psaters in an
extrusion process such as pressure, temperatuey sotation rate and so on appear to be underated, the end
product may still show inconsistencies. Thus, tkeusion process does not improve the quality afrrded into the

extruder [9].
2. ANALYSIS OF PVC MATERIAL

About 10mm strip were cut for sample test from eafthe various local PVC suppliers like Patpdistiopalst,
Romaplast and Marple plastics and also from overB8&C like France GM22 and APivin are tested usiregfollowing
parameters in accordance with NIS 153 specificattandard (IEC 60227) [10]:
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Table 1: Average Measured Values of Tested ParamegeCompare with Standard

PVC ELONGATION]FORCE, TENSILE STR.|INS. RESIST. [MOISTURE HIGH VOLT.[CRACKING |OTHER

MATERIAL |(%) Frax (N) T.S (NNmm?) |AT 70°C (MQ)|ABSORPTION (Kg){0.6/1(kV) OBSERV-| REMARKS

SUPPLIERS [TESTIREQITEST [REQDTEST |REQD [TEST [REQD|TEST [REQD [TEST|REQDAT 1500  |ATION

MARPLE Pores and| T.S not

PLASTIC rough okay. Low

(LOCAL) 201 | 2125|148.3| 2120 | 11.5 | 212.5|0.516( 20.01| 0 |=<0.002| 3 3 NONE |surface ins.

ROMA PVC Low T.S

(LOCAL) 247 | 2125|122.7] 2120 | 12.2 | 212.5|0.713| 20.01| 0 |=<0.002| 3 3 NONE |NONE relatively,

PATPLAST Hard to LowT.S;

(LOCAL) 153 |2125| 130 | =120 | 11 | =212.5]0.535| 20.01 | 0.001 | <0.002| 3 3 |crackep|Peel and | Lower than

ITALO- Hard to LowT.S ;

PLAST peel and | Lower than

(LOCAL) 175 |2125|135.3| 2120 | 11.5 | 2125 0.59 | 20.01| 0 |=<0.002| 3 3 |CRACKED|rough desired

FRANCE PASSED

GM22

(IMPORTED)| 251 |2125|125.3] 2120 | 17.2 [ 212.5]0.713| 20.001| 0 [=<0.002] 3 3 NONE |NONE

APIVIN PASSED

OVERSEA

amporTEDY 250 |2125) 125 | =120 | 16.9 | 212.5]0.705{20.01| 0 |<0.002] 3 3 NONE |NONE

» Elongation (%)

* Maximum Breaking Force (fax)

« Tensile Strenght ()

. . o]
e Insulation Resistance at T

* Moisture Absorption (%); some PVC material are eygroscopic

» High voltage test

» Cracking at 15(C / 2hrs

» Other physical observations; such as hardnesseip npeighness, pimples, dimples, cavity

The results of the tested parameters as compathdhei standard are represented in Table 1.

2.1 Specific Density of PVC Material

The specific gravity (SG) of PVC material is a stard determinants of its material rating. Thus itiésired that
the chosen value should be less than the requiatite to reduce insultion weight, material consuoptand hence
production cost. In the course of the experimdntais found that the SG of PVC materials from lagpliers is higher

and there is variation in SG of different PVC batelirom the same local supplier. Table 2 showsmbkasured SG of

PVC from various suppliers-local/imported.

Table 2: Measured Values of SG of PVC from Local ath Overseas Suppliers Compared with the Desired Vaéu

PVC Material Insulation Sheath
S/No Subpliers Reqd.< Remarks Reqd< 1.4 Remarks
°p 1.36 (g/en) (glen)
0/n- H 0,
1 Patplast (local) 1.368 +0.6_/o, above the maximum 1.415 +0.35% above the max.
require value value
0/ H 0,
2 Romaplast (local) 138 +1.4_7A), above the maximum 1.42 +0.7% above the max.
require value value
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Table 2: Contd.,

Marple Plastic +6.6%; above the maximum +2.6% above the max.
3 1.45 ; 1.45
(local) require value value
0,
4 Italoplast (local) 1.38 +1.47%; above the matuea 1.42 \ﬁ:gljeﬂ) above the max.
- 04" ire - 0
5 France (Imported) 1327 2.43%; below Fhe max requirg ;45 5.9% below the max.
value.(economical) (very economical)
-6.76%; below the max. -2.8% below the max.
6 Apivin (imported) 1.268 require value (Very 1.37 require value
economical) (economical)

From Table 1 and 2, it was established that locglpbers manufactured low gaulity grade of plastci
PVC materials for cable applications coupled withhhSG and hence high consumption rate. Detailsaareevealed in
Table 9 on application to different cable sizes.

2.2 Platicised PVC Materials

Plasticised PVds a compounded or fluxed mixture of the polymdasficizer, heat and light stabilizers and
lubricants. It may also contain pigments and filéfhe ease of extrusion depends, to a large exterthe formulation and

adequacy of mixing and fluxing during the compoumgdoperation [11].
Table 3 shows the local manufacturer’s existinggiesd formulation of plasticised PVC materials.

Table 3: General % Composition of Plasticised PVC @mpounded Mixture from
Local Supply (Patplast and Romaplast Nigeria Limitel)

Design Content kg/Charge | Content (%) Remarks
Resin PV Powder 100 237 Plastic compoung
(Ethyne-octene copolymer)) ' before additives
Chalk 275 65.3 N
Plasticizer 25 5.9
Stabilizer (Primary) 5.3 1.3
Stabilizer (Secondary) 2.0 0.5 -
Lubricant (Internal) 1.6 0.38 > Additives
Lubricant (External) 1.0 0.24
Filler 11.25 2.68

Total 421.15 %%

3. DESIGN OF EXPERIMENTS (DOE) FOR MIX 1 TO MIX 7

One of the general approaches to formulating flexitinyl materials involves a novel untried concégtwhich
the technical requirements of the product are unknand a set of tentative needs is “guesstimafédal formulations,
whose properties bracket the tentative needs, evelaped and parts or items submitted to fielddri@he process is

iterated until a satisfactory product is develofisy].

Material for extrusion are often supplied in thenfoof specially fomulated compounds. These matedahtain
heat and light stabilizers, lubricants, Chalksspitasers, and other additives in addition to tlasib resin which either

improve its extrusion properties or give it the rdwderistics required for the particular end praduc

New fomulation of certain additives ingredients avatetermined based on heuristics knowledge andymlesi

The compounding operation of the PVC is carriedlyu& continuous process in the extrusion mactdepending on the

| Impact Factor(JCC): 1.0174 - This article can be denloaded from www.impactjournals.us |




| 198 Ademola Abdulkareem, T. O. Akinbulire & A. F. Agbetuyi |

requirements of the basic resin, the compoundinocgss consists broadly of carefully dispensing ke various
ingredients by means of suitable mixing equipment then fluxing the mix so that it becomes an hoemegpus mass.
The fluxing is carried out in extrusion machine aheé PVC extrusion compund is optimised for theunemments,
including flow of material into an homogeneous mettrrect proportion of lubricant used, compoundcdhtely stabilised

against heat and light and the moisture content.

A typical flexible PVC compound for cable insulatiocan have total additives of between 20% and
80% proportion of plasticizer. Also correct choafeplasticizer and correct degree of internal loation required in order
to achieve an homogeneous flow of melted materitdout hard, unmixed, or imperfectly mixed partgldhe material
must also show no undue tendency to adhere toahtedh metal parts of the extrusion machine. Byntakihese factors
into cosideration, the percentage composition efrttain ingredients of plasticised PVC (chalk, ptéstr, stabilizers and
lubricants) were altered in such a way that whea ontwo are altered the rest are kept constarit amtextruable

PVC with good quality insulation cable output igaibed.

The mixing was done one after the other and theooné result from every stage of mixing is analylsased on
the parameters in accordance with NIS 153 spetiicastandard (IEC 60227) in addition to other auef appearance
defects before moving to the next stage. An On{Rheometer that was interfaced directly with thwesion ‘Trial Run’
process to monitore the real time melt flow or @&ty. The quality control, results and other phgbiobservations led to
the prediction of the percentage composition of iegt variable(s) to be altered or kept constamtthis way, seven
different mixing results were obtained and the samynof the recorded results are as presented e falMix 6 and mix 7
gave a good result in terms of high tensile stréngfandard elongation and maximum breaking fosoepoth surface

without pores, cracks or pimples; flexible, easpée! insulation which behave almost like natusdélber when extruded.

The results show that mix 6 and mix 7 are acceptajplality plasticised PVC materials which will axte

acceptably and will produce insulation or sheathirtty the desired properties.

Table 4: Percentage Composition of Differnet Mixingof Additives

Additives Tested Parameter
Number . . - Tensile . Max. .
o Resin | Chalk | Plasticiser | Stabiliser Strength Elongation - Ins.Res | H.VTest | Cracking R
Mixing 5 o 2 o >12.5 >125 >120 >0.01 >35
(I | wmm | o) N | me) | wy | A0

Low tensile strenght.

Mix 1 30.5 61 7.6 0.9 11.5 196 148 0.51§ Passed eNon Hard to peel with poor
surface quality.

Tensile strenght

Mix 2 29.6 59 10.4 0.8 16.2 200 150 0.516 Passed neNo | improved. Surface with
pimples and very hard
Poor physical properties;
rough and hard surface
Formation of air bubbles,
Mix 4 31.06 52.5 15.53 0.62 17 250 135 0.716 Passped None not flexible but a bit
smooth without pores.
Material is flexible;
tensile strenght close to
the minimum desired
value. Fairly okay

High tensile strenght and
elongation, flexible
without pores. Good for
cable production.
Tensile, elongation and
braking force measured
above desired. Flexible
with smooth and shinning
surface. Good for cable
application.

Mix 3 31 56.1 11.8 0.9 16.5 245 138 0.713 Passed neNo

Mix 5 29.6 50.4 19.3 0.8 17.5 240 125 0.71 Passed None

Mix 6 315 47.2 20.5 0.8 17.8 255 130 0.71 Passed None

Mix 7 32 41.7 25.6 0.7 17.8 255 140 0.713 Passed neNo
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3.1 Cost and MaterialAnalysis of the Acceptable Mix 6 and Mix 7

In table 4, mix 6 and mix 7 have been accepteddarethe set criterial. There is a necessity tafywéene effect
of the specific gravity (SG), material rating andst implication between the new formulations, impdrand local

PVC for further confimation of the acceptability.
3.1.1 Cost Analysis

The actual cost price, which is taken as the supraduction cost price and other expenses, is atedufor local
PVC, mix 6, and mix 7 based on the percentage csitipo of additives such as chalk, plasticzer, ititady, lubricants and
fillers contianed in each of the PVC type. Howe\ke landing cost of GM 22 from France is $2.5 Iggr Table 5 shows

the cost price of local, mix 6 and mix 7 comparibased on the quality of additives in the mix.

Table 5: Price Comparision Base on the Quanity of dditives in the Mixture

:;_J ADDITIVES Other Actual A Cost |Variation from
|>_- _ i i i Expenses e.g|Production| Per [Import PVC]
g Chalk Plastizicer Stablizer Lubricant Filler profit,labour |Cost/kg 10tons ($22,000/10ton
o |Qty. (%)[ $/Qty [Qty. (%)] $/Qty |Qty. (%)] $/Qty |Qty. (%) $/Qty |Qty. (%)$/Qtyletc ($) $ $) s)

Local| 653 [ 0.73] 59 |0217] 1.8 ]0.012| 0.62 |0.007| 2.68 |0.08 0.423 1.4 14000 -8000

Mix 6] 47.2 0.4 20.5 10.563| 0.8 0.01 ] 1.23 |0.015 - - 0.423 1.4112 14112 - 7888

Mix 7] 41.7 |0.347] 25.6 |0.693] 0.7 0.01 ] 1.23 |0.015 - - 0.423 1.49 14900 -7100

3.1.2 Analysis of Material Consumption

Material consumption for France (imported), Patpglocal), Mix 6 and Mix 7 PVC was investigated on
application for the production of smaller, mediundabigger size non-armoured cables such as 1kV PVC/NCYY
4 x 16mnf, 4 x 150mrA and 4 x 185mmrespectively. The manufacturing process resultainéd and other measured
values like insulation thickness, sheath thicknasd overall diameter of the cable are shown inewl8, 7 and 8
respectively to determine the waste or excess mabtersed as compared to standard material rafing.percent variation
of excess material in each PVC type used to proth&above cable types is presented in table théderial consumption

economical implication.

Table 6: Application on 'kV PVC/PVC NCYY 4x16mn¥ Cable

ACTUAL FOR IMPORT PVC ACTUAL FOR LOCAL PVC ACTUAL FORMIX 6 PVC ACTUAL FORMIX 7 PVC
BLACK| BLUE |YELLOW| RED [BLACK| BLUE [YELLOW| RED |BLACK| BLUE |YELLOW| RED | BLACK | BLUE | YELLO | RED

SINO|PROCESS PARAMETERS [DESIRED| CORE | CORE | CORE | CORE | CORE | CORE | CORE | CORE | CORE [ CORE| CORE |CORE | CORE | CORE |W CORE| CORE

1|/CONDUCTOR
1.1|/COND. DESIGN (NO XMM) Tx L70{7x 170 7x 1.70] 7x 1.70 |7 x 1.707 x 1.70 7 x 1.70| 7x 1.70 | 7 x 1.70|7 x L.707 x 1.70) 7x 1.70 [7 x 1.70{ 7x L.70{ 7x 1.70| 7 x 1.70| 7 x 1.70
1.2[MATERIAL copper | cu cu cu cu | cu cu cu cu cu | cu cu cu cu cu cu cu

1.3{DIAM. OVER SINGLE WIRE (MM)| 1.70 | 170 [ 170 170 [ L70 { L70 | 170 | 170 | 170 | 170 | L70 ) 170 | 170 | L70 | 170 | 170 | 170

2|INSULATION
2.1|MATERIAL PVC | PVC| PVC | PVC | PVC | PVC | PVC | PVC | PVC | PVC | PVC| PVC | PVC | PVC | PVC | PVC | PVC
2.2|THICKNESS (MM) 10 10 | 105 10 10 | 125 118 | 115 | 112 [ 112 ] 11 | 105 | 105 | 11 11 1.0 11
2.3|DIAM. OVER (MM) 710 | 710 | 7.15 710 | 720 [ 745 | 720 | 730 | 715 [ 715 | 715 715 [ 715 | 745 | 715 | 7.10 | 7.10
3|CORE STRANDING
3.1|DIAM.OVER STRANDING (MM) | 17.10 17.10 17.50 17.28 17.22
4|OUTER SHEATH
4.1)MATERIAL PVC | PVC | PVC | PVC | PVC | PVC | PVC | PVC | PVC | PVC | PVC| PVC | PVC| PVC | PVC | PVC | PVC
4.2| THICKNESS (MM) 1.80 1.80 2.55 2.0 1.80
4.3|DIAM. OVER (MM) 20.70 20.86 22.60 21.28 20.82
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Table 7: Application on 1kV PVC/PVC NCYY 4x150mnf Cable

ACTUAL FOR IMPORT PVC ACTUAL FOR LOCAL PVC ACTUAL FOR MIX 6 PVC ACTUAL FOR MIX 7 PVC
BLACK [ BLUE |YELLOW| RED | BLACK | BLUE |YELLOW| RED | BLACK | BLUE |YELLOW| RED |BLACK | BLUE |YELLOW| RED
SINO[PROCESS PARAMETERS DESIRED| CORE | CORE | CORE | CORE | CORE [ CORE | CORE | CORE | CORE | CORE [ CORE | CORE | CORE | CORE | CORE | CORE

1|CONDUCTOR
1.1|COND. DESIGN (NO X MM) 37 x 2.28|37 x 2.28|37 x 2.28) 37 x 2.28| 37 x 2.28[37 x 2.28|37 x 2.28 37 x 2.2837 x 2.28[37 x 2.28/37 x 2.28| 37 x 2.28) 37 x 2.28|37 x 2.28|37 x 2.2 37 x 2.28[37 x 2.28]
1.2|MATERIAL copper cu cu cu cu cu cu cu cu cu cu cu cu cu cu cu cu
1.3|DIAM. OVER SINGLE WIRE (MM)| 2.28 2.28 2.28 2.28 2.28 2.28 2.28 2.28 2.28 2.28 2.28 2.28 2.28 2.28 2.28 2.28 2.28

2|INSULATION
2.1|MATERIAL PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC | PVC PVC PVC
2.2|THICKNESS (MM) 18 185 19 18 18 2.2 23 2.0 2.3 19 185 19 19 19 18 1.85 185
2.3|DIAM. OVER (MM) 17.90 | 17.95 18 17.90 18.30 | 1870 | 18.10 | 18.10 | 18.40 18 17.95 18 18 18 17.90 | 17.95 | 17.95

3|CORE STRANDING

3.1|DIAM.OVER STRANDING (MM) | 37.20 37.80 39.60 38.50 38.20
4|OUTER SHEATH
4.1|MATERIAL PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC | PVC PVC PVC
4.2|THICKNESS (MM) 22 22 23 22 2.2
4.3|DIAM. OVER (MM) 41.60 42.20 44.20 42.90 42.60

4. OBSERVATIONS AND DISCUSSIONS

From the results of tables 6, 7 and 8, it was ofeskrthat the diameter over core stranding
(after assembling the 4 cores) is slightly abovardd with France PVC (imported) and design PVCx(Bland Mix 7) but
very high with Patplast (local). This is becauséhwine use of Patplast, insulation thickness isiéighan desired and this
effect is more pronounced on applications to bigmasles like NCYY 4x150 mfand 4x185mrh The increase in the
insulating thickness with the use of Patplast egfigcon bigger cables was partly due to the inésteacy in specific
gravity (SG) and also tiny particles (pimples) ned on the surface of the cable during extrusidns Effect was not

noticed during extrusion process of France (imghréad the design of mix 6 and mix 7.

Table 8: Application on 1kV PVC/PVC NCYY 4x 185mnf Cable

ACTUAL FOR IMPORT PVC ACTUAL FOR LOCAL PVC ACTUAL FOR MIX 6 PVC ACTUAL FORMIX 7 PVC
BLACK | BLUE |YELLOW| RED [ BLACK | BLUE [YELLOW| RED |BLACK | BLUE |YELLOW| RED |[BLACK | BLUE |YELLOW| RED

S/NO|PROCESS PARAMETERS DESIRED| CORE | CORE | CORE [ CORE | CORE | CORE | CORE | CORE | CORE [ CORE | CORE | CORE | CORE | CORE | CORE | CORE
1/CONDUCTOR
1.1{COND. DESIGN (NO X MM) 37 x 2.57|37 x 2.57|37 x 2.57| 37 x 2.57| 37 x 2.57|37 x 2.57|37 x 2.57 37 x 2.57|37 x 2.57|37 x 2.57|37 x 2.57| 37 x 2.57) 37 x 2.57|37 x 2.57|37 x 2.5737 x 2.57|37 x 2.57]
1.2|MATERIAL copper cu cu cu cu cu cu cu cu cu cu cu cu cu cu cu cu
1.3|DIAM. OVER SINGLE WIRE (MM)| 2.57 2.57 2.57 2.57 2.57 2.57 | 257 2.57 2.57 2.57 2.57 2.57 2.57 257 | 257 [ 257 2.57

2|INSULATION
2.1{MATERIAL PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC PVC | PVC PVC PVC
2.2 THICKNESS (MM) 2.0 2.0 2.0 2.0 2.09 2.09 2.2 2.1 2.15 2.05 2.09 2.0 2.1 2.09 2.0 2.1
2.3|DIAM. OVER (MM) 19.60 | 19.60 | 19.60 [ 19.80 | 19.78 | 19.78 | 20.00 [ 19.80 | 19.80 | 1970 | 19.78 | 19.60 | 19.80 [ 19.78 | 19.60 [ 19.60 | 19.80
3|CORE STRANDING
3.1{DIAM.OVER STRANDING (MM) | 41.60 41.60 43.00 41.80 41.80

4|OUTER SHEATH

4.1{MATERIAL PVC PVC PVC PVC PVC PVC | PVC PVC PVC PVC PVC PVC PVC PVC | PVC | PVC PVC
4.2| THICKNESS (MM) 2.2 2.6 2.8 2.6 2.6
4.3|DIAM. OVER (MM) 46.00 46.80 48.60 47.00 47.00

Although the local PVC is relatively cheaper thahen PVC types considered, but with inconsisterscHic
gravity (SG), and suface quality, leading to exiaessaterial usage as revealed in table 9. Thes®sistencies result in
overall effect of increaesed production cost. Frtable 5, the landing cost of France PVC is extrgmieigh
($22,000/10tons) which explains why the local mantdrers prefer the use of local PVC with poor ijyaEven though
France PVC saves more material than other PVC tppeshe cost price is on the higher side. Mix 6/ésy close to
Patplast local PVC in term of cost per kg but i$ laalvantage of saving more material than Patplast price of 10tons
difference between Patplast (local PVC) and Mis §ust $112 per 10tons while the cost of mateiaaks over Patplast

local PVC when Mix 6 is used to produced 4 x 16nsable is $1015. Therefore mix 6 is more economical
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Mix 7, when compared with mix 6, shows significafitect in material saving but with cost price digatage.
From the results of table 9, it is obvious that Mix also economical in material consuption alfoMix 7 saves more

material than Mix 6 but higher in production coste.

Table 9: Excess PVC Material Consumption

CABLE TYPE & SIZE
PVC TYPE NCYY 4 x 16mm? Desired = 361.77kg/km [NCYY 4 x 150mm?; Desired = 920.73kg/km{NCYY 4 x 185mm?; Desired = 1177.66kg/km
Actual (kg/km) Variation (%) Actual (kg/km Variation (%) Actual (kg/km) Variation (%)
France (Import) 377.6 4.38 966.9 5.01 1222.9 3.84
Patplast (Local) 440.6 21.8 1054 14.5 1343.5 14.1
Mix 6 404.5 11.8 996.9 8.3 1263.7 7.31
Mix 7 387.75 7.1 977.4 6.2 1237.8 5.1

4.1 Other Process Problem Associated with the Extdate

Other problem areas which give defects in the eduproduct especially the variation in insulatiwall
thickness are variations in extrusion process patars such as melt temperature, melt pressuregsiigcextruder screw
speed and die output geometry. All these chandestahe ouput stability of the extruder which ascts for the variation

in wall thickness diameters.

This study can further be extended for more optiqalntitative of the consistuent components lilgnechalk,
placticizer and stabilizer by vaying the four adléis simutaneously using multi-dimensional approatiere facilities

equipment are available.
5.0 CONCLUSIONS AND RECOMMENDATIONS

To select the appropriate percentage proportiopladticizer and other additives that must be addetesin
PVC powders (ethylene — ethane co-polymer) to mpewith cable insulation application standard,&s o be borne in
mind that the total additives of between 20% - 65Ust be added to 100 parts of base resin (phriatadthat a typical

flexible PVC compounds is characterized by a hagding of plasticizers.

The results of PVC formation of Mix 6 and Mix 7 fudito be good for cable production but becausericEp
advantage and economic material consumption, Mixith chalk formulation and plasticizer of 150kg (2%) and

65kg (20.5%) respectively is therefore deduced ftberesults and analyses to be a better option.

The paper has presented alternative quality PV@dation for cable insulation in Nigeria with prieglvantage
that is lower than imported PVC and comparableotmll PVC which is always with inconsistent quakiiyd excessive

material consumption.
From the PVC formulation of Mix 6, comprising
* Resin PVC powder = 100kg/charge (31.5%);
» Chalk content = 150kg/charge (47.2%);
» Plasticizer content = 65kg (20.5%);
e Stabilizer content = 2.5kg (0.8%);

The quality of cable is greatly improved, pricaliso moderate and material consumption is lessltwah PVC.
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It is therefore recommended as the optimal mx Mix 6) to PVC suppliers and cable manufacturaerbligeria

and other developing countries for low cost praasnomic material consumption and high return eestment.
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