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SUMMARY 

DEVELOPMENT AND PROSPECTS IN MANUFACTURING METHODS 

FOR LOW DENSITY POLYETHYLENE V 

by 

Pierre Durand 
Ethylone Plastiques 

Lillebonne France 

In a modem manufacturing process for low density polyethylene the polymerization 

procedure can be adjusted to obtain the most  suitable resin for each application,  such 

as coating paper or aluminium, wire insulation, heavy duty bags,  general purpose film 

or moulding.    Such a wide range of grades is obtained by varying melt-index (between 

0^2 and  100),  density (0.913 to 0.937 at  23°C) and alno molecular weight distribution 

fe betwoon 2 and  15 for melt  index ?). 

The adjustment of molecular weight distribution is obtained by variation of the 

polymerization temperature curve in the reactor.    The shape  of temperature profile can 

be changed from the steady temperature profile of the autoclave ideally homogeneous to 

the sharp B1CPO profile of the tubular reactor.    Ethylene Plastique solved this problem 

by usine a reactor of low ratio ¿fSJ^    (below 20) including a special stirring device. 

Another target of improvment in manufacturing process forlow density polyethylene 

is to obtain a low cost price for "standard" usee, whatever may be the technical per- 

formance - Por example a grade suitable for packaging fertilizers muet be able to 

resist  to  «tress-cracking action of the anti-caking agents included in the fertilizer; 

for such use tho cost price must be very low.    Thisis achieved by increasing the size 

j/    The views and opinions expressed in this pap^r are those  of the author 
and do not necessarily reflect the views of the secretariat  of UNIDO. 
Tins document haa been reproduced without  formal  editing. 

id.72-5342 





of the unit (vr>,00''1 to i 00,000 ior.z p^r ./oar); capital o^sx ar.ci productior. cost per 

kilo of ¡>oiye4hyl<.m. ari. tnuB much low. r - »c shall prgacnt a detailed study of the 

influence,   of unit   Bì~    on tk    cost  price. 

Another very  important   advantage of 1,1 Xylene  PJastique proceas  is  the uc^  of 

rather  io-,; polymerization pr^sisuri s - Tabular processes ar-? for e^.uapU  obliged to 

u:;r  very higa presame 6'  (<:;'•(•.'• T o  3,00':   .riit,)   formally reason«  (decrease of the 

initiation temperature by  oxy<-. a,   iuerccae of density,   reduction of the plugging of 

the tube  anJ  no on)«     The   ¡>eoo.'. oa allevai   te produce  a] i   .yraecs at  pressure below 

<?,000 ba.a;.    Thus the  investment   cost  is recuece! aivJ    Ino the power consumption. 

The reliability  of the equipment   is inci'earie-J  and the  rfaiVty too. 

These  improvement« of the hi^h pro scure, polymerization of ethylene process have 

been achieved by e. good knowledge  of two kinds of correlations:   on the one hand 

correlation between polymerisation conditions  strutturo and rhcological b&havJtour, 

on the other hand correlation between structure rhoological behaviour anct application 

properties.    These technical  aspects are elaboi'ated. 

) 
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I - INTRODUCTION 

To understand the evolution of low density polyethylene manufacturing 

techniques, it is necessary to appreciate the market for this plastic material. 

There are two types of applications : 

- First, what we night call the "noble" uses, in which the polyethylene is used 

as supplementary material on a given support, owing to its special properties i 

the main feature of this application lies in the fact that the polyethylene 

cost is only a snail percentage of the cost price of the end itera, but it 

has a determining influence on the quality of the latter. This is the case, 

for instance, in cabla sheathing or coating. In this market, quality will 

be the main teat for the choleé of the polyethylene, a better price being 

obtained for a first quality product. 

- Second, "standard" uses in which the low density polyethylene is the basic 

material, of ton the only one, and thus forms the greater part of the cost 

price of the and itasi. This is the case in the moulding and film markets, both 

of these remaining by far the most important for this plastic material. In 

these fields it is impossible to sell polyethylene at a higher price than 

competitors, whatever nay be technical performance. Owing to the evolution 

of manufacturing equipment, technical requirements become from day to day 

mora aovara, whereas the selling price of the polyethylene itself falls 

steadily. 

Research for the best quality at lowest cost price is therefore, as 

anywhere else, the basic target for those in charge of a low density polyethy- 

lene project. But they have to keep In mind that, if technical performance 

is profitable in the "noble" application field, it is compulsory to keep, on 

the contrary, at the lowaat possible level the cost price of polyethylene 

intended for "standard" uses whatever may be the technical performance. 

Before entering into technical considerations to show how Ethylene 

Plastique solved this problem, we shall first briefly describe this Company. 
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11 - THE ETHYL*"" PLASTiqUE COMPANY 

Ethylene Plastique is a subeidiary of two Urge French chemical 

companies : 

- Société Chimique des Charbonnages de France 

- Société l'Air Liquide. 

1ht. eo»p.ny h.. b.« .P«i.ti... ta th. U. i-»lt» poly.thyUn. 

TJ by th. «.. of thl. ,«r. It. .... .chl.v«nt. ta Fr.nc. «. .. folio« • 

. ittIt up of t»    60,000 -nn-p« ,«. production Ita., «Clin, «.ta,- 

*.U> t» W70 , th. flr.t on, ta J.m»r, 1«70, th. «tond on. in My l«0 . 

. .urt up of »0,000 toMp.r y«r Un. .t UllAonn., thi. y«r In S,«*«. 

Va both «..., « th. tta. th.y c«. on .tr«-, th.y «r. th. blU..t 

imita in the nor Id. 

Abroad, the Ethylene fUstl«.»» proe.a. hat il*«*? been Ileana«! to 

three foreign companies : 

. SI»« D«ko in J.p.n, «hich h« b«n «in« it .in« Mo« In t.uruMki, 

through it. lotat «ntur. «ith Phillip. P.trol«., th. Co»p.ny J.p.n Ol.fta 

Chemicals. 

. Itent^atlni Ediaon, in Italy» which ha. bee« ii.ing it since 1969 in It» 

Brindisi complex. 

. More recently, Polímeros del Ugo, in Venetuela, subsidiary of th« VenatutUn 

institute for Petrochemicals, which will be using it from 1974 in El Tabiaao. 
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More details about the Ethylene Plastique Company are available in the 

process booklet. This booklet also gives the outline of the process flow sheet. 

Now let us see in more detail some characteristics of this process. 

In the evolution of any process, there are two over riding considera- 

tions t the cost price has to be reduced and the quality has to be improved. 

Below art given soma details about these two points. 

Ill - COST PRICE 

Among the elements of the cost price» some are independent on the 

capacity of eh« lin«» others, on the contrary, depend upon it. 

Among tit« fitti» let M quote » 

- The annual hours on stream 

- Polymérisation pressure. 

Anong the second i 

• The conversion rat« 

- Th« investment cost 

• Th« operating cost. 

Let us first examine the factors indépendant of «is« : 

tl hours on stream 

This is a main factor j in our process, it is more than 95 % of the 

m 
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total time. This result has been obtained by limiting the number of decompo- 

sitions  (we have less than one per year and per line) and by improving the 

reliability of the equipments (compressors, catalyst pumps,  etc.). 

2.  Polymerization pressure 

As is well known,  the tubular reactors operate at very high pressures 

(2 500 to 3,000 bar)  for «any reasons (such as decrease of the initiation 

temperature by oxygen, increase of density, reduction of the plugging of the 

tube and so on). None of these reasons concerns the autoclave processes. 

However,  some cójanles with the autoclave process operated at high 

pressure, expecting to improve the thin film optical properties. Ethylene 

Plastique had beeu following this way for a short while but is quickly appeared 

that pressure was not the most effective agent for improving optical properties 

and draw down of thin fil«. A. we shall see later, the most effective way to 

i«prove the« is to reduce the width of molecular weight distribution mainly 

dépendent on the t«sper.t«r. profile i the target was to control the temperature 

profile, thereby controlling the molecular weight distribution, instead of 

Increasing the operating    pressure. This pressure reduction ha. widely contri- 

buted to improve the above mentioned number of operating hours per year. The 

economical advantages are important t 

- First, reduction of investment cost J 

For the san» purchase price, the nominel output of a compressor »ay be 

multiplied roughly by 1.5. when the mixt*« .«vice pressure is reduced fro» 

3,000 to 2,200 bar. 

- The ratio of high pressure tube prices for a difference in service pressure 

of 600 bar is 1.5. 

. Second, reduction of the operating cost. 

Maintenance cost is noticeably reduced and on the other hand, electricity 

consumption, for 20 % conversion rate for instance, falls by 0.30 kWh per kg 
polyethylene when polymerisation pressure is reduced by 1,000 bar. 
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Finally, this reduction of pressure is an obvious Improvement of 

equipment safety. 

To turn now to the factors depending upon the sice of the unit. 

3. Conversion rete 

The increase in the conversion rate with the sise of the unit it 

remarkabke and may seca surprising at first. It is owing to the fact that the 

autoclave procese is adiaba tic. As there is not heat exchange with the outside, 

all the polymérisation heat la absorbed by the fresh ethylene entering the 

reactor. The conversion rate le thus given by a simple enthalpic balance s 

Sil°>át 
t % -  **-§   x 100 

Cp ** ethylene specific heat 

Q * polyethylene heat of formation 

te * ethylene temperature at Inlet of reactor 

ta m outlet teaperature of reaction mixture. 

Thus the convertie« rate can only be modified by increasing ts or 

reducing ta* The Increate of capacity allows» for the same quality, to Increase 

appreciably the difference ta - te. 

Another advantage Ilea alto in the fact that these conversion rates are 

hut tittle different fresi one polymer to another. 

It la often said that the main advantage of the tubular process compared 

with the autockve one Ilea in the fact that the former allows the removal of 

heat from the reaction area which increases the conversion rate. 
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This is a  little rough analysis  for  it does not consider the fact 

that  it  is necessary to pre-heat ail or part of the ethylene at the  inlet  to 

the reactor to the initiation temperature which is about 165-C when oxygen is 

used.   In fact,  in the tubular processes,  the conversion rate can exceed 20 

per cent only by using side entries which leads to a decrease of quality. The 

true average conversion rates obtained on big units (50,000 tonn*Per year and 

„»re)  do not differ more than 10 per cent from tubular to autoclave. Now,  the 

benefit of Increasing the conversion rate is to reduce the si« of the 

recycling compressor for a given production rate, which consequently decreases 

the cost of this equipment and the power consumption. But as said above,  these 

costs are also greatly dependent on the operating pressure, and if the tubular 

processes have an advantage of 10 per cent for the conversion rate, they have 

at the same time a disadvantage of 50 % due to the use of an operating pressure 

800 bar higher. 

4.  Investments and »iati 

a)  Ethylene plastique has carried out special surveys about the influence of 

the size of the lines upon investment costs, and it seems that the so-called 

»two thirds" law is confirmed t 

In fact, the coefficient was found to be 0.603. It is only an average 

coefficient and in table I, for instance, the coefficients found when 

passing from 30,000 toramtper year line to a 60,000 one with a similar 

technology are given. 

Nevertheless,  thanks to a change of technology and particularly by the 

suppression of the separate finishing plant, Ethylene Plastique has 

succeeded, when building its Saint-Avoid plant,  in reducing the coefficient 

from 0.603 to 0.520. This technological progress can be applied to any 

size of line,  and under such conditions,  the 0.603 coefficient is again 

found, which allows comparison with other plants of similar technology. 
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Graph 3  shows the fall of  investment cost  "i" in  francs per kilo of product, 

according to the increase of  line capacity   (unit value 1 being given Lo a 

20,000 tomesper year line). 

I » a C 

.'. i = a C 

U. i = a C 

C.603 

0.603 -   1 

-0.397 

but i = £ 

If coefficient a is given such as a value that i  - 1 franeper kilo» for 

C - 25 k t/year» or a = 3,6,   the formila becomes  : 

i ~ 3,6. e •0.397 

Fig. 3 gives representative curve of this function i (C) which pastes by 
the following points  * 

1 » t.00 

i - o.n 
i - 0,64 

i * 0.58 

for C - 25 k t/year 

fer C - 50 k t/year 

for C * 75 k t/year 

for C »100 k t/year 

b) If investments are plotted against the number of lines for • given plant 

capacity the bunch of curves en fig. 4 Is obtained with t 

on the x-axia     t 

on tho y-axia      i 

the number of lines 

the investment taken equal to 100 in the ease of • 

plant of 100,00 torra» per year with four lines of 

25,000 t. 

Bach curve corresponds to a plant capacity of 50 to 150 k t/year (the 

ssaallest line capacity has boon assumed to ba 25 k t/year). 

Those curves have been drawn according to the lin« investments within battery 

limits (without the utilities) including   the before tax cost of the equipment, 

custom duties, transport, transit and erection costs. 
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Thus, each unit Includes  : 

. a compressor house 

. a polymerization section 

, a remote control room 

, a cold blending and technical storage section 

. a transformating plant HT/LT 

. open spaces and basements for ail interconnections, etc. 

5. Production cost and sises 

The production cost is usually broken down into fixed and variable 

costs. Obviously, for the so-called fixed costs, the increase of the unit's 

sise reduces the cost corresponding to a tonne of product. In fact, these 

expenses are fixed only for a certain range of capacity, but thanks to technical 

improvement, the levai of this range can be raised. 

Por instane«, the operating labour has bean kept unchanged when 

passing fro« a 30,000 tonnas per year to a 60,000, than to a 10,000 tonnas oar 

year «nit. An 80,000 tonnes par year unit is operated with the following labour i 

. 4 men for polymerisation (3 shifts) 

- 1 nan for cold blending    (3 shifts) 

. 3 «on for bagging (I shifts). 

If a second 80,000 t/year Una. is coupled with the first osa, a 

single «an is to be added for polymerisation and bagging will need 3 shifts. 

The maintenance expenses, considered as proportional to investment, 

•re themselves reduced by the cut in investment. So are the plant overhead 

expenses which usually reach 60 % of the total maintenance and production 

labour costs. 

Variable expenses usually fall when the line capacity is increased i 

the ethylene specific consumption pssses frota 1.04 to 1.035 kg/kg, that of 
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4 
1 
î î 
t 
î 

electric power falls by IO %. 

These few figures show the advantage of increasing the production 
line capacity. 

In the present state of technical knowledge, Ethylene Plastique 

considers that the above increase of unitary capacity is favourable up to 

about 100,000 tonnssper year. Beyond this figure,  important technological 

changes will have to be made (in the compressor field, for instance). 

Here are some slides taken at our Saint-Avoid plant, which show 
you a unit with two, 60,000 t/y«ar lines. 

«mmMmmmwmMmmmi 

Hare la the second part of the evolution of a manufacturing process 

- Êàat of seeking for quality improvement. Successively will be examined t 

- tí» influence of polymerisation conditions on the polymer structure and its 

rheological behaviour, 

- tha application properties of sono Ethylene Plastique grades compared with 

competing products. 

U  ÜitlffftffclP »fiPflt Polymérisation conditions and structur« 

Without coming back to the theory of polymérisation by free radicals 

(•n idea of which la given in tables II and III), Ut us simply keep in mind 

that the ethylene polymerisation high pressura procasses make use of free 

radical generators or initiators, which are, according to requirements, oxygen, 

peroxydes or organic perester*. 

•••/••« 
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Aii the autoclave processes make use of peroxydes or organic pereste« 

nowadays. These have,  if compared to oxygen, numerous advantages : 

- Safety In use :  the use of oxygen is dangerous in the secondary compressor 

area» the oxygen being usually injected at this compressor. Any defective 

operation of the valve, leading to a temperature rise in the compressed 

ethylene becomes more dangerous when this ethylene contains the initiator. 

- Flexibility of use. 

- Better control of reaction steadiness (considerable reduction of the number 

of decompositions). 

- Possibility of adjusting the temperature profile inside the reactor, to 

obtain the required structure. 

the great variety in the half-Ufa of these Initiators (wrongly 

called "catalyst") allows the most satisfactory polymerisation temperature 

(between 140 and 300s C) to be chosen. 

The use of these various initiators in a reactor fitted with appro» 

priât« stirring devices ensures any temperature profila inside the reactor fro» 

a uniform temperature (inlet • outlet) profile, to a multiple temperature 

profila« 

This possibility of choosing with great accuracy the best temperature 

profil« la a big advantage of the Ethylene Plastique process. 

The temperature profile, the polymer i ation pressure, the nature of 

the transfer agents (telopne) used, are the factors that control the structure 

of the polymers. Before giving more details about the relationship between 

polymerisation conditions, structure and application properties, a brief 

account of the means of analysis must be given. 
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The analysis usually gives values to a certain number of characteristic 
parameters such as : 

n    i    »intrinsic viscosity« obtained by measuring the viscosity of a 

polymer solution at a given concentration,  in decalin at 135« and 
by extrapolating for concentration sero. 

b    t    long chain branching (intermolecular transfer) (special parameter of 
Ethylene Plastique). 

lit t    average molecular weight (by number) 

l   N  (M) 

m t    average molecular weight (by weight) 

I  N (M) X M 

jf «   ratio featuring the width of molecular weight distribution. 

the*« «re the most charwstariatic parame tan. Parameter "b» is particularly 

important, fha realieation of a quantity to represent this long chain 

branching is tricky. Meanwhile, it is still under active investigation. 

fh« values of b, Mn, M* and-j£   are obtained by gat permeation chromatogra- 

phe which allows the separation of the naeroaolaeules according to their 

hydrodynamic volume (calibration by a standard polyethylene, the mass 

distribution of which ia known). A molecular diatribution characteristic 

curva ia thus obtained» giving the pare en tage of moles of molecular weight 

M» against molecular weight <M varying from 103 to 106, the peak of the 

maximum frequency peak being between 104 and 5.10 *). 
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Other interesting information is given by infrared spectroscopic analysis 

allowing the determination of the number of methyl groups and of double 

Unkings for 1,000 carbon atoms, as well as the nature of these double 

linkings (vinylene, vinyl, vinylidene). These figures are related to the 

polymerization conditions (temperatures, pressures, nature of the transfer 

agent). 

A first analysis method consists in determining by means of the high 

pressure grader (capillary extrusion) the following curves : 

Shearing tension as a function of the shearing rate, by measuring pressure 

P and outflow Q. 

Sneering tension s 0 -= |J In ^tynes per em2 

Shearing rate  !  e = 0 - mnT    in  s" 

Frora these experimental curves, the true curves will be found by application 

of the so-called ••entrance" or "couette" and 'non-Newtonian" corrections. 

after these two corrections have been made, the so-called "true curves" 

ove art obtained with which can be traced the viscosity/shearing curvee« 

as» by definition the viscosity n - — 

A second method of analysis consists in making tests under dynamic conditions 

The'balance rheometer" (two concentric hemispheres rotating at the same 

angular velocity w and with a small angle a between their axes) are used i 

this device, discovered by the Research and Development Manager of 

Ethylene Plastique Company, H. Kepes, has been submitted to the Fifth 

International Congress of Rheology (1968). But its use, the reaction of 

a viscoelastic medium, periodically distorted, can be calculated. 
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c* ??2?iîEi?è-Yi?S2SÎ2;tlc behaviour 

Beside« the measure of th, "entrance correction- above mentioned, which is 

related to the elastic behaviour, we should mention the measurement of the 
swelling of the extrudate from the capillary tube : 

The ratio  is measured, of the diameter of the extruded strand to that of 
the throat of the die. 

d) Infestation of the analytical result-. 

The IthyUne Plastique engineers have been busy for several years in 

connecting these structural and rhoologic behaviour characters to the 

various application properties on one hand, and to the polymerisation 

cendition. on the other. The Ethylene Plastique process allows the «odifl. 

cation of the.« structural .«4 rheoiogic.i characteristics quite a lot, and 

th«. ««.m the «anufactur« of eh« most suitable resin for each social 
application. 

Structure 

Pig. 2 show, the vario«, typo, of distribution curves which my be obtained » 

C«**v« 1 t r..i„ f0r haavy ^y b#fi wUh htgh ttMM-cnirtlllt reilitÄnct 

(plastyUnt PI 3010) 

Curvo I ,  ro.in for high clarity film with very good drawdown 5 plastylene 

m 341 and Pa 0240 X (thi. curve will «gain be found for film 
grades manufactured in tubular reactors). 

Gurv« 3 ,  r«»in for general purpose thin fil» with very good mechanical 

proparties (general purpo.« film)  t plastylene FA 0240 

Curv« 4 « product, with .i»il«r structure to tho.e of polymers obtained in 

* typical autoclave reactor s resin for coating, resin for 
injection moulding. 
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Curve 5 : resin for telephonic wire insulation which may be extruded at 

high line speed (1,200 to 1,500 m/mn) "piastylene CB 3528". 

To quote a few figures, we may say that for the same melt index (2 for 

instance), Mw can vary from 50,000 to 250,000, b can vary from l.l to 2. 

jr* can vary from 2.5 to 14. 

n  (intrinsic viscosity) can vary from 1 to 1.4. 

Rheolosy 

As regards the non-Newtonian behaviour H, fig. 6 shows that it is all the 
PR 

«ore strongly marked as 0 or j-£ are higher. This means that polyethylene» 

cone nearer to true Newtonian behaviour at low shearing rates, and deviate 

progressively at high shearing rates. On the other hand, for given melt-flow 

conditions, N rises progressively as the melt-index of the polymer fallt 

(as its molecular weight rises). 

Examining now the rhéologie behaviour differences, for a given melt-index, 

and molecular distribution, it can roughly be said that the renins with 

narrow molecular distribution (¡| low, Mn lew, b low) are characterized by i 

- A lower viscosity limit. 

- A more extended Newtonian behaviour (viscosity is maintained to a higher 
•hearing value). /^ 

- For higher gradients, a steeper slope of viscosity fail as a function of 
shear rate (non-Newtonian behaviour). 

(These three characters are shown on fig. 5) 

•••/••• 
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- A weaker swelling of the extruded strand. 

- A lower "entrance correction» (drop in Dressur» «,(„    . p    n PreS8ur« «wing to convergency at 
the entrance of a capillary tube). 

2* Application properties 

The .t.tl.tic.1 surveys of conation of low density poiyethyl«. 
i« Franc, in lf?l givg th. foUwlnt .^ ^^ ^ ^^ \ 

film 
» 59 % out of which heavy duty bags i5 % 

general purpose thin fila fé % 

agricultural fils» 6 % 

injection and blow awulding t 23 % 

coating 

wir« and cable 

piping 

t    IS 

t    * % 

i * % 

Tht putidi«*; importa»*, of th, .0-^11.4 ».tandard" applicati«»» 
i. obvio«. , th. i**!* paction. rapr...«t . „th.r wll tonnage but 
*U -.rk.t is «or. p^tabl.. u i. th«. ^ that a polyethylene pro.... 

,*"" H"lit »"*-•*• ** •**"• ".It, f« «eh of th. applied., 
tthyl«. Hasti,«. 1. .bl. to io .0, a. i. .how« by tabi. * iv giving the 
«4.» eo«.rei.l eheie.,, thanks to th. pc.ibiUty of controlling th« 
»ol«€ttlar distribution of th. polymer. 

4. an .itaapL, ut u. look Into th. details of th. choies, off««* 
for thr.. eli.r.et.ri.tic application, t 

- thin fila 

- heavy duty bag. 

- coating. 

• • 1 / •. 1 
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a)  Grades  for thin film 

Until about 1965,   it was generally believed that the grades manufactured 

in tubular reactors were better for film than those manufactured In a 

standard autoclave reactor. 

Fully aware of the problem, Ethylene Plastique studied thoroughly the rea- 

sons for this difference of behaviour and established that the application 

properties considered important»  these being the draw-down and the optical 

features, were mainly related to high molecular weights and long branchings 

(intermolecular transfer) of the molecules. Now,  these structural properties 

mainly depend upon the polymerization temperature profile used. The transfor- 

mation of the usual autoclave process into an autoclave process allowing 

deliberate adjustment of the temperature profile was to lead Ethylene 

Plastique to answer this problem. The grades now offered for these applica- 

tions are by no means inferior to the best tubular grades as can be seen 

from the tables comparing the structural and applications properties. In 

these tables, the thin film group has been broken down into three distinct 

subgroups. 

• Grades for high clarity (or'crystal") films 

The required properties are mainly clarity, gloss and draw-down. The 

mechanical resistance properties are less important. For this reason, the 

grades offered for this application usually have a rather high density t 

0,927 to 0,930 (all Indicated densities are corrected to 20*C). For this 

application we offer FX 341, malt index 3, density 0,927. 

Table V gives the values of the structural parameters for resin FX 341 

compared to the best competing resins. 

Table    VII compares the application properties of FX 341 with those of five 

competing resins in the extrusion conditions of table VI. 

• • • / • a . 
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• grades^ for gener^^^p^^iMn^nm 

Clear films - FA 0240 X - FD 0328 - FD 0330 

Contrarily to FX 341,   these grades are intended for a wide variety of uses 

we enter the field of the "general purpose«, film. They are very good compri, 

ses of the qualities required for this application : draw-down, clarity, 
mechanical strength. 

The structural characteristics are given in table V, the application tests 

in table VIII (extrusion conditions of table VI)  in comparison with those 

of  7 competing grade*. Note the particularly high value for gloss of 

PA 0240 X and its excellent drawdown. These high standards have been 

attained, while keeping a very high level for mechanical properties (impact 
strength particularly). 

Iffnderd film» - FA 0238 and PA 0240 - GA 0238 and GA 0240 

This i. the field of medium thickness extrusion (30 to 50 microns). 

The optical properties «re of miner importance, the main feature is 

of extrusion, flexibility to very various and often badly controlled 
extrusion rates. 

ease 

The application results «re iUo given in table IX, compared with those of 

six competing r«sins (extrusion conditions of table VI). 

Another «rade in this category    i. also »orth mentionnlng although it is 

intended for a very exacting and special application, which is the extrusion 

of very wide film, («,«| lR building and agriculture). Ethylene Plastique 

offers for this application FA 0121. This is a resin of melt index 1 and 
20«C density of 0,922 (see table X). 

•••/•». 
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" Grades for_ heavy duty, jags 

These grades are used to make shopping bags, shrink films and heavy duty 

bags. For simplicity, we will examine only one of these grades - FB 3010 

intended for large capacity bags  (for fertilizer bagging, particularly). 

This  is in fact a very tricky    problem because the polyethylene used has 

to resist the stress-cracking provoked by the anti-caking agents incorpora- 

ted in the fertilizers. The welding of the standard polyethylene bags are 

destroyed by these anti-caking agents. FB 3010 on the contrary resists 

perfectly well. This stress-cracking strength can be obtained with EVA 

copolymers but the bags are deficient in stiffness and cannot be used on 

the self-acting bag-machines of the European market.  In this field FB 3010 

has an outstanding position, and no tubular resin can match it at the present 

time. 

PB 3010 is a striking sample of technically sophisticated grade used for what 

we have callad a "standard" application. For a polyethylene manufacture, this 

is the most difficult problem to solve, because this sophistication has to 

be obtained at a very low cost-price. 

" g0»**"*, urea« 

We now enter the field of these resins, referred to as "noble" on account 

of their critical uses. We have chosen, to associate in this paper this 

application with other grades,  in order to show the great flexibility of the 

Ethylene Plastique process which permits the manufacture of resins or thin 

films comparable to tubular resins as well as resins for coating more 

usually considered as a prerogative of the autoclaves. These are technically 

sophisticated resins which are also compromises between a certain masher 

of requirements (great lamination speed, reliability of the neck-in, good 

adhesion, good water impermiabitty, weak emission of smoke and smell) with 

more or less Influence of one or another of these factors according to the 

desired type of coating. The following types can be noted, for instance. 
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- Hi^eid !„!„.«„„ (abov. 300 u/m) of kMft paperi cardbMr(j ^ 

other backlng.Mt.rl.ls £or which are r«,„lred   ,  good mttUx, to 

«ter vapour, good ».ch.„lc.l pr.pertU. but with a TOdl• „eldlng r.te 

of the laminate. 

Lamination thickness î  12 to 20 microns. 

The grade offered is then DC 350 (».It index 3, density 0.926). 

\4i%m <Peed laa,lnatl0n (b«Wn *<*> — 2«0 m/s«) of papers, cardboard, 
aluminium sheets, needing very aati.factory thermoweiding (high welding 
rate of the compositi). * 

Lamination thickness t 12 to 60 microns. 
s 

The grade offer«! 1. U 0703 (nit ine«« 1, den.ity 0,920). 

Structurai par.««.*. „. tkm ^ 4Utmmt ttm ^ Qf ^ f^ 

(•t. table « givi*, ^ valll„ ef th#M ^^^ fw u 35Qf u ^ 

•nd three comp «ting autoclave resins). 

v - CONCLUSIONS 

I« thi. paeer, w. tope we „.„, ^lnÉ#(| mt tJ|€ trift<|i ^ ^ ^.^  # 

of low de«.lty Polyethylen •*»*.««*. ln thi ytâr, to ^ ^ ^        Qf 

reducing the coat price of polyethylene demandi , 

• Th« •ration oJ «»it. sf«s«it, .„«i * er „^ 50,000 *«».p.r year capa- 

city in . v.ry .tort «.lay (ft. tf», Ithyl— «.m,«. p»t. into operation 
tte firat 80,000 tomes per year unit). 
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To reduce continually  the construction cost of   these units by  limiting as 

far as possible the operating pressure, which will at the same time  increase 

the reliability and safety of  the equipment. 

The process of  the future has thus to be a  synthesis of the old 

autoclave and tubular processes, which means that it must permit the polymeri- 

zation temperature profile to have any intermediate shape between the sharp 

slope of the tubular and the steady temperature profile of the autoclave ideally 
r , i      length 

homogeneous. The use of a polymerization reactor of low ratio dlam¿ter 

(below 20)  including a special stirring device allows us to solve this problem 

which in our view Is well-nigh insoluble with the tubular reactor. 
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Figure    1 
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REPARTITIONS MOLECULAIRES 
DE QUELQUES 
POLYETHYLENES HAUTE PRESSION 
ETHYLENE PLASTIQUE 

MOLECULAR WEIGHT 
DISTRIBUTIONS OF SOME 
HIGH PRESSURE POLYETHYLENES 
FROM 
ETHYLENE PLASTIQUE 

MASSES MOLECULAIRES 

MOLECULAR WEIGHTS 
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TABLEAU     I 

ITEM ! ! 
I   COEFFICIENT  ! 

COMPRESSION   

POLYMERISATION   

GRANULATION COMPOUNDS... 

STORAGE - HOMOGENISATION 

SIT OF HEAVY EQUIPMENT 

THERMAL EQUIPMENT   

CENTRAL HEATING  J 

CHILLE« WATER iWm # J 

UTILITIES 

I 
I 
I 
I 

INSTRUMENTATION ......,} 

Citili NN , »••#*•.••••..#.•..,.,  I 

•WCÎ1IIC DEVICES #ff>  { 

I PIPINO 

PAINTING 

INSULATION 

I 
I 
I 

••MMMMIMMIIIMIMMM      I 

I 
I 

TCTAL INVESTMENT 
I 
I 
t 

0,294 

0,834 

0,401» 

0,569 

Ot4T4 

®tTlT 

0,SI5 

®,4it 

0,603 

0,634 

0,659 

0,362 

0,660 

•»#•• 

I 
! 
t 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
t 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
t 
I 
I 
I 
I 
I 
t 
• 
t 
t 
J 
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INITIATION TobUau TT 

i    iR% r« 

C»«mpl« : (eM»^ G - OO - C(CM»)t    » fc (CH*)f . C -CV 

fW»    fc«s)t. C .O* m CHa .. CO . CHS *CHs* 

PROPAGATION 

r» «••CM« s CMt __«>«.CH*.CHft
Ä 

TERMINAISON 

Mdikim 
Ä.(CM,.CWt)J ^ß'#,_^R.(CM1.CMt)n.^ 
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TRANSFEDTS T_t>}>lgnu []| 

PAR  LE  MQNOMEPC 

.R. (cH2.CHÄ)n_1_CH--CH2,CMJ.CN^ 

PAR   UN*A6CNT*(TAt0fli¿..w,) 

« A%CH, »CHg^.^Â-CHt.CH^ 

UM* Li PQLYM&q| 

- tiSE!?©!=SÉÍIkÉU» 

' %-^J>CM%CHts CH, ^-¿^ CM. CH. .<!•*• 

«-CHt.CH.CH, 

CWi* 

CH§ _^, H.Ol».CM».C*l».C#ft .04« „CM* 
CH» 

1 
CM« 

i 
en? 



Tableau IV 

LISTE DES PRINCIPALES QUALITES 
ETHYLENE PLASTIQUE 

-3i- 

EXTRUSION DE FILM 
FILM EXTRUSION 

FILM A USAGE GENERAL 
GENERAL PURHOSE FILM 

FA 0422 FD 0326 FA 0238 
FA 0433 FD 0328 FA 0239 
FX 284 (EVA) FX 353 FA 0240 

FILM DE HAUTE CLARTé 

HIGH CLARITY FILM 

FD 0330 
FO 0331 

FA 0238 X 
FA 0240X 

FD 0726 
FX   341 

SACS DE HAUTE RESISTANCE 
HEAVY DUTY BAOS 

MB 4022 
MB 702S 

FB 3010 
FX   286 (EVA) 

FB 5005 
FB 5021 

FILM AGRICOLE 
AGRICULTURAL FILM 

F3 5036 
FA 0226 

FA 0227 
FA 0230 

FD 0336 

INDUCTION 
COATING 

FA 0401       LA 0703      fef   350 

LIST OF THE MAIN 
ETHYLENE PLASTIQUE GRADES 

CABLES 
WIRE AND CABLE 

CB 3528 
CB 3529 

CD 0161 

EA 0224 

CX   407 

CA 0226 
CB 3526 

CA 0228 
CD 0302 

- Auto-extinguible 
self extinguishing 

- Expansible 
Cellular 

- Reticulars 
Cross linkable 

TUBE ET TUYAU 
TUBE AND PIPE 
MB 4022 T 
FA 0235 

TI 4025 
TE 7024 

EXTRUSION-SOUFFLAGE 
BLOW MOULDING 
MA 0701 
MA 2004 
MA 4005 

MD 0303 
MO 0707 
MD 2002 

MV 2001 
MV 0201 

(iVA) 
(EVA) 

POUDRES 
POWDERS 
FA 0780 
PA 2080 

PA 4031 
PA 7032 

PV 0231 (IVA) 
PV 2030 (IVA) 

33 
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