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SUMMARY_

Meﬂlt capillary flow has been employed to characterise some low
densgity polyethylene grades, differing in degree of an incorporated slip agent |
(Olemide Commercial ), |

The same grades were processed into blown film under different
extrusion conditions by varying screw speed, blow-up ratio and haul-off rate.

The rheological properties affected by the slip agent were,
namély, the melt viscosity and the critical shear—i‘ate, after which fractuxie
(turbulence) of the given extrudate occurred. |

Ease of draw-down property was found to be lower for the low
slip grades and increased significantly with increasing degree of slip.

(ASTM) and (B.S.) methods were used fo test the mechanical
properties of the films produced from the film-blowing process under the
same abov‘e extrusion variables. The effect of the;e variables on tensile,
tear and impact strengths of each grade were analysed,  Orientation of the
molecular structure,' during its passage through the die and immediately
after extrusion, as a result of longitudinal or tranéverse direction drawing
strongly affected these properties.

Increasing the extrusion variables, generally, resulted in a
balanced orientation in both mﬁchine and transverse directions (balanced
film) and an optimum blow-up ratio was found for a film of balanced
strength properties.

An attempt was made to cof:relate characteristics of flow of the
different polyethylenes with the above extrusion variables and, hence, with

the mechanical properties of the consequent films.
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Section 1 : Introduction and Background

1-1 Introduction 3~

Polyethylene film has come to the fore in recent years as a

replacement material for paper in the retail bag and certain other markets,

where greaseproof and waterproof qualities are particularly desirable,
_The production of various types of packagﬁg film, from the heavy duty
sack to the ‘high-clarity textiie display material, forins the largest outlet
for low density polyethylene.

Some years ago a great deal of discussion took piace concerning
the properties of the ideal film.  As the range of materials to be
packaged broadened, the number of specific requirements grew

. enormously, and 'one ﬁopes lfor as many of the desirable properties in a
'single. film as is possible. Amongsf the divefse ;'equireménts for the __/'

end product are the following properties:

(a) - Good optical propertie_as.
(b) Excellent mechanical prop_eities (high impact, tensile and tear -
| strengths. | |
(¢) - Ability and ease to draw down to a thin accurate gauge fihﬁ. "

Since film processing involves working the polyethylene grade in .
. the melt, semi melt and solid stafes, its rheologic:al properties-play a
very important part in defining the processing characteristics and final
product properf.ies. | |

Although the polymer selection and film processing parameters

have been in\}estig‘ated in detail, particularly in the case of the retail bag

market, where greater demands are made in film préperties, very few . . |

5 &




attempts have been ma@e to correlate rheélogical properties with processaing
conditions. A basic understianding of film technology requires some knowledge
of rheological properties in order to understand the fabrication of film.

Many aépects have‘ to be taken into account by the polymer
manufacturer in designing a film grade.- The general specification. fora
_packagi.ng film can be outlined in terms of physical and chemical properties,
grouped functionally in relation to uses. Each application represents a
compromie;e of requirements. As a result, there has been a growing use of
additives to give the desired characteristics of the final film, but, at the
same time, they can affect p'focessmg behaviour and create new bombromise.

One of the most important additives to enhancé the film properties

. is the slip agent or lubricant.  Polyethylene film must have a good slip
from the standpoint of packaging machine operability and easy separation
 of sheets and fabricated bags, s that the fintshed product might not be
capable of stacking Withqut undue slippage. This is particularly important.
. as proceséing and paqkaging machine speeds are increased and new methods
~ have to be sought to regulate film surface properties for optimum machine |
perf_orniance.
Friction of a 'poor slip' film is reduced by applying a lubricant
- to the film surfaces. In commercial practice these lubricants are mostly '
derivatives of Iong-;chain fat.ty compounds.
. This work i.nvolvés study of the- rheological properties and the-
effect of some extru'sion copditions on the mechanical properties of lpw , |
,‘ déns.ity polyethylene fubular film, - | | |
| The Wofk may be divided into three main parts:-~
@ . Rheology : which involved a study of the flow behaviour of the
. materials investigated at different conditions of temperature

. -and shear-rates.
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b) Processing of the materials into blown film under different
extrusion conditions., |

(c) Testing of the film mechanicél properties; this fnvolved testﬁlg
of:
(@) Impact strength
‘(ii) Tensile strength

(ili) Tear propagation

{iv) Degree of orientation.
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1.2 Rheological Properties of Polymer Melts.

Flow of polymer melts occurs when plastic materials. are processed

by extrusion, moulding and calendering techniques.  Therefore, it has

become very important to study the flow properties of the polymeré in order
to contiliue to make progress in polymef processing techniques, and allow
to understand processing faults and defects which are of rhe'ological origin,

-

and hence, try to select the best suitable polymer or polymer compound for

~a given set of circumstances.

@) - Newtonian Fluld (Ideal Fluid):
Area A
Force F [ <= = = === = =f— Velocity U

Figo 1'1 )
Figure 1 1llusltrates the behaviour of an ideal fluid under the mﬂuenc.eof

a shearing stress (T) = F/A.  The fluid fills the space between the two

_parallel plates of area A,  On imposition of a force F, the upper plate

will move relative to another one at a constant velocity (1) as long as the
force remains constant.  The fluid exhibits no tendency to return to its
original shape when the shearing stress is finally removed. Since the

shearing force is transmitted uniformly through the liquid to the lower plate,

_each layer of the fluid within the space of height!rywill slip relative to i;_he
next, setting . . .up a uniform change in velocity with disténce.

, Mathematically, the relationship between this shearing _stré_&s and the




resulting change in velocity may be given by either of two equations, since

%’, -is constant (hence = du ) :

dr
T='F/A=}1.11_ (1
vor
ﬂ b .
where:

3_111._ = velocity gradient or shearing rate of the ﬂ}xid,
n= coefficient of viscosity of the fluid. |
11; case of the ideal Newtonian fluid, the strain progresses
uni_formly with time. | If in tinie d t the upper platie has travelled a &stance dL,

Then the differential strain (dY¥ ) is given by:

d¥ =dL = U dt Cad
r r
or ¥ _u _au T
dt r dr n
~or T =n &% _ ¢ , F
3t =n-Y¥ Y

For an ideal Newtonian ﬂuid, where:
| ‘d = the shear-rate or rate of shear strain, Newton's-"equation implies
that viscosity at any given temperature is mdepenﬂéht of the shear-stress and
shear-rate.  Fluids which obey the ﬁbove relationship are known as
Newtonian fluids. |
Taking logarithms of the equation desqrﬁaiﬁé 1§Tewt6nian'behaviour:
log"(=log'(n-%r) |

log T=1logdu ° =16g‘;{+log1.l t5

ar + loga

Thus, the shear-stress shear-rate relationship of a Newtonian fluid becomes'




a straight line with a slépe of unity on logarithmic. co~ordinates.,  The
degree of non-Newtonian behaviour is represented by the amount by which
the slope of the log flow curve for a given non-Newtonian fluid differs from

unity.

(ii) Non-Newtonian Fluid :

Many real materials,} particularly polymer melts do not, however,
exhibit the simple characteristic of a Newtonian fluid.  For plastic melts,
such as low density polyethylene, _Newtcnian behaviour is detected only at
very low stresses well below‘ the range of interest in processing. At
higher stre_sses polymer melts exhibit what is known as pseudoplastic
behaviour.  That is, the shear-rate increases much more than
proportionally with increasing shear stress.

Skelland has summarised the equations which have been ‘proposed
to describe pseudoplastic behaviQ Te Unfortunately, the mathematics used
.iﬂ solving these equations are difficult and rarely justified. For many
polymer melts the flow curves approach linearity when plotted in
logarithmic form, particularly over limited ranges of shear stress, - This
-Iinearity, where it exists, implies a power-type relationship between shear
stress and shear rcte, and this relationship is known as the "Power Law",
or Ostwald-de-Waele equation which states that:

T=k(¥) (6)
Where K is known as the consistency, and n the degree of non-Newtonian
behaviour, or thc power law exponenf. In logcrithmic forﬁn equation “(3)

may be written: -

log T=1log K+ log‘?(r n

S




Thus, equation (6) is represented by a straight line of slope equal to the ‘
power law exponent (n). o |
The apparent viscosity ({ia) is defi::{ed as the quotient of the shear

stress divided by the shear rate or,

m e Ty

Equation (Ei) may be written in terms of the apparent viscosity as:-
o, -1
B, =1 =K(Y¥) &)
Therefore, the viscosity, u , will also exhibit a power law-type dependence’

on shear rate according to the equation:~
? \ n-1
Yo

Where 1 term is called the standard state viscosity and is the viscosity

e

= 10
1o (10)

calculated at some convenient standard shear rate ( Bo).

(iii) Flastic Properties of Polymer Melts

In polymer melts the chains tend to uncoil as they are sheared.
On release of the shearing stresses the polymer molecules will tend to
recoil again a.nd be pulled back by restraining forces. The elastic strain
present in viscoelastic polymer melts can be seen clearlkr‘ hi the "die swell"
of the emerging polymer stream. ‘The swelling ratic;, defined as the
ratio between the diameters of the melt profile and the die, gives some
indication of the magnitude of the elastic properties.

Die swell effects bha\‘re been ifnvestigatgc_l by many authors ('Benyﬁon. '

and Glyde, Bagley and Clegg). . Many theories have been proposed to
. R Sy




explain die swell in polymer melts and its correlation with normal stress

and end effects. . In capillary flow corrections have to be made for what is

known as 'entry effects'.  Polymer melts have considerable elasticity

and as they approach the small orifice opening from the larger reservoir

they resist being deformed into the new constricted flow chamnel.  This

entrance deformation consumes considerable energy which results in a
drop in pressure at the orifice entrénce.

An important phenomenon known as "melt ffacture" or 'elastic

turbulence' has been observed to océur as the flow rates are increased.

In several polymers the flow rate at which _such irregularities first _appeér
are véry low. This phenomenonr therefore severely limits the maxi:ﬁum
permissible flow rate which may be used in industriﬁl extrusion operations.
Therefore, for any poijmér there is a dertain critical shear-rate above .
which the surface of the extrudate becomes rough. Reiner has suggested
two possibilities fof the cause of roughness in extruded viscoelastic
materials: . |

a’ ‘ 'i‘urbulence after the disappearance of laminar flow at the critical
Reynold's number and (b) Str_uctﬂral breakdown by fractﬁre within the
polymer melt. Ti;e latter type of distﬁrbance is the most commonly
accepted in studies of flow properties and has been described by Tordella
under the name of melt fracture.

For Newtonian fluids turbulence appears at Reynolds numbers

ranging from 2000 to 3000.  The criterion for roughness is a critical

maximum shear-stress of shear-rate at and above which the extrudate
irregularity increases. ~ ‘Tordella suggested that as a result of the slow

relaxation times relative to the deformation rates, the stress exceeds the

12 &




streﬁgth of the meit and a fracture results, In 1963, Benbow and Lamb
published details of a number of e#periments which indicated that the
1bcus of oi‘iéin of turbulence was at the die wall.  The basic causes of the
effect of melt fracture are still in dispute, a_nd hence no recbmmendations‘
for methods of controlling or.reducing the magnitude of the irregularities
are yet possible, | | |

Howells and Benbow have found that an increase in tempexi'ature

causes a large increase in the critical shear-rate but has less effect on

" the critical shear-stress.

'Clegg investigated melt fracture in different polyethylene samples.
His work indicated that polymers which show ﬂow irregularity at low
output rates are those with compara;ti\‘rely long relaxation times.,  Clegg's
work was con firmed by Bagiey, Storey and West who experimented witl_l

«

polyethylene and came to similar conclusions, %, 4 nrnty

(iv) . Effect of Temperature on Melt Viscosity

It was pointed out earlier that, for many polymers at temperatures

‘considerably above their glass-transition temperatures, the melt viscosity

has been experimentally détermined to be an exponential function of the
absolute temperature.
Theory developed by Henry Eyring has led to the widespread

expression of temperature sensitivity of viscosity in terms of an activation

‘ energy This is defined by the Arrhenius equat:lo t=

AE/ :
A = Ae RT (11) , o N

where:- R _= universal gas constant
A = constant

AE= energy of activation for viscous flow

13'3’




In non-Newtonian fluids the viscosity depends on the shear-rate (% )‘or :
shear-stress (T), and therefore, it is necessary to keep either T or Y

. constant in order to isolate the temperatures effect.  The viscosity . ' H

change with temperature at constant T can be proved rﬁathematically to -

be different from the viscosity change with temperature at constant Y. | *
. as follows;-

-

The fotal differential of u as f (7", T) is:
du = (2 By
(a'r_lF dT*(a'r)T T

" If ‘6 is constant:

du= (a“%]‘l' dT.+(%%] ( 9;[:) dar

‘Rearranging and dividing by ( _3;;1_) .

;- W,
( gzl T oT/ . Von y- :

_14 Y N
Differentation of the basic equation T = A4 - ¥ with respect tou at constant _ '

\Z gives:

( 3T ) s Y - and this reduces the above equation to:
au Y
2R L2 Ay
(a"r )T = 1 - Y ( a1 : '

o Y
(a'r 5
In pseudoplastics M decreases as T increases and, therefoz:e, ‘
: ;W )
( 'g%),[. is -ve and the right—hand side of equation 16 must be > 1. L
Therefore, for a pseudoplastic: S \ :
\ . -u<“ h
.-—A-‘- 'a/‘J . _‘ .r. l,,-: s
(57 > > (2 }‘aﬂ N

10 14

B B T T ettt A s g+ i



-The two 1J derivatives become equal when either:

9 = o and the fluid is Newtonian in this case, or

[Pt

~

-

§ = o, and this raises the interesting fact observed by many
authors that e,ll fluids at zero shear are in fact N'ewtonians;
Rewriting equation (11) in the logarithm form:-

Inp = In A+ AE
RT

Plots of InLi| versus -%, may be useful to calculate the apparent activation

energy ( AE).

B Mendelson has shown that for low density polyethylene the A rrhenius

equation applies accurately only if the Lmelt viscosities are compared for

equal shear-stresses and that the acl:iyation energy varies if shear-rate is

taken as the basis for compariso.n. l
Philippoff and Gaskins have investige,ted in detail the relationshib

ef viscosity with temperattire for a set of diﬁ‘erent polymers and presented

an excellent summary of all work at low shear-rates.,

A 15
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1-3 Capillary Flow

The most commonly used method of measuring the flow behaviour

of polymer melts is by applying pressure to the melt and thereby forcing

it to flow from a reservoir through a short circular tube, It was

observed that the oﬁ.tput (Q) was proportiond{ to the pressure (AP) in case

of liquids such as water, and the following equation, which is known as -

Poiseuille's Law, could be postulated:~

_ 4
Q= AR -
8 M '.L . o =
Where:
R = radius of tube of length L

M = the coefficient of viscosity
For non-Newtonian fluids the following assumptions have to be

made in order to derive ﬁuﬁntitative relationships: ‘ | A

" Velocity of fluid at the wall is zero (o slip).

(i) . Fluid is time independent. -

(iii) Flow pattern is constant.

(iv) Flow is isothermal.

- {v) The melt is incompressible.

Consider the balance of forces for flow through a capillé,ry:
Twx 20l RL= AP xf.R®

where Tw = shear-st_ress per unit area at the wall qf the tul_)_e

2 M RL = -area of contact of moving cylinder of lquid aldng capilllary’ wall, -

A P = pressure difference at capillary ends,

;\

0 R2 = area over which préssure is exerted.

Therefore (w = APR o @y
S : |




- Rewriting equation (13) :=
Q= nepR’
: ' SMIL -

'Making M the subject of this equa.,tionz‘

| M= apr* _ Iw (by definition)
- T QL gw -
4

MMaPR™ _ APR

8QL = —Eqw : by substitutiQn for Lw)

i Yw-19 @5
‘ 3 .
R

A functional relation was found between T w and the term

Q/ nRa. " This relation may be written as:

¢ ".I

o _ CTw 9 - o
Q _ _1_ J % (1) 47 (e
5 .. U _
nr® T« o .
| Where: R SR ' T . ;' o o '- 1/{i. 3

f = the function connecting shear-siress and shear-rate, It

can be seen that from equation (16), Q .depends only on Tw and

| ) ar®
independent of tube size. .

A superimposition of flow curves for data obtéihec_l from .measuremeiﬁxt_s' |
" using capillary tubes of different diameters would show absence of both |
time-dependence and slip at the wall. |

' Entry Effect in Cappillary __ Tubes:

A method has been proposed for the elimination of entry effects by using ] o
- pairs of ‘capillarly tubes of equai radii andl lengths L1 and ].2 for which
' _pressures P1 aﬁd P2 arg.required, _respectifely, in the same reservolr
to obi;ain an c:aqsqa.'lloutpiit Q) ‘.By using - L, ‘and Pl"-' P;ihgtead of |

1 and P, most of the entry effects can beehmted :. e ‘:f: ‘. - -




1-4 Principles of Extrusion

Extrusion is employed in the p.rodu'ction of plastic films, pipes,

sheet, profiles and coatingé on wire, paper and other substrates.

| ‘The elements of a typlcal single-screw extruder are shown in
Fig. ( 1.2  )_. . 'The plastic material is fed from a hopper thmugh the
feed throat into the ehanpell of the screw. The screw rotates in a barrel
which has-a hardened. liner.  The screw is driven'by a motor through a
gear reducer and heat is usually applied around the barrel and die. As -
the plastic granules are conveyed along the screw channel, they are melted.
The melt is forced through a breakex plate which supports a screenpack
and then flows through the die. . The size of single—screv;r extruders is

described by the inside . . diameter of the barrel.  The length-to-

diameter ratio (L/D) is an important design spe'ciﬁcation' of an extruder,, '
‘This ratio is the effective length of the machine (from the rear of the

feed hopper to i:he breaker plate) divided by the nominal diameter (ingide

diameter of the barrel). . For thermoplastic extruders, (L ) ratios
_ D

" normally are between 16:1 and 24:1.

Extruder barrels may be heated electrically, either by resistance

or induction heaters, or by means of jackets through which oil or other

heat transfer media are circulated.
| The screw is the most important component of the extruder,
Its function is to convey unplasticated resin froﬁ the hoppef and de}iver
it tothe die at a unifoﬁﬁ rate as a homogeneous melt, |
| The baﬁel of th.e' .extruder 1-5 composed of the following sections:

1) Feed section : The function of the feed zone is to pick up cold

" material from the hopper and feed it at a moderate pressure to allow .proper _

. functioning of the compression zone. ~ ‘The solids feeding depends largely

avivam o+ o ep————————i it v D AT T BT T BRI S P

on the bulk density of the feed material and the coefficient of friction
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between the polymer and the metal parts of the extruder. It has been
shown that the most efficient solids feeding occurs when the coefficient
is 'maximised with respect to the barrel and minimized with respect to
the screw. = Theoretical analysis of the feed zone shows that efficient
cqnveying of the solids is achieved by providing a deep écrew channel,
(i) The Compresgion (Melting) Zone Section : The compression
' zone receﬁréé the granules from the feed zone and éonverts ittoa
dense melt and deliver it at zero pressure to the metering zone., To
aJ.low good compressioﬂ of the material a ‘gradual decrease is made 1;1 - L
. the channel depth along the zone length. |

Heating of the mate.rial in the compression zone is achieved by -
cbnduction, radiation and internal shearing. .

Maddock and Street have provided valuable insight into the
mixing and melting processes, barticularly in fhe transition zone. -
| (iii) ‘The Metering Section : The meteri:ig zone of the screw is the
s’ectioﬁ which provides the extruder head with constant pressure and ﬂov{ :
rate.l The metering section restricts the dlscﬁarge of the feed énd
compression _sections and thei‘el;y causes preséure to be built up at the
, forward end of the feed-section. This pressure contributes to the over-
all pressure difference across the metering section and'hence influences -
the pressure flow through the metering section. ~ As the dhaimel is
usually more shallow in this wne, the shear r:'ites are higher and the
mixing is more intense. ..

Extruders manufactured with two (twin-screw extrudérs)'or more
sérews are known as multiplé—screw extfuders. The multiple-screw

extrﬁders may be of an intermeshing or a nonintermeshing type. Those

with intermeshing scfews tend to operate as positive-displacement puinps

6 20




and their output is relatively independent of back pressure. They consume
less energy than single-screw machines, and their plasticating capacity is
more dependent upon heat transfer from external heaters.

Nonintermeshing sc'rews are usuaily made to rotate in opposing
directions. 'I‘vvjn?screw extruders of this design find application in resin

compounding,

~

gL
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-1-b Production of Sheet and Thin Film by Screw Extruder

(i) Production of Sheet

-Sheet‘mg is differentiated from film by thickness. Shaped plastics
which have a maximum thickness of 0,010 in. are referred to as films.
Those ha_ving a thickness greater than 0,010 in, are called sheeting,

Sheet is made by forcing thermoplastic through a long horizontal
glit,  The hot web thus ‘made is carried around polished metal cooling rplls,
drawn through rubber pull rolls and is then cut up or roiled as desired.

The plastic materials used for this 'purpose are generally high density
polyethylene, P.V.C., high-impact polystyrene and A.B.S, .Sheet
extrusion grades usually have a high melt viscosity, because die resistance
is relatively low and the physical properties are better (high molecular
weight). | , 7 ’

~Thin films are also manufactured by calendering and solvent 3
éasting. Chill roll casting of poiyethylene ha's become an established‘
processing technique for the preparation of flat film.  Several authors
have reported on the relationship between processing variables and film
properties of chill cast film and compared tilem with blown film,

Generally,, it has been observed that chill cast ﬁlm will excel in opticals
by exhibiting higher gloss and lower haze than will blown film prepared
| - from the same resin. | |

(ii) = Production of Tubular Film :

" In the tubular film process a thin tube is extruded and by blowing
air through the die head t};e‘tube is inflated into a thin bu_ﬁble. This is
'_ cooled by external air, collapsed by nip rolls,and‘wound up. either as a fube -
or slit into flat ﬁlrﬁ. The ratio of the bubble diameterrto the die diameter-
is known as the blow—ué ratio (B.U.R.), and the distance between the die
and the frost line, where the extrudate becomes solidified, 18 known as the '

freeze=line distance. __Tha reduction in thickness of the extruded film
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1s obtained by expanding the extrudate diameter as well as by differential

speeds in the machine direction. The die diameters usually range from
3to G‘times the diafneter of the extruder screw., and they are end or side~-
fed with the tubing normally ex"truded upward, or, in some cases downward
and horizonfal.

In order to maintain expansion of the bubl;le, it is necessary that
expagsion’should be started as the molten polymer leaves the die lip
before it is cooled.  This comprises the crﬁ;ical zone in which the film
is transformed from a fluid to an oriented, cooled plastic film. "~ Film
properties (mechanical and optical) are developed in this zone.

Dies for tubular extrusion are either center-fed or gide-fed dies.

Center-fed dies aré preferable for uniform flow lwhich ylelds uniform
thickness. Side-fed dies are generally employed for production of films
having large diameters. (12 in. and ovér). Film dies are usually héated
by bands or similar resistance heaters. | -.
Cooling of the extrudate is maintained by employmént of ‘aif rings o
which are bullt in such a way so that the gap thrqugh v}hich the air flows can

be varied in width, thus varying velocity,




1-6 Properties of Thin Film :

The general specifications of a packaging film can be outlined in
terms of physical properties according to requirements.  Generally the
following characteristics are the most important for a packaging film:

(i) - Appearance : A polyiner film should be transparent and free from

haze or particles and must have a high gloss.

(i1) Prlntabiligy ¢ A film should be printable by standard techniques

at modern press speeds, and therefore, its surface should not be inert to
wetting and solvents.

(iid) High-impact : A high 1mpac_t film 18 very important especially

for goods which are to be shipped and exposed to vibratioﬁ and sudden

shock.,. A fiim with high impact strength is capable of distributing stresses

S
without rupture. =

(iv) " Tear and Tensile Properties : A packaging film should possess
a high tensile strength and high tear resistance (tear initiation and fear
propagation) to be able to resist shocks during handling operations.

(v} = Handling Properties : Handling characteristics of a film are most

1

affected by blocking, coefficient of friction (slip), and static electricity

‘buildup. = These properties control the rate at which the film canbe

processed. - A packaging film should slip easily during fabrication and

must not develop static electricity which might cause"fairly high shocks to -

operators and delay broductlon}.

Moreover, a film.must also resist degradation which may be

caused by direct exposure to light and sun rays, = Good handling

- characteristics can be maintained by the incorporation of additives to the .

~ base polymer (slip and antistatic agents and antioxidants), . .

S




1-7 Effect of the Processing Conditions

It is well known that the propérties of the film are strongly |
erendent on the processing 'conditions as well as the polymer used. It has
been shown that the higher the densify the lower the flexibility, the greater the
brittleness and the less susceptability to blocking.

In recent years there has been extensive investigations into the
effect of processing conditions on both mechanical and optical prope'rties of
10\; density polyethylene film. It has been shown that film properties; are
largely dependent on extrusion variables such as blov&-up r_atio. melt ‘

' temperature, draw doivx_l speed, extrusion rate, cooling rate and freeze-line
distance. These extrusion variables can all be adjusted to give optimum

properties,

Huck and Clegg have given an excellent summary of these et_‘:t‘ects {
. . " -/

‘.

which can i)e summarised as follows:-—_ |

(i) Optical Propertiéé :

- Factors which cause light scatténng are mainly: - o .
(a)  Surface iri‘eéularities due to melt flow. - |
- () | Crystallization, and |

(¢) Melt drawing.
When extruding low density polyethylene, the eléstic nature of the melt
causes a complex patterﬁ of surface irreg‘ulariﬂe& to form as thé’ melt leaves
| the die.  These are mﬂuencedl by the naturg of the resin, shear-;-rate
(output), melt temperatur? Iand die profile, . | ‘

The second major cause of surface irregularities comes from the .

- growth of crystallites near the surface of the film, which distorts the

surface.




Extrusion variables greatly affect light scattering. Increaéed ,
freeze-line distance (F.L.D.) decreases haze_. Increasing extruder
temperature improves optical ﬁroperties because the melt is less elastic,

8o produces fewer extrusion defects. _E“_"ffﬁsi}}% Egtggiiigtgjgggeﬁges the
extrusion defects, but decreases crystﬁllization i::egularities because of

the increased rate of cooling.,

i) Mechanical Properties:

The impacf strength is increased by increasing blow ratio.
Under some conditions impact strength increases with output rate, ~ The
- effect of freeze-line distance is also detected.  The ‘bubble shape, which

changes with output and freeze~line distance shows the order in which

transverse and longitudinal draw occurs, and this affects the amount of each
frozen orientation into the film, !
Tensile strength gives no indication of serviceability, but
elongation is broadly related to impact and tear.
Polymef melt flow behaviour is indicated by swelling ratio (melt
: elasticity).I Temperature gradient between die and freeze-line is
_ inﬁuenced by cooling arrangements. Impact strength increased as air
ring was moved from die to a position 3% inches above the die. |
These concepts have shown to bé applicable_ not only to blm film

but also to cast and water bath ﬂlm.'_ L

the o
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1-8  Orlentation in Polyethylene Film

| One of the most important characteristics of polymers is the ease
with which the molecules and crystallites orient when the pblymer is |
deformed. Polyethylene is the most extensi(rely studied polymer with
regard to orientation. When a polymgr is oriented many of its properties
may be modified or the polymer may become anisotropic with respect to
certain pr(;perties. Polyethyiene is a ﬁolycrystalline polymer in that
~ the polymér molecules are assumed to be arranged in a crystalline and
non-crystalline phases. Deformation of the polyethylene film results
in an orientation of both crystalime and amorphous regions 'with respect

to the deformation direction.

(i) Theory of Stress-Induced Orientation:

I

" In stress-induced orientation lpolymer chains are displaced by hot
stretching or drawing from a completely random entanglement to a more
,ofderly arrangement parallei to the direction of stress. = When the

| chains have become straightened, mutual attraction between the chainé is
increased as they are now in a position to exert the greé.test possible
secondary valance forces on each other. Since more gecondary valence

- bonds must now be broken; slippage is .i'educed in the direction 6f alignment,

| Because of that and thg unfolding of the polymer chains, an increase in‘tensile
strength and elastic modulus results .. - If stress is applied to é. hot mass of
randomly coiled and entangled chains, the polymer chains disentangle and
straighten and alsodip past one gnother. There are three components to
this:~- E1 the instantangous elastic deférmation caused by valence-angie
deformation oi‘ bond stretchiﬁg, which is complet_:ely _recoverable when the
stress is removéd;. - Egy the mo.lelcul.glrlgl.iglnmel:nt tli.efqrmlation' caused py

uncoiling, which _résults in 2 more linear molecular arrangement parallel

23 27 .
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) Biaxial Orientation which occurs when a film is drawn in more

to the surface and which is frozen ﬁto the structure when the material 1:_;
cqoled. E3, the non-recoverable viscous'_flow caused by molecules.
‘sliding past one another. E, is the orienting component or the major
coxﬁponent of'the stretchihg process, |

When a film is' rapidly stretched at a temp, slightly above its '
glass trénsition .temperature (Tg), E1 deforms ingtantaneogsly, then
begins to retract as E2 deforms. - If the response time of E3 is greater
than that of E2 under the applied stress, then at some time t_, E2 is |
relatively large and E3 still small. - If the material is rapidly -

quenched at this point, the alignment deforniation E, is frozen into the

2
structure. Stretching is thus a‘ dynamic proceés in which orientation .a.nd
return to random coil (relaxation) occur simultaneously.

(i1) Biaxial Orientation : S, : s

There are two types of orientation :
(a) Uniaxial orientation which takes plaée during the drawing of a

filament where the polymer chains are aligned in one direction only.

than one direction, commonly at two axis at right angles to one another,

‘The first biaxial orientation process was developed in Germany about 1935,

Balance in biaxial orientation is the result of the relative degrees of | .

stretching in different directions during the orientation process. For
packaging it is always desirable to have a film as nearly balanced as
possible. = As the degree of orientation in a biaxially oriented film

becom‘es'greater in one direction than in-another, values of properties in

the one direction increase at the expense pf' those in the other direc_ti_on.'




1-9 Deformation of Polyethylene Film

L

The number and nature of the phases present in the polymer are |

- gtill subjecfs of active investigation and speculation. It is agreed that |

the molecules wﬂl be ordered differently in each phase and the observed
ﬁroperties of the polymer will be a combination of tﬁe individual properties
of the molecules in each phase.  The first fwo-phase model of the structure
ofa polyc;'ystalline polymer was the fringed micelle model, which assumes |
that the poljrmer is ‘composed of crystalline and amorphous reglons. Some
portions of a long molecule lie in the ‘crystalline regions, whﬂe other
portions wander randomly between the crystallites' and contribute to the
amorphous region. " 1t is assumed that sections of molecules become

' arranged in an ordered array and crystallize to form an intermol_ecular

: cr&stal. There is growing evidence that the crystallites in the polymel; may
also be in the form of chalh-folded, single crystals, The individual single
cryétal lamellae are believed to be connected to each other through tie
molecules which will make them respond co-bpe;‘atively- to a deformation. __

. Keller obtained electron photomicrographs 'of_highly oriented polyethylene -

fibfes in which the observed lamella-like structures whose chain axis is

| . oriented in the fiber axis direction, whereas the long axis of the lamella

,waé perpendiculgr to the fiber axis .directit'm. Kiho, Peterlin and Geil
have demonstrated that twinning and phase changes oc'cuf when single.
crystals of polyethylené are deformed' and suggested that molecular tﬂtihg -

- and slip which is parallel to the chain axis contribute to the deformation

_ mechanism.. Hansenla.nd Rusnick proposed that the controlliné mechanism

| and the cold drawing.of polymers is one of crysta}logfa:phic ’sli:p. - It can |

be concluded that the nature.of thg structure of the crystallites in deformed
polymers is uncertain, but that there is an ihcreaging inclination towards

29




the chain-folded single crystal lamella model.  Until now, the two-phase

" model is the most useful model for the interpretation of the deformation behaviour

of fﬂms.. . The observed properties of the polycryatalline polymer will be a
result of the mixing of the two phases, the crysta]line and the amorphous

phases. L

.-




1-10 Technique of Measuring Mechanical Properties

@) Impact Strength

The purpose of the impact test 1:or polyethylene film is fo determine
the resistance of the film to failure under oondiﬁons of high velocity impact.
The falling dart test has taken several forms in regard to the .
manner of measuring the impac'l: strength of the test specimen. The.
" method adopted by ASTM Committee D-20 on Plastics, ASTM method
D1790 (27, 28), has found a wide applipatidn. - In this test the dart is
dropﬁed from a constant height, but the weight of the dart is increased in
equal increments from the ininimum just light enough not to rupture any
' | .test specimens to 2 maximum just heavy enough to rupture all of the test
; specimens. Impajct failure weight is the weight at which half of the
test specimens fail.’ . | K
In some instances the combination of weight of the dart and _heiéht
‘of drop is selected to insure that the tesf spe.cimens will always be"
ruptured. | | |
(i) Tear Strength
| .~ The most. common tear {ests consist of measuring the force

required to continue a tear rather than the force required to initiate the

~ tear, The Elmendorf tear test, developed in the 1920's, measures the

" average force required to propagate a tear through a specified length,
* Several variations have been developed which measure the propagation tear -
resistance on one of the more Senaiti\_re tensile_testing instruments._

(i) Tensile Strength

Tensile strength is the maximum tensile stress which'a material
can sustain, Itis calcwlated from the maximum load during a'tension test,

and the original cross-sectional area of_thg'tést specimen. The speed of
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testing, type of sample grips used and the manner of measuring the extension-
must be considered.  'The specimen is usually gripped at its widened ends
and mounted in the tensile testing machine in axial alignment with the
direction of pull. It is then loaded by separating the grips at a constant
rate until it bfeaks. The tensile strength is calculated from the load at
break and j:he original area of cross~-section.
The elongation at brezk is expreaseci asa percentage of the original
distance between the reference lines.
The initial grip separation depends on the material bemé tested.
. For materials having a total elongation at break of 100% 01; movre the ASTM
Method D882 recommends at least 2 in,  The speed of testing depgnds on
| - the type of instrument being used.

@v)  Degree of Orientation | '

A number of methods are useful in obtaining information on
Orientation, of which the following are the most commonly known:

(a) X-Ray Diffraction

By means of X-ray diffraction methods it is possible to obtain

detailed iniormatioﬁ on the crystalline component of a polymer.

For a preferentially oriented sample, the intensity around the cone

- of diffraction will depend on the position of the.sample relative to the

incident beam. - B\y us!;lz some form of pole figure devices tﬁe ‘

S intensity can b'e‘obtained fora set of diffracting crystaL_plqnes while
.. the sample pos_itibn'ié-varie&»‘systematica]ly._ i SRR

\.
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(b} Dichroism :

In the absorption spectra of oriented solids measured with polarized
radiation, the absorption of ce_rtain b.'_mds may be dependent on the direction
- of the electric vector,  This phenomenon is known as dichroism and is
- used to dbtaiﬁ orientation a.n_& structural. information about polymers.

{c) Birefringence :

- Birefringence is a measure of the total molecular orientation of a
éystem._ It is used in many ix;ldustrial film ;;lants as a measure of the
- average orientation of the sample.  Birefringence is deﬂnéd as the difference
in the priqcipal refractive index parallel n1l) and perpendicular (nl) to the
stretch direction. '7 As velocity of light iz in the medium is reiated to the
polarizabﬂit& of the chains, birefringence is a furiction of contributions from
the polarizabilities of all of the molecular units of' the sample.  The vélocity )
of light in the crystalliﬁe region will be different from that in the amorphous
region. Tobin and Carrano came to a conclusion that the amorphous
' '.material shows only slight orientation even at very high crystallite orientations.
. Since the molecules are optically anisotropic there is a difference in' the
principal polarizability parallel and perpendicular to the chain axis., For
~ an unoriented éample the birefringence Arnlis given by:-
An=n//. ~nL =0
| . In the past few years several quantitative and qualitative studies of
the orientation 1n polyethyléne filmsamples have been‘made. D.R. Holmes
and R, P, Palmer proposed a crystallite orientation similar to tﬁat first
observed by Nancari‘ow and Horsley in relaxed drawn filaments, the a a xes of
~ the cz"ystallits'swere stated to be preferéntially oriented pérallel to the

extrusion or machine direction, and the b and ¢ cryétallite axes were .
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randomly arranged in the plane perpendicular to the extrusion direction. |

| From X-ray and optical investigations they showed that the orientation in
the films is cylindrically symetrical about the machine direction.

Depending on the extrusion conditions the angle made by the chain axes ‘of
the crystallites may vary. The measured b‘i.r.efringence is inﬂuenc;d |
both by the average value of the angle and by the dispersipn or distribution |
of orientation about thig value. . Clegg and Huck showed arelationship
between Birefringence, blow-up ratio and impact strength,  From a plot

. of birefringence against blow-up ratio they showed that birefringencq passed

through a minimum and then 2 maximum, :

PR LI
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'SECTION 2

Experimental Method

Introduction
| This section covers the materials used and the mixing procedure
of the polyethylene granules and the incorporated additives. A short. |

summary is also included of the following:

-

. {@) - - Flow equipment and method of in#estigating flow prbperties of
‘the polyethylene grades. | |
@) .  The Extruder used for the film blow process. ‘ .

(iii) - - The physical testing methods of the polyethylene film. The work

involved the incorporation of an antioxidant, an antistatic and a°

| slip agents .

The experlmental work carried out can'be divided into. four -

parts:
- L .- Preparation of raw material.
(2) R Flow properties investigations. |
@ Prdcessing variables investigations of tlde film-bidw process. |

4 - - Te sting of the mechanical properl:ies of the final ﬂlm.
: \ 21 " Dreparation of Raw Material 1 | R
| Investigations carried out: involved 'wo_x;king with the.following \
low density polyethylene grades:-~ | |
‘a) | . Two standardlow density poclyethyiene‘grades for tubular f_iltn '

production namely:-

XIF/46/41 - Medjum snp:f',"'_',;_"‘f'_',jf__f'_ B

XIF/46/63 - Wighalip: T T




b) | Four low derisity polyethylene grades prepared by incorporating

with the base polymer constant quantities of an antistatic agent

| and an antioxidant and varying amounts of a slip agent.  These |

are summariﬁéd in the fo]bwin% table:~

- Table 21 | | :
Base Polymer . Additives p-p-m
Polymer | Grade - | Antistatic agent| Antioxidant Slip Agent
{Ethomeen T12) | - (TopanolOC) | Armido)
MS/5 . S oo
(Low slip) . 100 500 50
Q1388 |Ms/25 | - » o 3
(Medium-low { :-.100 . - 500 . - 250
slip) : R _. ,
1 MS8/50 : o B ) . :
(Medium slip)] -~ 100 . 500 500 ’
MS/100 ' '
100 . 500 1000
(High slip) '

The slip agent 'Armid 0' was obtained from "Armour Hess Chemicals",

| Other materials were cbtained from -I.C.I. , Plastics Division,

The following table shows main characteﬂstics 6f thé lélip agent

(Armid O)
- Table 2-2__
* Armid o | Amide | Melting point | Moisture Flash
(OlLemide : _ ' .
commercial)l 5o i) 68°C 0.5 -207°C
. S ~ Chain | !
cu | c15| ci6] c17 | c1s |others
4.5 0.5 9.5] 1.0 79.0 | 5.5
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" Blending of the Polymer grades:

Blending of the additives and polyetﬁylene granules was carried

out on a two-roll mill.  The mill was loaded first with half the polyethylene, . |

". then the additives, lthen the remainder of the polyethylene. ‘The rolls were
rotated at 40 rev./min. for about 15 minutes a.nd controlled at a temperature
of 135°C.  Portions of polyethylene sheet were repeatedly removed from
the sides using a doctor knife and returned to the nip of the mill to achieve
homogeneity. | | |

~ Dry siaeets of the polyethylene containing the additives were taken
' é.nd milled in a gram:latof t.o"approximat'ely the éaime- previous size of | |

granules,
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2-2 Flow Properties Investigations |

Flow Properties studies were carried out using a Davenport

Extrusion Rheometer serial No. ER~406/27, | Two pairs of dies were

used, each pair having equal radii and different 1engths. A diagré.m of

the Davenport Rheometer is shown in Fig. 21

.o | 2.2 - Apparatus : The apparatus has four main parts as follows:-

El) a heating chamber.
b) a system to control the temperature of the heating chamber .
c) A motor-driven piston, | T N
d) a pressure measuring system.

The heating chamber contains a heat-conducting barrel, 24-13 ‘cm.

- long, with a nitride-hardened bore. -

: The temperature control system was a resistance thermomefer"
" forming one arm of an A.C. bridge circuit.  The output of the bridge
.circuit was fed into a phase sensitive amplifier controlling the energy to the
heater. | _ | _
The piston was driven vertically into the bari'el by an electronically

controlled, valfiabl_e-speed, D.C. motor.

N '2:2.2 - - Method Summary: |
o | The polymer sample was put into the heated barrel containing th.e
extrusion die.  The selected extrusion temperature was then precisely
controlled and was directly indicated on a mercuxy—in-glalss thermometer =
residing in the heﬁtéd chagn_ber. The piston was motor driven vertically
into the barrel at a chosen rate, As the polymer was extruded through the
die i:he l;ressure applied to .the sample melt was méasured by a transducer |

inserted in the barrel assembly close to the die and was recorded on an

1
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| electronic strip—chaﬁ recorder., ‘The piston speed ‘was then changed to |
several different rates, the pressure being i‘ecorded for each speed.
This procedure was repeated at a number‘ of different temj)eratufes ‘(from
| 150—22600). The shear-stress and shear-rate were calculated from the
piston speed and the corresponding pressureé. ‘
CoT:r.ections for the entry_ and exit effects were‘made by assuming
a die of length .(1.1 - 1) for which a préssure (P, - P,) would be required

to give the same output rate (piston speed), where:

]'1 l‘é and P1' Pz are, respectively, the lengths (cms) and
pressures (p.s8.i.) of one pair of die,

On' this basis the shear~stress (T). has been calculated as follows:~

2 “‘1 "2’ | I e/

Shear-rate (\") has been determined from:- - - !

Y = x _
 "16.5326.19 (18)
where:
r = Capillary radius of each die of one pair of die (cms).

x = Piston drive spéed (cm/min)

Table:2.3 below summarizes the dimensions of the capillary diéé used: N ‘
Table 23 | '

No. Die characteristic r(cms) L(cms) - L/r-

1) Flat Entry . 0.1 2.0 20
2 FlatEatry L, 01- 15 16
k) . FlatEntry | ... 0,05 1.5 - 30
- 4 Flat Entry - £ 0.05 .0 20




2-3 Tubular Film Extrusion

2-3,1 ‘ Apparatus :

The line used for film~blow extrusion consisted of a 'Betol’
Laboratory Extruder fitted with a conventional polyethylene screen and
water cooled feed zone hopper capacity 14 lh.s. The dl‘.e‘used was a
bottom-~fed design with 5cnis. cord diameter, .. The iength to diameter
| ratio:

L:D = 20:1

The haul-off st;ction consists of Mobile Film Tower with 12" x
6" diameter rubber covered nip rolls,. 5 ft, in hgight from centre. . |

Line of the Extruder giving an overall height of 9 ft.

" 2-3,2°  Description of Process :

Tile equipment shown in thé Blown Fﬂm Extruder in Fig. (2.2 )

Includes: Extruder, screw, die, oooling ring and wind-up equipment. o
The extruder may be oongidered as a hollow cylinder containing a screw, .

" designed with feeding, compression, and metering sections for transport
of the polymer. It also had closely coﬁtréuéd heat zones to change the
solid polymer to a processablle fluid. |

~ The melt emerged from the die hffhe form of a tube, which was
then inflated by air, coming from an air éuppiy, to the desired dlé.mefer.'
The air was'entrapped between a set of nip .x.'olle-:‘la.nd the exfrusion die.
As a result the 'aif .re‘mained in;a‘_constaﬁt position.and the' extruded tube

' ,.was actually forced over it | The inflated tube was cooled by means of
" an air cooling ring placed above the die.  The tube was then pae';sed beti;veen

' two sets of guiding rolls which flattened it and led it to the nip rolls, .where

it was pressed coz_ppletely_ﬂ:;t aﬁd ivound-up 1n.t.h‘e_ rolls as a.tube. |

o e
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Process Variables Investigations :

2-3.3
N The process variables jnvc:a_stigated were namely:
@) Haul-off rate, | n
(@) = Screw speed.
(ii1) Blow-up ratlo,

The extrusion temperature, freeze-line distance and film
thickness were kept constant for the whole sets of experiments. . These

are summarized in table2.4 below:~

Table 2.4 R | R
v ' '
Extrusion Temperature °%
Freeze-line - Barrel Zone Die Zone
-distance (cms). ‘| Fibp thickness ' o ,
' ..} (mm) : i 2, 3 1 72
25-28 . | 0. 060 p 0. 002 165 160 170 190 190

The cooling rate was adju‘sted when necessary to cope ’
with the increaéed output rate wﬁen the screw speed was increa.sed. The
haul-off rate was changed when changing the blow-up ratio or screw speed
to give the required film thickness. Each resin was run at the following- .. B
range of screw speeds and blow-up ratios:~ B | .

Screw speeds: 20, 25, 35, 45, 55 {rpm)
Blow up Ratios: 0.7, 1.0, 1.4, 1.8, 2.1, 2.4, 2.8
In order to maintain film thickness of 0.006 cms. oﬁe set of
35 runs was made for each resin by adjusting the bhaul-off rate as the
blow-~up 'rétio was cha..ng.ed at each cc;nstal.it' screw speed.  However, it |
wag not possible to-wqu p,t h;gh _bl_ow-up: rg_tioa when operating at_ l__ow BCTew .

\

speeds.




Blow-up ratio was vaﬂed by changing film width since dies of
- different size with identical geometry were not available. By measuring
the film width the blow-up ratio was directly determined from the following
relation:- | |

Blow-up ratio (B.U.R.) = bubble diameter
die diameter

~ = 2 X blown film width
T x die diametex

y

. VI
otk . . N o , o

i
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P Testing of Film Mechanical Properties

When considering the mechanical strength of film the important
factor 1s the ltkely durability of film in service, and this factor is almost
impossible to access in a simple way. However,‘ it is accepted that a |
reasonable simulation of the necessary ﬁroperties can be obtained by |
measuring the three quantities - tensile strength, impact strength and tear

strength.  All three properties were measured at room temperature.

2-4,1 - Tensile Strength

The tensile strength tests were carried out in Instron Testing
Machine (Floor Models TT-B, TT-C!, Standard, Low Speed, Metric)

" using the ASTM Method, Designation D882, which covers the determination

of tensile properties of plastics in the form of thin sheeting (less than
1.0mm, in thickness). Initial strain rate used = 10mm/mm. min,

" Method Summary:

A diagram of.the Instron Tesfing .Machine is given in Fig. ( 2.3 )
The test specimen was placed in the grips of the testing machine, taking
care to align the long axis of the specimen with an imaginary line joining |
thé points of attachment of the grips to’l the machine, The grips were
L tightened evenly and firmly to the dggree necessary tq minimize slipph}gf
of the specimgn during test. . )_The machipe was then sj:arted and loa;d |
versus extension was recorded automatically in the chart pé.per attached.
The tensile strength was calculated by dividing the breaking load
(G max.) by the original c.ross sectional area (Ao) of the speci.men:_ |

‘.

'I'ensﬂe atrength Gmay ... MN

‘Ao _‘ m2 -
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| strength of the given material. In each case 20 specimens were used

v forbdthi(g_rialandtestingruns. o | - ’

where: -

- - Percentage elongafion at break (E) was obtained as follows:

E% = ?’L X100, whare:

0

A ¥ = Elongation at the moment of rupture of the specimen.

- Jo % initial gauge length of the specimen.
In each test five specimens were used and the arithmatic mean of all

" values was calculated.

2-4,2 -~ TImpact Test:

Impact tests wefe carried out using the falling dart test,

. method'306B according to the B,S. 2782, . The height of the fall and

o ~ the mass thereof were altered and the minimum value of the product of.

fall height and mass which caused fracture was reported as the impact

;
oo
v

. Impact Et}ergr =HxW N

where:
- H = height of fall {cms)
W = the mass (gms)
| - Impact Strength was calculated as follows’:
_ Impact strength = 1 16m+1 ‘ i,.6‘m+2---'!62‘q}

m = number of blows in trial run,
| 6m+1 = impact energy of first blow of the testing run, = =
_. 6'm+z = lmpact energy of 2nd blow of the testing run.'

o 620i ) lmpact energy of 20th blow of the testing run. f B

]
.




Sample strips were prepared from each film grade. The sample

‘ 2-4.3 Tear Test

- Resistance to teai' propagation was determined aecording to the
ASTM method, Designation D1938 whicfl covers the determination of the
force in grams necessary.to propagate a tear in plastic film (thickness‘< |
1mm) by a single tear method. The tear propagation_force was measureci
using the same Instron Teeting Machine which was used for tensile strength
test. Ae initial grip separation of 5cm. and grip separation speed of
25 cm/mh;. were used to propagate the i.nitia.t'ed tear in the specimen,
_Fiv.-e specimens were tested in each case and the median of the ﬁ've '

me.:dmum teer propagation forces in grams was reperted.

.2-4.4 Determination of the Birefringence

Birfefringence ( An) was measured using an Eringhaus compensator.

K
I

investigated was placed on the microscope stage in such a way that the reel

* edge could be seen. The stage was then rotated and the extinction angle

! 2.[»5

in relation to one direction of the film was recorded,  The film was then

rotated to 45° pos'ition by rotating sample stage; Binefringence was
" determined by measuring the separation of the two black arg,;s‘. By using

“sodium 'D' line the phase differe_nee was fqund from eompensatpzf settings

in calibration tables.

Bitefringence' ( an) = phase difference
: sample thickness

Determinaﬁen of FilmDensities :

-

Film dens_itie.e were measured in a Denaity Gradient Column -

' .using ethyl alcohol and boiled distilled water, and st&md_ard floats having

densities in the range:

. .0.9150 = 0,9500




The positions of the floats were determined with the aid of a cathetbmetér, .

measuriﬁg at the centre of volum_e. Those were marked on a graph and
the best straight line was drawn, . Samples were then cut from each film -
and then inserted in the column. After allowing the speéimens to reach
equilibrium, their pdsitioqé werameasured and the corresponding densities

were then obtained from the graph.

S




; 2 .6 Determination of the Critical shear-rate
| | The critical shear-#'ate (\?c) was determinéd for each témperature
| :as the mﬁximum shear-rate after which fracture of the ex':trudate‘ of the given
poiymer grade occurred._' _All measurements of the cﬂtieal shegr—rate were

made using die No. (I)mlrta-.ble 2.3). .' o B .

¥

. 11 ) ..‘




. Experimental Exrror

It is essential to have estimate of the experimental error associated
with the various procedures a.nd testing methods.  These can be grouped as .

follows:

) a) . Errors arising from shear-stress shear-rate measurements,
b) . Errors arising from measurements of strength properties of the

end films, 'a:pd these are mainly tensile and tear streugth properties., As

impact strength is estimated from a set of test trials, the main error can arise
from slippage of the test specimen at the moment of impact. To minimize

| th_is a rough rdbber ring wag placed b.etween. the specimen snd the‘support.

k Experimental error in both cases is assessed by a measurement .

r

" of the estimated standard deviation (S) from the following relationship:- =

Ts=-‘\l$.x2 nx 2

" where:= , ' B

il

x = value of a single observation

X aritltmatio mean of the set of observations |
n = number of observations, '
The foll_.owing table summarises the range of experimentél errors
.' as estimated by the standard deviation (S) from the sets of obs'ervatious |
cartied out to charactexize: o

l. a) Flow properties ‘of the polyethylene grades.
| | . b) | o Teneile and tear strength properties of the diﬁerent ﬂlms produced. o

Errors of the equipment used are a.lso moorporated in this table-- : “

) M\51 i




R

.. |elass

Table: 2.5 )
.. |Source of Degree of | Property  |[Number of Range of S
|Error - | Error — |investigated trials r -
N XJF/46/41| XJF/46/63 [MS/5 - MS/25 | MS/50 |MS/100
{0-3000) psi t 3% Shear-stresq 3 (each 1,0-1.8  [1.1-1.7 [1,1-1.91.3- | 0,9- [1.0-
_ | Transducer shear-rate | trial with 1.8 | 1.5 1.7
1 _ - _ dependence | 4 dies).
. |Mercury-in- + 5°G
| Thermometer
Instron Testing | Accuracy | Tensile | 5 for 2-4.5 2.4-4.2 |[3.1-4.6]2.3- [ 2,9- |[2.8-
|Instrument of overall | Strength each case N 3.8 | 4.1 4.9
1 | load- ' .
" | weighing : .
- -| system Tear 5 for i SR s . . Co _
is + 3% of | Propagation | each case . S 3 BT o
indicated 16-27-5 |155-24-5]1h-5- h5.5 | 14.5— | 16— 2¢
loado 245 — 28 25 '
’ _ R ‘




Section 8 - | o
Results; L B
Introduction:
In this section the results dbtained f:fom the flow propéfties
measurement;s and the tests carried out for determination of mechanical %
properties of the different films are given. 'i‘ﬁe detailed consideration. . |
- of the interaction of the vafious resultn_s is defer;'ed to the Discussion - . o I
- Section 4. | |
The data obtained describing the relationship of the tgqsile, !

. tear and impact strengths of films made from the high andthe low

slip grades (MS/100 and MS/5) with blow-up ratio and screw speed were

. computed in an I,C,L, Computer using the method of least squares. |
|
|

- This section can be divided into two main parts:
‘a) - : Flow properties investigations. | : ‘ ' S

'b) . Effect of extrusion conditions .‘on_'the- :ni_echanical properties of

‘the end films."'

3-1 Flow Properties Investigations : ~

The flow data obtained using the pressure substraction method,
described previougly in section 2, to correct for e'ntry and exit‘ effects - |
'have shown excellent superimposition for the two pairs of dies used. |
This can be taken as a good evidence to assume absence of slip at the. . -
-wali of the tube througi:out the whole set of expeiimenta ca_rriéd out, |

3-1-1 Shear-Stress Shear-Rate Dependence

. 5

Shear-stress sheér_—rate data are illustrated in table 3.1.

Fig. 3.1 shows the family of flow curves obtained at different temperatures, -

_res’pectiiwly, for the two sta.n_dard polyethylena grades (Fig. 3. 1; a)and - -




_ glip ones,

~ the four grades prepared by the incorporation of additives (Fig. 3.1, b, ¢,

d’ e, f). -
For all grades, af;"150°C, plots of log shear-stress (1) versus log

shear-rate (‘3) are linear over the entire range measured.- This

linearity, however, tends to decrease with increasing temperature and

shear-rate,

In order to explain the mutual positioning of the curves at various ‘

- shear-rate and temperafure ranges, it was neceeeary to con‘eird,er‘.the
.shear-rate dependeeceof the appae'ent power law eicponent (), which is
" fllustrated in table 3.2.  From this it can be seen that n is only constant |
‘over a narrow range of ¥. The degree of non-Newtonian flow behaviour

~ is seen to decrease with decreasing ‘J and with increasing temperature'./'

It is apparent from table (3.2) and fig. (3.1 (e.f.)) that at the”

| high temperature range (205, 220) °c , melt flow of the low density
- polyethylene samples differ significantly in the degree of non-Newtonian
- behaviour, depending on the quantity of the slip agent added. = The lower

. the slip the stronger 1s the sheai‘-rate dependence _of the apparent pdwer, “

law exponent (n). However, at 205°C and 220°C and ¥ range of (500- :

o 1000) sec - 1, the high elip gradee are less non-Newtonian than the low : o




Table} 3.

low properties

,b) Stand
c,d,e,f) Prep

ared samples

ard polyethylene grades

data of L-D-Polyethylene gra"dé:s: o

"C,l, p.s.1.

u.)(lols
poise

Ye, sec™t

150

190

. 220

X3/

46/41

. 82.3
25,0

18,5
- 16.2
4.6

42,0

20,7
16,7
18,1
10,4
S,
ey

L 81,2

Lol

[y
-3
-

L]
L == IS

il IR

400

205

¢ /582

- 16.6

49,9

99.8

 166.3

. 332.7
499
- 665.4
930

o8
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Table 3-1 .= (b) 3
% Y sect , PeBeis | W x10 Yo gsec L
’ ! poise '
XJF/46/63
. 16,6 8.8 - 36.6
. 33.3 11.6 24 E o
150 49.9 13.4 18,5 166,383
' 66.5 15.1 15,7 -
- 99,8 17.8 12.3
116.4 18.5 11,0
133.1 19.5 9.0
16.6 6.7 27.8 o
49,9 11.6 - .16.0 ‘
175 83.2 13.0 10.8 :
: 99.8 14,6 10.1 299.4.
133.1 15,6 8.1
- 249,5 19.6 5.4
16.6 5.8 24,0
33.3 . 6.8 L 14.1
. . 66.5 10.0 10.4
190 99.8 11.6 8.0 N
- 183.1 13.6 7.1 581.9
249.5 15.1 4,2
332.7 18.0 3.7
‘0000 1 9-5: 3.4
520.0 22.0° 2-7
) 16.6 4,7 . 19,6
33.3 5.3 . 10.5
_ 66.5 C 7.2 - 7.5
205 133.1 - 10,3 5.3
249.5 - 12.8 3.5 - 831,17
332.7 14.4 3.0
499 16.8 2.3
798.4 19,0 1.6
16.6
« 1  33.3 .
66,5
99.8
: 133.1
220, 166.3
K 249.5
499
665,4
930.1




176

“Temp. Y, sec! T ,psi| u x103 Yo, sec”
Oc poise
XJIF/5
- 16.6 7.2 29.9
- 150 23.3 8.6 . 25.5 _
: 33.3 . 9.8 20.3 73,8
- 49,9 11.9 16.5
66,5 113.7 14,2
173.7 15 12.4
16.6 5.3 22,0 al
33.3 7.8 16,2
49.9 9.2 12.7
66,5 10.5 -10.9 199.6
99.8 12.8 * 8.8 :
133.1 14.5 7.5
166.3 - 16.1 6.7
16.6 3.7 . 15.4 °
- 33.3 5.6 - ~ 11.6 N
49.9 7 . 9.7 413
190 99,8 9.4 . 8.5 '
133.1 12 6.2
166.3 12,7 5.7 °
332.7 17,2 5.3
499.5 - 21.1 2.9
16.6 3.1 . 10,7
23.2 8.6 12,9 B
205 33.3 - 4,1 - 8.5 665
66,5 6 6.2 :
133.1 8.8 4,6
249.5 11.5 3.2
499 13.4 1.9
665 14.1 1.5
16.6 2.3 v 9,8
23.2 3. 8.2 .
49.9 .. 5.0 6.9 915 g
99.8 - 6.8 4.7 .
166,3 9.7 . 4.0 ‘
- 220 . 332.7 12.9 2.7
499  14.2 2.0
665.4 - 15.4 1.6
'798.4 15.7 1.4

T T T
" o :
CB3
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! o
: |
Table 3.1 : (e)
Temp. Y, sec T | T i p.8.d.| 1 x10 3 e, gec
C = x poise ‘ : ;
. XJF/60
16. 6 6.3 . 26.2
23,2 7.6 22,17 , |
33.3 9 - 18.6 99,8
150 - 49,9 10,5 14.5 - | ‘
. 66.5 12,8, 13.3 .
| 83.2 . 14,0 - 11.6 :
99.8 - 15.0 10,4
re
16.6 4.9 . '20.5 b v
33.3 6.8 14.1 - SEERES -,
. 66.5 © 10,0 10,4 | 800 -,
175 83.2 +10.8 9.0 o
99.8 11.5 7.9
133.1 13.1 6.8 —
" 166.3 14,0 5.8 N
© 249.5 17.0 4.7 / ‘
16,6 3.3 13.7
33.3 5.4 11,2
i ‘ 66.5 6.9 T2 A |
190 99.8 © 9.0 - 6,2 583 . \
133.1 11,0 5.7 ' 3
 166.3 12.1 5.0
332.7 15,9 3.3 :
499 18,5 2.6
16.6 2.8 - 11,6 :
e .| s3.83- 4.3 8.9 -
N 208 66.5 5.6 S R g
Lo 99,8 S 7.8 5.4 831
166.3 9.9 4.1 o
332.7 13.1 - 2.7 *
S 499 15.0 2.1
L 798.4 S 17,7 . 1.5
16,6, { - . 2.2 . C 9.1
33.3 Ciee 35 T T3 . SRS
66,5 | - 53 | ' BB [ - A
o 99.8 | 6.3 B N
‘20 | 1831 78 f 40 | 1160
. . 166,3 8.4 3.5 o
: - 332.7 ST | - 2.4
499 13,5 | - 1.9
930.1 | = 16.0 . 1.2
59 b




. 205 :

Table: 3.1°
~ Temp. | X, seo t T, p.8ede| W x10 3 Ve, gec T
C. ‘ . poise :
XJF/100
16.6 5.3 22.0
_ 33.3 7.8 16.2 116.4
150 49.9 9.0 12.4
~ 66.5 10,2 10.6
83.2 11.3 9.4
99.8 12.7 8.8
116.4 13.3 7.9
16.6 4.4 18,3 ’
- 33.3 5.6 11,6 S
. 49,9 7.5 10,4 333 '
175 83.2 . 9.9 8.2 B
99,8 10.6 5.5
133.1 12,7 6.6
e | B B¢
16.6 . S.8.1 12,9
L _ 33.3 4.5 © 9.3 o SRR
190 49.9 5.6 7.7 Co.e00
EEER 66.5 6.4 . 6.6 :
99,8 8.4 5.8 -
166.3 10.5 4.4
332.7 15.0 3.1
499 - 17.6 2.4
16.6 : 2.6 10,8 -
33.3 3.8 7.9 R T
66,5 - 5,0 - 5.2 916 -
- 99.8. . 6.2 4.3 -
133.1 7.4 3.8
199.6 9.5 3.3
332.7 11,0 2.3
- 499 12.8 1.8
665.4 13.8 1.4
798,4 15.0 1.3
16.6 «.2.0 - 8.3 .
33.3 2.9 S 6.0 B
© 220 ' 66,5 5.0 " 5.2 .
' 133.1 7.3 3.8 1381 .7
. 166.3 8.0 3.3 - ST
199.6 8.6 © 3.0 -
1332.7 - 10.9 2.3 .
499 13,0 C 1.8
665.4. |. - 18,9 U l.4 ’
09304 o) 183 1.2
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. Table3.2::

.
D]

Variation of appé.rent power law exponent, N, with shear rate,

Y ., and temperature, (£ )

r 0

K 17'5 0

27176

o

U208

e Range of '“B’I.sec-1 A Power lLaw exponent, /N
o ' XIF/5 XJF/25 | XJF/50 | XJF/100 | RIF/46/41] XJF/46/63
10 - 50 0.48 0.49 0,48 0.49 0.44 0.51
. 50 - 100 - 0.48 0.48 0.52 0.48 0.44 0.44
- 10- 50 0.52 0.52 0.56 0.56 10.48 0.52
50 - 100 0.48 0.48 0.52 0.52 0.37 1 0.37
100 - 500 0.41 0.40 0.41 0.46 0.33 0.32.
©10°- 50 0.51 0.53 0.59 - 0.58 . | 0.60 0.57
50 ~ 100 0.52 0.50 0.54 0.57 | 0.63 0.52
‘|- 500 -1000 0.37 0.33 0.26 0.22 .
.10 - 50 0.59 0.56 0.57. 0.57 - -
50 - 100 0.52 0.52 0.56 0.55 0.65 0.56
100 - 500 0.36 0.8 0.46 0.46 0.48 10.40
500 ~-1000 0.16 0.19 0.33 0.36 0.39 0.37
: 10 - 50 0. 67 0- 67 0& 65 00 62 . - -
~ ~ |~ 50 - 100 £ 0,59 0.56 0.55 0.59 0.66 0.63
220 | 100 - 500 0.43 0.44 0.45 0.45 - | 0.46 0.41
<} 500 -1000 0.15 0.16 0.32 0.38 0.36 0.37
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3-1.2 Shear-rate Dependence of Melt Viacosities

The apparent melt viscosity (M ) was quoted as the relationship

of the shear-stress (T ) to the shear-rate (\{ )s .0
T ‘
M= e

¥

The shear-rate dependence of the apparent melt viscosities is

~ shown in table (3.1), and data from this table were plotted in fig. (3.2, a,b).

The data confirm the well-known fact that apparent melt viscosity
decreases with increasing temperatufe and shear-rate.

As can be seen from fig. 3.2 from a comparison of the apparent
melt viscosities of the polyethylenes at different temperatures, the low
| _ 8lip grdde (MS/5) displayedthe highest melt viscosity at 15000, followed
by the other grades, respectively in increasing order of slip, i.e. the
' lowest melt viscositymsdisplayéd by the highest.slip grade (MS/100). ._,/ /‘

However, with increasing temperature and shear-rate this
‘difference in the apparent viscosities. becoxx;es less significant and at
i;éinperamre 220°C and sheﬁr-rate 1000 éec‘.l, they all almost exhibit o

equal melt'viacosities_'; B CU
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3-1.3 Critical Shear-rate :

The temperature dependence of the critical shear-rate ( ‘.Jc) of the.
polyethylene grades is shown in table (3.1). Data frqm this table were.
plotted in fig, 3.3, It can be seéh that, for Vall grades, increasing fhe |
tempe:ature gave a higher critical extrusion rate before turbulence or
fracture of the extrudafe. 'fhe critical shear-rate (‘;’c) increased
grjaduallyr with temperature up to near 19006- after which it started to rise'
sharply. | | |

Effect of the degree of slip on the critical shear-rate can also be -
seen from fig. 3.3.  The high slip gradé (MS/100) displayed the highest
critical shear-rate for the whoie range of temperatures investigated,
followed by the medium sli_p grade (MS/50), then the medium;low slip |

(MS/25) and finally the low slip (MS/5), which displayed the lowest critical
T )

4

shear-rate value,

Al S L et o .
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' 8-1.4 Apparent Energy of Activation :

Temperature-dependence of the apparent melt viscosity is related

| to the apparent energy of activation for viscous flow ( AE), defined by the

Arrhenius equation (equation 11).  Since A is treated as a constant, AE

for non-Newtonian systems is a function of shear-rate or shear-stress.

" According to the method of Bestul and Belcher apparent activation |
. - energies for viscous flow were calculated at fixed rates of shear and at

fixed shear-stresses as follows:

| The shear-stress (T) versus shear-rate (‘:6) was plotted at the

. temperatures investigated (150, 175, 190, 206, 220)°C. A line

. repi‘esenting a constant shear-rate 5'5= 50 asec"1 was drawn and the slopes

of the tangents at the points of intersection were determined. ) These
| ‘slopes gave the viscosities at constant shear-rate,

Using equation (11), the logarithm of the apparent viscosity (J..l )

at constant shear-rate was piotted against the reciprooal of temperature

wmn.
| . The same procedure was repeated at_' the following shear—rat_es:'
§ =(200, 500, 800Isec |
Siiililarly, by drawing a line representing a constant shear-stress
' j' W ', | T = 5.6 p.s.i., and i'ollowiiig the same p_rocedure as above, the iogarithm

. - f : - -
~ of the apparent melt viscosity at constant shear-stresses (7= 5.6,9,12,16) p-5-1.}

) was plotted against (1/'1‘)._

"~ These plote, which are shown in fig. 3.4 (a,b.c,d.e',f,) are
_ epproximated by straight lines from-the slope of which AE was wlculated. |

Apparent activation ‘energies at constant shear—stress (AET) and' o

o eonata.nt shear-rate ( AEV j are illustrated in table 3.3 _'
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- Table: 3.3 : Apparent Activation Energys A E yat constant shear stress |T:‘
T AE+T K cal/mole .
(p.8.1.) XJF/5 XJF/25|XIF/50 | XJF/100 | XIJF/46/41 XJF/46/63
5.6 12,0 |[10.8 {10.4 10,3 [12.4 14,9
9.0 11.1 11.2 1.0 . | 10.0  |12.5 14.0
12,0 10.8 10.8 11.5 10.0 12,7 12,0
16,0 |~ 10.8 12.4 12,2 10.6 12,3 12.0
Apparent Activation Energy, A Eq, at constant sﬁear rate, \;’:

AEy K cal/mole

sec! | xy¥/6 [ x3F/25|x5%/50 | XIF/100 |XIF/46/41 | XIF/46/63

50 . 6.5 5.7 - | 5.7 4,6 6,7 5.7
200 4;9 4.6 . 4:'7 4-1 405 . 3-8 '
500 400 3.6 306 ’ 306 '402‘ 2.8 ‘
.. 800 ‘3.9 4.8 3.7 4.2 3.7 1.6
| | * N - :;;: g ‘7‘:'.‘;--. e . e
i , 3 o / ;'.'g“._.l;’,'s,,-x a/ !\:'-'.) ’ ’:“ RN
: Gk VR RN T '
o . o
g [




3.2 Effect of Extrusion Conditions on Mechanical Properties of the

Low Density Polyethylene Films.

3-2.1 Haul-off Rate :

In Table 3.4 is illustrated variation of the haul-off rate with
blow-up ratio and screw speed in the film-blowing process for the studied
polygthylene grades.,

From results it can be seen that résil; MS/5 required highest
draw down (highest haul-oif rate) to draw to the same film thickness (60
microns) under equal COnditioﬁs of screw speed and blow-up ratio, whereas

resin MS/100 required the lowest haul~off rate.

: . - . P
This difference in the haul-off speed can be interpreted

I
1 ]

“to a difference in the'outpﬁt réié'unéer_the.séme extrusion conditions;
The lower the slip, the‘higher;is the 6ﬁtput,fétb;';;jﬁ;~ih;rease in"
‘the ocutput rate in case of the low slip grades may have resulted from
two efchts:‘ | - :? - .£: ‘.Hl

First, the low slip grade polymer, having a relatiyely higher friction,
can be conveyed more easily along the extruder barrel. At. the same
time, the high friction effect of the low slip grade may result in an
increase ;n the extrusion temperature in the ba;rel, an éffect which

may also lead to an increase in the output rate,




S ~ -
: . -Table; 3.4 :  Variation of haul-off rate with Blow-Up ratio and screw speed .
T o Haul-off rate, ft. /min. '

- ¢ = - Serew speed,| Blow-Up '

. " R.P.M. Ratio XJF/46/41 | XJF/46/63 | XIF/5 | XJF/25 .| XIF/50 | XIF/100,

0.7 25.2 20.7 28.9 25.3 24.3 22,5
CL 1.0 21.6 14.4 22,6 | 20.7 19.7 18.0
SR e T 14 ] 1444 10.8 . 18 - | 16.2. | 14.4 13.1
25 . |1.8 1 9.9 8.1 14.4 13.2 | 12,6 12.6 -
b T 2.1 e | 801 7.2 - - 11.7 10.8

o 0.7 32,4 28.8 387 36 32.4 29,7
{ © - S 11,0 25.2 19.8 29.7 27 25,2 24,3 .

N .3 ¢ 1.4 20,7 16.2 25.2 22.5 20.7 18.0 ~
ot T 1.8 - 15.6 12.6 15.3 13.5 12.6 11.7
i 2.1 12.6- 10.1 10.8 9.9 9.0 9.0
i 2.5 - C - - | -] s 7.6
o _
SR o7 46.8 | 34.2 47 | 42.3 | 37.8 35.1
T 1 Y 36 30. 6 34.2 32.4 30.6 28.8
R B 1Y 27 21.6 30.6 27 | 23.4 19.8
TR - 45 1.8 20.6 16.2 23.4 21.6 19.8 16.2

. 2.1 | 16.2 11.7 18.5 15.3 14.4 13.5
T i | 12,8 /9.0 11.7 ‘9,9 9.8 9.0
e s T 2.8 10.1 7.5 10.0 8.5 8.1 7.2
: . : i .._.\‘_\
i - . - ~
-
r -
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'I‘able: 3.4 -. (continued)

Haul-off rate, ft. /min,

.- Screw speed,| Blow-up -
. .. T.p.mm. Ratio XJF/46/41 | XJF/46/63 | XIF/5 XJF/25 | XIF/50 XJF/IOQ
0.7 48,6 39.6 53.1 48,6 43,2 37.8
1.0 : 41.4 32.4 46.8 § 43,2 36.0 30.6
. . 1 1.4 28.8 . 25.2 1 35.1 31.5 27 24.3
55 . 1.8 23.4 . 17.2 30.6 25.2 22,5 19.8
s e 18 |26 |22.5 19.8 [18.0 |16.2
1 2.5 16.2 10.4 19.8 18.0 14.4 13.5
2.8 1 12.7 7.0 14.1 15.2 11.4 10.8




 3-2,2  Effect of Blow-up Ratio :

The effect of blow-up ratio on tensile, tear and impact strengths & - :

: ‘can be seen from table 3.5 (a,b,c,d,e,f,) for film made from each grade |

 of the six studied polyethylenes.

_ The variation of _teﬁsile strength in both machine and transverse

" directions with blow-up ratio is immediately detected from table 3.5, .

. Data from this table have been plotted in fig. 3.5 for resin MS/5 (low slip)

and resin MS/100 (high slip) over a wide range of blow-up ratio and screw
speed.
- For all the resins studied and at all conditions of screw speed

tensile strength at break decreased in the machine direction and increaged

in the transverse d1rection with mcreasing ‘blow-up ratio.

e s A8 e

R NI

Average elongation at break as revealed by data from table 3.6 -

increased in the machine direction and decreased linearly in the transverse

-direction.  In fig. 3.6 is illustrated variation of transverse elongation
- at break with blow-up ratio}, from which it follosvs that transverse elongation
| at break is highest forh:the highestl slii) grade ( resin MS/100) and decreased
| with degree of slip. Resin MS/ 5 (low slip_)ﬂ disgl_a_yed j_;he lowest va}ee;of a

- transverse elongation at break,

Tear propagation {ficreased sharply with blow-up ratio in the
‘ R
machine direction whereas the transverse direction tear .is Aalmo st

- constant - Variation of tear strength in both machine and transverse

directions is shown in fig. 3.7, for all studied grades.

Falling dart impact strength increased signiﬁcantly with blow-up
r_e.tio for all film grades.  The effect of blow-up ratio on impact |
strength canl.:)e se_enlfrom fig. 3.8 for film made _flroAm the two standard o o]
pl_ol'yethyllene‘_gredes__(}UF/}:G}/41_ and XJF/46/63). . | ..'(:,_'Z. L vl

' BTy, e

I'.;" 8 ‘ '




Table:3.5 (a

-+ "Variation of Tensile strength, tear propagation and impact strength with
. blow-up ratio and screw speed for film made from L.D. bolyethylene

. M = Machine direction ‘
-+ T = Transverse direction Film Density = 0.9206 g/ 3
: | XJE/46/41 .o om
| Screw speed | Blow-up { Tensile strength Tear strength, g | Impact
O TePela ratio : MN/m ' strength
- i M T M T g.cm
o 0.7 16.8 | 1019 1460 348 893
25 1.0 17.1 | 12.3 440 350 1000
1.4 16.3 | 11.6 | 445 | 346 - _ | 1052
1.8 16.4 | 14.7 390 336 | 1126
0.7 17.3 | 10.8 467 370 964
o 1.0 17.7 | 12.4 | 452 362 1034
e 0..88 1.4 | 16.7 | 15.4 403 359 1144
1.8 15 15.0 360 349 1452 _
2.1 14,6 | 15.1  |. 322 330 1750 - -
0.7 18.3 | 12.4 47¢ | 340 | 1070
' 1.0 16.2 | 18.4 456 370 924
. 40 1.4 ‘| 16,0 | 15.9 | 460 | 356 . | 1200
1.8 16,0 | 16.2 378 340 i 1312
2.1 17.6 |-17.9 298 |. 330 1750
2.5 16.8 | 19.0 - | 300 300 - |.1730
0.7 21,7 8.3 .| 501 3715 | 862
B NON I 91 ) 19.6 | 10.4 | 475 | 360 . | 924
1 45 1.4 18.4 | 12.5 . | 460 355 1 .1300-
Sl 1.8 16,6 .1 13.4° ' 1. 432°7|7338 "] "1610
» 2,1 17,87 16,27 ] 878 | 336 | 1860
p ol | 2.5 16.3 | 16.1 310 350 - 2050
A 2.8 ... ~14.4 | 15.4:0.(2.309. |..358.. | 2250
0.7 20.3 | 10.2 . | 510 366 . - | 792
A 1.0 18,5 | 13.3 461, | 366 | 832.. -
SO 1.4 15.8 | 14.3 470 345 | 924
: 1.8 J16.8 [-14.6 |- 420 360 1563
2.1 16,5 | 15.5 390 | 352 | ;
2.5 16,2 | 16.3 | 313 354  |2250
2.8 16.4 | 16,7 | 200 | 339 - 2300
4
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Table :
Variation of Tensile strength, tear propagation and impact streng'l:h with blow-up

. ratio and screw speed for film made from L.I
‘ M

tby i

. polyethylene,

H
N
i
;

T gs

= MachineL - Film Density = 0/9226 g/cm
T = Transverse direction XJF/46/63 ' ‘ ' :
. " Screw speed Tensﬁ; /strzeng't.h Tear strength, g Impact
« T.peID, M ;1 M T strength
' ’ : go cmo
; 15.8 9 460 352 968
' 17.0 | 12 444 346 1346
16.0 | 13 425 343 1346 .
14.8- | 13 380 335 1355 oy
17.9 12,0 465 342 876
16.4 12.2 462 325 1214
16.3 14.6 433 1332 1289
16.8 13.6 401 - 346 1481
14.4 | 15.7 352 335 1549 |
17.0 | 12.3 450 323 1070 -
16,5 | 13.2 492 | 332 1065
17.1 14.8 4717 341 1481
15.5 | 16.1 376 354 1300 :
16.1 | 15.4 330 | 350 . 1618
16.0 | 16.3 313 348 1630
20 13.3 523 | 420 1091
19.8 | 15.0 507 | 346 1267 .
17,8 | 15.0 491 365 1360 -
15.8 | 15.8. .| 410 .] 350. 1520 .
17.2 | 16.6. . . | 366 363 1600 -
16.5 | 18.8 . 378 368 1720 -
15.8 | 18.7 . .| 322 | 355 11990 ¢
19.2 11,3 517 375 1056 ks
19.4 { 15,1 513 365 1289 . ¢
18,3 | 15.8 498 370 |-1010 ¢
. 8.1 | 18,5 460 363 -1481 - .
16.5 - |.16.7 370 356 1890
24’ 2020 -




Table:3 .5:c

Varidation of Tensile strength t
ratio and screw speed for film

M= Machine Direction

T = Transverse Direction XJF/5

r propagation and impact strength with blow-up
de from L-D —polyethylene.

Film Density = 0.9154 g/cm

Screw speed
T.pP.1,. -

Blow-up
ratio

Tensile strength
MN/m

Tear strength

M T

M T

Impact
Strength
g.cm,

20

21.4 14.4
20.2 14.7
19.0 14.6
17.0 15,7

444 340
426 341
410 336
410 333

1320
1370
1450
1565

26

23.0 | 14.2
22,5 | 15.1
20.6 15.2
20. 17.1

445 343
420 317
427 323
395 342

1370
1396
1480
1590

35

25.0 14.0
25.4 12,6
21,1 17.6
19.9 17.0
19.6 18.5

453 - 320
460 308
455 326
350 333
340 334

1360
1395
1420
1780
2100

45

26,2 15.7
22.9 15.6
22.3 16.1
21.7 16.8
19.6 16.

19,0.. | 18.0
17.2 17.8

470 342
440 - 330
465 344
382 328
392 311
365 . | .327
346 326

1420
1502
1650
1811
1900
2200:
2200

b5

28.0 16.4
26,0 16.8
23.8 14.1
24.1 16.9
. 19.2 18.4
18.6 18.6
17.2 17.2

496 360
472 334
471 350
410 3561
380 324
354 327
340 340

1475
1675
1720,
1840
2000
2211
2100




_‘f Table : :3.5d)
‘Variation of Tensile strength, tear propagation and impact strength with blow-up
ratio and screw speed for ﬂlm made from L-D-polyethylene.

.- . M = Machine Direction - Film Density = 0. 9155 g/cm
' © 7= Transverse Direction XJF/25

. Screw speed | Blow-up '1‘ensl\i.’}1¢3T /sr‘tfzength Tea? strength ;f;-ii‘:th
0 rupem. ratio g :

M |T M | T g.cm

21.5 | 11,4 | 436 .} 347 | 1316
20.7 | 12.9 | 440 363 1355
17,7 | 14.0 ] 409 341 .| 1440
17.6 | 13.9 424 336 - 1635

- »

S 20

L
Do -1

7 . | 21.0 § 12.1 - 432 336 ° | 1370
1.0 | 21.1 12.0 - | 437 309 - 1430
1.4 19.4 { 16.3 | 422 330 1444
1.8 18.1 | 16.9 - 402 322 1600 =

25

0.7 24.2 | 15.9 460 319 | 1400

= 1.0 23.7 | 12.3 454 | 320 1416 -

'3 . | L4 19,6 | 15.3 | 454 l.326 ] 1500 .
-1-1.8 | -18.,3 | 17.0 - ‘| 340 338 1790

2.1 18.1 | 16.9 | 831 '} 332 - | 1890

490 | 340 1460
475 | 341 1520
460 | 356 | 1650

26,6 3.6

2.7

2.6

6.9 400 | 348 1800
7.5 .-

7.8

7.9

0.7 1
1.0 21:3 | 1
1.4 - 20,4 |1
1.8 - 188 1
2.1 | 18.6 | 17
2.5 ~18.0° 7 1
2.8 17571 1

356 | 350 | 1790
o, -|342 .<‘..: N 339 ey ) .11.8.510- BTy
"]-'837 [ 330 1904

7 27.0 | 145 | 495 | 343 ° .| 1513
0 27.1 | 14.9 480 348 | 1700
4 24.6 | 16.6 476 356 | 1770

8 19.9 | 17.0 [ 442 346 . | 1841

1 20.1 | 16.3 376 |'339 - | 1842

5 18,6 - 17,9 .. | 850 | 348 | 1870 . .
8

0

1

s 1
.65 11
R 2

2

2 18.1° | 19.0 : . 338. 344 . | 2200

D30
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Tabie 213-5 (el

" Variation of Tensile strength, tear propagatioﬁ and im];iact strength with blow-up -
ratio and screw speed for film made from L-D- polyet:lylene.

i
i
Bl
i
i

M = Machine Direction | Film Density = 0, 9157 g/cm3 _
T = Transverse Direction XJIF/50 ! | o
Sorew speed | Blow-up Tensile stz:’rength Tear strength, g | Impact
T.p.m, ratio MN/m Strength
. M T M T g-cm
0.7 19.1 | 14.1 450 340 1318
.20 1.0 19.0 | 13.9 428 344 1334
1.4 17.6 | 15.2 4217 340 1354 \
1.8 17.9 | 16.3 385 339 1580
0.7 21.3 | 12.2 445 350 1350
. 1.0 20.1 | 17.0 446 330 1410
.26 1.4 16.6 | 15.8 450 333 1590
' 1.8 18:3 | 16.9 398 325 1630
2.1 15.4 | 16.0 338 | 336 1690
0.7 21,0 | 13.1 . 470 320 1333
sl : 1.0 . 24,5 | 14.7 460 326 1350
Lo '35 1.4 19.0 | 16,2 - | 464 322 1380
: R 1.8 17.8 17.1 376 336 1790
2.1 18.0 | 16.9 330 341 1880
2.5 17.0 | 17.0 - 320 328 2150
0.7 21.7 | 14.1 495 341 1490
AR 1.0 | 21,3 | 12.9 500 350 1520
45 1.4 | 21.4 | 15,3 466 | 335 1600
o 1.8 .|19.6 ] 17.47 U7V °403 | 345 1690
2.1 ‘1 19.27°{ 16.2 " " | 360 | 343 1734
2.5 . ..v.[17.1 | 17.0 366- . | 350 ..} 1754
2.8 -..|.16.6 | 16.8 . 324 | 340 1792
0.7 25.8 | 16.8 . | 512 338 1500
o 1.0 23,0 | 15.3 - 486 | 352 1574
. 65 1.4 | 23.6 | 16.1 463 .| 350 1613
1.8 - ['18.5 | 16.7  [-400 - | 342 - 1762 -
2.1 | 19.1 | 18,4 - | 360 335 1794
2.5 16.7 | 17.9 | 825 355 . 1820
2.8 17,0 | 17.7 .. - | 327 | 350 1910

89




Table, 3.5 1 |

- Variation of tensile strength, tear propagation a.nd impact strength with blow—up |
ratio and serew speed for film made from L-D- polyethylene,

M= Machine direction l |

FitmDensity = 0.9168 g/cm

’.]' 55

. T = Transverse directit’;m !XJF/IOO
L Screw speed | Blow-up Ténsile strzength Tear strength g | Impact
r.p.m, ratio MN/m Strength
- M T | ™ T g-em
: |
‘ ] 0.7 20.2 | 12.2 453 345 1420
20 1.0 18.6 | 12.8 435 350 | 1460
: 1.4 16.8 | 13.4 430 349 ' | 1490
1.8 - 16.6 | 13.3 395 352 1535
0.7 21,2 12.0 461 342 1430 '
. 1.0 18.7 | 12.6 452 | 310 | 1493 -
.25 1,4 17.0 | 16.6 430 318 1500
S ] 1,8 18.0 | 17.0 389 306 1560
2.1 16.4 | 17.9 313 310 . 1660
0.7 24,0 | 15.8 464 344 | 1370
3 1.0 24,5 | 11,3 489 | 330 1 1417
35 1.4 19.6 | 17.5 470 .| 336 1438
1.8 17.5 | 17.1 351 | 351 1810
2.1 18.8 ] 17.9 328 | 345 1867
2,5 17.0 | 16.4 301 . | 350 1900
0.7 25.2 | 13.8 438 358 . 1560
; 2 1.0 25.4 | 12.4 502 {.335 | 1590
4B . 1.4 1 20,3 | 11.9 487 360 | 1650
. 1.8 1| 20,5 | 17.6 411|356 71675
2.1 19,0 | 17,7 354 | 360 1690
2.5 ... | 16.3 | 17.5 366 - | 364 .. | 1720
2.8, 15.4 | 17.9 310 351 1810
0.7 26,3 | 14.6 511 373 | 1550
1.0 24,0 | 15.2 498 = | 361 | 1594
1.4 19,8 | 16.0 474 | 364 1662
1.8 20.4 | 17.2 430 358 . | 1770
2.1 19.0 .| 17.0 . 366 350 - | 1788
2.5 19.0 | 18.0 314 360 , 1800
2,8 17.6 18,6 - | 316 | 365 1864

G o R i e s
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- Variation of tensile strength .
"-""-_":w_i_‘th",”_blow ratiof'__a nd screw speed.
' S Tensite - MN/g L S
4 strength . /"\ _"—--——XJF/Sl |

——XiFA00

Transverse direction

Machine dfre_ ¢tion.

( Statistically -
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;;" Table: | 3 b ~ Variation of % Elongation at break with blow-up ratio and screw speed

% Elongation at Break

—~ .~ Serew speed | Blow-up :
- r.pom. Ratlo XJF/5 XJF/25 XJF/50 XJF/100 -
'- - M T M T M T M o
0.7 348 551 324 514 256 652 | 250 555
R I Y 376 437 '333 516 295 590 | 282 576
35 |14 370 420 375 486 | 288 533 312 490
a1 1.8 400 349 390 410 326 486 346 476
> 1 2.1 453 350 | 417 | 334 | 324 470 375 | 406
‘ 0.7 335 476 267 © 562 333 650 340 663
-} 1.0 330 444 307 560 | 357. | 588 377 637
SR R ER 401 425 385 | 500 | 380 550 369 598
. 45 1.8 426 401 | 406 |: 451 399 502 370 533
' 2,1 448 - 361 464 | 400 | 396 450 371 500
2.5 450 - 313 488 817 | 447 367 393 410
2.8 477 290 488 310 490 360 388 '390
. 6.7 351 496 306 575 340 660 333 664
' 1.0 374 455 324 557 350 600 367 640
Sl 1.4 403 470 376 516 366 546 368 605
i BB 1.8 417 - 409 355 423 | 375 511 380 585
L 2.1 437 374 386 433 401 463 381 560
2.5 - 435 320 403 | 360 408 374 | 394 516
2.8 452 303 424 . 315 476 | 370 405 433




o Fig. 3.6 .
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~ Fig38: . - Variation of impdct strength with'
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These changes in average strength properties indicated the more

balanced strength properties in the film were obtained as the blow-up
ratio was increased from 0.7:1 to (2.5 - 2,8) 1.

Generally, the highest values of film streng'l:h propertles were
found to hold for film made from the low slip grade (MS/ 5) at blow-up

ratios between 2. 4 e 2 6

r -

P .




| 3-2,3 Effect of Screw Speed :

A general effect of the screw speed or, output, rate, is also B
" .revealed by table 3.5.  Increasing the output rate by increasing screw fl‘ =
speed caused a signiﬂcqnt increase in the film strength (tensile,' tear. .

- andimpact strength). -

e

e n s s - . -
. i .
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SECTION 4

_Discussion of the Results and Conclugion - IR i ] -

o 4.1 "~ Flow of the Low Density Polyethylene grades:

. The non-Newtonian flow of the different polyethylene samples |

N ~-and the effect of the slip agent on the flow behaviour can be inte.rprete'd

.+ In the following way:-

.~ or, orientation of the molecules, depends greatly on the shear-rate (Y )

- When a polyethylene melt is sheared inside 2 tube the molecules : | kD

- will tend to align themselves in the direction of shear. ' Th.is alignmen_t.

and becomes more perfect as the shear-rate is Increased. On the

- other hand, orientation of the molecules is opposed by the randomizing '

. influence of Brownian motion, which tends to disrupt any aligned molecules.

L j.- Therefore, relatively complete orientation is reached when the rate of . / -

| orientation is great enough to offset the disrupting effect of random I

' molecular (Brownian) motion.

Thus, where at extremely low shear rates the balance will be " - :, :

'~ in favour of the disrupting Brownian forces, at extremely high shear-

rates it will be in favour of the orienting forces, as the disrupting effects

S of Brownian motion are negligible. At extremely high shear-rates,

.
¥

VoL

B further increases in shear-—rates would have very small effect on the degree N .' s

o of orientation and the material would approach Newtonian behaviour.

However, due to the fact that capillary dies of considerably
Iarge diameters. were not available, it was not possible to extrude the

polyethylene melt at very low shear-rates, and. therefore,l the expected o

. regton of Newtondan behaviour (flrst Newtonian region). which normally

1

. e occurs at shear-rates lower than 10 ‘ does not appear in the ﬂOW

.. curves shown in fig._ 3. “1. . In the present work the lowest shear-rate_ ‘

[/ S




' R detected, using die No. (1) (section 2), was 16,6.sec .

-1

As increages in temperature woul_d tend to inerease the '
Brownian motion, and,' therefore, make complete alignment of the

.. molecules more difficult, it is expected that the inception of non-

Newtonian behaviour would be delayed to still higher shear-rates. This

-~ . explains the gradual shifting of the flow curves shown in Fig. 3.1 towards

Newtonjan behaviour vvith increases in tempereture. A clear picture of

. the effect of temperature on the flow behaviour of the polyethylene grades _ ‘.

" may be seen from table 3.2. The degree of Newtonian behaviour, as

. represented by the power law exponent (n), increased significantly vrith e

temperature for all grades... The highest value of n was exhibited at
_ B _

" 220°C at the lowest shear-rate range (10-50) sec ~.  This is because .

at this shear-rate range, the flow curves would approach the first

: | Newtonian region, which had been delayed to still higher shear-rates by

»the increased temperature, i.e. the shear-rate at which non-Newtonian . ..

As can be seen from the flow curves, the slip agent reduced '

o the shearing stresses on the polyethylene melt and mcreased fluidity by - .

ame

‘.;"_ providing internal lubrication for the polymer molecules. As a result -

o of that a decrease in the melt viscosity was obtained (Fig. 3. 2). The-

e less non-Newtonian behaviour exhibited by the high slip gradesat high
‘ temperatures (205, 22000) and high 'eh'ear-rates may be interpreted by

= ‘ the fact that the high slip® grades, due to thelr relatively hlgher ﬂuid.ity, .

Ny 0

experience higher orientation of the molecules inside the tube compared '

to the relatively less oriented molecules of the low slip grades, which

are unable to slide as readily past one another. - This difference in

ey

orlentation will provide some extra degree of opposition to the Brownian

99
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NN 3_17"‘1"‘."‘.“ _of polymer melts may depend on the melt ‘visopsi.ﬂe‘s. s

.. disrupting motion, and, therefore, will reduce the degree of non-Newtonian

behaviour and tend to bﬁng earlier the second Newtonian region, which

normally occurs at extremely high shear-rates (over 1000 se_cul). . |
It was not poséible, however to obtain viscometric data at

extremely high shear-rates, as the inordinately high shear-stresses in the

polymer melt, ﬂowing at high shear-rates, caused mechanical break down,

o or, fracture of the extrudate. This can be seen from table 3.1 and fig. 3.3,

from which it follows that an increase in temperature leads to an apparent

improvement in processability as indicated by an increase in critical shear-fj:'

" rate.

It is pertinent to note that the critical shear-rates (table 3.1)

below which smooth melt is extruded, correlate with the data presented in.

1_‘ the same table, illustrating the shear-rate dependeilce of the apparent melt
. .viscosities,  The resins with the higher melt viscosities are the most
* susceptible to fracture at all temperature ranges.  This coincides with

" Howell's and Benbow's findings that critical shear-atro;sées and shear-ratéa-'_.‘_"l S

% DS [ s
s
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. , _with T are small and without a trend.

" conclusion of Bestul and Bel cher that AEy - should at all times be -

4,2 ACTIVATION ENERGY

Generally, in the flow of a polymer melt under a stress .

- gradient, the molecules in one equilibrium position surmount an energy

" barrier and get into new positions, causing the liquid to flow. The

change in rate of flow with temperature is given by the Arrhenius

equation (equation 11). As temperéture falls the polymer melt flows |

[

~ more slowly because fewer molecules have sufficient energy to surmount
the energy barrier and move to more stable positions. '

From resulis, {llustrated in table 3, 3, it can be see;l that
' the'ﬁpi)arent viscosities at constant shear-stress may be adequately '

 fitted to Arrhenius equation over the temperature range covered, but

) "'_.' ‘that such an equation does not adequately represent the constant shear-

3 ;? rate data over this temperature range. Results ;1150 show that apparc‘a‘nt_‘
o : activation energies for viscous flow of the polyethylenes at fixed shear- - |

. rates (AEy ) decrease as the level of shear-rate increases, Apparent:. ; o
s activé:tion energies at fixed shear-stresses ( AET) are independent of | ) }

| 52': shear—stress. , As can be seen from table 3.3 the variations of AE

The results above are in agreement with the mathematical

' greater than AE¢ .  Their experimental results for several polymers, N .'

"~ not including polyethylene. showed AET to be roughly} cbnstant with’

g'lng shear-stress, )

Phﬂippoff and Gaskins reporl:ed a signiﬁcant increase inA Ev+
; R from 12.8 to 19 Kcal/mole over the shear-stress range (Or-lﬁ ) dynes/

,' cm2 for low density polyetmrlene. . Whereas Schott and Kaghan reported o

AET to be relatlvely constant with ohar@ng shear-stresa for low
| 101 | |
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B ldensitj polyethylene and to have a value of épproximately 12 Kcal/mole,
The present work, thus, proﬁdes confirmation of Kagan and Schott's R
findings that A E.T. is .relatively éonstant with changing T for all studied : '
. grades. The values of the activation energies exhibited by the different oy
sample g'radqs were almost the same and, therefore, in the présent wo'rk,"

.. activation energies can not'be employed asa p:oceasability criteria,  -

y

\.r- tL t;h..-.. - ' ‘J""' 'fl'i ' . o B - ’ PO P :n':L‘ '--‘.‘. o el ‘;‘ ...lei(.:(.l _'
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4,3 = The Extrusion Process of Low Density Polyethylene Film .= -

£

4,3.1 . 'Orientation of Blown Film

The variation in the mechanical properties (tensile, tear
and impaet strengths) between the different polyethylene films can be
discussed in terms of orientation of the ﬂhﬁ, which occurs as a result
of _the alignment of the polym'er molecules,  When stress is applied to u
a molecule of the polyrﬁer, it will take up a non-random coefiguration, -
but when the stress is removed,_ the molecular movements will cause
~ the molecule to coil-up egaie, or, relax. During the extrusio.n.'
process, orientation of the polymer molecules occurs, whieh increases
o . with mcrease.of shear-rate. However, after the melt emerges froxﬁ.
3 the die, the ehearieg ferces are reieased and the inolecele vﬁli start to
o recoil, As the melt sfarte to cool at this stag_e,'th_e molecules wﬂl not ' .' : n
o "il have enough time to recoil-up and they may eolidify first. The amount -
of frozen-in orientation depends on the following factors:
“a)  Amount ef initial orientation, which depends on shear-rate, :

o .' and the amount of stretching the melt after it emerges from the die.. ...~

by, \ " The average relaxa!:ioq time of the melt.
o » B .i.:" - e). " The time taken by the melt te cool from the processing
_ . temperature to the solidifying temperature, h ;0

o LR __‘_.',_' M .

e
- The first stage of orientation occurs in the die due to the
: shearing of the viscoelastic melt, which produces orlentation in the

machine direction (vertically upwards). . After the extrusion through o

" the anhular die, both the forward stretching and the sideways blow-up

i ‘occurs in the melt before the polymer erystallizes at the freeze-line.
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i+ The forward stretching takes place first and produces somé orientation

‘ - of the molecules in the viscous melt parallel to the machine direction.

' This orientation is subsequently reduced by the blow-up process, which

produces a transverse orientation as a result of blowing-up the bubble

after it leavesthe die. Since the coolmg 6f the polyethylene melt allows .

| molecular relaxation to occur up to the point at which it solidifies (freeze-

line), thegvientation occuring immediately befoi'e the freeze-line is most

important, since there is no further chance for relaxation to occur,

o ~ Thus, in the film blowing process, only molecules that have been oriented |

just before the melt freezes will remain in the oriented state. Bedause

‘of this, the order in which drawing down and transverse stretching of the T

""" film occurs will affect its mechanical properties. ( In the light of the / A

L .. above, the results are discussed and correlated with the flow px'-operueg-" :
of the di.f:ferenf samples as follows, . ) R o o
: B ] \ vy
."‘.v D N i
“ t . Joae ! ! . . "»'ll:";? Lo x ,‘,:;;.‘. L
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4.3.2 Effect of Rheological Properties on the Mechanical Properties
" of the Film :

Differences in draw-down can have an effect on film
mechanical properties, Draw-down speed depended on the output rate
for the ﬁaterial, the high slip grades (XJF/46163 anﬁ MS/100)
requiring less take-up‘speed to obtain the same fiim thickness than

the low sfiip grades (table 3.4).

.. I the freeze-line is low such that this machine direction
orientation is retained in the film, then the greater unbalance betwe.en the
machine direction and transvérse direction orientations will lead to a film

| with a tendency to split in the machine direction, and will thus exhibit a
low impact strength and low transverse direction tensile strength.
This behaviour occurred when low blow-up ratios were employed (table 3.5).
Of particular interest is the behaviour of the curves showing

variation of impact strength with blow-up ratio for films made from resins

XJF/46/41 and XJF/46/63 in fig. 3.8, and resins MS/5 and MS/100 in

fig. 4.1. The impact strengths of the relatively low slip grades XJ¥/46/41
and MS/5 increased more significantly than for the high slip grades
XJF/46/63 and MS/100. At low blow-up ratios, the high slip grades
exhibited higher values of impact strength, -up to a blow-up ratio near
1.4-1.5, after which impact strength values were _higher for the low slip
grades, increasing significantly with blow-up ratio.

This behaviour could be interpreted to the fact that at low
biow-up ratios the unbalance betwgen machine and transverse direction
o:ientation is greater for the low slip grades, which are, therefore,
expected to exhibit lower valueé of impact strength than the high slip grades.

The rr;latively more viscous low slip grades have greater tendency to draw
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and orient over a greater part of the distance between die ang freeze-line.
In addition to that the low slip grades, having a relatively higher resistance
to relaxation of induced orientation, can significantly retain higher degree
of this orientation up to the freeze-line. = The high slip grades tend to dravyf
abruptly to their ultimate thickness building-in less significant orientation.
_ It was quite noticable that extruding the low slip grades at low
blow-up ratios, (0.7-1) :1, w#s a very difficult process dué to the fact
timt the film often fractured. .This can be interpreted to the high
predominancy of machine direction drawing over the transvers;drawing,
which resulted in a very' weak transverse direction qrientation and subsequent
fracture of the bubble along fhe machine direction, |
| Although rheological properties of low density polyethylene
were shown to have major effects on film impact s;trength, some authors
reported that the degree of crystallhllity, which can be found from density
mgaaurementé; of the polyethylene, and more particularly, of the finished
film, also may have sighificant influence on this property.
. However, the densiios of the flima produced from tho four

samplé grades Wemsho@ to have very similar values (table 3.5).

dan K P ST ' ol o EO ; (S-S,
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4,3.83 - Effect of Extrusion Conditions

(i) | Tensile and Impact Strengths

The machine direction increase and transverse direction
decrease of the tensile strength with blow-up ratio indicates that as

the blow-up ratio is increased, the transverse direction drawing tends

to build-up a transverse orientation at the expense of that in the machine

direction. This orientation, however, becomes more balanced at
higher blow-up ratios (2.5 - 2.8).

As the output rate is increased by increasing the screw speed,
orientation will also increase as a result of the consequent increase of the
haul-off rate (draw-down) to obtain the desired film thickness.  This
explains the significant increase in the machine direction tensileand tear
strengths and the increase in fimpact strength which resulted from
increasing screw speed (i:abl'e 3.5). |

. The effects of orientation on impact strength are what might be
expected fmm tensile behavigur. Impact failure oqcurred in the directionr
having the lower tensile strength and resulted in a split in the film parallel

’ to the direction of higher tensile strength.,

(i) Elongation-Teaxr Relationship

From data in table 3.5 and 3.6, a corréspondence may be drawn
between the transverse dh\'ection elongation and the machine direction tear
strength, and the machine direction elongation and the transverse direction
tear strength. It is quite generally'acgepted that ultimate properties such
as tensile strength and elongﬁtions are largely determined by the presence

of flaws of defects in the materials. . = Failure ocours by the propagation
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~ of cracks originating from such flaws in a direction perpendicular to the

" tensile force. Thus, one can rationalize the elongation values as well

' . as the tensile strength by simply referring to the explanation for tear

... strength which determines the propagation of cracks or flaws.  Thus, the

tranqverse direction elongation is high because the tear strength in the
ﬁacMne direction is high and machine direction eracks propagate with :
difficulty.  This relation is again noficable from Va;iation of blow-up
ratio with tear strength.  Increasing blow-up ratio resulted in a decrease
in the machine direction tear strength (fig, 3.7) as well as a decfease in
the transverse direction elongation (fig, 3.6). Tranaverse direction
 tear strength remained nearly constant with increasing blow-up rafio
while machine direction elongation increased only very‘slightly. '
As impact strength is less affected by 'fl,ﬁws, it continued to 2

rise with increase of blow-up ratio.

4,3.4 Conditions of Balanced Film

| From data presented in table 3.5 the conclusfion may be drawn
that, in order to produce a film with high me'chaﬁical properties, a high _
and balanced orientation in the machiné and transverse directions is |
; desirablg. The use of high blow-up ratios to obtain film with more
balanced orientation leads to mcreased impact strength, balanced tensile
"~ gtrength in both machine and transverse directions and a decrease in the
| mgchine direction tear strengthi - -A’ compromise, must, therefore, be
- - obtained between these pmpeﬁies. |
| . In the present studied samples a balanced film was obtﬁined at
blow-up ratios between )(2.4-2. 8) ¢ 1. Table'§.'( below il;lustrates tensile,
tear and impact_éirength.properués of balanced film for ﬁg highslip grade
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| - (MS/100) and the low slip(MS/5) at a screw speed 55 r.p.m. and blow-up o
. ratio ranging between (2.4-2.6) : 1 to obtain film thickness of 0, 060mm.
Table 3.7. ' '
Polymer | Haul-off Rate | Tensile Tear Impact
ft./min Strength - Propagation| Strength
MN/m?2 Jog. | geem '
CoMs/100 [ 18,5 | 18.2 340 650
Ms/5 19.8 19.2 358 930

From the above table it can be seen that resin MS/5,
exhibited higher film strength properties than resin MS/100, but a

higher haul-off ratewas required to maintain the same film thickness.

'J ,/’
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- - 4,8.6 Birefringence - -

.Table 3.8 illustrates variation of the birefringence with blowfl
 up ratto from which it is seen that, generally, at low blow-up ratios all
film grades exhibited high values of I;iiﬂetrmgence, which decreased | |
significe.ntly wtth blow-up ratio. The high birefringence values indicate

hlgh difference (arnieotropy) between machine direcuon a.nd transverse .
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Table: 3.8, . . '
Variation of Birefringence,an, with blow-up ratio (B.U.R.)

. ‘ -3 _ -
Screw B.U.R. |- janxld ¢ s
" Speed XJF/5 - XJF/25 XJF/50 XJF[IOO '

0. 1,10 1.84 0.92 1.21

25' .8 0,71 0.54 1.30 1.09
1 L0 0.94 0.84 0,89

5 0,16 . 0.85 0.73 0.34

| 1.0 2,21 1.90 .00 <« | 1.76
e 1.8 1,01 1.07 1.15 1.55 .
el 2.1 1.42 1.20 . | 1.25 . 0,95

2.5 0.90 0.72 0.96 0.41

2.8 1.13 0.93 0.57 0.61

1.0 2,13 | 2,81 - .} 20 1.95
45 1.8 2,21 2.52 " 0.97 1.83
2.1 0.90 | 1,90 " | 1,52 | 0.81
2.5 0.74 0.42 0.47 1,30
2.8

0.91 0.63 | 0.49 0,72

S 0 2,70 2,42 - |25 | 200
s 8 . | 1.90 .- 2,00 - . |2.28 2.08

o 1 1.32 1.63 .~ | 1.56 . | 1.65
5 | 1.28 - -0.64 . |07 . | 0,92
8 075 .| - 091 | o066 . | 0.65
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" direction orientations.

This is in very good agreement with the high machine direction tensile

‘strength (table 3.5) exhibited at low blow-up ratios.  With increasing

. of blow-up ratio more transverse direction orientation starts to build-up "

at the expense of the machine direction orientation, and it is, thus,
_reasonablé to expecf a decrease in the birefringence with increasing o
blow-up ratio. 7

The small values of the birefringence indicate that the
"balance film' condition was nearly achieved at blow-up ratios between
(2.5 - 2.8) : 1. | |

it is pertinent to note that the highest values lof the bir.efringenée

were geﬁerally, exhibited by the low slip grade (NfS/ 5), and the lowest ;!

values were, more or less, exhibited by the high slip grade (MS/100).

._ _ This ordering is substantiated with the haul-off rate values in table 3.4.

The highest haul-off rate was exhibited by resin MS/5 and the

. lowest by resin MS/100. - -

Thus , summarizing the experimental data, one can say that

" the molecular orientation in tubular film confirmed by the measurement = . - .
. * of birefringence, is almost proportional to the haul-off rate, in spite of =

the fact that the proportional factor depends on the fype pf polymer and

other film formj_ng condiuons‘n\v: wi o i‘:._";‘_;ﬂ , oy \ . R ...\..I-.L CheTa
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4,4 Conclusions

The following conclusions can be drawn fr_o:h the above
discussions:
Appllcation of melt rheometry helps in the assessment of
‘low density polyethylene processability into blown film, from a knowledge
of the apparent melt viscosity and the critical shear-rate,  The non-
Newtonian behaviour can:be évaluﬁted in terms of the power law exponent(n). ‘
.Over the entire range of temperatures covered an Arrhenius-
viscosity.temperature dependence eqﬁation‘was found to give mofe adequate

fit for constant shear-stress data than for constant'shear—rate data.

The addiﬁon of an olemide sl'ip agent (ArO) to low density
| polyethylene (film grade) sig'nifica.nﬂy affected two rheological properties:/ (a)__ |
Critieal shear-rate and (b) apparent melt viscosity.  While the criticgl',':_. o ) B
shear-rafe 1§ increased by the addition of thg slip agent, the apparent a
o melt viécosity is reduced. = This reduction of the apparent mélt
e viscosity is more significant for temperatureé less than 190°C,
L For myegtigations of melt flow ﬁrope_rties, by éxtrusion rtheometry,

a method has been ,used.to correct fpr entry and exit eﬁects in cap_illary tube. .

This method proved to be reliable.

i

Low density polyethylene grades having differei_zt melt

viscosities willhéwé different mechanical properties of the end films
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produced.  This variation is mainly imposed by the difference in haul-off
: raté', especially when the film is processed at Iow transverse orientation
ratios ‘(blow-up ratios). The relatively_ more vigcous polymer can' lead to
a lower impact strength under these conditions. |
In all the samples investigated over the. range of blow-up ratios | o
‘studied the following conclusion can be drawn, |
| a) - Strength propertiés such as ultimate tensile strength and_'
: i elongat;ion become more balénceci in the machine and
transverse direcﬁons aé blowfup ratio is inqreésed; |
v ) " Dart drop mpact strength of blown film tncredses as blow-up ~ -

ratio- is increased.
\ .

(iil) . - - Increasing éc_rew speed, generallly, inereases strength
. properties of the film. ' | , o
{iv) . - From the standpoint .of producing the besf all-roun-d film -
- properties, a rémge of blow-up r:;tio from 2,5 to0 2,8 was
~ found most suitable, L . - o
s v) k ~In general,:_when high haul-off rate is iinpose;i by a certain' S ‘

polymer grade in the production of layflat blown film, low
;. blow-up ratios may not be suitable. . The use of dies with o

o ‘smaller diameters may, thus, be necessary to produce S

- " film of better strength properties, .
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- L/D
Gmax _'

» Py
B.U.R.

NOMENCLATURE t

* Force
Area

. Shear-stress

Velosity of flud

.- Apparent melt viscosity
. Velocity gradient
. Time

Shear-rate

consistency o
Degree of non-Newtonian behaviour - T e
_:Standard state viscosity | B

_ Standard shear-rate -
Universal Gas Constant

Constant (frequency term)

Energy of activation for ir_iscous flow

| Qutput

Pressure difference

” Radius of tube
| Length of tube o |
Shear-stress at the wall of the tube SR

Lengths of one pair of die .

- Radius of one pair of die

Pressure on each die respeétively .

-Blow-up ratio

Instantaneous elastic deformation |

' "Molecular alignment deformation . -

E Viscous flow

Birefringence
Piston speed -

Length to diametefra.ﬂo oA | LR

TAERE ST




NOMENCLATURE contd. ..

Ao
AL

£ m+1

- 6miz -
&m0

"Original cross sectional area

" Elongation at break |

. Elongation at the moment of rupture of specimen
_Initial .gauge length of the specimen | -

Height of fall of dart

Mass

.~ Number of blows in trial run _
- Impact energy of first blow of the testing run

Impact energy of the 2nd blow of the testing run

. Impact energy of the 20th blow of the testing run’
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