Wojelech Iukomaki

¥ THE REPRODUCIBILITY OP THE MOEFHOLOGY OF THE
POLYETHENE SAMPLE

1, Introduction

Incresasing number of investigatora pay attentlon on the relationship
betwean the long term benaviour of polyethene end ite morphology[j,zfﬂ,
On the oné hand, some theoretical models have been formulated which ser-
ve as a suppert $0 production of miniature cablee, and on the other hand
the morphelogy of the laboratory manufactured PE samples and its rels-
tions with ageing proeeéses have been extensively investigated [4,5].The
best molutior would be to inveetigate a reproducible sample (moulded pie-
ge or injection moulded plece) which reflects the morphology ohserved in
the full-size cable tnsulation, Dus te variety end difference of the te-
cnnological parameters operating during production of sample (injeciion
moulding or press moulding) and of ipeulation of cable {extrusion; it ie
& very compliceted problem [6], Confined the problem, it may be interes-
ting to snswer the following gueastion: how to obtain the mample (i.e,ths
moulded piece) with reproducible morphology? The c¢onmegquence of poasgibi-
1lity of possessing of auch sazple seeme t0 be evideat as the limitation
of scetter the résults of life tests obtained in static voltage trials.

2! Goncent of the lagholﬁ

Traditionslly it has been accepied that the morphological astructure
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of cross-linked and low density polyethylene crestes gpherouwlites with
the radii in the range from a few to tena of micrometers (max 150 );u.)
nucleating from the single lemelle,

The size of theae polycrystals mﬁra_asaas the function of thickneas
of the psaple ( insulstion)and is controled, first of ell, by the degree
of super-cooling, AT = !Em - Tcﬂl"- - melting temperature, ‘.’L‘c = crystalli~
sation temperature)} and by the time of cooling.

A zone of homogenocus structure of the material involves then ‘spherouw
lites with the similar radii exhibiting the longest time of crystalizae .
tion end, ikerefore, located in the deepest layers of the sample (insu-
lation)(about 500 pm from the surfasce), It peems impossible to obtein
guch g state ino the full volume of the product. The reasons are as fol~
lows: the rapid freezing of the surface iayer (forming about 50 Ja thick
rone of the amorphous material), orientation of the boundary regicn as
a result of the melt flow io the injection or the exitrusion -(exiating
down to 200 um from the surface) and, moreover, a very low conductivity
0 the PE in the temperature range of crystalization 90 - 110°C (sbout
0,25 = 0,3 ¥/wkK) [7,8].

In light of the latest studies (improving of the chemical eching tech
nigus) existance of the spheroulitic structure in cross-linked polyethe-
ne {both in semples and cable insulation) has been excluded [3,10]. ¥ith
the increase of concentration of the dicumyl peroxide (croves-linking
agent) the rise of guantity of the transversal nodes C-C makes imp-osai-
ble twisting of lamellse and creating mors ordered superstructures.

Opinione are not explicit in instance of the low denslity polyethepe
(LDPE) [10,71]. The posibility of existeace of well formed spheroulites
ir the cgble jinsuluetion (itﬁ’ regard to a lerge content of the impurities
{micropertizles of oxides, malts sad blacks) increasing the amount of
nuclei far crystaliﬁatiﬂn is being excluded in LIPE, as well ap the ab-
scnce of these impurities in the laboratory mamples, With regard to abo=-
ve considerstion it peems that the concept of the morphology must be Te-
fered to the basic structure entities namely monocrystale (crystallites),
eventumlly, to its compositions {lamellse}.

The monocrystal is a rhomboidsl or rectangular plate with the thick-
ness of about 100 - 200 £ (0,01 - 0,02 jm) end the lenght varying from 1
to 10 m, The thickness of the lamella oscillates from 300 to 1000 £
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{0,03 - 0,1 }m). Az the guantity measure of the monocrystal content in
the sample can serve the degree of crystaliinity, 'q .

3., Cooling of the raqnipla

A cooling time model is the key element in the analysis of morphology
and crygtallinity. A heat transfer during cooling is connected with the
phase change of polymer melt into semicrystalline solid., During soldifi-
cation, polyethene (on the contery to i.e, smorphous £FH) creates the la-
tent heat of crystallization, AH. Qualitatively, the cooling proceass ngy
be described as followa: the mel$ which ie initielly at uniform T>Tn is
contained in a steel mold under pressure, At the zero time the outer sur-
face of the mold is cooled by the cooling medium (i.e, water) which hes
a constant, average temperature. Soldification develops towards the cen-
ter of the acle ap temperature of the melt drops below the crystalliza-
tion temperature region.

Quantitatively in order to obtain temperature profiles versus thlekness
(radius) of the sample and time of cooling, T(x,t), the modified heat
eguation must be solved (i.e. for a sample of rectangular shape)[12]:

2T =oc[a—21§; o1 {2k 232, 1 c-‘i-‘iw“’;]} 48 d4g (4
2t Lox or dx p 07 4t p  dt
wheres Q- density of PE, kg/m3
k - thermal conductivity of PE,[W/BIKI
ol - thermal diffusivity of PE, [ma/ a]
cp = gpacific heat at constant}presure of PE [J/kg K]
¥ - specific volume of PE, [m /kg]
AH - heat of cryetallization of PE, [J/kg]

d9/dt - rate of crystallizetion ot P2, [1/s]

Exemplary, initial and boundary conditions for the eguation _(1) are
ag followp:

for t= 01 T(x) = I,, P(x) = P, n= 0 (2)
for x=0: ?T/¥3x =0 4 (3)
for x=x 3 9T/ @x =-x_1(T-T°) (4)

0
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wheres: 'I‘i, ) 3 " initial temperaturs ahd pressure, EK] and[ra]
5 - half thickness of plate,[m]

B, = h %/k - Biot numbar, _

b - heat transfer coefficient, [H]ﬁz x]

temperature of cooling médim,[K]‘

=]
|

In the equation (1), the last three terms take into account the effect
of changes of thermal conductivity k versus tempereture, of snthalpy ver-
sus pressure ané of the heat of crystallization versus time an variation
of themperature being also a function of time., It must be emphasized that
the eguation (1) ought to be solved aimul‘tane‘omly with the reletionship
describing the development of crystallization versus supercooling AT,
dg / at=f (aT). This relationship will be discussed in the further
part of this asection. As can be seen, in order to golve the equation {1)
one must know the derivatives of the thermal conductiviﬁy and specific
volume with respect to temperature as functions of temperatiure and proes-
gure, Traces of & ,. ¥ and v in the wide range of temperature (= 20 = 250
®2y gt pressure changed from 8,7 to 150 MPa have been establisned for a
given material using the method deperibing in the paper [15]. Knowledge
~f theme characteristics permits & eimple evaluation of both the velud of
meterial parameter and its derivativé for a defined temperature and pres-
sure ]:14]. Witn Tegard to geometrical simplicity of the sample (cylinder
or rectangular orism} and %o conatant gtep of the operation appliestion
¢ the numerical method of finite difference would be sultable,

The scidified polyethene undergoes the ncn;sothermal erystallizeticn
e, the succesive layers of the sampie ere cooled with different rates

{different T.;. The process of overall crystaliization contains nuclea-
tion and lm;ar erystal grm;th, Below the eguillibrium melting point me-
sarial starts to create nuclel of amount increasing with higher degree of
supercooling, AT Duentitatively the process of isothermal crystelliza-

tion is described by the Avraml eguation [‘!5]*.
\ n
nit) = Rie) [1 -exp (=z + ¥ J] (5}
where: }l(t)- degree of crystallinity at time ¢ of cooling

12{09)- degree of crystellinity after infipite time of cooling
{ ‘Q(wj can be obtained from DSC measurement),
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Z {T)= rate conaimnt dependad on nuclsation md growth
ratea,
n - constant characterizing a t;y'pe of nucleation and
gem,etry of -crystal growth, n taking integer va-
luee Pros 1 o 4.

By tgi_:i:g the logarithm of the eqﬁatibn (5) twiocs one can obtain:

1ng{.-:u; {1 - 12‘(1:)/ 17_(1»)]} s~nlogt+logz (6)
Plot of log {'.. f1- M (t)/ 12-(@}}, wversus log t

.ie a ptraight lipe with s slope of n apd shifting of log =, The depsnden-
ece of n and z on temperature is obtained from results of set of experi-
ments carried out in the isothermal manner{cooling of samples to the dif-
ferent but comstant crystallisation points) [16]. Treating the nonisother-
mal crystallisation es a sequence of isothermal orystallization atepas,
squation (5) leads to ahother one glven in reference [1'7]:

t

. n
12(1:)'{("’){1-'3129(-f2('1) s | (1)
o

Waere  I(%) = {=(m 1/n

and 2{T) and n are kpom from isotbhermal studies,

After diﬂéhﬁiﬁnting, _ the equation {7) must be solved numerically (fi-
nite differsnce method) simultancusly with equation (1).

4, Conclugions '

1, There is a necessity of quantitstivé degeription of manufacturing
of aaml_pla"in order to obtain both: the reproducible moulded piece utili-
ed in geing tesis as well as the reference of this description to tech~
nological process of prqduction of full-gsige cable insulation,

2, In lighte of letest studise the former concept of the morphology of
cross inked and low density polyethene must be verified [9,10 11] The
most adequate superstructure can be described by monocrystale or its pe-
quences (lemellae), The quantitative measure of the abowve etructures 1is
the degree of crystallinity and ite progress versus sanple cooling {ime,

a7 /at.
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3. Simultanecus solution of the eguatian (1) and (7) by the finite

difference method permits to obimin temperature protiles T (x,t) and to
estimate rate of orystuIlinity aa a function of the sanple thicknese, X
and the time of ceooling, t, - '

4. Control-of velues of technological parsmeters st the initial and
boundary conditions allows to regeive s controlled morpholegy of the )
mazple at erbitrexy chosen time of coolings ‘
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