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SUMMARY

Crystalline sizes and unit cell dimensions may be changed wunder
the prepared conditions of the polymers. In the present study, struc-
tural changing of two crystalline polyethylene samples which are
prepared under different conditions have been investigated by using x-
ray diffraction methods. Unit cell dimensions and crystalline sizes of
the samples have been obtained and these results have been compared

with each other.

KRiSTALLi POLTETILENIN X-ISINI KIRINIMI iLE ORGU PARAMETRELERININ
HESAPLANMASI

OZET

Polimerlterin kristallesme boyutlari ve birim hiicre boyutlar:
hazirlanma sartlarina gire degisebilirA Bu ¢aligmada, farkli sartlarda
hazirlanmig iki kristallesmis polietilen &rneginin yapisal dedisimi
x-18in1 difraksiyon metodlara ile incelenmigstir. Orneklerin birim
hilcre boyutlara ve kristallesme boyutlari elde edilmis ve bu sonuglar

kargilagtiralmigrar.

1- INTRODUCTION
Polyethylene is an important material im industry because of its
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transparancy. The crystalline cell formed in polyethylene is orthor-
hombic spatial unit celi f1]. But some structural changes may be oc-~
cured in the polymers under the prepared conditions of the samples
[2,3]. Structural changes caused by the prepared conditions of
polimers have beea investigated by many authors i.e. on the orienta-
tion of the crystallites [2-7], deformation mechanism [8-14], crystal-
linity and crystal size [15-17].

In the present study, the changing of unit cell dimensions and
crystallite sizes along the upit axes of two polyethylene samples have

been investigated by x-ray diffraction methods.

2~ MATERIALS AND METHODS

The simplest organic polymer ia polyethylene which is the
polimerization product of ethylene. Ethylene polimerizes upon heating
{100°C-400'C) wunder high pressure (1000 atm); the product is called
polyethylene. The chemical formulea of polyethylene is is n(CH2=CH2)
—» [-CH2-CHz-]u [1). Two polyethylene samples have been used in this
study which were prepared in the Leeds university laboratories under
the conditions; pressure annealed 234°C for 1 hour at 43/« Kbar and
extruded at 6 mm/min with draw ratio 7:1 (sample I) and 10:1 (sample
II). Drawing is a commercially important process, since it is the
means by which the physical properties of a soft isotropic polymer may
became enhanced to form a synthetic fibre. This process was explained
extensively by Jungnitz[15].

A Siemens diffractometer was used to measure profiles of x-ray
reflections, A fine slit wes used in addition to the primary col-
limator. The fine slit was also closer to the sample than the primary
glit. Then, the profiles were registered under the ‘appropriate ex-
perimental conditions: Cu target tube with the wavelenght, A =1.5418,

slits with fine slit, 1/2°, 0.2 mm apertures.
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Crystalline cell of polyethylene is orthorhombic {1] and deter-
mining unit cell dimensions from an orthorhembic pattern can establish
by using the orthorhombic space relation. Determination of crystal
sizes from x-ray diffraction is based upon the broadening of a dif-
fraction profile. The simplest relation, to describe x-ray profile

broadening is Scherrer equation as
8{28} = K(A/L cos8) -1-

where f{28) is full width at half maximum of the profile, A is
wavelength, 20 is diffraction angle, and L is the cry;};l size [16].
The equation contains a constant K which was ctaken as unity
throughought this study.

The measured broadening B{28) of the profile is usually corrected
for istrumental broadening b(28) to obtain the true width B8(28) by

using the relation
g2(26) = B2(28) - b2?(28) -2-
if the profiles are Gaussian, or by using the relation
g(28) = B(28) - b{28) -a-
if the profiles are Lorentzian or Cauchy [9,14].
3- RESULTS AND DISCUSSIONS

The polyethylene structure is a fiber structure which has
equatorial which means hk0 reflections and meridional which means 001

reflections, separately. The equatorial reflections were examined in

reflection, and the meridional reflections were examined in transmis-
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sion. The profiles have been measured at l'/min scannring rate for the
detector. As shown in figure 1; each of the samples have 8 equatorial
reflections and one meridional reflection,

The patterns can index by using the unit cell dimensions of an
ordinary poliethylene sample. The unit cell dimensions of an ordinary
polyethylene sample are a=7.40, b= 4.9, c=2.53 in angstrém units [1].
Measured peak positions and their hkl indices of the patterns have.
been given in table 1, The accurate unit cell dimensions of these pat-
terns have been obtained by using the orthorhombic space relation and
these results have been given in table 2.

As shown in table 1, the patterns of the samples have 200, 020,
and 002 peaks along the wunit axes., The crystalline sizes of the
samples based on the broadening of diffraction profiles have besn
calculated from these reflections. These profiles of the samples have
been measured again at {(1/8) /min scanning rate. The measured broaden-
ing B(268) of a diffraction profile is corrected for istrumental
broadening b(28) to obtain the true width $(28). The instrumental
broadening b{(28} of a chosen profile is full width at half maximum of
the nearest peak to chosen profile in the peak positions of a stand-
art sample. A Cu standart sample has been used to determine instrumen-
tal broadening of the profiles. There are four peaks of a Cu standart
sample at 43.27°, 50.48', 74.15°, 89.95" by using Cukae: radiation. The
peaks at 43.27° and 74.15° of Cu standart sample are the nearest peaks
to 200, 020 profiles and 002 profile of the samples respectively.
These peaks broadenings have been taken as instrumental broadening
b{28). Standart profiles measurements under the condition (1/4) /min
scanning rate have been taken in the same time with every sample
measurements. All of these profiles have been shown in figure 2.

Pure peak broadening {i.e. B{28)) of 200, 020, 002 peaks have

been determined by using equation 2. After that, by using equaticn 1,
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crystal sizes along the unit axes of the samples have been obtained as
shown in table 3,

As shown in table 2, the results of unit cell dimensions of the
samples are not different from each other and these results are very
near toe the unit cell dimensions of an ordinary polyethlene sample.
From the results in table 3, the crystalline sizes along a and b
directions are the same but along c direction the crystalline sizes
are different from each other of the gamples. Then it can be say that
crystallinity and crystal sizes of the polyethylene samples highly de-
pendent on the preparation condition of the samples. Stiffness and
transparancy of the samples can be changed under the prepared condi-
tions [2,3]. This is an important property of polyethylene because the

material is used in industry extensively.
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26 28 hil
21.7% 21.80 110
24.20 24.15 200
30.60 30¢.35 210
36.55 36.50 020
41.00 41.00 310
44,25 44.25 220
49.45 49.60 400
52.60 52.65 320
74.70 74.20 002

Table 1: Measured 28 values and their hqu}ndices of polyethylene

samples.
samples a b c
I 7.35 4.91 2.54
II 7.35 4.93 2.56

Table 2: Unit cell parameters in angstroms of the samples.
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Sample I
hkl B{286) b(28) £(28) 6 L size
200 0.50 0.19 " 0.00809 12.10 195
020 0.60 0.19 0.00954 18.28 163
002 0.45 0.16 0.00732 37.35 265
Sample II
200 0.54 0.26 0.00818 12.08 192
029 0.63 0.26 0.00990 18.25 164
052 0.49 0.1s 0.00802 37.10 241

Table 3; Crystallite sizes of the samples { here: B{26), b{(28) and &

in degree, £(28) in radian, L in angstrém units).
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Figure 1: Diffraction patterns of polyethylene samples.
a) equatorial and b) meridional reflections of sample I.

c¢) equitorial and d) meridional reflections of sample II.

Figure 2: 200, 020, 002 diffraction profiles of polyethylene samples
and Cu standart profiles at 43.27'and 74.15". ’
a) Sample I.
b) Sample II.
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