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Abstract: A composite of polyethylene with less than 10% of alumina in
volume shows a decrease in the tensile strength to much smaller extent and
the power strength of the filler volume fraction is less than 0.5. Treatment
by corona discharge definitely lowers the tensile strength of a polyethylene
sheet. Corona treatment of polyethylene, however, increases the tensile stren-
gth of the composite and the effect of treatment on the strength becomes more
significant if a finer powder is used as a filler. The melt viscosity of a mix-
ture of corona-treated polyethylene and a filler changes very littele with the
time of corona treatment.
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INTRODUCTION

The influence of fillers on mechanical prope-
tties of a polymer is of great scientific interest
and has important industrial applications. Me-
«chanical strength of a particulate-filled composite
has been interpreted as a function of the filler
concentration for the cases of perfect adhesion
as well as no adhesion between the filler and
polymer phases!. The diameter of filler particles
is also one of the factors controlling the ultimate
strength of a filled polymer®3.

There have been some discussions on the de-
pendence of tensile strength of a filled polymer
on the volume fraction and it is generally acc-
epted that the strength is a function of the vo-
lume of a spherical filler to the two-third po-
werh 45, However, Piggott and Leidner® claimed
that the neglect of stress concentration effects
«can result in spurious agreement with the two-
third power law and the strength should rather
depend on volume fraction to the first power
when spherical inclusions are used. This work
‘was, then, criticized by Nicolais and Mashelker?
who demonstrated that the above authors intro-
duced doubtful assumptions in deriving the th-
‘eoretical aspect of the strength of polymeric
‘composites containing spherical fillers.

Present work examines the effect of fillers on
the tensile strength and derives the power stre-
ngth of a volume fraction when a filler with
irregular shape is used. The effect of corona
treatment of polyethylene powder on the mec-
hanical strength of the composites is also inv-
-estigated. The melt viscosity of the composites
with and without corona treatment on polyeth-

ylene were measured and compared.

PREDICTION OF TENSILE STRENGTH
OF FILLED POLYMERS

{Case I. No adhesion
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The tensile strength of unfilled and filled
polymers, o and ¢’, respectively, are defined
by equations (1) and (2)

F

'y W
o' =2 @)

where F and F’ are the breaking load of unfill-
ed and filled polymers, respectively, and A is
the cross-sectional area of a specimen. If it is
assumed that the load is applied only on the po-
lymer matrix and there is no adhesion between
the matrix and filler, tensile strength of a filled
polymer, ¢’, can be given by

o'=¢ an (3)
and o'=0(1—Ry) @

where Am is the cross-sectional area occupied
by polymer matrix and Ry is the area fraction
occupied by the filler. The area fraction of a
filler, Ry, is generally expressed!:67 as

Re=k(Vp)" (5)
where % is a constant, V; is the volume fra-
ction of a filler and 2<1. By combining equa-
tions (4) and (5), equation (6) or (7) is then

~ obtained
o'=c[1—k(Vp)"] ®
In(o—a’')=nK-+ninVy )

where K is ko.

Case II. Adhesion between polymer matrix
and filler

The assumption made here is that adhesive
strength of the interface between polymer ma-
trix and a filler increases only if a reactive site
of polyethylene becomes a polar group by a co-
rona treatment.

The effective surface area of a filler at the
interface, Ac, which makes a bonding to cor-

ona-treated polyethylene is given by
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Ac=Agsy (8)

and Ac=Ar(1—e%) 9)

-where y is the degree of formation of adhesive

bonding strong enough to show strength of the

matrix, s the rate constant and ¢ the time of
<corona treatment.

The tensile strength of polymer matrix with

some degree of adhesive bonding to a filler 1is
defined by

Am—+ Ac

where F’’ is the tensile load of a composite.
‘One assumes that the filler surface at the inte-
tface in a composite makes either complete bon-
«ding to polymer or no adhesion at all.

The tensile strength of a composite, ¢’/, is

expressed as

o= il - 1)

By combining equations (10) and (11), eguation
{12) is obtained.

0_// — (447” ‘,—AC)

=) 12)

Since we have expressed A as
A=Am-+Af (13)
equation (14) can be obtained by combining
equations (12) and (13) with equation (8).
o"=0 1= (1—y) (14)

Upon introducing equation (9) into (14), we
have equation (15)

o' =c—KV;e s (15)
when V" is constant, equation (15) becomes
equation (16)

loglo—a"") =K —st (16)

where K’ is logKVy™.
EXPERIMENTAL

Polyethylene used was high density polyeth-
w2l A2 A1z 19783 14

vlene grade M850 supplied by Korea Petroche-
mical Ind. Co. Melt index and density of the
polyethylene were 5.0 and 0.96g/cm? The po-
lymer was in the form of powder dried right
after polymerization and contained no additives.

Table 1 specifies the alumina used as a filler.

Table 1. Particle Sizes of Fillers

Code U.S. Sieve No.| Size of the Eye(y)

|
|
F 325 | 10
|
1
|

M 140 105
C 120 125

Composites were prepared by mixing alumina
with the polymer, with or without corona tre-
atment®, The alumina was dried in an oven at
temperature 150°C prior to use. The mixture
was then extruded through a melt indexer with
a capillary, L/D ratio of 3.8. The extrudate
was cut into a granular form and a sheet was
made by using a hot press at temperature of
160°C. Sheets were cut into a dumbbell shape
with the width of 5 mm at the center and leng-
th of 5 cm for the tensile tests.

Tensile stress-strain curves were obtained on
an Instron TMS with a head speed of 5 cm/min.
Infrared spectra of polyethylene sheets were ob-
tained on a Perkin Elmer 521 IR spectrophotome-
ter. Concentration of carbonyl groups after the
corona treatment was measured with help of
the correlation curve made by measurement of

carbonyl groups of stearic acid in carbon tetra-

chloride.

RESULTS AND DISCUSSION

Figure 1 shows the effect of filler content of
a composite on the tensile strength. As is pre-
dicted* 71213 the tensile strength decreases
with an increase in the filler content of the com-
posite. Although shape and size of the fillers
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Figure 1. Tensile strength of a composite as a function
of the volume fraction of the filler
@® : Filler F [ : Filler M
A : Filler C

used in this work are not examined vigorously,
the mechanical strength of the composite seems
to depend significantly upon them. When sph-
erical fillers are used in a composite, the mec-

hanical strength of the composite is dependent
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Figure 2. The plot of log(o—0") vs logV of a filler
in a composite
@ : Filler F
A : Filler C

[ : Filler M
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on d"% where d is diameter of the spherical
filler®.

In the case of using crashed alumina with
irregular shapes, average size of the filler still
gives marked effect on the tensile strength of
the composite. It is apparent that smaller par-
ticles weaken the matrix to a lesser extent than
larger particles. Power strength of volume frac-
tion of fillers in the composites are obtained
from the slopes of straight lines as shown in
Figure 2. When fine powder of alumina with
maximum particle size of 40z is used as a filler,
power strength, z is only 0.28, which is much
less than that of spherical fillers; 2/37 or 16.
When the fillers of larger sizes, 105x and 125,
are used, the power strengths become 0.41 and
0.45, respectively; much greater than that of
the composite with the finer powder, but much
less than that of a composite with spherical
inclusions®®7. It is noted that the strength of
a composite with less than 10% of filler in
volume shows less decrease than with more
than 10% of filler in volume reported elsewhe-

rel:6.7,

Tensile strength of unfilled polyethylene de-

360

340

320

Tensile Strength of PE (Kg/cm?)

1 ] ! 1 !
300O 80 12C 180 240 300

Time of Corona Treatment { sec)

Figure 3. Tensile strength of polyethylene as a function

of the corona treatment time
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creases with time of corona treatment as shown
in Figure 3. It was observed that the carbonyl
group measured from absorption peak at 1720cm™
was increased with the time of corona discharge
in air. It is obvious that bulk polyethylene,
melted and recrystallized after the corona treat-
ment, is a blend of oxidized and unoxidized
polyethylene and the crystallinity should drop
to show lower tensile strength (Figure 3).
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Figure 4. Calibration curve for concentration of carbonyl
group measured by an IR spectrophotometer at
1720cm ™}

Round dot(e) indicate the concentration of

carbonyl in corona-treated polyethylene for 30

min.
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Figure 5. Tensile strength of a composite with polyethy-
lene treated in a corona discharge for 30 sec
as a function of the volume fraction of a filler
@® :Filler F  []: Filler M
A : Filler C
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Figure 5~8 show the effect of corona treatm-
ent on tensile strength of composites as a func-
tion of the volume fraction of the fillers.
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Figure 6. Tensile strength of a composite with polyethy-
lene treated in a corona discharge for 60 sec
as a function of the volume fraction of a filler
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Figure 7. Tensile strength of a composite with polyethy-

lene treated in a corona discharge for 2 min
as a function of the volume fraction of a filler
® :Filler F [ : Filler M
A : Filler C
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Figure 8. Tensile strength of a composite with polyethy-
lene treated in a corona discharge for 5 min
as :a function of the volume fraction of a filler

) : Filler F []: Filler M
A : Filler C

"The strength of the composites formed from
«corona-treated polyethylene and alumina decreases
with an increase of filler contents as does the
.composite with untreated polyethylene. However,
with longer time of corona treatment, the com-
posites tend to show higher strength than those
‘with untreated polyethylene. If polyethylene
is treated for 5 minutes in a corona discharge,
the composite with the finest filler shows higher
:strength than that with the untreated. Extent
«of exidation on polyethylene by corona treatment
Hfor 30 minutes is equivalent to mere 1.3 X 107°
mole/g of carbonyl when compare with stearic
acid as the standard material. It is envisaged
that the extent of oxidation on polyethylene by
corona treatment for less than one minute is too
small to give effective contact between oxidized
polyethylene molecules and the filler and, only
after two minute treatment, the effect became
significant when the fine powder is used as seen
in Figure 7. Figure 8 shows the pronounced
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Figure 9. The plot of log (6—¢'’) vs time of corona

treatment

Volume fraction of a filler; 0.013
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A : Filler C
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Figure 10. The plot of log(s¢—0"") vs time of corona

treatment

Volume fraction of a filler; 0.027
® :Filler F [<]:Filler M
A : Filler C

effect of corona treatment of polyethylene on
the strength. It is compared to the result shown
in Figure 1.

Changes in tensile strength of the composites
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Figure 11. The plot of log(¢—0"’) vs time of corona
treatment
Volume fraction of a filler; 0. 041
@ : Filler F [<] : Filler M
A : Filler C
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Figure 12. The plot of log(c—a’’) vs time of corona

treatment

Volume fraction of a filler; 0.074
@ :Filler F []:Filler M
A 1 Filler C

with time of corna treatment are plotted accor-
ding to equation (16), as shown in Figure 9~12,
It is noted that,
a filler, corona treatment gives little effect on

if coarse powder is used as

g A1d A7z 197749 99
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the tensile strength of the composite although
the effect is positive. Corona treatment shows
distinct effect on tensile strength of a composite
if finer powder is used as a filler. The negative
slopes illustrate the decrease in difference bet-
ween tensile strength of the untreated and un-
filled polyethylene, and those of corona-treated
and filled polyethylene.

Ratio of melt flow rate between the filled and
unfilled polyethylene a a function of time of
corona treatment is shown in Figure 13. The
corona treatment, although increasing the tensile
strength of the composites, changes little visco-

sity.
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Figure 13. Effect of corona treatment on relative
viscosity of compositc melts.
Temperature of capillary; 160°C
7o and 7 are viscosities of polyethylene
untreated and unfilled, and ‘polyethylene
treated and filled, respectively.
Time of corona. treatment; (¢) 0 sec,

-] 10sec, A 30sec and & 50 sec.
CONCLUDING REMARKS

The ultimate tensile strength of a particulate-
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filled composite decreased with an increase of
the filler fraction but the rate of the decrease
was much smaller with less than 10% of filler
in volume;the power strength of volume fraction
was less than 0.5 compared to 0.67~1.0 for a
composite with spherical fillers. [t was also fo-
und that a composite with a finer filler showed
higher tensile strength if volume fraction of the
filler was less than 10 %.

At both constant volume fraction and filler
size, the tensile strength of the composite was
a function of time of corona treatment. The
composite with a fine filler of which volume
fraction is less than 10 % showed higher tensile
strength, than the controlled composite if
polyethylene was treated in a corona discharge
The treatment, however, showed little effect
on the melt viscosity of the composites.

Further experiment would be necessary to
determine whether the corona treatment on poly-
ethylene powder of different sizes and shapes
gives different results on mechanical properties
of the composites. The effect of corona treat-
ment on mechanical properties of a composite
with higher volume fraction of a filler is to be

studied.
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