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Abstract . Effects of barre] temperature profile and type of mixing section on the extrusion
characteristics of peroxide premixed polypropylene were studied using single screw extruder.
Higher extrusion rate was observed with decreasing barrel temperature of solid conveying
zone and it was attributed to the increase of coefficient of friction between polymer and bar-
rel in solid conveying zone. From extrusion data and screw cooling experiments, it may be
concluded that solid conveying is most likely to be the rate controlling factor to increase the
extrusion output rate. Different type of mixing section also affected the extrusion output rate
and the molecular weight and its distribution. Blister ring mixing section resulted in slightly
higher extrusion rate and relatively low molecular weight and narrow molecular weight dis-
tribution of final product than that of pin mixing section.

Keywords : polypropylene, controlled degradation, single screw extruder, mixing section,
barrel temperature profile.

INTRODUCTION high melt viscosity and elasticity. Important

end-uses where it has become well accepted

For many commercial end-uses, the melt that the melt flow characteristics of such poly-

flow characteristics of polypropylene (PP) pro- mers must be substantially improved in various
duced with heterogeneous Ziegler-Natta cata- extruded and injection molded products.

lysts are not suitable because of the resulting In view of this need, it has been shown that im-
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proved melt flow characteristics of PP can be a-
chieved by chain scission since, in effect, this re-
duces longer and higher molecular weight chains.
Controlled degradation of PP through the action
of peroxides also known as “visbreaking” or
“cracking”- Is a reactive process that involves
conversion of low melt flow index (MFI) com-
modity resins to polymers with higher MF1. A PP
produced using this method is called controlled
rheology PP (CR-PP). Reactive extrusion using
a single or twin screw extruder is a common
method to produce a CR-PP.

PP has been known as a difficult material to
extrude than polyethylene due to its high crystal-
linity and low compressibility, etc.. In general, the
output rate for PP from a given size of single
screw extruder is lower than that of polyethylene.
Screw configuration, processing conditions and
type of material have been known as important
factors in extrusion.!”® Cheng® reported that re-
versed barrel temperature profile, i.e. decreasing
the barrel temperature from solid conveying zone
to die, was more efficient to increase the output
rate than ascending temperature profile.

Recently, many works were reported about
the PP controlled degradation and those studies
were emphasized on the changes of molecular
weight and rheological properties and kinetic
modeling.5-® Although understanding the extrud-
er performance in the reactive extrusion of PP
controlled degradation is important, it has only
been marginally studied.® This study examines
the effect of barrel temperature profile and con-
figuration of mixing section on the output rate
and molecular weight distribution of final prod-
uct in peroxide-initiated PP controlled degrada-
tion using single screw extruder.

EXPERIMENTAL

Materials. PP resin premixed with perox-
ide (Lupersol 101, Atochem North America) in
powder form was used to evaluate the extrusion
characteristics. Nominal MFI of pure PP was 0.
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8 g/10min at 230°C and 2.16 kg.

Characterization. The DuPont model 900
high temperature size exclusion chromatograph
(HTSEC) was used to measure the molecular
weight (MW) and molecular weight distribution
(MWD) with 1,2,4-trichlorobenzene at 140°C as
a solvent at a flow rate of 0.75 mL/min in a bi-
modal column (DuPont zorbax PSM Bimodal-S
6.2 mm ID x 25 mm). Infrared was used as a de-
tector. Antioxidant was added to prevent the pos-
sible degradation during sample preparation and
measurement. For universal calibration, six dif-
ferent polystyrenes of standard molecular weight
(MW =900000, 300000, 100000, 50000, 10000,
2000; Pressure Chemical Co.) were used.

Extrusion. A 2", 32:1 L/D two stage single
screw extruder was used with pin or blister mix-
ing section in the first metering section. Melt tem-
perature was measured with a thermocouple at
die. Five heaters were used to control the barrel
and die temperature. A schematic diagram of ex-
truder is shown in Fig. 1. To determine the effect
of barrel temperature on extrusion rate, experi-
ments were carried out as follow;

Temperature
Zone 1A Zone 1B Zone 2-4 Die
CASE 1 227C 227°C 227°C 227°C
CASE 11 1827¢C 182°C 227°C 227C
CASE I 127<¢C 182°C 227°C 227°C

2" Sterling Single Screw Extruder
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/Al 18 | 2 ] 3 [ a2 ]
A

2] A 11764
23/64 A 23/64 A
v ¥
#ofTums & 11 16 17 22 27 32
—.—
Pin T
Mixing Section — § _ e
Flight Width : 1/a*
Melix Angle : 17.6° Y30 | - SNE
Blister Ring
) -

/8"

Fig. 1. Schematic diagram for single screw extruder.
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Zone 1A and zone 1B represent the solid
conveying and compression zone of first
stage, respectively. Extrusion rate was mea-
sured more than 30min elapsed to ensure the
steady state condition. The reported data are
the average of three determinations. The data
were quite reproducible within 10% error.

RESULTS AND DISCUSSION

Effect of Barrel Temperature. Fig. 2
shows the effect of barrel temperature of
zone 1A and 1B, lLe. solid conveying and
compression zone, on extrusion rate with dif-
ferent rpms. It is interesting that the output
rate for CASE II shows 30-100% higher
than that of CASE 1. The specific output
rates, defined as output rate/rpm, are also
plotted in Fig. 3. The specific output rate ap-
pears to increase moderately with increasing
rpm for CASE 1I, while CASE 1 shows
more or less constant value.

Screw cooling experiments were carried out
to find out the effect of each zone on the ex-
trusion rate. Screw cooling experiment Is
known as a simple and ingenious experimen-
tal technique that permits a visual analysis of
the extrusion process. From a screw cooling
experiment, starved melt conveying behavior
in the first metering section 1s observed(Fig.
4). It indicates that the melt conveying ca-
pacity of the metering section is higher than
melting rate of the compression zone. Same
phenomena were observed for all experiments
(CASE I to CASE 1) with a little varia-
tion of degree of fill of the metering zone.
Fulfilment of metering zone was not ob-
served within experimental range. Partial fill
of the metering zone means that metering
zone can convey more melt provided the in-
crease of solid conveying rate or melting rate
can be occurred. Thus, it can be concluded that
solid conveying or melting process i1s a bottle-
neck for the increase of the extrusion rate.
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Fig. 2. Comparison of output rate between case I
and II.
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Fig. 3. Specific output rates for case I and II.

Fundamentals of solid conveying in single
screw extruder i1s a drag induced mechanism
which is largely dependent on the friction be-
tween barrel and polymer.l>10 In general, the
coefficient of friction is known as a function
of temperature, pressure and the relative ve-
locity of polymer with respect to the metal
surface. Small changes in coefficient of fric-
tion can cause dramatic changes in extrusion
rate. An external means of altering the coef-
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Fig. 4. Starved flow visualization in the 1st meter-

ing section. It represents the flow behavior from 6
to 16 turns at 90 rpm for case II.
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Fig. 5. Comparison of output rate of case I,II,
and II.

ficient of friction is the barrel temperature
setting. By choosing the optimum barrel tem-
perature, the maximum coefficient of friction
of polymer on the barrel can be obtained. To
elucidate the effect of barrel temperature on
the solid conveying rate further, zone 1A and
1B were controlled at 127°C and 1827,
respectively.(CASE 1) Comparison of extru-
sion output rate of CASE I, II and II is
shown in Fig. 5. Extrusion output rate of
CASE I is 40-50% higher than that of
CASE 1I. The only difference between
CASE 11 and CASE 1l is the barrel temper-
ature of zone 1A. It demonstrates that lower
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the temperature of solid conveying zone
results in higher extrusion output rate and it
is probably related to the increase of coeffi-
cient of friction between barrel and polymer.
The existence of maximum coefficient of fric-
tion of PP was reported between the glass
transition temperature and melting tempera-
ture.ll12Huxtable!! reported the presence of
maximum coefficient of friction at ca. 1007,
while Kirkpatrick!?2 observed it at 70°C and
130°C. Difference can be attributed to differ-
ent experimental conditions, such as sliding
speed, normal load and surface condition.
Surging, which occurs when overfeeding pre-
vents a steady solid bed profile in the com-
pression zone, was not reported during extru-
sion within experimental range. From the
result of screw cooling experiment and the in-
crease of extrusion output rate with decreas-
ing barrel temperature of solid conveying
zone without surging, it can be concluded
that the solid conveying process affects the
extrusion rate in cracking of PP more signifi-
cantly than melting and metering processes.
However, 1t has to be cautious that too much
lowering temperature for zone 1A can cause
a rapid increase of pressure in sold comvey-
ing and plasticating zone and can cause a
failure of extruder.

Effect of Mixing Section. The quality of
the extrudate is important in industrial process.
The MW and MWD of the extrudates using blis-
ter ring or pin type mixing section as deter-
mined by high temperature size exclusion chro-
matography, Du Pont 900, are shown in Fig. 6
and Table 1. From the comparison of curves in
Fig. 6, it is obvious that pin type shows larger
amount of high and low molecular weight re-
gion than that of blister ring. It indicates that
more uniform degradation reaction was ob-
tained by blister ring mixing section. To find
out the effect of mixing section on the extrusion
characteristics, blister ring type was compared
to pin mixing type. As shown in Fig. 7, slightly
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higher extrusion rate is observed with blister
ring at 60 and 106 rpm. Specific energy is cal-
culated from the gross energy input from the
extruder drive divided by the output rate. Blis-
ter ring shows slightly lower specific energy
than that of pin type (Fig. 8). One of reasons
for the above results (Figs. 7 and 8) can be at-
tributed to the lower MW (i.e. lower viscosity)
of the extrudate with blister ring mixing section
as shown in Fig. 6. More detailed investigation,
such as pressure distribution in mixing section,
will be carried out to find out the effect of mix-
Ing section on the extrusion rate.

CONCLUSIONS
It may be concluded that solid conveying
Table 1. Molecular Weight and Molecular Weight

Distribution of Raw PP and Reacted Extrudates
Using Different Type of Mixing Section

Description M, M., M,/M,
Paw PP 6.4x10* 3.86 x10° 6.0
Pin 3.8x10* 1.81x10° 4.72
Blister 4.4x10* 1.73x10° 3.89
6
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Fig. 6. HTSEC diagram of CR-PP and raw PP.
Lines represent the CR-PP and circle represents a
raw PP.
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rate is most likely to be the rate controlling
factor In reactive single screw extrusion of
peroxide premixed PP. Barrel temperature pro-
file affect the extrusion rate significantly. High
extrusion rate can be obtained by lowering the
barrel temperature of solid conveying zone and
it is atiributed to the increase of coefficient of
friction between polymer and barrel.

From a given screw configuration, blister ring
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Fig. 7. Effect of type of mixing section on the out-
put rate.
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Fig. 8. Effect of type of mixing section on the spe-
cific energy.
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mixing section resulted in slightly higher extru-
sion rate and relatively low molecular weight
and narrow molecular weight distribution of
final product than that of pin mixing section.
However, it can be reversed by changing the di-
mension of the mixing section such as clearance
and width of the blister ring.
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