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Abstract

The properties of polyethylene materials exhibit good insulation and radiation resistance,
but exhibit poor flame resistance. Flame retardant properties of the polyethylene were
improved by the radiation induced grafting or crosslinking. When the various flame
retardants were fixed onto polyethylene, the amount of fixation in grafting was increased
with the increase of radiation dosages. In the case of grafting, it is necessary for high
grafting yield that the polyethylene films were swelled before irradiation with 7-rays or
electron beams. It is the suitable method for the fixation of flame retardant that
polyethylene samples were blended with various flame retardants at 125°C and then
blended polymers were crosslinked by the electron beams at room temperature.
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1. Introduction

The high versatility and large volume
applications of polyolefins are well known
and strongly established. This growth has
been principally with unmodified polymers
or with limited modification to obtain sta-
bility or to change surface properties. One
application area, which is rapidly growing
and extending the range of commercial
polyolefins, is especially fire retardant co-
mpounds. For many applications the ther-
moplasticity of polyolefins leads to serious
temperature limitation and flammability.
So it is necessary to convert the polymer
from thermoplastic to the thermoset stru-
cture through crosslinking of the polymer
chain. The principle advantage of irradia-
tion is that it provides a means of impart-
ing a crosslinked structure to a thermopl-
astic polyolefing without the application of
heat. The crosslinked structure is a key
to imparting to the insulation'~® and mec-
hanical properties such as abrasion resist-
ance and resistance to flow or penetration
at elevated temperatures.

1t is difficult to assign “typical” proper-
ties to any broad class of irradiation cro-
sslinked insulation compounds such as pol-
yolefins, polyvinyl chloride, or other base
polymers®®. Various additives are comm-
only utilized to alter thermal stability®®,
flammability!:211-19  radiation resistant!?-
19 and processibility?®2? which obviously

Add to this
the variability in properties of the various

affect insulation properties.

polymers and copolymers themselves, to-
gether with the ability to effect control of
crosslink density by control of exposure to
radiation.

The purpose of the present work is to
investigate the influence of crosslinking
or grafting on flame retardancy. Ultimate
objectives are to obtain electric wires and
cable with excellent resistance to flame,
heat deformation and radiation.

2. Experimental

2.1. Materials

Polyethylene 5301 Chip (PE) from Han
Yang Chemical Corp.
film (0.1mm thick) were used. Flame ret-
ardants such as Triallyl phosphate (TAPA),
2-chloroacrylic acid(2-CAA) and Fyrol 76
were obtained from Polyscience Co.(U.S.

and polyethylene

A.) and were not purified further. Trime-
thylol propane triacrylate(TMPT, crossli-
nking agent) and n-hexane(swelling agent)
were E.P reagent grade and were not pu-
rified further.

Acrylic acid(AA) was purified by vacu-
um distillation(20mmHg, 56°C) and used
immediately after distilling or stored bel-
ow 0°C.

2.2. Grafting Technique

An electron accelerator (High Voltage
Engineering Corporation) with a maximum
beam current of 25mA and operated at
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300,000V was fused in this work. The sa-
mples were laid on a conveyor, so that
the samples were irradiated by the suita-
ble doses. The beam current and conveyor
speed were varied from 0 to 15mA and
9.4 to 29.2cm/sec. respectively. The oper-
ation current-speed curve estabished!® was
used to calculated delivered dose for all
experiments. Polyethylene films(2.5cm X
15cm X 0.0lcm) were soaked in n-hexane
for 30 hours and then dried in a vacuum
oven at 55°C for 24hours. Glass tubes con-
taining polyethylene films and the mixed
flame retardant solution were capped and
then stood for at least 24 hours in the da-
rk before irradiation with® Co gamma ray
at room temperatue. The gamma dose rate
used was 1.67x10°rad/hr.

2.3. Preparation of Polymer Blends

Polyethylene having a melt index 0.3
and a density of about 0.924g/cm?®
blended together on a hot roll mill in the
adjusted amounts. The hot roll mill temp-
erature ranged from 120°C to 130°C. The
flame retardants were then added to the
blend. After the flame retardants have
been completely added to the blend, mill-
ing was continued for about 4.5 minutes

were

to disperse the flame retardants througho-
ut the polymer blend. After the milling
was out, the treated hot polymer blends
were cooled and cut to the strips. The st-
rips were pressed at 18,000 pounds for 3
minutes by the controlled hot plate, 300°C
(Carver Laboratory Press Model C, U.S.
A.). The sample size of polyethylene was
12ecm X 15ecm X 0. Iecm. The samples were cr-
osslinked by electron beams which ranged
from 5 to 15 Mrad.

2.4. Separation of Homopolymer, Gel % and

Graft %
The graft yield was determined after

the removal of the occluded homopolymer.
For the AA and Fyrol 76 grafted films,
homopolymer removal was done by soaki-
ng the films in hot NaOH -ssolution of 24
hours. After this treatment the grafted
films were vacuumdried at 50-55°C for 24
hours and they reached constant weight.
The resulting weight increase was used
to calculate the graft yield. In the case of
blend polymer, gel formation was determ-
ined after 50 hours Soxhlet extractions
with xylene at 130-135°C.

“Graft 25" and “Gel %" are defined as
follows:

% Graft=~W2_V'[;W_hx 100
1

=W

% Gel= W, X100
where W, is the initial weight of PE film,
W. is the weight of grafted film, and W,
is the weight of insoluble gel after xylene
extraction.

3. Results and Discussion

3.1. Fixation of Flame Retardants by Grafting

When flame retardants (TAPA, Fyrol 76)
were grafted onto PE film at room temp-
erature, the percent of grafting was incr-
eased with irradiation dose (see Fig. 1).
irradiated at the
dose rate of 8.94Mrad/sec. in air by elect-
ron beam.

It is considered that the more dense ra-
dical sites were generated in prepolymer
(PE film) at high dose, the more grafting
occurs with flame retardants. Grafting
yield of flame retardant with TMPT was
higher than that of flame retardants. It
is supposed from such results that most
of TMPT radicals were combined with the
monomer radicals and rest radicals were

The treated film was

partially crosslinked or grafted. It is alw-
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Fig.1. Effect of Radiation Dosage on the Grafting
of Flame Retardantis on Polyethylene Film.
X : TAPA/Fyrol 76=6/4(by Vol.)
QO : TAPA/Fyrol 76/TMPT=5/4/1(by Vol.)

ays reminded that PE is degraded at the
extremly high dose.

Influence of acrylic acid on the grafting
of flame retardants onto PE film is shown
in Fig. 2. From Fig.2, the percent of gr-
afting was increased with increasing dose.

20+

Grafl, %
°

Dose, Mrad

Fig. 2. Influence of Aecrylic Acid on Radiation
Grafting.
A TAPA/Fyrol 76/AA=5/4/1(by Vol.)
O : TAPA/Fyrol 76/AA/TMPT=4/4/1/1
(byVol.)
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It is thought that the reason was similar
to the case of Fig. 1. Comparing the Fig. 1
to Fig. 2, grafting % of flame ratardant
which was contained in AA, was higher
than that of flame retardant only. It is
supposed that AA was easily converted
" into AA radical by irradiation and thus
AA radicals were participated in grafting
or partially in crosslinking. In the case of
Fig. 1 and Fig. 2, the graft yields were
relatively low. It is interpreted that PE
film was not swelled—PE film was so cry-
stalline that monomers hardly could diffu-
se into it. The crystalline region were pa-
rtially converted into the amorphous regi-
on by swelling agent. Therefore, it is po-
ssible that monomers are apt to react with
polymer radicals—.
In the case of Fig. 3, PE film was swe-
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Fig. 3. Influence of Additivies on Radiation

Grafting.

Irradiation: Co-60, 7-ray

Swelling: 30°C, 24hrs in n-hexane

A TAPA/Fyrol 76/MeOH =30/20/2
(by Vol.)

X : TAPA/Fyrol 76/TMPT/MeOH
=25/20/5/2(by Vol.)

QO : TAPA/Fyrol 76/TMPT/AA/MeOH
=20/20/5/5/2 (by Vol.)
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lled and then stood in the flame retardan-
ts solution for 24 hours before irradiation
with #Co 7-rays. It is shown from Fig. 3
that the flame retardants were grafted
from 0.29% to 30.1%. The percent graft of
flame retardants containing TMPT was
rapidly increased with the irradiation dose,
but the percent graft of flame retardants
containing TMPT and AA was very slowly
increased with the radiation dose. These
experimental observations are explained
that the reaction rate of TMPT in the
mixed solution was slower than that of
AA with TMPT in them, and thus such a
fast reaction interfered with the grafting
of flame retardants. Comparing the Fig. 1
with the Fig. 3, the percent graft in Fig. 3
was higher than the percent graft in Fig.
1. This result is considered as the swelling
effect of PE film. It is necessary that PE
film must be swelled before grafting.

1Sk

Dose, Mrad

Fig. 4. Influence of Additives on Radiation

Grafting.

Irradiation: Electron accelerator

Swelling: 30°C, 24hrs in n-hexane

A I TAPA/Fyrol 76/MeOH =30/20/2
(by Vol.)

x : TAPA/Fyrol 76/TMPT/MeOH
=256/20/5/2(by Vol.)

O : TAPA/Fyrol 76/TMPT/AA/MeOH
=20/20/5/5/2(by Vol.)

3.2. Fixation of Flame Retardant Blends by
Crosslinking

Effect of phosphorus compound on gel
formation in PE is shown in Fig. 5. It is
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Fig. 5. Effect of Phosphorus Compound on Gel
Formation in Polyethylene
A I PE/TAPA /Shellac=1006/5/10 (by Wt.)
O  PE/TAPA/Fyrol 76=100/5/2(by Wt.)
x : PE/TAPA /Shellac/Fyrol 76
=100/5/10/2(by Wt.)

seen from the results that PE/TAPA/Fy-
rol 76 Blend was more crosslinked than
PE/TAPA/Shellac, and the percent gel of
PE/TAPA/Shellas/Fyrol76 Blend was hig-
her than that of PE/TAPA/Fyrol 76 Ble-
nd. It is found from these observations
that Fyrol 76 contains more double bonds
than shellac, and thus the radicals which
were produced from double bonds by irra-
diation had more opportunity to be crossl-
inked with the PE radicals. Fig. 6 illustr-
ates the gel formation of Fyrol 76 mixtu-
re blends. As shown in Fig. s,
asing tendency to the degree of gel?; was
PE/Fyrol 76, PE/Fyrol 76/Shellac and PE/
Fyrol 76/Shellac/TAPA orderly. The per-
cent of PE gel was 9.6% and the percent

the incre-
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Fig. 6. Gel Formation of Fyrol 76 Mixture Blends.
A : PE/Fyrol 76=100/2(by Wt.)
O : PE/Fyrol 76/Shellac=100/2/10
(by Wt.)
X : PE/Fyrol 76/Shellac/TAPA
=100/2/10/5 (by Wt.}
O:PE
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Fig. 7. Effect of Halogen Compound on Gel
Formation in Polyethylene.
A : PE/2-CAA=100/5(by Wt.)
O : PE/2-CAA/Shellac=100/5/20 (by Wt.)
X : PE/TAPA/Shellac=100/5/10(by Wt.)
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of PE gel treated with flame retardants
was 18% at 15Mrad. It is supposed that
the pure percent gel of flame retardants
was 8.4% in this system.

When 2-CAA and/or shellac was crossl-
inked on the PE, the percent gel was inc-
reased with dose(see Fig. 7).

It is shown in Fig. 7 that the high dose
made dense monomer radicals, and then
those could be apt to react with PE radi-
cals. Comparing 2-CAA with TAPA as gel
effect, TAPA was more effective than 2-
CAA. 1t is seen that TAPA
(0]
CH2=CH—CH2—O—]IE[’—-O—CH2—CH=CH2
(I)—CHZ—CH=CH2
has three carbon double bonds, but 2-CAA
0

CH=CH- PJ—OH

d
has one double bond.

The influence of various flame retarda-
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Fig. 8. Influence of Various Flame Retardants on
Gel Formation
A : PE/Fyrol 76/Shellac=100/2/10

(by Wt.)
O : PE/Fyrol 76/TAPA =100/2/5(by Wt.)
x : PE/Fyrol 76/Glassfiber=100/2/10

(by Wt.)
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nts on gel formation is shown in Fig. 8.
It can be seen from the results that PE/
Fyrol 76/TAPA was the highest gel9s and
PE/Fyrol 76/Glass fiber was the lowest
gelos. 1t is considered that glass fiber co-
uld not be crosslinked and thus be attach-
ed into the network by physical bonding.
The effect of shellac mixtures on gel
formation on polyethylene was shown in
Fig. 9. From Fig. 9, it is said that PE/
Shellac/Glass fiber/TAPA was the most
effective combination in this system.

20

%

Gel,

Dose, Mrad

Fig. 9. Effect of Shellac Mixtures on Gel Formation
on Polyethylene.
A : PE/Shellac=100/20 (by Wt.)
O : PE/Shellac/Glassfiber=100/20/5
(by Wt.)
X : PE/Shellac/Glassfiber/TAPA

=100/7.5/7.5/5(by Wt.)
O:PE

3.3. The Flame Retardant Properties of the
Modified PE

Gel 9 of PE/Fyrol 76/TAPE/Shellac(=
100/2/5/10) v.s. Oxygen Index is depicted
in Fig. 10. As shown in Fig. 10, the Oxy-
gen Index of unmodified PE was 19 and
the OI of modified PE was 26. Grafting
yield of TAPA/Fyrol 76/TMPT/AA/MeOH

Index

Oxygen

index

Oxygen

Fig. 10. Oxygen Index v.s. Gel % of PE/Fyrol
76/TAPA /Shellac Blend.

(20/20/5/5/2) v.s. Oxygen Index(OI) is sh-
own in Fig. 11. The OI of PE film was 19
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Fig. 11. Oxygen Index v.s. Flame Retardants
Percent Grafting Yield.

but that of flame retardants(30%) grafted
PE film was 26.7. The experimental data
is reflected ;that the untreated samples
were easily burned, but the modified sam-
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ples had the considerable flame resistance
in air.

In order to burn completely the modified
sample, we must supply the oxygen. To
mention the crosslinked PE, the Ol of the
crosslinked PE(at 15Mrad) was 19. Thus
it had not character of flame retardancy.
Fig. 12 is illustrated the thermogram of

Endothermic
n
of
[}
]
8

Temp, °C

Fig. 12. Thermogram of Polyethylene Treated with
Flame Retardants.
Sample Weight: 10mg
Inert Material: Al,0;
Atmosphere: Air
Sensitivity: +1000xV
Heating Rate: 15°C/min
Sample Holder: GS 1307
Thermocouple: Pt-Pt-Rh10%
Sample: (a) PE/TAPA/Glass Fiber/Shellac
Blend
(b) PE/Fyrol 76/TAPA/Shellac
Blend
(¢) PE/Fyrol 76/Shellac Blend
(d) PE
polyethylene treated with flame retardan-
ts. The flame retardants crosslinked PE
had the high melting point and the impr-
oved glass transition temperature. The PE
glass transition temperature was increased
from 99°C to 106°C and its melting point
was ranging from 229°C to 241°C at the
same condition. According to such data, it

is found that the flame retardancy of the
treated PE was increased.

4. Conclusion

To get a better flame retardance effici-
ency by the grafting of flame retardants
onto PE film, PE filmn must be swelled in
the n-hexane and then soaked in the flame
retardant solution for 24 hours before irr-
adiation. The composition of flame retard-
ants, TAPA/Fyrol 76/TMPT/AA/MeOH=
20/20/5/5/2, exhibited the highest grafting
yield (30.1%) among the various ratios of
composition in its kind. The Oxygen Index
of the grafted PE film was 26.7 and then
the thermal stability of the grafted sam
ple could be considerably high. The blen-
ding method has a merit of free control
in mixing of flame retardants. Compositi-
on of PE, such as PE/Fyrol 76/TAPA/
Shellac(=100/2/5/10) or PE/TAPA/Glass
fiber/Shellac(=100/5/7.5/7.5) showed the
high Oxygen Index value(~26). Such a
modified PE shows not only the improved
property of flame retardancy but also that
of heat resistance.
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