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Studies on multi-stage grafting or simultaneous co—grafting of
acrylic acid and vinyl pyrrolidone onto polyethylene have been carried
out in an attempt to introduce different functional groups into polymers
in some ordered states. In the multi-stage grafting, time conversion
curves of grafting and graft percent of the second stage depend on the
order of monomer to be grafted, and on graft percent of the first-stage
grafting. In simultaneous co-grafting, time conversiom curves of graft-
ing reaction and graft percent of eéch monomer depend on monomer ratio
in the solution. Effect of graft percent on electric resistance across
the grafted film was also found to depend on the mode of multi-stage
grafting or simultaneous co-grafting. Results of some trial experiments

to establish the grafting conditions are also described.
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1. Introduction

Radiation-induced modification of polymer is one of the most prom-
ising methods to give desired properties such as hydrophilic or hydro-
phobic property, or selective adsorption properties toward particular
compound by introducing functional group in polymers. Most of the graft-
ing studies were carried out using one monomer, and even studies on co-
grafting in binary even ternary monomer mixture systems are reported[1].
Multi-stage grafting to increase graft percent is also studied[3] to
prepare electrolytic membrane and reported that the multiple grafting
gave low conductive membrane when compared at the same graft percent.
However, little studies have yet reported except one[2] which concerned
with additional grafting of styrene or methyl methacrylate onto poly-
ester fiber which had been pre-grafted with acrylic acid.

Since it is interesting to develop methods to introduce different
functional group to polymers in organized states in order to obtain
membranes for seleétive permeation or adsorption, studies have been
carried out in an attempt to know grafting behavior in the following
systems, (1) multi-stage grafting of vinyl pyrrolidone onto polyethylene
film pre-grafted with acrylic acid, (2) multi-stage grafting of acrylic
acid onto polyethylene film pre-grafted with vinyl pyrrolidone, and (3)
simultaneous grafting using monomer mixture of acrylic acid and vinyl
pyrrolidone. Grafting of one of these monomers was also studied for
comparison. Electric resistance in electrolyte was also measured for
grafted membranes prepared by these different methods. This paper
describes the results of these studies including those of some prelimi-
nary tests. In this report, multi-step grafting means repeated grafting
in a monomer solution of same component which is renewed after each step
of grafting, while multi-stage grafting is referred as the grafting of

one monomer after the other.
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2. Experimental

2.1 Kinetic Behavior of Grafting

Simultaneous grafting technique using gamma-rays from cobalt-60

source was employed.

2.1l.1 Materials

Polyethylene film used in the present study was obtained from the
following sources: )

i) HDPE 13 uym thickness, Mitsubishi Petrochemical Company
ii) HDPE 100 pm thickness, Sholex

1ii) LDPE 27 um thickness, Yuasa

Acrylic acid (AA) of research reagent grade was obtained from
Nakarai Chemicals Co. and used without purification, since it was
reported that the same kinetic results were obtained with monomer
without purification when the solution was used with inhibitor[4].
Vinyl pyrrolidone (VP) and Mohr's salt of reagent grade were obtained
from Nakarai Chemicals Co. and used without purification. Distilled
water was used.

Monomer solution was prepared according to recipe recommended by
one of the authors of the following composition[5]: AA:water=50:50 by
volume, concentration of Mohr's salt (inhibitor of homopolymerization of

monomers) = 4 x 1073 mol/1, except some solutions, where the concentra-

tion was 1 x 1073 mol/1.

2.1.2 Grafﬁing procedures

The films were cut to pieces of 15 x 50 ~ 15 x 70, 8 x 40 mm and
put into a pyrex test tube with a screw cap on the top (30 mm inner
diameter (NX50) for earlier experiments (No. 1-38), 13.5 mm inner
diameter (N16) for most experiments (No. 39-175, 187-458), and 17 mm
{NW20) for later experiments (No.176-186). The known amount of monomer
solution (about 50 ml for N16, about 16ml for NX50, and about 30 ml for
NW20, respectively) was added in the tube. The solution was deaerated
for 3 - 15 min (later experiments revealed that 3 min of deaeration was
not enough for complete deaeration as will be described later), and then
sealed off carefully from air with the screw cap. The tube was then
irradiated in a tube rack set in a cobalt gamma ray source either in

natural air cooled condition or in water bath kept at constant tempera-
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ture. The irradiation temperature was either room temperature from 9 to
15°C in natural air convection cooling condition unless otherwise speci-
fied, or 49 - 50°C in a thermostatted water bath. Dose rate in air
cooled condition was estimated from data measured by a solid detector
dosimeter in Oct. 1990, and that in the water bath was measured using
the same dosimeter.

After irradiation, as soon as the film was taken out from the tube,
the film was washed with cold water to stop polymerization, and then
extracted homopolymer in a hot water bath (50°C) for 4 hrs, before dry-
ing in a vacuum oven at 50°C for 5 hrs. The film was sandwiched with
filter paper and was stored in. a desiccator before weighing.

Weight of the film was measured using a micro balance {(Shimadzu)
and graft percent at the ith step grafting, G(i), was calculated using

following equation:
G(1) = (W(i)-W0)/W0 x 10C (%) (L)

where W(i) is weight of film after the ith step grafting with AA, VP, or
AA+VP, and WO is the weight of the original film.

In the multi-stage grafting of one monomer after the other, the
graft percent of the second stage grafting (the mth step) after the ith

step of the first stage grafting, G(i+m), is defined as follows:
G(i+m) = (W(i,m,PE) - W(i,PE)) / W(i,PE) (2)

where W(i,m,PE) is weight after the second-stage grafting (of mth step),
and W(i,PE) is weight after the first-stage grafting (of the ith step}.
To avoid confusion, here, we define "step" as a number of grafting pro-
cedures using one monomer, and "stage" as a series of steps of grafting
procedures of one monomer.

We also use notatioms, Gj(AA) and Gp(VP), for graft percent of AA
at the first stage and that of VP at the second stage grafting, respec-

tively.

2.1.3 Moisture absorption test

The grafted film taken out from a vacuum oven was put on a weigh-
ing pan of the microbalance, and weight indication was taken inter-
mittently. The relative humidity and temperature were kept constant

(see Table 3.33), respectively.
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2,2 Infrared Spectroscopy

In order to determine the amount of AA and VP separately in the
grafted polymer, infrared spectra of PE, AA-grafted PE, VP-grafted PE
films, PE film grafted with AA at first stage and then with VP at the
second stage, PE film grafted with VP at first stage and then with AA at
the second stage, and PE film grafted with AA and VP simultaneocusly were
measured on an FTIR {(Perkin-Elmer 1720X) and it was found that the ab-
sorption band of carbonyl group of AA appeared at 1716 em~! different
from the bands due to carbonyl of VP (1674 cm™}), indicating that the
amount of one monomer grafted can be determined separately without
interference due to absorption of carbonyl bands of the other. For IR
measurements, only 13 um film is suitable for obtaining spectra of
appropriate absorption range. Accumulation of 10 times was enough to

obtain spectrum of high S/N ratio.

2.3 Electric Resistance Measurement

Electric resistance across the grafted film was measured using an
apparatus shown in Fig. 2.1. A cylindrical cell made of semi-transpar-
ent teflon was designed so that grafted film to be measured is placed at
center to separate into two compartments, each equipped with a platinum
electrode (7.5 mm in diameter)[é]. The distance to the membrane from
the electrode can be varied from 2 mm to 67 mm. Electrolyte (10% KOH
aqueous solution in a plastic contairer which is hanged above the cell)
flows into the cell from an injection port placed at bottom of each
compartment of the cell and comes out from an exit port equipped on top.
This allows easy replacement of electrolyte with removal of air bubbles
which may disturb the conductivity measurement. A Kohlrausch type
bridge (Yanagimoto Co., MY-8 type) operated at 1000 Hz was used to ob-
tain conductivity. This bridge allows to otain data from 1l to 10° ohms.
During the measurement, the room was kept constant temperature at 24+
1.1°C using a conventional room air coﬁditioner. The measurement was
taken intermittently, to know the time required for equilibrium value.
All electric conductivity measurements were carried out after stored for
enough time in KOH solution to reach equilibrium. Distances between the
electrodes were 2 mm and 30 mm, which give electric resistance without
sample film (cell resistance, Ry) of 3.5 and 20-26 @, respectively. No

subtractions of cell resistance were made for all experimental values.
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3. Results and Discussicn

3.1 Kinetics of Grafting Reaction

[Factors that may or may not affect the measurement of graft percent]

Table 3.1 summarizes the results of preliminary test of grafting
using PE film (13 pm HDPE, 40 % 40 mm). In some experiments, it was
observed that a part of film (about 10 - 15% of total area) was exposed
to air on the solution surface, or a film floated up to a position just
below the surface, even the film was not exposed to air. These parts
were found to remain ungrafted by visual examination after dving. This
indicates that air which may exist in the atmosphere above the liquid
level inhibits grafting, and air dissolves into the solution and inhibits
grafting of the part of film which is close to the level.

Grafting experiments of four types were carried out in order to
know the effect of pre-irradiation and "after-treatments" on graft per—
cent and the results are shown in Table 3.2 and in Fig. 3.1. In type A
grafting, the film was irradiated (without solution) in nitrogen atmos-
phere, and then the irradiated film was taken out in air and then
immersed in the monomer solution. In the grafting of B type, the film
was irradiated in the deaerated monomer solution, and the film was taken
out in air and then immersed in 50°C water for 4 hr. In the grafting of
C type the film was irradiated in the deaerated monomer solution, and
the film was taken out in air and then immersed in 10°C water for 4 hr.
In the D type grafting, the film was irradiated in the deaerated monomer
solution, and the film was taken out in air and then just washed and
dried in an oven to determine graft percent.

As shown in Table 3.2 and Fig. 3.1, little grafting takes place in
type A grafting, indicating that no post grafting occurs. The time con-
version of graft percent is almost the same to those observed for graft-
ings of types B, C, and D. This result indicates that little or only a
little amount of post-grafting occur in 50°C water if some of monomer
possibly remain on the surface of the film. Further, it is indicated
that not much difference was observed in the case where careful removal
" of water soluble homopolymer which possibly exists in the grafting film.

Further experiments were carried out in order to know the effect of
"ifter-treatments" on graft percent, and the results were shown in Table

3.3. There is a little difference among (1) graft percents observed when
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the film after irradiation was not immersed in water bath, but just
washed by running water to remove unreacted monomer and (2) those when
entire or half area of the film after irradiation was immersed in water
for 4 hrs.

In Tables 3.4 and 3.5, results of the test in an attempt to know
the effect of amount of oxygen present in the monomer solution. In Table
3.4, results were shown for graft percent obtained for () bubbled nitrogen
stream through the solution, @) air saturated (no gas bubbling), and 3
bubbled oxygen stream through the monomer solution. For all runs, gas
bubbling time was 3 min. and irradiation time was 120 min. As shown in
Table 3.4, little difference was observed among graft percents obtained
these conditions. This indicates that (1) gas bubbling time of 3 min.
is not enough to replace oxygen in the reaction tubing with nitrogen,
and {2) that most oxygen initially dissolved in the tube was consumed
during 120 min irradiation time. This was further supported by the
results shown in Table 3.5 and Fig. 3.2 where gas bubbling time was
extended to 15 min. énd irradiation time was changed from 210 min. This
time, no grafting took place when oxygen was bubbled, and retardation of
the grafting was observed for grafting using air saturated (no gas bubbl-
ing) solution when compared with the results obtained for the runs where

nitrogen stream was bubbled through the solution.

[Effect of ambient cooling fluid on graft percent]

It was noticed that the sample tubes became warm after grafting
reaction due to heat of reaction generated during the reaction when the
irradiation was carried out in air under natural convection cecoling con-
dition. More effective cooling will be expected when the irradiation is
carried out in water at the same temperature. To prove this effect, the
grafting experiments were carried out, one in natural air coaled
condition and the other in a water bath, where the dose rate and tem-
perature were adjusted as close as possible for the both cases. The
results illustrated in Fig. 3.3 support the above possibility showing
that higher graft percent was obtained when the irradiation was carried
out in air.

[Effect of Mohr's salt concentration on graft percent]

It is known that the graft percent and distribution of grafted

polymer in the film are dependent on the concentration of the inhibitor

of homopolymerization[5]. The results of grafting under different con-
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centration of Mohr's salt are compared in Fig. 3.4 where Mohr's salt
concentrations were 1 x 1073 mole/l and 4 x 103 mole/l while other con-
ditions were the same. Grafting seems to proceed more smoothly by the
presence of Mohr's salt concentration of 4 x 1073 mole/1. Therefore
most grafting experiments were done at this comcentration of Mohr's

salt. (see Table 3.11).

[Effect of storage time of Mohr's salt stock solution]

Mohr's salt is a little unstable and gradually oxidized to form
ferric ion when dissolved in water containing oxygen. Therefore, storage
of stock solution for at least one day is recommended for stable results.
In order to test the range of scattering of data, grafting reactions on
27 um LDPE and 100 um HDPE films were carried out In monomer solutions
which were freshly prepared just before using Mohr's stock solution
(0.008 mole/l) which had been stored for within one hour, one day, and
one week. The results were given in Table 3.20A and Fig. 3.5, and Table
3.20 and Fig. 3.6. . For both types of films, the similar tendency was
observed in that as the storage time becomes longer, higher graft percent
was observed at earlier period of grafting reaction, indicating that
ferrous ion was oxidized during storage and effective concentration

became small. (see Fig. 3.4)

[Effect of storage time of monomer solution]

Grafting experiments were carried out in monomer solutions which
were prepared just before grafting and were stored nine days after prep-
aration. Time conversion curves are comparatively shown in Fig. 3.7
(Tables 3.20B, and 3.21), where higher graft percent was observed for

the case where freshly prepared monomer solution was used.

[Effect of moisture gain on mass measurement of grafted film]

Grafted film becomes more or less hydrophilic and therefore, ab-
sorption of moisture in the grafted film may give larger value of graft
percent than real value. Moisture gain of film (100 u HDPE) is plotted
as a function of time exposed in air at 19.9°C and relative humidity of
50% after taken out from a desicecator in which the vacuum dried grafting
© film had been stored. The result indicates that the weight increase due
to moisture gain is only 0.18 percent when the reading of the weight is
taken in 20 minutes. Of course, this error depends on the graft percent,
but this error may be largest considering that most of our graft percents

are lower than 50%. Most of the data were taken within this time. (Fig.
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3.8, Table 3.33)

[Time conversion curves of grafting of AA on HDPE at different dose
rates]

In order to establish condition of grafting of AA, grafting reac-
tions on 13 ym HDPE film were carried out at two different dose rates,
one at 1.35 x 10% rad/h and the other at 2.57 x 10° rad/h at 15°C. The
results are shown in Fig. 3.9 (Tables 3.1 and 3.2), where graft percent
increased with time, but small retardation period was observed for

grafting at smaller dose rate.

[Time conversion curves of grafting of AA on LDPE at different Mohr's
salt concentrations] '

Grafting reactions on 27 um LDPE film were carried out in monomer
solutions containing Mohr's salt at two different concentrations, one at
1 x 1073 mol/l at 50°C, and the other at & x 1073 mol/1l at 9°C. The
results are shown in Fig. 3.10 (Table 3.19) and Fig. 3.11 (Table 3.204),
respectively. Both systems were found to give graft polymers of high
graft percent, but the latter system is possibly suitable to obtain
graft polymer in which cross sectional distribution of grafted polymer

is more uniform.

[Time conversion curves of grafting of VP on HDPE]

Grafting reactions on I3 ym HDPE film were carried out in monomer
solutions containing Mohr's salt at 4 x 10-3 mol/1 at 50°C and at dose
rate of .18 x 10° rad/h and graft percent is plotted as a function of
irradiation time in Fig. 3.12 (see also Table 1.23). Although small
retardation was observed at earlier period of grafting, graft percent of
as high as 60% was successfully obtained by 1 hr irradiation.

Similar graftings were carried out at two different dose rates, omne
at 1.23 x 10° rad/h and the other at 2.23 x 10° rad/h at 13.8°C. The
results are shown in Fig. 3.13 (Table 3.8A), where graft percent increas-
ed with time, but small retardation period was observed for grafting at
two dose rates. The same data are shown in Fig. 3.14 (Table 3.8A) where
dose in kGy is taken on abscissa. Higher graft percent was obtained for
grafting carried out at lower dose rate when compared at the same dose,

as is expected from general law of square root of dose rate.

[Comparison of reactivity of AA and VP]

Time conversion curves for grafting of AA and VP on 13y HDPE films
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are compared in Fig. 3.15 (Tables 3.6, 3.8 and 3.11) at the same condi-
tions of grafting. Later retardation was observed for grafting of VP
than that for AA, but rate of grafting of VP becomes higher after initial

retardation period.

[Effect of temperature on time conversion curve for grafting of AA onto
100 um HDPE filml]

Grafting reactions onto 100 pm HDPE film were carried cut in monomer
solutions containing Mohr's salt at 4 x 10~3 mol/l at two different tem-
peratures, one at 49°C and the other at 10.8°C in the thermostatted water
bath, and at dose rate of 0.99 x 10% rad/h, and graft percent is plotted
as a function of irradiation time in Fig. 3.16 (see also Tables 3.16 and
3.18). Grafting at 10.8°C was not very promising because monomer solu-
tion became very viscous at 350 min. irradiation before graft polymer of

high graft percent was obtained at this temperature.

[Effect of dose rate on time conversion curve for grafting of AA onto
100 um HDPE film]

Grafting reactions on 100 ym HDFE film were carried out in menomer
solutions containing Mohr's salt at 4 x 103 mol/l at 50°C at three dif-
ferent dose rates: 2.11 x 103 rad/h, 2.66 x 10% rad/h, and 1.18 x 10°
rad/h, and graft percent is plotted as a function of irradiation time in
Fig. 3.17 (see also Tables 3.25, 3.26 and 3.20B). It is noted that the
graft percent is very low to allow enough graft percent for conductivity

measurements at dose rates below 2.11 x 103 rad/h.

[Multi-step grafting and single-step grafting of AA onto PE film]

In Fig. 3.18 (Table 3.17), time conversion curves are compared for
grafting of single step (circles) and for two-step grafting {square and
triangle symbols). The time conversion curves obtained by these methods
agree well with one another and this indicates that grafting with single

step and that with multi-step proceed with same mechanism.

[Graft percent of VP at the second stage and that of AA previously
grafted on AA in the first stage and vice versal
The PE films of AA grafted at different graft percents were obtained
‘at the first stage grafting by changing irradiation time while other re-
action conditions were kept constant (Tables 3.10 and 3.11). The second
stage grafting of VP onto the previously AA grafted PE film was carried
out for 10, 20.3, 25, and 40.3 min. (Tables 3.9B and 3.12). The graft
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percent of VP was plotted as a function of graft percent of AA in Fig.
3.19 where the irradiation time at the second stage grafting is taken as
parameter. It is noted that a peak appeared at about 20% graft percent
of AA for all curves obtained. A qualitative explanation will be that
at lower graft percent of AA, VP may easily diffuse into polymer to be
grafted with polyethylene chain and graft percent of VP increased with
increasing graft percent of AA, but at higher graft percent of AA, VP
diffused into polymer may have difficulty to encounter ungrafted PE
chain to graft (VP may not be grafted onto PAA chain in the grafted
polymer).

Similar experiment to that mentioned above was carried out in which
the order of grafting was reversed: VP grafted at the first stage (Tables
3.23, 3.24 and 3.8A) and then AA at the second stage (Tables 3.7 and
3.8B). The graft percent of AA was plotted as a function of graft per-
cent of VP in Figs. 3.20 and 3.21 (in extended scale at the lower graft
peréent of VP below 25%) where the irradiation time at the second stage
grafting is taken as-parameter. It is noted that no peak appeared on
all curves obtained and graft percent of AA moncotonously increased with
increasing graft percent of VP. An explanation for this will be that AA
may easily diffuse into polymer resulting in increase of graft percent
of AA as the graft percent of VP increased. This is possibly because
grafted PVP chain has -CH,- units to be grafted with AA (AA may be
grafted onto PVP chain in the grafted polymer).

[Multi-step grafting of AA as the first stage grafting and multi-step
grafting of VP as the second stage grafting]

Multi-step grafting of AA was carried out onto 100 um PE film to
obtain film of high graft percents, each step being about 40 min graft-
ing time just before the monomer solution becomes too viscous the film
to be taken out (see Tables 3.13A and 3.13B, for details). Then, four-
step grafting of VP initiated on the AA-grafted films, one, after the
4th, and the other, after the 5th step grafting (see Tables 3.14A and
3.14B, for details). Graft percent at each step grafting is plotted as
a grafting time (irradiation time) in Fig. 3.22 (Table 3.15), where it
is noted that grafting accelerates as the number of steps of VP grafting
increases, and the shape of time-conversion curves are the same each
other for the second stage grafting after the 4th step of the first

stage grafting and that after the first stage of the 5th step. This is
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perhaps related with that number of -CHp- units of VP chain on which the
grafting of VP occurs increases with increasing number of steps of the

VP grafting.

[Simultaneous co-grafting of AA and VP onto 13 um HDPE filml

In order to determine the graft percent of AA and VP separately in
the simultaneous co-grafting using monomer solution containing both AA
and VP, it is necessary to know the relation between amount of grafted
monomer and optical density of characteristic bands in IR spectrum of
each component. In Fig. 3.23 (Table 3.l), time conversion curve of AA
grafting and change of 0.D. at 1716 em™! are shown. It is clear from
the figure, that graft percent increase is closely related to increase
of 0.D. indicating that simple correlation exists between graft percent
of one component and C.D., which will be described in a later section.
Graftings onto 13 um HDPE film were carried out in monomer solutions
containing AA and VP in the volume ratio (AA:VP) of 50:0, 40:10, 30:20,
20:30, 10:40, and 0:50 at 12°C (Table 3.10). Time conversion curves
obtained in these monomer solutions are shown in Fig. 3.24 where rate of
grafting increases with increasing content of AA in the monomer solution
at higher concentration of AA. This is further illustrated in Fig. 3.25
where graft percents are plotted as a function of content of AA in the
monomer solution, irradiation time being taken as parameter.

The graft percent of (AA+VP) obtained by gravimetric method can be
separated into graft percent of each component using absorption of car-
bonyl bands of AA and VP, which appeared at different wave number, as
mentioned in the later section. Graft percent of VP in the co-grafted
film thus determined is plotted as a function of graft percent of AA
determined by the same way in Fig. 3.26 where dotted lines indicate
hypothetical relation between graft percent of VP and that of AA assum-
ing that the both monomer graft with polymer with equal reactivity. All
experimental points deviate lower from those of the corresponding ideal
lines, indicating that AA is more reactive than VP.

Mole fraction of AA in the grafted film is plotted against that in
monomer solution in Fig. 3.27 where experimental points deviate upward
from the dotted line indicating thaﬁ monomer reactivity ratios of AA and
VP are about 2 and 1/2, respectively.

Similar co-grafting experiment was carried out on 100 pm HDPE film

to obtain films to be used for conductivity measurements and graft per-
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cent of (AA+VP) is plotted as a function of irradiation time in Fig.
3.28 (Tables 3.29A and B), monomer ratio in the monomer solution being
taken as parameter. Again higher rate of grafting was observed in the
monomer solution containing AA in higher concentration. No separate
determination of graft percent of each component is possible since films

are too thick to obtain proper IR spectrum.

3.2 Infrared Spectra of Grafted Films

Infrared spectra of original PE film, AA grafted film, and VP
grafted film are shown in Fig. 3.29, where it is noted that carbonyl
bands appeared at 1716 cm™! for AA grafted film and 1674 em~! for VP
grafted film, as mentioned in the previous section. Therefore, it is
possible to determine amount of monomer in the grafted film separately.
Absorption intensities of carbonyl bands are listed in Tables 2.1 ~ 2.5
as a function of graft percent.

Figs. 3.30 and 3.3l show infrared spectra obtained for simultaneous
co—-grafted film of AA and VP in the monomer solution containing AA and
VP at different ratios, (AA:VP), 40:10, 30:20, 20:30, 10:40. As the VP
content in the monomer solution increases, the peak due to carbonyl
group of AA decreased and the peak due to carbonyl of VP increased, and
at the same time, peak position of carbonyl band of AA shifted toward
higher wave number and that of VP shifted toward higher wave number
assymptotically to the characteristic wave number of VP (1674 em™1).

This is more clearly seen in differential spectrum shown in Fig.
3,32 where spectra of original PE film, AA (AA grafted film - PE), and
VP (VP grafted film - PE) are subtracted from spectrum of (AA+VP) co-
grafted film. Remaining peaks at 1733 cm~ ' and at 1631 em~! in the
differential spectrum may indicate presence of carbonyl groups which
interact one another.

In Fig. 3.33 through Fig. 3.36, infrared spectra of film grafted
with'AA at the first stage and then grafted with VP at the second stage
are shown. The spectra were arranged in order of increasing ratio of
graft percent of AA to that of VP: GL(AA)/G2(VP), but graft percents
were mot considered, because spectrum shape depends on graft ratio and
is little affected by graft percent.

In Fig. 3.37 through Fig. 3.39, infrared spectra of film grafted
with VP at the first stage and then grafted with AA at the second stage

are shown. The spectra were shown in order of increasing ratio of graft
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percent of AA to that of VP: G(AA)2/G1(VP), but again graft percents
were not considered.

Shape of carbonyl bands changed with increasing graft percent ratio,
G(AA) /G(VP) as observed for simultaneous co-grafting of AA and VP (Figs.
3.30 and 3.30).

In Fig. 3.40 through Fig. 3.48, a pair of infrared spectrum of a
film grafted with AA at the first stage and that of the film then graft-
ed with AA at the second stage on the same film are shown. The spectra
are shown in order of increasing ratio of graft percent of AA to that of
VP: Gl(AA)/GZ(VP), but again graft percents were not considered. It is
observed that intensity of the absorption of carbonyl bands due to AA
grafted at the first stage decreased after the second grafting with VP.
The position of the peak maximum also shifted toward higher wave number
by the same procedure. The results seem to indicate that the size of
the film expanded by the second stage grafting as confirmed by length
measurements {(Table 3.39) and that there is some interaction between the
carbonyl groups of AA and VP introduced in the PE film.

Comparison of the spectra of the grafted film observed for AA-VP
multi-stage grafting and those for VP-AA grafting, the spectra obtained
by the former show three distinct small shoulders at 1460 - 1600 wave~-
length region (Figs. 3.34C and 3.37A). Subtractions of spectrum of
original PE, of AA and of VP from the AA-VP grafting film gave complex
spectrum which could not be identified at present (Fig. 3.49). Result
of similar subtraction on the spectfa of the film obtained for the
latter grafting, (VP-AA), is shown in Fig. 3,50, where simpler residual
structure of carbonyl bands is observed than that obtained for the
former (AA-VP).

Optical density of AA grafted film at 1716 em™t (Q) and that of VP
grafted film at 1674 cm~! (A) are plotted as a function of graft per-
cent in Fig. 3.51 (Tables 3.34 ~ 3.38). In the same figure, sum of
optical densities at ca. 1716 em~! and ca. 1674 cm~! is plotted as a
function of total graft percent for AA-VP grafted film (O), for VP-AA
grafted film (V), and for simultaneous co-grafted film with AA and VP
(<$). The points are scattered along a straight line. The film was
expanded or deformed by the grafting, and therefore, optical densities
were corrected using characteristic band of methylene group, according

to the following equation:

A' = A (Bo/B)
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where A is the optical demnsity, Bg is optical density of -CH,- at 723
cm~! before grafting (By = 0.333 for 13 LHDPE) and B, optical density of
the same band after the grafting. The plots after the correction are
shown in Fig. 3.52 where narrower scattering of points was obtained.

The calibration line was used to determine graft percent of AA and that

*

of VP in the simultaneously co-grafted films.

3,3 Electric Resistance Across Grafted Films

It was found that electric resistance decreased with time after the
film was set in the cell containing KOH solution, and reached equilibri-
um value which is almost close to the electric resistance without film
between the two compartments, due to swelling and salt formation with
potassium ion. Two examples are shown in Fig. 3.53, and three in Fig.
3.54 where electric resistance was plotted as a function of swelling
time (see also Tables 3.48 ~ 3.33). Rate of the decrease depends on
graft percent. All data reported thereafter are electric resistance
taken when it reached equilibrium value.

In Fig. 3.55, electric resistances across the grafted films are
plotted as a function of graft percent for AA grafted film and VP graft-
ed film (Tables 3.22 and 3.27). In the case of AA, electric resistance
decreased with increasing graft percent reaching a plateau at 30%, and
then decreased again when the graft percent increased further. On the
other hand, in the case of VP grafted film, electric resistance decreased
monotonously with increasing graft percent.

In Fig. 3.56, the same plots are shown for simultaneous co—grafted
film in which the AA:VP in the monomer solution is altered from 20:30 to
45:5 (Tables 3.29A and 3.298). The electric resistance decreased with
increasing graft percent reaching plateau value and then again decreased
with increasing graft percent. The graft percent at which sharp decrease
after plateau occurs depends on composition of monomer solution and it
increased with increase of AA content in the momnomer solution.

In Fig. 3.57, the electric resistances across the grafted films of
two types, one, VP-AA type (Tables 3.28A ~ 3.28C) and the other, AA-VP
type (Tables 3.30A ~ 3.30D; Tables 3.3lA, 3.31B and 3.32) are plotted as
a function of graft percent of second stage. TFor grafted films of VP-AA
type, five curves are shown for the film grafted with VP at graft percent

of 1, 2, 5, 12, and 25%, graft percent at the first stage being taken as
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parameter. Except the last curve, almost similar curves observed for AA
grafted film were obtained, where the graft percent decreased and reached
a plateau value with increasing graft percent of VP, and after plateau
value, the resistance decreased again with increasing graft percent.

The graft percent at which the decrease of resistance after plateau
value occurs depends on the graft percent of the first stage, and they
are 35 and 40% for graft percent of VP of 1 and 2%, respectively, and
they are about 65% for the film grafted with VP at 5 and 12%, respec-
tively. No such irregular point was observed for the curve obtained for
the film grafted with VP at 25%, but a monotonously decreasing curve
with increasing graft percent was observed.

For grafted films of AA-VP type, only one curve was obtained for
the film grafted with AA at graft percent of 5%. Marked difference was
observed in shape of the curves between the AA-VP grafted and the VP-AA
grafted films, when the curves of two types of films are compared at the
same graft percent (5%) of the first stage. It is noted that for the
film grafted with AA at the first stage (AA-VP type), resistance de-
creased monotonously, while resistance of the film grafted with VP (VP-
AA type) decreased step wise. No explanation for this is proposed at
present, but may be related with difference found between IR spectra of
the two types, which may reflect structural change of the two.

Step wise decrease found for AA grafted film, grafted film co-
grafted with AA and VP, and grafted film of VP-AA type (GL(VP) < 12%) is
possibly related with that grafted zone with AA which exists in the sur-
face region of the film at early stage of grafting penetrated into the
film connecting the grafted zones of both surface regions when graft

percent exceeds certain critical walue.
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4. Conclusions

In the multi-stage grafting of AA and VP, grafting behavior was
found to depend on which monomer was grafted at the first stage and
graft percent and rate of grafting at the second stage depends on graft
percent of the first stage. It is also noted that shape of carbonyl
bands appeared in the infrared spectra also depends on the mode of the
multi-stage grafting suggesting that the structure of the graft layer is
different among these grafted films prepared by the different modes of
grafting. Difference in structure and depth distributionl[3]1,E£5] of the
grafted chain of the two monomers may result in observed different de-
pendence of resistance on graft percents both at the first stage and the

later stage.
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Appendix

i)

ii)

iii)

iv)

v)

vi)

PEAA###, PEAV###T, PEVA###T, PEVA### are file names used for infra-
red spectrum recordings. Here, PE, A, and V mean polyethylene,
acrylic acid, and wvinyl pyrrolidone, respectively. T means the
graftings were carried out in two stages, in the order of A and V
as indicated in the file name. File name without T is for one
stage grafting: for the name with A and V, simultaneous co-grafting
in monomer mixture of A and V was carried out. ###SUBVAPE means
residual spectrum obtained by subtraction of spectra of A, V, and
PE from spectrum indicated by ###. Number ### is the sample number
appeared in Tables in Chapter l.

f appeared in cations to infrared spectra means scale factor of the
spectrum indicated by capital alphabet. f of spectrum A is always
1.000 showing absorbance scale on the ordinate is correct. Cor-
rected absorbance for the other spectrum, B and C, is that multi-
plied by f-factor.

When one piece of film is splitted into two fragments, and further
experiments are carried out on these fragments, the sample number
is indicated as ###($-&) where ### is original sample number, §$ is
step or stage number, and & indicates fragment number.

VP-AA multi-stage grafting means graft procedure in which AA grafted
at the first stage and VP at the second stage.

(AA+VP) grafting indicates simultaneous one stage co-grafting in
monomer solution containing AA and VP.

G1{AA) and G2(VP) indicate graft percent of AA at the first stage,

and that of VP at the second stage, respectively.
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Table 3.1 Graft percent as a function of irradiation time
at different dose rates

(Film: 13 um HDPE, 40x40cm)

Sample |Irrad. Time | Dose Rate T Viscosity Solution G INote
No. {min.) {rad/h) {(°C) (%)
1 30 1.35x10° | 15.2 no AA:H,0+Fe?t 5.1
2 60 " " no 50:50+4x10-3] 15.3 |
3 90 o " no " 26.1 1 @
4 120 " " no n 47.1 1 ®
5 60 " 15 no " 15.4
6 g0 " " no n 34,2
7 120 " " no " 45.3 | &)
8 180 " " |a little " 49.1
9 240 " " a little " | o616 | B
10 30 2,57x10% | " 1o " 8.8 | (&
11 60. I " no X 26.1 @
12 90 ' " T " 30.0 | @
13 120 " " a little n 45.8 | @
14 116 " w4 litele " 34.6 | B
L5 176 " " viscous " 50.0 R
16 236 u v | yiscous n 65.0

@

© ® © ©

A part of film (about 13% of total area) was exposed to air on
the solution surface, and was found to remain ungrafted by visual
examination after dying.

A part of film (about 10% of total area) was exposed to air above

the solution surface.

A central part of the film {about 20% of total area) came close
below the solution surface (not exposed to air) ungrafted.

A small part of a corner of the film came closer to the solution
level, and this part was not grafted.

A small part of a corner of the film came closer to the solution

level, and this part was not well grafted.
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Table 3.2 Effect of pre-irradiation and after—-treatments

cn graft percent

Ay irradiation without solution in nitrogen atmosphere, the irradiated
film was taken out in air and then immersed in the monomer sclution.

B: irradiated in the deaerated monomer solution, and the film was taken
out in air and then immersed in 50°C water for 4 hr.

C: irradiated in the deaerated monomer solution, and the film was taken
out in air and then immersed in 10°C water for 4 hr.

D: irradiated in the deaerated monomer solution, and the film was taken
out in air and then just washed and dried in an oven to determine
graft(%). '

Sample | Irrad. Time | Dose Rate T Viscosity Solution G Note
No. {min) (rad/h) {(°C) (%
17 60 2.57x10% 15 no AA:H,0+Fe?T 0.27
Al 18 120 " " no 50:50+4x10~3 | -0,36
19 180 " " no " -0.35
20 60 " " no " 43,3
Bf 21 120 " " | a little " 59,2
22 180 " " | viscous " 67.8
23 60 " " no " 48,7
cl 24 120 " ' " some " 61.7
25 180 " " | viscous " 69.7
26 60. " " no " 45,4
D| 27 120 " " some " 59.2
28 180 " " | viscous " 67.7
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Table 3.3 Effect of after-treatments on graft percent

to remove unreacted monomer.

@
©)

total area of the film was immersed in water for 4 hr.

was not immersed in water bath, and just washed by running water

half of area of the film was immersed in water for 4 h- . before
dried in an oven.
Sample | Irrad. Time | Dose Rate T g Viscosity Soclution G Note
No. {min) (rad/h) (°cy | (%)
29 120 ©2.57x10° | 14  viscous | AA:H 0+re?t | 61.8| (D
30 " " " " 50:50+4x1073 | 56,7 1 @
31 " " " " " 58.4 | D
32 " " " " " 54.6 ()
33 " " " " " 57.9 | ®

Table 3.4 Effect of amount of oxygen present in the monomer solution (1)

(1) bubbled nitrogen stream through the solution for 3 min.

(2) air saturated (mo gas bubbling).

() bubbled oxygen stream through the monomer solution for 3 min.

Sample | Irrad. Time | Dose Rate T Viscosity Solution G Note
No. (min) {rad/h) {°C) (%)
34 120 2,57x10° 14 | viscous AA:H,0+Fe2t | 60.9 | (U
35 " " " " 50:50+4x10-3 | 58.9 | @
36 11 " " " " 60.3 @
37 " " " | v.viscous " 64,0 |
38 " " " v.viscous " 67.2 | 3

— 2

1_
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Table 3.5 Effect of amount of oxygen present in the monomer solution (2)

C) bubbled nitrogen stream through the solution for 15 min.

C) air saturated (no gas bubbling).

C) bubbled oxygen stream through the monomer solution for 15 min.

Sample | Irrad. Time | Dose Rate T Viscosity Solution G Note
No. {min) {rad/h) {°C) (%)
39 15 [2.25x105 |14.2]  no AATH,O+Fe2t | 3,7 )
40 30 " " no 50:50+4x10"3 9.7
41 60 " " some " 41,6 )
42 120 " " viscous " 68.6
43 180 " " |highly viscous " 85.8
44 210 " " |can't take out "
45 15 " " no " 1.0 ]
46 30 " " a little " 5.5
47 60 " " a little " 19.2 @
48 120 " " viscous " 72.8
49 180 " " |highly viscous " 90.1
50 210 " " |can't take out " J
51 15 i i no i, -0.9 |
52 30 " " no " -0.7
53 60 " " a little " 3.2 (3
54 120 n " a little " 0.8
55 180 " " Jcan't take out "
56 210 " " ican't take out " ]
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Table 3.6 One-stage grafting of AA, VP, and mixture of AA and VP

{(film, 13 um HDPE, 15x50 mm)
Samplel Irrad. Time | Dose Rate T Viscosity Solution G Note
No. (min.) {rad/h) (°c) : (%)
57 15 2.23x10° 22 a little VP:H,0+Fe?t 2.0
58 30 " " |highly viscous 50:50+1x10-3% 25.1
59 45 " " very high " \_
60 45 " " very high n ? D
61 45 " " very high n J
62 15 " " some AATH,0+Fe2t | 23,2
63 30 " " |highly viscous 50:50+1x1073| 44.8 @
64 37 " " very high " 45,8
65 37 " " very high " 48.3 |
66 15 " " some VP:AAH,OHe?T | 9.9
67 30 " " |highly viscous |30:30:40+Lx1073! ©)
68 37 " " very high " @
69 37 " n viscous " 11,5 &

® © 0

No.59-61, monomer solution too viscous to take out film.

after taken out from water both and dried in a vacuum oven, a

small amount of homopolymer was found on the film.

No.67-68, films were taken out from the solutiom, but a small

amount of homopolymer on the films can not be removed.

No.69, diameter of the sample tube is a little larger than that

of holes of the tubing stand, and therefore, the tube had to be

set for irradiation at possibly lower dose rate.
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Table 3.7 Grafting of AA on PE film previously grafted with VP
and that of VP on AA grafted PE (preliminary test)
(film 13 um HDPE)

Sampile G Sample|Irrad. Time | Dose Rate{ T Viscosity Solution G |Note
No. (%) No. (min.) (rad/h) |(°C) 3]

57  |G(VP)=2,0 70 30 2.23%x10% |14.2|highly viscous| AA:H,0+Fe?t |46.1

58 |G(VP)=25.1] 71 30 " " |highly viscous| 50:50+1x10~3 83,2

62 [G{AA)=23.2 7é 30 " " highly viscous VP:H,0+Fe2t |20.0

63 |G(AAY=44.8| 73 30 " " |nighly viscous|50:50+1x10-% 1.8/ (D

64 G(AA)Y=45.8 74 8 " " no " 0.9

65 |G(an)=48.3| 75 30 " " viscous 3 | 1.4

C) Homopolymer was found on the AA grafted film, but it

after the second grafting.

was dissappeared
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Table 3.8 Grafting of AA on PE film previously grafted with VP
ilm: 13 pm HDPE 15x50mm)

Relation between graft percent of AA and that of previously grafted VP

(f

(A) Grafting of VP onteo PE (the first stage grafting)

Sample |Lrrad., Time|Dose Rate | T Viscosity Solution G Note
No. {(min.) (rad/h) |(°C) (%)

76 15 2.23x10° |13.8 a little VP:H,0+Fe?t | 1.1

77 10 oo " no 50:50+1x10=3| 0.8

78 20 " " some " 4.6

79 30 " " |highly viscous " 21.2

80 25 " " highly viscous " 8.7

81 40 1.23x105 | " [highly viscous g 21.2

82 20 " " no " 0.7

83 30 " " some " 2.9

84 50 " " |highly viscous_ " 20.9

85 70 " " very high E " ®©

(D) The solution too viscous

to take out film

(B) Grafting of AA onto VP grafted PE (the second stage grafting)

No. |G 1{VP) No; Irrad. Time |Dose Rate| T Viscosity Solution G Note
(%) (min.) (rad/h) | (°C) (%)
76 1.1} 86 40 1.23x10° |12.5 viscous AA:H,0+Fe?t 28,8
77 0.8 | 87 20 1.23x10° | " viscous 50i50+1x10~2| 7.5
82 0.7 | 88 20.3 2.23%105 | " viscous " 27.8
79 | 21.2 |89 40 1.23x10° | " |highly viscous " 84,6
84 | 20.9 |90 20.3 2.23x10° | " viscous " 78.6
78 4,6 | 91 40 1.23x10° | " viscous " 52.1
80 8.7 |92 20.3 2.23x10% | " viscous " 54.5
8l | 21.2 |93 20 1.23x10° | " some " 34.8
83 2.9 | 94 20 1.23x10% | ™ some " 17.3
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Table 3.9 Grafting of VP on PE film previously grafted with AA
(film: 13 pm HDPE 15%50mm)

Relation between graft percent of VP and that of previously grafted AA

(A) Grafting of AA onto PE (the first stage grafting)

No. [Irrad. Time|Dose Rate| T Viscosity Solution G Note
(min.) (rad/h) | (°C) (%)
95 10 1.23%x10° |12.5 very little AA:H,0+Fe2t | 2.5
96 10 " " |very little  |50:50+Ix10~3| 3.6
97 20 " " a little " 8.4
98 20 " " a little " 5.8
99 30 " " viscous " 17.7
100 30 " " viscous " 20.3
101 15 " " | very little " 1.0
102 15 " " lvery little " 0.6
103 40 " " lhighly viscous " 40,7
104 40 " " lhighly viscous " 43.2
105 50 " " |highly viscous " 29.8
106 50 " " very high " 51.4

(b) Grafting of VP onto AA grafted PE (the second

stage grafting)

No. |G (AA)| No. | Irrad. Time |Dose Rate| T Viscosity! Solution G Note
(min.) (rad/h) |(°C) (%)

95| 2.5 1107/ 20.3 1.23x10° | 12 ' a little |[VP:H,0+Fe?t | 2.3
| 97| 8.4 '108] v " " v 50:50+1x10-%| 2.8
[ 99| 17.7 | 109 n e T " 0 4.9
101| t.o|1l0] N [ T " 2.3
103 | 40.7 ‘111 L g T " 2.1
105 29,8 [112' n " L n 2.7
96 3.6 113  40.3 i, " | very high' " 9.1
98| 5.8 114 " " " " L 13.9
100 | 20.3 | 115 " L h " " 17.0
102| 0.6 116 g " " " " 11.2
104 1 43,2 117 " t " " m 4.2
106 | 51.4 |118 o T 0 " 3.4
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Table 3.10 One-stage co-grafting of AA and VP
13 ym HDPE 15x50mm)

(film:

Composition of AA and VP in monomer and graft percent

to remove homopolymer.

No. |Irrad. Time|Dose Rate| T Viscosity Solution 1 G INote]
{min.) (rad/n) | (°C) : (%)
119 10 1.23x10° | 12 no AA:H,0+Fe 2T 2.3
120 20 " " no 50:50+1x10~3 9.6
121 30 " " some " 18.8
122 40 " " viscous " 33.2
123 10 " v no AA:VP:H,04Fe2t | 2.7
124 20 " " no 40:10:5041x103] 7.1
125 30 n " viscous " 12.6
126 40 " " viscous n 14.2
127 10 " " a little AA:VP:H,0:Fe2t | 1.0
128 20 " " a little 30:20:504+1x10-3 6.4 (D
129 30 " " some " 5.7
130 40 " " viscous " 12.2
131 10 " " some 7 AA:VP:H20+Fe2+ 1.0
132 20 " " | highly viscous| 20:30:50+1x1073| 4.0
133 30 " " | highly viscous " 6.2
134 40 " " very high " 12.3
135 10 " " a little AA:VP:H,0+Fe2t | 0.7
136 20 " " very high | 10:40:50+1x1073| 3.3
137 30 " " very high - 6.1
138 40 " " v.v. high " 10,3
139 10 " " no VP:H,0+Fe?t  |-0.4
140 20 " " a little 50:50+1x10"3 1.4
141 30 " ik a little " 5.1
142 40 " " | highly viscous " 9.5
C) No.l28 was broken into three pieces when it was washed in water

A small part of the sample may be lost.
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Table 3.11 Preparation of PE film grafted with AA at different
graft percent to be used for the second stage
grafting of VP (¢.f. Table 12)
{(film: I3 um HDPE [5x50mm)

No.|lrrad. Time|Dose Rate| T Viscosity Solution G Note

{(min.) (rad/h) |(°C) (%) .
143 5 1.23x10° |10.5 no AAH,0+Fe?t | 1.72
144 10 " " a little 50:50+1x1073| 3,02
145 15 " " some " 6.09
146 20 " " some " 8.29
147 30 " " viscous " 18.54
148 40 " " |highly viscous " 33.9
149 5 " " o " 2.48
150 10 " " a little " 5.26
151 15 " " some " 7.07
152 20 " " some " 6.19
153 30 " " viscous " 24,52
154 40 " " |highly viscous " 36.94
155 5 " " no " 2.56
156 10 " " a little " 5.9
157 15 " " a little " 6.51
158 20 " " some " 9.12
159 30 " " viscous " 35.02
160 40 " " |highly viscous " 35.02
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Table 3.12 Grafting of VP onto PE films previously grafted
with AA at different graft percents
{(c.f. Table 11)

(film: 13 um HDPE 15x50mm)

No. |6 (AA) [No.|Irrad. Time |Dose Rate| T Viscosity Solution G Note
(%) (min.) {(rad/h) 1(°C) (%)
143 1.72 |16l 35 1.23x105 |10.5|highly viscous|VP:H,0+Fe?t | 6.86
144| 3,02 |162 " " " " 50:50+1x1073] 9.23
145| 6.09 163 " . " " " L 10.3
146| 8.29 |164 " " " " " 12.9
147 {18.54 |165 " " " " " 14.5
148(33.9 [166 " L L " " L 4.92
149 2.48 |167 25 " " some " L 2.52
150 5.26 168 " " " " " 3.33
151) 7.07 |169 " " " " " 4,26
152 6.19 170 " " " " " 3.76
153 24.52 (171 " " " " " | 5.0l
154 136.94 (172 no " " L " 1.94
155| 2.56 |173 10 " " no " 0.31
156 | 5.9 (174 " " " " " -0.09
157 1 6.51 [175 " " " " " L 0.79/
158 | 9.12 [176 " " " " " 0.92
159 135.02 (177 " " " " " 1.40
160 |35.02 [178 " " " " " 1,31
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Preparation of AA grafted films of different
graft percents using multi-stage grafting
technique to be used for later stage grafting

with VP
(film: 100 pm HDPE 15x60mm)
No. I'rrad. Time|Dose Rate| T Viscosity Solution G | Note
(min,) {rad/h) |{(°C) (%)
179 40 1.22x10° | 10 viscous AA:H,0+Fe2t | 2,58
180 " L " " 50:50+1x1073|3.00
181 " " " " " *
182 " " " " " *
183 " " " " " %
184 " " " " " ®
185 " " " " " *
186 " " " " " *
No. Irrad. Time|Dose Rate| T Viscosity Solution G |Note
(min.) (rad/n) | (°C) _ (%)
181(§§ LA 1.22x10° 10 | highly viscous AA:H20+F92+ 9.15
182(2) " " " " 50:50+1x1073| 10,09
183(2) " " " " " 10.05
184(2) " " " " " 9.86
185(2) " " " " " 9.70
186(2) " " " " " 8.74
No. Irrad. Time|Dose Rate| T Viscosity Solution G |Note
(min.) (rad/n) | (°C) (%)
17933 40.5 1.22x105 | 10| highly viscous AAiH,0+Fe?t | =
180(2) " " " " 50:50+1x1073%  *
181(3) " " " " " 14.34
182(3) " " " " " 16,39
183(3) " " " " " *
184(3) " " " " " *
185(3) " " " " " *
186(3) " " " " " *

% The film was used for later stage grafting without measuring

graft percent at this stage.

**% Numbers in parentheses indicate grafting stage at later stage

grafting.
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Table 3.13B Preparation of AA grafted films of different
graft percents using multi-stage grafting
technique to be used for later stage grafting
with VP {Comntinued)

(film: 100 pm HRDPE 15x60mm)

No. Irrad. Time!Dose Rate| T Viscosity Solution G Note
(min.) {rad/h) | {°C) (%)
K%
179(3) 39 1.22x10% | 10 |highly viscous|AA:H;0+Fe?™ *
180(3) " oo " 50:50+1x1073| %
183(4) " (3} n 11} " 22.54
184(4) 11] n n 1) 1" 21.21
185(4) 13} n " (3} " *‘
186(&) n 18} 1t n " *
179(4) 43 1.22x105 | 10 |highly viscous|AA:HpyO+Fe?t |16.51
180(4) " " L " 1 50:50+1x10-3|17.48
181(4) " 1] 1] " " 20,19
182(4) " 12} " " n 23.69
185(5) " " " " ) n 29.12
186(5) 1" " " " 1] 25,77

% The film was used for later stage grafting without measuring

graft percent at this stage.
*% Numbers in parenthese indicate grafting stage at later stage

grafting.
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Table 3.14A Grafting of VP onto PE previously grafted with AA
at different graft percents prepared by the
experiments in Table 13A and B.

(film: 100 ym HDPE 15x60mm)
No. Irrad. Time|Dose Rate| T Viscosity .Solution . G | Note
(min.) (rad/h) |{°C) (%)
Xk ZE%

179(5-2) 40 1.22x10° | 10 | highly viscous|VP:H,0+Fe?t |1.10
179(5-3) " " " " 50:50+1x1073 | *
180(5_2) " - " " L} L1 F3
180(5_3) L]} | T Ll 1t L '3
181(5—2) 1" n " LA} n 1.49
181(5—3) n " n 1 L *
182(5_2) mn L " it L *
182(5-3) " n it mn n P 3
185(6"'2) 1 mw 1" n " 2.07
185(6"3) n - n n L} *
186(6—2) " L1 mn n (1] *
186(6—3) 1" " n " 1t [ *

* The film was used for later stage grafting without measuring

graft percent at this stage.
*% Numbers in parentheses indicate grafting stage at later stage
grafting.
%% Numbers after dash in parentheses indicate fragment piece

number split from the original film,
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Table 3.14B Grafting of VP onto PE previously grafted with AA

at different graft percents prepared by the
experiments in Table 13A and B.

(film: 100 ym HDPE 15x60mm)

No.

Irrad., Time|Dose Rate| T ! Viscosity Solution G Note
{min.) (rad/h) |(°C) (%)

%% KVE
179(6-3)

0

40 1.21x10% | 10 |highly viscous K VP:H,O+Fe?t | 4.62

180(6-2)

" " " " 50:50+1x1073

180(6-3)

181(6-3)

182(6-2)

182(6-3)

185(7-3)}

" n n n " 7.83

186(7-2)

186(7-3)

Rk EE®
180(7-2)

40 1.21x10% | 10 |highly viscous|VP:H,0+Fe?t |11,68

180(7-3)

1t " " 1" 50;50+]_><]_O'3

182(7-2)

n " n n " 15.05

182(7-3)

186(8-2)

n " n L] " 13. 11

186(8-3)

%k EE* 5 . . 2+
180(8-3) 41 1.21x10 10 | highly viscous|VP:Hp0+Fe<™ |23.57
182(8-3) " " " " 50:50+1x1073 39,80
186(9_3) L1} m [} ] " " 32.98

* The film was used for later stage grafting without measuring

**

hhEk

*kkk

graft percent at this stage.

Numbers in parentheses indicate grafting stage at later stage
graftiﬁg.

Numbers after dash in parentheses indicate fragment piece
number split from the original film.

Graft percent of AA, G(AA), is calculated by (W(AA+PE)-W(PE))/
W(PE). Graft percent of VP, G(VP), is calculated by
(W(AA+VP+PE) -W(AA+PE) ) /W(AA+PE) .
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Table 3.15 Summary of graft percents of VP onto PE films
previously grafted with AA

AA VP
No. | G Go G3 Gy, |_ Gs Gg | G7 Gg Gg |note
§
211,10
179 2,58 * * 116.51 3| % 4 62
2] % * |11.68
180 (3.00; =* * |17.48 30 % % x  |23.57
211.49
181 | # 9.15|14.34|20.19 3| % 5 90
2| * * 115,05
182! * |10.09/16.39(23.69 31 % % *  139.80
2
183 | * | 10.05| * |22.54 3
: 2
184 | * 9.86| * 21,21 3
2{2.07
185} * 9.70| * * 29,12 3| % 7.83
2| * * (13.11
186 | * 8.74) * * 25.77 3l % % s [32.98
AA VP

1 Gi indicates graft percent at ith grafting stage;
Graft percent of VP onto PE grafted with AA is defined as:
G2 (VP) =(W (AA+VP+PE) ~W(AA+PE)) / (W(AA+PE)) . '
2 §: numbers indicate fragment piece number split from the
original film.
3 *: The film was used for later atage grafting without

measuring graft percent at this stage.
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Table 3.16 First stage grafting of AA to PE film
in 49°C water bath

(film: 100 um HDPE 8x40mm)

No.|Irrad. Time |Dose Rate| T Viscosity Solution G  |Note|
(min.) (rad/h) | (°C) (%)
187 30 9.93x10% | 49 no AA:H,0+Fe2t | 13.11
188 60 " " " 50:50+4x1073 | 26.44
189] 120 R " " 42.24
190 180 " " " " 39,19
191 180 " " " " 44,77
192 180 E " "o " " 42,51
193] 180 S " " " 4459
194 839 " " v.v. high " 96.76
195 839 " " v.v. high " 103.20
196 90 : " " no . " 32.50
197| 120 o " " oo ' 37.17
198 120 " " " " 37.10
199 120 " " " " 39.32
200 150 " " " " 41,30
201 240 " " " " 48.46
202 299.2 " " viscous " 49,53
203 360 " " |highly viscous " 55.33
204 439 " " v. high " 63.36

(D) irradiated in a water bath.
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Table 3.17 Second step grafting of AA to PE film
previously grafted with AA in 49°C

water bath

(film: 100 pm HDPE 8x40mm)
No. |G (AA)| No. Irrad. Time |Dose Rate| T Viscosity Solution G

(%) (min.) {rad/h) |(°C) (%)
189 42,24 | 189(2) 30 9,93x10% | 49 no AA:H,04FeZt | 1,47
197 137.17 1197(2) 60 " " " 50:50+4x10-3] 6.17
198 37;10 198(2) 120.4 " " " " 8.15
199 (39,32 [199(2) 180 " " " " 8.62
193 144,59 | 193(2) 30 " " " " 1.74
192 42,51 [1192(2) 60 " " " o 3.88
191 (44,77 |191(2) 120.4 " " " " b.45
190(39.19 |190(2) 180 " " " " 9.59
i) irradiated in a water bath.
Table 3.18 Grafting of AA onto PE film in a water bath
(T=10.8°C) to be compared with that carried
out in air at the same temperature

(film: 100 um HDPE 8x40mm)

No. |Irrad. Time| Dese Rate| T Viscosity Solution G |Note
(min.) (rad/h) | (°C) (%)

205 30 9.93x10% |10.8 no AA:H,04FeZt [0.25
206 60 " " no 50:50+4x1073 [0.38
207 120 " " a little " 1.45
208 180 " " some " 2,73
209 47 " " | no " 0.82
210 15 " " no " 10,32
211 240 " " viscous " 4.40
212 300 " " |highly viscous " 5.90
213 330 " " |highly viscous " 6.40
214 242 " " vigcous " 4.13
215 300.3 " " highly viscous " 4,83
216 360 " " very high " 5.78
217 360 " " very high " 6.16
218 360 " " very high " 5.79
219 360 " " very high " 6.34
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Table 3.19 Preparation of AA grafted film to be used
for conductivity measurements

(film: 27 pym LDPE 15x40mm)

No.|lrrad. Time|Dose Rate| T Viscosity Solution Note
(min.) (rad/h) |(°C) (%)

220 5 1.21x10% | 9 ne AAtH,0+Fe2t | 1.52
2211 10.1 " " no 50:50+1x1073 112,32
222 15 M " no " 11.55
223 20 " " a little " 15,68
224 25 " " some " 36.27
225 30.1 " " viscous " 38.87
226 40 " " lhighly viscous " 48.99
227 5 " " no " 2.12
228 10.1 " " no " 16.99
229 15 " " no "

230 20 " " a little " 22,03
231 25 " " some " 38.47
232 30.1 " " viscous " 31.94
233 40 " " |highly viscous " 39.43
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Table 20A Grafting of AA onto PE film in solution
prepared using Mohr's solution (0.008mol/1)
of different stock times

{(film: 27 uym LDPE 15x40mm)

No. |Irrad. Time|Dose Rate| T Viscosity Solution G Note
(min.) {rad/h) |{°C) (%)

234 0.5 1.187x10%| 50 : no AAIH,04Fe?t © - llast sample

235 1 L " " 50:50+4x1073 | 59.47

236 2 " " " " ' 67,29

237 3 wo " " _ " 71.05

238 3 " " " " 74.93

239 3 i, " " " L 74,77

240| 4 " " a little . | 80.70

241 5.5 _____“" " some " 83,22

242 7 " " viscous " 93.77

243 8.5 " M very high " 105.56,

244 0.5 " " no " 55.01

245 L " " " " . 61.33

246 2 " " " " 65.83

247 3 " " " " 77.39

248 3 " " " " 81.79

249 3 " " " " 78.60:

250| 4 " " a little " 84.86|

251 5.5 " " some " 89,29

252 7.32 " " highly viscous " 102.34

253 8.5 " " very high " 104.18

273 0.5 " " no " 67.31

274 1 " " " " 67.89

275 2 " " " " 69.55

276 3 " " " " 74.71

277 3 " " " " 75.70

278 3 " " " " 69.64]

279 4 " " a iittle " 84,86

280 5.5 " " some " 81.85

281 7.12 " " viscous " 88.33

282 9.57 " " very high " 105.36

1) No.234-243, Mohr's solution was used just after preparation within 1 hr.

2) No.244-253, Mohr's solution was used just after preparation within | day.

3) No.273-282, Mohr's solution was used just after preparation within 1 week.

4) irradiated in a water bath.
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Table 3.20B Grafting of AA onto PE film in solution
prepared using Mohr's salt solutions
(0.008mo0l/1) of different stock times

(film: 100 um EDPE 15x50mm)

No. |Irrad. Time| Dose Rate| T Viscosity Solution G Note
{min.) {rad/n) |[(°C) (%
317 5 1.18x10° | 50 no AA:H,0+Fe2t | 2,55 | 1
318 10 " " " 50:50+4x10731 6,19 | 1
319 20 - o " " 12.26 | 1
320 30 " " " " 17.95 1
321 60 " " " " 31.29 1
322 120 " " " " 45,34 1
323 287.6 " " |viscous " 56.54 1
324 5 " " | no " 2.79 | 2
325 10 " " " " 0.24 2
326 20 " " " " 12.86 2
327 30 " " " " 18.12 2
328 60 " " " " 31.90 2
329 120 " " " " 45.50 2
330 274.1 o " Jwviscous " 53.48 2
351 5 " " no " 2,87 3
352 10 . " " " " 6.74 3
353 30 " " " " 17.37 3
354 20 " . " g 10.93 | 3
355 65 " " " " 37.66 3
356 70 " " " " 40,28 3
357 134 " " " " 44,24 3
358 240 " " | some " 51.23 3
359 423 " " [viscous " 64.91 3
360 614 " " |v.v. high " 19.68 3

1) No.317-323, Mohr's solution was used just after preparation

within 1 hr.

2) No.324-330, Mohr's solution was used just after preparation

within 1 day.

3) No.351-360, Mohr's solution was used just after preparation

within 1 week.
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Grafting of AA onto PE film using monomer

solution stored 9 days before use
(film: 100 pym HDPE 8x40mm)
No. Irrad. Time|l Dose Rate| T Viscosity Solution G Note
(h) (rad/h) [(°C) (%)

254 0.5 1.187x10°| 50 no AA:H,0+Fe?T |11.14

255 1 weoo no 50:50+4x10-3| 2.867| Fe2sOn 18
256 1.5 " n no " 28.20

257 2 " " no " 40,30

258 3 " " no " 46.66

259 4 " " a little " 46.54

260 5.5 " " " some " 51.86

261 7 " " viscous " 55.54

262 8.5 " " | highly viscous " 64.43

1) irradiated in a water bath.

Table 3.22 Préparation of AA grafted PE film,of.high graft
percents to be used for conductivity measurements

No. |lrrad. Time|Dose Rate; T Viscosity Solution G Note
(h) (rad/h) | (°C) (%)

100y |263 14,18 2.77x10% | 50 little AA:H,0+Fe?t | 48,25

HDPE [ 264 17.27 " " little 50:50+4x10™3 | 49.29

265 19.33 " " some " 51.11

266 22.02 " " viscous " 53.87

267 26,31 " " highly viscous " 56,79

268 26.31 " " | highly viscous " 56.91

270|269 26,31 " " | highly viscous " 109.33

LDPE [270 22,02 " " viscous " 99.65

13u 271 26,31 " " | highly viscous " 59,06

HDPE ;272 22.02 " " viscous " 62.76
1) No.263-268:film:100 um HDPE 15%50mm
2) No.269,270:£ilm: 27 um LDPE 15x50mm
3) No.271,272:film: 13 um HDPE 15x50mm

4) irradiated in a water bath.
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Table 3.23 Preparation of VP grafted PE film to be used
for the second stage grafting of AA

(film: 13 um HDPE 15x50mm)

No.|Irrad. Time|Dose Rate| T Viscosity Solution G Note
(min.) (rad/h) |(°C) (%)
283 5 1.18x10° | 50 no VP:H,0+Fet | ©
284 15 " " no 50:50+4x1073| 5.72
285 30 " "o la little " 19.75
286 55 " " |v.v. high " 60.51
287 60 ! " " |v.v. high " 69.63
288 60 " " |v.v. high " -
289 60 " " lv.v. high " 45,58
290 60 " " |v.v. high " -
291 5 " " no " 1.15
292 15 " n _no " 6.10
293 30 " " la little " 19.88
294 55 oo " |v.v. high " 61.09
295 60 " " |v.v. high " -
296 60 " " |v.v. high " -
297 60 " " |v.v. high " 59.62
298 60 " " |v.v. high " 64. 14

1) No.288,290,295, and 296; The monomer solution turmed too
viscous to take out film.

2) irradiated in a water bath.
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Table 3.24 Grafting of AA onto PE film previously grafted
with VP (see Table 23)

No. |G;{VP)}| No. Irrad. Time|Dose Rate| T Viscosity Sclution G Note
(min.) (rad/h) | (°C) (%)

2831 0 283(2) 15 1.12x10% | 11 a little AA:H,0+Fe2t | 6.55
284 | 5.72 | 284(2) " " " " 50:50+1x1073| 16.33
285|19.75 | 285(2) " " " " oo 32.45
286 (60,51 | 286(2) " " " " " 86.49
287 169.63 | 287(2) " . " " some " 105.82
289 |45.58 ' 289(2) " " " a little " 60,05
299 " " " " " 5.19
291 1.15 29i(2) 30 " " viscous " 15.69
292| 6.10 |292(2) " " " " " 42,95
293 (19.88 |293(2) " " " | highly viscous " 81.75
294 |61.09 | 294(2) " " " " " 120.36
297 [59.62 | 297(2) " L " viscous " 124.39
298 [64.14 |298(2) B " " " " 124.48
300 " " " " " 12.94
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Table 3.25 Preparation of AA grafted film of different graft
percents to be used for conductivity measurements

No. [Irrad. Time|Dose Rate| T Viscosity Solution G |Note
(min.) (rad/h) |(°C) (%)

301 10 l2.66x10% | 50 | ° no AA+H,0+Fe?t | 0.68| (D
302 30 " " " 50:50+4x10=3| 1.43] (D
303 60 " " " " 18.58] (D
3040 134 | v o " " 35.47| (D
305 244 v om v v 17.82| O®
306 480 " "o " " 43,08| ©
307 10 noo u " 8.14| @
308 30 " " ‘ " ’ " 39.48 (2
309 60 " " " " 36.21 (@
310/ 244 " o v Q " 49.44 (D
311 5 1 1.12x105 | 11 v " 0.15| @
312 10 " " " " 0.52 3
313 20 K z " " 0.66! 3
314 45 " " " " 1.28/ 3
315 60 " " " " 2.22| 3
316 134 " " Jlcan't take out 50 562T£?Sf 3

1 film: 100 ym HDPE, 15x50mm in 50°C water bath

2 film: 13 um HDPE, 15x50mm in 50°C water bath

3 film: 400 uym HDPE, 15x50mm in air at 11°C

4 No.305 about 50% of total area was not grafted.
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Table 3.26 Preparation of AA grafted films to be used
for conductivity measurements at different
dose rates

{(film: 100 uym HDPE 15x50mm)

No. |Irrad. Time|Dose Rate| T Viscosity Solution G Note
(min,) {rad/h) |(°C) (%)
331 66 2.54x103 | 50 no AA:H,0+Fe2t | 2,08
332 66 2.12x103 | " " 50:50+4x10-3 2,37
333 118 2,07x103 | " " " 3.01
334 118 1.92x10% | " " " -0.04| *
335 171 1.61x103 | " " " 6.64| *
336 ! 171 1.88x103 | ™ " " 20.14
337 912 1.52x103 | " " " 34,43
338 912 1.63x103 | " " " 26.23| *
339 1188 1.50x103 | " r 32.08
340 1188 1.35x103 | " " " 29.18| *
341 40 1.18x105 | v | " 22.98
342 50 " " " " 28.18
343 60 " " " " 33.01
344 75 " " " " 40,23
345 90 " " " " 41.65
346 90 2.11x10% | " " " -0.09
347 110 2.11x10% | " " 0.38
348 130 2.15%x10% | ™ " " 2.02
349 150 2.11x10% | " " " 1.16
350 180 2.11x10% | ™ " " bbb
1) In films No.335, 338 and 340, a small non-grafted area
(0.5-1.0 square cm) recognized visually due to possible
contamination of the film surface. TFor No.334, the
reason of this small graft percent is not known.
2) dirradiated in a water bath.
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Preparation of AA grafted films to be used
for conductivity measurements

(film: 100 um HDPE 15x50mm)
No. |Irrad. Time|Dose Rate| T |Viscosity Solution G |Note
(min.) {rad/h) (°C) (%)
361 240 2.48x103 | 50 no AA:H,0+Fe?t [27.00| *
362 300 2.11x103 v " 50:504+4x1073 13,20 *
363 360 2.11x10%3 | ™ " " 20,11 *
364 423 2.15x103 | " " " 4,63 *
365 482 2.11x103 " " -0.04] *
366 556 2.11x10% | " " " 28.71| *
367 614 2.48x103 | v " " 87.24| *

1) Ko.361-164, and 367 were not uniformly grafted due to

possible contamination of the film surface before use.

2) irradiated in a water bath.
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Table 3.28A Preparation of VP grafted PE film to be used
for the second stage grafting using AA and
for conductivity measurements

No.]Irrad. Time| Dose Rate| T Viscesity Solution G Note
(min.) (rad/h) |(°C) (%)

3681 203 2.62x10% | 50 |v.v. high [VP:H,0+Fe?t |24.14
369 " " " " 50:50+4x10~3(25.55
370 " " 4 " " 25.26
371 " v " " " 26.92
372 " " o " L 27.34
373 " ] " " " " 32,97
374 " " " " " 28.05
375 " " " " " 23.91
376 " ! " " " " 22.31
377 " " R " 25.80
378 " " K " " 27.43
379 396 2.11x10% | " no B 1.07
380! " 2.11x10% | ™ no | " 0.95
381 L 2.15x103 | no " 0.77!
382 n 2.11x10% | © R 0.29
383 203 2.62x10% | " |v.v. high | " 25.18| *
384 396 2.62x10? " ly.v. high " 39.70| *
385 " " " " " 45,98 *
386 " " " " " 31.26| *
387 " " " " " 39.60| *

1) At this stage, grafting was carried out to obtain the
grafted film whose cross section is uniform as possible,

2) No.383-387, the monomer solution became highly viscous, and
films were taken out after immersing the film in cold water
for two days.

3) irradiated in a water bath.
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3.28B Grafting of AA onto PE film previously grafted with VP,

grafted film to be used for conductivity measurements

(film: 100 ym HDPE 15x70mm)

No. |G (VP) No. Irrad. Time|Dose Ratel T 'Viscosity Solution G Note
() {min.) (rad/h) [(°C) (%)
368 24.14,368-(2) 10 1.17x10° | 50 no AA:H,0+FeZt | 26.68
372| 27.341372-(2) 20 " " " 50:50+4x10~3 | 49.95
373| 32.97[373-(2) 40 " " " " 74.02
376| 22.31 376 (2) 60 " no " " 119.12
379| 1.07|379-(2) 15 " " " " 10.20
380| 0.95|380-(2) 30 " "o " " 159.38
381| 0.77|381-(2) 60 o " " " 34.57
382| 0.29]382-(2) 120 " " " " 45,55
371 26.92[371-(2) 4 y " " " 15,86
374| 28.05|374-(2) " " " " 23.14
3771 25.80|377-(2) 8 " " " " 27.93
369 | 25.55(369-(2) 8 2.62x10% | " " " 9.36
370 25.26|370-(2) 15 " " " " 15.96
375 | 23.91(375-(2) 25 " " " " 26.86
378 | 27.43|378-(2) 40 n " " " 30.82
1) No.372(2), 373(2), and 376(2) became brittle and was easily broken

2) irradiated in a water bath.

when dried.
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Table 3.28C Preparation of VP grafted film to be used
for second stage AA grafting and grafting
of AA onto PE film previously grafted with

VP, grafted film to be used for conductivity
measurements

(film: 100 pm HDPE 15x70mm)
No. |Irrad. Time|Dose Rate| T Viscosity Solution G |Note
{(min.) (rad/h) {(°C) (%)

404 20 1.17x10° | 50 no  [VP:HyO0+Fe?t |0.85

405 " ) " " 50:50+4x107310.93

406 " " " " " 0.96

407 " " " " " 1.03

408 " " " " " 0.73

409 " " " " " 0.86
No. |G (VP) No. Irrad. Time|Dose Rate | T Viscosity Solution G Note

(min.) (rad/h) [(°C) (%)

404| 0.85 | 404(2-1) .5 1.17x10% | 50 no  |AA:H,O+FeZt | 3,55
405! 0.93 | 405(2-1) 10 " " " 50:50+4x10~3 | 6.96
406 0.96 | 406(2-1) 15 " " " " 11.64
409] 0.86 | 409(2-1) 20 " " " " 14.06

1) irradiated in a water bath.
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Table 3.29A Preparation of PE film co-grafted in the monomer
solutions containing different ratios of AA and VP,
the grafted films of different graft percents to
be used for conductivity measurements

{(film: 100 uym HDPE 15x70mm)

No, |Irrad. Time |Dose Rate] T Viscosity Solution Note
(nin.) (rad/h) [(°C) %)
388 20.4 1.17x10° | 50 no AA:VP:H,0+Fe?t | 3.36
389 40 " " " 20:30:50+4x1073 | 7.26
390 60 " L " " 9.08
391 91 " " v " 12.38
392 20.4 " " " AA;VP:H,0+Fe?t | 3,55
393 40 " " " 30:20:50+4x103 | 9,61
394 60 " " " " 14,13
395 91 " " " n 21.43
396 10 " " " AA:VP:H,0+Fe?t | 2,58
397  19.6 " " " 40:10:50+4x10~3| 7.02
398 29.6 " " " " 10.21
399 70.6 " " " " 26,65
400 10 " " " AA:VP:H,0+Fe2t | 3.13
401 19.6 " " " 45:5:50+4x10-3 | 8.73
402 29.6 " " " " 13.45
403 70.6 " " " " 32.35

1) irradiated in a water
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Table 3.29B Preparation of PE film co-grafted in the monomer

solutions containing different ratios of AA and VP,
the grafted films of different graft percents to
be used for conductivity measurements {continued)

(film: 100 ym HDPE 15x70mm)

No. !Irrad. Time| Dose Rate| T Viscosity Solution G Note
(min.,) (rad/h) {(°C) (%)
410 6 1.17x10% | 50 no AA;VP:H,0+Fe?t | 1.32
411 100 " " no 45:5:50+4x10~3 | 38.74
412 150 " " la little " 42.97
413 100 " " no AAVP:iH,0+FeZt 137,15
414 150 " " |a little |40:10:50+4x10-3]38.57
415 10 " " no AA:VP:H,0+Fe2t | 1.25
416 143 " " no 30:20:50+4x10-3] 35.38
417 213 " " some n 37.83
418 10 " " no AA:VP:H,0+Fe?t | 0.80
419 120 " " no 20:30:50+4x10-3| 19,10
420 163 " " no " 23.66
421 240 " " la little " 33.34

1) irradiated in a water bath.
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Table 3.30A Grafting of AA onto PE film previously grafted
with VP, grafted film to be used for conductivity
measurements

{(film: 100 um HDPE 15%65mm)

No. | Irrad. Time| Dose Rate T Viscosity Solution G Note
(min.) (rad/h) {°C) (%)

422 40 1.17%10° 50 v. high |VP:H,0+Fe?t | 5.49

423 " " " " 50:50+4x1073 | 5,22

424 " " " " " 5.17

425 " " " " " 3.32

426 " " " " " 4,68

427 " " " " " 5.65

428 " " " " " 5.09

429 " " " " " 5.21
No. |Gy (VP) No. Irrad. Time|Dose Rate | T |Viscosity Solution G |Note

: {(min.) (rad/h) [(°C) (%)

422} 5,49 | 622(2-2) 3 1.17x10° | 50 no AA:H,0+Fe?t | 5,15
4231 5.22 | 423(2-2) . 5 " P " 50:50+4x1073 | 7,47
424| 5.17 | 424(2-2)° 8 W n n 13.01
422] 5.49 | 422(2-1) 12 " é " " " 16.47
423] 5.22 | 423(2-1) 17 T L n 29.65
424 5,17 | 424(2-1) 22 " " " " 37.18
425| 5.32 | 425(2-1) 100 " " " " 90.49
426| 4.68 | 426(2-1) 40 " " " " 83.90
427| 5.65 | 427(2-1) 60 " " " " 94. 84
478| 5.09 | 428(2-1) 80 " " " " 91.71
429 5.21 | 429(2-1) 30 " " " " 65.17
425 5.32 | 425(2-2) 20 " " " " 29.05
426| 4.68 | 426(2-2) 25 " " " " 4b,21
427| 5.65 | 427(2-2) 28 " " " " 56.31
428| 5.09 | 428(2-2) 32.1 " " " " 67.62

1) irradiated in a water bath.
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Table 3.30B Grafting of VP onto PE film previously grafted
with AA, grafted film to be used for conductivity

measurements

(film: 100 uym HDPE 15x65mm)

No.! Irrad. Time| Dose Rate T Viscosity Solution G Note
(min.) {rad/h) (°C) (%)

430 8 1.17x10% 50 no AA:H,0+Fe?t | 5.54

431 " " " " 50:50+4x107% | 3.00

432 " " ! " " - " 5.38

433 " " |- i " 4.72

434 " " n " " 5.31

435 " " " " " 5.19

436 " " " " " 5.68 |
No. |Gy (AA) No. Irrad. Time |[Dose Rate | T Viscosity Solution G Note

{min.) (rad/h) |(°C) (%
430 5.54 | 430(2-1) 3.1 1.17x10° | 50 no VP:H,0+Fe’t | 0.24
430 5.54 | 430(2-2) 5 " L v |50:50+4x10-3 | 0.29
4321 5.38 [ 432(2-1) 8.1 " " " " 0.62
432 5,38 | 432(2-2) 12 " e " " 0.98
4331 4,72 | 433(2-1)| 17 " " " " 1.94
433) 4,72 | 433(2-2) 25 " " la little " 3.08
434 5.31 | 434(2-1) 35 " " viscous " 6.81
434 5.31 | 434(2-2) 45 " " |v. high " 9.82
435] 5.68 | 435(2-1) 35 " " Jv.v. high " 18.82
1) irradiated in a water bath.
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Table 30C Preparation of VP grafted PE film to be used
for the second stage grafting using AA and
for conductivity measurements

(film: 100 um HDPE 15x65mm)

Note

No. |Irrad. Time| Dose Rate| T Viscosity Solution G
(min.) {rad/h) |(°C) (%)
437 55 1.15x105 | 50 |v.v. high [VP:Hp0+Fe?t |11.89
438 " ) " " 50:50+4x1073 | 9,34
439 " " " " " 11.83 |
440 " " " " " 11.60
441 " . " " " 13,60
442 " " . " " 14,31
443 | " " " " " 12.37
hik " ) . " " 14,00
445 27.3 " v |a licele " 2.26
446 " " " " " 1.91
447 n " " " " 2.31
448 " " " " " 2.01
449 n u n n " 1.63
450 " " " " " 1.51
4511 " " " " " 2.24
452 26.7 " " " " 2,18

1) irradiated in a water bath.
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Table 3.30D Grafting of AA onto PE film previously grafted with VP,
grafted film to be used for conductivity measurements

(film: 100 pm HDPE 15x60mm)

No. |G {(VP) No. Irrad. Time|Dose Rate | T Viscosity Solution G Note
(min.) (rad/h) [(°C) (%
437 | 11.89]437(2-1) 3.1 1.15x10% | 50 no AA:H,0+Fe?t 7.65
437 | 11.89437(2-2) 5 " " " 50:50+4x1073| 9,91
439 | 11.83[439(2-1) 6.9 " . " " 15.20
439 | 11.83]439(2-2) 10 n " L n 20. 89
4401 11.60;440(2-1) 15 " " " " 29.92
440 | 11.60|440(2-2) 20 " no " " 38.01
441 | 13.60 | 441(2-1) 25 " P " 66.16
4411 13.60(441(2-2) 30 " " " " 80.86
443 | 12,37|443(2-1) 40 " " " " 96.81
443 | 12.37(643(2-2) 50 " " " " 101.87
444 | 14,00 4442 70 " " " " 108,17
4451 2.26|445(2-1) 3.1 " " " " 4,82
445 | 2.26|445(2-2) 6.9 " " " " 12.68
446 | 1.91]446(2-1) 10 " " " " 18.87
446 | 1.92]446(2-2) 15 " " " " 18.43
447 2.31]447(2-1) 20 " " " " 26.57
447 | 2.31]447(2-2) 25 " " " " 30.57
448 | 2.01[448(2-1) 30 " " " " 34,11
448 | 2.01|448(2-2) 40 " " " " 39.24
451| 2.24]451(2-1) 60 O 0 T 47.05
451 | 2.24[451(2-2) 80 " " " " 49.35
452 | 2.18]452(2-1) 100 " " " " 48.39
452 | 2.18[452(2-2) 116 " " " " 51.43

1) irradiated in a water bath.
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Table 3.3lA Grafting of VP onto PE film previously grafted
with AA, grafted film to be used for conductivity

measurements

{film: 100 um HDPE 15x65mm)

No. Irrad. Time|Dose Rate| T Viscosity Solution G Note
(min.) (rad/n) :{°C) (%)

453 8 1.15x10° | 50 no AA:H,0+Fe?t | 1.35

454 " " " " 50:50+4x1073] 2,67

455 " - " " " 3.88

456 " " " " " 4,28

457 " " " " " 445

458 " " " " ; 3.95

459 " " " " " 3.88

460 " " " " " 3.75
431(2-1) 45 1.15x10% | 50 | v.v. high|VP:H,0+Fe?t | 8.71| O
431(2-2) L " " " 50:50+4x1073| 7.94| @D
456(2=1) " " " " " 13.44| (O
456(2-2) " " " " " 12.68| ()
457(2-1)| " " : " " 11.49| @
457(2-2) " " " " " 12.551 (D
458(2-1) " " " " " 11,89 (D
458(2-2) " I " " " 12.46| (D
431(3-1) 45 1,15%105 | 50 | v. high |VP+H,0+Fe2t |27.73| (D
456(3-1) " " " " 50:5044x1073| % | (D
456(3-2) " " " " " 43,88 (D
457(3-2) " " " " " * (D
458(3-1) " " " " " x| (2
458(3-2) " . " " " x | (D

C) Graft percent of VP, G(VP), is calculated by
{(wt of VP in AA grafted PE)-(wt of AA grafted PE)!/
(wt of AA grafted PE)

() * The film was used for later stage grafting without measuring

graft percent at this stage.

3) irradiated in a water bath.
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Table 3.31B Grafting of VP onto PE film previously grafted with AA,
grafted film to be used for conductivity measurements

(film: 100 uym HDPE 15x65mm)
No. Irrad. Time| Dose Rate| T Viscosity Solution G Note
(min.) (rad/h) | (°C) (%)
456(4~1) 50 1.15x105 | 50 highly viscous| VP:H,0+Fe?¥ [121.91 (D)
457 (4-2) 20 " " 50:50+4x10-3| 53.68] (1)
458(4=1) 50 " " lhighly viscous " 119.87| (D
458(4-2) 20 " ; " 57.62] (U
C) Graft percent of VP, G(VP), is calculated by
{(wt of VP in AA grafted PE)-{(wt of AA grafted PE)}/
{wt of AA grafted PE)
2) irradiated in a water bath.
Table 3.32 Summary of grafting of VP onto PE film
previously grafted with AA, grafted film
to be used for conductivity measurements
No. | Gj(AA) No. G, (VP) No. G3(VP) No. G, (VP) | Note
453 1.35
454 2,67
455 3.88
4311 3.00 |431(2-2) | 7.94
457 | 4.45 | 457(2-1) | 11.49
4317 3,00 |431(2-1) 8.71 | 431(3-1) 27.73
456 | 4.28 | 456(2-2) | 12.68 | 456(3-2) | 43.88
456 | 4.28 | 456(2-1) | 13.44 | 456(3-2) * 456(4-1) | 121.91
457 | 4.45 | 457(2-2) | 12.55 | 457(3-2) * 457 (4-2) 53,68
458 3,95 | 458(2-1) | 11.8% | 457(3-1) * 458(4-1) | 119,87
458 | 3.95 | 458(2-2) {12.46 | 458(3-2) * 458(4-2) 57.62
C) Graft percent of VP, G(VP), is calculated by

{(wt of VP in AA grafted PE)-(wt of AA grafted PE)}/

(wt of AA grafted PE)

C) * The film was used for later stage grafting without measuring

graft percent at this stage.
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Table 3.33 Moisture gain

t wy(t) G
(min) (8) (%)
0 0.09604 #]
1.42 0.09606 0.029
5 0.09609 0.074
16.25 0.09614 0.147
- 21.08 0.09616 0.177
24,08 0.09617 0.162
35.83 0.09620 0.236
41.92 0.09622 0.265
51 0.09625 0.310
62.58 0.09626 0.324
87 0.09629 0.369
106 0.09632 0.413

1) No.345, 100u HDPE, G(AA)=41.65%, wg=0.06780g,
T=19.9°C, humility=50%

wilt) = w;(£=0)} < 100

2) 6 = e

3) after vacuum oven dry at 50°C, the film was
put into a desiccator immediately. Then waited

3 min. for cooling down before weighing.
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Table 3.34 Optical density and graft perecent
of AA-grafted film

No. 62 64 65 119 [20 121 122 144
G(AA)Y (%) 23.2 45.9 | 48.3 2.3 9.6 18.8 | 33.2 | 3.02
A 0.9695(1.839 |1.627 10.1449|0,3826(0.6425|1.3006(0.178
B 0.3069/0,2972|0.2526|0,2808|0.3056]0.3043(0.2941|0.3212
Al 1.0516(2.060 (2.144 [0.1718|0.4168(0.7029(1.472 |0.1845
No. 145 146 147 148 150 151 [52
G(AA) (%)| 6.09 | 8.29 [18.54 | 33.9 5.26 7.07 6.19
A 0.301 {0.381 ([0.828  |1.343 {06,280 |0.337 |0.293
B 0.3308|0.3136(0.2956(0.2833|0.2856,0.2972,0.3308
Al 0.3029/0,4044(0.9325(1.578 |0.3264]0,3775|0.2949
No. 153 154 156 157 158 159 160
G(AA) (%) |24.52 136.94 | 5.9 6.51 9.12 135,02 |35.02
A 0.922 |1.534 |0.286 [0.345 [0.370 [1.215 |1.322
B 0.2871/0.2562(0,3256/0.3107{0.2872|0.2438|0.2615
Al 1.069 |1.993 |0.2924 0.3697|0.4289|1.65% | 1.683

Table 3.35 Optical density and graft perecent
of VP-grafted film

No. 57 58 140 141 142
G(VP) (%) 2.0 25.1 1.4 5.1 9.5
A 0.0615/0.9035(0.1291(0.2825 0.5267

B 0.3026/0.252910.3179(0.2987, 0.3211

Al 0.0676/ 1.189 {0.1352|0.3148|0.5461

Table 3.36 Optical density and graft percent
of VP-AA-grafted film

No. 70 71 87 89 90 91 92 93 94
G (VP) (%) 2.0 | 25,1 | 0.8 21.2 | 20.9 4,6 8.7 | 21.2 2.9
Go(vP) (%) | 46.1 83.2 7.5 B4.6 78.6-| 52.1 | 54.5 | 34.8 17.3
G (%) | 49.1 {129.2 8.4 123.7 1 115.9 | 59.1 67.9 63.4 | 20.7
A 1.9428| 4.953%|0.3672|4.886%| 4,952%| 2,0027|3.354 | 2.196 0.766
B 0.2765 0.15840.3199(0.2298|0.2173|0,2087|0.2442{0,2446|0,2888
Al 2.339 |10.409/0,382117.078 | 7.586 |3.195 |4,572 2.989 ]0.8830
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Table 3.37 Optical density and graft percent
of AA-VP-grafted film
No. 72 75 109 114 161 162 163 164
Gi(AA) (%) ] 23.2 | 48.3 17.7 5.8 1.72 | 3.02 6.09 8.29
Go(VP) (%) | 20.0 1.4 4.9 13.9 6.86 | 9.23 |10.3 12.9
G ()| 47.8 | 50.4 | 23.5 | 20.5 8.70 |12,5 17:.0 122.3
A 1.863 [ 1.479 [0.738 |0.856 10.369 |0.548 0.586 [0.745
B 0.2701(0.2373|0.3179(0.3325;0.2811,0,3062,0.3121|0.2912
Al 2.296 12,075 |0.7728(0.8570/0.4370(0.5958(0.6251|0.8517
No. 165 166 168 169 170 171 172 173
Gy (AA) (%) |18.54 [33.9 5.26 | 7.07 6.19 |24.52 [36.94 | 5.9
G, (VP) (%) |14.5 4,92 | 3.33 4,26 | 3.76 | 5.01 1,94 |-0.09
G (%) 135.7 (40,5 8.77 |11.6 10.0  |30.75 |39.6 5.8
A 1.321 | 1.123 |0.266 0,301 ,0.276 |0.769 |1.429 |0.285
B 0.2718:0.2747|0.2761(0,2842|0.3308|0.2659|0.2549|0.3311
Al 1.618 |1.361 |0.3207|0.3526(0.2778(0.9628]1.866 |0.2865
No. 175 176 177 178
G;(AA) (Z)| 6.51 | 9.12 35,02 35.02
Go(VP) (%) 0,79 | 0.92 1.4 1.31
G (Z)y ) 7.35 j10.1 36.9 |36.8
A 0.320 |0.327 |1.159 |1.157
B 0.3136/0.2869;0,2208|0.2554
Al 0.3397|0.3794(1.747 [1.508
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Table 3.38 Optical density and graft percent
of co-grafted £ilm with AA and VP

No. 69 123 125 126 134 136 137 138
G (%) | 11.5 2.7 12.6 14.2 12,3 3.3 6.1 10.3

A 0.4906(0.1334|0.563 |0.6176|0.558 |0.2055|0.2888/0.548
B 0.2944|0.314810,31270,2794|0,3015|0.3325(0.2965/0.3239
Al 0.55480.141110.5994|0,7359(0.6161|0.2057|0.3243}0.5632

Table 3.39 Change of film area before and after grafting
13 u HDPE, DR: 2.57x10%rad/h, T: 14°C

No. G original area | area after area increase AS x 100 (%)
(%) (mmZ) irradiation (%) G ’
(mm?)
29 1 61.8 1550 2019.3 27.0 43.69
31 | 58.4 1560 1955.3 25.3 43,32
331 57.9 1540.3 1920.8 24,5 42.31

Table 3.40 Electric resistance of AA-grafted film
13 um HDPE;
monomer solution, AA:water, Mohr's salt=50:50,

0.001 mol/l1 electrolyte, L0%Z KOH aquecus solution

No. Film Solution Dose Rate |Irrad. Time G R Swelling Kg T
(rad/h) (min.) (%) (50 Time(hr) | (§) (°C)
299 13, HDPE |AA:H,0+Fest 1.12x10°% 15 5.19| 1.7x10"% 0.25 ~20 ~25
300 " 50:50+1x10™3mol/1 " 30 12,94 2,91x103 | 0.083 |~20 "
307 " " 2.66x10% 10 8.14 {over range| 0.383 |~20 "
308 " " " 30 39,48 22.2 0.055 |~20 "
309 " " " 60 36.21 21.2 0.0383 |~20 "
310 " " oo 244 49.44|  21.3 0.0667  ~20 "
336 {100p HDPE " 1.88x103 171 20,14 280 5.75 ~20 "
338 " " 1.63x10% 912 26.23 26 1.45 ~20 "
3400 " " 1.35x103 1188 29,18 26 0.433 |[~20 "
339 " " 1.50x10% 1188 32,08 26 0.40 ~20 "
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Table 3.41 Electric resistance of AA-grafted film
100 uym HDPE;
monomer solution, AA:water, Mohr's salt=50:50,

0.004 mol/l electrolyte, 10%Z KOH aqueous solution

No. Film Solution Dose Rate|Irrad. Time G R Swelling | R T

(rad/h) (min.) (%) () time(hr) [(2) | (°C)

435b |100u HDPE |AA:H,0+Fel™ 1.17x10° 8 5.19|1.035x10" 0.53 |~20 |~25
327 @ " 50:50+4x10™ 3mol/1 " 30 18.12]2.245%x103 2,32 |~3.5|~24
43642 " " " 8 5.6818,274x10% | 0.4 |~3.5|~24
326a " " " 20 12.86(3.26 x10% | 15,37 |~20 |~25
314 " " 1.12x10% 45 1.28|over range| 4.72 |~20 |[~25

315 " " " B0 2,22|5.28 x10° 4 ~20 |~25

341 " " 1.18x10% | 40 22.98(2.6 x10% | 19,95 |~20 | 14

342 " 1 " E 50 28.18|1.82 x10% | 19.57 |~20 | 19

3453 " " " ' 60 33.01|2.51 x105 | 21.72 |~20 | 19

344 " K " 75 40.23 24 0.28 |~20 | 19

345 " " " 90 41.65 25 0.32 |~20 | 19

32800 v v " 60 31.90/5.52 x10% | 7.52 |~20 |~25

329 " " " 120 45,55 22 1.4 [~20 |~25

355 " " " 65 37.66] 27 0,32 |~20 | 17.

356 " " " 70 40.28 21 0.35 |~20 ¢ 18.

354 n " " | 20 10.93|over range| 15.9 ~33 15

353 " " " f 30 17.37|4.3 x10° | 16.9 ~33 | 15

302 " " 2.66x10"% 30 1.43| over range| 12.55 |~20 |~25

303 " " " 60 18.58 " 1.77 |~20 | ~25

304 " " " 104 35.47 24.2 0.32  |~20 | ~25

306 " " " 480 43,08 27 0.62 |~20 | ~25

263 " " 2.77%10"% 14.2 48,25 19 1.8  |~20 | ~25

264 " " " 17.3 49.29 20 0.27 |~20 | ~25

265 " ” " 19.3 51.11 21 0.67 |[~20 |~25

266 " " " 22 53.87 21 0.22 |~20 | ~25

267 " " " 26.3 56.79 21 0.17 {~20 | ~25

268 " " " 26.3 56.91 14 0.18 |~12 | ~25
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Table 3.42 Electric resistance of VP-grafted film
100 ym HDPE; measurement temperature, 24.1+1,1°C
monomer solution, VP:i:water,
Mohr's sale=50:50, 0.004 mol/1l
cell resistance, 3.50.
electrolyte, 10%Z KOH aqueous solution
No.| VP | Dose Rate | Irrad. Time R Swelling
(rad/h)- {min.) (%) () time (hr)
376 " | 2.62x10% 203 22.31 | over range  23.33
383 " " 203 25.18 | 9.69x10° 8.48
386 " " 396 31.26 | 8.96x103 3.8
3871 " " 396 39.60 600 3.13
372 " " 203 27.34 | 4.39x10° 14.08
385 " " 396 45.98 349 12,23
4046 " | 1.17x10° 20 0.85 | over range| 24.33
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Table 3.43 Electric resistance of AA-VP-multi-stage grafted film

100 um HDPE; measurement temperature, 24.1:1.1°C

monomer solution, VP:i:water, Mohr's salt=50:50, 0.004 mol/1

(for second stage grafting)

cell resistance, 3.3 fi.

electrolyte, 10% KOH aqueous solution

Dose Irrad.| G (AA) R Dose Irrad.|G;(VP) R Swelling
No. Rate Time No. Rate Time Time
(rad/h) { (min.)| (%) () {rad/h) | (min.)| (%) () (hr.)

435(1.17x10% 8 5.19 |1,035x10%|435(2-1)[1.17x10% 55 18.82(8.563x103| 10.67
434 " " 5.31 434(2-2) " 45 9.82|1,128x10%| 21.93
434 " " 5.31 434(2-1) " 35 6.81|1.11 x10%| 23.4
433 " " 4,72 i 433(2-2) " 25 3.08)1.262x10%| 24,28
433 " " 4,72 433(2-1) i 17 1.94 (1,20 x10%| 24,72
432 n " 5.38 432(2-2) " 12 0.98 | over range | 24.98
432 o " 5.38 432(2-1) " 8.1 0.62/8.96 x103 25.37
430 " " 5.54 430(2-2) " 5 0.29|over range | 25.63
430 " " 5.54 430(2-1) " 3.1 0.24(7.7 x10% 26.93
456|1,15x10% " 4,28 E 456 (4-1) | 1.15%10%| 50 121.91] 30 40.07
458 " " 3.95 | 458(4-1) " 50 119.87 32 40.38
458 " " 3.95 ) £58(4-3) " 20 57.62|1.792x10%| 40,62
457 " " 4.45 457 (4-2) " 20 53.681.966x102| 40.87
456 " " 4.28 456(3-2) " 45 43.88.5.624x10% 41.08
431(1.17x103 ™ 3.0 431(3-1) " 45 27.7311.657%10%| 41.67
457|1.15x10% " 4,45 457(2-1) " 45 11.49|1.69 x10%| 41.98
431(1.17x103 " 3.0 431(2-2) " 45 7.94|5.08 x10%| 45
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Table 3.44 Electric resistance of VP-AA-multi-stage grafted film
100 um HDPE; measurement temperature, 24.1+1,1°C
monomer solution, AA:water, Mohr's salt=50:50, 0.004 mol/1
(for second stage grafting)
cell resistance, 3.5 Q.
electrolyte, 10% KOH aqueous solution
Dose Irrad.|G1(VP) R Dose Irrad. |Gy (AA) R Swelling
No. Rate Time - No. Rate Time Time
(rad/h) | (min.)| (%) (5 (rad/h) | (min.)| (%) (2} (hr.)
38212.11x10 396 0.29 382-2 1.17x10%| 120 45.55 5.7 0.28
381 (2.15%x10 | " 0.77 381-1 " 60 {34.57 [9.53 x10%2| 2,75
37912.11x10 v 1.07 379-2 " 15 10.20 [3.31 x103 8
38012.11x10 " 0.95 380-2 " 30 19.38 [1.97 x103| 56
409 11.17x10 20 0.86 409(2-1) " 20 14.06 12.022x103 7.75
406 " " 0.96 406(2-1) " 15 |11.64 [2.33 x103| 8.17
405 " " 0.93 405(2-1) " 10 6.96 |4.16 x103 B.45
404 " " 0.85 |over range | 404(2-1) " 5 3.55 |1.36ix10%| 22,58
42811.17x10 40 5.09 428(2-1) " 80 91.71 ~6 16.27
427 " " 5,65 427(2-1) " 60 94,84 ~5 16.9
426 " " 4,68 426(2=1) " 40 83.90 ~5 23.33
429 " " 5.21 429(2-1) " 30 65.17 336 24,47
| 425 u " 5.32 425(2-1) " 100 | 90.49 ~5 24,7
424 " " 5.17 ‘424(2—1) " 22 37.18 544 24,95
423 " " 5.22 423(2-1) " 17 29,65 698 25,17
424 " " 5.17 424(2-2) " 13.01 (2.15 x103] 25,87
423 " n 5.22 423(2=2) " 7.47 |5.61 x103| 26.43
422 " " 5.49 422(2-2) " 3 | 5.15 |1.50 x10%| 26,78
422 " " 5.49 422(2-1) " 12 16.47 |1,473x103| 25.57
428 " " 5.09 1428(2-2) " 32.1(67.62 [3.19 x102| 14,35
427 " " 5,65 427(2-2) " 28 56.31 340 14,12
426 " " 4,68 426(2-2) " 25 44,21 443,27 14.63
425 " " 5.32 425(2-2) " 20 29,05 780 14.95
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Table 3.45 Electric resistance of VP-AA-multi-stage grafted film

{continued)

100 pum HDPE; measurement temperature, 24.1x1,.1°C

monomer solution, AA:water, Mohr's salt=50:50, 0.004 mol/l

(for second stage grafting)

cell resistance, 3.5 .

electrolyte, 10% KOH aquecus solution

Dose | Irrad. Gl(Vé) R Dose |Irrad.|Gp(AA) R Swelling
No. Rate Time No. Rate Time Time
| (rad/h) | (min.)| (A | (D) (rad/h) | {min.) | (%) () (hr.)

452|1.15x10°| 26,7 | 2.18 452(2-2) 1.15x10% 116 |51.43 ~5 20,72
452 " 26.7 1 2.18 452(2-1) " 100 |48.39 ~6 20.95
451 " 27.3 | 2.24 451(2-2) " 80 |49.35 ~7 21.73
451 " " 2.24 451(2-1) " 60 (47.05 ~6 22.07
448 " " 2.01 448(2-2) " 40 |39.24 |5.08 x102} 22.8
448 " " 2.01 448(2-1) " 30 |34.11 |1.267x103| 23.02
447 " " 2.31 447(2-2) " 25 130.57 |9.79 x107?| 23.43
447 " " 2.31 447(2-1) " 20 |26.57 |1.061x10%, 25.65
446 " " 1.91 446(2-2) " 15 [18.43 |2.31 x10%| 25.92
446 " " 1.91 446(2-1) " 10 [18.83 [2.10 x103| 26.25
445 " " 2,26 445(2-2) " 6.9/12.68 |1.95 x10%] 26.5
445 " " 2.26 445(2-1) " 3.1| 4.82 19,74 x10%] 62.
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Table 3.46 Electric resistance of VP-AA-multi-stage grafted film

{(continued)

100 um HDPE; measurement temperature, 24.1x1.1°C

monomer solution, AAiwater, Mohr's salt=530:50, 0.004 mol/1l

(for second stage grafting)

cell resistance, 3.5 Q.

electrolyte, 10% KOH aqueous scolution

Dose Irrad.|G; {(VP) R Dose Irrad. |Go (AA) R Swelling
No. Rate Time No. Rate Time Time
(rad/h) | (min.)| (%) (%) {rad/h) |(min.)| (%) (%) (hr.)

372(2.62x10% 203 |27.34 | 4,39x10° |372-2 1.17x10%| 20 49.95| 10 0.98
373 " " 32,97 373-2 " 40 74.02 ~5 1.03
376 " " 22.31 over range |376-2 " 60 119.12 6 0.98
368 n " 24,14 368-2 " 10 26,68 10 2.72
377 " " 25.80 377-2 " 8 27.93 §.9 12.62
374 " " 28.05 374-2 " 6 23.14 9.9 13.1
371 " " 26,92 371-2 " 4 15.86 17 13.48
378 " " 27.43 ‘ 378-2 2.62x10%| 40 30,82 8.5 14.17
375 " " 23.91 375-2 " 25 26.86 8.6 14,6
370 " " 25,26 370-2 " 15 15.96 10.8 15.08
369 " " 25.55 369-2 " 8 9.36 27 15.28
444 !1,15x10%| 55 |14.00 Lbl=2 1.15x10°| 70 108.17| ~5 14.5
443 " " 12.37 443(2-2) " 50 101.87 ~6 14.88
443 " n 12,37 443(2-1) " 40 96.81| ~22 15.32
441 " " 13.60 441(2-2) " 30 80.86 ~7 15.55
441 " Y 13.60 441 (2-1) " 25 66.16| 384.2 16.07
440 " " 11.60 L40(2-2) " 20 38.01 597.3 17.05
440 " " 11,60 440G(2-1) " 15 29.92 914 17.58
439 " " 11,83 439(2-2) " 10 20.89(1,552x103| 19.08
439 " " 11.83 439(2-1) " 6.9 | 15.20(2.097x103] 19,52
437 " " 11,89 437(2-2) " 5 9.91(5.32 x103| 20.05
437 " " 11.89 437(2-1) " 3.1 | 7.65(7.12 x10%] 20.43
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Table 3.47 Electric resistance of simultaneously co-grafted film
100 ym HDPE; measurement temperature, 24.1+1,1°C
monometr solution, monomer:water,

Mohr's salt=50:50, 0.004 mol/1l
cell resistance, 3.5 Q.

electrolyte, 10% KOH aqueous solution

No. | AA:VP |Dose Rate | Irrad. Time G R Swelling
(rad/h) {min.) (%) () Time(hr.)
403 | 45:5 |1.17x10° 70.6 32.35 845 5.17
402 " " 29.6 13.45| 2.485x103 17.75
401 " " 19.6 8,73 4.12 x103 18,28
400 " " 10 3.13] 1.6 x10% 6
410 " " 6 1.32] 4.35 x10% 24,33
411 v g 100 38.74 62 3.38
412 " " 150 42,97 ~5 0.37
399 | 40:10 " 70.6 26.65| 1.495x103 16.38
398 " " 29.6 10.21; 2.76 x103 16.72
397 " n 19.6 7.021 7,97 x103 17.37
396 " " 10 2.58| over range 5.5
413 " g 100 37.15 ~6 3.72
414 " " 150 38.57 ~5 0.35
395 | 30:20 " 91 21.43] 1,82 x108 17.63
394 " " 60 14.13| 2.42 x103 17.77
393 " " 40 9.61| 4.85 x103 18.08
392 " " 20.4 3.55| 1.74 x10* 4.98
415 " " 10 1.25] 2,66 x10° 23.8
416 " " 143 35.38 ~5 4,42
417 " " 213 37.83 ~5 14,92
391 | 20:30 " 91 12.38| 3.438x103 19,22
390 " " 60 9,08 | 4.65 x103 19.97
389 " " 40 7.26| 6.07 x103 20.48
388 " " 20.4 3.36 | 1.41 x10“ 4,65
418 " " 10 0.80| 5.00 x10° 9,87
419 " " 120 19.10 | 2.492x103 6.63
420 " " 163 23.66 | 1.76 x10° 10.53
421 " " 240 33,34 " 0.4
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Table 3.48 Electric resistance as a function of swelling time (1)

—=VP grafted film

electrolyte,
No.385, 100u HDPE, G(VP)=45,98%; DR=2.62x10%rad/h;

10% KOH aqueous solution

measurement temperature of solution: 24.1£1.1°C, Rg=3.5Q

Swelling time

; 3.95 | 5.0 | 10.0 | 14.37 |21.0 |27.0 | 734
{(min.)
Rest;§a“°e 664 | 579 | 499 | 460 | 445 | 433 | 449

Table 3.49 Electric resistance as a function of swelling time {(2)

~-film prepared by VP-AA multi-stage grafting

electrolyte,
No.381-2, 382-2, 100u HDPE; DR=1.17x10%rad/h;

10% KOH aqueous solution

measurement temperature of solutien: 24.121,1°C, Rg=3.50

No.381-2, G1(VP)=0.77%, Gy (AA)=34.5%

Swe%l%ng time| ) ¢ 12.5 14 18 36 64 84 112 165 221
min,)
Resi;;“‘ce 2.81x104|1.11%10%|8.9x103| 7. 41x103 |5.23x10% 3. 7x10% [1,75x103 | 1.33x103| 1. 07x10%| 9, 53x 102
No.382-2, G(VP)=0,29%, G,(AA)=45,557%
Swelling time | g 4g 8.72 | 9.5 |10.25| 12 17
(min.,)
Res](_-;;;ance 9.31)(103 710 110 21 5.7 5.7
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Table 3.50 Electric resistance as a function of swelling time (3)

—-AA grafted film

electrolvte, 10%Z KOH aqueous seclution

No.328, G(AA)=31.90%; measure T: ~25°C, Rp=20

S“e%iizg)time 27.08 27.5 28.38 | 29.33 31.5 34 38 46.25
Res%;§a“°e 1.1x105 | 8.1x105 | 5.4x10% | 4x10% 3105 2.6x105]2.27x10%] 1,67x10°
Swe%iizg)time 62 84 119 198 264 425 451
Res%;§an°e 1.343x105 |1.135%105]9.55%x10% [7.99x10% |7,23x10%| 5.62x10%| 5.52x10%
No.329, G(AA)=45.50%; measure T: ~25°C, Rg=20Q
Swe%iiﬁg)tlme, 7.17 9.17 | 9.93 | 10.58 |11.17(11.97|12.83|21.17109.17
Res%g§a“°e over range| 4.1x10% 1.6x103]3.2x102| 112 | 30 |22 | 22 | 22
No.343, G(AA)=33.01%; measure T: 19°C, Rgp=208
Swe%iizg)tlme 338 1074 1091 1155 1181 1219 1303
Resiggance over range|3.5x10%|3.41x105| 3.03x10° |2.92x10%) 2.77x10° [2.51x10°
No.344, G{AAY=40.23%; measure T: 19°C, Rp=20%
Swe%iizg)time 10 10.17 | 10.67 | 11.45 |12 [12.5]13.33]14.5|17
Rés%;gance over range| l.1x108|3.1x10% 1,1x103/211| 41 | 25 | 24 |24
No.345, G(AA)=41.65%; measure T: 19°C, R=20%
Swe%iizg)time 9 9.67 10.45 | 11.45|12| 12.67 | 15 |19
Res%g§an°e over range | 1.1x106| 2.1x10% | 101 |30} 26 |25 25
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Table 3.51 Electric resistance as a function of swelling time (4)
—-AA grafted film
electrolyte, 10% KOH aquegus solution

No.355, G(AA)=37.66%; measure T: 17.5°C, Rg~20Q

Swelling time

, 10 10.83 11.25 11.83 12,67 113.08/13.83
(min.)

Resiggance over range [1.1x108 1.11x10% 1.11x10%|2.1x10%] 171 | 31

No.356, G(AA)=40,28%; measure T: 18.5°C, Rp=~20Q

Swelling time 12 12.17 12.25 14 117 | 21
{min.)

Resistance

Q) over range 1.11x108 1.7x103 111 21 21
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Table 3.52 Electric resistance as a function of swelling time {5)

——AA grafted film

electrolyte, 10%Z KOH aqueous solution

No.264, G(AA)=49.29%; measure T: ~25°C, Rgws20Q

Swelling time

(nin.) 1 7.5 16
Res%;§ance over range 1.6x10% 300 33 20
No.265, G(AA)=51.11%; measure T: ~25°C, Rgw=20Q
Restg§ance over range| l.1x10% 4.1x10% | 1.4x102 | 40 21
No.266, G(AA)=53.87%; measure T: ~25°C, Rg=~200
Swe%iizg)tlme 3.5 4.33 4.83 | 6 6.83 8.17| 10
Restzgance 4.1x105| 6.9x103 2.37x10% 570 100 25 |21
No.267, G{AA)Y=56.79%; measure T: ~25°C, Rg=20%
Sweh}r_igg)time 4 4.58 5.75 6.83 .58 (8.33
Res%;§3nCe over range| over range|l.11x10°|3.51x10% 3.5x10% L.14x10%| 240 53
No.268, G(AA)=56,91%; measure T: ~25°C, Rg=128
Swe%iizg)time‘ 5.58 | 6.25 6.92 8.42|9.25|11
Res%;§a“°e 1.11x108 2.71%10%] 5.3x10% | 6.52x10% 6.2x10° 23 |14
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Table 3.53 Electric resistance as a function of swelling time (6)

—-AA grafted film

electrolyte, 10% KOH aqueous solution

No.336, G(AA)=20.14%, DR=1.88x10%rad/h, irrad. T: 50°C;
measure T: 25°C, Rg=200
Swelling time | ,, 50 58 | 81 |110 | 167 204 | 240
{(min.)
Res%g§a“°e 4.75x10% | 1.176x103| 951 1682 |548 | 434 | 395 | 366
Swelling time =, 267 297 |325 | 257 | 380! 420 | 465
(min.) .
Res%;§an°e 355 348 329 (314 [303 | 297 288 280
No.338, G(AA)=26.23%, DR=1.63x10%rad/h, irrad. T: 50°C;
measure T: 25°C, Rg=208
Swelling time 13 15 16.33 |17.75 |19 125.33 ¢ 26 | 27
(min)
Resigiance over range | 1.6x10%| 1.4x103 | 85 |30 | 26 | 26! 26
No.339, G(AA)=32.08%, DR=1.50x103%rad/h, irrad. T: 50°C;
measure T: 25°C, Rg=20Q
Swelling time
: 13 14,08 | 14.63 15.58 [16.5(17.25|18 118.58|21 |24
{(min.)
Res%g§a“°e over range| 1.1x108|1.11x10%|5.1x103| 910! 251 |51 | 31 |26|26
No.340, G(AA)=29.18%, DR=1.35x103rad/h, irrad. T: 50°C;
measure T: 25°C, Rp=200Q
Swelling time 13 14.5 15.25 |16.17 | 17.171 18 19| 26
(min.)
Resiagance over range | 1.2x10% | 1.5x103 | 380 | 111 | 28 |26/ 26
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Fig. 2.1 Apparatus for electric resistance across
grafted films; E, platinum electrode (7.5mm¢);
IN, entrance of electrolyte; 0T, exit of
electrolyte. Area of grafted film is 1 cm?.
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Graft percent as a function of irradiation
time; 13 um HDPE, dose rate: 2.57 x 10°rad/h;
temperature: 15°C in air; monomer solution:
AA:water, Fe2t=50:50 by vol.,0.004mol/1;
O#17-19, irradiated in nitrogen atmosphere,
after irradiation, immersed in monomer solu-
tion; A #20-22, irradiated in deaerated monomer
solution, and the film was taken out in air
and then immersed in 50°C for 4 hr; O #23-25,
irradiated in the deaerated monomer sclution,
and then the film was taken out in air and
then immersed in 10°C water for 4 hr; [ #26-28,
irradiated in the deaerated monomer solution,
and the film was taken out in air and then
just washed and dried in an oven to determine
graft percent.
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Fig. 3.2 Graft percent as a function of irradiation
time; 13 ym HDPE, dose rate: 2.25 x 10°rad/h;
temperature: 14.2°C in air; monomer solution:
AA:water, FeZt=50:50 by vol.,0.004mol/1;

O #39-44, irradiated in monomer solution
deaerated by bubbling nitrogen for 15 minj

A #45-50, irradiated in air saturated monomer
solution, O #51-56, irradiated in the monomer
solution bubbled with oxygen for 15 min.

After irradiation, films were taken out in air
and then immersed in 50°C water for 4 hr., and
the film was dried in an oven to determine

graft percent.
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Fig. 3.4 Graft percent as a function of irradiation

time--Effect of Mohr's salt concentration;
100 um HPDE,; O #1-9, monomer solutiom:
AAswater, Fe?t=50:50 by vol.,0.004mol/1;
dose rate: 1.35 x10°rad/h; temperature:
15,1°C in air; A #143-160, monomer solution:
AA:water, Fe?%=50:50 by vol.,0.001lmol/1;
dose rate: 1.23 x10%rad/h; temperature:
10.5°C in air.
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Fig. 3.3 CGraft percent as a function of irradiation
time; 100G um HDPE, monomer solution: AA:water,
Fe?t=50:50 by vol.,0.004mol/1; O #205-219,
dose rate: 0,993 x 10°rad/h; temperature:
10.8°C in water bath; A #311-316, dose rate:
1.12 x 10°rad/h; temperature: 11.0°C in air.
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Fig. 3.5 Graft percent as a function of irradiation
time——-Effect of storage time of Mohr's salt
stock solution(0.008mol/1); 27 im LPDE,;
dose rate: 1.19 x10°rad/h; temperature:
50.0°C; monomer solution: AA:water, Felt=
50:50 by vol.,0.004mol/1; stock time:

O #235-243, with one hour; A #244-253,
one day; [J #273-282, one week.
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Fig. 3.6 Graft percent as a function of irradiation
time--Effect of storage time of Mohr's salt
stock solution; 100 um HPDE,; dose rate:
1.18 x 10°rad/h; temperature: 50.0°C; monomer
solution: AA:water, Felt=50:50 by vol.,
0.004mol/1; stock time: O #317-323, with one
hour; A #324-330, one day; O #351-359, one
week,
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Graft percent as a function of irradiation
time--Effect of storage time of monomer
solution; 100 pm HPDE,; dose rate: 1.18 x10°
rad/h; temperature: 50.0°C; monomer solution:
AA:water, Fe2T=50:50 by vol.,0.004mol/1;
étock time: O #317-323, with one hour;

A #254-262, nine days.
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Fig. 3.8 Moisture gain as a function of time exposed

to air; 100 pm HPDE, #345, graft percent of
AA, 41.65%; temperature 19.9°C; humidity, 50Z.
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Graft percent as a function of irradiation
time——Effect of dose rate: 13 pym HPDE;

monomer solution: AA:water, Fe?t=50:50 by
vol.,0.004mol/1; O #1-9, dose rate: 1.35x10°
rad/h; temperature: 15.0-15.2°C; A #20-22,

dose rate: 2.57 x10°rad/h; temperature: 15.0°C.
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Fig. 3.10 Graft percent as a function of irradiation
time; 27 pm LDPE; monomer solution: AA:water,
Fe2+=50:50 by vol.,0.00lmol/1; O #220-233,
dose rate: 1.21 x10°rad/h; temperature: 9°C.
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Fig. 3.11 Graft percent as a function of irradiation

time; 27 um LDPE; monomer solution: AA:water,
Fe2t=50:50 by vol.,0.004mol/1; O #235-243,
dose rate: 1.19 x10°rad/h; temperature: 50°C.
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Fig. 3.12 Graft percent as a function of irradiatiomn
time; 13 pm HPDE; monomer solution: VP:water,
Fe?t=50:50 by vol.,Q.004mel/1; O #283-298,
doge rate: 1.18 x 10%rad/h; temperature: 50°C.
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Fig. 3.13 Graft percent as a function of irradiation
time; 13 um HPDE; monomer solution: VP:water,
FeZ*t=50:50 by vol.,0.00lmol/1l; temperature:
13.8°C; O #76-80, dose rate: 2.23 % 10°rad/h;
A #81-84, dose rate: 1.23 x10%rad/h.
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Fig. 3.14 Graft percent as a function of dose; 13 um
HPDE; monomer solution: VP:water, Fe2t=50:50
by vol.,0.00lmol/1l; temperature: 13.8°C;
.0 #76-80, dose rate: 2.23 x 10°rad/h;
A #81-84, dose rate: 1.23 x10°rad/h.
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Fig. 3.15 Graft percent as a function of irradiation

time--Comparison of time conversion curves
of AA and VP graft; 13 um HPDE; monomer
solution: monomer:water, Fe?t=50:50 by
vol.,0.00lmol/1l; dose rate: 1.23 x 105rad/h;
O #143-160; AA; temperature: 10.5°C;

A #81-84, temperature: 13.8°C.
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Fig. 3.16 Graft percent as a function of irradiation
time——Effect of temperature; 100 um HPDE;
monomer solution: AA:water, FeZt=50:50 by
vol.,0.004mo0l/1l; dose rate: 0.993 x 10°rad/h;

O #205-219; temperature: 10.8°C in water bath;
A #81-84, temperature: 49°C in water bath.
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Fig. 3.17 Graft percent as a function of irradiation
time--Effect of dose rate; 100 um HPDE;
monomer solution: AA:water, Fe2t=50:50 by
vol.,0.004mol/1; temperature, 50°C;

O #346-350; AA; dose rate: 2.11 x 10%rad/h;
0 #301-304,306; dose rate: 0.266 x 10°rad/h;
A #317-323,341-345, dose rate: l.18 x10°rad/h.
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Fig., 3.18 Graft percent as a function of irradiation
time--Effect of multi-step grafting; 100 pum
HPDE; monomer solution: AA:water, FeZ¥t=50:50
by vol.,0.004mol/1; temperature, 49°C; dose
rate: 0.993 x 10°rad/h; O #187-204; O the second
stage grafting initiated after 180 min of the
first grafting, #190(2)-193(2); A the second
stage grafting initiated after 120 min of the
first grafting, #189(2),197(2)-199(2); Number
in parentheses indicate number of graft steps.
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Graft percent of VP at the second stage and
that of AA at the first stage grafting; 13 um
HPDE; dose rate: 1.23 x 10°rad/h; monomer
solution: VP:water, FeZt=50:50 by vol.,
0.001lmol/1; A #113-118,142; irradiation time:
40.3 min, temperature: 12°C, O #161-166;
irradiation time: 35 min, temperature: 10.5°C;
v #167-172; irradiation time: 25 min, tempera-
ture: 10.5°C; #107-112,140; irradiation time:
20.3 min, temperature: 12°C; {#139,173-178;
irradiation time: 10 min, temperature: 10.5°C.
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Fig. 3.20 Graft percent of AA at the second stage and
that of VP at the first stage grafting; 13 um
HPDE; dose rate: 1.12 x10%rad/h; monomer
solution: AA:water, Fe?t=50:50 by vol.,
0.001lmol/1; temperature: 11°C; O #283(2)-
287(2),289(2),299; dirradiation time: 15 min;
A #291(2)-294(2),297(2)-298(2),300: irradia-
tion time: 30 min.
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Fig. 3.21 Graft percent of AA at the second stage and

that of VP at the first stage grafting at
lower graft percent of VP; 13 um HDPE;
monomer solution: AA:water, Fe?T=50:50 by
vol.,0.00lmol/1; O #70,71; dose rate: 2.23 x
105rad/h; temperature: 14.2°C; O #88,90,92;
dose rate: 2.23 x 10°rad/h; temperature:
12.5°C; O #86,89,91,103,104; dose rate:

1.23 x 10%rad/h; temperature: 12.5°C; A
#87,93,94,97,98; dose rate: 1.23 x10%rad/h;
temperature: 12.5°C.
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Fig. 3.22 Graft percent as a function of irradiation

time in the multistep/stage grafting; 100 pm
HDPE; monomer solution: monomer:water, Felt=
50:50 by vol.,0.00lmol/1; temperature: 10°C
in air; dose rate: 1.22 x10°rad/h; O the
first stage grafting with AA; [ second stage
grafting with VP; A the second stage grafting
with VP; Only average of the data plotted
{see Table 1.15).
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Graft percent and 0.D. of carbonyl bands as a
function of irradiation time; 13 um HDPE;
monomer solution: monomer:water, Fe2t=50:50
by vol.,0.004mol/1; temperature: 15°C in air;
dose rate: 2.57 x 10°rad/h.
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Graft percent as a function of irradiation
time in simultaneous co-grafting using monomer
solution containing different amounts of AA
and VP; 13 um HDPE; monomer solutiomn:
monomer:water, Fe?T=50:50 by vol.,0.00lmol/1;
temperature: 12°C in air; dose rate: 1.23 X
105rad/h; #119-142; AA:VP ratio, O 50:0,
A40:10, 030:20, vV20:30, $&10:40, x 0:50.
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Fig. 3.25 Graft percent as a function of AA content in
the monomer solution in simultaneous co-
grafting using monomer solution containing
different amounts of AA and VP; 13 pm HDPE;
monomer solution: monomer:water, FeZt=50:50
by vol.,0.00lmol/1; temperature: 12°C in air;
dose rate: 1.23 x10°rad/h; #119-142; irradia-
tion time, O 10 min, A 20 min, < 30 min,

40 min.
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3.26 Graft percent of VP and that of AA in

simultanecus co-grafting film using monomer
solution containing different amounts of Aa
and VP; 13 um HDPE; monomer solution:
monomer:water, FelT=50:50 by vol.,0.00lmol/1;
temperature: 12°C in air; dose rate: 1.23 x
105rad/h; #119-142; AA:VP ratio, A 40:10,

O 30:20, O20:30, £10:40.
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Fig, 3.27 Mole fraction of AA in co-grafted film and
that in monomer solution; monomer solution:
monomer:water, Felt=50:50 by vol.,0.00lmol/1;
AA+VP=50%; temperature: 12°C in air; dose
rate: 1.23 x10°rad/h; #119-142,
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Fig. 3.28 Graft percent as a function of irradiation

time in simultaneous co-grafting using monomer
solution containing different amounts of AA
and VP; 100 uym HDPE; monomer solution:

monomer twater, Fez+—50 50 by vol.,0.004mol/1;
temperature: 50°C in water bath; dose rate:
1.17 x 105rad/h; #388-403, 410-421; AA:VP
ratio, ©20:30, A30:20, O40:10, 045:5.
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Fig. 3.29 Infrared spectra of (A) AA grafted PEAAlZ],
(B) VP grafted PEVP141, f=0.414, and (C)
6riginal PE films, PEO, £=0.991.
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Fig. 3.30 Infrared spectra of simultaneous co-grafted
films obtained from monomer solution of
different AA contents; AA:VP, (A) 40:10
PEAV125, (B) 30:20, PEAV130, f=0.662, (C)
20:30, PEAV134, f=0.912.
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Infrared spectra of simultaneous co-grafted

films obtained from monomer solution of

‘different AA contents; AA:VP=10:40, PEAV138.
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Fig. 3.32
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Infrared spectrum (A) of simultaneous co-
grafted films obtained from monomer solution
(AA:VP=20:30) PEAV134 and differential
spectrum (B) obtained by subtraction of AA
and VP spectra from A, 134SUBAV (£=0.996)
and spectrum (V) of original PE (£=1.007).
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Fig. 3.33 Infrared spectra of PE film grafted with AA
followed by the second grafting with VP;
G1(AA)/G2(VvP) (A) 0.251, PEAVI1elT, f£=1,00,
(B 0.327, PEAV162T, f=1.291, (C) 0.417,
f=1.383, PEAVI114T,
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Fig. 3.34 Infrared spectra of PE film grafted with AA
followed by the second grafting with VP;
G1(AA}Y/GZ(VP) (A) 0.591, PEAVI163T, f=1.00,
(B) 0.643, PEAV164T, f=1.291, (C) 1l.16,
f=1.383, PEAV7ZT.
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Fig. 3.35 Infrared spectra of PE film grafted with AA
followed by the second grafting with VP;
‘GL(AA)/G2(VP) (A) 1.579, PEAV168T, £=1.00,
(B) 3.61, PEAV109T, f=1.291, (C) 6.89,
f=1.474, PEAV166T.
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Fig. 3.36 Infrared spectra of PE film grafted with AA
followed by the second grafting with VP;
G1(AA)/G2(VP) (A) 9.91, PEAV176T, £=1.00,
(B) 19.0, PEAV172T, f£=2.109, (C) 26.73,
f=1.383, PEAV17/8T.
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Fig. 3.37 Infrared spectra of PE film grafted with VP
followed by the second grafting with AA;
G2(AAY/G1(VP) (A) 1.65, PEVAS93T, £=1.00,
(B) 3.31, PEVA7LIT, f=1.638, (C) 3.76,
f=1.025, PEVA90T.
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Fig. 3.38 Infrared spectra of PE film grafted with VP
followed by the second grafting with AA;
G2(AAY/G1(VP) (A) 3.99, PEVAB9T, £=1.00,
(B) 5.97, PEVA94T, £=0.569, (C) 9.37,
f=0.569, PEVASJT.
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Fig. 3.39 Infrared spectra of PE film grafted with VP

followed by the second grafting with AA;
G2(AA)/GL1(VP) (A) 6.27, PEVA92T, f=1.00,
(B) 11.36, PEVA91T, £=0.983, (C) 27.78,
f=0.820, PEVAS6T.
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Fig. 3.40 Infrared spectrum of PE film grafted with AA

(4) and that of film grafted with VP as the
second grafting onto the film previously
grafted with AA (B); G1(AA)/G2(VP)=0.251:
(A) PEA143, £=1.00, (B) PEAV161T, f=0.994.
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Fig. 3.41 Infrared spectrum of PE film grafted with AA
(A) and that of film grafted with VP as the
second grafting onto the film previously
grafted with AA (B); Gl(AA)/G2(VP)=0.327:

(A) PEAl44, £=1.00, (B) PEAV162T, f=1.006.
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Fig. 3.42 Infrared spectrum of PE film grafted with AA
(A) and that of film grafted with VP as the
second grafting onto the film previously
grafted with AA (B); G1(AA)/G2(VP)=0.591:

(A) PEAl45, £=1.00, (B) PEAV163T, f=0.993.
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Fig. 3.43 Infrared spectrum of PE film grafted with AA

(A) and that of film grafted with VP as the
second grafting onto the film previously
grafted with AA (B); GL{AA)/G2(VP)=0.643:
(A) PEAl46, £=1.00, (B) PEAV164T, f=1.006.
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Fig. 3.44 Infrared spectrum of PE film grafted with AA

(A) and that of film grafted with VP as the
second grafting onto the film previously
grafted with AA (B); G1(AA)/G2{(VP)=0,984:
(A) PEAl49, f=1.00, (B) PEAV167T, £=0.989.
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Infrared spectrum of PE film grafted with AA
(A) and that of film grafted with VP as the
second grafting onto the film previously
grafted with AA (B); G1(AA)/G2(VP)=1.66:

(A) PEAlS51, £=1.00, (B) PEAV169T, £=0.995.
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Infrared spectrum of PE film grafted with AA
(A) and that of film grafted with VP as the
second grafting onto the film previously
grafted with AA (B); Gl(AA)/G2(VP)=4.89:

(A) PEAIL53, £=1.00, (B) PEAV171T, £=0.989.

— 104 —



JAERT—M 91—106

0.79120 T T T T T

0.50318 [~ -

0.41516 [~ : _ =

o

rrral

0.03812

I ! LT T
-0. 14890

1983 1800 1600 1400 1200 1000 ao0g 543
cH-1

Fig. 3.47 Infrared spectrum of PE film grafted with AA
(A) and that of film grafted with VP as the
second grafting onto the film previously
grafted with AA (B); Gl(AA)/G2(VP)=9.91:

(A) PEAl158, f=1.00, (B) PEAV176T, £=0.98>.
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Fig. 3.48 Infrared spectrum of PE film grafted with AA
(A) and that of film grafted with VP as the
second grafting onto the film previously

grafted with AA (B); GL(AA)/G2(VP)=25,01l:
(A) PEAL59, f=1.00, (B) PEAV177T, £=0.999.
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Fig. 3.49 Infrared spectrum of (A) PE film grafted with
AA followed by the second grafting with VP;
Gl{AaAY=23.27%, G2(VP)=20.0, PEAV72T, and (B)
differential spectrum, 72SUBAV, obtained by
subtraction of spectra of AA and VP from
spectrum (A); The spectra of AA and VP for
subtraction were synthesized in advance by
subtraction of spectrum of PE from that of
Ad-grafted film and from VP-grafted film,
respectively. £ for (B)=0.998, and (C)
original PE (£=0.992).
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Infrared spectrum of (A) PE film grafted with
VP followed by the second grafting with AAj
GL(VP)=21.2%, G2(AA)=34.8, PEAVI3T, (B)
differential spectrum, 93SUBVA, obtained by
subtraction of spectra of AA and VP from
spectrum (A), and (C) that of polyethylene,
PEQ; The spectra of AA and VP for subtraction
were synthesized in advance by subtraction of
spectrum of PE from that of AA-grafted film
and from VP-grafted film, respectively. £
for (B)=1.004; £ for (C)=1.013. :
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Fig. 3.51 Optical density as a function of graft
percent: optical densities are not corrected
for expansion of the film due to grafting.
QO AA grafted film, A VP-grafted film,

O AA-VP grafted, V VP-AA grafted, {$ simul~
taneously co-grafted with AA and VP. #57,58,
62,64,69,70,72,75,81,91,94,109,114,119-126,
129,130,132-134,144-148,150-166,168-172,
174-178.
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Optical density as a function of graft
percent: optical densities are corrected
for expansion of the film due to grafting.
O AA grafted film, A VP-grafted film,

[0 AA-VP grafted, V VP-AA grafted, > gimul-
taneously co-grafted with AA and VP.
Corrected optical density is given by A'=
A(B /B), where A is optical density un-
corrected, B is optical density at 723 cm
before grafting and B, that after grafting.
Samples, the same to those listed in Fig. 8.
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ELECTRIC RESISTANCE (ohm)

Fig. 3.53

JAERI—M 91—106
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Electric resistance across grafted film as a
function of swelling time in 10% KOH aqueous
solution: (A) #328 100 um HDPE; dose rate,
1.18 X10§rad/h, irradiated at 50°C, (Q)
#336 100 um HDPE; dose rate, 1.88 x10°rad/h,
irradiated at 50°C; cell resistance was 261,
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ELECTRIC RESISTANCE (ohm)

Fig. 3.54
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Electric resistance across grafted film as a
function of swelling time in 10% KOH aqueous
solution; 100 um HDPE; dose rate, 3.1 x103,
rad/h, irradiated at 50°C, cell resistance
was 260; (A) #339 G(AA)=32.1%; (Q) #338
G(AA)=26.2%; O #340 G(AA)=29.27%; x #329
G(AA)=45.5%. Dose rate = 1.18 x10°rad/h;
cell resistance was 20§.
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Fig. 3.55 Electric resistance across grafted film as a
function of graft percent in 10%Z KOH aqueous
solution; 100 um HDPE; irradiated at 350°C,
cell resistance was 268; (QO) grafted with
VP, dose rate, 2.62 ><IOArad/h, #372,276,282,
285-287; cell resistance, 3.52; (A) grafted
with AA, dose rate, 1.12 - 1.18 x [0%rad/h;
#314,315,326,327,329,341,342,344,345,435,436;
cell resistance, 20 - 26{; [ grafted with AA,
dose rate, 2.66 - 2.77 x 10%rad/h, #263-268,
302-304; cell resistance, 20 - 268,
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ELECTRIC RESISTANCE (ohm)

Fig. 3.56 Electric resistance across grafted film as a
function of graft percent inm 10Z KOH aqueous
solution--Grafted films were prepared by
simultaneous co-grafting method; 100 um HDPE;
irradiated at 50°C, cell resistance was 3.5{;
AA:VP (O) 20:30, #388-391,418-421; (A)
30:20, #392-395,415-417; (0O) 40:10, #396-
399,413-414; (<) 45:5, #400-403,410-412.
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ELECTRIC RESISTANCE (ohm)

Fig. 3.57
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Electric resistance across grafted film as a
function of graft percent in 10% KOH aqueous
solution—--Grafted films were prepared by
multi-stage grafting method one after the
other monomer; 100 um HDPE; irradiated at
50°C, cell resistance was 3.50; VP after AA
graft (QO) Gl(AA)=ca.5%; #430(2~-1),432(2-1)-
435(2-1),431(3-1),456(4-1),457(2-1),458(4-1),
430(2-2)-434(2-2),456(3-2),457(4-2),458(4-2);
AA after VP graft (A) GL(VP)=0.29-1.07%;
#379(2)-382(2),404(2-1)-406(2-1),409(2-1);
(O) GL(VP)=ca.2%; 445(2-1)-448(2-1),
451(2-1)-452(2-1),445(2-2)-448(2-2),451(2-2),
452(2=2); () GL(VP)=ca.5%; #422(2-1)-
429(2-1),422(2-2)-428(2-2); V G1(VP)=ca.25%,
#368(2)-378(2); (x) GL(VP)=ca.l2%; #437(2-
1),437(2-2),439(2-1),439(2-2),440(2-1),
440(2-2),441(2-1),441(2-2),443(2-1),443(2-2),
444025,
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