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S ~  

Low density polyethylene can be modified by acrylic acid sorption and 
in situ thermal polymerization and grafting, at 60-90oc. Iron (III) oxide 
dispersed on low density polyethylene increases the extent of acrylic acid 
sorption and polymerization/grafting, both in (X-ray) preirradiated and 
non-preirradiated polyethylene. This effect is better observed at 60oc. 
The ratio between the weight gain on non irradiated and preirradiated 
matrix is higher at 60~ than at 90oc. 
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Chemical, photochemical and radiodlemical initiation are used in 
vinyl monomer grafting on solid polymers. Various moctified polymers are 
thus abtained which have interesting properties. For instanoe ,ion-exchange 
membranes are prep~ ~r grafting acrylic acid,4-vinylDyridine and other 
monomers on polytetrafluoroethylene (PTFE) and polyethylene (PE) after 
exposure of the solid polymer to y-irradiation (1-5) . 

Studies on solid polymer grafting have considered the following 
aspects: (i) grafting kinetics, in which both the chemical factors and the 
mass transfer rate (in monomer sorption) are relevant and (ii) chemical, 
thermal, mechanical, electrical, and other (ion-exchange,wettabiliby) 
properties of the resulting grafted polymer (6-8). 

Grafting kinetics is dependent of many factors. When using radiolytic 
initiation it is necessary to control irradiation (or preirradiation) dose, 
monc~er concentration, temperature and film thickness. The effect of these 
variables on acrylic acid grafting in PE has been examined in detail to 
establish well-defined, reoroducible grafting techniques (8) . Optimal 
conditions to obtain acrylic acid-grafted PE films of both good strenght, 
elasticity and ion exchange cabacity were also established (9,10). 

Radiation-initiated grafting on PE is usually carried out in the 60- 
120~ tenperature range (6,11,12). Grafting temperatures may be lowered to 
ca. 40oc by addition of redox reagents to the reaction system (13). 
Nevertheless little is kn~4n about the contribution of thermal 
polymerization ~_~ se in graftin G processes. We have decided to verify the 
extent of PE modification by e _xposure to acrylic acid, at the ter~peratures 
used in radiation-initiated grafting but without use of initiator. 

In addition the effect of Fe203 , dispersed in solid PE, on the extent 
of acrylic acid inco _rporation to this polymer, both by thermal and 
radiation-initiated prooesses, was also examined. This was done for two 
reasons: first, the catalytic activity of Fe203 in methyl methacrylate 
polymerization is well documented (14,15); second, previous work 
demonstrated the feasibility of Fe203 incorporation to various solid,inert 
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polymers by Fe(CO) s sorption and in situ oxidation (16) . This is a mild 
process which can be used with either formed or raw polymers. 

EXPERIMENTAL 

Acrylic acid (A~ (with 200ppm of hydrcquinone monomethyl ether 
stabilizer) was obtained frc~ Aldrich Co.. Other reagents were of 
analytical grade and used without further purification. 

L~w density polyethylene (LDPE) film (d = 0.918 g/cm 3 , MI= 1.15 g/ 
i0 rain) was from Poliolefinas (Sao Paulo) . The identity and purity of the 
material was checked by IR spectroscopy and X-ray diffraction. The degree 
of crystallinity was 50% as measured by X-ray diffraction in a Philips 
instrument (Mod. 1130) using a Cuke tube _operating at 40 KV and 20 mA. 

The films were washed with ethanol and dried under reduced pressure 
before the sorption experiment. Fe203-doped LDPE films were prepared 
following the procedure described by Galembeck (16). 

LDPE (either plain or Fe203-doped) films were immersed in 98% acrylic 
stock solution under nitrogen atmosphere at the specified temperature 
and times. After sorption, the sanples were rinsed with water, ethanol 
and dried under reduced pressure 1 torr) . 

The film weight increase was calculated by: 

W-W 
W-Wi 102(matrix) or c 102 (ccmoosite) % mass increase - W. W " - 

1 c 

Where W i is the initial weight of the LDPE film, W is the LDPE or 
LDPE-Fe203 film weight after monomer sorption and W c is the composite 
film weight. 

The homopolymer extraction was done with water, in a Soxhlet 
apparatus. X-ray film treahnent was carried out under a tungsten source 
working at 30 KV and 12 mA. The field intensity, measured by LiF 
dosimeters, was 2.4 x 104 r/hr. The films were irradiated under reduced 
pressure (ca. 1 n~Hg)at room temperature (25oc). IR spectra were 
obtained o~-a Perkin-Elmer 5kx]el 283 spectrophotnmeter. All the spectra 
were co npensated using in the reference beam a LDPE film. 

RESULTS 

The weight increase of LDPE film pieces after inlnersion in acrylic 
acid at 25~ and 90~ is shcwn in Fig. i. A continuous weight increase is 
observed at 90~ reaching 18.3% after six hours. Weight increase at 25~ 
is much less, ca. 1.3%. 

AA-treated--(at 25~ PTFE films lose all sorbed monomer under 
reduced pressure (i tort) ; films exposed to AA at 90~ retain __ca" 80% of 
the incorporated acid even under extended exposure to reduced pressure 
(20 hours and 1 torr) (Fig. 2). 

Figure 3 sh~s the IR spectrum of an AA-treated (90~ 4 hours 1 
inversion) LDPE film. The spectrum shows strong absorptions at 1770cm- 
(~, C=0) and at 1230-i170cm-i (v, C=0 and 6, OH). However, the absorption 
at 1630cm -I (~, C=C) , characteristic of the monomer, is absent.Evidently 
the weight gain is due to either grafting or interpenetrating network 
formation. Part of this material (30-40%) may be extracted with water, 
as indicated in Table i. 
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Figure 1 - Acrylic acid sorption 
on I/)PE at 90oc ( �9 ) 
and 25oc (A). 

N 

I i - - I  

0 20 40 60 140 
TIME (hours) 

Figure 2 - Desorption of Acrylic acid from swollen 
LDPE, prepared by inm~ersing LDPE films 
in AA for 6 h, at 90~ under N2 atmosphere. 

Acrylic acid-modified films were treated with i00 r~M NaOH (29 hours 
inmersion, 60oc). The IR spectrum of the dried film s ~  the appearanoe 
of a broad peak at 1530-1580 cm -x indicating the ccnversien of -<XXIH to 
-COCOa groups (Fig. 4) . After the immersion of AA-modified films in i0 
mM NaOH, under N2 (120h, 60oc) the titration of exoess NaaH with i0 mM 
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HCI allowed the determination of the carboxylic groups on the modified 
polymers films (Table 2). The titratable fraction of material incorporated 
to LDPE shows a considerable variation from sample to sample, perhaps 
due to intrinsic sanple heterogeneity and wetting problems, as pointed out 
by Chapiro (17). 
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Figure 3 - Infrared spectra of LDPE and LDPE-iron oxide 
conposite films after acrylic acid sorption at 
90~ for 4 hours. (-i LDPE,7.5% weight increase; 
(---) IDPE-iron oxide,2.5% weight increase. 
Soectrum condition: LOPE film on the reference 
beam. 

Table 1 - Water extraction of LDPE films after acrylic acid sorption and 
polymerization (6 hours/90oc) . 

Sanple W-W. W e - W i W - W. 
No. l . 10 2 10 2 e 1 

W i" W.z " W-~-~--'l " 102 

a 15 12 81 
13 9 69 
13 8 65 

5~ 10 7 67 
12 8 67 

We, weight of the extracted film; extraction time: a26 hours, b39 hours. 

Table 2 - NaOH titraticn of LDPE films after acrylic acid sorption and 
extracticn in water. 

Sample - initiali~trix titrated matrix ........ titrated moles" 
No. monomers moles monon~r moles (%) 
6a 0.21 0.06 " 28 
7 a 0.25 0.19 56 
9~ 0.19 0.13 68 

0.22 0.09 41 
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extraction time: a53 hours; b64 hours. 
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Figure 4 - Infrared spectrum of LDPE after acrylic acid 

sorption and in~nersion in 0.i N NaOH at 60~ 
for 29 hours. Sorption conditions: 4 hours at 
90oc under nitrogen atmosphere. Spectrum 
oondition: LDPE film on the reference beam. 

Grafting on preirradiated LDPE 

The effect of preirradiaticnon I~PE film weight gain under exposure 
to acrylic acid over a 25-90~ range temperature was also examined 
(Table 3). No grafting orpolymerization is detected at 25oC on both 
preirradiated and non-irradiated films whereas at 60~ and 90~ the 
Dreirradiated films exhibit large weight increases. The weight gain ratio 
between Dreirradiated and non-irradiated films is ca.10 fold at 60oc; at 
90~ it is only 2-3 fold. 

Table 3 - Effect of radiation and temperature on LDPE film mass increase 
after acrylic acid sorption. 

Sample W-W. W -W. We-W i Irradiation SorDtion temp. 
No. l .102 e z 102 102 time (min) (Oc) 

W. W, " W " 
1 1 1 

i0 a 1 - - - 25 
i~ 1 - - 20 25 
12~ 3 2 66 - 60 

il 20 18 91 20 60 
22 20 89 20 60 
77 60 79 - 90 

107 89 83 - 90 
17 c 144 102 71 - 90 
18 c 309 191 62 20 90 
19 c 340 171 50 20 90 

extracticn time: 20 hours; b48,5 hours; c38-41 hours. 
sorption time: 6 hours. 
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Frcm this, we conclude that AA undergoes thermal polymerization or 
grafting onto polyethylene, which can be well observed at 90~ It may be 
responsible for 30-50% of the mass increases at 90~ and for ca. 10% at 
60Oc. 

LDPE films iranersed in AA becc~ne op _aque when the film weight gain 
~eedsl0%; beyond 30% weight gain the dry films are brittle but become 
flexible and rubbery, when exposed to water. 

Fe203-containing LDPE films were also preirradiated and immersed in 
AA, at various tem~ratures. The weight gains observed are presented in 
Table 4. The results show some major differences of the data in Table 3: 
(i) the maximum weight gain is obtained at 60~ for both preirradiated 
and 1~Dn-irradiated LDPE-Fe203 films, (ii) rather effective thermally 
induced polymerization is found at 60~ and (iii) iron oxide reduces the 
extent of acrylic acid sorption and polymerization at 90~ 

Table 4 - Effect of radiation and temperature on LDPE-Fe203 film mass 
increase after acrylic acid sorption. 

Sample W-W We-W W -W Irra- Sorption 
No. c c . 102 e c 102 Fe203 diation temp. 

W. " 102 W. W. time (~ 
l i I (%) (min) 

20 a 1 . . . .  25 

i3,~ ~ 1 - - - 20 25 135 i00 74 0.5 - 60 
113 86 76 0.5 - 60 

2~ 254 229 90 0.5 20 60 
25 D 230 212 92 0.5 20 60 
26 c 45 37 82 0.3 - 90 
27 c 41 22 53 0.4 - 90 
28 c 50 22 44 0.4 - 90 
29 c 109 88 80 0.4 20 90 
30 c i01 75 74 0.4 20 90 

extraction time: a0 hours; b48.5 hours; c38-41 hours. 
sorpticn ti~e: 6 hours. 

The IR spectrum of iron oxide-doped LOPE film after AA sorption at 
90~ (Fig. 3) is similar to that of LDPE film subjected to the same 
treatment, with additional bands at 1520 and 1570 cm-" (~a,C00-) , and at 
1630 cm -I (~, C=C). 

DISCUSSICN 

Exposure of I/)PE films to AA at 60 and 90~ leads to appreciable 
film weight gain even on non-irradiated films. Our results do not allow 
the distinction between actual grafts and interspersed homopolymers. In 
any case, however, ion-exchange membrane-type materials are generated, 
independently upon addition of chemical initiators or the use of 
radiation. 

The use of hydroquinone methyl ether prevents external bulk AA 
polymerization to occur but does not prevent polymerization within the 
LDPE matrix. ~st likely, this is due to insolubility of the inhibitor in 
the LDPE films. 

P~at/~er striking results were obtained with Fe~O3-doped LDPE films. 
When ccapared to non-doped films they show higher weight gain at 60oc but 
lower gains at 90~ for both non-irradiated and preirradiated films. This 
behavior may be rationalized as follows: oxide particles can adsorb the 
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monomer increasing its local concentration within the films and therefore 
the formaticn of polymer or graft at 60~ However, at higher tenperatures 
the oxide particles may yield iron acrylate and probably iron (III) 
hydroacrylate polymer which block further acrylic acid penetration. Also, 
10-50% of the final weight gain in the grafts obtained by preirradiation 
should be due just to thermal polymerization. 

We find thermal polymerization to be an effective and sinple 
procedure to obtain ion-exchanging polyethylene-based films. This is much 
facilitated by adding Fe203 to the substrate polymer. 
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