Fluorinated Polypropylene Barrier Materials: Preparation

and Characterization

Si Cheng, Dijiang Wen

College of Chemistry, Chemical Engineering and Materials, Soochow University, Suzhou 215123,

People’s Republic of China

Received 11 January 2009; accepted 7 August 2009
DOI 10.1002/app.31248

Published online 28 January 2010 in Wiley InterScience (www.interscience.wiley.com).

ABSTRACT: A series of novel fluorinated polypropy-
lenes (FPP) with low surface tension were prepared by
reactive extrusion of polypropylene (PP) with fluorinated
methacrylate, 2,3,4,5,5,5-hexafluoro-2,4-bis (trifluoromethyl)
pentyl methacrylate (HFPMA), aiming at improving the
barrier properties of the material for the containers of
organic liquids. The surface characteristics of these poly-
propylene materials and the influence of HFPMA on the
crystalline behavior were investigated by the X-ray photo-
electron spectroscopy (XPS) and wide-angle X-ray diffrac-
tion (WAXD). The surface tension of the FPPs is found to
be in the range of 28.8-22.9 mN/m while varying the fluo-
rinated monomer contents, which was lower than that of
the original PP (about 30 mN/m). The barrier properties of
these materials as the containers were studied by using
blow-molded bottles made of FPP and PP. The results

showed that enhanced permeation resistance for acetone
and xylene solvents as well as better antiultraviolet trans-
mittance properties were achieved in FPP bottles. The ace-
tone and xylene permeation ratio of the FPP bottles were
about 1.62 and 1.28 times compared to that of PP bottles,
respectively. In addition, the WAXD and DSC studies sug-
gested that the grafting of the fluorinated methacrylate,
HFPMA, onto the PP might induce the formation of
B form crystals, which is rarely found in the common PP
materials. The percentage of P form crystals reached
33.6%, estimated by WAXD, in the FPP with 20% (by
weight) of HFPMA. © 2010 Wiley Periodicals, Inc. ] Appl Polym
Sci 116: 2793-2801, 2010
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INTRODUCTION

Many common polymer materials, such as polyethyl-
ene (PE) and polypropylene (PP), have been used as
the major materials for the automotive fuel tanks,
vessels for storage of toxic and volatile liquids, pipes
for transfer of liquids for the last several decades
because of their cheapness and easiness for process-
ing. However, it is also well known that the PE and
PP are permeable for many organic solvents such as
toluene, xylene, acetone, and gasoline. Therefore,
considerable research interest has been devoted to
the development of polymeric materials with barrier
properties to the organic liquids. These materials will
be very useful in reducing the permeability of the
organic solvent and gasoline and thus of great signif-
icance in reducing the environment pollution.'?
There have been several methods to prepare the
barrier materials in the literature, such as surface
fluorination®® or surface sulfonation,”'* multilayer
coextrusion technique,'*'® and laminar blend tech-
nique.>'”*° Among them, the multilayer coextrusion
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and laminar blend techniques were usually used for
improving material barrier properties, while the
blending of two or more polymer materials is neces-
sary in these process techniques which might cause
some problems, such as comparability between the
two polymers. Surface fluorination of polymers is a
heterogeneous reaction of gaseous F, with a polymer
surface and, therefore, only the outside surface layer
is modified (0.01-10 pm). Fluorinated polymers have
been paid numerous attentions because of their
unique properties, such as low surface energy, low
wettability, better hydrophobicity and oleophobicity
enhanced chemical stability, and good barrier
properties.” ™ The direct surface fluorination is
very promising for improving the barrier properties
of these materials as automotive polymer fuel tanks
and vessels for storage of toxic and volatile liquids
in the industry,” ™ while it has not been widely
used in the polymer process due to the complex
equipment, environmental and healthcare concerns.
The reactive extrusion, a widely used technique in
the polymer process, is very practical for introducing
the functional groups onto PP. Polyolefin have
been proven to be preferred substrates for the
reactive extrusion technique because of their ready
availability, low cost, and widespread commercial
application.
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The chemical modification of PP has been widely
studied, such as modificated with acryla‘ces,34
glycidyl methacrylate,’**® and maleic anhydride.”
The mechanism, the control reactive condition, and
process rheology during the reactive extrusion pro-
cess have been investigated in detail.”® However,
much less attention has been paid on the chemical
modification of PP with fluorinated methacrylates.

In this study, a series of fluorinated polypropy-
lenes (FPPs), with low surface tension and improved
barrier and antiultraviolet transmittance properties,
were prepared by reactive extrusion. These materials
can be widely used in automotive polymer fuel
tanks and vessels for the storage of toxic and volatile
liquids. Moreover, the possible reasons for the
improvement in the barrier properties were also
investigated. It was found that the grafting the fluo-
rinated methacrylate, 2,3,4,5,5,5-hexafluoro-2,4-bis
(trifluoromethyl) pentyl methacrylate (HFPMA),
onto PP with twin-screw extrude decreased the
surface tension of polypropylene and induced the
formation of § form crystal, which is rarely found in
the common PP materials.

This article presents our work on the preparation,
surface characterization, crystalline behavior of
polypropylene with and without fluorinated methac-
rylate, as well as their rheological properties,
antiultraviolet transmittance properties, and barrier
properties. The relationship between the specific
structure in FPP and the improved barrier properties
is also discussed in detail.

EXPERIMENT
Materials

Polypropylene (PP-2401) was offered by Yanshan
Petroleum Chemical company in Beijing, density =
0.90-0.91 g/cm3, melt index = 3 g/10 min (190°C,
2160 g); 2,3,4,5,55-hexafluoro-2,4-bis (trifluorome-
thyl)pentyl methacrylate (HFPMA) (liquid, boiling
point = 170°C; purity = 98-99%; surface tension =
18 mN/m) was offered by XeoGia Fluorine-Silicon
Chemical company. HFPMA is a monomer of meth-
acrylates having high fluorine content and high
branched chain structure, as shown in Scheme 1.

The free radical initiator, dicumyl peroxide (DCP),
with a half-lifetime (t1,5) of 9.2 min at 150°C and a
purity of 90%, was supplied by Shanghai Zhongli
chemical company. Styrene (St) was used to inhibit
the degradation of PP and improve the grafting
ratio.”™*

Sample preparation

PP, DCP(0.5%), styrene (St) (5%), and HFPMA (10%,
15%, 20%) were dry-mixed at high speed mixer
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Scheme 1 Chemical structure of HFPMA.

(SHR-10, Zhang Jiagang Light Industry Machine
Corporation) at room temperature, and then were
melt-mixed in a corotating twin-screw extruder (& =
36 mm, L/D = 40, SHJ-36, the Chengmeng company,
Nanjing) with the screw speed fixed at 75 rpm, and
zone temperature of 165°C/170°C/175°C/180°C/
180°C/190°C/190°C/200°C/190°C were used. The
resulting grafted PPs were cut into small particles
for further characterizations.

The PPs and FPPs were prepared from the twin
screw extruder and were dried at 80°C for 16 h and
then were blow-molded in a XS-ZY-125B extrusion-
blow-molding machine (from Changjiang Plastic
Machine Corporation, Changzhou, China), with an
extrusion temperature of 190°C and a screw speed
of 600 rpm. The weight of blow-molded bottles is
about 13 g and the capacity is about 100 mL. The
wall thickness of blow-molded bottles is about
1 mm, and the bottom thickness is about 1.5 mm.

Characterization

Purification and characterization of FPP

It is easy to produce byproduct during the reactive
extrusion process. Therefore, the grafted polypropy-
lenes need to be purified in order to remove the
homopolymer, nongrafted monomer, and other
byproducts as also suggested in the related litera-
ture.**>” The purification process for the materials
was carried out according to the following
procedure.

The FPP samples by twin-screw extruder were
dissolved in refluxing xylene with a concentration of
1% (wt (g)/vol (mL)), and then were precipitated in
excess acetone. The resulting polymers were filtered,
washed, and dried under vacuum at 80°C for 24 h.
Then the products were hot-pressed under 190°C
into a piece of thin film and analyzed by FTIR
(NICOLET 5700, American thermocorporation). The
FTIR spectra were recorded from the compressed
thin disk in analytical-grade KBr power.

Surface analysis by X-ray
photoelectron spectroscopy

The purified FPP was sent to do XPS analyses. The
surface component analysis of sample was carried

out by XPS (Sigma Probe of VA Company, Britain)
with a condition of 10 scans, 1 m 10.5 s, by Beijing
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Research Institute of Chemical Industry. The FPP
was etched by argon ion etch technique, and the
etched depth was about 50 nm.

Wide-angle X-ray diffraction

The purified samples were hot-pressed into sheets
with a thickness of 1 mm in a plate press machine.
The specimens with a dimension of 1 mm x 1 mm
were scanned from 5° to 50° by wide-angle X-ray
diffraction. Wide-angle X-ray diffraction was meas-
ured on a PW1700 X-ray diffractometer. The relative
content of B-modification was estimated from the
K-values of the samples, which was calculated
according to the following equation®

B L300)p
P 3008 + I(110)x + L(040)0 + L(130)a

)

where [300)p is the diffraction intensity of the B(300)
plane at diffraction angle 20 = 16.08° and I(110)a
Loa0yor I(1z0)s are the diffraction intensities of the
2(110), 0(040), and o(130) planes at diffraction angles
20 = 14.08°, 16.81°, 18.46°, respectively.

The a-form crystallinity degree (X.) of PP can also
be calculated, according to the following experience
equation.*?

p— IC
" Ic +1.2514
Ic = Ii1o + 1.63Io4 + 2141130 + 3.511,1 )

Xe(a) x 100% (2)

The total crystallinity of a-form crystal and B-form
crystal are defined by the following equation,

Ic + I 300
N _ 100 4
COHB) = 10112514 + I300) 1o ¥

where I. is the integral intension of the crystalline
region, 14 is the integral intension of the amorphous
region. I11g, loao, 130, and ', denote the integral
intensions of (110), (040), (130), (111), and (041, 131)
crystal plane, respectively. Izo0) is the integral inten-
sion of (300) crystal plane of B-form crystal.

Calculation of the surface tension

The surface tension of the sample was calculated
from the contact angles of the PP and purified FPP
according to egs. (5) and (6) as shown below. The
static contact angles were measured by JC2001-C1
static contact angles apparatus (Zhongchen tech-
nique instrument company, Shanghai). Equations (5)
and (6) were deduced from the surface tension
component approach, which was advanced by
Owens and Wendt* in 1969. The surface tension
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TABLE I
Surface Tension and Components of Water and Ethylene
Glycol (20°C)

Surface tension (mN/m)

Probe liquid v 7 7
Water 72.8 21.8 51
Ethylene glycol 48 29 19

was considered to have two components in this

approach, the apolar components and polar
components.
2 1/2 1/2
cos0 == [ () (i) -1 6
=1+ (6)

where v; denotes the surface tension of liquid—gas,
v/, ¥/ refer the apolar and polar component of this
liquid, respectively. And v; denotes the surface ten-
sion of solid—gas, yld, v/’ refer the apolar and polar
component of the liquid-gas. 0 is the contact angle.
The value of y, v/, and y/ of water and ethylene
glycol at 20°C are listed in the Table I. Therefore, the
surface tension of solid can be easily obtained, once
the contact angle is measured.

DSC analysis

The crystallization process was investigated using a
Perkin-Elmer Diamond differential scanning calorim-
eter under nitrogen. The samples were scanned from
room temperature to 200°C with a heating rate of
10°C /min, and then the temperature was held at
200°C for 5 min to remove the thermal history
effects. Afterwards the samples were cooled to 50°C
with a rate for 10°C /min, followed by reheating the
samples from 50 to 200°C with a rate of 10°C /min.

Rheological properties

The purified samples were pressed into sheets with
a thickness of 1 mm and cut into a circle plate with
a diameter of about 30 mm. Rheological properties
were investigated by using a rotational rheometer
(TA Instruments, AR-2000). The rheological curves
of PP and FPPs were measured.

Permeation properties of the blow-molded bottles

The barrier properties of the blow-molded bottles
were evaluated by measuring the weight loss of
polar solvents, acetone, and nonpolar solvents,
xylene, which were filled in the bottles depending
on the ASTM D2684-89. The bottles were initially

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 1 FTIR spectra of HFPMA.

filled with about 100 g acetone or xylene. The weight
loss of acetone or xylene was determined after plac-
ing the filled bottles in an air-circulating chamber at
40°C for 14 days.”® The permeation rate for bottles
of each type was reported as the average value from
at least three to five bottles made of the same
material.

Antiultraviolet transmittance properties

The ultraviolet spectrum of HFPMA was measured
by ultraviolet spectrophotometer (UV-3010, Hitachi
Instruments, Japan).

The transmittance of ultraviolet radiation of PP and
FPPs were measured by UV protection factor instru-
ment (UV-1000F, American Labsphere Instrument).

RESULTS AND DISCUSSION
Surface structure analyses

Figure 1 showed the FTIR spectra of HFPMA, the
absorption at the 1743.0 cm™ could be attributed to
the stretching vibration of carbonyl group (C=O0).
The peaks at 1297 cm 'and 12474 cm™ could be
attributed to the stretching vibrations of —CF; and
—CF—, respectively. These typical bands from
HFPMA still exist in the spectra of FPP (Fig. 2), such
as 1727 ecm ™! for carbonyl group, 1246cm™ for —CF;
and —CF— group.

A broad scan XPS spectrum of untreated polypro-
pylene, in Figure 3, confirmed the presence of fluo-
rine group. After grafting HFPMA, the propylene
units at the surface of the material were replaced by
a complex structure with fluorine group. The carbon
1s XPS spectrum was shown in Figure 4. The band
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Figure 2 FTIR spectra of PP and FPPs. [Color figure can
be viewed in the online issue, which is available at
www.interscience.wiley.com. ]

around 294.1, 289.7, and 286.4 eV could be attributed
to the carbon in the —CF; group, —CF— bound to
the —CF; and the —CHF— bound to —CF—,
respectively.

The FPP was etched about 50 nm by argon ion
etch technique. The F 1s XPS spectra of etch and
unetch surface were shown in Figure 5. Results
showed that the F 1s signal had a weaker intensity
after the surface etching than that of no etching. In
the other words, the fluorine content at various sites
of polypropylene film might be different. The closer
to surface, the higher fluorine content could be,
which was consistent with the enrichment and
aggregation of the fluorine element.**

20000 ' 1 g
15000
3 0 :
g F
\ |
5000+ PP J

U T T T T

1000 800 600 400 200 0
Binding energy(eV)

Figure 3 Broad scan XPS spectrum of PP and FPP. [Color

figure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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Figure 4 Carbon 1s XPS spectrum of FPP. [Color figure
can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

Surface wettability

The static contact angles of ethylene glycol and
water on the PP surface, as the content of fluori-
nated monomer, HFPMA, were shown in Table II. It
was found that the 0 values of water and ethylene
glycol on the FPPs increased with the increase in the
content of fluorine monomer. It could be attributed
that the length of the fluorinated side chain had con-
siderable effect on its crystal structure at the surface
of polymer. In addition, the stack density of —CF;
group at outer layer of the polymer was also influ-
enced by the fluorinated side chains. The rearrange-
ment of the fluorinated unit on the surface during
the formation of fluorinated ;)olymer was facilitated
by relatively long chains.***" Therefore, the contact
angle would increase with increasing the content of
fluorinated group.

The surface tensions of the materials were calcu-
lated according to egs. (5) and (6), which was shown

20000+ e
@ 15000+
g
3 10000 - i |
5000+ ]
[} T T T T ]
675 680 685 690 695 700
Binding Energy(eV)

Figure 5 Fluorine 1s XPS spectrum at no-etched and etch
surface of FPP. [Color figure can be viewed in the online
issue, which is available at www.interscience.wiley.com.]
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TABLE II
Water and Ethylene Glycol Static State Contact Angles
on PP and FPPs (20°C)

Static state contact angles

Sample Water Ethylene glycol
Pure PP 102 72
FPP10 105.8 76
FPP15 106.5 78
FPP20 107 80

in Figure 6. It was found that PP has a lower surface
tension, after grafting with HFPMA. The surface ten-
sion reached 22.9 mN m™, which is close to that of
polytetrafluoroethylene (PTFE), about 18.5 mN m™.

Crystalline behavior

The X-ray diffraction was used to investigate the
crystalline structure of PP and FPP. The XRD spectra
of PP and FPPs were shown in Figure 7. The assign-
ment of the crystal plane to the different diffraction
peaks were also shown in Figure 7. The four main
diffraction peaks of PP were at 20 equal to 14.08°,
16.81°, 18.46°, 21.06°, and 21.80°, as (110), (040),
(130), (111), and (041, 131) crystal planes, respec-
tively, which are the typical o-form monoclinic
structure of PP. The two main diffraction angles of
B-form hexagonal structure were at 16.08° and at
21.20°, as (300) and (130) crystal planes, respectively.
Especially, the (300) crystal plane which could be
assigned to P-form crystal emerged after the graft-
ing, and the intensity increased with the increasing
the HFPMA content. It suggested that the FPPs had
mixed crystal structures that is the a-form coexisted
with B-form crystals.

Depending on the literature,*® the 20 value of non-
crystal peak is at 16.30°. Therefore, the crystallinity

304

28

26

24+

y (mN.m")

224 ]

20

T T T T

0 5 10 15 20 25
x(fluorinated monomer)%

Figure 6 Effect of the content of HFPMA on surface
tension of FPPs.
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Figure 7 XRD spectra of PP and FPPs. [Color figure can
be viewed in the online issue, which is available at
www.interscience.wiley.com.]

0 5

of a-form and B-form were calculated according to
the egs. (2) and (4) and listed in Table III.

The data showed that the crystallinity decreased
while the relative content of B form crystal, Kg (%),
increased with the increasing of fluorinated methac-
rylate content. The relative content of P form
obtained by WAXD reached 33.6% in a FPP contain-
ing 20% ( by weight) of the fluorinated methacrylate.

The DSC curves of PP and FPP20 for the heating
and cooling process were shown in the Figure 8. Ba-
sically, there is no significant change in the melting
point (167.4 to 165.2°C), neither in the crystallization
temperature (from 118.6 to 116.9°C) by introducing
the fluorinated groups. However, it is worthy noting
that the FPP has two melting peaks at 165.2 and
149.6°C, which could be attributed to the melting of
the a-crystals and B-crystals, respectively.**”” There-
fore, conclusion can be made that two forms of the
crystals, o phase and B phase crystals, coexist in the
material after grafting HFPMA. In addition, the exis-
tence of many C—F groups in the side chain account
for the decrease in the melting point.

It has been reported® > that B-form lamellar crys-
tals exhibited neither the peculiar lath-like form nor
the cross-hatched lamellar morphology of a-form i-PP
crystals. f-form lamellar crystals were consistently

TABLE III
The Crystallinity and Relative Content of B-crystal
of PP and FPP20

PP FPP10 FPP15 FPP20

Sample

Degree of crystallinity X, (o) 794 722 719  68.6
relative content X (a+B) 794 744 740 718
of B-crystal Kp(%) 0 246 259 336
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Figure 8 The DSC curves of PP and FPP20. [Color figure
can be viewed in the online issue, which is available at
www.interscience.wiley.com.]

observed to show an extended sheet morphology
characterized by frequent giant screw dislocations.
This kind of lamellar morphology and screw disloca-
tions of B-form crystals favors for increasing the tortu-
osity of path during the solvent permeation.”*

Rheological properties

The influence of fluorinated monomer content on
the steady shear viscosity of PP and FPPs is shown
in Figure 9. The PP and FPPs exhibited a non-New-
tonian behavior and shear thinning behavior within
all shear rate ranges. The steady shear viscosity
increased with the increase in the fluorinated mono-
mer content at the low shear rate. It meant that in
the lower shear ratio, the FPPs had some extent

o T

% 1000 T :
(=)

iy l
§ 1004 _.—Eﬁl{) NS N
- — . -
2 —PPI15 \ v,
g Lol|——Pr20 Ty

1 10 100
Stress rate(s”)

Figure 9 Effect of fluorinated monomer content loading
on the steady shear viscosities of PP and FPPs. [Color fig-
ure can be viewed in the online issue, which is available
at www.interscience.wiley.com.]
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TABLE IV
Acetone and Xylene Permeation Rate of the PP and FPP
Blow-Molded Bottles

Permeation rate (g/d)

Sample Acetone Xylene SD (%)
PP 0.84 412 99.1
FPP20 0.52 3.23 99.5

segment entanglement because of the long fluori-
nated branch chain existing after grafting, and the
more entanglement point, the higher shear viscosity.

However, the shear viscosities of all FPPs samples
decreased faster than that of PP at the high shear
rate. In addition, the more fluorinate monomer, the
lower shear viscosity. It suggested that the FPPs
showed better shear sensitivity behavior as fluori-
nate monomer increased. It could be explained that
the high shear rate destroyed the segment entangle-
ment and molecular interaction among the polymer
chain.

Barrier properties

Barrier properties of the blow-molding bottles of the
PP and FPP were evaluated by measuring the per-
meability of acetone and xylene through the thin
wall of the bottles. There, FPP20 was chosen to blow
bottles due to its lowest surface tension. The perme-
ation ratios of acetone and xylene were shown in Ta-
ble IV. As expected, the PP bottle exhibited poor
barrier property for acetone and xylene, with a per-
meation rate of about 0.84 g/day and 4.12 g/day,
respectively. However, the FPP20 bottle exhibited
better permeation resistance for acetone and xylene,
with a permeation rate of about 0.52 g/day and 3.23
g/day, respectively. The improvement of permeation
resistance could be explained by the following sev-
eral reasons.

Firstly, the surface tension of FPP20 in many cases
was reduced compared to the pure PP, as mentioned
in previous section (see “Surface Wettability” sec-
tion), which lead to the wettability of PP decrease
and that the liquids were not easy to spreading at
FPP surface. At the same time, it could be found
that the fluorine exited at FPP surface, as mentioned
in “Surface Structure Analyses” section, and the sur-
face fluorinated layer induced the hydrophobic and
oleophobic character of FPP.”?'* In addition, the
fluorinated polar group led to the stronger intermo-
lecular interaction, and more tightly chain segment
arrangement. At last, the solvent permeation process
is usually according to the dissolve-diffusion model.
Permeability is the product of diffusivity and solu-
bility. Therefore, reductions in diffusivity will also
reduce permeability. The B form lamellar crystals ex-
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hibit neither the peculiar lath-like form nor the
crosshatched lamellar morphology, which are consis-
tently observed to show an extended sheet morphol-
ogy characterized by frequent giant screw disloca-
tions.”’™ This kind of lamellar morphology and
screw dislocations of P-form crystals favors for
increasing the tortuosity of path during the solvent
permeation.>® Therefore, the permeability of low
polarity organic liquids in FPP20 was reduced
accordingly.

As shown in Table IV, the amount of polar acetone
solvent permeated through the PP bottle is relatively
smaller, compared to that of nonpolar xylene solvent.
The acetone and xylene permeation ratio of the
FPP20 bottles is about 1.62 and 1.28 times, respec-
tively, slower than that of PP bottles. It is generally
recognized that the nonpolar PP can allow the
nonpolar solvent molecules to easily enter into and
permeate through its amorphous regions.?*>?°

Ultraviolet transmittance properties

Usually, sun’s radiation reaching earth’s surface has
an energy varying from 600 to 300 k] mol '(UV
light) and from 300 to 170 kJ mol ! (visible light). The
absorption energy of UV light would be so strong
enough to cause chemical chain on scissions, thereby
accelerating polymer and solvent degradation.”” So,
the polymer tanks and vessels for storage organic
solvent or polymer packaging container often need
to add some organic or inorganic ultraviolet
absorber in order to prevent more ultraviolet
penetration.58

Figure 10 showed the ultraviolet absorption spec-
trum of HFPMA. From Figure 9, it could be found
that there existed strong absorption at 200 to
300 nm, which belonged to near ultraviolet region.
The peak at 210 nm could be attributed to the

150 200 250 300 350 400 450
Wavenumber(nm)
10 The

Figure ultraviolet

HFPMA.

absorption spectrum  of
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Figure 11 The ultraviolet radiation transmittance of PP
and FPPs. [Color figure can be viewed in the online issue,
which is available at www.interscience.wiley.com.]

absorption of acrylate group.” It meant that HFPMA
had an ability to absorb the ultraviolet radiation.

Figure 11 showed the ultraviolet transmittance of
PP and FPPs. It can be found that the ultraviolet
radiation transmittance was high, from 35 to 75%, at
the wavelength of ultraviolet radiation through aero-
sphere, from 290 to 400 nm, whereas the transmit-
tance of FPPs had obviously decreased and the
transmittance decreased with the fluorine content
increasing. Specially, the transmittance of ultraviolet
radiation was below 10% for FPPs at about 300nm.
At 400 nm, the transmittance of PP20 only reached
15%, which was lower than that of PP. So, it could
be concluded that the FPPs had better antiultraviolet
transmittance properties than PP.

CONCLUSIONS

This study showed that fluorinated methacrylate,
HFPMA, reduced the surface tension of polypropyl-
ene, changed the crystalline behavior of PPs, and
induced the formation of B form crystal when being
melt grafted onto polypropylene The XPS spectra of
FPP confirmed the existence of fluorine group. In
addition, it was found that the fluorine groups were
enriched on the air/polymer interface. The surface
tension of FPP were in the range of 28.8-22.9 mN/m
while varying the fluorinated monomer content,
which is smaller than the untreated polypropylene
(= 30 mN/m).The relative content of B form crystal
increased with the content of HFPMA increasing,
reached 33.6% in a PP containing 20% (by weight) of
HFPMA estimated by WAXD. In addition, the stress
viscosity increased with increasing the fluorinated
monomer content at the low stress rate, while the
viscosity for all sample became close at the high
shear rate. The barrier property for FPP has been
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significantly improved in the case of acetone and xy-
lene as the solvents. The permeation rate is about
0.52 g/day and 3.23 g/day, whereas the permeation
rate of the PP bottle is about 0.84 g/day and 4.12 g/
day, respectively, The permeation ratio of polypro-
pylene improved 1.62 and 1.28 times for acetone and
xylene, respectively, after grafting HFPMA in twin-
screw extrude. In addition, there existed a strong
ultraviolet absorption peak at 210 nm in ultraviolet
absorption spectrum of HFPMA, which induced that
the FPPs bottles showed better antiultraviolet trans-
mittance properties than PP.

The authors thank Dr. Li-Juan Fan for useful discussion and
Beijing Research Institute of Chemical Industry for certain
technical support.
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