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ABSTRACT: We investigated a system formed of isotactic
polypropylene (iPP) and hydrogenated hydrocarbon resin
MBG273 (up to 30 wt % resin) to study the influence of the
composition on the morphology, structure, and properties of
its blends and derived films. All the blends, after the mixing
of the components in the melt and cooling at room temper-
ature, were formed by a crystalline phase of iPP and by one
homogeneous phase formed by amorphous iPP and the
MBG273 resin. The presence of MBG273 did not influence
the crystalline structure of iPP, which remained, for every
blend, a-monoclinic, but it reduced the crystallization tem-
perature and nucleation density of iPP. Differential scanning
calorimetry and dynamic mechanical thermal analysis

showed an increase in the glass-transition temperature with
the resin content, confirming the formation of one amor-
phous phase. Tensile property analysis indicated an increase
in Young’s modulus and a decrease in the elongation at
break of films as a function of the resin content in the blends.
The water vapor permeability and tensile mechanical prop-
erties were related to an increase in the glass transition with
the addition of MBG273. © 2004 Wiley Periodicals, Inc. ] Appl
Polym Sci 92: 3454-3465, 2004
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INTRODUCTION

Isotactic polypropylene (iPP) is a polymer widely used
for packaging because of the low cost of its film-produc-
tion process, its good mechanical properties (high elastic
modulus), its good optical properties (transparency and
gloss), and its low permeability to gases and aromas.
Despite this, exigent and pressing market demands re-
quire increased intrinsic film properties and technologi-
cal processing properties. Research groups, in collabora-
tion with industry, are studying polymer systems based
on a matrix of iPP modified with natural resins, such as
terpene resins’~* [poly(a-pinene) (PaP), poly(B-pinene)
(PBP), and poly(d-limonene) (PL)], and synthetic res-
ins,>"® such as hydrogenated oligocyclopentadiene
(HOCP). In addition to their commercial importance, the
new products have attracted scientific interest. The two
components iPP and HOCP are partially miscible. In
fact, a pseudophase diagram presenting both lower and
upper cloud-point curves has been determined, and it
shows that films with different phase structures, mor-
phologies, and properties can be obtained.® Moreover,
films with different properties can be obtained according
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to the parameters used for the preparation of the films,
such as the blend composition, temperature of mixing,
and cooling rate from the melt. Also, natural terpene
resins are partially miscible with iPP." In fact, PaP is
miscible with iPP up to an 80/20 composition, whereas
PL and PBP* are miscible with iPP up to a 90/10 com-
position. Blends with higher resin contents are partially
miscible; that is, the amorphous phase is formed by two
conjugated phases: (1) an iPP-rich phase and (2) a resin-
rich phase. These studies have indicated that the addi-
tion to iPP of a resin (5-20 wt %) will generally induce
the modification of the film properties, producing, for
example, higher elastic modulus, improved optical prop-
erties (e.g., higher transparency and gloss), lower perme-
ability to gases, water vapor, and aromas, and lower
melt viscosity (this allows the mixing temperature to be
reduced and thus reduces the energy consumption and
polymer degradation). The use of these resins in poly-
mers that come into contact with food for human con-
sumption is regulated by the Food and Drug Adminis-
tration of the U.S. Department of Health, Education, and
Welfare.

This work continues the study of blends of iPP with
resins for plastic modification, particularly dealing
with the investigation of iPP modified with a petro-
leum hydrogenated hydrocarbon resin (HR), MBG273,
from Eastman Chemical Co. (The Hague, The Nether-
lands).



iPP MODIFIED WITH HYDROCARBON RESIN MBG273.

Petroleum HRs'* comprise a class of synthetic poly-
mer products derived from a variable mixture of un-
saturated monomers obtained as volatile byproducts
in the cracking of natural gas, gas oil, or petroleum
naphtha. The unsaturated monomers consist of mo-
noolefins and diolefins (pentenes, hexenes, heptenes,
pentadiene, and hexadienes), cyclic olefins and diole-
fins (cyclopentene, cyclopentadiene, methylcyclopen-
tadiene, cyclohexene, and cyclohexadiene) and vinyl
derivatives of aromatic hydrocarbons (styrene,
a-methylstyrene, vinyl toluenes, indene, and methyl
indenes).

All petroleum HRs have the following properties in
common: water resistance, wide compatibility with
other resins, solubility in low-cost solvents, chemical
neutrality, good electrical properties, and nonsaponi-
fiability. Commercial HRs are commonly character-
ized by their color, softening point, iodine number,
specific gravity, solution viscosity, and aniline point.

A hydrogenated HR is an oligomer obtained in
three steps: the polymerization of monomers such as
styrene, a-methylstyrene, vinyl toluene, cyclopenta-
diene, and indene to form an aromatic precursor resin;
a weak hydrogenation reaction to saturate the back-
bone along the chain; and a strong hydrogenation
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reaction to destroy the aromaticity of the ring to create
a fully alicyclic resin.

The aim of this research was to investigate the in-
fluence of the hydrogenated HR MBG273 on the mor-
phology and structure of iPP/HR blends and derived
films as a function of the blend composition and to
correlate them with the thermal, mechanical, and wa-
ter vapor permeability properties.

EXPERIMENTAL
Materials

The materials used were (1) commercial iPP (Moplen
X30S), produced by Montell (Basell, Ferrara, Italy)
(weight-average molecular weight = 3.5 X 10° g/mol,
number-average molecular weight = 4.69 x 10*
g/mol, z-average molecular weight = 2.06 X 10°
g/mol, melt-flow index = 9 g/10 min, density = 0.9
g/cm?), and (2) the hydrogenated HR MBG273, pro-
duced and kindly supplied by Eastman Chemical Co.
(weight-average molecular weight = 147 x 10°
g/mol, number-average molecular weight = 9.0 X 107
g/mol, z-average molecular weight = 24 X 10°
g/mol) in the following formula:

CH3

CH3

The glass-transition temperature (T,) of the HR
MBG273 resin was detected at about 82°C by differ-
ential scanning calorimetry (DSC).

Blend preparation

HR MBG273 and iPP were mixed in a Rheocord EC
Brabender-like apparatus (Haake, Inc., Saddle Brook,
NJ) at 210°C and 32 rpm for 10 min. The compositions
of the iPP/HR blends were 100/0, 97.5/2.5, 95/5,
90/10, 85/15, 80/20, and 70/30 w/w.

Preparation of the compression-molded samples

Films 65-75 um thick, used for dynamic mechanical
thermal analysis (DMTA) and water vapor permeabil-
ity testing, were prepared by compression molding in
a Carver press (Carver, Inc., Menomonee Falls, WI). A
small amount of material, between two pieces of alu-
minum foil, was inserted for 2 min at 210°C without

pressure to allow complete melting. After this, a pres-
sure of 46 MPa was applied. After 2 min, with the
pressure kept at 46 MPa, the samples were cooled to
room temperature with a water-cooling system con-
nected to the plates of the press. Then, the pressure
was released, and the sheet was removed from the
press.

Slabs 400 wm thick for mechanical tensile testing,
wide-angle X-ray scattering (WAXS) measurements,
and scanning electron microscopy (SEM) were pre-
pared with the procedure used for the films, but with
dimensions of 10 cm X 10 cm. The applied pressure
was 23 MPa.

SEM

The surface analyses were performed with a Philips
XL 20 series SEM microscope (Eindhoven, The Neth-
erlands). Before observation, each sample was im-
mersed in liquid nitrogen for 5 min and then was
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broken, and the cryogenically fractured surfaces were
coated with an Au-Pd alloy with an SEM coating
device (BAL-TEC Mod. 020, Asslar, Germany).

WAXS measurements

WAXS measurements were carried out on a Philips
XPW 1730 powder diffractometer (CuNi-filtered radi-
ation) equipped with a rotating sample-holder device.
The specimens of the blends were cut from the com-
pression-molded samples. WAXS of HR MBG273 was
performed on the sample as received.

The crystallinity percentage was calculated with the
following procedure. The baseline was drawn be-
tween two points, which were chosen so that all dif-
fraction patterns has minima at these points; the amor-
phous peak was chosen by a line being drawn that
connected the two extreme minimum points of the
baseline and the minimums of the crystalline peaks.
The ratio of the area under the crystalline peaks to the
total area, multiplied by 100, was taken as the crystal-
linity percentage.

The crystallinity fraction percentage, with reference
to iPP, is the ratio, multiplied by 100, of the area under
the crystallinity peaks to the sum of the area under the
crystallinity peaks and the area of the amorphous
peaks multiplied by the iPP percentage in the blend.

Optical microscopy

The optical observations were carried out with a Zeiss
Axioscop MC100 polarizing optical microscope
(Oberkochen, Germany) equipped with a Linkham
TH600 hot stage and a Linkham TMS91 disposal for
temperature control and regulation (Surrey, UK). A
thin slice of the mixed material was inserted between
two microscope cover glasses, melted, and squeezed
to obtain a thin film with homogeneous thickness. The
film was put on the hot-stage microscope and heated
at 20°C/min from room temperature to 200°C and
kept there for 10 min to eliminate the thermal history.
Then, the material was quenched abruptly in air to
room temperature as quickly as possibly to reproduce
the industrial thermal cycle. Photographs were taken
of the quenched films to investigate the morphology at
room temperature after fast cooling.

Calorimetric measurements

The calorimetric properties of the blends were mea-
sured with a differential scanning calorimeter (Mettler
DSC-30 with a TC11 processor and integrated soft-
ware, Greifensee, Switzerland). The sample (ca. 10
mg) underwent two dynamic runs and one isothermal
run in the following order: (1) it was heated from —100
to 200°C at a rate of 20°C/min (first dynamic run); (2)
then, it was maintained in the isotherm at this last
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temperature for 10 min to allow melting and to delete
every trace of previous crystallinity (isothermal run);
and (3) finally, it was cooled from 200 to 25°C at a rate
of 20°C/min (second dynamic run). Before each set of
tests, a baseline was recorded with the same thermal
program of the sample and subtracted from the ther-
mogram of the sample. The measured thermal param-
eters were T, and the melting temperature (T),) on the
thermoanalytical curves of the first dynamic run and
the onset-of-crystallization and end-of-crystallization
temperatures and the crystallization temperature (T,)
on the curves of the second dynamic run. T,, and T,
were valued at the maxima of the corresponding ther-
mogram peaks.

Dynamic mechanical testing

DMTA data were collected at 1 Hz and at a heating
rate of 2°C/min from —50 to 150°C under nitrogen
with an MK III dynamic mechanical thermal analyzer
(Polymer Laboratories, Darmstadt, Germany) config-
ured for automatic data acquisition. The experiments
were performed in the tensile mode on samples 40
mm long and 5 mm large cut from compression-
molded films. The tan & values were taken at the
maximum of the tan & curve and were considered to
be T,.

Mechanical tensile testing

Dumbbell-shaped specimens (type IV according to
ASTM D 638) were cut from a slab with a steel punch
cutter. Stress—strain curves were obtained with an In-
stron 4505 machine (High Wycombe, UK) at room
temperature and at a crosshead speed of 5 mm/min.
The modulus, stress, and elongation at rupture were
calculated from such curves on an average of 24 spec-
imens.

Water vapor permeability testing

Circular specimens (area = 30 cm?, diameter = 6.182
cm) were cut from the films with a steel punch cutter
of suitable shape and were used for water vapor per-
meability testing according to ASTM E 96 for the
water method. The instrumental apparatus consisted
of a test dish (Ceast, Torino, Italy), a test chamber
(stove), and a balance (Mettler AE240). The test dish
was made of steel, was circular, and had a 30-cm?
mouth. Distilled water was used in the test dish, and
the film was sealed to the test dish in such a way that
the dish mouth defined the area of the specimen ex-
posed to the vapor pressure in the dish. The test
chamber was a stove in which the temperature was
kept at 38.0 = 0.2°C and the relative humidity of the
air circulating was 10 = 1%. The velocity of the air
circulating over the specimens was sufficient to main-
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Figure 1 SEM micrographs of cryogenically fractured surfaces of compression-molded iPP/HR samples.

tain uniform conditions. The balance was sensitive to
changes smaller than 1% of the weight change during
the period when a steady state was considered to exist.

The test consisted of the gravimetric determination
of the quantity of water vapor that passed through the
surfaces (30 cm?) of a film of suitable thickness (65-75
pm) in a fixed time (24 h) under precise conditions of
relative air humidity (10% R.H.) and temperature
(38°C).

The water vapor transmission rate (WVTR) is de-
fined as the steady vapor flow in time through an area
of a body, normal to specific parallel surfaces, under

specific conditions of temperature and humidity at
each surface.

The water vapor permeance is the time rate of water
vapor transmission through the area of a flat material
induced by a vapor pressure difference between two
specific surfaces under specified temperature and hu-
midity conditions.

The water vapor permeability is the time rate of
water vapor transmission through an area of a flat
material of a certain thickness induced by a vapor
pressure difference between two specific surfaces un-
der specified temperature and humidity conditions.
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Figure 2 WAXS of HR, iPP, and iPP/HR blends.

RESULTS AND DISCUSSION
SEM

SEM micrographs of fractured surfaces of some
iPP/HR MBG273 blends are given in Figure 1. No
phase separation was observed for any of the samples
investigated, and this indicated that iPP and HR
formed a homogeneous phase in the amorphous
phase, at least up to the HR content used in this work
(30 wt %).

WAXS measurements

WAXS diffractograms are reported in Figure 2. The
diffractogram of iPP indicates that the molecules crys-
tallized in the monoclinic « form. The diffractogram of
the HR shows a characteristic broad peak of the amor-
phous materials. The diffractograms of the blends
show that the presence of HR did not induce any
structural modification to the iPP a-monoclinic form
for the blends investigated. Table I reports the crystal-
linity values of the blends and the values normalized
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TABLE I
Crystallization Index from WAXS Diffractograms of
Blends [X_(blend)] and Values Normalized
to iPP in the Blend [X_(iPP)]

iPP/HR X_(blend) X_ (iPP)
(wt %) (+4 %) (+4 %)
100/0 54 54
97.5/2.5 54 54
95/5 52 54
90/10 49 52
85/15 46 53
80/20 44 54
70/30 41 54

to the iPP content in the blends (see the Experimental
section for the calculation procedure). The crystallinity
values normalized to the iPP content in the blends
(third column) were constant with the composition
(ca. 52-54%), indicating that the fraction of iPP found
crystallized in any blend was the same. This behavior,
that is, no influence of the resin on the polyolefin
crystalline fraction, was also found for other systems,
such as blends of iPP and natural terpene resins (PaP
and PL),' iPP/HOCP blends,"® high-density polyeth-
ylene/HOCP blends,'” PB1/HOCP blends,'® and
P4MP1/HOCP blends."” In general, the presence of a
resin in a blend, in the melt state, induces a decrease in
the melt viscosity and influences the density of nucle-
ation and the crystallization kinetics, but it does not
have any influence on the number of crystallizable
molecules. During the crystallization process, all the
crystallizable material crystallizes; the presence of the
resin has no influence.

Optical microscopy

Figure 3(A,B) shows optical micrographs of pure iPP
and a 90/10 iPP/HR blend, respectively, abruptly
quenched in air. Pure iPP crystallized according to a
spherulitic morphology, with the spherulites dimen-
sions varying from 30 to 100 wm. For the 90/10
iPP/HR blend [Fig. 3(B)], the iPP nucleation density
decreased with respect to pure iPP. This effect was
attributed to the diluent effect of HR for iPP mole-
cules.

Calorimetric measurements

Figure 4 reports DSC thermograms registered dur-
ing the cooling from the melt, at 20°C/min, of iPP
and its blends with HR. The crystallization of plain
iPP began at 115 * 2°C and was completed at 81
* 2°C, with a peak maximum at 102 = 1°C. The
presence of HR MBG273 delayed the iPP global
crystallization process. This effect was larger for
blends with higher HR contents. The thermograms
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of the compression-molded samples, registered at
20°C/min, are shown in Figure 5. The thermogram
of iPP presents one endothermic peak due to the
melting of monoclinic crystals, with a T,,, measured
at peak maximum, of about 174 + 1°C. The thermo-
grams of the blends present T,,’s lower than that of
pure iPP. The analysis of the data indicates that T,
decreased significantly as the HR content in the
blends increased. This decrease was attributed to a
diluent effect of the HR component on the iPP crys-
tals. The results of the DSC analysis are shown in
Table II, which lists T,,, T,, the enthalpy of melting
of the blend [AH,,,(blend)], and the value normalized
to iPP contained in the blend [AH,,(iPP)]. The
AH,,(iPP) results were constant, indicating that, in
any blend, the crystallized fraction of iPP was the
same, in agreement with the same trend found with
WAXS analysis (see Table I, third column).

To investigate the influence of HR on the glass
transition of iPP, we derived the thermograms from
—40 to 100°C (see Fig. 6). The first derivative of the iPP
curve indicated two transitions: the first at about 9

- " 2

b . -
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.
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Figure 3 Optical micrographs of (A) 100/0 and (B) 90/10
iPP/HR films quenched abruptly in air.
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Figure 4 Thermoanalytical curves registered during the cooling from the melt of iPP/HR blends.

+ 2°C and the second at about 48 + 2°C. The appear-
ance of two glass transitions in semicrystalline poly-
mers is well known.'®™° The transition at the lower
temperature is generally attributed to the main T, of
iPP. The origin of the second transition at a higher
temperature has been studied in the past with great
attention.'®2° To date, we agree with Boyer that this
transition is to be attributed to an amorphous phase,
that is, to the relaxation of molecules or a section of
molecules interconnected to the crystalline phase as
short cilia, loose loops, and tie molecules and not to

G
oozm

2 Wig

the transition of molecules in the crystalline regions
(generally indicated in the literature as T. or Ta,),
which is generally located at a much higher tempera-
ture (see Fig. 5 in ref. 16). For iPP, there are several
arguments in favor of the attribution of the transition
at about 50°C to an amorphous transition [defined as
T,(U), i.e., the upper glass-transition temperature] in-
stead of a crystalline transition. Boyer, in fact, analyz-
ing in ref. 16 the work of other authors, reported the
following: (1) about the work of Beck et al.,** he wrote,
“Samples with 5 to 10% crystallinity apparently will

100/0
7.5/2.5

95/5

90/10
85/15

80/20

70/30

-100 -50 0 50

T T

100 150 200

Temperature (°C)

Figure 5 Thermoanalytical curves of iPP/HR blends.
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TABLE 1I
Thermal Properties of iPP/HR Blends
iPP/HR T, of iPP T(L) AH,(blend)  AH,(iPP)
Wt%)  (*1°0)  (£2°0)  (*2]/g) (= 2]/g)
100/0 174 9 75 75
97.5/2.5 171 14 76 78
95/5 171 20 72 76
90/10 170 25 67 74
85/15 167 >30 63 74
80/20 168 >30 60 75
70/30 164 >30 53 75

not show a T,(U) but do exhibit a T,” and (2) about
the work of Takayanagy,* he wrote, “Solution-grown
single crystals of polypropylene show a strong T, but
only a very weak T, (L). A highly quenched polypro-
pylene exhibits only a strong T, (L). If this quenched
material is treated with fuming nitric acid to remove
all amorphous material including loose loops and
cilia, T,(L) disappears and T, is seen. Mild quenching
brings out a double peak, To(L) and T (U)".
Therefore, in this article, the transitions at 9 = 2°C are
labeled T,(L) (ie., the lower glass-transition tempera-
ture), and the transition at 48 + 2°C is labeled T,(U).
Passing to the analysis of the first derivatives of the
blend curves, we observed that the addition of HR
MBG273 undoubtedly influenced T,(L), which shifted

-
g
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gradually to a higher temperature until it merged with
the peak of T (U). No transition at about 82 * 2°C
attributable to plain HR was observed. The absence of
a transition attributable to plain HR, the continuous
increase in T (L) with the MBG273 content, and the
presence of homogeneous surfaces observed by SEM
analysis for the blends indicated complete miscibility
of MBG273 with the iPP amorphous phase.

To further verify the results obtained for the blends,
we performed the following experiment: 9.5 mg of iPP
and 4.1 mg of the MBG273 resin were put next to each
other in the same sample DSC pan. The quantities
used were similar to those of a virtual 70/30 blend.
The following experiment was performed. The two
components were heated to 210°C and kept at this
temperature for 10 min to give them a thermal history
like that of the 70/30 blend; then, the materials were
cooled to —80°C at 50°C/min, and finally they were
heated again up to 200°C at 20°C/min. The thermo-
analytical curve of this virtual 70/30 blend (i.e., iPP
and MBG273 in the same DSC pan) is reported in
Figure 7, and the relative first derivative curve is given
in Figure 8 together with the first derivative curves of
the thermogram curves of MBG273, iPP, and the 70/30
blend, for easier comparison. The first derivative
curve shows the presence of three peaks: the first is
centered at about 0°C and is attributed to T,(L) of iPP,
the second peak is centered at about 50°C and is due

—&—iPP
—o—iPP/HR 95/5
—&—iPP/HR 90/10
—6—iPP/HR 80/20
—%—iPP/HR 70/30

50 -40 -30 -20 -10 0 10 20 30 40 50 60 70 80 90 100 110
T (°C)

Figure 6 First derivative of DSC thermograms of iPP/HR blends.
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iPP X308 (9.5mg) + HR MBG273 (4.1mg)

14 4
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Figure 7 Thermoanalytical curve of iPP and HR MBG273 contained in the same sample DSC pan.

MBG273 (with three peaks), it is plausible to conclude
that only one homogeneous phase is formed when iPP
and MBG273 are melt-mixed.

to T,(U) of iPP, and the third one is due to T, of
MBG273. From a comparison of the curve of the 70/30
blend (showing only one peak) and the curve of iPP+

0.005 4
MBG273 o

iPPX30

iPP+MBG273

-0.005

First derivative

Blend 70/30

Tg of MBG273

-0.015
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Ardeg

¥
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Figure 8

Temperature (°C)

First derivative curves of thermograms of iPP X30S, HR MBG273, a 70/30 blend, and iPP/MBG273.
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Figure 9 Tan 6 of iPP/HR blends.
DMTA T,(U) seemed to be unaffected by the presence of HR in

Figure 9 reports tan 6 as a function of temperature for the
various samples. Tan & of iPP presents two peaks: the
first is attributed to T (L) at about 15 = 2°C and the
second, very broad, from 50 to 130°C, is attributed to
T,(U). For the blends with up to 15% HR, the tan & peak
of T(L) shifted gradually to a higher temperature as the
MBG273 content increased, whereas the tan 6 peak of

26 -
24 4

22 - 90110
20 - T
18 -

the blends, as found from the first derivatives of DSC
thermoanalytical curves. For the 80/20 and 70/30
blends, the peak at the lower temperature could not be
observed anymore, and only one large peak, centered
around 100°C, was present. These results further indi-
cate that MBG273 and amorphous iPP formed one ho-
mogeneous amorphous phase in the blends.

T 97.512.5

T

T T T T T T T T T T

1.6 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10

STRAIN (%)

Figure 10 Stress—strain curves of iPP/HR blends.
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TABLE III
Mechanical Properties of iPP/HR Blends
iPP/HR
(Wt %) E (MPa) o, (MPa)?® &, (%)°
100/0 970 = 80 23 £2 9 *=1
97.5/2.5 1060 = 50 202 8§ *1
95/5 1380 = 30 22+ 2 8§ =1
90/10 1490 = 70 202 3 *+1
85/15 1870 = 60 192 14+01
80/20 1890 = 60 13+3 09 =02
70/30 2365 = 90 13+2 07x0.1

%0, = stress at break point.
be, = elongation at break point.

Mechanical tensile testing

Nominal stress—strain curves of iPP/HR samples,
tested at room temperature at a crosshead speed of 5
mm/min, are presented in Figure 10. All the tensile
parameters are reported in Table III. The behaviors of
the blends depended on the MBG273 content. Young's
modulus (E) increased with the resin content. The
ultimate properties (o, and g,) were strongly influ-
enced by the presence of MBG273. Blends with
MBG273 contents lower than 10% showed tensile be-
havior similar to that of plain iPP. Blends with
MBG273 contents higher than 10% showed brittle be-
havior characterized by a low value of &,. The tensile
behaviors could be interpreted as follows: at room
temperature, the addition of MBG273 to iPP changed
the physical state of amorphous iPP from a rubbery
phase to a glassy phase, making the system harder.
The values of E depended on two opposing factors:
the overall crystallinity and the physical state of the
amorphous phase. The decrease in the overall crystal-
linity with the HR content, observed by WAXS results,
reduced E. The hardening of the amorphous phase,
due to HR molecules that increased Tg of the system,
increased E. The second effect was predominant over
the first one, and the overall balance was an increase in
E.

Water vapor permeability test

The water vapor permeability test was conducted only
on plain iPP and films containing up to 10 wt % HR,
that is, films potentially interesting for packaging ap-
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plications in industry. Films with higher resin contents
were very brittle (see the section on the tensile prop-
erties).

The results of the water vapor permeability testing
of pure iPP and 95/5 and 90/10 blends are shown in
Table IV.

These results indicate that the addition of HR to iPP
lowered the water vapor permeability. The data show
that a content of 5% HR in a blend reduced the water
vapor permeability by 28%, whereas 10% HR lowered
the water vapor permeability by 42%. The permeability
values of a semicrystalline polymer such as iPP depend
on two factors: the crystallinity fraction and the physical
state of the amorphous phase. The crystalline phase is
considered impermeable to gas, and so the higher the
crystallinity fraction is, the lower the permeability value
is. The rubbery amorphous phase is more permeable to
gas than the glassy amorphous phase, and so the harder
the amorphous phase is, the lower the permeability
value is. In the iPP/HR blends, the presence of HR
reduced the overall crystallinity of the material and, at
the same time, made the amorphous phase of iPP more
rigid. The overall effect was that the second factor was
predominant over the first, as found also for E, and so
the water vapor permeability decreased.

CONCLUSIONS

iPP/HR blends in the solid state formed a two-phase
system composed of a crystalline phase of iPP in an
a-monoclinic form and an amorphous phase formed of
amorphous iPP and HR, the T, of which increased with
the resin content. The hypothesis of the formation of
only one amorphous phase consisting of iPP and HR
closely mixed seemed quite reliable according to the
SEM, DSC, and DMTA results. The analysis of blend
thermograms, registered during the cooling from the
melt, indicated that HR caused a decrease in the overall
crystallization kinetic. Optical microscopy observations
of blends quenched in air from the melt showed that iPP
crystallized according to a spherulite morphology and
that the presence of HR in the iPP matrix reduced the iPP
nucleation density, causing an increase in the iPP
spherulite dimensions. The analysis of the tensile prop-
erties showed that the presence of HR in amorphous iPP
increased E. The parameters at break of blends with up
to 10 wt % HR were similar to those of pure iPP. Blends

TABLE 1V
Water Vapor Properties of iPP/HR Blends
iPP/HR WVTR Permeance Permeability
(wt %) [+0.8 g/(24 h m?)] [+1.6 ng/(Pa s m?)] [+0.15 ng/(Pa s m)]
100/0 31.5 61.0 427
95/5 22.8 44.3 3.10
90/10 18.4 35.7 2.50




iPP MODIFIED WITH HYDROCARBON RESIN MBG273.

with higher HR contents were very brittle, with low
elongation at break and strength at break. The analysis of
the water vapor permeability, according to the increase

in

T,(L), showed a remarkable decrease in the water

vapor permeability as the HR was added to iPP.

The authors thank G. Loeber (Eastman Co.) for the MBG273
hydrocarbon resin and for his helpful discussion about the
analysis of the data and film applications.
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