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SYNOPSIS

The article presents preliminary work carried out to prepare and evaluate the blends obtained
from an unplasticized poly(vinyl chloride) (PVC) compound, formulated with several
amounts of TiO, and an organosolv lignin. A series of blends in which lignin replaced
partially or totally the TiO, were made on a laboratory scale. The influence of lignin on
the melt processing of the blends and on their stress—strain properties was studied. Dynamic
mechanical analysis (DMA), differential scanning calorimetry (DSC), and scanning electron
microscopy (SEM) were performed to examine the contribution of lignin to the properties
of these blends. The possibility of a proton donor/proton acceptor interaction between
lignin and PVC chains is discussed. This can arise due to the interaction between the
carbonyl group of lignin and a hydrogen of PVC or between hydroxyl groups of lignin and
chlorine of PVC. © 1996 John Wiley & Sons, Inc.
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The purpose of this article is to present the pre-
liminary work carried out to prepare and evaluate
blends obtained from uPVC compounds and an or-
ganosolv lignin. The research had a dual purpose:
to develop dark-colored and cost-effective PVC-lig-
nin blends for outdoor applications in the building
industry and to aid in cultivating a market for lignin.

Although the delignification or pulping processes
using aqueous organic solvents (organosolv pro-
cesses) are relatively new and currently are being
practiced only at the pilot and demonstration plant
scale around the world, we chosed an organosolv
lignin (L) from the ethanol-based ALCELL process
for PVC-lignin blend preparation, taking into ac-
count the fact that this particular type of lignin is
separated in much less unaltered form in comparison
with the lignins resulting from kraft or sulfite pulp-
ing processes.®® In addition, this type of delignifi-
cation will probably represent the future of the pulp
and paper industry due to the following advantages
when compared with kraft and sulfite processes:

e A significantly lower degree of pollution by
eliminating the use of polluting sulfur contain-
ing chemicals in the pulping process

e Lower capital costs

e Environmentally acceptable bleaching
8-11

Higher pulp yields

EXPERIMENTAL

Materials

PVC was a commercial unplasticized resin Geon
85862, supplied by BF Goodrich Technical Center,
Avon Lake, Ohio. It is a suspension polymer of high
molecular weight (K = 67). It was supplied already
compounded, and its formulation, which is as fol-
lows, is designed for outdoor applications.

Ingredients Level (phr)

PVC resin 100
Dimethyl tin dithioglycolate

stabilizer 2
Acrylic processing aid 1.5
n-Butyl acrylate based

impact modifier 6
Lubricants 3.75
TiO, Variable

(nonchalking silica coated) from O to 10

PVC specific gravity is 1.48 (when formulated with
10 phr TiO,).

Lignin was an organosolv-type, ALCELL lignin
(L) produced by ALCELL Technologies Inc., Mir-
amichi, New Brunswick. Its molecular weight is M,,
less than 2000, M, = 800-900, specific gravity 1.27
and median size particles 16 um. The blends were
prepared from PVC compounds containing 7.5, 5.0,
2.5 TiO, and the corresponding quantity of L (i.e.,
2.5, 5.0, and 7.5 phr) or from PVC compound without
TiO, and 5.0, 7.5, 10, 15, and 20 phr L.

The compounds will be designated in the text as
follows:

PVC control compound with PVC 10T-0L
10 phr TiO.:

PVC compound with 7.5 phr PVC 7.5T-2.5L
TiO, and 2.5 phr L:

PVC compound with 5.0 phr PVC 5.0T-5.0L
Ti0, and 5.0 phr L:

PVC compound with 2.5 phr PVC 2.5T-7.5L
TiO, and 7.5 phr L:

PVC compound without PVC 0T-OL
TiO,:

PVC compound without TiQ, PVC 0T-5.0L
and 5.0 phr L:

PVC compound without TiO, PVC 0T-7.5L
and 7.5 phr L:

PVC compound without TiO, PVC 0T-10L
and 10 phr L:

PVC compound without TiO, PVC 0T-15L
and 15 phr L:

PVC compound without TiO, PVC 0T-20L
and 20 phr L:

Procedures

The blends were prepared by melt compounding in
a Haake Rheomix 600 equipped with roller blades.
Typical working conditions were as follows: tem-
perature, 195°C; time of mixing, 8 min; speed of
roller blades, 65 rpm; and filling coefficient, 67% (net
chamber volume 69 cm?).

The Rheomix 600 was equipped with a torque
rheometer, Haake Rheocord-M, for continuous
measuring of the melt torque and with a thermo-
couple connected to a temperature recorder for con-
tinuous measuring of the melt temperature. PVC
was added first and L after 30 s. Several batches
were prepared for each formulation, and after melt
mixing the obtained blends were ground to a size of
about 3-5 mm. Then sheets of 2 mm thickness were
molded by compression at 195°C in a laboratory



press equipped with temperature and pressure con-
trollers. After 20 min cooling with air and under
pressure, the sheets were cut with a cutting die in
shoulder-shaped specimens (ASTM D 638 type V)
for mechanical testing.

The mechanical properties, tensile strength, and
elongation at break were measured in 1 week’s time
after samples preparation and were correlated with
the properties of PVC controls. They were measured
in accordance with ASTM D 638 using an Instron
universal testing machine at a cross head speed of
1 mm/min and at a temperature of 23 = 2°C. All
the indicated values are an average of at least five
determinations. All the specimens were conditioned
before testing at 23 + 2°C and 50% relative humidity
(RH) for 48 h.

The thermal analysis of PVC controls and PVC-
L blends was carried out by means of a DuPont
thermal analysis system consisting of a 2100 thermal
analyst operating system and 912 differential scan-
ning calorimeter or 982 dynamic mechanical ana-
lyzer.

All the results of differential scanning calorimetry
(DSC) and dynamic mechanical analysis (DMA)
represent the average of at least three determina-
tions. For DMA measurements, samples of about 25
X 12 X 2 mm were run between 25 and 125°C at a
heating rate of 5°C/min under nitrogen atmosphere.
T,, storage modulus at 30°C, and tan  were deter-
mined. T, was taken as the temperature of maximum
peak in the loss modulus vs. temperature curve. For
DSC measurements, samples of about 4-5 mg were
run at a heating rate of 20°C/min under nitrogen
atmosphere between —30°C and 195°C. The testing
of the PVC controls and PVC-L blends samples was
performed in 1 week’s time after their preparations.

DSC measurements were carried out for measur-
ing the relaxation energy of the blends in order to
establish polymer-polymer phase behavior in time.
The value of the endothermic peaks noticeable in
the DSC curve in the T region is a measure of re-
laxation energy. These peaks appear as an effect of
physical aging of the polymer. Physical aging of
glassy polymers occurs after polymeric materials are
processed at high temperature and then cooled below
T,. Quick cooling does not allow complete molecular
relaxation, leading to a nonequilibrium state. During
that time, even in solid state the “frozen-in” mol-
ecules have the tendency to approach the equilib-
rium state, which is characterized by a more molec-
ular ordering. Consequently, the free volume of the
material and its enthalpy will decrease. By heating,
an energy consumption is needed to achieve molec-
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ular disorder again. This energy is termed the re-
laxation energy or enthalpy relaxation.!*!3

Morphological changes in polymers occur as an
effect of physical aging, which causes changes in
physical and mechanical properties. Physical aging,
which takes place at a temperature below T, can
influence only amorphous regions of polymers.*

The influence of L on the crystallinity of PVC in
processed blends was examined in another set of
DSC measurements. The specimens for testing were
previously annealed for 5 min at 165°C and quench
cooled with liquid nitrogen in order to erase the ef-
fects of physical aging. DSC analyses for determin-
ing the melting temperatures and latent heats of
melting were performed between —30°C and 195°C,
at a heating rate of 20°C/min, under nitrogen at-
mosphere. DSC cell calibration was carried out be-
fore the testing in accordance to manufacturer’s
specifications with indium etalon samples. Scanning
electron microscopy (SEM) was performed using
specimens that were broken in liquid nitrogen, on a
Jeol JSM 820 instrument, following coating with
gold palladium. Photographs were taken at 5000 and
10,000X magnification.

RESULTS AND DISCUSSION

Processibility of the Blends

The processibility or the fusion characteristics of
PVC compounds are influenced principally by the
type of resin and by the type of additives present.
A change in formulation, especially in the case of
rigid PVC composition, can affect the fusion char-
acteristics of PVC compounds and consequently
their processibility. Inadequate processibility may
have a negative effect on the mechanical properties
of PVC and its weatherability. The influence of L
on the processibility of PVC-L blends is indicated
in Table 1. As can be seen from the data presented
in this table, the fusion characteristics of both PVC
controls (i.e., with 10 phr TiO, and 0 phr TiO,) are
different. Blends of PVC with L formulated with
several parts of TiO, or without TiO, present almost
the same characteristics as PVC controls. There is
a slight tendency for fusion time and maximum
torque to increase in relation to L content in blends
with TiO, up to 7.5 phr L. For the blends without
Ti0,, there is a slight tendency for fusion time to
decrease and torque to increase in relation to L con-
tent.

However, one may conclude that the fusion char-
acteristics of PVC-L blends in comparison with
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PVC controls are very close, and the presence of L
does not have a negative effect on the processibility
of PVC-L blends. The specimens of PVC-L blends
with TiO, were colored from beige to tan, and PVC-
L blends without TiO, were dark brown.

Tensile Stress—Strain Tests

Table II shows the maximum tensile strength and
the elongation at break data for PVC-L blends with
and without TiO, as well as data for PVC controls
also with and without TiO,, as determined in ac-
cordance with ASTM D 638.

The presented data indicate a tensile strength in-
crease correlated with L load without a major impact
on the elongation up to 7.5 phr L in both compounds
with or without TiQ,. At a higher content of LL (i.e.,
10 phr), in compounds without TiO, the tensile
strength still increases, but the elongation declines
from about 280% to about 180%. Blends with 15
and 20 phr L and without TiO, present unchanged
values of tensile strength when compared with PVC
control specimens, but they lost completely the
elongation properties and were no longer investi-
gated.

Similar data concerning an increase of tensile
strength and a decrease of elongation for the blends
of hydroxypropylcellulose and up to 10 wt % of an
organosolv lignin were reported by Rails.!®

DMA

For all the analyzed specimens, a one-step tensile
storage modulus versus temperature curve and a re-
lated one-peak tensile loss modulus vs. temperature
curve, both characteristics of miscible polymers,
were observed.

Table II Tensile Properties of PVC~L Blends

Tensile Elongation at
Strength Break
Average Average

Specimen Type (MPa) (%) (%) (%)
PVC 10T-0L 40.15 100.0 332 100.0
PVC 7.5T-2.5L 43.85 109.2 281 84.6
PVC 5.0T-5.0L 44.14 109.9 326 98.2
PVC 2.,5T-7.5L 47.05 117.2 312 94.0
PVC 0T-0L 42.30 100.0 280 100.0
PVC 0T-5.0L 45.73 108.1 300 107.1
PVC 0T-7.5L 47.28 111.7 284 101.1
PVC 0T-10L 48.66 115.0 182 65.0
PVC 0T-15L 42.87 101.3 — —
PVC 0T-20L 35.67 84.3 — —

The results of DMA analyses are shown in Table
ITI, where all the values represent the average of at
least three runs with standard deviation within 0.1
GPa for storage modulus, 0.5°C for T,, and 0.012
for max tan 6. When compared with data obtained
for PVC controls, the results can be summarized as
follows:

1. The values of storage modulus are very close
and within the instrument limits of precision
(£5%). Their fluctuation is quite erratic, and
it is hard to correlate it with L content in
blends.

2. The T, values decrease roughly in order of
increasing L loading in blends.

3. Although the data concerning the magnitude
of tan ¢ are quite close, a slight increasing
trend of their values, which can be correlated

TableI Influence of L on the Fusion Characteristics of PVC-L Blends

Average Temperature of the

Average Torque Value Melt (°C)
Average Fusion
Time Max At the End At Max At the End
Specimen Type (s) (fusion) of 8 Min Torque of 8 Min
PVC 10T-0L 75 2500 1575 184 2056
PVC 7.5T-2.5L 80 2530 1600 180 204
PVC 5.0T-5.0L 85 2570 1600 183 204
PVC 2.5T-7.5L 88 2425 1475 182 204
PVC 0T-0L 165 1960 1430 185 204
PVC 0T-5L 100 2280 1430 186 204
PVC 0T-7.5L 105 2350 1420 189 203
PVC 0T-10L 78 2370 1400 181 202
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Table III DMA Results for PVC Controls and Blends

Storage Modulus

at 30°C T, Max tan é
St. Dev. St. Dev. St. Dev.
Specimen Type GPa (GPa) °C °C) °C °C)
PVC 10T-0L 2.12 0.06 91.9 0.5 0.874 0.012
PVC 7.5T-2.5L 2.23 0.09 92.0 0.7 0.903 0.017
PVC 5.0T-5.0L 2.18 0.06 91.5 0.5 0.936 0.012
PVC 2.5T-7.5L 2.21 0.10 90.0 0.5 0.961 0.005
PVC 0T-0L 2.13 0.08 92.1 0.5 0.893 0.007
PVC 0T-5L 2.11 0.09 91.3 0.3 0.934 0.018
PVC 0T-7.5L 2.20 0.06 90.6 0.6 0.954 0.012
PVC 0T-10L 2.19 0.10 89.9 0.5 0.988 0.005

St. Dev. = standard deviation.

in all cases, with L loading is noticeable in
all the blends.

It is known that loss modulus and tan 8, which
is the ratio between loss and storage moduli, are
particularly sensitive to molecular motions within
a material. In the glass transition region, damping
is high due to the onset of micro-Brownian motion
within the molecular structure of the main chain,
and so is the tan 6. Breaking intermolecular bonds
allows greater chain mobility and results in a de-
crease of T, as well as an increase in magnitude of
tan 6.1 The magnitude of tan §, which is a charac-
teristic of the rubbery state of the polymers, has
little signification in the glassy state, where motion
of molecular segments is practically inexistent.

Keeping in mind these observations, the results
presented in Table III suggest an increase in polymer
chain mobility of PVC-L blends directly correlated
with L content. It seems likely that in PVC-L blends
the intermolecular bonds existing within the PVC
structure are in some degree broken down due to
the presence of L, as the T, and tan § values would
indicate. However, breaking of the intermolecular
bonds does not affect the stiffness of the material
at room temperature, as the values of the storage
modulus are practically unchanged in the PVC-L
blends in comparison with PVC controls. Moreover,
the tensile properties of the PVC-L blends in com-
parison with those of PVC controls (Table II) dis-
close an increase of tensile strength in relation to L
loading.

DSC

DSC analyses were performed in order to obtain in-
formation regarding the influence of L on the relax-

ation energy and T of the blends and on the crys-
tallinity of the processed PVC in blends. The results
of DSC analyses are shown in Table IV, where all
the values represent the average of at least three
runs. The standard deviation is within 0.4°C and in
one case 1.2°C for T,, within 0.09 J/g and in one
case 0.17 J/g for relaxation energy, and within 0.04
J/g and in one case 0.09 J/g for latent heat of
melting.

Figure 1 illustrates two typical DSC curves (sec-
ond run) for PVC 10T control and PVC 2.5T—17.5L
blend. The blend, representative for high L loading,
exhibits a single T,. In addition, in the DSC curves,
melting endotherms are visible in the range of tem-
peratures from 110 to 140°C, with a sharp peak lo-
cated at around 128°C for PVC controls and around
120°C for blends. This is the range of temperatures
that reflects part of the crystalline melting region
of PVC.1%1" Figure 2 illustrates typical DSC curves
(first run) for PVC 10T—OL control and for PVC-
L blends with different loadings of L.

By analyzing each DSC curve presented in Figure
2, one can see that their shape is different in the 40—
70°C temperature interval. For the blends with L,
a new small endotherm, which converges with the
principal endothermic peak, appears in this region.
It increases in magnitude and broadens by the pres-
ence of higher L loadings. One may conclude that
the second endothermic peak is caused by L molec-
ular relaxation, as it is not visible in the DSC curve
of PVC control.

The fact that in the blend each polymer has its
own aging behavior is an indication of the presence
of two different phases.!® This fact can be used as
an argument for the likely immiscibility of the two
polymers in the blend. On the other hand, the facts
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Table IV DSC Results for PVC Controls and Blends

PVC Crystallites Properties

T, Relaxation Energy AH,®?

St. Dev. St. Dev. Peak Temp. St. Dev. T
Specimen Type °C (°C) J/g (J/g) (°C) J/g J/g) (°C)
PVC 10T-0L 82.7 0.3 1.12 0.09 86.9 1.28 0.07 128.5
PVC 7.5T-2.5L 80.4 0.4 1.65 0.06 85.3 0.94 0.02 127.1
PVC 5.0T-5.0L 79.8 1.2 1.71 0.09 85.2 0.84 0.04 124.0
PVC 2.5T-7.5L 79.6 0.1 1.84 0.10 84.9 0.93 0.04 122.5
PVC 0T-0L 82.0 0.1 1.38 0.09 86.2 0.55 0.09 126.0
PVC 0T-5L 80.0 0.2 1.97 0.17 85.6 0.87 0.03 —
PVC 0T-7.5L 79.4 0.6 — — 85.2 0.67 0.03 122.6
PVC 0T-10L 8.7 0.2 2.08 0.13 83.7 0.47 0.04 120.5

® AH,: Latent heat of melting.
b T : Melting temperature.

that the peaks are not perfectly separated and that
the relaxation energy of the principal peak, which
corresponds to PVC molecular relaxation, is higher
in the blends than in PVC control (see Table IV)
can be used as an argument for the likely miscibility
of the two polymers in the blends. Consequently,
they are probably partially miscible.

It is interesting to note that the peak tempera-
tures of the relaxation energy endotherms of the

blends decrease roughly in order of increasing the
L content. The same observation is valid for T,
values.

The influence of L. on the crystalline region of
processed PVC blends (100-140°C) was examined
in another set of DSC measurements. It is generally
accepted now that PVC is partly crystalline.'™® All
PVC processes involve the melting or partial melting
of primary crystallites and the formation of second-

PVC _10T-OL

PVC 2.5T7-7.5L

Heat Flow (W/g)

40 80

T

160 | 200

T
120

Temperature (°C)

Figure 1l Illustrative DSC curves—second run: PVC 10T—OL (control) and PVC 2.5T—

7.5L.
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Heat Flow (W/g)

PVC 10T-OL

PVC 5.0T-5.0L

PVC 0T-10L

40 60 80 100

120 140 160 180 200

Temperature (°C)

Figure 2 Typical DSC Curves, first run, for PVC 10T-0L (control) and PVC-L Blends

with different L loadings.

ary crystallinity on subsequent cooling. The newly
formed crystallites will have various sizes and degree
of perfection and will melt on a wide melting range.
They will act as ties or crosslinks in a three-dimen-
sional network, giving a tough product.!®

The specimens for testing were annealed for 5
min at 165°C and quench cooled in order to erase
completely the effects of physical aging and thus
increase the resolution of melting peaks. The latent
heat of melting of the PVC crystals is indicated in
Table IV. As can be seen from this table, there is a
gradual reduction of the magnitude of their latent
heat of melting, which reflects a diminution of these
particular crystallites in relation to the amount of
L present in blends, with a discontinuity at 7.5 phr
L in the blends with TiO,.

For the blend without TiO,, the latent heats are
smaller than the blends with TiO,. Some observation
is applicable for PVC-OT control. Experimental re-
sults published in the literature led us to the hy-
pothesis that the presence of filler is needed to act
as nucleating centers for PVC crystallite growth.?’

As stated earlier, the crystallites in PVC act as
crosslinks in a three-dimensional network. If part
of the crystallites diminish, as was observed in PVC-
L blends, the toughness of the material will be af-
fected. The storage moduli and especially the tensile
properties of PVC-L blends demonstrated the con-

trary. A reduction of free volume, probably due to
polar-polar interactions between PVC and L chains,
could be a possible explanation for the contradictory
results observed concerning mechanical properties
of the blends and the degree of PVC crystallinity.
Higher relaxation energy data of the blends in com-
parison with PVC controls, as shown in Table IV,
suggest a reduction of the free volume. The polar—
polar interaction between carbonyl groups of L. and
a hydrogen of PVC or between hydroxyl groups of
L and the chlorine of PVC could be responsible for
the relaxation energies increasing or free volumes
decreasing, which in turn could be responsible for
an increase of tensile strength.

Reduction of the free volume as an effect of polar—
polar interaction between PVC chains and plasti-
cizer molecules is cited as a possible reason for the
PVC embrittlement (i.e., tensile strength increasing
and elongation decreasing), which occurs in presence
of low levels of plasticizer.!”

SEM

SEM was employed to characterize further the mor-
phology of the blends. Due to the complexity of the
PVC compound itself, the analysis was undertaken
in the following order:
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PVC control 0T-OL (photomicrograph A). One
may observe a fine dispersion of spheres hav-
ing a diameter of less than 0.5 um. This can
be attributed to the impact modifier (IM). As
was shown earlier, beside Ti0,, IM is the in-
gredient with the highest level in the PVC
compound. It can be seen that IM is evenly
distributed in the PVC matrix.

PVC 0T-5L (photomicrograph B). The fine
dispersion of IM is observable, and in addi-
tion one may notice irregular particles having
a diameter up to 2 um, confirming the L pres-
ence. The morphology of these specimens is
different from the morphology of the ensem-
ble of the other specimens. This is probably
due to a plastic deformation during freeze
breaking.

. PVC 0T-7.5L to PVC 0T-20L. All these

blends present an identical morphology. This
can be seen in the photomicrograph C for
PVC 0T-10L. L particles size vary up to 2
um, as in the case of the PVC 0T-5L blend.
They have an irregular shape, and any co-

000 . 1P0 ?"

1000 3 1 L HD1 Y

Figure 3 Scanning electron photomicrographs (X10,000) for PVC 0T-0L (control) and
PVC-L blends. (A) PVC 0T-0L; (B) PVC 0T-5L; (C) PVC 0T-10L.

alescence is observable. It is likely that no
adhesion took place between the PVC matrix
and L dispersed phase.

. PVC 10T-0L (photomicrographs D and E). In

this case, especially at a magnification of
10,000X (E), one may easily distinguish the
particles of IM as in PVC OT-0L and the
crystallike TiO, particles. The latter have
an irregular shape different from that of IM
and L.

. PVC 5T-5L (photomicrograph F) and PVC

2.5T-7.5L (photomicrograph G). Although the
composition of these blends is very complex
(PVC, IM, TiO,, and L) the L particles’ in-
clusion is detectable. These L inclusions, with
a diameter of 1.5-2 um, are similar to those
in the blends without TiO,. Again, it seems
likely that no adhesion took place between
the PVC matrix and L dispersed phase.

The examination of SEM photomicrographs leads
to the following conclusions:
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Figure 4 Scanning electron photomicrographs (X10,000) for PVC 10T-0L (control) and
PVC-L blends. (D) PVC 10T-0L (X5,000), (E) PVC 10T-0L; (F) PVC 5T-5L; (G) PVC
2.57-7.5L.

o The size of L particles in PVC-L blends does
not increase with the gradual increase of L con-
tent.

e Any sign of coalescence between L particles is
noticeable.

These two conclusions prove that the PVC-L blends
are not typically miscible thermoplastic blends.
Generally, the thermoplastic blends present an in-
crease of the particle size of the dispersed phase and
usually coalescence signs.?!

CONCLUSIONS

Blends of uPVC formulated with several loadings of
TiO,—from 0 to 10 phr—and an organosolv lignin—
in amounts up to 10 phr—were prepared by melt
mixing and compression molding. The mechanical

properties of the PVC-L blends were ascertained by
tensile stress-strain, and their morphology was
studied by DMA, DSC, and SEM analyses.

Mechanical data indicated a tensile strength in-
crease correlated with L load, without a major im-
pact on the elongation up to 7.5 phr L in both com-
pounds with or without Ti0,. At higher than 7.5 phr
L in the blends, their strength still increased but
the elongation declined.

When compared with the PVC controls, the
torque rheometer data indicated that the presence
of L does not have a negative effect on the proces-
sibility of PVC-L blends. SEM results indicated the
immiscibility of the two polymers in blends. Im-
miscibility was also confirmed by the DSC analyses,
which disclosed the existence of two endothermic
relaxation peaks in the T, region. The fact that these
two peaks are not perfectly separated and that the
relaxation energy of the principal peak, which cor-
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responds to PVC molecular relaxation, is higher in
the blends than in the PVC control is an argument
for the likely miscibility of the two polymers in
blends.

Part of the results of DMA analyses (i.e., a grad-
ual decrease of T, and especially a gradual increase
of tan 6 of the blends as function of L loading) sug-
gested that the presence of L led to a certain degree
of breaking of the intermolecular bonds existing
within PVC structures. The same conclusion can be
drawn from the diminution, due to the L presence,
of the latent heat of melting of the PVC crystallites,
as determined by DSC. It was demonstrated that
these crystallites act as ties or crosslinks in the PVC
matrix.

The fact that the toughness of the blends is not
affected by the diminution of these particular crys-
tallites, as was demonstrated by the values of blend
storage moduli at room temperature and especially
by the values of tensile strength, might be explained
by a reduction of the free volume of the blends,
probably due to polar-polar interaction between
PVC and L chains. This polar-polar interaction can
be expected, taking into account the functionality
of both polymers.

Although the PVC-L blends are not miscible or
only partially miscible, their morphological structure
up to a 7.5 phr L loading does not affect their per-
formance, as the mechanical properties have indi-
cated. Consequently, mechanical and processing
properties of this type of blends, as well as the fact
that PVC is now and probably will remain for some
time the dominant resin used in construction, en-
courage further research for PVC blending with lig-
nins. The research would comprise blending of lig-
nins with PVC compounded for dark colors, blend
testing according to all existing standards for eval-
uation of PVC for exterior building products (i.e.,
flexural and impact strength), coefficient of linear
expansion, as well as retention of physical properties
after long-term weathering.
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