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1Department of Polymer Science & Engineering, Pusan National University,
Busan, Korea
2Division of Chemical Engineering, Pukyong National University, Busan, Korea

To commercialize a degradable material, it is necessary to control the initial stability
which is strongly depended on their life time. One approach to modify physical properties
of degradable polyesters is a blend with a non-degradable polymer because a non-
degradable polymer with low surface energy is enriched at surface. Biodegradable
polyesters, such as poly(dl-lactide) (dl-PLA), semi-crystalline poly(l-lactide) (l-PLA)
and poly(ε-caprolactone) (PCL) were blended with poly(vinylidene fluoride) (PVDF)
as a non-degradable polymer because PVDF has a low surface energy. Their surface
structure and morphology were measured by X-ray photoelectron spectrometer and
atomic force microscopy, respectively. (dl-PLA/PVDF) and (PCL/PVDF) blend films
showed the enrichment of PVDF at surface whereas the surface of (l-PLA/PVDF) blend
film was similar with its bulk one due to different solubilities to solvent and miscibility.
These results will be useful to control of the initial stability of degradable polymers.

Keywords Initial stability; surface composition; surface energies

Introduction

The surface property of the polymeric materials has become an important subject because in-
dustrial applications are deeply related to their surface properties such as adhesion, friction,
wetting, painting etc. The surface structure of the solid films composed of multicomponent
polymers has attracted much interest due to the difference between the properties of the
surface and the bulk. It has been revealed that the glass transition temperature (Tg) of glassy
polystyrene (PS) at the surface is much lower than its bulk one [1]. The molecular weight
of PS which is smaller than 23000 mol/g (bulk Tg: 90◦C) showed high friction force due
to active molecular motion of surface-enriched chain end groups. This leaded to significant
depression of Tg at the surface. Also, the surface structure of multicomponent polymeric
systems is quite different from its bulk one, mainly depending on the surface free energy
of polymer components [2]. Since the degradation of most degradable polymers proceeds
via surface erosion process, a degradability could be controlled by the change of surface
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Table 1. Characteristics of polymers used in blend films

Polymer Mw PDI Tm (◦C) γ SV (mNm−1)

l-PLA 108k 1.6 181 40.2∗

dl-PLA 130k 1.7 – 40.2∗

PCL 80k 1.4 44 41.7
PVDF 320k 2.1 170 26.0

∗Calculated by group contribution method

property [3–5]. A short fluorocarbon modified polymer showed the improved thermal and
hydrolytic stability [3].

Also, the biodegradation of poly(3-hydroxy butyrate) was significantly retarded by
blending with a small amount of non-degradable polymer segregated at surface [4].

One approach to modify surface properties of commercial biodegradable polymers is
a blend method. In this work, we prepared the blend films of poly(lactide) (PLA) or poly(ε-
caprolactone) (PCL) as a degradable polymer with small amounts of a non-degradable
and low-surface energy polymer, poly(vinylidene fluoride) (PVDF) by a solution casting
technique. The surface structure was measured by X-ray photoelectron spectroscopy (XPS)
and ATR-FTIR.

Experimental

PVDF used in this study was obtained from Showa Chemical Co. l-PLA, dl-PLA, and
PCL were synthesized by the ring polymerization. The characteristics of polymers in this
study are listed in Table 1. Blend solutions were prepared by dissolving polymers in
dimethylacetoamide (DMAc) at 65◦C, followed by a casting method. All blend solutions
were transparent. The solvent was evaporated on hot plate at 65 ◦C and the films were kept
in vacuum oven.

The Tm behaviors of PVDF homopolymer and blends including PVDF, such as (l-
PLA/PVDF), (dl-PLA/PVDF), and (PCL/PVDF), were measured by differential scanning
calorimeter (DSC) (Perkin Elmer DSC 7) calibrated with pure indium as a standard. The
homopolymer and blend samples were melted at 200◦C for 1 min under dried helium
purge, cooled quickly to room temperature and then heated to 200◦C at a heating rate of
20◦C min−1 for measuring Tm of PVDF. Surface chemical composition of the blend films
were evaluated on the basis of Physical Electronics 5100 ESCA by using MgKα radiation.
Typical operating conditions were 15 kV, 20 mA x-ray source and under pressure in the
analytical chamber-10−8 Pa. ATR-FTIR spectra (Perkin-Elmer FTIR 5500 spectrometer)
were obtained using 30o KRS-5 prism.

Results and Discussion

In general, the miscibility of a blend including semi-crystalline component is achieved by
the interaction between amorphous parts of each component. The melting temperature (Tm)
depression of a crystalline component means that the re-growth of a crystal is interrupted
by the interaction between components in blend.

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 O

f 
G

uj
ra

t]
 a

t 1
3:

44
 1

1 
D

ec
em

be
r 

20
14

 



Solvent-Induced Surface Structure [191]/25

70 100 130 160 190

A

l-PLA

PVDF
E

nd
o.

70 100 130 160 190

B

l-PLA/PVDF

PCL/PVDF

dl-PLA/PVDF

Temperature (oC)

Figure 1. DSC thermograms of homopolymers (A) and (PVDF/polyester 50/50 by wt.) blends (B).

Figure 1 shows Tm behaviors of homopolymers and their blends. PVDF gives two
endothermic peaks: lower melting peak is due to α phase crystal and higher one is from
β phase crystal [6]. The Tm behavior of (l-PLA/PVDF) blend is very similar to that of
each homopolymer. It indicates that this blend system is immiscible. Although the Tms of
(PCL/PVDF) blend are the same of each homopolymer, The heat of fusion(�H) of β phase
crystal is decreased. (dl-PLA/PVDF) blend showed the depression of Tm of PVDF. Thus
both blends, (PCL/PVDF) and (dl-PLA/PVDF), are partially miscible.

To determine the surface composition, XPS was used and the analytical depth at a take
-off angle of 45◦ is 5 nm. According to their architectures, the C1s region of PCL and l-PLA
(or dl-PLA) can be deconvoluted with three peaks at 285, 287.5, and 289.5 eV assigned to
that correspond to the neutral carbon (-C-C-C-), ether carbon(-CO-), and carbonyl carbon(-
COO-), respectively. The C1s region of PVDF can be resolved into two components 285.9
and 290.3 eV, corresponding to -CH2- and -CF2-, respectively.

It has been known that a component with lower surface energy in multicomponent
polymeric systems is enriched at the surface in comparison to its partner component of
higher surface energy [2–5]. The C1s spectra of blends are shown in Figure 2. The C1s
spectrum of partially miscible blend, (PCL/PVDF 95/5 by wt), is very similar to that of

Figure 2. AFM images of l-PLA/PVDF blend (1/1 by wt) before (A) and after (B) enzymatic
degradation.
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Figure 3. High resolution C 1s spectra of (PCL/PVDF 95/5 by wt) and (l-PLA/PVDF 95/5 by wt)
blend films. The dotted lines are from polyester in the blend.

PVDF even though PVDF in the blend is 5 wt%. A similar result was obtained in the
(dl-PLA/PVDF 95/5 by wt). These results suggest that the composition of PVDF at surface
is much higher than that at the deeper regions due to the surface segregation of PVDF which
has lower surface energy than that of PCL or dl-PLA.

Figure 2B shows the C1s spectrum of (l-PLA/PVDF 80/20 by wt) which is similar
to that of l-PLA. It indicates that the surface of (l-PLA/PVDF) is covered by l-PLA. This
could not be acceptable if we consider that the component with lower surface energy in
multicomponent polymeric systems is usually enriched in the surface region in order to
minimize the air/material interfacial energy. Figure 3 shows AFM images of (l-PLA/PVDF
50/50 by wt) blends before and after enzymatic degradation by Proteinase K for 2 hr.
The phase-separated morphology was observed and the enzymatic degradation partially
occurred in the l-PLA domain while the (PCL/PVDF 50/50 by wt) blend was almost
unchanged after the degradation (not shown here).

Usually, a curve fitting method for XPS analysis is effective to evaluate the surface
composition if each peak has enough intensity. However, the curve fitting method gives
analysis much error when the intensity of a minor component is too weak. To reduce this
effect, an elemental analysis method was applied. Figure 4A showed the atomic ratio (F
1s/C 1s) of blends by XPS and the dotted line indicates atomic ratio calculated from bulk
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Figure 4. Surface atomic ratio profiles at a takeoff angle of 45◦ (A) and ATR-FTIR spectra (B) of
on-drying blend films.
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compositions. The atomic ratios of both partially miscible blends are much higher than
the bulk one (dotted line), which was calculated on the basis of its chemical composition.
This means the PVDF is enriched at the surface. In the immiscible (l-PLA/PVDF) blend,
however, the atomic ratio is a little lower than the bulk one. An immiscible blend usually
shows a phase separation during mixing or drying.

To understand the phase separation during drying, ATR-FTIR was measured when
almost 90% solvent in the blend solution was evaporated. Carefully, surface of on-drying
sample was contacted to KRS-5 prism and the coated prism was dried. Figure 4B shows
ATR-FTIR spectra of on-drying (l-PLA/PVDF) and (dl-PLA/PVDF) blend samples. ATR-
FTIR gives surface information within a few μm surface region. The bands at 1250 cm−1

and 1760 cm−1 are attributed to the C-F stretching and C-O stretching, respectively. The
relative intensity of C-F stretching to C-O stretching of the (dl-PLA/PVDF) blend is higher
than that of (l-PLA/PVDF) blend. The results indicate that during the drying the l-PLA in
the immiscible (l-PLA/PVDF) blend is moved on the surface due to the immiscibility and
low solubility of semicrystalline l-PLA to DMAc.

Conclusions

The purpose of this study is to investigate solvent-induced surface structure of biodegrad-
able polymer blends with a small amount of PVDF which is a low surface energy. Since
the surface structure of biodegradable polymers is strongly related to their initial degra-
dation rate which is important for the commercial applications, partially miscible blends,
(PCL/PVDF) and (dl-PLA/PVDF), showed the surface enrichment of PVDF which will
be act as a retardant to initial degradation. However, immiscible (l-PLA/PVDF) blend did
not show surface enrichment of PVDF due to the crystallizable property of l-PLA, no
interaction with PVDF, and poor solubility to PVDF.
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