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ABSTRACT: Adopting persimmon leaves, PL, as a bioma-
terial to blend with poly(acrylonitrile) (PAN) via the wet
spinning method, a PL/PAN blend biofiber was fabricated.
On the basis of mechanical measurements, X-ray diffraction,
and DSC characterization, it was found that this biofiber has
acceptable mechanical properties for further applying to
different cases. Results also showed that though the crystal

structure, especially the crystal size, is changed indeed for
blend fiber, it seems to be of less influence on the thermal
properties, especially the crystallization temperature, Tc.
© 2006 Wiley Periodicals, Inc. J Appl Polym Sci 101: 2810–2813, 2006
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INTRODUCTION

With respect to the several findings on persimmon
leaf, PL, that this natural material provided better
effects for applying to medical area,1–6 different PL-
based medicinal products have been therefore inno-
vated, as can be seen elsewhere.1–7 Recently, by anal-
ysis of the material components of PL (e.g., lignin,
cellulose, and hemicellulose components8) and surface
properties (e.g., the Lifshitz-van der Waals, Lewis acid-
base components9), we have successfully prepared a
cellulose/PL blend fiber.7 Of that case,7 a comparison
with reference to cellulose fiber prepared via the same
route showed that the mechanical properties of PL/
cellulose blend fiber are also acceptable, indicating the
blend biofiber can be further fabricated to fit different
cases, including biotextiles. On the basis of previously
obtained results,7 it was further considered that PL
might also be blended with other polymers, especially
synthetic polymeric materials, to provide new insight
than previous obtained PL/cellulose blend fiber.7

The condition of wet spinning method is capable of
protecting the medical substances for biomaterials as
previous adopted, and poly(acrylonitrile) (PAN) can
be dissolved in solvent to fit such conditions.10 The
aims of this work were therefore proposed initially to
prepare a PAN/PL blend fiber; then to characterize

the properties of the obtained fiber, meanwhile com-
paring it with a referenced PAN fiber that was pre-
pared with the same method and condition as that of
this case.

EXPERIMENTAL

Materials

As previously described in detail,7–9 the persimmon
leaves (PL) were picked from the campus of Donghua
University, Shanghai, and prepared in powder form
with a size of about 40 meshes.

Commercial PAN with known molecular weight,
Mn, of about 18 kDa was obtained from Shanghai
Jinshan Chemical Co. and used without further treat-
ment. Previously, this PAN powder has been also
used and described.10

An analytical grade N,N-dimethylacetamide, DMAc,
solvent purchased from a chemical company located at
Shanghai was adopted. This solvent was used as re-
ceived without further purification.

Preparation of spinning solution and spinning of
blend fiber

In the process of spinning solution preparation, the
PAN powders were initially heated to about 80°C, and
kept for about 12 h. Then, PAN powders were dis-
solved in DMAc solvent for about 3–4 h until disso-
lution phenomena was fully observed. After that, PL
powders were added to PAN/DMAc solution and
was further heated for about 1 h to yield a uniform
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solution. Before spinning, the blend solution was fil-
trated to fit the conditions of spinning.7

A laboratory scale wet spinning process was carried
out as described earlier.7 Briefly, the fiber was spun
under a pressure of about 300 kPa, controlled by a
metering pump with a flow rate of about 0.2 g/min.
The fiber was initially formed by a spinneret with the
diameter of 100 �m and a L/D ratio of 1.0, then be
solidified throughout by two water baths, i.e., the
former was a coagulation bath with a temperature of
about 55°C, and the latter was a boiling bath with a
temperature of about 95°C. Finally, the obtained fila-
ment was washed with distilled water and dried in a
vacuum oven at 50°C for 24 h. Before analysis, the
filament was held at a container under a condition of
20°C and 65% relative humidity. Similarly, a pure
PAN fiber was prepared as a reference.

Fiber analysis and characterization

As mentioned in the previous work,7 the mechanical
properties of obtained filaments were measured using
several self-made (Donghua University) fiber analysis
instruments, e.g., XQ-1, YG086, and YG001A. During
measurement, the gauge length and crosshead speed
were chosen as 500 mm and 7.5 mm/min, respec-
tively. All reported values were averaged based on
10–30 independent measurements.

The X-ray diffractograms of fibers were recorded
using Rigaku III Dmax 2500 type X-ray diffractometer.
Nickel-filtered (� � 0.1542 nm) Cu K� radiation was
used for all measurements. The Sherrer equation was
employed to calculate crystal grain size corresponding
to 2� � 14°.7,11,12 For DSC analysis, a Mettler-Toledo
822e Differential Scanning Calorimeter was employed,
and the temperature was increased from 20 to 300°C at
a rate of 10°C/min.

To analyze the orientation of fiber, a sonic velocity
measurement was carried out using a self-made tester
and the method of Moseley,12 as mentioned earlier.7

RESULTS AND DISCUSSION

In general, blending of polymeric material with PL is
based on the fact that this natural material is rich in
macromolecules components.8 For example, by anal-
ysis of its material components, it was primarily
known that PL consists of cellulose (about 68%), hemi-
cellulose (about 8%), and lignin (about 12%), respec-
tively,8. However, in the case of PL/cellulose blend
fiber,7 it was exactly found that the effects from the
low-molecular-weight components and anomalous
macromolecules of PL are obviously on the structure
and mechanical properties of obtained blend fiber.
Additionally, influences from spinning process, e.g.,
the temperature of coagulation bath and the concen-

tration of spinning solution, are visible.7 Furthermore,
the amount of PL added is also an important factor.7

Influence of the temperature of coagulation bath
on preparation and mechanical properties of PL/
PAN blend fiber

To vary the temperature of coagulation bath from 20
to 50°C and take fiber drawing and breaking intensity
as two targets, the influence of coagulation bath on
preparation of PL/PAN fiber was evaluated (Table I).
Both the lowest and the highest temperatures (e.g., 20
and 50°C, respectively) caused bad results, indicating
that these temperatures are not suitable for the prep-
aration of the PL/PAN blend fiber. According to Table
I, the best temperature for coagulation bath seems to
be about 40°C. Since this temperature is smaller than
that for the preparation of PL/cellulose blend fiber
previously adopted,7 the solidification of PL/PAN
blend fiber is easier than that of PL/cellulose blend
fiber. Probably, this may be of benefit to the enhance-
ment of the mechanical properties for PL/PAN blend
fiber.

Influence of the concentration of spinning solution
on mechanical properties of PL/PAN blend fiber

By fixing the amount of PL added at about 5 wt % and
varying the concentration of spinning solution from 14
to 18 wt %, the influence of the concentration of spin-
ning solution on fiber was evaluated (Table II). The
lower concentration of spinning solution, e.g., 14 and
15%, are found to be inappropriate for PL/PAN blend
fiber preparation mainly because of difficult drawing.

According to Table II, it was noted that the mechan-
ical properties of PL/PAN blend fiber seem to be
increased with the increase of the concentration of
spinning solution, especially up to about 18%. This is
important and generally expected for preparation of a
qualified polymeric filament.12

Influence of the added amount of pl on the
preparation and mechanical properties of PL/PAN
blend fiber

To prepare a PL/PAN blend fiber, the amount of PL
added is expected in high. However, the amount

TABLE I
Influence of Temperature of Coagulation Bath on
Drawing and Mechanical Properties of PL/PAN

Blend Fiber

Temperature of
coagulation

bath (°C)
Drawing behavior

of the fiber

Breaking intensity
of the fiber
(cN/dtex)

20 Breaks easily 1.6
30 Good drawing 2.1
40 Good drawing 2.2
50 Breaks easily 1.9
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added is considerable to influence polymer’s structure
and to influence related mechanical properties. The
reason is PL with various low-molecular-weight sub-
stances8 would influence the polymer net and extend
to the orientation of fiber.7 To understand the amount
of PL added is how to influence blend fiber, the PL
added in spinning solution was thus varied from 0,
2.0, 5.0 to about 10% in weight, respectively. Of which,
the zero represents the referenced PAN fiber.

According to X-ray measurement presented in Fig-
ure 1, the influence of the addition of PL on PAN is
evident as intense peaks shifted. Moreover, the visible
change seems to be at the 100 and 101 peaks for blend
fiber due to the former smaller and latter greater in
comparison of PAN fiber (Fig. 1). This thus indicated
that the crystal structure of PAN was changed by the
addition of PL. Figure 2 further showed that the crys-
tallinity of PAN was rapidly decreased with the in-
crease in the amount of PL added. As a support,
Figure 3 showed that the orientation of blend fiber was
greatly reduced with the increase in the amount of PL

because of the change of crystal structure. Figure 4
furthermore described that the change of the crystal
structure is indeed to influence the mechanical prop-
erties of blend fiber. This suggests that for the prepa-
ration of PL-based biofiber a suitable concentration
needs to be chosen to fit the request of the biocompo-
nent or the mechanical properties.

On the basis of Figure 1, the change of the crystal
structure is described in detail in Table III. The change
of the crystal structure is attributable to the change in
crystal grain size. This thus furthermore indicated that
the low-molecular-weight substances remained in PL
would cause poor compatibility for blend polymer
where beyond a critical concentration in the absence of
strong intermolecular interactions based on the inter-
ference of the random coil polymer with a mutual

TABLE II
Influence of the Concentration of Spinning Solution on

Drawing and Mechanical Properties of PL/PAN
Blend Fiber

Concentration
of spinning

solution
(wt %)

Amount of
persimmon

leaves
added (wt %)

Drawing behavior
of the fiber

Breaking
intensity

of the
fiber (cN/

dtex)

14 5 Difficult drawing –
15 5 Breaks easily 1.8
16 5 Gooddrawing 2.1
18 5 Good drawing 2.2

Figure 1 A comparison of the X-ray diffractograms for
PL/PAN blend fiber and referenced PAN fiber.

Figure 2 The crystallinity of PL/PAN blend fiber as a
function of the added amount of persimmon leaves.

Figure 3 The orientation of PL/PAN blend fiber as a func-
tion of the added amount of persimmon leaves.
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orientation of the molecules of the rod-like polymer
molecules.12 This is possible and has been ascribed to
that the low-molecular-weight polymers played as a
plasticizer to facilitate polymer chains.13

Acomparison of the thermal behaviors for PL/PAN
blend fiber and referenced PAN fiber

To understand the difference between PL/PAN blend
fiber and PAN fiber, DSC curves for these two fibers
were recorded and presented in Figure 5. A compar-
ison of these curves showed that the glass transition
temperature, Tg, for blend fiber is less (at about 72°C)
than that for PAN fiber (at about 95°C). Furthermore,
the comparison of the crystallization temperature, Tc,
for both blend and pure fibers however showed that it
seems to be similarly without influenced. This is of
interest since thermal phenomena presented by Figure
5 seems to be contradict that presented by Figure 1.
Thus, it is considered that the addition of PL into PAN
is acceptable for fabrication of a bio-blend fiber.

CONCLUSIONS

Applying wet spinning method, a PL/PAN bio-blend
fiber was fabricated. According to structure analysis
and mechanical properties determination, as well as
compared with a referenced PAN fiber prepared via
the same method as that of this case, it was found that
this bio-blend fiber is suitable for further application
though the change in the crystal structure seeming to
be visible because the addition of PL also induced
several low-molecular-weight substances.
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Figure 4 The breaking intensity of PL/PAN blend fiber as
a function of the added amount of persimmon leaves.

TABLE III
A Comparison of the Crystal Structure for PL/PAN

Blend Fiber and PAN Fiber

Fibers

Amount of added
persimmon leaves

(wt %)

Crystal grain size
(nm)

100 101 110

PAN 0 3.34 0.34 0.23
PL/APN blend 10 2.74 0.40 0.22

Figure 5 A comparison of DSC curves for PL/PAN blend
fiber and referenced PAN fiber.
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