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ABSTRACT: In this work, stereocomplex-poly(L- and D-lactide) (sc-PLA) was incorporated into poly(e-caprolactone) (PCL) to fabricate a

novel biodegradable polymer composite. PCL/sc-PLA composites were prepared by solution casting at sc-PLA loadings of 5–30 wt %.

Differential scanning calorimetry (DSC) and wide-angle X-ray diffraction (WAXD) demonstrated the formation of the stereocomplex in

the blends. DSC and WAXD curves also indicated that the addition of sc-PLA did not alter the crystal structure of PCL. Rheology and

mechanical properties of neat PCL and the PCL/sc-PLA composites were investigated in detail. Rheological measurements indicated that

the composites exhibited evident solid-like response in the low frequency region as the sc-PLA loadings reached up to 20 wt %. More-

over, the long-range motion of PCL chains was highly restrained. Dynamic mechanical analysis showed that the storage modulus (E0) of

PCL in the composites was improved and the glass transition temperature values were hardly changed after the addition of sc-PLA. Ten-

sile tests showed that the Young’s modulus, and yield strength of the composites were enhanced by the addition of sc-PLA while the ten-

sile strength and elongation at break were reduced. VC 2013 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2014, 131, 40208.
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INTRODUCTION

Biodegradable poly(e-caprolactone) (PCL) is one of the most

important environment-friendly materials for its excellent per-

formance such as biodegradable, biocompatible, and thermoplas-

tic properties. The copolymers of PCL and itself have already

achieved commercial success. Nevertheless, the low melting point

and modulus, poor stability, and easy to deformation of PCL have

restrict its application.1–6 Therefore, many attentions have been

paid on the PCL based polymer blends in order to solve aforemen-

tioned shortcomings.6–16 For instance, Wischke et al. investigated

the PCL/poly[(e-caprolactone)-co-glycolide] blends in which the

advantageous properties of both components could selectively be

combined.6 Xing et al. investigated crystallization, melting behav-

ior, and wettability of PCL and PCL/poly(N-vinylpyrrolidone)

(PVP) blends. They found that PVP had a restrain effect on the

crystallization of PCL and the hydrophilic properties of PCL/PVP

blends were improved compared with pure PCL.7 Moreover, com-

pounding PCL with layer silicate,16–18 carbon nanotubes,1,15,19 or

fumed silica8,9,20,21 has been widely investigated. For example, in

previous research, PCL/silica nanocomposites were prepared by

melt compounding. It was found that the presence of silica could

provide a number of heterogeneous nucleation sites for the PCL

crystallization while the aggregates of silica could restrict crystal

growth of PCL. However, the crystal structure of PCL remained

almost unchanged after nanocomposites preparation.8

Poly(lactic acid) (PLA) has been paid considerable attention from

both fundamental and practical perspectives because it is derived

completely from renewable resources, and hence production is sus-

tainable, but also it can significantly contribute to the control of

green-house gas (CO2) emission as a result of carbon capture dur-

ing plant growth and the eventual complete biodegradability of the

PLA matrix.22–27 PLA has two stereoregular enantiomers, poly(L-

lactide) (PLLA), and poly(D-lactide) (PDLA) due to the presence

of a chiral carbon in the skeletal chain. A special crystalline struc-

ture termed stereocomplex based on CH3. . .C@O interactions of

stereoselective van der Waals forces can be formed by blending

PLLA and PDLA. This stereocomplex-PLA (sc-PLA) showed its Tm

at about 230�C, which was about 50�C higher than that of pure

PLLA or PDLA, so that sc-PLA should accordingly have better

thermal and mechanical properties, and higher hydrolytic stability

than neat PLLA or PDLA.28–30

Although the properties of PCL/PLA blends have been exten-

sively studied,31–34 however, to the best of our knowledge,
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environment-friendly composites of PCL reinforced with sc-PLA

have not been explored in details. Therefore, in this work, a

series of PCL/sc-PLA composites are prepared by solution

blending. The effects of the sc-PLA on the crystallization, rheo-

logical behavior, and mechanical properties of the PCL were

investigated. However, the sc-PLA has higher strength, modulus,

making it an ideal biomaterial for load bearing devices. In con-

trast, PCL shows weaker modulus and yield strength, making it

a preferred candidate for developing the low strength scaffolding

material. Consequently, blending sc-PLA and PCL can balance

the mechanical properties and obtain the composites with the

controllable and improved performances, which might be of

great interest for its wide practical application as packing mate-

rials and biomaterials.

EXPERIMENTAL

Materials and Sample Preparation

PCL (MFI 5 g/10 min) was a commercial product, CAPA6800

(Solvay Interox). PLLA (4032D) was a commercial product of

NatureWorks. It exhibited a weight-average molecular weight

(Mw) of 207,000, polydispersity of 1.73. D-isomer content of

PLLA is �2.0%. PDLA were synthesized by the ring-opening

polymerization of D-lactide using tin octanoate as a catalyst. It

exhibited a Mw of 110,000, polydispersity of 1.92.

Ternary blends comprising PCL, PLLA, and PDLA were first

separately prepared, then stereocomplexing sc-PLA and PCL

mixtures were prepared using solvent-mixing, followed with

film-casting. PCL was first dissolved in chloroform (CHCl3)

solution, and then further blended with solutions of PLLA and

PDLA with proper ratios. Ratios of PLLA to PDLA in blends

were maintained at 1/1 by weight in ternary blends. In ternary

blends, PLLA/PDLA was fixed at 1/1, with the PCL contents

ranging from 95/5 to 70/30 in weight ratios, the first number

referring to the weight percentage of PCL. The prepared solu-

tions were mixed together with vigorous stirring, the solutions

were cast onto petri dishes placed horizontally, and then the

solvent was allowed to evaporate at room temperature for 12 h.

The sample was further dried at 40�C under vacuum for 7 days

to remove the solvent completely. For convenience, neat PCL

and its composites were, respectively, designated as neat PCL

and PCLX in the following discussion, where X representing the

sc-PLA content (wt %) of the composite.

Characterizations and Measurements

The morphology of the fractured surface, which was prepared

under liquid nitrogen was observed using a field emission scan-

ning electron microscopy (ESEM; FEI, Eindhoven, The Nether-

lands) at an accelerating voltage of 12 kV. The fracture surface

was coated with a thin layer of gold before the measurement.

Thermal analysis was performed using a TA Instruments differ-

ential scanning calorimetry (DSC) Q20 with a Universal Analy-

sis 2000. Samples weights were in the range of 5–8 mg. The

effects of the sc-PLA on the crystallization behavior of the PCL

were investigated. All specimens were heated from 40 to 100�C
at a heating rate of 100�C/min to erase any thermal history.

Then they were cooled to 220�C at a cooling rate of 10�C/min

(first cooling). The specimens were further heated to 250�C

again from 220�C at a heating rate of 10�C/min to study the

subsequent melting behavior (second heating). The degree of

crystallinity of the PCL was calculated by the following

equations35:

xc;PCLð%Þ5ðDHt 2DHg ;sc-PLA � Xsc-PLAÞ100=½ð12Xsc-PLAÞ142� (1)

Xsc2PLA5Wsc-PLA=ðWPCL1Wsc-PLAÞ (2)

where Wsc-PLA and WPCL were the weights of sc-PLA and PCL,

respectively, in the composites. DHt (J/g of polymer) was the

enthalpy of overall transition including the glass transition

enthalpy of sc-PLA and melting enthalpy of PCL. Here, we

assumed the DHg, sc-PLA as zero because it was tiny to neglected,

and 142 (J/g of PCL) was the melting enthalpy of PCL with

100% crystallinity reported by Crescenzi et al.36 To investigate

the effect of degree of crystallinity of PCL on the static mechan-

ical properties of the composites, the degree of crystallinity val-

ues of all the samples prepared via the compression-molded

process were also obtained from the first heating traces at a rate

of 10�C/min.

Wide angle X-ray diffraction (WAXD) experiments were per-

formed on a D8 advance X-ray diffractometer (Bruker, Ger-

many) at room temperature in the range of 5–40� with a

scanning rate of 3�/min. The Cu Ka radiation (k 5 0.15418 nm)

source was operated at 40 kV and 200 mA. The samples were

first hot-pressed into films with a thickness of around 1.0 mm

at 120�C.

Rheological measurements were carried out on a rheometer

(AR2000EX, TA Instruments-Waters LLC) equipped with a par-

allel plate geometry using 20-mm diameter plates. The sheet

samples in thickness of 1.0 mm were molten at 100�C in the

fixture and experienced dynamic frequency sweep. The oscilla-

tory frequency swept ranging from 100 to 0.01, with a fixed

strain of 1%.

Dynamic mechanical analysis (DMA) was performed on the

samples of 20.0 3 4.0 3 1.0 mm3 in size using a dynamic

mechanical analyzer from Rheometric Scientific under tension

mode in a temperature range of 280 to 0�C at a frequency of

1 Hz and 3�C/min.

The static mechanical properties of neat PCL and various com-

posites were determined by using an Instron 1211 testing

machine. The test was carried out with crosshead speed of 100

mm/min at room temperature in the tensile mode. The values

reported were averages for at least five dumbbell-shaped speci-

mens with necks of 20.0 mm long and cross-sectional areas of

4.0 3 1.0 mm2.

RESULTS AND DISCUSSION

Morphology of Neat PCL and Its Composites

It is well known that the dispersion of another additive in the

polymer matrix will greatly influences the physical properties of

polymer matrix. To investigate the dispersion of sc-PLA in the

PCL matrix, the fracture surfaces of neat PCL and its composites

were observed by ESEM. The morphology of the samples was

shown in Figure 1. Figure 1(a) shows ESEM micrograph of the

neat PCL fracture surface for comparison, which was smooth and

featureless. Figure 1(b–e) shows ESEM micrographs of the PCL5
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to PCL30 fracture surface, respectively. However, as unexpected,

the fracture surfaces of the PCL composites with various sc-PLA

loadings were also smooth and featureless. A typical phase-

separated morphology with sc-PLA dispersed in PCL matrix was

not observed. It was believed that the result was due to the good

compatibility between PCL and sc-PLA, which was also contrib-

uted to the improved mechanical properties and rheological

properties of the composites as discussed below.

Nonisothermal Crystallization and Melting Behavior

The nonisothermal melt crystallization and subsequent melting

behavior of neat PCL and various composites were studied by

DSC. Figure 2 shows the DSC thermograms of the first cooling

traces and second heating traces, respectively, for neat PCL and

its composites with different compositions. All parameters

derived from the DSC curves were summarized in Table I. In

Figure 2(a), the crystallization onset temperature (Tc
onset) and

crystallization peak temperature (Tc) were both increased with

increasing the content of sc-PLA. The Tc
onset and Tc of neat

PCL were 32.9 and 24.8�C, respectively. With the addition of 5

wt % of sc-PLA, the Tc
onset, and Tc of PCL increased to 33.3

and 25.6�C, respectively, and the crystallization proceeded

within a narrower temperature range. With the sc-PLA content

increased to 10 wt %, the Tc
onset and Tc of PCL in the compo-

sites decreased to 33.2 and 25.5�C, respectively, but still higher

than those of neat PCL. Further increasing sc-PLA, the Tc
onset

unchanged while the Tc kept increasing. The increase of crystal-

lization temperature, induced by the addition of sc-PLA, indi-

cated that sc-PLA acted as the heterogeneous nucleating agent

by lowering the free energy barrier toward nucleation and thus

enhanced the crystallization of PCL in the composites. However,

the crystallization enthalpy (DHc) of PCL in the composites var-

ied slightly with increasing the sc-PLA content, indicating that

the addition of sc-PLA showed little effect on the final crystal-

linity of the PCL in the composites.

Figure 2(b) shows the subsequent melting traces of neat PCL

and its composites after cooling from the melt at 10�C/min

(second heating). Neat PCL exhibited a melting temperature

(Tm) of 57.3�C with melting enthalpy (DHm) being 54.1 J/g.

Meanwhile, the composites with various sc-PLA contents

showed a Tm of 55–57�C. It was clear that the addition of sc-

PLA showed little effect on the variation of Tm, indicating that

the lamellar thickness of the PCL crystal was unchanged. The vc

of PCL listed in Table I increased slightly from 38.1 to 40.2%

with increasing the sc-PLA content to 10 wt %. However, the

value of vc decreased slightly with further increasing of sc-PLA.

Moreover, formation of the stereocomplex in the blends was

also confirmed by the subsequent melting traces of PCL compo-

sites after cooling from the melt. In all the samples, the stereo-

complex melting peak was present around 224.2�C as reported

in the literature [23]. The area of the melting endotherm for

the stereocomplex increased as the amount of PLLA and PDLA

in the blend increased showing that the initial composition of

the blend could be used to control the amount of stereocom-

plex in the final material.

Effect of sc-PLA on the Crystal Structure of PCL

WAXD experiments were performed to investigate the effect of

the addition of sc-PLA on the crystal structure of PCL. Figure 3

shows the WAXD patterns of neat PCL and its composites. Neat

PCL presented main diffraction peaks at 21.3 and 23.6, corre-

sponding to 110 and 200 planes, respectively.37,38 The compo-

sites also exhibited nearly the same diffraction peaks at the

same locations, indicating that the addition of sc-PLA did not

alter the crystal structure of PCL. Moreover, the most intense

peaks of the sc-PLA samples were observed at 2h values of 12,

21, and 24�. These peaks are for the stereocomplex crystallized

Figure 1. ESEM microphotographs of the fractured surfaces of (a) neat PCL, (b) PCL5, (c) PCL10, (d) PCL20, and (e) PCL30.
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in a triclinic unit cell of dimensions: a 5 0.916 nm, b 5 0.916

nm, c 5 0.870 nm, a 5 109.2�, b 5 109.2�, and c 5 109.8�, in

which L-lactide and D-lactide segments were packed parallel tak-

ing 31 helical conformation.28,30 However, only a peak of the

blended samples at 2h values of 12� could be observed due to

the formation of the stereocomplex in the blends. Two peaks at

2h values of 21� and 24� were overlapped by the two corre-

sponding peaks of PCL, respectively.

Rheological Behavior of Neat PCL and Its Composites

Since the viscoelastic properties are highly related to both the dis-

persion state of filler and the interactions between filler and poly-

mer matrix, rheology is a powerful tool to investigate microscopic

and mesoscopic structure of the filled polymer systems. The

dependence of dynamic storage modulus (G0) and complex vis-

cosity (g*) for the neat PCL and its composites at 100�C was

showed in Figure 4(a,b), respectively. Similar with PCL/silica and

PLA/silica systems reported previously,8,20 the G0 of PCL/sc-PLA

composites also increased greatly with the addition of sc-PLA. It

was seen that neat PCL sample shows typical terminal behavior at

low frequencies with the scaling properties of G0 1 x2, which

was in consistent with the linear viscoelastic theory. Nevertheless,

this terminal behavior disappeared gradually with an increase in

sc-PLA loadings. As the sc-PLA loading reached up to 20 wt %,

the sample exhibited evident solid-like response in the low fre-

quency region, indicating occurrence of an elastic deformation

dominated flow. At this loading level, the interactions among the

sc-PLA phase were strong enough, and as a result leaded to the

formation of percolated sc-PLA network structures. In this case,

the large-scale relaxations of PCL chain coils were highly

restrained by the presence of sc-PLA, and hence the PCL/sc-PLA

composite showed a solid-like flow behavior at the low-frequency

region. As a result, the low-frequency g* increased with an

increase in sc-PLA loadings, and the Newtonian plateau disap-

peared gradually as shown in Figure 4(b).

As soon as the composites percolated, the large scale polymer

chain relaxation behaviors might be highly affected by the per-

colated sc-PLA network. Figure 5 shows the Han plots of

G05 G"39 for neat PCL and its composites at 100�C, respec-

tively. In addition, the reduced slope with the addition of

sc-PLA indicated that the composites became more heterogene-

ous. It should be noted that the inflection point where the slope

was changed shifts to a higher frequency with an increase in

sc-PLA loadings. This indicated that much energy was needed

Figure 2. DSC curves of (a) nonisothermal melt crystallization and (b)

subsequent melting for various formulations. [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]

Table I. Thermal and Crystalline Properties of PCL in the Composites

Samples
Tc

onset

(�C)
Tc

(�C)
DHc

a

(J/g)
Tm

(�C)
DHm

a

(J/g)
vc,PCL

(%)

Neat PCL 32.9 24.8 54.6 57.3 54.1 38.1

PCL5 33.3 25.6 52.3 56.1 56.7 40.0

PCL10 33.2 25.5 53.4 56.2 57.1 40.2

PCL20 33.2 26.6 46.5 55.5 52.5 37.0

PCL30 33.2 26.8 48.2 56.0 53.7 37.8

a DHc and DHm are corrected for the content of PCL in the composites.

Figure 3. WAXD patterns of neat PCL and its composites. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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to change the degree of heterogeneity due to the increased

physical association within the composites at a high sc-PLA

loading. The physical association between sc-PLA and PCL

matrix changed the relaxation behavior of the PCL chain inevi-

tably.40 The relaxation time (k) could be calculated as follows:

k5
G
0

g�3 x2
(3)

The calculated ratio of the relaxation time of composites to that

of neat PCL (Dk) increased gradually with sc-PLA loadings and,

finally to about 2.7, 3.5, 14.9, and 14.4 for PCL5, PCL10,

PCL20, and PCL30 samples at the low frequency (0.01 Hz) at

100�C, respectively. This indicated that the role of sc-PLA to

make the PCL chain need longer time for the relaxation became

stronger with an increase in sc-PLA loadings. The presence of

sc-PLA greatly restricted the chain mobility of PCL matrix once

percolation network structure forms.

This strong restriction was further confirmed by the Cole–

Cole41 plots shown in Figure 6. The single arc of the neat PCL

represented relaxation process with a relaxation time distribu-

tion. For PCL5 and PCL10 samples, the Cole–Cole plots were

divided into two parts: A half-baked arc at low viscosities corre-

sponding to the local dynamic of PCL and, a rigid tail at high-

viscosity region, which was indicative of the long-term relaxa-

tion of those restrained PCL chains, respectively. The upturn

between these two parts presented remarkable shift to the high-

viscosity region with an increase in sc-PLA loadings. As the

loading up to 20 wt %, the local relaxation arc of PCL nearly

disappeared, indicating that the long-term relaxation of those

restrained PCL chains became the dominant one in the whole

relaxation behaviors of the PCL composites. This also confirmed

that the mesostructure of percolation network forms at present

sc-PLA loading, and the long-range motion of PCL chains were

highly restrained consequently. Very similar linear viscoelasticity

behaviors of PLA/silica and PCL/silica nanocomposites were

also observed in previous works.9,20

Figure 5. Han plots of dynamic storage modulus (G0) versus dynamic loss

modulus (G") at 100�C for neat PCL and its composites. [Color figure can

be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 4. (a) Dynamic storage modulus (G0) and (b) complex viscosity

(g*) for neat PCL and its composites at 100�C obtained in dynamic fre-

quency sweep. [Color figure can be viewed in the online issue, which is

available at wileyonlinelibrary.com.]

Figure 6. Cole–Cole plots of imaginary viscosity (g") versus real viscosity

(g0) for neat PCL and its composites at 100�C. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Dynamic Mechanical Analysis

Results of DMA carried out over a range of temperatures at a

constant frequency of 1 Hz were shown in Figure 7. It was

clear from storage modulus (E0) versus temperature curves

[Figure 7(a)] that E0 of the composites was higher than that of

neat PCL throughout the temperature range from 280 to 0�C.

Moreover, E0 increased with increasing sc-PLA content at the

same temperature, indicating that the sc-PLA had strong influ-

ence on the elastic properties of the PCL matrix. For all the

samples, the E0 decreased sharply in the range of 250 to 230�C

due to the glass transition of PCL. Below the glass transition

temperature (Tg), the enhancement of E0 was slight in the PCL

composites, while above Tg, the enhancement of E0 was signifi-

cant. The measured E0 values at 275�C and 0�C were given in

Table II. At 275�C, the E0 was increased from 3331 MPa for

neat PCL to 3607 MPa for the composite with 30% sc-PLA.

Only an increase of 8% was obtained as compared with that of

the neat PCL. While at 0�C, the E0 was increased from 535 MPa

for neat PCL to 1104 MPa for the composite with 30% sc-PLA.

A significant increase in E0 was 106% for the composites as

compared to that of the neat PCL, indicating that the sc-PLA

was an effective reinforcing agent for PCL. The increase in E0 of

PCL/sc-PLA composites could be attributed to the high stiffness

of the sc-PLA, which introduced rigid interface into the compo-

sites. This provided better stress transfer ability and increase in

E0 of the PCL matrix.42 Moreover, above Tg, when materials

became soft, reinforcement effect of the sc-PLA becomed prom-

inent and hence strong enhancement of modulus appeared.43

Figure 7(b) delineated the variations of tand as a function of

temperature. Tg was obtained from the tand peak temperature.

Figure 7. Temperature dependence of (a) storage modulus (E0) and (b)

tand for neat PCL and its composites. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]

Table II. Storage Modulus Values of Neat PCL and Its Composites at

Different Temperatures

Samples
Storage modulus
at 275�C (MPa)

Storage modulus
at 0�C (MPa)

Neat PCL 3331 535

PCL5 3493 627

PCL10 3558 725

PCL20 3441 885

PCL30 3607 1104

Figure 8. (a) Tensile stress–strain curves of neat PCL and its composites

with different compositions: (b) gives details of tensile stress at low strain

of (a). [Color figure can be viewed in the online issue, which is available

at wileyonlinelibrary.com.]
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As shown in Figure 7(b), the Tg values of PCL decreased slightly

compared with the neat PCL at low sc-PLA loading. However,

with an increase in sc-PLA loadings, the Tg values were hardly

changed, which has been ascribed to the unrestricted segmental

motions at the interface between PCL and sc-PLA.

Static Mechanical Properties

The effects of blending with sc-PLA on the static mechanical

properties of PCL were investigated by tensile tests. Typical

stress–strain curves of neat PCL and its composites were shown

in Figure 8, and the detailed data of the mechanical properties

were summarized and listed in Table III. The neat PCL showed

higher stress and strain at break, almost reached to 56.1 MPa

and 1533%, respectively, but had lower tensile yield strength

and modulus. With the addition of sc-PLA, the tensile yield

strength and modulus increased. The tensile yield strength of

neat PCL was around 14.27 MPa, and the modulus was around

358 MPa. With increasing sc-PLA content, the tensile yield

strength and modulus increased significantly, and for the com-

posite with 30 wt % sc-PLA, the tensile yield strength and mod-

ulus increased to 19.57 and 776 MPa, respectively, which

increased by 31.1 and 116.8%, respectively. This indicated that

PCL was obviously reinforced by the sc-PLA, which was in

accordance with the DMA results. The results of mechanical

properties of both neat PCL and its composites with sc-PLA

also might be influenced by the degree of crystallinity values of

PCL. Therefore, Table IV shows the degree of crystallinity of

PCL component in the composites prepared via the

compression-molded process. From Table IV, it was clear that

Tm and the degree of crystallinity of PCL component slightly

decreased after the addition of sc-PLA, indicating that the rein-

forcement effect of the composites was mainly derived from

sc-PLA. The reinforcement effect of the sc-PLA might be

explained by the fact that the sc-PLA acts as carriers of load

and stress was transferred from the matrix along the sc-PLA

giving rise to effective and uniform stress distribution, resulting

in an increase in tensile yield strength and modulus of the PCL/

sc-PLA composites.44 However, the elongation and strength at

break gradually decreased with increasing the sc-PLA content. It

should be noted that there was a strain-hardening phenomenon

after the yield of the neat PCL due to the orientation of PCL

molecules during tensile tests and the strain-hardening ability

was very strong, which leaded to a high strength at break. As

for the PCL/sc-PLA composites, the strain-hardening capacity

of the composites decreased gradually with the increase of the

sc-PLA. It was because that the presence of sc-PLA in the com-

posites acting as impurity hindered the mobility of the macro-

molecular chains and molecular orientation during tension

thereby contributing to the overall reduction in the elongation

at break and the strain-hardening ability.45 In addition, because

of the discontinuous reinforcement of the sc-PLA and the

immiscible of the PCL and sc-PLA, the stress and strain at

break lowed rapidly. Combined with the results of rheology and

mechanical characterization, the composite with 10 wt % sc-

PLA showed optimal rheology and mechanical property; its ten-

sile yield strength, Young’s modulus, and elongation at break

were 15.35 MPa, 634 MPa, and 895%, respectively.

CONCLUSIONS

Environment-friendly composites of PCL/sc-PLA with different

sc-PLA loadings were prepared by solution casting to investigate

the effects of sc-PLA loadings on the crystallization, viscoelastic-

ity, and mechanical properties of the PCL/sc-PLA composites.

The following conclusions were obtained:

1. The sc-PLA components could not be distinguished from

PCL matrix in ESEM photographs. This might be due to

the good compatibility between PCL and sc-PLA.

2. DSC and WAXD demonstrated the formation of the stereo-

complex in the blends and the addition of sc-PLA did not

alter the crystal structure of PCL.

3. Rheological measurements indicated that the PCL/sc-PLA

composites exhibited evident solid-like response in the low

frequency region and the relaxation time increased consider-

ably as the sc-PLA loadings reached up to 20 wt %. More-

over, at this loading level, the percolated sc-PLA network

Table III. Tensile Properties of Neat PCL and Its Composites

Samples
Modulus
(MPa)

Tensile
strength
(MPa)

Elongation
at break (%)

Yield
Strength
(MPa)

Neat PCL 358 6 18 56.1 6 1.3 1533 6 67 14.27 6 0.31

PCL5 564 6 51 45.1 6 5.6 1233 6 167 14.16 6 0.14

PCL10 634 6 13 32.7 6 6 895 6 205 15.35 6 0.35

PCL20 696 6 41 29.6 6 0.8 635 6 5 18.15 6 0.17

PCL30 776 6 13 27.2 6 1.5 490 6 40 19.57 6 0.10

Table IV. Thermal and Crystalline Properties of PCL in the Composites

Obtained from the First Heating Traces at a Rate of 10�C/min

Samples Tm (�C) DHm
a (J/g) vc,PCL (%)

Neat PCL 61.0 73.0 51.4

PCL5 60.4 66.5 46.8

PCL10 60.1 65.6 46.2

PCL20 60.0 71.5 50.4

PCL30 60.0 61.7 43.5

a DHm are corrected for the content of PCL in the composites.

ARTICLE WILEYONLINELIBRARY.COM/APP

WWW.MATERIALSVIEWS.COM J. APPL. POLYM. SCI. 2014, DOI: 10.1002/APP.4020840208 (7 of 8)

http://onlinelibrary.wiley.com/
http://www.materialsviews.com/


structures formed and the long-range motion of PCL chains

was highly restrained.

4. DMA showed that E0 of PCL in the composites increased

106% as compared with that of the neat PCL at 0�C. The Tg

values were hardly changed, which has been ascribed to the

unrestricted segmental motions at the interface between PCL

and sc-PLA.

5. Static mechanical properties showed that with the increase

in sc-PLA content, the tensile yield strength, and modulus

of the PCL composites increased significantly, indicating

that significant reinforcement effect was achieved by adding

sc-PLA. However, the elongation and strength at break

decreased with the increase of the sc-PLA due to the hin-

dered mobility and orientation of the PCL macromolecular

chains during tension.
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