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Chrysanthemum flower is among one of the highly sought
after and widely planted flower crops, in particular for cul-
tural and religious ceremonies. However, the chrysanthe-
mum stem and stalk have little value and usually discard as
by-product waste from floristry. The objective of this
research is to investigate the potential value of utilizing chry-
santhemum stem and stalk as reinforcing fillers for thermo-
plastic composites. In this study, 2-mm thick composite
sheet containing predefined formulations of polylactic acid
(PLA), chrysanthemumwaste filler (CWF) ranging from 15 to
60 phr, and maleated polyethylene (MAPE) coupling agent
up to 5 phr were prepared with the aid of Haake internal
mixer and compression molding. The effect of MAPE load-
ing on tensile, thermal, and morphological properties of
PLA/CWF composites was investigated. The findings rev-
ealed that PLA/CWF composite attained improved tensile
modulus compared to the neat PLA, and the tensilemodulus
increases with higher concentration of CWF. However, both
tensile strength and elongation at break reduces with
increase loading of CWF. Overall, PLA/CWF composites
with MAPE shows better performance compared to those
without MAPE, where an optimum strength of 21.8 MPa can
be achievedwith 60 phr CWand 3 phrMAPE. Themeasured
tensile strength is comparable to alternatives natural fiber
thermoplastic composites demonstrating its potential to be

used in non-structurally demanding application. J. VINYL
ADDIT. TECHNOL., 2019.© 2019Society of PlasticsEngineers

INTRODUCTION

Over the past two decades, the increase of ecological
awareness and alarming depletion in finite resources such as
petroleum has led to an upsurge in demand for eco-friendly
bio-based polymer composites that offers strong credential in
sustainability, biodegradability, and industrial ecology [1,2].
Company such as Tecnaro (Germany) has been actively
research on the development of bio-based plastics and natu-
ral fillers over the past 15 years [3]. Most of these natural
fillers loaded bio-based composites are particularly suit for
non-structural applications, which demand for high stiffness
with acceptable mechanical strength [4,7]. In this respect,
agricultural by products such as rice husk, coconut shell, and
wood flour have been widely researched and incorporated
into polylactic acid (PLA) to produce bio-based compos-
ites [5,6].

Chrysanthemum indicum, also known as chrysanthemum
flower, is an important crop growsworldwide [8]. The chrysan-
themum flower is an important source of herb in traditional
Chinese medicine, and it is also widely used in cultural and
religious ceremonies. In Malaysia, chrysanthemum flower is
popularly planted in Cameron Highland, Pahang. It has been
estimated that every meter square of chrysanthemum farm gen-
erated an average 15 g of dried chrysanthemum plant, which
consists of 28% leave, 37% stem, 16% stalk, and 19% flower.
Although the chrysanthemum flowers are highly valuable and
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sought after, their leave, stem, and stalk however are discarded
as agricultural waste and often ended up in landfill. In Cameron
Highland alone, the plantation area of chrysanthemum flower
constitutes an approximate 247 ha, which yield a ca. 29.6 met-
ric tonnes of dried chrysanthemum waste over a single harvest
season [9]. Similar to other natural plant, the stem and stalk of
chrysanthemum flower are mainly consisting of lignin, cellu-
lose, and hemicellulose, the compositions which offers great
potential to be used as natural filler in composite materials, and
it is the aim of current research to further explore the
structural–process–properties relationship of bio-based PLA
composite with chrysanthemumwaste as fillers.

The main challenge in compounding PLA resin with natu-
ral filler is the difficulty to achieve homogenous filler disper-
sion and ensure good adhesion between filler–matrix surface
interfaces. This is due to the hydrophilic properties of natural
filler that is rich in hydroxyl functional group. The polarity
variation between filler and polymer matrix results in their
poor adhesion [10]. The lack of interfacial adhesion negatively
affects the mechanical strength of the composites. In the
attempt to address such limitation, maleated co-polymer, such
as maleated polypropylene and polyethylene (MAPE), are
usually used as coupling agent to improve surface adhesion
between filler and matrix. At high processing temperature, the
melted maleated polymer is reactive toward hydroxyl groups
of natural filler, that is, the maleic anhydride side group cova-
lently bond to natural filler. At the same time, the polymer
chain attached to filler would high degree of entanglement
with molecular chain of matrix [11,12]. Hence, many litera-
tures have reported significant enhancement in mechanical

properties of PLA/natural filler composites doped with male-
ated co-polymer [13,14].

At present, research related to chrysanthemum waste filled
PLA composites is yet to be reported in any literature. With the
aim to reduce agricultural waste and minimize landfill, the pre-
sent research has been carried out to explore the potential of uti-
lizing chrysanthemum stem and stalk as natural filler to
produce bio-based PLA composites. The effect of chrysanthe-
mum waste filler (CWF) loading and concentration of MAPE
on tensile, thermal, andmorphological properties of PLA/CWF
composites are reported.

METHODOLOGY

Materials

The chrysanthemum waste was retrieved from local floral
retailers around Kuala Lumpur district in Malaysia. The PLA
resin was supplied by TT Biotechnologies Sdn. Bhd., Malaysia.
The MAPE with 0.5 wt% of maleic anhydride was obtained
fromEvergreen Engineering&Resources (Selangor,Malaysia).

Preparation of CWF

The leaves were first removed from chrysanthemum stem
and stalk before chopping into small pieces. The chopped stem
and stalk were dried within a circulated air oven maintained at
70�C and further ground into fine powder using a miniature
mechanical grinder. The grounded CWF was sieved to an
average particle size of 64 μm. Figure 1 shows the process of
preparing filler from chrysanthemumwaste.

FIG. 1. Process of preparing filler from Chrysanthemum filler. [Color figure can be viewed at wileyonlinelibrary.com]
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Preparation of PLA Composites

The PLA pellet and CWF were dried in oven maintained at
70�C for a duration of 4 h before compounding using a Haake
Rheomix (model: 600p, Thermo Fisher Scientific Inc., Wal-
tham, MA). The concentration of PLA, CWF, and MAPE
were prepared in according to the material formulations listed
in Table 1. The compounding was conducted with mixing
temperature maintained at 180�C and rotor speed of 80 rpm.
The total compounding time was 10 min. The compounded
mixture was compression molded at 180�C to produce
150 mm × 150 mm sheet having a thickness of 2 mm. The
molding sequences are: (i) preheat the compound for 4 min,
(ii) completely compressed the compound at 100 kPa for
1 min, and (iii) cool the sample under similar pressure until the
temperature dropped below 40�C. The molded composite
sheet was stamped into tensile bar with dimension in accor-
dance to ASTMD638 standard, type IV.

Testing and Analysis

The tensile test was carried out using Instron universal test-
ing machine (model 5596, Norwood, MA) in accordance to
ASTM D638 standard. Load cell with capacity of 15 kN was
used and crosshead speed was set at 5 mm/min. A minimum
of seven specimens were tested for each formulation.

The fracture tensile specimens of PLA/CWF composites
with different MAPE content were analyzed using FEI Quanta
400F Field Emission Scanning Electron Microscope (FESEM,
Thermo Fisher Scientific Inc). The specimens were sputter

coated with an ultra-thin layer of palladium to prevent charg-
ing. The acceleration voltage was set at 10 keV.

A Pyris Diamond TGA (brand: PerkinElmer) was used to
measure the specimen weight loss against temperature change.
Tiny pieces of the specimen weighting 7 � 2 mg was placed
into an opened ceramic pan and heated from 30 to 600�C at
the heating rate of 10�C/min. The testing was conducted e
under nitrogen atmosphere where the nitrogen gas flow rate
was supplied at 20 mL/min.

RESULT AND DISCUSSION

Tensile Properties

Figure 2b depicts tensile strength and modulus of PLA/CWF
composites with 60 phr of filler and varying content of MAPE.
The results show that tensile strength and modulus of the com-
posites increased when the MAPE content increases from 1 to
3 phr. However, further increases in the MAPE content beyond
3 phr caused the tensile strength and modulus of composites to
decrease. The optimummechanical properties observed at 3 phr
of MAPE can be assigned to the establishment of chemical
bonding between MAPE chains and CWF surface, whereby the
maleic anhydride can trigger reaction with hydroxyl group of
the filler through cyclic anhydride ring opening reaction and
homolytic chain scission on the chrysanthemum OH bond to
yield chrysanthemum O˙ and H˙ radicals. This is followed by
the addition of chrysanthemum-O˙ radical to the carbon atom at
one of the carbonyls (C O) group and the addition of H˙ radical
to the adjacent O atom at the ring opening site. However, the
main chain PE established entanglement with the PLA chain to
yield an enhanced interfacial bonding between filler and matrix,
as illustrated in Fig. 3a. The improved interfacial bonding
reflected in the enhancement in the tensile strength and modulus
of the composites. In contrast, MAPE content beyond 3 phr
resulted in the CWF surface being fully bonded with MAPE,
and the excess MAPE might intercalate in between PLA matrix
and MAPE chains that were bonded to CWF, as shows in
Fig. 3b. This excess MAPE could attribute to poor interfacial
bonding between CWF and PLAmatrix, leading to the decrease
in tensile strength and modulus. In addition, the elongation at

TABLE 1. Formulation of PLA/CWF composites with and without
MAPE.

Samples PLA (phr) CF (phr) MAPE (phr)

PLA/CWF composites
without MAPE

100 15, 30, 45, 60 —

PLA/CWF composites
with MAPE

100 60 1, 3, 5

PLA/CWF composites
with MAPE

100 15, 30, 45, 60 3

FIG. 2. (a) Tensile strength and tensile modulus, (b) elongation at break of PLA/CWF composites with 60 phr of filler content and different MAPE content.
[Color figure can be viewed at wileyonlinelibrary.com]
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break of PLA/CWF composites decreased, whereas the MAPE
content increases from 1 to 3 phr. However, the elongation at
break increased with 5 phr of MAPE. As discussed earlier, the
MAPE might form entanglement with PLA chain to achieve
strong interfacial bonding. Thus, the presence of MAPE
restricted the chain mobility of PLA. However, the presence of
excess MAPE might led to a plasticizing effect to the compos-
ites. Bledzki et al. [15] and Chun et al. [16] also reported that the
addition of maleated co-polymer had coupling effect on com-
posites, but if the concentration exceeds a threshold, it might lead
to of the drop in strength and act as a plasticizer.

Figure 4a and b displayed the tensile strength and modu-
lus of PLA/CWF composites with and without 3 phr of

MAPE at different filler content. It can be observed that the
tensile strength and modulus of both composites decreased
with increases in filler content. As the prepared CWF was in
fine powder form, thus it is not expected that the filler con-
tributes to improvement in mechanical strength and modulus
of the composite. This is because irregular shaped and par-
ticulate filler has weak load carrying capacity. The result
shows that composites with 3 phr of MAPE achieved greater
tensile strength and modulus of approximately 22% and 7%,
respectively, compared to composites without MAPE. The
CWF consist of hydrophilic hydroxyl group which is not
compatible with hydrophobic PLA matrix, leading to poor
interfacial adhesion. For this reason, addition of MAPE

FIG. 3. Proposed schematic reaction for PLA/CWF composites with (a) adequate and (b) excess MAPE. [Color figure can be viewed at
wileyonlinelibrary.com]

FIG. 4. (a) Tensile strength, (b) tensile modulus, and (c) elongation at break of neat PLA and PLA/CWF composites with and without MAPE. [Color fig-
ure can be viewed at wileyonlinelibrary.com]
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acting as a coupling agent between the two incompatible
phases is necessary to improve the mechanical properties of
composites. Figure 4c illustrates the elongation at break of
PLA/CWF composites with and without 3 phr of MAPE at
different filler content. The addition of CWF led to a more
brittle composite. At level up to the threshold loading of
3 phr MAPE, the additional of CWF tend to restrict chain
mobility of the PLA. Hence, the PLA/CWF composites with
more filler content exhibit greater brittleness with lower
elongation at break. The elongation at break of PLA/CWF
composites has approximately 15% reduced when added
with 3 phr of MAPE. This is the main drawback of adding
coupling agent, where enhancement in the interfacial bond-
ing was achieved at the expenses of reduction in the chain
mobility of PLA matrix, resulting in composites with reduce
toughness. It has been reported in other research works that
the addition of maleated coupling agent would likely to
improve the strength and modulus of PLA composites with
different natural filler. However, the composites loss its duc-
tility [17].

The study on interfacial bonding related to coupling agent
can be further explained using mathematical model (Eq. 1)
developed by Pukánsky [18]. This model take into account
three major factors that influenced the tensile strength of com-
posites, such as (i) the strain hardening exponent of polymer
matrix, n, (ii) the effect of the reduced load bearing over cross-
section of matrix due to the chance in filler ratio, expressed as
(1 − ϕ)/(1 + 2.5ϕ), and (iii) exponential of (B ϕ) is defined as
interfacial bonding between filler and matrix [19,20].

σT = σToλ
n 1−;
1 + 2:5;

� �
eB; ð1Þ

The σT and σTo are defined as the true tensile strength
of the composite and polymer matrix, respectively. The σT
also similar to σ(1 − λ), where σ is the measured engineer-
ing tensile strength and λ is relative elongation, that is, L,
length at failure point / Lo, original length. The filler ratio
is labeled as ϕ, whereas B is a material parameter rep-
resenting the load bearing capacity of filler corresponding
to the effect of interfacial bonding.

Equation 1 can be rewritten into a linear form as in Eq.
2 to produce a representation relating the “reduced tensile
strength, σred” for composite with fillers.

ln
σT
λn

1 + 2:5;
1−;

� �
= lnσTo +B;� lnσred ð2Þ

A plot of the ln (reduced tensile strength) of PLA/CWF
composites with and without 3 phr of MAPE against filler frac-
tion are showed in Fig. 5. A straight linear correlation of both
composites was observed. The effect of interfacial bonding due
to addition of MAPE can be determined using parameter B,
which is equivalent to the gradient in Fig. 5. The gradient, B, of
PLA/CWF composites without MAPEwas 0.6052. After addi-
tion of 3 phr of MAPE, the gradient increased to 0.9159. This
indicated that addition ofMAPE enhanced the interfacial bond-
ing between PLAmatrix and CWF.

Morphological Properties

The SEM micrographs taken at fracture surface of tensile
specimen of PLA/CWF composites with 60 phr of filler con-
tent and various MAPE loading are depicted in Fig. 6a–d.
Figure 6a revealed the present of void due to filler pull-out,
indicating poor interfacial bonding between PLA matrix and
CWF. Figure 6b shows most of the fillers were remain embed-
ded within the PLAmatrix, but there are small number of void
due to filler pull-out still can be observed. Figure 6c showed
that majority of the fillers remain embedded within the PLA
matrix and some of the fillers are well coated by the matrix.
This observation is in good agreement with the measured
improvement in tensile strength and modulus of the compos-
ite, signified increase in interfacial bonding between PLA and
CWF when MAPE loading increases from 1 to 3 phr. At the
optimum loading of 3 phr MAPE, a large proportion of the
fillers were well bonded within the PLA matrix. With further
increase in MAPE loading to 5 phr, it can be observed in
Fig. 6d that there are numerous detached fillers and void
within the composite, left behind by fillers put out and provide
evidence of the poor adhesion between CWF and PLA matrix
with excessiveMAPE.

Thermal Properties

Figure 7 shows the TGA curves of neat PLA, neat
MAPE, CWF, and PLA/CWF composite at predefined
filler content. The data extracted from the TGA analysis
are tabulated in Table 2. The result revealed that CWF had
lower thermal stability compared neat PLA and MAPE.
The CWF exhibited much higher weight loss at tempera-
ture approaching 200�C. This can be attributed to the
weight loss of the hemicellulose, moisture, and volatile
compound from CWF. When the temperature further raised
up to 400�C, CWF experienced the highest weight loss due
to thermal degradation of lignin and cellulose, as the degra-
dation temperature of these components range from 350 to
450�C [21]. At 600�C, most of the CWF had undergone
thermal degradation and yield an approximately 14.9 wt%

FIG. 5. ln reduced tensile strength against filler ratio of PLA/CWF com-
posites with and without MAPE. [Color figure can be viewed at
wileyonlinelibrary.com]
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of char. The CWF has highest amount of carbonaceous
char residue due to its rich composition of cellulose and
lignin. Table 2 demonstrated that the neat MAPE possessed
better thermal stability compared to neat PLA, although the
MAPE shows slightly higher weight loss at 200�C, its
major weight loss took place at temperature above 400�C.
The degradation of MAPE yields about 1.7% of char resi-
due, and it is higher compared to neat PLA.

At temperature approaching 200�C, the weight loss of PLA/
CWF composites increased with the increases in filler content.
In addition, the PLA/CWF composites displayed higher weight
loss at 200�C compared to the neat PLA. This could be due
to the weight loss of volatile compound and hemicellulose
from CWF which have lower thermal stability. At 400�C, the
PLA/CWF composites exhibited lower weight loss compared
to neat PLA. This suggested that the char produced from degra-
dation of lignin and cellulose could have provided a layer of
thermal shielding on the composites. Hence, the thermal degra-
dation process of the composites was delayed. Other researchers
also found that PLA composites with different natural filler
undergoes earlier thermal degradation but exhibited a better ther-
mal stability at higher temperature due to the effect of char for-
mation [6,22]. The TGA curves of PLA/CWF composites with
60 phr of filler loading and variousMAPE content are illustrated
in Fig. 8. At temperature ranging from 200 to 600�C, the weight
loss of PLA/CWF composites reduced with increases MAPE
content. As discussed before, MAPE exhibited highest thermal
stability among the samples. The addition of MAPE generated a
surface coat on the CWF and protect it from thermal degrada-
tion. Hence, increases loading of MAPE significantly reduced
the effect of premature thermal degradation cause by CWF and
enhanced the thermal stability of the composites. Similar obser-
vation was reported by Kim et al [17], where they found the
addition of maleated co-polymer led to better thermal stability
on PLA/natural filler composites.

FIG. 6. SEM micrographs of PLA/CWF composite (60 phr of filler) (a) without MAPE, and with (b) 1 phr, (c) 3 phr, (d) 5 phr of MAPE. [Color figure
can be viewed at wileyonlinelibrary.com]

FIG. 7. TGA curves neat PLA, near MAPE, CWF, and PLA/CWF com-
posites with 30 and 60 phr of filler content. [Color figure can be viewed at
wileyonlinelibrary.com]
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CONCLUSIONS

The neat PLA have higher tensile strength and elongation at
break, but lower tensile modulus compared to PLA/CWF com-
posites. Higher loading of CWF reduced the tensile strength and
elongation at break of PLA/CWF composites. However, the
tensile modulus of the composites increased. The PLA/CWF
composites experienced earlier thermal degradation due to pre-
mature thermal degradation caused by volatile compound and
hemicellulose in the CWF. At 400�C, PLA/CWF composites
with higherfiller content exhibited better thermal stability, which
could be attributed to the effect of thermal shielding from char
formation. Optimum tensile properties of the PLA/CWF com-
posites was established with 3 phr of MAPE loading, where a
threshold was observed. Further increase in MAPE content led
to reduction in the tensile strength and modulus of composites,
but it’s elongation at break was slightly increased. The PLA/
CWF composites consisting 60 phr of CWF and 3 phr MAPE
achieved highest tensile strength of 21.8 MPa and tensile modu-
lus of 3.6 GPa. The TGA results show addition of MAPE
improved the thermal stability of PLA/CWF composites.

Overall, the PLA/CWF composites demonstrated its good
potential to be used in non-structural applications if the ductility
of composites can be further improved.
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