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Abstract. A new compatibilizer, maleic anhydride-grafted poly(lactic acid) (PLA-g-AMS/MAH), was synthesized for microcrystalline cellulose (MCC)/poly(lactic acid) (PLA) composites. PLA-g-AMS/MAH copolymer was prepared by freeradical melt grafting using α-Methylstyrene as a co-monomer and dicumyl peroxide (DCP) as a free-radical initiator. The
molecular structure of the prepared PLA-g-AMS/MAH was characterized by Fourier transform infrared spectroscopy (FTIR),
and the grafting degree (Dg) of PLA-g-AMS/MAH was studied by acid-alkali titration. The effects of the Dg of PLA-gAMS/MAH on the rheological and mechanical properties of MCC/PLA composites were investigated. The results showed
that MAH was successfully grafted onto PLA molecular chains and the Dg of PLA-g-AMS/MAH was dramatically higher
than the Dg of PLA-g-MAH. At an AMS/MAH ratio of 2:1, the Dg value of the graft copolymer reached maximum. Additionally, the storage modulus, complex viscosity, equilibrium torque, and shear heat of the MCC/PLA composite melts increased with increased Dg of PLA-g-AMS/MAH. The mechanical properties of the MCC/PLA composites also were significantly improved after the addition of PLA-g-AMS/MAH copolymer.
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1. Introduction
With decreasing petroleum resources and increasing
solid plastic waste, there is an increased need for the
development of environmentally-friendly, biodegradable materials [1–3]. Biodegradable polymers have
received extensive attention, with extensive study of
aliphatic polyesters, such as polylactic acid (PLA),
grafting poly(3-hydroxybutyrate-co-3-hydroxyvalerate), and poly-β-hydroxybutyrate (PHB) [4–6]. PLA
is a fully biodegradable thermoplastic polymer that is
produced by the fermentation of maize, wheat, straw,
or other plant resources followed by posterior ringopening polymerization [7, 8]. PLA offers several
*
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advantages, such as high strength, high stiffness, and
biocompatibility, allowing its widespread use in textiles, packaging, and medical and automotive fields
[9–13]. However, PLA has several drawbacks that
limit its application, including high brittleness, relatively high price, and processing instability [14].
As a strategy to improve the defects of PLA and decrease costs, these materials have been mixed with
low-cost natural fibers and other natural materials,
such as microcrystalline cellulose (MCC) [15, 16],
starch [17], protein [18], and cellulose nanospheres
[19]. MCC is easily obtained from lignocellulose and
is the product of natural cellulose hydrolyzed by dilute
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acid to its leveling-off degree of polymerization
(LODP), with a particle size of about 20 to 80 μm
[15, 16, 20]. MCC has advantages of small size,
good fluidity, high modulus, high strength, and good
degradability, allowing its potential use in composite
reinforcement [21, 22] to reduce total costs and enhance the mechanical properties of the materials.
The surface of MCC contains hydroxyl groups
(–OH), resulting in superior wettability and higher
reactivity of this material. However, due to the hydrophilicity of MCC and the hydrophobicity of PLA,
when MCC is combined with PLA, the difference
between these two materials may result in poor interface adhesion and agglomeration of MCC particles [23, 24]. Therefore, the improvement of the interfacial compatibility between the reinforcing material and the matrix is essential to enhance the properties of MCC/PLA composites. Many methods have
been used for the modification of PLA, including
silane modification [25], mercerization [26], alkali
treatment [27], and acetylation [28]. Nevertheless,
the addition of compatibilizers has significant effects
on the interfacial compatibility of composites [29].
Some researchers demonstrated that polyethylene
glycol compatibilizer significantly improved mechanical properties of CNC/PLA composites and
dispersion of cellulose nanocrystals (CNC) in PLA
matrix [30].
A polar unit can be grafted on the resin macromolecular chain by melt graft copolymerization to obtain
a compatibilizer which can effectively improve the
interfacial compatibility of PLA composites. Maleic
anhydride (MAH)-grafted PLA is a good compatibilizer in PLA blends with starch, clay, and natural
fiber [31–33]. The Dg and molecular weight of MAHgrafted PLA determine the compatibilizing effect of
these materials [34]. However, the Dg of MA-grafted
PLA is usually low because MA has low reactivity
toward PLA macroradicals [35]. Therefore, in order
to obtain higher Dg, the reactivity of PLA molecules
with MA monomers must be increased. The addition
of co-monomers, such as styrene (St), AMS, and divinylbezene (DVB), can increase the activity of
MAH and enhance the Dg and also inhibit the degradation of the polymer [36, 37].
AMS is a good electro-donating monomer, and can
interact with MAH through charge transfer complexes or can copolymerize with MAH under certain
conditions [37]. In this study, to solve the problem
of poor compatibility between MCC and PLA, we
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synthesized a new copolymer, AMS-assisted MAH
grafted onto PLA (PLA-g-AMS/MAH), as a compatibilizer of the MCC/PLA system. The effects of PLAg-AMS/MAH with different Dg values on the mechanical properties, morphology, and the rheological
properties of prepared MCC/PLA composites were
comprehensively studied. The results of this work will
assist future efforts to improve the selection of a
compatibilizer for specific applications of composite
materials and optimize compatibilizer function for
composite materials processing.

2. Materials and methods
2.1. Materials
PLA 3001D from Nature Works (USA) was used
(ρ = 1.24 g/cm3, Mw = 72 000 g/mol, MFR =
13.6 g/10 min, 5 $/kg). MCC (SH-105, with 30–
50 μm particle size, 2 $/kg) was supplied by Anhui
Sunhere Pharmaceutical Excipients Co. Ltd., China.
MAH, acetone, tetrahydrofuran, chloroform, and
ethanol were purchased from Tianjin Guangfu Fine
Chemical Co. Ltd, China. AMS and DCP of analytical grade were procured from Shanghai Aladdin
Biochemical Technology Co. Ltd. and Shanghai
Macklin Biochemical Co., Ltd., respectively.

2.2. Preparation of samples
2.2.1. PLA-g-AMS/MAH
MAH, AMS, and DCP were dissolved at different
proportions in an appropriate amount of acetone (see
Table 1) and then sprayed onto the surface of PLA
pellets to obtain a uniform distribution of chemicals
in the mixtures. The mixtures were then melt-blended to obtain PLA-g-AMS/MAH using a torque
rheometer (HAAKE PolyLab OS, Thermo Electron,
Karlsruhe, Germany) at 180 °C and a fixed speed of
50 r/min for 8 min. After cooling, granulation, and
drying, the graft copolymers were ready for use. For
Table 1. Composition of PLA-g-AMS/MAH samples.
Samples
code

Formulation
PLA

MAH

AMS

DCP

Grafting
temperature
[°C]

P

100

0

0

0

180

PA0

100

4.5

0

0.45

180

PA1

100

4.5

2.25

0.45

180

PA2

100

4.5

4.50

0.45

180

PA4

100

4.5

9.00

0.45

180

PA8

100

4.5

18.00

0.45

180

Note: formulations presented in Table 1 are expressed as weight
parts.
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graft copolymers were then characterized using an
FTIR spectrometer (Thermo Nicolet 6700, Thermofisher, Waltham, MAH, USA). The FTIR spectra were
recorded in the range of 600~4000 cm–1. The attenuated total reflection (ATR)-FTIR method was used
for the FTIR characterization.

comparison, un-modified PLA and PLA-g-MAH
were processed under the same conditions.
2.2.2. Preparation of MCC/PLA composites
MCC was dried for 12 h at 103 °C, and PLA was
dried for 12 h at 50 °C in a vacuum oven before composite fabrication. The MCC, PLA-g-AMS/MAH,
and PLA resin were premixed in a high-speed blender
(SHR-10A, Tonghe Zhangjiagang Machinery,
Zhangjiagang, China) at room temperature for
10 min. Then, the mixtures were transferred to a
twin-screw extruder (L/D = 36, throughput of 4 kg/h,
SJSH-30, Nanjing Jiangsu Machinery, Nanjing,
China). The temperature of the extruder barrel was
set at 155/160/170/180/180/170/165 °C (from the
feeder zone to the die), and the rotation speed was set
to 30 rpm. Extrudate pellets were molded into composite sheets in a plastic compression molding press
(SL-6, Harbin Special Plastic Products, Harbin,
China) at 180 °C at a constant pressure of 10 MPa.
The pressed MCC/PLA composite samples were then
cut into standard specimens by bench saw (XJ-300,
Harbin Special Plastic Products, Harbin, China) for
subsequent testing. The compositions of the various
MCC/PLA composites were determined and are presented in Table 2.

2.3.2. Acid–alkali titration
The Dg of purified PLA-g-AMS/MAH was measured by acid-alkali titration. First, the purified sample with a mass of W [g] was dissolved in tetrahydrofuran, and then 0.05 mol/L NaOH-ethanol standardized solution was added, and the mixture was reflux
heated for 0.5 h at 65 °C. The appropriate end of titration was judged by using thymol blue as an indicator.
The prepared solution was titrated with 0.05 mol/L
HCl-ethanol standardized solution while still hot,
and the consumed HCl volume V [mL] was recorded. The grafting degree (Dg) of the MAH was obtained via Equation (1):
Dg =

2.3. Characterization
2.3.1. Fourier transform infrared (FTIR)
spectroscopy
In the experiment, approximately 3 g of the processed
PLA-g-AMS/MAH sample was dissolved in 150 mL
chloroform using reflux, followed by precipitation
in excessive ethanol after cooling. The precipitates
were filtered out and then washed three times with
fresh ethanol to remove unreacted monomers, and
then dried in a vacuum oven at 50 °C for 12 h. The
Table 2. Composition of various MCC/PLA composites.
MCC
[% mass]

PC

80

20

P

3

PCA0

80

20

PA0

3

PCA1

80

20

PA1

3

PCA2

80

20

PA2

3

PCA4

80

20

PA4

3

PCA8

80

20

PA8

3

Sample
code

(1)

where C is the HCl concentration of 0.05 mol/L, V0 is
the volume of HCl consumed by the neat PLA [mL],
V is the volume of HCl consumed by the PLA-gAMS/MAH [mL], and W is the weight of each sample [g].
2.3.3. Melt flow rate
Melt flow rate (MFR) measurements were performed
on a tester (ZRZ1452, MTS Systems Co, LTD) at
190 °C with a load of 2.16 kg, according to the
ASTMD1238 standard. The MFR of the sample was
obtained via Equation (2):
MFI =

600M
t

(2)

where M is the extrudate weight in grams, and t is
the test time in seconds

PLA-g-AMS/MAH

PLA
[% mass]

Sample

98.06C RV0 - V1 W
2 $ 1000W

Mass
[%]

2.3.4. Rotational rheometry
A rotational rheometer (AR2000ex, TA Instruments,
New Castle, DE, USA) was used to evaluate the dynamic rheological properties of the MCC/PLA composites. Diameter of 25 mm and ETC parallel plate
geometry were selected for the test, with the following parameters: gap = 2000 µm, temperature =
180 °C, strain = 0.1% (within the linear viscoelastic
region), and frequency range of 628.3~0.06283 rad/s.

Notes: Formulations are expressed as weight parts. Addition of
PLA-g-AMS/MAH equal to 3% of the weight of the MCC
and PLA.
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Three replicates were performed for each formulation.
2.3.5. Torque rheometry
Extruded MCC/PLA pellets were tested using a
torque rheometer (HAAKE PolyLab OS, Thermo
Electron, Karlsruhe, Germany) with roller rotors.
The testing temperature was 180 °C, and the rotor
speed was 50 r/min for 10 min with a constant filling
degree of 75%. The average values of the torque and
temperature during the last 2 min of the test were
considered the equilibrium torque and temperature
values of the sample.
Figure 1. FTIR spectra of pure PLA, PLA-g-MAH, and
PLA-g-MAH/AMS.

2.3.6. Mechanical property tests
The tensile and flexural properties of the composites
were evaluated following ASTM D638-2014 and
ASTM D790-2010, respectively, on an electronic
universal mechanical testing machine (CMT5504;
MTS Systems, Shenzhen, China) at a crosshead
speed of 5 mm/min. The Charpy impact property of
the composites was tested using an impact-testing
machine (XJ-50G, Chengde Dahua Testing Machine,
Chengde, China) according to GB/T 1043.1-2008.
The measurements were performed under ambient
conditions and relative humidity of approximately
50%. Eight replicate specimens of each sample were
tested.

grafting of MAH onto PLA [39]. It can be clearly
seen from the data presented in Figure 1 that with
addition of AMS, the absorption peak area of the
C=O at 1860 cm–1 was slightly increased, indicating
increased grafting of MAH onto the PLA chains.
A new absorption peak appeared at 710 cm–1, which
belonged to the asymmetric stretching vibration of
the AMS characteristic phenyl group [40, 41]. Importantly, the peak at 1630 cm–1 of carbon-carbon
double bond (C=C) stretching vibration was not observed, which confirmed the absence of unreacted
MAH and AMS monomers in the purified samples.
In conclusion, these results indicated the successful
grafting of co-monomer AMS on PLA molecular
chains to form the PLA-g-AMS/MAH copolymer.

2.3.7. Scanning electron microscopy (SEM)
The fracture surface of the MCC/PLA composites
were sputter-coated with gold and then observed
using a scanning electron microscope (Quanta 200,
FEI, Hillsboro, OR, USA) at an acceleration voltage
of 15 kV.

3.2. Dg analysis
As shown in Figure 2, the addition of AMS comonomer markedly increased the Dg of the MAH,
and the Dg gradually increased with the increase of

3. Results and discussion
3.1. FTIR analysis
The FTIR spectra of pure PLA, PLA-g-MAH, and
PLA-g-MAH/AMS samples were determined and are
shown in Figure 1. There was a sharp absorption peak
at 1750 cm–1, which was related to the asymmetric
stretching vibration of the carbonyl (C=O) [38].
Compared with the FTIR data for the neat PLA, the
C=O peak intensity of grafted copolymers was obviously enhanced because of the superposition of C=O
present in PLA and MAH [38]. Another C=O absorption peak of MAH was observed at 1860 cm–1, which
was due to the vibrational coupling of the carbonyl
functional group in MAH, indicating the successful

Figure 2. The effects of different AMS/MAH weight ratios
on the grafting degree (Dg) of the MAH.
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fewer MAH monomers onto the PLA backbone for
decreased Dg of MAH [36, 37, 40].

Figure 3. Possible mechanism for melt grafting of MAH
onto PLA with AMS as the co-monomer.

AMS/MAH weight ratio. When the weight ratio was
2:1, the Dg of MAH reached the maximum value of
1.56 wt%, an approximate 264% increase compared
to the material lacking AMS. However, the Dg of
MAH decreased dramatically with further ratio increase, indicating that there is an optimal ratio between MAH and AMS. In this experiment, this ratio
of AMS/MAH was 2:1, and this result may be related to the grafting mechanism. The possible mechanism of the grafting reaction is shown in Figure 3.
Due to structural symmetry and low electron density
around the –CH=CH– bond, MAH has low reactivity
toward macroradicals, resulting in low Dg of MAH on
the PLA chain. AMS is an electron-donating monomer and can interact with MAH to form a chargetransfer complex (CTC) that enhances the electric
asymmetry on the –CH=CH– bond of MAH, causing
high reactivity [36, 41]. In the case of m(AMS):
m(MAH) < 2:1, with increased AMS content, more
CTC may be formed and AMS can form AMS-coMAH•(SMA) that can react with macroradicals
(PLA•), leading to a notable increase in Dg. MAH is
then grafted onto the PLA main chain by MAH monomer(MA•) and SMA. For m(AMS):m(MAH) > 2:1,
the presence of additional AMS would produce SMA
that would be terminated with free radicals such as
AMS•, MAH•, or a separate SMA. However, the addition of excess AMS would consume PLA macroradicals and generate AMS macroradicals (PLA-gAMS•) with lower reactivity toward SMA macroradicals than that of PLA•, resulting in the grafting of
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3.3. MFR analysis
The influence of various AMS/MAH ratios on the
MFR of the different copolymers was determined
and is displayed in Table 3. The MFR reflects the
melt flow characteristics and molecular weight of
materials. The occurrence of free-radical melt grafting led to the reduction of MFR values of the PLA
copolymers. Additionally, the presence of AMS also
caused a decrease of MFR. Consistent with the Dg
results, the lowest MFR value was 11.4 g/10 min,
which occurred at the weight ratio of 2:1. This suggested an increase of the PLA molecular weight and
decrease of the PLA melt flowability. Because the
addition of AMS can form SMA and then graft onto
the PLA chain, the greater the addition of AMS into
the grafting system correlated with the formation of
more branched chains and decreased MFR of the
grafted samples. Nevertheless, the MFR did not decrease consistently, because excessive AMS results
in the preferential grafting of AMS onto the PLA
backbone, hindering the grafting of SMA and reducing the molecular weight of the copolymer, resulting
in a higher MFR value [37].
3.4. Dynamic rheological properties
The changes of storage modulus (G') and complex
viscosity (η*) versus frequency were next investigated, as shown in Figure 4. Figure 4a shows that the
G' of MCC/PLA composites increased with increasing frequency. The introduction of graft copolymers
as compatibilizers, the G' of MCC/PLA composites
increased significantly, reflecting improved melt
elasticity, which means improvement of rigid and
processing rheological property of MCC/PLA composites.
Table 3. Melt flow rate of PLA and grafted copolymer.
Sample

MFR
[g/(10 min)]

P

20.14±1.10

PA0

19.33±0.99

PA1

16.66±0.59

PA2

15.34±0.92

PA4

11.40±1.32

PA8

17.50±1.03

Note: P reflect PLA which process by torque rheometer. The MFR
of orginal PLA is 13.6 g/10 min.
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Figure 4. Dynamic rheological properties of MCC/PLA composites with different PLA-g-AMS/MAH: (a) storage modulus
versus frequency and (b) complex viscosity versus frequency.

A comparison of the effects of PLA-g-AMS/MAH
with different Dg on the composites revealed that the
higher the Dg of the compatibilizer, the greater the G′
values of the composites. Therefore, the PCA4 samples, containing PA4 with Dg = 1.56 wt%, exhibited
the highest G′ value, indicating enhanced interaction
and improved compatibility between MCC and PLA.
As shown in Figure 4b, the η* of the MCC/PLA composite melt presented a decreasing trend with increasing frequency, consistent with the shear-thinning behavior of pseudoplastic fluid. With the addition of compatibilizer, the η* of MCC/PLA composite melt increased. This may be due to reaction between the anhydride on the surface of PLA-g-AMS/
MAH and the hydroxyl groups (–OH) on the surface
of the MCC to form ester bonds. Hydrogen bonds
were also formed between molecules. Under the action of these two binding forces, the interfacial adhesion between the MCC and PLA further improved,
resulting in a decrease of melt flowability and an increase of melt strength. Furthermore, the η* increased with the increase of Dg of PLA-g-AMS/
MAH, and the PCA4 samples had maximum value.
The Dg value correlates with the quantity of the anhydride that reacted with the –OH in the copolymer,
which means that more reactions may occur at higher Dg value, leading to an increase of the intermolecular force and increasing the η* of the MCC/PLA
composites.
Both G′ and η* values in the PCA8 sample dramatically decreased, even below those of the neat samples, as shown in Figure 4. Little anhydride of PA8
reacted with MCC because the Dg was only 0.61 wt%
(Figure 2). However, the MFR of PA8 was higher
than the MFR of PLA (Table 3), indicating that the
molecular weight of PA8 was lower than that of PLA
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and allowing PLA-g-AMS/MAH to contribute to lubrication and plasticization [42]. The η* and G' of the
MCC/PLA composites reduced under the synergistic
effect of these factors, though the presence of compatibilizer had a positive effect on the MCC/PLA
composites.

3.5. Torque rheometry
The temperature and torque of MCC/PLA composite
systems with different compatibilizers were determined, as shown in Figure 5 and in Table 4. The equilibrium torque (Te) reflects the apparent viscosity
and flow properties of the materials, and the ΔT is
defined as the difference between the equilibrium
temperature and the initial temperature and represents the shearing heat.
It can be seen from Figure 5 that the torque of the
composite system rapidly increased and peaked in the
initial stage of the test because the solid pellets fed
into the mixing chamber, which hindered the movement of the rotors. Subsequently, under the influence

Figure 5. Curves of torque and temperature versus time of
MCC/PLA composites prepared with different
PLA-g-AMS/MAH.
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Table 4. Torque rheological parameters of the MCC/PLA
composites prepared with different Amounts of
PLA-g-AMS/MAH.
Sample

Te
[N·m]

∆T
[°C]

PC

4.66

8.17

PA0

5.36

8.58

PA1

5.88

8.76

PA2

6.35

8.85

PA4

6.81

9.89

PA8

4.13

7.77

of heating and shearing, the MCC/PLA composites
gradually melted and the torque reduced correspondingly. When the composite systems were completely
melted and evenly blended, equilibrium was
achieved [43]. Combined with the data presented in
Table 4, the addition of compatibilizer increased the
Te value of the MCC/PLA composite system. The
highest value of Te was obtained for the PCA4 samples, which corresponds to the highest apparent viscosity. This confirmed the calculated η* values (Figure 4), indicating that PLA-g-AMS/MAH with
higher Dg indeed improved the compatibility between MCC and the PLA matrix.
Figure 4 also illustrates the change of temperature
with the extrusion of solid pellets to the mixing
chamber. There was an initial reduction of the melt
temperature, and then a rapid increase due to the heat
produced by shear friction, until finally reaching equilibrium. A comparison of the ΔT of different MCC/
PLA composites shows that the ΔT of the samples
steadily increased with increasing Dg of the compatibilizer, with the maximum obtained in the PCA4
samples. This finding further showed that there was
a positive correlation between compatibilization effect and the Dg of the compatibilizer.

3.6. Mechanical properties
The mechanical properties were determined and are
shown in Figure 6. The MCC/PLA composites in the
presence of different compatibilizers exhibited higher strength than the PC control samples. The compatibilizer improved the mechanical properties of MCC/
PLA composites by enhancing the interfacial bonding strength between MCC and PLA. The compatibilizer showed good compatibility with the PLA matrix and was able to react with MCC particles, which
lowered the surface polarity of MCC and reinforced
the dispersion and wettability of MCC in the PLA
matrix. The possible compatibilization mechanism
is shown in Figure 7. The anhydride groups of the
compatibilizer have high polarity and reactivity, allowing reaction with the –OH at the surface of MCC.
In addition, the long chain of the compatibilizer can
result in physical entanglement with the PLA matrix
[44]. Therefore, the stress transfer was more effective between the reinforcement and matrix and increased the mechanical properties of the MCC/PLA
composites.
The mechanical properties of the MCC/PLA composites were gradually enhanced with increasing Dg
of PLA-g-AMS/MAH, with optimal results for the
PA4 sample. The tensile strength, flexural strength,
impact strength, and elongation at break of the PCA4
sample were increased by 44, 15.5, 37.5, and 38%,
respectively. This is due to the improved Dg of the
PLA-g-AMS/MAH. With the use of AMS as a comonomer, more MAH monomers were grafted onto
the PLA chain, facilitating the esterification reaction
between PLA-g-AMS/MAH and MCC. Thus the
composite had a better interfacial bonding effect,
which resulted in higher mechanical properties.

Figure 6. Mechanical properties of MCC/PLA composites prepared with different PLA-g-AMS/MAH: (a) tensile strength
and flexural strength; (b) impact strength and elongation at break.
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Figure 7. Possible reaction mechanism of MCC/PLA composites with PLA-g-AMS/MAH.

As shown in Figure 8b–8f, the MCC were coated by
the PLA matrix and the interface between the MCC
and PLA became less clearly defined and lacking visible separation, suggesting improved interface adhesion between the filler and the matrix. With the addition of the PA4 compatibilizer, which exhibited the
highest Dg, the MCC was more uniformly dispersed
and completely coated by the PLA matrix, resulting
in the best interface compatibility. These results were
related to the different Dg of PLA-g-AMS/MAH. As
proposed in Figure 7, the anhydride groups on one
end of the compatibilizer chains reacted with the

3.7. SEM analysis
Microscopic morphological analysis was performed
to assess the compatibility of the composite materials. The SEM imaging of MCC/PLA composites is
presented in Figure 8. There was an uneven distribution of MCC in the PLA matrix in the absence of
PLA-g-AMS/MAH (Figure 8a). There were many
holes due to the pulling out of MCC from the matrix,
and a gap was clearly observed between the MCC
and the PLA matrix. These phenomena verified that
there was only a weak interaction between polar
MCC and non-polar PLA.
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Figure 8. SEM micrographs of the fractured surface of MCC/PLA composites prepared with different compatibilizers: (a) PC;
(b) PCA0; (c) PCA1; (d) PCA2; (e) PCA4; (f) PCA8.

hydroxyl groups on the surface of MCC by esterification, as one component of the compatibilizing
mechanism. The higher the Dg of the compatibilizer,
the higher the number of acid anhydride groups
available to react with the hydroxyl groups. Hence,
the Dg of PLA-g-AMS/MAH effectively influences
the properties of materials, so within a specific
range, the interfacial compatibility of MCC/PLA
composite increased with increased Dg of PLA-gAMS/MAH. This explains the above measured rheological and mechanical properties.

4. Conclusions
In this study, PLA-g-AMS/MAH, a compatibilizer of
MCC/PLA composites, was successfully prepared by
free-radical melt grafted copolymerization using
AMS as a comonomer. The Dg of MAH in the copolymer was correlated with the weight ratio of AMS/
MAH, and the highest Dg value of 1.56 wt% was obtained for a ratio of 2:1 in the PA4 copolymer. PA4
exhibited the lowest MFR, indicating a higher molecular weight of PA4. The addition of copolymer compatibilizer affected the rheological and mechanical

properties of the MCC/PLA composites. The storage
modulus, complex viscosity, equilibrium torque, and
shear heat of the MCC/PLA composites increased
with increasing Dg of PLA-g-AMS/MAH and
reached maximum values due to the presence of the
highest Dg in the PA4 sample. Compared to the PC
sample prepared without compatibilizer, the introduction of PA4 to the PCA4 sample resulted in increases in the tensile strength, flexural strength, impact strength, and elongation at breaks of 44, 15.5,
37.5, and 38%, respectively. Overall, our results
showed that there was a positive correlation between
the Dg of the compatibilizer and the compatibilization effect, which affected interfacial compatibility
and further improved the properties of the MCC/
PLA composites.
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