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Abstract In this paper, microcrystalline cellulose

(MCC)/hydroxypropyl starch (HPS) composite films

are prepared by the solution casting method, and the

effect of different amounts of microcrystalline cellu-

lose on the properties of the films is investigated. The

structure of MCC/HPS composite materials is char-

acterized by Fourier transform infra-red and scanning

election microscopy, and thermal stability, mechani-

cal properties, hygroscopicity, and water vapor per-

meability of the composite films are also tested.

According to the test results, with increasing MCC

amounts, glass transition temperature, thermal stabil-

ity, and tensile strength of MCC/HPS composite films

are improved, while the hygroscopicity and water

vapor permeability of MCC/HPS composite materials

are decreased. When the content of MCC reaches

6 wt%, the maximum increase of the glass transition

temperature is about 9.63 �C, and the tensile strength

of MCC/HPS composite films are increased by 300%

compared with that of HPS films. Moreover, the

addition of MCC helps to expand the application of

hydroxypropyl starch in the packaging field.

Keywords Microcrystalline cellulose �
Hydroxypropyl starch � Composite film � Tensile
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Introduction

As society develops and quality of life improves,

people’s environmental awareness gradually

increases. To combat the use of non-biodegradable

materials prepared by chemical polymer synthesis

(Yoon et al. 2012), people now are devoted to seeking

environment-friendly packaging, which is safe, pollu-

tion-free, and biodegradable (Bergo et al. 2008).

In fact, starch, a low-cost, biodegradable, and

renewable natural resource that is widely distributed

in nature and produces little waste, is universally

recognized as a promising representative of novel

biodegradable materials (Brandelero et al. 2016).

Because the numerous hydroxyl groups in starch form

hydrogen bonds between molecules, starch does not

have thermoplastic properties. In additon, starch is

also characterized by high brittleness, poor mechan-

ical properties, and low water resistance due to aging

and hydrophilicity (Bakrudeen et al. 2016). In recent

years, many scholars have adopted mineral or
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cellulose fillers to change the properties of starch films

(Brandelero et al. 2015; Lim et al. 2016; Rahman et al.

2010). For example, Cervantes-Sanchez used MFC

(microfibrillated cellulose) as a filler and added it to a

wheat starch solution plasticized by polyols (glycerol

and sorbitol) with different molecular weights, thus

improving rigidity and water absorption resistance of

composite materials with increasing MFC amounts

(Cervantes-Sanchez et al. 2016). Adriana Nicoleta

Frone investigated the effect of different amounts of

cellulose nanofibers (CNF) on thermal stability of

starch/polyvinyl alcohol (S/PVA) via the one-pot

method (Frone et al. 2015). Lani studied the effect of

nanocellulose isolated from empty fruit bunch (EFB)

fiber on polyvinyl alcohol (PVA)/starch blend films

(Lani et al. 2014). Dufresne and Vignon addedMFC to

potato starch, improving thermal mechanical proper-

ties, reducing water sensitivity, and maintaining

biodegradability of films (Dufresne and Vignon

1998). Yano and Nakahara added 2 wt% wheat straw

nanocellulose to oxidized cassava starch, whereby

doubled yield strain of composite materials and

increased bending degree significantly (Yano and

Nakahara 2004). Mondrago’n put 2 wt% MFC sus-

pensions into molten thermoplastic starch, thereby

enhancing the tensile strength, as well as rigidity of

composite materials (Lavoine et al. 2012). Svagan put

70 wt % MFC into amylopectin-glycerol, increasing

tensile strength and reducing the water diffusion rate

of composite materials (Svagan et al. 2009).

Hydroxypropyl starch, a type of water-soluble

starch derivative, was used as matrix. With hydro-

philic hydroxypropyl groups introduced into hydrox-

ypropyl starch molecules under alkaline conditions,

hydroxypropyl starch belonged to nonionic starch

ether with good anti-acid, anti-alkali, and anti-salt, and

good resistance to polyvalent metal ions. Furthermore,

the high stability of substituted ether bonds in turn

increased the freeze–thaw stability of starch and

improves properties of formed films. At present, the

composite materials on the market were mainly starch-

based composite films, but very few hydroxypropyl

starches were used as substrates for the preparation of

composites. Currently, hydroxypropyl starch, as a

binder, thickener, and suspending agent, and other

food additives are widely used in the food industry.

Considering the stability of hydroxypropyl starch

paste, film formation of the paste was good, and the

prepared films were transparent, flexible, smooth, had

good folding resistance, and were water-soluble, so

they were chosen to for application in edible food

packaging materials in this study. Nevertheless, the

shearing resistance and thermal stability of modified

starch were poor (Fouladi and Nafchi 2014; Lawal

2011; Lee and Yoo 2011). Accordingly, micro-parti-

cles were added so as to strengthen the mechanical

properties and thermal stability of hydroxypropyl

starch films.

Microcrystalline cellulose, the product of natural

cellulose hydrolyzed by acid (Brannan et al. 2014;

Siqueira et al. 2010), was characterized by low cost,

low density, high specific surface area, high strength,

high elastic modulus, high thermal stability,

biodegradability, and recyclability (Andresen et al.

2006; Czaja et al. 2007; Dufresne et al. 2000; Siro and

Plackett 2010). In order to improve the performance of

hydroxypropyl starch-based film, organic filler micro-

crystalline cellulose was added, which increased the

mechanical properties and decreased the water vapor

permeability and migration resistance to broaden

further the scope of hydroxypropyl starch in the field

of green food packaging.

Therefore, the advantages of hydroxypropyl starch

and microcrystalline cellulose were combined in this

paper. With hydroxypropyl starch as the base material,

microcrystalline cellulose as the filler, glycerol and

water as plasticizer, composite films of microcrys-

talline cellulose/hydroxypropyl starch were prepared

by the simple method of casting, which is a commonly

used method for laboratory film formation.

Experimental

Materials

Microcrystalline cellulose was purchased from Tianjin

Guangfu Fine Chemical Research Institute. The

molecular weight was 31,439.64, the degree of

polymerization was approximately 194, the pH value

of 10% aqueous suspension was 7, and the granularity

was 20–100 lm. Hydroxypropyl starch was purchased

from Zhengzhou Shiquanshimei Trading Co., Ltd, and

the molecular weight was 18,657. Analytically pure

glycerol was purchased from Sinopharm Chemical

Reagent Co., Ltd, and the molecular weight was 92.09.

We used deionized water in the experiment.
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Preparation of MCC/HPS composite films

First, 5 wt% HPS solution was prepared, and 20 wt%

glycerol was added (accounted for in the weight of

HPS), then they were mixed evenly by a glass rod.

Then the solution was placed in a water bath of 70 �C
and stirred for 10 min. Later, the temperature of the

water bath was transferred to 95 �C, and the solution

was stirred continuously for 30 min to gelatinize.

Meanwhile, 20 mL of deionized water was added to

different amounts of microcrystalline cellulose

respectively (0, 3, 6, and 9 wt%, accounted for in the

weight of HPS) and ultrasonicated for 30 min at

380 W. After that, the microcrystalline cellulose

suspension was added to the gelatinized HPS solution

followed by 30 min of magnetic stirring at a temper-

ature of 95 �C. After 45 min of slow stirring at 45 �C,
the mixed solution 100 mL of the gelatinized solution

was poured into a Teflonmold then dried in an air oven

at 60 �C, finally producing that films.

Morphological analysis

The surfaces of thin composite films were spray-coated

with gold. Then scanning election microscopy (Hitachi

SU 1510, Japan) was employed to observe the micro-

scopicmorphologywith anacceleratingvoltageof5 kV.

Fourier transform infra-red (FT-IR) analysis

Fourier Transform Infra-red Spectrometer (Nicolet

Nexus, Thermo Electron Corporation, Waltham, MA,

USA) was used to test samples with the wavelength

ranging from 400 to 4000 cm-1 and a resolution of

4 cm-1.

Differential scanning calorimeter (DSC) analysis

Differential scanning calorimetry (Q200,AmericanTA

Instrument Corporation, USA) was use to test samples

under a N2 atmosphere, with the temperature ranging

from 30 to 260 �C and a heating rate at 10 �C/min.

Thermogravimetric analysis (TGA)

Thermogravimetry (TGA/TA-Q500, Newcastle, UK)

was employed to test samples under a N2 atmosphere,

with the temperature ranging from 30 to 600 �C and a

heating rate at 10 �C/min.

Mechanical properties

First, the prepared composite films were cut into strips

in the size of 100 mm 9 15 mm (length 9 width).

Second, the thickness of each strip was tested using a

coated thickness meter (MP 0, Fiscfer Company,

Germany), the value of which ranged from 0.17 to

0.21 mm. Finally, a tensile test of the strips was

conducted using a universal testing machine (KDII-

0.05, China), with a clamping length of 50 mm and a

tensile speed of 10 mm/min. During the test, three

parallel tests were performed to ensure the feasibility

of the measurement results.

Moisture content

The mass of sample films before and after drying for

5 h at 105 �C in an oven was measured to determine

the moisture content, which was calculated by the

following formula:

Moisture content ¼ m1 � m0

m0

� 100% ð1Þ

In formula (1), m0 represents the mass of sample

films before drying; m1 represents the mass after

drying.

Moisture absorption

Firstly, the composite films were cut into

30 mm 9 30 mm samples and placed in a 40 �C
oven, then weighed after being completely dried, the

mass of which marked as Md. Secondly, the samples

were placed in desiccators of inorganic salt saturated

solutions (59 and 75% of relative humidity, sepa-

rately) containing sodium bromide and sodium chlo-

ride, respectively. Then, the samples were taken out at

intervals and weighed immediately, the mass of which

marked asMW. The hygroscopicity percentage of unit

mass, namely the hygroscopicity rate, was marked as

MC (Alhuthali et al. 2012).

Mc ¼
Mw �Md

Md

� 100% ð2Þ

Water vapor permeability

First, the tested films were placed in an environ-

ment (25 �C) with relative humidity at 59% for
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48 h to balance the moisture content. Second, 10 g

of dried calcium chloride was used as desiccant and

placed in a weighing bottle. Third, the weighing

bottles were sealed by the prepared films to be

tested, ensuring an effective area of 19.625 cm2 for

each sample film. Fourth, the weight of each sealed

bottle was measured accurately to 0.0001 g.

Finally, the bottles were placed in a desiccator

containing saturated sodium chloride solution (75%

RH) and saturated potassium nitrate solution (95%

RH), and the mass of bottles was measured every

24 h until stable.

The formula for calculating the water vapor trans-

mission (WVT) of samples is as follows (Guz et al.

2017):

WVT ¼ 24 � Dm
A � t ð3Þ

In formula (3), WVT represents the water vapor

transmission (g/m2/s); t represents the time interval

between two mass increments (s); Dm represents the

mass increment during the period of t (g); and A refers

to the area of samples permeated by water vapor (m2).

The formula for calculating the water vapor

permeability (WVP) of samples is as follows:

WVP ¼ WVT � d
24 � P � R1 � R2ð Þ ð4Þ

In formula (4), WVP represents the water vapor

permeability (g/m2/s/Pa); d represents the sample

depth (m); P refers to the saturation pressure of water

vapor at a temperature of 25 �C (Pa); R1 refers to the

relative humidity of the test environment (%); and R2

refers to the relative humidity of the inner environment

of weighing bottles (%).

Solvent resistance and absorption

Acetone, petroleum ether, ethyl alcohol, oleic acid,

and xylene were used to test the solvent resistance and

absorption of all the films. Film samples were

immersed in different solvents at 30 �C for 48 h, and

they were observed with a camera to reflect the solvent

resistance properties. The solvent absorption of the

films was showed by the initial film weight and the

film weight after immersion in solvent for a certain.

The solvent absorption ratio (SAR, %) was calculated

using the following equation:

SAR ¼ wt � w0

w0

� 100% ð5Þ

where w0 is the initial weight of the films; wt is the

weight of the films took out from the solvent.

Results and discussion

Morphological analysis of composite films

The surface SEM diagrams of microcrystalline cellu-

lose composite films in different proportions are shown

in Fig. 1. Figure 1a shows the HPS films. The surface

of prepared films was relatively smooth due to the high

solubility of hydroxypropyl starch and cross-linking

reaction among starch molecules under the action of

plasticizers (water and glycerol). Microcrystalline

cellulose particles were found on the surface of the

composite films, as shown in Fig. 1b–d. Microcrys-

talline cellulose was uniformly distributed on the

surface of the MCC/HPS composite films due to a

small added amount, as demonstrated in Fig. 1b.When

the amount of microcrystalline cellulose increased to

6 wt% (Fig. 1c), it was mostly evenly dispersed on the

surface of the composite films, and only a few

microcrystalline cellulose molecules produced one or

two large particles after collision. However, when the

content of microcrystalline cellulose reached 9 wt%,

microcrystalline cellulose self-aggregation occurred

due to uneven distribution. Meanwhile, clusters of

large particles were spotted in the composite films

resulting in a decrease of surface smoothness (Liu et al.

2013; Ramesan and Surya 2016).

Fourier transform infra-red (FT-IR) analysis

of composite films

Infra-red spectra of hydroxypropyl starch films and

MCC/HPS composite films are shown in Fig. 2. An

obvious O–H stretching vibration absorption peak

appeared at 3290 cm-1, showing a hydrogen bond

formed between starch and microcrystalline cellulose

(Ismail and Zaaba 2014). Nonetheless, the same peak

appeared at a lower wavenumber owing to the

enlarged combination surface of starch and micro-

crystalline cellulose with increasing amounts of MCC.

More hydrogen bonds thus were formed, which

enhanced the binding force between molecules. With
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the addition of 9 wt% MCC to the HPS solution,

aggregation occurred easily due to the failure of even

dispersion of MCC in the HPS solution, increasing the

binding distance between starch molecules. Therefore,

the O–H absorption peak of the composites was found

at a high wavenumber (Lu et al. 2008). The C–O

stretching vibration peak formed by starch, micro-

crystalline cellulose, and glycerol appeared in the

range of 1050 to 1080 cm-1. Yet, no obvious

absorption peak of HPS films showed around

1078 cm-1 in Fig. 2, because the absorption peak

here was mainly the C–O stretching vibration peak of

microcrystalline cellulose molecules, which con-

tributed to a significantly stronger C–O stretching

vibration absorption peak of MCC/HPS composite

films than that of HPS films (Yakimets et al. 2007).

The stretching vibration peak of saturated C–H on

alkyl groups appeared at the wavenumber of

2930 cm-1, while the stretching vibration peak of

O–H bond in water molecules formed between

molecules appeared at the wavenumber of 1640 cm-1.

The typical absorption peak frequency of HPS films

and MCC/HPS composite films experienced little

change, as shown in Fig. 2. Thus, mainly playing the

role of filler in composite materials, microcrystalline

cellulose created few derivatives after addition to

hydroxypropyl starch solution for the preparation of

composite films (Jang et al. 2007; Sobral et al. 2005).

Differential scanning calorimeter (DSC) analysis

of composite films

Figure 3 demonstrated the DSC diagram of original

starch films and MCC/HPS composite films. The

Fig. 1 SEM images of the composite films: a HPS films, b 3 wt% MCC/HPS composite films, c 6 wt% MCC/HPS composite films,

d 9 wt% MCC/HPS composite films

Fig. 2 FTIR spectra of composite films: a HPS films, b 3 wt%

MCC/HPS composite films, c 6 wt% MCC/HPS composite

films, d 9 wt% MCC/HPS composite films
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decalescence peak appeared at 128.03 �C in the HPS

film curve, which referred to the glass transition

temperature of HPS films. Nevertheless, the glass

transition temperatures of 3, 6, and 9 wt% MCC/HPS

composite films were at 135.44, 137.66, and

134.98 �C, respectively. Thus, the glass transition

temperatures of prepared composite films all increased

after the addition of microcrystalline cellulose to the

solution of hydroxypropyl starch, the maximum

increase range being 9.63 �C. Microcrystalline cellu-

lose added to the pre-gelatinized hydroxypropyl starch

solution can increase the glass transition temperature

of the composite films, ascribed to the increase in the

number of hydrogen bonds formed between micro-

crystalline cellulose and starch molecules, restricting

the movement of polymer segments. However, when

the amount of microcrystalline cellulose increased to

9 wt%, there was a decrease of the glass transition

temperature of the composite films due to the cluster

phenomenon caused by the addition of excessive

microcrystalline cellulose to hydroxypropyl starch

solution (Mondragon et al. 2015).

Thermogravimetric analysis (TGA) of composite

films

Figure 4 described TGA thermal analysis of HPS films

and MCC/HPS films in different proportions. The four

top-down curves in the chart reflected the mass change

of 9 wt% MCC/HPS composite film, 6 wt% MCC/

HPS composite film, 3 wt% MCC/HPS composite

film, and HPS film, successively, according to differ-

ent temperatures. Their trends were roughly the same,

presenting a three-segment change. Firstly, the weight

loss of the first segment appeared in the temperature

range of 30–180 �C, the quantity of which ranged

from 9 to 18% approximately, and the temperature

increased from 59.06 to 83.79 �C. The adsorption of

free residual water in the films and the volatilization of

glycerol used as plasticizer at high temperature mainly

accounted for the loss during the heating process (Ma

et al. 2005). Among them, the weight loss of HPS films

(17.61%) considerably exceeded that of MCC/HPS

(around 9%). These phenomena were facilitated by the

gradual enhancement of both intramolecular and

intermolecular binding force of MCC, glycerol, and

hydroxypropyl starch with increasing amounts of

MCC. Next, the weight loss of the second segment

appeared in the temperature range of 180–450 �C,
being the primary stage for sample mass loss. This

mainly refers to the degradation of macromolecular

chains formed by hydroxypropyl starch and micro-

crystalline cellulose in the composite films at high

temperature. The improvement of thermal stability of

the composite films containing MCC appeared at

318.03 �C due to the addition of MCC, which

increased the binding force between molecules of

composites, hindered the movement of macromolec-

ular chains, and thereby inhibited the degradation of

the films (Frone et al. 2015). Finally, the mass loss

appeared in the temperature range of 450–600 �C,
during which much carbon residue was generated.

Judging from TGA and DSC diagrams of HPS films

and MCC/HPS films in different proportions, the

thermal stability of the composite films containing

microcrystalline cellulose was significantly higher

than that of hydroxypropyl starch films. This was

mainly attributed to the addition of microcrystalline

cellulose, which increased the number of hydrogenFig. 3 DSC curves of the composite films

Fig. 4 TGA of the composite films
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bonds between molecular chains of starch and micro-

crystalline cellulose.

Mechanical properties of composite films

Statistics on moisture content, thickness and tensile

properties are listed in Table 1.

As can be inferred from Table 1, the decrease of the

moisture content of the composite films resulted from

the addition of microcrystalline cellulose because of

the higher hydrophilicity of hydroxypropyl starch

compared to that of microcrystalline cellulose. In

addition, the tensile strength of MCC/HPS composite

films enhanced with increasing amounts of MCC, and

then decreased after reaching a peak (when the MCC

amount reached 6 wt%) because the MCC added to

hydroxypropyl starch solution facilitated the massive

emergence of hydrogen bonds among molecules of

starch and microcrystalline cellulose and intensified

adhesion between the matric and filler (Rico et al.

2016). With a high crystalline structure, high aspect

ratio, and micron effect resulting from its uniform

distribution, the characteristics of microcrystalline

cellulose might be another cause (Rodionova et al.

2012; Veigel et al. 2011). Aggregation of some MCC

occurred when 9 wt% MCC was added to the mixed

solution, reducing the effective contact area between

microcrystalline cellulose and substrate starch. Failure

to function as a binder then led to the reduction of

tensile strength of the composite films. On the other

hand, elongation at a break of the composite films

decreased with increasing amounts of MCC. Conse-

quently, the addition of MCC not only failed to

improve the flexibility of the composite films, but also

increased its rigidity, the result of which was attributed

to the rigidity of MCC itself, the formation of a rigid

network structure of MCC and hydroxypropyl starch,

and the decrease in moisture content in the prepared

composite films (Fukuzumi et al. 2013).

Moisture absorption of composite films

Themoisture absorption of different composite films in

the environments of 59%RH and 75%RH is described

in Fig. 5. The moisture absorption of composite films

decreased gradually with the increase in microcrys-

talline cellulose. After the HPS films were placed in

environments of 59% RH and 75% RH for 12 h, their

hygroscopicity rate reached the highest (9.79 and

15.25%, respectively); that of 6 wt% MCC/HPS

composite films was the lowest (8.08 and 11.64%

respectively), decreasing by 17.47 and 31.01% sepa-

rately. This is because the gradually increasing

amounts of MCC promoted the formation of more

hydrogen bonds between starch and MCC molecules

and improved the compactness of the composite films

(Edhirej et al. 2017). By contrast, the hygroscopicity of

the composite films with large amounts of MCC was

poor, caused by the lower hydrophilicity of MCC

compared to that of hydroxypropyl starch. Nonethe-

less, failing to form a compact network structure, the

9 wt% MCC tended to produce large particles in the

matrix, resulting in a higher hygroscopicity of 9 wt%

MCC/HPS composite films compared to that of 6 wt%

Table 1 Water content and tensile properties of films prepared form HPS and MCC

Types of samples Moisture content (%) Thickness of films (mm) Tensile strength (MPa) Elongation at break (%)

HPS 18.67 ± 0.56 0.21 ± 1.2 2.97 ± 0.28 60.08 ± 1.84

3 wt% MCC/HPS 11.87 ± 0.74 0.20 ± 1.6 6.25 ± 0.80 8.15 ± 0.91

6 wt% MCC/HPS 10.69 ± 0.35 0.18 ± 0.7 12.54 ± 1.26 6.98 ± 2.04

9 wt% MCC/HPS 8.74 ± 0.11 0.17 ± 0.9 9.77 ± 0.84 4.87 ± 0.66

Fig. 5 Moisture absorption properties of composite films in

different humidity environments
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MCC/HPS films (Ramaraj 2006). The hygroscopicity

of composite films in the high humidity environment

was much higher than that in the low humidity

environment, as also demonstrated in Fig. 5. Hydrox-

ypropyl starch as a kind of hydrophilic starch

derivative and MCC as hydrophilic substance were

two main reasons for this (Liu et al. 2014).

Water vapor permeability of composite films

The water vapor permeability of composite films

placed in the envi samples were placed in an

environment of 59% RH for 48 h in advance for

moisture balance before testing. The water vapor

permeability of composite films decreased with

increasing amounts of MCC in hydroxypropyl starch

solution. The addition of MCC, on the one hand,

enhanced the binding force between MCC and

hydroxypropyl starch molecules, forming a dense

composite film. On the other hand, the water vapor

transmission path in the composite films was pro-

longed, and the amount of water vapor permeating

through the films decreased in a certain period of time

due to the uniform distribution of MCC in the starch

matrix as a filler (Kaushik and Kaur 2016). However,

the water vapor permeability of samples containing

Fig. 6 Water vapor permeation of composite films at different

times in 75% RH

HPS 3wt.% MCC/HPS

6wt.% MCC/HPS 9wt.% MCC/HPS

Fig. 7 Solvent resistance of MCC/HPS films after 48 h

4456 Cellulose (2017) 24:4449–4459

123



9 wt% MCC was higher than that of samples

containing 6 wt% MCC, as shown in Fig. 6. The

cause lay in the cluster phenomenon appearing after

the addition of 9 wt% MCC to the matrix, producing

larger pores which allowed a massive quantity of

water vapor to permeate through composite films via

a shorter path and increased the water vapor

transmission within a certain period of time (Bran-

delero et al. 2010). The water vapor permeability of

some composite films after 24 h was slightly lower

than that after 12 h. This was because in the high-

humidity environment, a large amount of water was

absorbed continuously by hydroxypropyl starch due

to its hydrophilicity, leading to the swelling of starch

molecules, the destruction of the integrity of network

structure, and the reduction of water vapor perme-

ability (Perez-Gallardo et al. 2012).

Solvent resistance and absorption of composite

films

The solvent resistance of the MCC/HPS films was

shown in this paper using various solvents, such as

acetone, petroleum ether, ethyl alcohol, oleic acid, and

xylene. All film pieces were soaked in solvents at

30 �C, and after a certain time they were photographed

by the camera in Fig. 7. It was interesting to survey

that the structure of these films had no obvious

changes after 48 h of immersion in the solvent

solution. With the increase of MCC content, MCC

and hydroxypropyl starch formed a compact network

structure, hindering the penetration of solvent into the

composite films through the capillary force. In addi-

tion, partial deformation of microcrystalline cellulose

during the film drying process formed dense networks

to resist solvents. According to results in the literature

that starch can resist most organic solvents, such as

esters, hydrocarbons, and so on (Dai et al. 2017).

Solvent absorption results of films are listed in

Table 2. For example, a few films appeared to dissolve

in ethyl alcohol and acetone, separately absorbed

above 10% and about 8% after 48 h, but it still

maintained their shapes. Hydroxypropyl starch was

likely to dissolve in water, and some starch particles

swelled a little in the polar solvents. The excellent

solvent resistance of MCC/HPS films can enhance

their potential applications in the field of food

packaging.

Conclusion

In this paper, composite films of microcrystalline

cellulose/hydroxypropyl starch with high tensile

strength were prepared, with hydroxypropyl starch as

the base material, microcrystalline cellulose as the

filler, and glycerol and water as plasticizers. The

formation of cross-linked structure was verified by

SEM and FT-IR analysis results. With increasing

amounts of MCC, glass transition temperature, ther-

mal stability, solvent resistance, and tensile strength of

composite films improved, while the moisture absorp-

tion and water vapor permeability decreased. The

results of DSC and TGA showed that high thermal

stability appeared when the MCC content reached

6 wt% and the glass transition temperature of com-

posite films increased to 137.66 �C. The tensile

strength of 6 wt% MCC/HPS composite films was

improved by about 300% compared with that of HPS

films, as shown by test results of mechanical proper-

ties. It can be concluded that the moisture absorption

and water vapor transmission of composite films

decreased over time with increasing amounts of MCC,

based on the calculation of the hygroscopicity and

water vapor permeability. Apparently, the optimal

performance indexes of the prepared MCC/HPS can

be obtained with the addition of 6 wt% MCC, thus

facilitating the application of hydroxypropyl starch, a

starch derivative, in the bio-based plastic packaging

field.

Table 2 Solvent absorption of films prepared form HPS and MCC

Types of samples Acetone (%) Petroleum ether (%) Ethyl alcohol (%) Oleic acid (%) Xylene (%)

HPS 8.72 ± 0.12 1.57 ± 0.03 14.75 ± 0.31 5.11 ± 0.11 1.27 ± 0.06

3 wt% MCC/HPS 8.53 ± 0.15 1.20 ± 0.05 13.65 ± 0.35 4.87 ± 0.09 1.15 ± 0.03

6 wt% MCC/HPS 7.43 ± 0.07 0.81 ± 0.01 11.46 ± 0.29 4.38 ± 0.07 1.02 ± 0.01

9 wt% MCC/HPS 7.86 ± 0.04 0.89 ± 0.02 12.72 ± 0.18 4.71 ± 0.15 1.04 ± 0.04
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