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Abstract
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The interactions between poly (methyl methacrylate) (PMMA) and poly (vinyl alcohol) (PVA) biopolymers with the natural poly-
mer chitosan show a clear depression in the glass transition temperature (Tg) in both biopolymers except with 7% chitosan shows 
an elevation in the Tg of (PVA). This can explain due to the ability of both (PVA) and chitosan to make hydrogen bonding with each 
other while (PMMA) can only accept acidic hydrogen whilst (PVA) has the ability to accept and to donate acidic hydrogen with chi-
tosan. From the Tg values it seems that chitosan can acts as moderate plasticizer up to 5% with (PVA), i.e. chitosan diffuses through 
the net of both biopolymers and ruptures their secondary bonds result in depression of their Tg except in case of (PVA-7% chitosan), 
the extra quantity of chitosan (more than 5%) starts to form hydrogen bonding with (PVA) to overcome part of bond rupture, thus 
Tg begins to increase. From Tg values calculation of the energy accompanied with the addition of chitosan to the polymers was done. 
These energies are a function of chitosan percent cause a depression in the original Tg of pure bipolymers.

Introduction

Conclusion a rise that all these three biopolymers can interact with proteins and nucleic acids.

Chitosan is a natural biopolymer modified from chitin, which 
is the main structural component of squid pens, cell walls of some 
fungi and shrimp and crab shells. Chitin and chitosan are copo-
lymers found together in nature. They are inherent to have spe-
cific properties of being environmentally friendly and easily de-

gradable. Thailand is a world-leading exporter of frozen shrimps. 
Therefore, there are abundant raw materials for chitosan produc-
tion. Chitosan has a wide scope of application. With high affinity 
and non-toxicity, it does no harm human beings and livestock. Chi-
tosan regulates the immune system of plants and induces the ex-
cretion of resistant enzymes. Moreover, chitosan not only activates 
the cells, but also improves its disease and insect resistant ability 
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[1,2]. The main factors which stimulated the interest in chitosan 
utilization in various fields from fertilizers to pharmaceuticals are 
its versatility, economical and easily availability. Chitosan is no 
longer just a waste by-product from the seafood processing indus-
try. This material is now being utilized by industry to solve prob-
lems and to improve existing products, as well as to create new 
ones [3]. Poly (methyl methacrylate) (PMMA) is one of the most 
widely explored biomedical materials because of its biocompat-
ibility, and recent publications have shown an increasing interest 
in its applications as a drug carrier. PMMA is a non-biodegradable 
polymer. It is classified as a hard, rigid, but brittle material, with 
a glass transition temperature of 105˚C. At present, it is generally 
accepted that PMMA is a non-toxic polymer as it possesses a very 
good toxicological safety record in biomedical applications. In fact, 
there are no references in the literature to severe adverse effects of 
PMMA, such as oncogenicity, based on the observation of several 
years of practice in orthopedics, for which PMMA has been used 
as a cement implant in total hip replacement and as a vertebral 
stabilization agent in patients with osteoporosis. Other biomedi-
cal applications of PMMA include its use as a prosthetic material 
in dental and mandibular corrections and as a permanent implant 
for intraocular lens following cataract surgery [4,5]. PVA is a non-
toxic, synthetic polymer, soluble in water, slightly soluble in etha-
nol, but insoluble in other organic solvents. PVA has a relatively 
simple chemical structure with a pendant hydroxyl group. The 
monomer, vinyl alcohol, doesn't exist in a stable form rearranging 
to this tautomer, acetaldehyde. Therefore, PVA is produced by the 
polymerization of vinyl acetate to poly (vinyl acetate) (PVAc), fol-
lowed by hydrolysis of PVAc to PVA. The physical characteristics 
and its specific functional uses depend on the degree of polymer-
ization and the degree of hydrolysis [6,7]. PVA is classified into two 
classes namely: partially hydrolyzed and fully hydrolyzed. Partially 
hydrolyzed PVA is used in the foods. PVA is a material with tech-
nological potential especially whenever modification of proper-
ties for polymer blending is required because it has an easy and 
straightforward procedure and it is low in cost [8,9]. This work is 
focusing on glass transition temperature (Tg) determination as a 
function of interaction (engineering bonds) between biopolymers 
(PVA and PMMA) and natural polymer (chitosan) to determine the 
energy transfer due the interactions between polymers.

Materials used: 

poly (methyl methacrylate) (PMMA), poly (vinyl alcohol) (PVA) 
and chitosan were investigated in this study. The studied polymers 
are commonly utilized in various application. 

Experimental Work

Poly (methyl methacrylate) powder (PMMA) 

Yonghui chemical Holdings Limited Company, china provided 
Poly (methyl methacrylate) (PMMA) powder and the structure of 
this polymer as figure 1. 

Figure 1: Structure of PMMA.

Properties Value
Light Transmission (%) 92
Hardness M Scale (rockwell) 95
Specific Gravity (Dimension less) 1.19
Vicat Softening Temp. (°C) 113
Heat Distortion Temp. (°C) 100

Table 1: Characteristics of PMMA [10].

Poly (vinyl alcohol) (PVA)

Yonghui chemical Holdings Limited Company, china was used to 
supply Poly (vinyl alcohol) (PVA) powder and the structure of this 
polymer as figure 2. 

Figure 2: Structure of PVA.

Chitosan

Chitosan powder was provided by Shanghai Soyoung Biotech. 
Inc. China and the structure of this polymer as figure 3. 
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According to polymer molecular models (the activation energy 
for chain rupture is about 60 kCal/mol (251 kJ mol-1) at room tem-
perature so that the value of the decisive factor for chain rupture as 
a thermal fluctuation process is about 101for one mole [15]. 

Figure 3: Structure of chitosan.

Properties Value
Bulk density (g/cm3) 0.68
Hardness (Shore D) 83.3
Melting point (°C) 220
Decomposition point (°C) 240

Table 2: Characteristics of PVA [10].

Tests Specification
Appearance Off white powder
Viscosity 50 mpa.s- 800 mpa.s
Ash content ≤ 1.5%
Heavy metals ≤ 10ppm
Particle size 80 mesh

Table 3: Specification of chitosan [11].

Preparation of samples:

Chitosan (1, 3, 5, 7 wt.%) was added to and mixed with the fol-
lowing polymers PMMA and PVA. This mixture was soaked with 
acetone after that acetone was evaporated in a vacuum oven for 
1 hours at temperature 40°C. Solubility of PMMA was increased 
by adding acetone to PMMA/chitosan and PVA/chitosan container 
which produce viscous mixture. PMMA/chitosan and PVA/chito-
san mixture are solids in nature. Finally, an electric grinder was 
used to obtain a powder form. The powder was examined by DSC 
for glass transition temperature (Tg).

Glass transition temperature (Tg) determination by differen-
tial scanning calorimeter (DSC)

Following the procedure for polymer (PMMA): 

Ea = ΔH‡+RT ……………………………… (1.1) [12,13,14] 

Where: 
Ea: activation energy (kJ mol-1). 
ΔH‡: activation enthalpy (kJ mol-1). 
RT: thermal energy (work) pd′v = RT (kJ mol-1) 

∴Ea = ΔH‡ + RT = RTDf ………………………………. (1.2) 

Where: 
R∶ The gas constant (0.0083 kJ K-1 mol-1) 
T: The absolute temperature (K)
Df∶ Decisive factor 
Ea at R. T = 251 kJ mol-1

Ea = ΔH‡ + RT = 251 

Since RT value small at room temperature which is equal to 2.47 
kJ mol-1 comparing with ΔH‡: 

∴ΔH‡≫RT → Ea ≅ΔH‡ …………..................................(1.3) 

Ea = ΔH‡ = RTDf ……………………………….. (1.4) 

Ea = 0.0083 kJ K-1 mol-1 ∗ 298.15 K ∗ Df = 251 kJ mol-1 
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Repeat the same procedure for Tg = 55.43 ℃ but at (Tg = 50.34 
℃) and the result illustrates in tables 4 and 5. 

Repeat the same procedure for Tg = 55.43℃ but at (Tg = 49.84℃) 
and the result illustrates in tables 4 and 5. 

First method

The temperature of chain rupture falls to 55.43℃ due to addi-
tion 1%chitosan ∴Tg = 55.43℃

Polyvinyl alcohol (PVA)

Df = 101.43

Each unit of Df = 251/101.43 = 2.475 kJ mol-1...…..…………………(1.5)

The calculation for secondary bond energy by two methods as 
follow:

Poly (methyl methacrylate) powder (PMMA)
Tg of pure PMMA = 60.22℃ 
Ea = RTDf 

251 = 0.0083∗333.37∗Df 

Df = 90.74 
ΔDf = Df at R.T −Df at 60.22℃

ΔDf = 101.43−90.74 = 10.69
Addition Ea from (25 & 60.22℃) = ΔDf ∗ Each unit of Df 
Ea from (25 & 60.22℃) = 10.69∗2.475 = 26.457 kJ mol-1  ......(1.6) 
Ea at (60.22℃) = 251−26.457 = 224.543 kJ mol-1 
ΔT = 60.22−25 = 35.22℃ 
1℃≡ Ea at (25 & 60.22℃)/ΔT
1℃≡26.457/35.22≡ 0.75 kJ mol-1…………….…...….(1.7)

By addition 1% Chitosan to PMMA

Ea = RTDf 
251 = 0.0083∗328.58∗Df 
Df = 92.04
ΔT = 55.43−25 = 30.43℃ 
Addition Ea from (25 &55.43℃+1% Chitosan) = 30.43℃∗0.75 kJ mol-1 

Ea from (25 & 55.43℃+1% Chitosan) = 22.822 kJ mol-1 

Given energy from addition 1% chitosan = 26.457-22.822
Given energy (from addition 1% chitosan) = 3.635 kJ mol-1.…..…………….…(1.8) 
 Ea at (55.43℃) = 224.543−3.635 = 220.908 kJ mol-1

The temperature of chain rupture falls to 52.56℃ due to addi-
tion 3% chitosan ∴Tg = 52.56℃.

By addition 3% Chitosan to PMMA

Repeat the same procedure for Tg = 55.43℃ but at (Tg = 52.56℃) 
and the result illustrates in tables 4 and 5. 

By addition 5% Chitosan to PMMA:

The temperature of chain rupture falls to 50.34℃ due to addi-
tion 5% chitosan ∴Tg = 50.34℃.

The temperature of chain rupture falls to 49.84℃ due to addi-
tion 7% chitosan ∴Tg = 49.84℃.

By addition 7% Chitosan to PMMA

Substance Tg 
(°C) Df Ea at Tg 

(kJ mol-1)

Given Ea from 
heating and ad-
dition chitosan 

(kJ mol-1)
Pure PMMA 60.22 90.74 224.543 26.457
1% chitosan 55.43 92.04 220.908 22.822
3% chitosan 52.56 92.86 218.756 20.67
5% chitosan 50.34 93.517 217.091 19.005
7% chitosan 49.84 93.656 216.716 18.63

Table 4: Shows the effect of chitosan on PMMA  
at R.T (25°C) & Ea (251 kJ mol-1) with Df (101.43).

Tg of pure PVA = 60.1℃ 
Ea = RTDf 

251 = 0.0083∗333.25∗Df 

 Df = 90.77 
ΔDf = Df at R.T − Df at 60.1℃ = 101.43−90.77
ΔDf = 10.66
 Addition Ea from (25 & 60.1℃) = ΔDf ∗Each unit of Df  
Each unit of Df = 2.475 kJ mol-1 ………………………. from eq. (1.5)
Ea from (25 & 60.1℃) = 10.66∗2.475 = 26.383 kJ mol-1

Ea at (60.1℃) = 251−26.383 = 224.617 kJ mol-1

 ΔT = 60.1 − 25 = 35.1℃ 
1℃ ≡ Ea at (25 & 60.1℃)/ΔT≡26.383/35.1≡0.75 kJ mol-1 ..... (1.9)

Substance Given energy from addition 
chitosan (kJ mol-1)

1% chitosan 3.635
3% chitosan 5.787
5% chitosan 7.452
7% chitosan 7.827

Table 5: Shows the given energy by addition chitosan to PMMA.
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The chain rupture falls to 57.54℃ due to addition 1% chitosan 
∴Tg = 57.54℃
 Ea = RTDf 
251 = 0.0083∗330.69∗Df 

 Df = 91.47
 ΔT = 57.54 − 25 = 32.54℃ 
Addition Ea from (25 & 57.54℃+1% Chitosan) = 32.54℃∗0.75 kJ mol-1

Ea from (25 &57.54℃+1% Chitosan) = 24.405 kJ mol-1 
Given energy from addition 1% chitosan = 26.383-24.405
Given energy (from addition 1% chitosan) = 1.978 kJ mol-1  ...........................(1.10) 
 Ea at (57.54℃) = 224.617−1.978 = 222.639 kJ mol-1

By addition 3% Chitosan to PVA 

The temperature of chain rupture falls to 53.79℃ due to addi-
tion 3% Chitosan ∴Tg = 53.79℃.

Repeat the same procedure for Tg = 57.54℃ but at (Tg = 53.79℃) 
and the result shows in tables 6 and 7. 

By addition 5% Chitosan to PVA

The temperature of chain rupture falls to 51.43℃ due to addi-
tion 5% Chitosan ∴Tg = 51.43℃ 

Repeat the same procedure for Tg = 57.54℃ but at (Tg = 
51.43℃) and the result shows in tables 6 and 7

By addition 7% Chitosan to PVA

The temperature of chain rupture falls to 56.75℃ due to addi-
tion 7% Chitosan ∴Tg = 56.75℃ 

Repeat the same procedure for Tg = 57.54 ℃ but at (Tg = 
56.75℃) and the result shows in tables 6 and 7. 

Substance Tg 
(°C) Df Ea at Tg 

(kJ mol-1)

Given Ea from 
heating and ad-
dition chitosan 

(kJ mol-1)

Pure PVA 60.1 90.77 224.617 26.383
1% chitosan 57.54 91.47 222.639 24.405
3% chitosan 53.79 92.51 219.826 21.592
5% chitosan 51.43 93.17 218.056 19.822
7% chitosan 56.75 91.67 222.046 23.812

By addition 1% Chitosan to PVA: 

Table 6: Shows the effect of chitosan on PVA at 
 R.T(25°C) & Ea (251 kJ mol-1) with Df (101.43).

Substance Given energy from addition 
chitosan (kJ mol-1)

1% chitosan 1.978
3% chitosan 4.791
5% chitosan 6.561
7% chitosan 2.571

Table 7: Shows the given energy by addition chitosan to PVA.

Second method

Poly (methyl methacrylate) powder (PMMA)

Tg of pure PMMA = 60.22℃ 
1°C = 0.75 kJ mol-1 …………………..……. from eq. (1.7)
ΔT = 60.22−25 = 35.22℃ 
Addition Ea (25 & 60.22℃) = 35.22*0.75
Ea (from 25 & 60.22℃) = 26.415 kJ mol-1......................................................(1.11) 
Ea at (60.22℃) = 251−26.415 = 224.585 kJ mol-1 

By addition 1% Chitosan to PMMA: 

The temperature of chain rupture falls to 55.43℃ due to addition 
1%chitosan 
∴Tg = 55.43℃
ΔT = 55.43−25 = 30.43℃ 
Addition Ea from (25 &55.43℃+1% Chitosan) = 30.43*0.75 
Ea from (25 &55.43℃+1% Chitosan) = 22.822 kJ mol-1

60.22- 55.43 = 4.79 ℃
Given energy by addition 1% chitosan = 4.79* 0.75
Given energy (from addition 1% chitosan) = 3.592 kJ mol-1 …………………(1.12) 
 Ea at (55.43℃) = 224.585−3.592 = 220.993 kJ mol-1

By addition 3% Chitosan to PMMA 

The temperature of chain rupture falls to 52.56℃ due to addition 
3% chitosan ∴Tg = 52.56℃ 
ΔT = 52.56−25 = 27.56℃
Addition Ea from (25 &52.56℃+3% Chitosan) = 27.56 * 0.75
Ea from (25 &52.56℃+3% Chitosan) = 20.67 kJ mol-1

60.22- 52.56 = 7.66 ℃
Given energy by addition 3% chitosan = 7.66 * 0.75
Given energy (from addition 3% chitosan) = 5.745 kJ mol-1 ………………....(1.13)
 Ea at (52.56℃) = 224.585−5.745 = 218.84 kJ mol-1 
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By addition 5% Chitosan to PMMA: 

The temperature of chain rupture falls to 50.34℃ due to addition 
5% chitosan ∴Tg = 50.34℃ 

ΔT = 50.34−25 = 25.34℃

Addition Ea from (25 &50.34℃+5% Chitosan) = 25.34 * 0.75

Ea from (25 & 50.34℃+5% Chitosan) = 19.005 kJ mol-1

60.22- 50.34 = 9.88 ℃

Given energy by addition 5% chitosan = 9.88 * 0.75

Given energy (from addition 5% chitosan) = 7.41 kJ mol-1 ………………... (1.14)

 Ea at (50.34℃) = 224.585−7.41 = 217.175 kJ mol-1 

By addition 7% Chitosan to PMMA: 

The temperature of chain rupture falls to 49.84℃ due to addition 
7% chitosan ∴Tg = 49.84℃

ΔT = 49.84−25 = 24.84℃

Addition Ea from (25 & 49.84℃+7% Chitosan) = 24.84 * 0.75

Ea from (25 & 49.84℃+7% Chitosan) = 18.63 kJ mol-1

60.22- 49.84 = 10.38 ℃

Given energy by addition 7% chitosan = 10.38 * 0.75

Given energy (from addition 7% chitosan) = 7.785 kJ mol-1 ………………. (1.15)

 Ea at (49.84℃) = 224.585−7.785 = 216.8 kJ mol-1 

Tables 8, 9 and 10 summarized the results. 

Substance Tg (°C) Ea at Tg 
(kJ mol-1)

Given Ea from heating  
and addition chitosan 

 (kJ mol-1)
Pure PMMA 60.22 224.585 26.415
1% chitosan 55.43 220.993 22.822
3% chitosan 52.56 218.84 20.67
5% chitosan 50.34 217.175 19.005
7% chitosan 49.84 216.8 18.63

Table 8: Shows the effect of chitosan on PMMA  
at R.T(25°C) and Ea (251kJ mol-1).

Substance Given energy from addition 
chitosan (kJ mol-1)

1% chitosan 3.592
3% chitosan 5.745
5% chitosan 7.41
7% chitosan 7.785

Table 9: Shows the given energy by addition chitosan to PMMA.

Poly (vinyl alcohol) (PVA)

Tg of pure PVA = 60.1 ℃ 

1°C = 0.75 kJ mol-1 ………………………. from eq. (1.9)

ΔT = 60.1−25 = 35.1℃ 

Addition Ea (25 & 60.1℃) = 35.1*0.75 = 26.325 kJ mol-1 …..................(1.16)

Ea at (60.1℃) = 251−26.325 = 224.675 kJ mol-1 

By addition 1% Chitosan to PVA

The chain rupture falls to 57.54℃ due to addition 1% chitosan

∴Tg = 57.54 ℃

ΔT = 57.54 −25 = 32.54℃ 

Addition Ea from (25 &57.54℃+1% Chitosan) = 32.54*0.75 

Ea from (25 &57.54℃+1% Chitosan) = 24.405 kJ mol-1

60.1- 57.54 = 2.56 ℃

Given energy from addition 1% chitosan = 2.56 * 0.75

Given energy (from addition 1% chitosan) = 1.92 kJ mol-1 …..………………(1.17) 

Ea at (57.54℃) = 224.675 −1.92 = 222.755 kJ mol-1 

By addition 3% Chitosan to PVA:  

The temperature of chain rupture falls to 53.79℃ due to addition 
3% chitosan ∴Tg = 53.79℃ 

ΔT = 53.79−25 = 28.79℃

Addition Ea from (25 &53.79℃+3% Chitosan) = 28.79* 0.75

Ea from (25 &53.79℃+3% Chitosan) = 21.592 kJ mol-1

60.1- 53.79 = 6.31 ℃

Given energy from addition 3% chitosan = 6.31 * 0.75

Given energy (from addition 3% chitosan) = 4.732 kJ mol-1 ……………...(1.18)

 Ea at (53.79℃) = 224.675 −4.732 = 219.943 kJ mol-1 

Substance Average given energy from addition 
chitosan (kJ mol-1)

1% chitosan 3.613
3% chitosan 5.766
5% chitosan 7.431
7% chitosan 7.806

Table 10: Show the average given energy by 
 addition chitosan to PMMA.
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By addition 5% Chitosan to PVA

The temperature of chain rupture falls to 51.43℃ due to addition 
5% chitosan ∴Tg = 51.43℃ 

ΔT = 51.43−25 = 26.43℃

Addition Ea from (25 &51.43℃+5% Chitosan) = 26.43* 0.75

Ea from (25 &51.43℃+5% Chitosan) = 19.822 kJ mol-1

60.1- 51.43 = 8.67 ℃

Given energy from addition 5% chitosan = 8.67 * 0.75

Given energy (from addition 5% chitosan) = 6.502 kJ mol-1 ……………...(1.20)

 Ea at (51.43℃) = 224.675 −6.502 = 218.173 kJ mol-1 

By addition 7% Chitosan to PVA 

The temperature of chain rupture falls to 56.75℃ due to addition 
7% Chitosan ∴Tg = 56.75℃ 

ΔT = 56.75−25 = 31.75℃

Addition Ea from (25 &56.75℃+7% Chitosan) = 31.75* 0.75

Ea from (25 &56.75℃+7% Chitosan) = 23.812 kJ mol-1

60.1- 56.75 = 3.35 ℃

Given energy from addition 7% chitosan = 3.35 * 0.75

Given energy (from addition 7% chitosan) = 2.512 kJ mol-1 ……………..(1.21)

 Ea at (56.75℃) = 224.675 −2.512 = 222.163 kJ mol-1 

Tables 11, 12 and 13 summarized the results. 

Substance Tg (°C) Ea at Tg 
(kJ mol-1)

Given Ea from heating 
and addition chitosan 

(kJ mol-1)
Pure PVA 60.1 224.675 26.325
1% chitosan 57.54 222.755 24.405
3% chitosan 53.79 219.943 21.592
5% chitosan 51.43 218.173 19.822
7% chitosan 56.75 222.163 23.812

Table 11: Shows the effect of chitosan on PVA  
at R.T(25°C) and Ea (251 kJ mol-1).

Substance Given energy from addition 
chitosan (kJ mol-1)

1% chitosan 1.92

3% chitosan 4.732
5% chitosan 6.502
7% chitosan 2.512

Table 12: Shows the given energy by addition chitosan to PVA.

Substance Average given energy from  
addition chitosan (kJ mol-1)

1% chitosan 1.949
3% chitosan 4.761
5% chitosan 6.531
7% chitosan 2.541

Table 13: Show the average given energy by  
addition chitosan to PVA.

Figure 4 and 5 show the glass transition temperature (Tg) of 
PMMA and PVA as a function of chitosan percent. With both bio-
polymers the Tg decreases with all percent (1,3,5,7) chitosan with 
PMMA while with PVA up to 5% then it is rises with 7% chitosan. 
This is due to the rupture of engineer in bonds (secondary bonds) 
for both polymers. In case of PMMA chitosan can form H- bonding 
(donate acidic hydrogen) to the PMMA, but no chance for PMMA to 
donate acidic hydrogen to chitosan as well as PMMA belong to the 
group of plastics called thermoelastic with physically cross-linking 
i.e. its secondary bonds are very weak and easy ruptured, thus chi-
tosan break it result in lowering PMMA Tg for all chitosan addition. 
While in case of PVA- chitosan system the Tg of PVA decreases with 
the first three addition (1,3,5 percent) while in the 7% addition the 
Tg increasing which mean a new secondary bonds formed with the 
7% chitosan i.e. the excess 2% go in hydrogen bond formation re-
sult in increasing Tg (see table 4 and 6).The activation energies for 
rupture of secondary bonds for both PMMA and PVA as a function 
of chitosan percent are showen in figures 6a and 6b respectively. 

Results and Discussion

Figure 4: The effect of chitosan (wt.%) on the glass  
transition temperature of PMMA.
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Figure 5: The effect of chitosan (wt.%) on the glass  
transition temperature of PVA.

(a)

Figure 6: Activation energy for chain rupture in  
(a)PMMA, (b)PVA as a function of chitosan percent.

(b)
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