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บทคดัย่อ 
การสงัเคราะห์พอลิเบนซอกซาซีนผสมไคโตซาน (น้ําหนักโมเลกุล 15,000 กรมั/โมล และ 100,000 กรมั/โมล) ใน
อตัราสว่น (พอลเิบนซอกซาซนี:ไคโตซาน)0:100, 20:80, 40:60, 50:50, 60:40, 80:20, 100:0น้ําหนกัโมเลกุลของไคโต
ซานและอตัราส่วนผสมส่งผลต่อการขึน้รูปเป็นแผ่นฟิล์มพอลเิมอรเ์บนซอกซาซนี อตัราส่วนที่เหมาะสมในการขึน้รูป
แผ่นฟิลม์ของไคโตซานน้ําหนักโมเลกุล 15,000 กรมั/โมล คอื 40:60 เน่ืองจากแผ่นฟิลม์ทีไ่ดม้พีืน้ผวิทีเ่รยีบ ทัง้สงัเกต
ด้วยตาเปล่าและผ่านการตรวจสอบสณัฐานวทิยาของแผ่นฟิล์มด้วยเครื่องกล้องจุลทรรศน์อเิลก็ตรอนแบบส่องกราด 
สาํหรบัแผ่นฟิลม์ผสมที่ใชไ้คโตซานน้ําหนักโมเลกุล 100,000 กรมั/โมล พบว่าแผ่นฟิล์มที่อตัราส่วน 60:40 มคีุณภาพ
ทางสณัฐานวิทยาที่ดี สมบัติทางความร้อนและสมบัติเชิงกลของแผ่นฟิล์มถูกตรวจสอบด้วยเทคนิคการศึกษา
เสถยีรภาพทางความรอ้นและการทดสอบแรงดงึในทศิทางเดยีว พบวา่อตัราสว่น 50:50 ของไคโตซานน้ําหนักโมเลกุล 
100,00 กรมั/โมล มเีสถยีรภาพทางความรอ้นทีด่ ีและมคีวามยดืหยุน่สงูเมื่อเปรยีบเทยีบกบัอตัราสว่นอื่นๆ จงึสรปุไดว้า่
การผสมระหวา่งพอลเิบนซอกซาซนีและไคโตซานสง่ผลใหส้มบตัทิางความรอ้นและสมบตัเิชงิกลของแผ่นฟิลม์ดขีึน้ ซึ่ง
จะก่อใหเ้กดิประโยชน์ในการนําไปใชต้่อไป 
คาํสาํคญั: พอลเิบนซอกซาซนี  ไคโตซาน  สมบตัทิางความรอ้น  สมบตัเิชงิกล 
 

Abstract 
Synthesized polybenzoxazine was mixed with chitosan (Mw= g/mol and Mw= g/mol) at :, 
:, :, :, :, :, : ratio. The average molecular weight and the ratio affected polymer 
to form polymer film. The optimum ratio polybenzoxazine:chitosan (Mw= g/mol) film was : which 
showed good morphology in SEM (scanning electron microscopy) and naked-eye results.  For 
polybenzoxazine cross-linked with chitosan (Mw= g/mol) film present good quality with : ratio. 
The thermal and mechanical properties of polymer films were characterized by using Thermogravimetric 
Analysis (TGA) and uniaxial tensile test. The best ratio of polybenzoxazine cross-linked chitosan 



การประชุมวิชาการ “มหาวิทยาลัยมหาสารคามวิจัย ครั้งที่ 12”
The 12th Mahasarakham University Research Conference 279MRC#12 

 
 

(Mw= g/mol) film was : which showed good thermal stability and high flexibility compared with 
other ratio. It can be concluded that improvement of thermal and mechanical properties of film was 
successful by cross-linking between polybenzoxazine and chitosan.         
Keywords: Polybenzoxazine, Chitosan, Thermal property, Mechanical property 

 

Introduction 
Nowadays, biodegradable polymer was interested 
and studied according to easily degradation, 
environmentally friendly material and excellent 
properties. Among the natural biodegradable 
polymers, chitosan has been actively developed 
and used in many fields during the past few 
decades.1,2 Chitosan is branched polysaccharide 
and modified high molecular weight produced by 
deacetylation of chitin obtained from crab and 
shrimp shells. Chitin is the second most available 
natural biodegradable polymer on Earth after 
cellulose.3 Chitosan has amino group (-NH2) in 
substituent position caused chitosan can be 
dissolved in dilute acidic aqueous solutions. Due 
to its high chemical reactivity, good properties and 
low cost, chitosan has been widely used in 
various applications such as medicine, food, 
wastewater treatment and agriculture.3,4 However, 
chitosan has some drawbacks, such as insolubility 
in organic solvents, brittle material as well as poor 
thermal and mechanical properties. These 
problems are commonly solved by grafting or 
cross-linking chitosan with other polymers.   

Polybenzoxazine is one class of recently 
developed thermosetting polymers which are 
different from traditional polymers by their 
properties such as good mechanical strength, high 
thermal stability, good chemical and electrical 

resistance, low dielectric properties, and good 
chemical reactivity toward other polymers.5-9 
Benzoxazine monomers are heterocyclic 
compounds, discovered by Holly and Cope10 in 
1944 by using condensation reaction of a primary 
amine with formaldehyde and phenol. 
Polybenzoxazine is obtained via thermally 
activated ring-opening polymerization of 
benzoxazine monomers without using an initiator 
or catalyst. There are no toxic volatiles, harsh 
materials, or byproducts generated during the 
polymerization. 5,7,11,12 Recently, the development 
of polymer properties is much attention in cross-
linking good properties of polymer with 
biodegradable polymer in order to improve the 
poor properties of biodegradable polymer. In this 
study, chitosan was developed the thermal and 
mechanical properties by cross-linking with 
polybenzoxazine. 
 
Materials and Methods 
Analytical grade 1,4-Dioxane was purchased from 
labscan, Ireland. Bisphenol-A (BPA, 97% purity) 
was obtained from Aldrich, Germany. 
Formaldehyde (analytical grade, 37%wt in water) 
and acetic acid were purchased from Merck, 
Germany. Triethylenetetramine (85% purity) was 
purchased from Fluka, Switzerland. Chitosan with 
Mw=15000 g/mol (90% DAC) and chitosan with 
Mw=100000 g/mol (95% DAC) were obtained from 
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Seafresh Chitosan (lab) Company Limited. All 
chemicals were used as received. 

The film morphology was investigated 
using a scanning electron microscope (SEM, 
JEOL JSM-6460LV). A thermogravimetric analyzer 
(TGA, TA-Instrument TG SDT Q600) was used to 
investigate the thermal stability of films using a 
heating rate of 20 °C/min under a N2 flow. The 
tensile properties of films were measured by using 
LLOYD Instrument at a crosshead speed of 10 
mm/s. The results of each sample were 
determined from an average of at least 5 tests.  

The benzoxazine was prepared by 
mixing bisphenol-A, formaldehyde and diamine 
(TETA) at a mole ratio of 1:4:1, respectively. 13 
Firstly, bisphenol-A (6.84 g, 30 mmol) was 
dissolved in 1,4-dioxane (15 mL) in a 50 mL glass 
bottle and was stirred until a clear solution was 
obtained. A formaldehyde solution (9.73 g, 324 
mmol) was then added to the bisphenol-A 
solution. The temperature was kept under 10 °C 
by using an ice bath. TETA was then added 
dropwise into the mixture while continuously 
stirring for approximately 1 hour until a 
transparent yellow viscous liquid was obtained. 14 
The producing solution was precipitated in 
deionized water and dried under vacuum at room 
temperature for 24 hours.   

Polybenzoxazine cross-linked chitosan 
films were prepared with various weight ratios: 
(100:0), (80:20), (60:40), (50:50), (40:60), (20:80), 
and (0:100) of polybenzoxazinewith TETA as 
diamine (PBZ-TETA):chitosan (CTS).  A specified 
amount of chitosan was dissolved in 1.5% acetic 

acid solution under continuous magnetic stirring at 
ambient condition. At the same time, a desire 
amount of benzoxazine was also dissolved in 
1.5% acetic acid solution by using a magnetic 
stirrer at room temperature. After completely 
dissolved of both polymers, the chitosan solution 
was slowly added to the benzoxazine solution 
under vigorous agitation by magnetic stirrer until a 
homogeneous mixture was obtained. The solution 
was poured onto a polystyrene dish and dried at 
40 °C for 24 hour. Finally, the cross-linked films 
were obtained in difference color depending on 
the polybenzoxazine and chitosan ratio.  

 

Results and Discussion 
Morphology Analysis 

Benzoxazineprecursor was successfully 
derived from the reation of bisphenol-A, TETA, 
and formaldehyde at a molar ratio of 1:1:4 via a 
quasi-solventless. All cross-linked polymer 
showed transparency films. Polybenzoxazine 
(PBZ-TETA) and chitosan (CTS) were prepared to 
be dense films.14 However polybenzoxazine 
blended with chitosan in high average molecular 
weight (Mw=100000 g/mol) could be formed good 
morphology films compared to blend 
polybenzoxazine with low average molecular 
weight. The polymer ratio also affected to the 
appearances of polybenzoxazine cross-linking 
chitosan as shown in Table 1. PBZ-TETA:CTS 
(Mw=15000 g/mol) 80:20 film cannot be formed. 
PBZ-TETA:CTS (Mw=15000 g/mol) 40:60 ratio 
and PBZ-TETA:CTS (Mw=15000 g/mol) 60:40 
ratio showed imperfect films. 
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Table 1 PBZ-TETA : CTS ratio and appearances of polybenzoxazine/chitosan films  

PBZ-TETA : CTS Appearances of films 
CTS (Mw = 15000) CTS (Mw = 100000) 

0:100 

 

20:80 

  

40:60 

 

50:50 

 

60:40 

 

80:20 

 

100:0 
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The good morphology films were obtained 
according to the increasing average molecular 
weight of chitosan because of excellent cross-
linking between polybenzoxazine and chitosan, 
strongly agree with the result reported by Zunying 
Liu and coworker. 15        

SEM micrographs show that the 
prepared polybenzoxazine/chitosan films were 
different morphology due to the polymer ratio. The 
surface of polybenzoxazine film and both chitosan 
films were dense and without any voids compared 
to polybenzoxazine/chitosan with variation ratio.  
There were many defects in 1.5CTS:PBZ-TETA, 
20:80 film due to imperfect in cross-linking and 

rapidly evaporated solvent. When the chitosan 
ratio was increase, the better morphology of film 
surface was obtained. However, over 50 mole 
ratio of chitosan showed many flaws on the 
surface because of phase separation in polymer 
(Figure 1). This problem also present in 
polybenzoxazine/chitosan (Mw=100000 g/mol) 
films as shown in figure 2. The effect of phase 
separation was decreased with increasing the 
mole ratio of chitosan. It can be concluded that 
the average molecular weight and mole ratio of 
chitosan affected the morphology of cross-linking 
films. 15 

 

 
Figure 1 SEM micrographs of surface polybenzoxazine/chitosan (1.5CTS:PBZ-TETA) films with 0:100 (a), 
20:80 (b), 40:60 (c), 50:50 (d), 60:40 (e), 80:20 (f), 100:0 (g).  

 



การประชุมวิชาการ “มหาวิทยาลัยมหาสารคามวิจัย ครั้งที่ 12”
The 12th Mahasarakham University Research Conference 283MRC#12 

 
 

 
Figure 2 SEM micrographs of surface polybenzoxazine/chitosan (10CTS:PBZ-TETA) films with 0:100 (a), 
20:80 (b), 40:60 (c), 50:50 (d), 60:40 (e), 80:20 (f), 100:0 (g).  
 

Thermal Analysis 
The polybenzoxazine/chitosan cross-linking films 
were studied thermal properties by using 
Thermogravimetric Analysis, TGA. The 
degradation of films began to degrade at 50 °C 
and the char yield was 10-28% as shown in 
Figure 3. Polybenzoxazine film had high initial 
thermal decomposition temperature, and its 
decomposition temperature spanned a wide 
range. The 5% weight-loss temperatures of the 
cross-linked films were between those of 
polybenzoxazine and chitosan. The char yield and 
initial thermal decomposition of our films was 
changed due to the mole ratio of 

polybenzoxazineand chitosan. Increasing 
polybenzoxazine mole ratio, the char yields were 
decrease excluding 10CTS:PBZ-TETA (50:50) 
char yield appeared higher %weight than chitosan 
film andpolybenzoxazine film, which indicated that 
the thermal stability of cross-linked film was 
improved. Thus the average molecular weight of 
chitosan had an effect on thermal stability due to 
the longer chain length. Moreover, the completely 
cross-linking between polybenzoxazine and 
chitosan was also affected thermal property. 16-18 
These results indicate that the best mole ratio to 
prepare cross-linked film with good thermal 
property was 10CTS:PBZ-TETA (50:50).  
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Figure 3 Thermogravimetric curves of polybenzoxazine/chitosan films, a: CTS (Mw=15000 g/mol), b: CTS 
(Mw=100000 g/mol) 

 

Mechanical Analysis 
The mechanical properties of the 
polybenzoxazine/chitosan films were investigated 
using uniaxial tensile test (Table 2). The Young’s 
modulus of cross-linked films was lower than that 
of polybenzoxazine film and chitosan films; 
furthermore Young’s modulus of cross-linked films 
was decrease with raising mole ratio of 
polybenzoxazine. The stress at break of cross-
linked films was reduced according to increase 
the amount of polybenzoxazine in cross-linked 
film. Additionally, the %elongation at break was 
studied to explain the flexibility of cross-linked 
film, a higher elongation at break indicates greater 
flexibility. With low mole ratio of polybenzoxazine, 
the %elongation at break was decrease compared 
to polybenzoxazine film and chitosan film, and 
then it was slightly increase with reducing mole 
ratio of chitosan. 1.5CTS40:PBZ-TETA60 film 
showed higher %elongation at break than that of 
neat polymer films because of suitable mole ratio 
of good cross-linked ability of polybenzoxazineand 

chitosan. As a result of %elongation at break of 
polybenzoxazine/chitosan (Mw=100000) films, the 
results showed better flexibility than 
polybenzoxazine film, chitosan film and 
polybenzoxazine/chitosan (Mw=15000 g/mol) 
films. The most flexible film was 10CTS50:PBZ-
TETA50 ratio which was 82.42 %elongation at 
break induced by the interactions between 
chitosan and polybenzoxazine.19   

 

Conclusions 
Polybenzoxazine/chitosan croos-linked 

films were successful to prepare with various mole 
ratio (polybenzoxazine:chitosan, 100:0, 80:20, 
60:40, 50:50, 40:60, 20:80, 0:100). The 
combination between polybenzoxazine and 
chitosan with different average molecular weight 
(Mw=15000 g/mol and Mw=100000 g/mol) 
developed the properties of films compared to 
polybenzoxazine film and chitosan film.  With high 
average molecular weight of chitosan, the films 
were performed flawlessly surface morphology.  
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Table 2 Tensile properties of polybenzoxazine/chitosan films   

Mole ratio of films Young’s modulus (MPa) stress at break (MPa) % elongation at break 
1.5CTS100:PBZ-TETA0 1007.02 21.56 20.02 
1.5CTS80:PBZ-TETA20 933.34 37.61 3.53 
1.5CTS60:PBZ-TETA40 580.38 20.64 6.19 
1.5CTS50:PBZ-TETA50 400.75 12.57 6.59 
1.5CTS40:PBZ-TETA60 229.26 2.75 43.57 
1.5CTS20:PBZ-TETA80 nd* nd* nd* 
1.5CTS0:PBZ-TETA100 1008.35 17.01 11.22 

 

10CTS100:PBZ-TETA0 901.97 39.07 25.36 
10CTS80:PBZ-TETA20 658.47 23.79 41.67 
10CTS60:PBZ-TETA40 323.93 12.08 66.88 
10CTS50:PBZ-TETA50 240.04 6.64 82.42 
10CTS40:PBZ-TETA60 145.35 5.97 40.36 
10CTS20:PBZ-TETA80 112.32 0.56 27.77 
10CTS0:PBZ-TETA100 1008.35 17.01 11.22 
*nd (not determined)  

The thermal property of cross-linked films was 
improved by blending polybenzoxazine and 
chitosan (Mw=100000 g/mol) at 50:50 mole ratio 
which showed the highest char yield. Moreover, 
this mole ratio of polybenzoxazine in chitosan 
films also showed a significant role in enhancing 
the flexibility of cross-linked film.   
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