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AAABSTRACTBSTRACTBSTRACT   

The present  paper Reviews the 

thermalgravitational analysis of chitosan. 

Chitosan is derived from chitin. Chitin is most 

versatile biopolymer prepared from fish 

market waste. Government concern over the 

environment, the depletion of fossil fuels and 

climate change has promoted the development 

of biopolymers. Compared to polymeric 

resources from petroleum, natural polymers 

from renewable resources have the 

a d v a n t a g e s  o f  b i o d e g r a d a b i l i t y , 

biocompatibility, non- toxicity,high reactivity, 

low cost and ease of availability. The proper 

utilization of sea food waste and fish market 

waste not only solves the problem of their 

disposal but also forms the basis for many 

potential products used in the fields such as 

textiles, photography, medicines, agriculture, 

food processing, Cosmetics etc. therefore, the 

aim of this investigation is to enhance the 

utilization of biopolymer and help to minimize 

the environmental pollution. The investigation 

of thermal properties of chitosan is required to 

understand the thermal behaviour of the 

chitosan. Thermal behaviour of the chitosan 

determines their fire performance and thermal 

stability, degradation temperature. Therefore 

we are working on thermo gravimetric 

analysis of Narmada Riverside Crab Shells 

based Chitosan  

Keywords:— Crab shell, chitin, chitosan, 

TGA, thermal investigation  

I. I. I. IIINTRODUCTIONNTRODUCTIONNTRODUCTION   

Thermal properties of chitosan is to 

improve the fire performance and thermal 

stability also. Chitin is deacelyted to form 

chitosan. Chitin can be developed from 

outer shell of crustaceans and insects. 

Chitin is also being prepared from fungi, 

worms, diatoms, etc. [1, 2, 3, 4 and 5]. As a 

biopolymer chitin has the second place after 

cellulose [6]. Study on thermal behaviour of 

crab shell are reported [7, 8 ,9, 10, 11, and 

12]. Chitin and chitosan have many 

important applications in engineering. Food 

t e c h n o l o g y ,  b i o m e d i c i n e ,  w a t e r 

engineering, agriculture, cosmetics, 

biotechnology, textile and paper industry, 

photography, solid state bettetries, 

chromatographic, ophthalmic technology 

etc. are the main application areas of chitin 

and chitosan [13]. chitin is also extracted 

from Nigerian origin [14 and 15] . Chitin 
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can be prepared by chemical and biological 

methods. The chemical method has been 

widely reported [16, 17, 18, 19 and 20]. 

Chitin and chitosan also extracted from 

Narmada riverside crab shells [21]. Chitin 

has more applications when it is partially 

deacetylation under alkaline conditions [22, 

23 and 24]. To prepare chitin and chitosan 

for the investigation of the thermal 

properties, generally, two processes are in 

practice, namely the chemical and 

biological process. In the exoskeleton tissue 

or crab shell, protein and chitin combine to 

form a protein-chitin matrix, which is then 

extensively calcified to yield hard shells.

[25]. A traditional method for the 

commercial preparation of chitin from 

crustacean shell consists of two basic steps 

(a) protein separation i.e. deproteinisation 

by alkali treatment, and (b) calcium 

carbonate (calcium phosphate) separation, 

i.e. demineralization by acidic. Thermal 

analysis of chitosan [biopolymer] is done 

by measuring physical properties of the 

polymer as it is subjected to controlled 

temperature changes. Thermal analysis 

performed on  condensed  mat ter , 

specifically solids, glasses, liquids and s 

olutions. Thermogravimetric analysis 

(TGA) is the most popular method for 

t h e r m a l  a n a l y s i s .  H e r e  t h e 

thermogravimetric analysis is widely 

practiced in the polymer and composites 

industries. Thermal properties are very 

important to end- use applications and to 

the processing methods used to make 

polymer products. There are a namber of 

important thermal transitions that relate to 

processing. Many polymers degrade or 

depolymerise when they are heated 100oC 

or more above their processing temperature. 

Thermogravimetric analysis (TGA or TG) is 

used to measure a variety of polymeric 

phenomena involving weight change. 

Typical phenomena include rate of sorption 

of gases; desorption of volati le 

contaminants (monomers, solvents, 

plasticizers and other additives) diffusion 

and permeation of gases; and polymer 

degradations in oxidative, inert and vacuum 

environments. Thermal testing has become 

easier with appearance of automated 

equipment for testing small sample. These 

systems speed the characterization of new 

and modified polymers, allowing efficient 

research and development as well as 

accurate production monitoring. The 

chemical composition tests are also 

important, al though the chemical 

compositions of most materials sold 

commercially are well-known. TGA is 

useful in determining the composition of 

unknoun samples or verifying that the 

expected composition was achieved. They 

also can be very helpful in identifying 

impurities, side reactions and additives that 

can have a big effect on performance 

properties. TGA can be used to evaluate the 

thermal stability of a material. In a desired 

temperature range, if a material is thermally 

stable. There will be no observed mass 

change. Negligible mass loss corresponds to 

little or no slope in the TGA trace. TGA 

also gives the upper use temperature of a 

material beyond this temperature the 

material will begin to degrade. TGA is used 

in the analysis of ceramics and thermally 

stable polymers. Ceramics usually melt 

before they decompose as they are 

thermally stable over a large temperature 

range, thus TGA is mainly used to 

investigate the thermal stability of 

polymers. Most polymer melt or degrade 

before 200oC. however, there is a class of 

thermally stable polymers that are able to 

withstand temperature of at least 300oC in 

air and 500oC in inert gases without 

structural changes or strength loss, which 

can analyzed by TGA. Presently we are 

working on thermal investigation of 
chitosan prepared from Narmada Riverside 

Crab Shell. 
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II. II. II. RRRESEARCHESEARCHESEARCH   CCCONTRIBUTIONSONTRIBUTIONSONTRIBUTIONS   FROMFROMFROM   

RRRESEARCHERSESEARCHERSESEARCHERS   

Following are the details of research 

contributions from different researchers in 

the field of thermogravimetric analysis of 

chitosan. 

2.1 Contributions of Researchers 

Diab et al.[28]. According to researcher, 

thermal study of chitosan. N-(phenylacety) 

chitosan (NPAC) polymer was synthesized 

by reaction of phenylacetic acid with 

chitosan. The chemical structure of the 

formed polymer was characterized by IR 

and microanalysis. themogravimetric 

analysis revealed that the thermal stability 

of the NPAC polymer was less than that of 

chitosan, the products of NPAC thermal 

degradation were identified by the GCMS 

technique. The TG and DTG curve of 

chitosan are shown in figure 1. these are 

two degradation stages in chitosan polimer. 

In the first stage, weight loss starts at 220oC 

and continues to 320 with 50% weight loss. 

The maximum rate of weight loss, shown by 

the derivative of the curved at 295oC. the 

second stage reaches a maximum at 470oC 

with a weight loss percentage of 25%. 

 
Figure. 1. TG and DTG curves of chitosan 

Diab et al. [26] , According to researcher, 

thermal stability and degradation of 

chitosan modified by cinnamic acid .the 

reaction of chitosan with cinnamic acid 

gave the corresponding N-cinnamoyl 

chitosan (NCC) polymer. the TG cure of 

chitosan is shown in figure-2 there are two 

degradation stages in chitosan polymer. In 

the first stage, weight loss starts at -220oC 

and continues to -320oC with -50% weight 

loss. The maximum rate of weight loss. 

Shown by derivative equipment associated 

with TG apparatus. Occurs at -295.C. the 

second stage reaches a maximum at -470oC 

with a weight loss percentage of -40%. 

There are two degradation stages in NCC 

polymer as shown in figure 3. The first 

stage starts at-145oC with a weight loss 

percentage of -50%. The maximum rate of 

weight loss at -360oC with a weight loss 

percentage of -44%. TG curves of NCC and 

chitosan polymer reveal that chitosan is 

more thermally stable than NCC polymer.  

 
Figure 2. TG curve of chitosan 

  
Figure 3. TG curve of NCC polymer. 
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Zakaria et al. (30), worked on effect of 

degree of deacetylation of chitosan on 

thermal stability and compatibility of 

ch i tosan  polyamide  b l end ,  f rom 

thermogravimetric analysis (TGA) curves 

figure 3, it was observed that chitosan 

showed two steps of degradation (figure 

6E). the initial degradation occurred at 

around 30 to 100oC and displayed 22.33% 

weight loss. This degradation may 

correspond to a loss of adsorbed and bound 

water (Gonzalez et al. 2000; yeh et al. 

2006) . the chitosan has a greater capability 

to form hydrogen bonding as compared to 

chitin, and chitosan will be more 

hygroscopic when blended with other 

materials ( Gonzalez et al. 2000). This 

means that the initial decomposition around 

100oC can be attributed to the strong water- 

adsorptive nature of chitosan. Table 4 

displays the degradation temperature and 

char residue of CS, PA66, and CS/PA66 

blends. The second stage of degradation 

occurred at 210.8oC and continued up to 

370.8o C. there was 32.06% weight loss 

occurring in the second stage due to 

degradation of chitosan polymer, and the 

temperature at which maximum degradation 

occurred (TMAX) was 280.8oC .  

 
Figure 4. TGA Curve for Chitosan, Polyamide66, and 

CS/PA66 

P.Dhawade and Ramanand N. Jagtap [31], 

A c c o r d i n g  t o  t h e  r e s e a r c h e r , 

characterization of the glass transition 

temperature of chitosan and its oligomsers 

by temperature modulated differential 

scanning calorimetry, in differential 

scanning calorimetry (DSC) remnant 

moisture loss in sample often overlaps and 

distort thermal events such as glass 

transitions. TG curves of chitosan and its 

oligomers are shown in figure 5. The first 

stage begins at 80oC with weight loss of 

6% . the second stage starts at 260oC and 

reaches maximum at 380oC with weight loss 

of 54%. The weight remains after 500oC is 

40%. The first stage starts at 60oC with 

weight loss of 6% for chitosan due to the 

loss of water . whereas the water loss in 

oligomers is more during thermal analysis 

which infers that their thermal stability is 

less as compared to chitosan. Even from the 

second stage of thermal analysis it can be 

observed that weight loss is more as 

molecular weight decreases. 

 
Figure 5. Thermogravimetric Graphs of Pure Chitosan 

(B) and its Oligomers C1, C2 and C3 ) 

Sanjiv arora et al.[29], revealed that 

cellulose, chitin and chitosan are the most 

abundant biopolymer on earth and 

constitute an important class of 

b i o d e g r a d a b l e  m a t e r i a l s .  T h e 

decomposition of three major biopolymers 
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viz. chitin, chitosan, and cellulose are 

studied using simultaneous thermal analysis 

i.e. thermogravimetry/differential thermal 

analyzer. Thermal analysis is performed 

from ambient temperature to 700oC in a 

flowing nitrogen medium at four different 

linear heating rates i. e. 2.5, 5, 10 and 

20oC /min. thermal stability order of the 

three biopolymers based on TG followed 

the order; cellulose> chitin> chitosan.TG 

curves for chitin, chitosan and cellulose at 

different heating rates in nitrogen 

atmosphere are shown in figure, 6-8. The 

shapes of TG curves are quite similar 

shifting toward higher temperatures at 

higher heating rates . The initial 

decomposition temperature of chitin, 

chitosan and cellulose are 276.4, 254.6 and 

312.9oC and char yield are 20.4, 38.4 and 

9.1 at 600oC, respectively. On the basis of 

Ti, the thermal stability on samples follows 

the order; cellulose> chitin> chitosan 

(figure-4). 

 
Figure 6: TG curve of chitin at heating rates of (-----)

2.5, (…….)5,(-------)10and (…..)20oCms 

 
Figure 7: TG curve of chitosan at heating rates of (-----)

2.5, (…….)5,(-------)10and (…..)20oCmin1 

 
Figure 8: TG curve of cellulose at heating rates of (----) 

2.5, (…….)5,(-------)10and (…..)20oCmin1 

A. Nada et al. [32], worked on infrared 

spectroscopy and thermal analysis of 

chitosan and its derivatives, chitosan was 

prepared from crab shell. Different 

derivatives of chitosan e.g. phosphate, 

cyanoethyl and carboxymethyl chitosan 

etric curves of chitosan and its derivatives 

were shown in figure 9 . after initial loss of 

moisture at 373-393 K, another loss of 

weight was carried out. This loss in 

chitosan and its derivatives was occurred at 

minor decomposition reaction at 453, 473, 

4 8 3 ,  a n d  5 2 6 K  f o r  c h i t o s a n , 

phosphorylated, carboxymethylated, and 

cyanoethylated chitosan respectively. So the 

lose in weight % of chitosan itself. This can 

Thermogravimetric Analysis of Chitosan: A Conceptual Review 

Author(s): Ramesh Jamre, Mohit Maheshwarkar, K. K. Gadgey  



 

International Journal of Modern Engineering and Research Technology 

Volume 6 | Issue 2 | April 2019 
110  

be attributed to the degradation of chitosan 

during the reaction of chitosan with 

different chemicals for incorporation of 

different function groups. Also the higher 

lose in weight of phosphorylated and 

cyanoethylated chitosan is due to the higher 

minor decomposition temperature. This lose 

in weight is due to the actual pyrolysis. On 

the other hand, a major decomposition 

temperature was proceeded at 553, 753, 

743, 603, and 733K for chitosan 

phosphorylated, carboxymethylated, and 

chitosan respectively. The lose in weight at 

these major decomposition temperature was 

54, 60, 60 and 75% for chitosan. 

phosphorylated, carboxymethylated and 

cyanoethylated chitosan respectively . 

 
Figure 9: thermogravimetric analysis of chitosan and 

its derivatives 

Liao and hung[27] did a kinetic study of 

thermal degradations of chitosan /

polycaprolactam blends. They have used FT

-IR spectra to explain the effects of 

hydrogen bonding between chitosan and 

polycaprolactam (PA6). A dynamic 

mechanical analysis study suggested that 

the optimum chitosan and PA6 miscibility 

under the conditions of this experiment 

were obtained at a blending ratio of 40:60. 

They studied the thermal degradation of 

ch i tosan b lended wi th PA6 by 

thermogravimetric analysis and kinetic 

analysis (by the ozawa method). Dry 

chitosan and PA6 exhibited a single stage of 

thermal degradation and chitosan/PA6 

blends having>20 wt% PA6 exhibited at 

least two stages of degradation . Chitosan 

and polycaprolactam (PA6) possess polar 

groups, so the water is adsorbed onto the 

polymers while hydrogen bond forming. As 

the temperature from 30 reach to 120oC, the 

TG curve indicated a degreed of 12 wt% 

weight loss of chitosan, implying the 

presence of water, the weight loss of PA6 

was about 4wt% as indicated figure 10(a) 

and 10(b), following the loss of water, 

chitosan and PA6 underwent the primery 

stage of degradation. The primary 

degradation of chitosan started at about 

295oC and completely degraded at about 

720oC. after chitosan and PA6 polymers 

dried at 100oC for 10 min, the TG curves 

indicated no weight loss of water. As shown 

in figure 10(c) and (d). 

Figure 10. TG and DTG 

curve of (a) wet chitosan obtained at a heating rate of 

10oC/ min in an atmosphere of nitrogen, (c) dry 

chitosan at a heating rate of 10oC/min in an atmosphere 

of nitrogen 
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2.2 Gaps in the research and objectives of 

proposed research  

On the basis of literature survey, following 

research gaps are being investigated. 

1. To the best of our knowledge, there is 
very limited research based on 

Investigation of Thermal Properties of 

chitosan. 

2. There is very limited research on 

biopolymers like chitin and chitosan.  

On the basis of above mentioned research 

gaps, following objectives of the new 

research are being formulated. 

Following are the objectives of the 

research; 

1. To investigation the thermal 

properties of Narmada riverside crab 

shell based chitosan. 

2. To develop the new novel bio-polymer  

3. To analyze the effect of temperature 

changes on thermal characteristics of 

chitosan. 

 

III. III. III. CCCONCLUSIONSONCLUSIONSONCLUSIONS   

The present paper reviewed the thermo 

gravimetric weight loss of chitosan on the 

rate of degradation processes by various 

researchers which took place under the 

influence of low or at high temperature. 

Thermal analysis technique (TGA/TG) was 

used to understand the basic theory and 

thermal degradation of chitosan and other 

derivatives. On the basis of first stage and 

second stage thermal decomposition 

temperature calculated from TGA curves, 

the thermal stability of samples follows 

order; cellulose > chitin > chitosan. 

Chitosan powder is a stable material at 

room temperature, although it is 

hygroscopic after drying. weight loss of 

chitosan show the results that the process of 

the polymer thermodegradation depends on 

its DD value. The most susceptiable to 

therlmal degradation appears to be the 

sample of the highest DD (unstable amine 

group), with increasing temperature from 

100oC to 200oC more intensive changes of 

chitosan relative weight are observed. 

REFERENCES: 

[1] Blackwell J., Walton A. G., Chitin in ; 

Biopolymer New York, Academic 

Table 1 : Temperature Breaks And Weight Loss of Chitosan in Thermal Gravimetric 

Analysis (TGA/TG) 

 

S.No Researchers  1st Degradation  2nd Degradation  

T(OC) Weight Loss(%) T (OC) Weight Loss (%) 

1 Diab et al.(2013) 220-320 50 295-470 25 

2 Diab et al.(2012) 220 -320 50 295-470 40 

3 Zainoha zakaria 

et al.(2012) 

30-100 22.33 210-370 32.06 

 

4 

P.Dhawade and Jagtap

(2012) 

80 6 260-280 54 

5 Sanjiv arora et al.(2011) 254.6-296.3 38.4 270-337 ---------- 

6 A.M.A. Nada et al.(2006) 100-180 14 280 54 

7 Liao and hung(2004) 30-120 12 295-720 ------- 

Thermogravimetric Analysis of Chitosan: A Conceptual Review 

Author(s): Ramesh Jamre, Mohit Maheshwarkar, K. K. Gadgey  



 

International Journal of Modern Engineering and Research Technology 

Volume 6 | Issue 2 | April 2019 
112  

Press, 1973. P. 474-489 

[2] Muzzarelli, R.A.A., Some modified 

chitosan and their niche applications, 

it chitin Handbook, by Muzzarelli 

R.A.A., Peter M.G.(ed). European 

Chitin Society, Italy, 19197. 

[3] Abdou E.S., Nagy K.S.A. Elsabee 

M.Z. Extraction and characterization 

of chitin and chitosan from local 

sources, Bioresources Technology, 

2008,99, p1359-1367. 

[4] Inmaculada A., Marian M., Ruth 

H . , I i n e s  P . ,  B e a t r i z  M . , 

Niuris.,Gemma G., Angeles H., 

Functional characterization of chitin 

and chitosan, Current Chemical 

Biology, 2009,3, p.203-230  

[5] Nessa F., Shab M,M., Asaaduzzaman 

M.,Roy s. K., Hossoin M.M.,Jahan M 

S.,A process for thr preparation of 

chitin asd chitosan fron prown shell 

waste, Banladesh J. Sci.Ind.Res., 

2010.45(4),p.323-330. 

[6] Dutta P.K., Dutta J., Tripathi V.S., 

chitin and chitosan: Chemistry, 

properties and applications, J. of Sci. 

and Ind. Res., 2004, 63, p. 20-31. 

[7] Acharyulu, S.R., Gomathi , T. and 

Sudha, P.N. 2013, Physic-chemical 

characterization of cross linked 

chitosan- polyacrylonitrile polymer 

blends Der Pharmacia Letter, 5(2), pp. 

354-363. 

[8] Maria Mucha and Adam Pawlak. 

Complex study on chitosan 

degradability, Polymer 2002. 47 nr 7-

8. 

[9] D Saravanan , T Gomathi and PN 

Sudha. synthesis, characterization and 

thermal behaviour of natural Polymer 

Blend. International Journal of 

Chemical and Analytical Science 

ISSN 0976-1206. 

[10] Katarzna Lewandowska, Thermal 

study of chitosan blends with vinyl 

polymers. Department of General 

Chemistry Ul. Gangarina 7,87-100 

Torun, Poland. 

[11] V.M Correlo, L.F. Boesel, M. 

Bhattacharya, J.F. Mano, N.M. Neves 

and R.L. Reis. Properties of melt 

processed chitosan and aliphatic 

polyerter blends. Material Science and 

Engineering A 403 (2005)57-68. 

[12] F.A.A. Tirkistani “Thermal analysis of 

some chitosan Schiff bases” Polymer 

Degradation and Stability, Vol. 

60.No.1, 1998, pp 67-70. 

[13] Gadgey K K and Bahekar A, 

Investigation On Uses of Crab Based 

Chitin and its Derivatives, 

International Journal of Mechanical 

Engineering and Technology, 8(3), 

2017,pp.456-466. 

[14] Amos T.T., Sustainable Poly-culture 

fish production in Kano state of 

Nigeria: An economic analysis, PhD 

Thesis, Department of Agriculture 

Economics, Ahmadu Bello University, 

Zaria, Nigeria, 2000, p. 11-15. 

[15] Amos T.T., production and 

productivity of crustacean in Nigeria, 

J. Soc. Sci., 2007, 15(3) p.229-233. 

[16] Bader HJ and Birkholz. E. chitin from 

crab chitin Hand Book, R. A.A 

Muzzarelli and M.G. Peters, Eds., 

European chitin Society 1997. 

[17] Morin A and Dufresne A. 

Nanocomposites of Chitin Whiskers 

from Riftia Tubes and Poly 

Thermogravimetric Analysis of Chitosan: A Conceptual Review 

Author(s): Ramesh Jamre, Mohit Maheshwarkar, K. K. Gadgey  



 

International Journal of Modern Engineering and Research Technology 

Volume 6 | Issue 2 | April 2019 
113  

(carpolactone). Macromolecules 2002; 

35:2190-2199. 

[18] Watthanaphanit A, Supaphol 

P;Ttamura H, Takura S. and 

Rujiravanit R. Fabrication structure 

and properties of Chitin Whiskers-

Reinforced Alginate Nanocomposite 

Fibres, Journal of Applied Polymer 

Science 2008;110:890-899. 

[19] Aranaz., I. Mengibar, M. Harris, R. 

Paftos, I. Miralles, B. Acosta, N. 

Galed, G. and Heras, A. Functional 

characteristics of Chitin and 

Chitosan . Current Chemical Biology 

2009;3: 203-230. 

[20] Gadgey K K and Bahekar A, Studies 

on Extraction Methods of Chitin from 

Crab Shell and Investigate of its 

Mechanical Properties, International 

Journal of Mechanical Engineering 

and Technology, 8(2),2017,pp. 220-

230. 

[21] Gadgey K K and Dey S, Development 

of chitin and chitosan from Narmada 

Riverside crab shells ,International 

Journal of Mechanical Engineering 

and Technology, 8(7), 2017.pp. 298-

307. 

[22] Rinaudo, M. Main properties and 

current applications of some 

polysaccharides as biomaterials, Polm. 

Int. 2008, 57, 397-430. 

[23] Rinaudo, M. Physical properties of 

chitosan and derivatives in sol and gel 

states in Chitosan- Based systems for 

Biopharmaceut ical :  Del ivery, 

Targeting and Polymer Therapertics; 

John Wiley & Sons: Chichester,UK, 

2012; pp 23-44. 

[24] Islem Younes and Marguerite 

Rinaudo, Chitin and Chitosan 

preparation from Marine Sources. 

Structure, Properties and Applications 

Mar. Drugs 2015, 13, 1133-1174. 

[25] Baron RD, Pérez LL, Salcedo JM, 

Córdoba LP, Sobral PJ,Production and 

characterization of films based on 

blends of chitosan from blue crab 

(Callinectes sapidus) waste and pectin 

from Orange (Citrus sinensis Osbeck) 

peel, Int J Biol Macromol. 2017 May; 

98: 676-683. 

[26] Diab M. A, EL-Sonbati A Z, AL-

Halawany M. M and Bader D M D, 

thermal stability and degradation of 

chitosan modified by Cinnamic Acid. 

Open Journal of Polymer Chemistry, 

2012,2,14-20.  

[27] Liao S and hung C, A kinetic study of 

thermal degradations of chitosan /

p o l y c a p r o l a c t u m  b l a n d s , 

macromolecular research, Vol. 12, 

No.5 pp 466ss-473 (2004) 

[28] Diab M A, EL-Sonbati A Z, El-dien I 

M. and Bader D M D, thermal 

stability and degradation of chitosan 

modified with phenylacetic acid, 

Korean j. chem. Eng , 30 (10), 1966-

1971 (2013) 

[29] Arora S, Lal S, Kumar S, Kumar M, 

and Kumar M, comparative 

degradation kinetic studies of three 

biopolymers; chitin, chitosan and 

cellulose, Applied Science Research, 

2011, 3 (3). 188-201. 

[30] Zakaria Z, Iizzah Z, Jawaid M and 

Hussan A, Effect of degree of 

deacetylation of chitosan on thermal 

stability and compatibility of chitosan 

polyamide blend, Bio-Resources 7(4), 

5568-5580. 

[31] Dhawade P.P and Jagtap N. R, 

Thermogravimetric Analysis of Chitosan: A Conceptual Review 

Author(s): Ramesh Jamre, Mohit Maheshwarkar, K. K. Gadgey  



 

International Journal of Modern Engineering and Research Technology 

Volume 6 | Issue 2 | April 2019 
114  

characterization of the glass transition 

temperature of chitosan and its 

oligomers by temperature modulated 

differential scanning calorimetry, 

Advances in Applied Science 

Research, 2012, 3 (3); 1372-1382. 

[32] Nada A. M.A, Kamel S, and Abd EL-

Sayed E.S, Infrared spectroscopy and 

thesrmal analysis of chitosan and its 

derivatives. Energy Education Science 

and Technology 2006 Volume (issu) 

18(1); 17-24.  

Thermogravimetric Analysis of Chitosan: A Conceptual Review 

Author(s): Ramesh Jamre, Mohit Maheshwarkar, K. K. Gadgey  

* * * * *  


