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Studies on the Thermomechanical Characteristics of
the Blend Film of Chitosan/Gelatin

Byung-Ho Kim, Jang-Woo Park*, and Ji-Hyang Hong'
Department of Food and Biotechnology, and Food and Bio-industrial Research Center, Hankyong National University
'Research Institute for Agriculture and Life Sciences, Seoul National University

Compatability of films made of chitosan, gelatin, and their blends prepared by aqueous solution casting was
investigated using a thermogravimetric analyzer (TGA) and a dynamic mechanical analyzer (DMA). TGA showed
gelatin is more thermally stable than chitosan, and thermal stability of chitosan in blends was higher than that of
pure chitosan due to interaction among functional groups of component polymers in blend. Glass transition
temperature (T,) of blends was dependent on chitosan content of blends. Blend films exhibited good miscibility.
Moisture and glycerol contents of blend strongly affected thermal properties of two component polymers.
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0.001 mme] JHE=E A= hand-held micrometer(Teclock Co.,
Japan)g o]8-3td ZAsIR o, HEFAE oF 80 umel Ak

1

F

Az HxE
7}AaA2l glycerolo] H7MH A FHIbEA] ke zbzie] J|E
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HEXEAM (dynamic mechanical analysis, DMA)
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Fig. 1. Differential thermogravimetric analysis curve of chitosan
(I) and gelatin (II) films at a 20°C/min heating rate under
nitrogen flow.

Notation of chitosan and gelatin films are following: A (with H,0O
and glycerol), B (with H,0), C (with glycerol), and D (pure film).

Table 1. Result of differential thermogravimetric analysis of
chitosan (I) and gelatin (II) films obtained from Fig. 1

Films Samples  Peak 1 (°C) Peak 2 (°C) Peak 3 (°C)
AV 78.4 1957 281.6
, B 100.5 ; 282.1
Chitosan o ; 160.5 279.1
DY ; - 2777
A 752 2572 319.5
, B 69.6 ; 337.9
Gelatin C ; 2462 324.0
D ; ; 3288

UFilm with H,O and glycerol.

JFilm with H,0.

JTFilm with glycerol.

PPure film without H20 and glycerol.
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Fig. 2. Effect of mixing ratio on the thermal gravity (I) and
differential thermogravimetric (II) analysis of chitosan/gelatin
blends without H,O and glycerol at a 20°C/min heating rate
under nitrogen flow.

Notation of blends of chitosan/gelatin are following: A (0/100), B
(20/80), C (40/60), D (60/40), E (80/20), F (100/0).
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Fig. 3. Effect of mixing ratio on the thermal gravity (I) and
differential thermogravimetric (IT) analysis of chitosan/gelatin
blends with H,O and glycerol at a 20°C/min heating rate under
nitrogen flow.

Notation of blends of chitosan/gelatin are following: A (0/100), B
(20/80), C (40/60), D (60/40), E (80/20), F (100/0).

o] ¢kslE|l7] wiEoz WEeh E3 Fig 2(Iys DTG F
Ao gAte] @Esizt dojues AxE ¢ & Uk A
g EA)0 ZAZAAE= Bokysh Bolxlul, 1200C F-2oll
A9l 2 peakes AEAF el sl 330°C F-2olA
o] & peakE FH o] ERE7F ASE HAFI Stk Fe &
S 71EAe] DTG F4422 137, 193°C % 277.7°CAlX peak
o] A=Ak

Fig. 32 2 ¥ 7IaArt 2% Arid 7185 dajed 2
ol BUE W59 EA A W GHAFTE vERA A0
t}. Fig. 3D 714N HEF)S TG T4 dzele] g8
o] Frlgtel| wat 4 FgAol F7HEATE B e
THL 7B ko] Fvisel whet 18.6% A 32.1%E E
Aoz 718kt Fig. 2(0De] €43 Bz dE3 Fig
DY 7 9 kAR HAvke BEHE 289 DIG FAE
< W|I3PH(Table 2) AEA FH9 HEA2Es & Ao
g YER|A] esit) Eot 352 Aeiele] il Frhel
wt Rl e FAHoR Frkelgt). ol 7EAMR
AE IEALE 57| (functional groupsylolel] “¢52k8-(molec-
ular interaction)e] =Ry, F1EA L depgie) A I EZ 7
F83o] g AlARRs Aol

HEXEHN (DMA)
71EA 2 A2d 9§ A BREdM A5 48

Table 2. Result of differential thermogravimetric analysis of
chitosan/gelatin blend films obtained from Fig. 2 (II), 3 (II)

Films Samples  Peak 1 °C) Peak 2 (°C) Peak 3 (°C)
100/0(F) 137.0 193.0 2779
80/20(E) 127.0 184.4 278.0
Chitosan/  60/40(D) 117.6 199.0 291.0
Gelatin” 40/60(C) 117.9 - 298.6
20/80(B) 120.0 - 320.4
0/100(A) 121.5 - 3288
100/0(F) 78.4 195.7 281.6
80/20(E) 75.2 - 285.7
Chitosany  60/40(D) 73.0 - 291.0
Gelatin® 40/60(C) 74.9 257.1 299.8
20/80(B) 79.6 260.5 309.2
0/100(A) 752 257.2 319.5
"Fig. 2 (II).
DFig. 3 (D).
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AN Ve ©]& % 71BN 5 Blxshd o 2
BE Z}Z} 144.7°Col A 884°C7HA], 101.4°ColA 51.3°C7HR] M
SH2 A71EE 7heAle 71EAAY T 34 9%g At
FEo] F7HE F1EA HEMBY 12, 100.6°C 2 159.5°CHA
el Aoyt FAEHAE B, Hol= 10.6°CHA 1.2°CE ol
R, o 144.7°Co0A 159.5°CE HBA L), o] AL wEALe)
FAoll AFE ] e B FEEA VS 7193k, o]%
ke JEFAZY BRI FAaAtE & 5 7] el
(29). 3 2 7HeA 25 AR 71EA HE AR -15.6,

S

1

2 > oo J

rZoox oX p

e =
o

b

ol

¢

s X



PEsbdele s UE

I
o7 \_/s—/\/ A
a4 B
e w

LY

Ton Oons

[
3]
&1

ous 4 B

Tan Deta

o

£ ) % "o - ED
Tempsionre (‘'C)

Fig. 4. Dynamic mechanical analysis curve of chitosan (I) and

gelatin (II) films at 1 Hz and 2°C/min heating rate under

nitrogen flow.

Notation of chitosan and gelatin films are following: A (with H,O

and glycerol), B (with H,0), C (with glycerol), and D (pure film).

65.5°C 3 1293°CE <5 71EAF HED)S] B, B B o A
oA LxET WA FA U
F1EAR] ojApbsl A (B )y AL Al A7kA] 7]¢)
1

B2 FadeR Aug & £ ded, o] ArRE FH &
g At712ko) E(polysaccharide) ale]o)] Eo] dE C, R F-2
ol Sl oM Eoln]| =7 (acetamide)Z o} 7] Bl fdAFH o
2 34 F97t AN gAFeE weE werh £5 o3¢t
AR 719 2 dEiA JA o, oL oM Eo}
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Fig. 4= =7 Azt 253 8 2 7kA7E Hrkd
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Fig. 5. Effect of mixing ratio on the dynamic mechanical analysis
of chitosan/gelatin blends without glycerol (I) and with glycerol
(II) in the dry state at 1 Hz and 2°C/min heating rate under
nitrogen flow.

Notation of blends of chitosan/gelatin are following: A (0/100), B
(20/80), C (40/60), D (60/40), E (80/20), and F (100/0).

HE gaiEo] e Aepeie Wzigd w35 bl r(riple
helix structure)Z E|Zol7tH = 3709] polypeptide AHEEH-E
FAE 22 g E0°] 7 d F(cross-linkingy e E8l HEA A
(cross-linking site)S PAsl 2, HEHo g 33199 W EL A
(networkyS BAdske 24 TEAHsemi-crystalline polymer)
oith. Aetdl IEL Al WAt A PAT F Ba} Fo
Eddke SR AE2HEE AXe 5 oS 298 72
g A b 7+ 25 AT 8% ATRE ¥
deke 71BN 2EET €3 MgAo] Sdle] Ay 28

DMA 7oA feldolg #ET & QU ol 5o
2ol o]l dRa7t WAsl] WE]l Aow Algdnt

o o

B G BA= ¥E: Fig s(he €53 7184 A
H 9 ol BWE HEES EAA|(molecular relaxation)d]
A5 A4S ez it} dukg o DMAE wEAe) 3
AL Abole] e eg A7 = Ay A2E J7EA A
8790 e AEA B DBoA A B faHo]
TEE A REARAele] 240 wEkd feldolewrt W
stahzt Hlgte] J8-4d0] e Aole A B 1§
& fFEldol2=E 7h7h JEPdT31). Fig 5ol BE AT
ol =g VB HEFE)Y AS Aoy 144.7°CR
VRS, HhHo Adlgte]l HE9) tan § FAS 240°C F-ZoA
el el 49 TG/DTA B AT A] Bxo] dat
o] Fajjol] w2 relaxation] ZAojx, Aetgle] fajxo]e
Te Ay Lz FAAe) wE} BleER} Holx =4
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Table 3. Primary relaxation temperature () and secondary
relaxation temperature (3) for chitosan/gelatin blends without
glycerol (I) and with glycerol (II) in the dry state obtained from
Fig. §

Films Samples B2 (°C) B1(°C) o (°C)
0/100(A) 17.0 93.1 -
20/80(B) 6.0 68.5 191.1
Chitosany  40/60(C) 15.5 78.0 169.6
Gelatin” 60/40(D) 4.8 64.5 161.7
80/20(E) 0.1 62.35 153.0
100/0(F) 10.6 101.4 144.7
0/100(A) 12.85 - 119.3
20/80(B) 14.8 - 106.0
Chitosary ~ 40/60(C) 10.8 59.1 100.7
Gelatin® 60/40(D) 8.3 - 98.0
80/20(E) 16.2 - 96.7
100/0(F) 17.3 51.6 88.2
"Fig. 5 (I).
DFig. 5 (I).
o] ofgct EZH 7|ELT Aepee] Bl 24gu)Eo] 20/80
ol 739 209l relaxation =48 ERJI=H, 200°C Ftol
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= ZAN| o] 40/600] A= o9 FU3IT) Fig.
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= A& we) %1’42401—8—_‘53 ‘?l'?:l A& VeI,
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