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ABSTRACT: The work aims to produce and characterise biobased and compostable foams based on gelatine for
packaging applications. The gelatine foams were made by mechanical foaming and drying in surrounding environ-
ment. The effects of gelatine content, surfactant content and foaming temperature on the maximum expansion ratio
(MER), shrinkage, density, structure and compression properties of foams were investigated. In addition, the thermal
conductivity of samples prepared with different contents of gelatine was studied. The three factors studied signifi-
cantly affected the foam properties and structure. MER and shrinkage were viscosity-dependent and considerably af-
fected the foam density, mechanical properties and thermal conductivity. An increase in gelatine content resulted in
denser foams and higher compression strength due to lower MER. An increase of surfactant content from 0.75 wt.% to

1.5 wt.% caused a slight decrease in density due to an increase in foamability. However, further surfactant addition up
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to 3 wt.% led to denser foams due to considerable increase of viscosity and MER decrease. Higher foaming tempera-

ture led to higher MER, but because the liquid foam had a longer stability time, the shrinkage degree was larger and

foam density was higher. The gelatine foams exhibit promising properties for being an environmentally friendly al-

ternative to conventional low-density plastics foams (<30 kg/m®). The low thermal conductivity [0.038 ~ 0.039 W/(m k)]

and relatively low shrinkage of gelatine foams are successfully achieved.
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Fig.1 Flow diagram of sample preparation
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1 HARESE. REFEENSEURZAEEMARER MER #1214 Ra) %0
Tab.1 Effect of gelatine content, surfactant content and foaming temperature on MER and total shrinkage of the
gelatine foams

Feimgms  BRBEEU%  REIGERERESEU%  KIREE/SC MER{E B RY%  THERBUE
1 10 0.75 50 7.17£0.17 11z4 Jo
2 10 0.75 80 7.6+£0.09 28+6 Jo
3 15 0.75 50 6.64+0.17 2345 Jo
4 15 0.75 80 6.86%0.53 266 Jo
5 20 0.75 50 5.44+0.28 21£10 7
6 20 0.75 80 5.86+0.55 34+7 7
7 10 1.5 50 7.68+0.28 1645 &
8 10 1.5 80 8.52+0.22 1846 &
9 15 1.5 50 6.84+0.21 15+12 Jo
10 15 1.5 80 7.93+0.41 264 Jo
11 20 1.5 50 7.02+0.71 161 Jo
12 20 1.5 80 6.63+0.81 17+8 Jo
13 10 3 50 7.29+0.37 11+2 H
14 10 3 80 7.89+0.40 2242 H
15 15 3 50 6.34+0.28 2845 H
16 15 3 80 7.08+0.16 27+1 H
17 20 3 50 4.5+0.46 13+1 H
18 20 3 80 6.27+0.50 22+4 H
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x2 PREE. REEEFSEURZAEENAREBARAZE. BXTEURFALBERN T
Tab.2 Effect of gelatine content, surfactant content and foaming temperature on the apparent density, relative density and
porosity of the gelatine foams

FERRYS  WURBTRGMEU% RIS R U%  KIREC RWHE/ (kgm ™) AXHE  fLEF/%
1 10 0.75 50 20.85+0.79 1.95 98.05
2 10 0.75 80 23.12+1.52 2.16 97.84
3 15 0.75 50 36.91+0.77 3.36 96.64
4 15 0.75 80 38.51+0.81 3.50 96.50
5 20 0.75 50 55.54+1.28 4.87 95.13
6 20 0.75 80 57.80+1.78 5.07 94.93
7 10 1.5 50 19.60+1.69 1.78 98.22
8 10 1.5 80 21.42+2.25 1.95 98.05
9 15 1.5 50 33.17+0.79 2.88 97.12
10 15 1.5 80 40.08+2.30 3.49 96.51
11 20 1.5 50 48.64+1.03 4.12 95.88
12 20 1.5 80 46.25+2.64 3.92 96.08
13 10 3 50 19.76+1.89 1.73 98.27
14 10 3 80 22.06+1.74 1.94 98.06
15 15 3 50 39.70+2.38 3.36 96.64
16 15 3 80 42.71£2.38 3.62 96.38
17 20 3 50 57.58+3.99 4.80 95.20
18 20 3 80 59.70+2.81 4.98 95.02
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Fig.2 Optical microscope images of 2D pore morphology on the top surface of the cast
gelatine foams (Scale bar=1 mm)
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Fig.3 SEM images of gelatine foams (Scale bar=1 mm)
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Fig.4 Stress-strain curves for the gelatine foams with different gelatine contents

*3 EHmEE, ERE (7 10, 25 MUK 50%R% ) UK AR Ak B S %

Tab.3 Compression modulus, compression strength (at 10, 25 and 50% strains) and recovery of the gelatine foams

N 11/kPa

v e i 5 N e A
e 95 FTWMEE/ (kgm™) LML & /kPa Sy 10% Sy 25% Sy 50% CENA
7 19.60 284.10£99.32 13.95+£2.38 17.45+2.28 26.40+2.23 79.61
13 19.76 475.75£122.65 9.55+4.71 11.70+4.67 20.55+3.98 87.83
1 20.85 446.50+£77.03 19.70+3.53 22.40+3.46 29.67+3.56 89.84
8 21.42 449.16+:194.49 8.90+0.31 15.50+0.11 36.10+1.80 84.72
14 22.06 477.70+£28.20 19.90+2.82 26.60+4.01 40.80+3.34 81.67
2 23.12 222.67£53.24 12.15+3.09 18.78+3.12 34.16x1.47 73.44
9 33.17 1213.83+161.12 32.20+6.25 42.00£3.29 68.70+£6.26 69.19
3 36.91 1297.91+429.78 31.56+7.88 41.19+£9.79 68.94+8.42 74.40
4 38.51 1564.74+233.81 37.33+£9.80 46.68+8.00 80.15+7.69 74.83
15 39.70 2864+356.35 39.93+8.02 56.30+6.47 97.40+3.05 72.42
10 40.08 2280+158.95 66.65+24.02 85.55+18.40 197.25+56.80 67.25
16 42.71 3751.83+517.68 44.15+2.86 61.48+4.45 111.63+£3.72 67.98
12 46.25 3389.87+1469.25 44.09+15.43 67.13+£5.23 135.45+6.31 64.30
11 48.64 3348.50+363.14 50.50+14.76 69.83+13.93 133.03+19.85 64.64
5 55.54 3319.14+236.18 114.43+35.23 136.92+36.10 187.97+£32.51 76.49
17 57.58 3646.40+681.41 99.94+32.94 124.88+30.74 192.02+25.94 72.63
6 57.80 3944.71+290.25 97.57+49.37 119.92+45.75 179.62+36.54 72.60
18 59.70 5173.44+415.96 75.57+3.63 121.57+£5.32 217.40+15.31 65.19
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x4 M1, 3. SHRESEERER
Tab.4 Thermal conductivity etc. of samples 1, 3 and 5

B W im gy REEHEREESSY RIEE/ W2/ fLBR R/ R/
% % °C (kg'm™) % (WmK™)
1 10 0.75 50 20.85+0.79 98.05 0.03810.0016
3 15 0.75 50 36.91+0.77 96.64 0.0387+0.0021
5 20 0.75 50 55.54+1.28 95.13 0.0393+0.0018
2006, 14(2): 179-183.
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