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Abstract

Functional properties of packaging films prepared with cellulose derivatives were measured. As
a presolvation treatments of celluloses, 95% ethanol solution for methylcellulose (MC), hydroxypropyl-
methylcellulose (HPMC) and ethylcellulose (EC) and water for hydroxypropyl cellulose (HPC) were
used. For film sheeting, the ethanol concentration of final cellulose solution should exceed 50% for
MC, HPMC and HPC and 80% for EC. Thickness and functionalities of the prepared films were
varied by type, molecular weight and viscosity of the cellulose and kind of plasticizer used. Tensile
strength of MC, HPMC and HPC films were 67.7~275.4 MPa, 124.6~260.0 MPa, and 14.8~29.4 MPa,
respectively. The strength of MC and HPMC films was higher than that of low density polyethylene
(LDPE) films (13.1~27.6 MPa). Solubility of the cellulose films varied widely by plasticizer used and
the films containing polyethyleneglycol (PEG) as a plasticizer was more soluble than the films by
glycerol. Maximum water vapor permeability and oxygen permeability of the cellulose films was more
than 1,000 folds and less than one-twelfth of the LDPE film, respectively.
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Table 1. Cellulose derivatives for preparation of pack-
aging films

Polymer type Property Company
Methylcellulose  viscosity 2% sol. Aldrich Chem.
MC) in water (USA)
15 ¢cp
25 ¢p
400 cp
Ethylcellulose viscosity 5% sol. Aldrich Chem.
(EC) in 80/20
toluene/ethanol,
ethoxy content 48%
100 cp
300 cp
Hydroxypropyl- M.W. 100,000 Aldrich Chem.
cellulose (HPC) M.W. 370,000
M.W. 1,000,000
Hydroxypropyl-  viscosity 2% sol. Sigma Chem.
methylcellulose  in water (USA)
(HPMC) 100 ¢p
4,000 cp

ata] =] A 26 W A 2F (1994)
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MC or HPMC 9-12g / HPC 9-12g / EC 9-12g /
95% ethanol 200wl water 100ml 95% ethanol 300mi
l 1 i

Add 3g of glycerol or PEG400

1 i
Add 100ml of Add 200ml of
water 95% ethanol

L

1
Homogenize at high speed for 3min.
!
Heat at 85T for 15min.
1
Pour onto the glass plate
(40cm x 40cm)
!
Dry at 40T

Fig. 1.
films

Procedure for preparation of cellulose-based
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Table 2. Tensile strength of cellulose-based films

Thickness Tensile strength
(mm) (MPa)

Type of cellulose

ﬁé(l) 15 Cp(S)

0.061 (0. 015)“” 67.70 (3 09)
0.066 (0.008) 73.10 (6.95)
25 cp 0.046 (0.005) 73.36 (7.72)
0.076 (0.005) 93.18 (8.75)
0.124 (0.013) 139.77 (9.52)
400 cp 0,102 (0.020) 27542(14.41)

HPMC® 100 cp 0.069 (0.010)
0.086 (0.010)

0.165 (0.025)

124.58 (8.75)
147.23 (541)
238.10(10.81)

4,000 cp 0.089 (0.020) 219.82 (3.09)
0.114 (0.008) 259.98 (5.92)
HPC®
MW 100,000 0.034 (0.035) 14.79 (1.08)
MW 370,000 0.041 (0.010) 16.99 (2.32)
MW 1,000,000 0.080 (0.008) 29.38 (342)
LDPE® 13.1-27.67

UMethylcellulose, ®Hydroxypropyimethylcellulose, “'Hy-
droxypropylcellulose, “Low density polyethylene, ®'Centi-
poise, ®Values in parensesis refer to standard deviation,
Cited in part from Encyclopedia Modern Plastics (1989)
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Table 3. Solubility of cellulose-based films

Solubility ( r)

Type of cellulose

(;lvcerol ddded PEG added
Mc 15 cp®™ .381 (0. 9()“’ 17.49 (1.12)
25 cp 440 (1.12) 20.89 (1.56)
400 ¢p 1.55 (1.34) 19.26 (1.22)
HPMC®™ 100 ¢p 1.80 (0.53) 12.65 (1.29)
4.000 ¢p 1.19 (0.34) 9.78 (0.27

HPC[:U
MW 100,000 17.52 (1.28) 3439 (2.01)
MW 370,000 4.01 (045 2441 (1.78)
MW 1.000,000 0.82 (0.12) 14.92 (1.57)
EC® 100 cp - 1520 (1.55)

DPMethylcellulose, “'Hydroxypropylmethylcellulose, “'Hy-
droxypropyviceliulose, #Ethyicellulose, "Centipoise, “'Val-
ues in parensesis refer to standard deviation
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Table 4. Water vapor permeability of cellulose-based
films

Type of cellulose Thickness 2ermeability
(mm) (g mm/mz hr mmHg)

MCW 15 ¢p” 0.078 (0.012)® 01778 (0.0381)

25 cp  0.071 (0.015) 0.1498 (0.0406)

400 cp  0.076 (0.007) 0.1701 (0.0685)

HPMC? 100 cp  0.048 (0.002) 00863 (0.0330)

100 cp  0.088 (0.010) 01524 (0.0381)

100 cp 0154 (0.015)
4000 cp  0.127 (0.007)

HPC(3)
MW 100000  0.030 (0.010)
MW 370000 0093 (0.017)
MW 1,000,000  0.167 (0.012)

0.3403 (0.0508)
0.2260 (0.0355)

0.0558 (0.0025)
0.1193 (0.0025)
0.1803 (0.0254)

EC(4) 100 cp  0.129 (0.010) 0.1651 (0.0152)
300 cp  0.177 (0.002) 0.1981 (0.0025)

Cellophane® 0.035 (—) 0.1930 (—)

LDPE® €.0003*

IMethylcellulose, “Hydroxypropylmethylcellulose, “'Hy-
droxypropylcellulose, “Ethylcellulose, ©Cited from Aydt
et al", ®Low density polyethylene, “Centipoise, ®Values
in parensesis refer to standard deviatioa, “'Cited in part
from Encyclopedia Modern Plastics (1989)

Table 5. Relationships of thickness (T) versus water
vapor permeability (P) of cellulose-based films

Type of Linear equation Correlation

cellulose ! equaly coefficient(r)
MC® P=-0.135+4.012T 0.999
HPMC® P=-0038+2296T 0.976
HPC® P=—-0.031+0906T 0.998

MMethylcellulose, PHydroxypropylmettylcellulose, “'Hy-
droxypropylcellulose
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Table 6. Oxygen permeability of cellulose-based films

Thickness Permeability
(mm) (g mm/m? hr mmHg)

Type of cellulose

Mc® 15 ¢p'®  0.048 (0.002)%  0.0014 (0.0001)
25 cp 0.066 (0.002) 0.0022 (0.0001)
400 cp 0.106 (0.012) 0.0024 (0.0002)

HPC(Z}
MW 100,000  0.030 (0.002) 0.0014 (0.0001)
MW 1,000,000  0.078 (0.002) 0.0017 (0.0001)
LDPE® - 0.0054-0.0181®

DMethylcellulose, PHydroxypropylcellulose, ®Low den-
sity polyethylene, “'Centipoise, ®Values in parensesis re-
fer to standard deviation, ®Cited in part from Encyclope-
dia Modern Plastics (1989)

Q.

%] ¥
L 5E FaEE Aog BaEge™ B A

AEZ oA LA A7 Z A
i B R S S

2

2 o

4% MER AT o] gl APAEY AEE2
£8) A5as ARl gERes IYNE
A 23547] s A MC, HPMC, ECS) 7% 95% ollxtg=
13} *‘lﬁﬂ"]ii"”% HPC<l 7%= “’i A g8 Al ok
FAz AFE 3 AE2F o~ £ Z ethanol HF
X+ MC, HPMC 9 HPC<l 7# -9 # 2= 50%, EColl M+
FHA4 80% ojitolofol EAA] Al xst feoldiadrt AE
2o FF AR BAE e AR, 7haH FF% 5o
ure} 747) Aad 2AAY FA 2 v)sAde del o
ehuich 2 Ayl Axg AgRes EAA Y A%
4EE MC % HPMC ¥#%j¢el 745 LDPE "HE2
A&7k %(13.1~27.6 MPa) X} 4 Zo
FAA Az HobgE shaAe] Fiel @E Sz
glycerols AH43F 2K} PEG #H84] & 43=F
Balcth d2g e~ AR 427535 = LDPE %
ARl H3 1,0000 ol FA vebwted, AdaF
Az 120 o whAl vjelbyit

fru
id
=
NY
T

=]
o S._l

1. Tokiwa, T., Ando, T. and Takeda, K.: Design of poly-
ester-based biodegradable materials. In Degradable Ma-
terials-Perspectives, Issues and Opportunities, S.A. Baren-
berg, J.L. Brash, R. Narayan and AE. Redpath Eds,,
CRC Press, Inc, p.179(1990)

2. Maddever, W.J. and Chapman, G.M.: Additives-Modi-
fied starch based biodegradable plastics. Plast. Eng,
45(7), 31(1989)

3. Modern plastics. March, p.22(1990)



10.

11,

Agr e~ £243298 754

. Dawes, E. and Senior, P.: The role and regulation

of energy reserve polymers in micro-organisms. Adv.,
Microbial Physiol, 10, 135(1973)

. Whitehouse, A.B.: The biodegrdability of cellulose

film. Pollution Engineering, May, 71(1990)

. Tao, B.Y.: An overview of biodegradable plastics tech-

nology and research. ASAE Paper No. 906609 (1990)

CFRAERA: AEEAE Febad HE(KS A 1512),

AT EFY 31981

. Tsuzuki, T.: Collagen films. In Edible Coatings and

Soluble Packaging. R. Daniels Ed., Noyes Data Co.,
New Jersey, US.A. p30 (1973)

. ASTM: Standard methods for water vapor transmis-

sion of materials (E96-80). Annual Book of ASTM Stan-
dard, American Society For Testing and Materials,
Philadelphia, U.S.A.(1987)

FTHAEA: Wgrggas 555 AguygEKS A
1013). =39 53 31(1981)

ASTM: Standard methods for oxygen gas transmis-
sion rate through plstic film and sheeting using a cou-

12.

13.

14.

15.

(199341 11¥ 154 A5

137

lometric sensor (D3985-81). Annual Book of ASTM
Standard, American Society For Testing and Mate-
rials, Philadelphia, U.S.A.(1989)

Greener, LK. and Fennema, O.: Barrier properties
and surface characteristics of edible bilayer films. J.
Food Sci. 54(6), 1393 (1989)

Schwartzberg, H.G.: Modeling of gas vapor transport
through hydrophilic films. In Food Packaging and Pre-
servation. Theory and Practice. M. Mathlouthi (Ed.), El-
servier Applied Science Pub. Co. London, p.115
(1986)

Aydt, T.P., Weller, C.L. and Testin, R.F.: Packaging
for Climatic Protection. The Institute of Packaging, New-
nes-Butterworths, London (1991)

Park, H.J.: Edible coatings for fruits and vegetables,
determination of gas diffusivities, prediction of inter-
nal gas composition and effects of coating on shelf
life. Ph.D. Thesis, Georgia University(1991)




