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Abstract

The aim of this project was studied the effect of plasticizers on mechanical properties of

paper from bacterial cellulose. Papers were produced from three different plasticizers namely

glycerol, sorbital and polypropylene glyco! with varying concentrations of plasticizers as 0 0.5

1.0 1.5 and 2.0 % which mixed in coconut water medium. It was found that paper mixed with 1.5

% sorbital gave the highest elongation at brake. Water vapor permeability of this paper was

81.27 g mm/mziday which was lower than paper from bacterial cellulose while oxygen

permeability was 41.30 cm’mm/ mzlday which was higher than paper from bacterial cellulose.
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2.1 uuaiidefmmonamdlosagion’ld (Bacterial cellulose)

waglamiilussfilszneundnvesmisandiy uatuaiGousriaficunsoad
wagloa'ld waq'[nﬁfm?'nmmmnﬁﬁmfuwﬁun‘h ad luTeisagTad (celled
biocellulose) MIvuuniiiuag law (bacterial cellulose) mmqInuﬁ"lﬁmnﬁsuazwnqhﬁﬁ
Wonuuaiided Tnssadamaniimilouiy ususnanfuiiguouidnemenwazmand
Fauarnslugai 1

Tuilegiiuil nuduaiGeinsyiiaauniondadulomaglanld wu wwaiidely
Genus Acetobacter \¥W A. aceti  A. rancens A. pasteurianum A. kuetzigianum uwi‘?iﬁuu'l{’ﬁ’u
foide 4. sylinum M3 03¥OMIINGINAATI A aceti subspecies xylinum 1HUNTUGUINA1IYDA
waq laafinda|Ailszunu 1/100 viweswaglandt ety uaxfiddaTugde (Youngs
modulus) Indifesfuezgiiy duhdinfmndematidulomagloramuuniisennld
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QATYATSUAIN woe 18Timsfedemsiuwandn lussdvgamnnssmie Iioanody

AMABINIT VORI A

Bacterial cellulose (x 20,000) Plant cellulose (x 200)

2 um 200 um
70 1 o Taard IdanuuaiiSouas Ny

131 : http://www.res.titech.ac.jp/~junkan/english/cellulose/
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H U & J “
M3 1 Havosunasmiusuriiadng tumsdunnzviag Taawoate A, xylinum

unnemiueu wiin warndaveuwag lad (%)
Monosaccharide D-fructose 92
D-galactosc 15
D-glucose 100
D-mannose 3
D-xylose 11
D-arabinose 14
D-sorbose 11
Disaccharide Lactose 16
Maltose 7
Sucrose 33
Starch 18
Ethano} 4
Ethylene glycol 1
Diethylene glycol 1
Propylene glycol 8
Glycerol 93
Myo-inositol 17
Organic acids Citric acid 20
L-malic acid 15
Succinic acid 12
Other D-glucono lactone 62
No carbon source 2

1147 : Satoshi HazARLE (1993)
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1. anurusanizatEmiosion¥insie fe 1ulnsliwes (micrometer)

2. ATUMSNUIIRA (Tensile Strength) (UBA. 1353 103 3-2540)
indpaliof195ini 1w Ao texture analyzer
M
ANMUBTINTIRT (IIAWMITNAT) = F/A

J [-% -+~
e F = u39na (1du)

A

I

: di Y o 4’ L]
WUNVUIAAVDIYUNATOU (RITINIANAT)

3. f1M50A 1 §AYIA (Percent Elongation at Maximum Load) (WON. 1353 iy 3-2540)
a o s -
05090 19905 1eW A0 texture analyzer

-l o

IMATUIN

Mmita w gania Goonz) = maAwszrdnenuenENAUTURIULTIgATONEIRS x
100

4. MUBAANYOIL (Young’s Modulus) (WO, 1353 10 3-2540)
V- ¢ &
n58aN1FUNS 1T AD texture analyzer
MM
Young’s Moduluse, E = Tensile stress (1)

Tensile strain

Tensile stress Tensile Force

Area of cross — section
= Mg/A 2)
Tensile strain =  Extension

= 1/L (3)

unum (2) uaz 3) Tu 1) '@
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E = (Mg/A)/ (1/L) (4)
Tensile stress (ANUAURY) AonuannsonieanunudsusImeneniiuinsEh
Ao3nAg (load) Aomisiuiinida Tmieihufiafudemaeuns (Vm) nfomada
(Pascals, Pa)
Tensile strain (ANMATEARY) Husandmuvesmitia (elongation) nFemaumlsgll
(deformation) ApnuETIvesTuTT lnareuiu fis manAnunlasnavinva@y T

I T
VHUW




A3 INTIZHAIN MUY UITIAY (Tensile Strength) AINSHA 81 §AV1A (Elongation at

Break) 1AzME0R3a (Young’s Modulus) vesnszamang laannuuaiiSonauiundiy
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o d aa
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L) ] stk oy
gsonuazyeiinoaluanudududng Tas3Eineada

Glycerol
Oneway
ANOVA
Tensile Strength
Sum of
Squares df Mean Square F Sig.
Between Groups 358.027 4 89.507 1.674 208
Within Groups 801.803 15 53.454
Total 1159.831 19 |
Post Hoc Tests

Homogeneous Subsets

Tensile Strength

Duncan™
Subset for

alpha =

anududu N 05

1

1.5 4 24.0225
0.5 4 24 5600
2.0 4 27 4150
0 4 33.1975
1.0 4 34.0500

Sig. 089

Means for groups in homogeneous subsets are displayed.

Based on Type 3 Sum of Squares

The error term is Mean Square (Error) = 53.454,
a. Uses Harmonic Mean Sample Size = 4.000.
b. Alpha=.05.




Oneway

ANOVA
Young Modulus
Sum of
Squares df Mean Square F

Between Groups 7092940 4 {1773234.886 5.575
Within Groups 4771416 15 318094.420
Total 1.2E407 19

Post Hoc Tests

Homogeneous Subsets

Young Modulus
Duncan®®
Subset

fiufiu N 1 2 3
5 4 | 536.5925
1.5 4 | 647.8225 | 647.8225
2.0 4 |1120.793 | 1120.793
1.0 4 1491.263 | 1491.263
D0 4 2168.178
Sig. .184 062 110
Means for groups in homogeneous subsets are displayed.
Based on Type III Sum of Squares

The error term is Mean Square(Error) = 318094.420,
a. Uses Harmonic Mean Sample Size = 4.000.

b. Alpha = .05.




Oneway
ANOVA
Elongation at Break
Sum of
Squares df Mean Square F Sig._
Between Groups 137.638 4 34.410 46.170 .000
Within Groups 11.179 15 745
Total 148.817 19
Post Hoc Tests
Homogeneous Subset
Elongation at Break
Duncan®®
Subset
\fiudiu N 1 2 3 4
1.0 4 5.8200
.0 4 6.3550 6.3550
2.0 4 7.6450
1.5 4 9.6025
3 4 13.0475
.29' 395 052 1.000 1.000

Based on Type III Sum of Squares
The error term is Mean Square(Emror) = .745.

a. Uses Harmonic Mean Sample Size = 4.000.

b. Alpha = .05.

Means for groups in homogeneous subsets are displayed.
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Sorbital
Oneway
ANOVA
TENSILE
Sum of
Squares df Mean Square F Sig.

Between Groups 65.706 4 16.427 921 477
Within Groups 267.488 15 17.833
Total 333.195 19

Post Hoc Tests

Homogeneous Subsets

TENSILE
Duncan”
Subset |
uiiutiu N 1
S 4 12.7625
2.0 4 13.6575
1.0 4 14.1600
1.5 4 14.7775
0 4 | 18B.0600
| Sig. .128

Means for groups in homogeneous subsets are displayed.

Based on Type I Sum of Squares

The error term is Mean Square(Error) = 17.833.
a. Uses Harmonic Mean Sample Size = 4.000.

b. Alpha = 05,
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Oneway
ANOVA
Young Modulus
Sum of
Squares df Mean Square F Sig.

Between Groups | 180649.3 4 45162.317 1.101 392
Wwithin Groups 615186.1 15 41012.409
Total 795835.4 19

Post Hoc Tests

Homogeneous Subsets

Young Modutus
Duncan®®
Subset
| viintin N 1
5 4 1290.1700
2.0 4 336.2825
1.5 4 | 338.0750
1.0 4 | 402.3975
Q0 4 | 561.9025
| Sig. ,105

Means for groups in homogeneous subsets are displayed.

Based on Type LI Sum of Squares

The error term is Mean Square(Error) = 41012.409.
a. Uses Harmonic Mean Sample Size = 4.000.
b. Alpha = .CS.
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Oneway

ANOVA
Elongation at Break
Sum of
Squares df Mean Square F Sig.
[ Between Groups | 568.565 4 142.141 37.948 ,000
Within Groups 56.186 15 3.746
Total 624.750 19
Post Hoc Tests
Homogeneous Subsets
Elongation at Break
Duncan®®
Subset
ufiufiu N 1 2
.0 4 11.8475
1.0 4 13.8650
5 4 14.0100
2.0 4 14.4175
1.5 4 26.6775
| Sig. .103 1.000

Means for groups in homogeneous subsets are displayed.

Based on Type III Sum of Squares

The error term is Mean Square(Error} = 3.746,
a. Uses Harmionic Mean Sample Size = 4.000.
b. Alpha = .05,
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