Ll 1] P { £ ‘
pamesintunmisnihdelulnsnvesweaunemisuautesaaiylé

S b A

~d

J R
AULINENINYINT
RIAATAUIM TN

a a ¢ 1 =& =< [ a v a
'J‘nfl1“”“5“!ﬂuﬂﬁ“ﬂ“@1lﬁﬂﬂ]‘iﬂﬂ‘y1ﬂ1ﬂﬂﬁﬂq9|‘51l%q.!ﬂﬁ')‘nﬂ1ﬂ1ﬁﬂ‘53«l‘"1‘ﬂﬂl°¥lﬂ

é a [ é
mnInInnmansweanieilszgnasazmalulagdame  malviagmans
A IneMmans  QwiaansalNMIINgdY

= =<
Umsanun 2547
ISBN 974-17-6050-7

a Aa Q‘ d a [
AVANTVNYWIAINIUNTHIIINE a8



MICROWAVE INDUCED ESTERIFICATION OF PAPER MULBERRY
FOR DEGRADABLE FILM PREPARATION

AUEINENINYINS
QRINNTUUNINGIAY

Aql‘hesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Science in Applied Polymer Science and Textile Technology
Department of Materials Science
Faculty of Science
Chulalongkorn University
Academic Year 2004
ISBN 974-17-6050-7



Thesis Title Microwave Induced Esterification of Paper Mulberry for
Degradable Film Preparation

By Mr. Kiathisak Uthamang
Field of Study Applied Polymer Science and Textile Technology
Thesis Advisor Assistant Professor Duangdao Aht-Ong, Ph.D.

Thesis Co-advisor Duangduen Atong, Ph.D.

Accepted b 1}/w-- 0 Sc Chulz ngkom University in Partial

Fulfillment of the Requize
.r/nr ‘\\"\\ T

/ i rcr'
W 4 / ,I % \\\ ..Dean of the Faculty of Science

‘Q\

SSQ

THESIS COMMITTEE

.......... ........ Thesis Advisor

— ‘IF

(Assistant Professor Dwgdao Aht-Ong, Ph.D.)

AU

.................................................

AR ﬁ‘ﬁ’f’f‘fm’ﬂ'ﬁ”l? wm ] EJ

......... / =7Member

(Associate Professor Paiparn Santisuk)

................................................... Member

(Associate Professor Onusa Saravari)



v

inosdfng ganzila: wamesiindullomdaeluIasnviemssuldudesaaisld.
(MICROWAVE INDUCED ESTERIFICATION OF PAPER MULBERRY FOR
DEGRADABLE FILM PREPARATION) . #1/3n11: Wf.as. 2912 019048,

9. NUSAY139U: A5, A2uADY 19097, 130 11, ISBN 974-17-6050-7.

A
Qv A

Tuadsoit 1819 )emdaundananemsnuasdnuimin g imang auly

a 1 a aaa ga @
mawssuwaaAniasadesaa ldeusssuna Taeldljnseuemmessiindudlsnae

Tsaupensaluiuluszuudam : Aineunae lsa- lawnaszem lua 1u

ag wva = S - d g o da o 1
M3vugduazaniavesiiauw samledivuAemnessiinguey

v
o

[ d d U4 é’
Tu9749 23.24-38.00 Lﬂaswuﬁ mmﬂaswumaﬁmassﬂlﬂwmwu M39AF NI
Y d 2
ANvaIsel A qmm‘umﬂamwuw
9

’lwmzwmmnmmmww N Z’IUﬁﬂ'ﬁQ LIEJﬂi]'lﬂ‘LINUQ'W‘U'J'Iﬂ'IilWllﬂ'lilWlu'ﬂ‘U?Nﬂiﬂﬁﬂiﬂ

sech. e NP UL R AL

a [ g i aa
MAN Tagmdaas mwileyelda........ ﬂ"/ ....................

R . s 4 g1
AUV InmaninedweilszgnduazimaTuladdme A10d¥019150NUT M. T .. g/— .....

. o '
Unrsdnun 2547 Muilia¥e1913oNSnuIs . LA



##4572229923: MAJOR APPLIED POLYMER SCIENCE AND TEXTILE TECHNOLOGY
KEY WORD: CELLUOLOSE/ ESTERIFICATION/ CELLULOSE FILM
KIATHISAK UTHAMANG: MICROWAVE INDUCED ESTERIFICATION OF
PAPER MULBERRY FOR DEGRADABLE FILM PREPARATION. THESIS
ADVISOR: ASSISTANT PROFESSOR DUANGDAO AHT-ONG, Ph.D. THESIS
COADVISOR: DUANGDAUN AT-ONG, Ph.D. 130 pp. ISBN 974-17-6050-7.

This research aimed to prepare biodegradable plastic film from paper mulbeiry,

which is agricultural by-product, by esterification reaction with long chain fatty

acid chloride in homogeneo ﬂmethylacetamxde/hthmm chloride

(DMACc/LiCl) ...-‘
In this system, la ' lorid

and N, N amino pyridine (DMAP) were
1 .

used as an esterifying age o doing so, paper mulberry was
0 order to obtain paper mulberry
powder. The optimum condj epar _ - per mulberry was investigated in
d irradiation time. The results

eld (154 %) were obtained under

90 watts microwave irradiati - The melting transitions attributed to the side chain

crystalline of lauric acid could en! anct #ielt-prodessible. From SEM analysis, untreated paper
il 7

mulberry showed smooth surface ‘oi iber whereas paper mulberry laurate exhibited

aggregation of alkyl groups..of latifoyl nlori he surface. It was found that %
._......,.'..Tr..‘.-;nr.;:;,‘;- rties of plastic films. The
3.24 to 38.00 %. As the %

vettability, gloss wvalue, and

esterification had ma

(%

i
o<

resulting cellulose laurafé
esterification increased,«the percent of water absorption,-
elongation of the_film mﬁ’ﬁcd whereas the/tensile strength of the films decreased.

rurtermers 18 S P S S T EIANE) St o st o of

paper mulberry ﬂlp promoting the °blodegradablh and photodeggdabxhty of paper

" RWTANN TN 11?1']'27]8'1@8

Department Materials Science Student’s signature......

Field of study Applied Polymer Science and Textile Technology ~ Advisor’s signature,

Academic year 2004 Co-advisor’s signature



vi

ACKNOWLEDGEMENTS

The author wishes to express deepest gratitude to my advisor, Assistant
Professor Dr. Duangdao Aht-Ong and co-advisor Dr. Duangduen Atong, for their
advice, concern and encouragement throughout this research.

I would like to thank the chairman and committee members of this thesis for
their valuable suggestions and comments. I am appreciated the help with DSC and
TGA experiments from MET] \ OLERQ (Thailand) Co., Ltd. Thanks also
extend to Mrs.Nataya Sompong fo slp-and contact for buying paper mulberry

bark.

I also would 1i .my family for their love and

encouragement, to my £ out my study for the Master’s
g Y y y

7/ \\\\:\
™

Degree. I am also gratefi { toeyeryo - fibuted suggestions and support,

R

during this study.

ﬂﬁﬂ?‘i’lﬂ‘ﬂﬁﬂﬂ?ﬂ‘i
ammnimumwmaﬂ



Contents

AADEITRBE LI s it 5 5o 58 555 53855, S AR 5 A BB A TV oy S o B T v
BEDBOEET CL TR ST, s covmsonmon e s o sy pmmg s i S s ST i s P R s B v

ACKNOWIEAZMENTS. ... .. ettt e vi

O OIS stz 550, T e e B e R A B BTl s B T T e e e S T 15 5 S B e 5 AT vii
Listof Tables....cccovviivinnnneenin \. . s X1
List of Figures . .conssewsaa i D . 5.5 00w RS PSS H Xiii

Chapter

I
IT

Introducti

Literature 4 A B T e, 4

2 4 2 Bleaching the ul .......................................... 12

ﬂ%ﬁ'gﬁaﬁ‘ H%Wﬂ G 13

5.1 Aqueous non-derivatizing SOIVENLS. ...« ssueas s somsmans s 14

Q ' aﬁﬁmmvxﬂgﬁﬁ’ﬂ .............. 16

and soluble intermediates. ... 20

2.6 Unconventional synthesis paths for and types
of carbonic acid ester of cellulose............. T —— 23
2.6.1 Homogeneous esterification of cellulose................. 24
2.6.2 New methods for heterogeneous esterification.......... 34

2.7 MICTOWAVES POWET . . .. . ettt et et e e et e e e e 36



viii

Contents (Cont.)
Chapter page
2.7.1 Microwave Heating Differs from
Conventonal Means. ......: vewvs ssvemns samssanssmisansines 37
2.8 Degradation of Celltlose. ... voasswms sssmensssmmmmms s swrwnaswsummses 40

2.8.1 Degradation by Acid Hydrolysis....................c.... 40

............................ 41

................................... 42

.............................. 42

............................... 43

............................. 43

............................ 45

III Experimentglf JF F Sl SRS W ... 52
................................... 52

........................................ 52

..................................... 53

.......................... 54

: L R —— 56

‘ .2.4 Mechanical Property Testing:............................. 57

ﬁ i’ ....................... 58

ORTEIGR 817 S V121010 i — »
3.3.1 Preparation of paper mulberry powdengellulose........ 59
SURBEEC It et T
3.3.3 Paper mulberry Film Casting.............................. 60

3.4  Characterization and Testing................oooooiiiiii. .. 62
34,1 Physical PrOPErties.. -uo . s ssssnss sammnio s5mnssnsinnns ond 38 62

3.4.1.1 Film Thickness Measurement....................... 62

3.4.1.2 Fourier Transform Infrared Spectrometer......... 62

3.4.1.3 Scanning electron miCroSCOpPY........c.oceeevenn... 62

3.4.1.4 Gloss Properties. .............coooiiiiiiii i 62



ix

Contents (Cont.)
Chapter page
3.4.1.5 Surface Property Determination: Wettability..... 63
3.4.1.6 Waler ABSoTDUON. .. ws mussssmssesnss s ss me 63
3.4.2 Mechanical Properties..........c.ccoceviiiiiiioean. ... 64
3.4.3 Thermal AnalysiS........ccoveiieiiiiaiiiiiiiieeaaan.... 64
vimetric analysis (TGA)................ 64
g calorimetry (DSC).......... 64
................................ 65
............................... 65
s ssh 6 SO RS S 65
IV Results and Discuss L AR T 66
4.1 Esigiificaflofi gcuont naRoh RIDRRy with DMAP
as catg |
as modify sibst: e 2 2\ % Y 66
4.1.1 The feste
e A 66
0 pyridine (DMAP)
.......................... 69
esterifying agent......... 74
4.2 Charactenzatlon of estenﬁed paper mulberry...................... 79

ﬂTJEJ“J3‘[?;1mﬂfﬂﬂ‘.ﬂ.‘.i::::::::::::::::::::::133

4.2.2.2 Thermogravimetric analysis (TGA) ..................... 83

4.2.3 Morphological Studies...............cooooviiiiiiiiiiii 84
4.3 Characterization and Testing of Paper Mulberry Film............ 85
431 GlOSS. o ov e 85
4.3.2 Surface Property: Wettability..............ccooeiiiiiiiio 86
4.3.3 Water @DSOTPHON. ....cvvsmiiminie oo vomnsoniid Soomnsdins sun s shoins 87

4.3.4 Tensile Properties. . ...........oooiiiiie i 88



Contents (Cont.)

Chapter ' page
4.3.5 Degradation. ... ...c.ocuiuiuiiiiiiii i 90

4.3.5.]1 Soil butial test MSOA. ... . . csuisissi s simenisssmunmnssene 90

4.3.3.2 Aecelorabiel BRPOSIIG o.ox 1 os smuns 3 13 amenins § s sasanss s sowinss 97
V  Conclusions................ B ORI 100
References.......... N 7 TS USRS 102
Appendices.... — A 109
Appendi I B R 110

Appendi®'B_ o £ /1. e T s 112

Appengdif ' . S 122
Biography.. 130

ﬂ‘UEl’JVIEWl?WEJ’]ﬂ'a'
Qﬂﬁﬁﬁﬂ‘imﬂﬂﬂﬂmﬂﬂ



Table
2.1
2.2
2.3
24
2.5

4.1

4.2

43

4.4

4.5

4.6

4.

~

4.8

4.9

4.10

List of Tables

Page
Exaniples of agueous cellulase SOOI, ..csuesssssssusmssesmans ssnmmmesnvansnas 15
Typical non-aqueous cellulose solvents.............ocoiieiiiiiiiiiiiiiiiinnn.. 17
Condition and results of the acylation of cellulose................cccceiunninn. 30
Examples of subsequent reactions on cellulose intermediates isolated
under aprotic condition it gree of substitution (DS).......... 33
Long-chain cellul ani
isopropoxide-catalyzedt€action in N, N=dimethylacetamide.................. 35
% yield of est
and microwav \
(0.5 equiv. of DMARS 10 &quiv/O of lautoyl chloride)...................... 67
% yield of esferifi€ationiand %
equivalent weight g ,
(10 equiv. weight'of fauroy ide and 2kmiih 90 Watt)......oooovneennnn... 69
% yield of esterifi ' and Yo ¢
equivalent welght of 12 "‘?f?@b P RTTITPITPPIIRPPRES 74
Infrared vibza _ ..... band assignments for cellul
and cellulo V I eeeeeead N 79

Gloss values i’ paper mulberry laurate film m

at different % esfeﬂﬁcatl ...................................................... 85
e U N SHEAFS

at dlffe’gnt % eStETIIICAtIONG: ...\ eu ettt s et eee et et e eneieneneennnen 86

m:@m&m&ﬁafanmaﬂ ............... .

ffect of % esterification of cellulose laurate
on the mechanical properties of the films........................ 88
Weight loss of samples with different % esterification
duxing soil burial 168t ..o s mrmsomssisssrssvansensTraEs e 91

Weight loss of samples with different % esterification......................... 97



Table
Al

Bl
B2
B3
B4
BS
B6

B7

List of Tables (Cont.)
page
Effect of time and power output of cellulose laurate............................ 110
Effect of equivalent weight of DMAP and lauroyl chloride
of cellulose laurate at 2 min and 90 watt.......ccocceesossevesasrsnsansesinssonees 111
Gloss of a different % ester content of cellulose laurate films................. 112
Contact angle of differer nt of cellulose laurate films......... 113

Xenotest Beta

Soil burial test

lulose laurate films.. 116
~\\\\

Tensile stress
of cellulose | v 4 ‘ YT e — 117
Percent elong _ | 0 . : 3"\ ofic \ laurate (i1 O 118
7
AYaidia s 2 2

) i

ﬂﬁﬂ?‘i’lﬂ‘ﬂﬁﬂﬂ?ﬂ‘i
ammnimumwmaﬂ



Figure Page
2.1 Structure of cellulose. ... ..ot 5
2.2  Stroctore of hemicellulofe. . «ooosuw sssmns sassacinianns ssass samssssbinsissmmasessvnd 7
2.3 Lignin precursors for plants. Softwoods have coniferyl alcohol,

while hardwoods have coniferyl and sinapyl alcohols.......................... 8
2.4  Formation of free radic on

Positions where the & onance structures............... 8
2.5  Example linkag ... oo, ..., 9
2.6 A hypothetical dep i od lignin molecule 9
2.7  Paper mulbe \ ................................. 11
2.8  Classificatio \ '\: dium

for chemical fygiCtigfalizghiomrreaptions b "N N ...............ooieini.. 14
2.9  Structure of typ of cellulose.................... 19
2.10 ’C-NMR spect %

dissolved in DMSO-/tetrabs fitbniun fluoride trihydrate. ............. 20
2.11 Representative exampl : : vatizing solvents

of cellulose and in B . e, 21
2.12  BC-NMR “" ------------------

with a degree 7 substitution of 2.2 ... 23
2.13  BC-NMR spectngn of adamant1yl cellulose

with a dégfee of substitufion 0£01655. QAL.Q L7 5! ‘a' ....................... 26
2.14 ReactKﬁ:Eieme 1llustrat1ng thmatlon sYI’IL ose with

Cy MRS (AR

2.15  Acylation of cellulose dissolved in DMAc/LiCl using in situ

activation of the carbonic acid by forming the

mixed carbonic/p-toluenesulfonic acid anhydride............................... 28
2.16 Degradation by Acid Hydrolysis. ..........c.oouiiiiiiiiiiiiiiiiiiiianenn, 40
2.17 Degradation it AIKAINE MEia.. ......0o0mnmis snnenss sonmabans sodions s bmed vos ved 41
2.18 Degradation in Alkaline Media of the glucosidic bond......................... 41
2.19  Oxidation REactionsS. . .........ooiitiiiiiii e e 42

List of Figures




List of Figures (Cont.)

Figure page
3.1 Glass MOId. ..o 53
32 LG IBBHOWAVE: ..o cnmiviieie sinsisaniibts St dis ks enss by nasmms wwy vy s 53
B8  IVICTOMBEOT. «u s snnsannss 5o omemummnon e o5 55 55559 8 558755 R0 B0 555 SirndfAl8H & el W0 54
34  BYK-Gardner Micro-gloss 60°..........coeiutiiieiiiiiiiiiiiiaiaiare e, 54

3.5  Tantec CAM-PLUS MICR \ contagt angle meter...........ooovvveeevnennnnnn. 55
3.6  FTIR: Nicolet Impa \\ ..................................... 55
3.7 SEM: JEOL: JSM=G400ms. ... 9. . . ool ..o ooeeenerneneeenenannnnn, 56

38  DSC: DSC822-¢/40( T 56
39 TGA: TGA/SDT/ . Nz 57

3.10  Universal Testing ] APE T e TR 57
3.11 Xeno Test: HERDEU 31 [ ............................. 58
3.12 The expenment 0ced e? i eparati \ ¥ per mulberry film.. ....01
4.1  The relationship b Mg Q* . ~ 0 ',, ve power (W)

at different reaction fis .,-- e . TP 67
42  The effect of equlvalen - .

% yield of esterificatiorn a ol s B B 69
43  Infrared h;,*—“-——_: ”; eights of DMAP....... 71
44  Acetylation offtEl[1OSE . T ... ... ... ................... 71
4.5  Mechanism of ac‘¢tylatlon of cellulose ............................................ 72

::j r:::ﬁtu mﬂtwmmme Oﬁ ...................... 73
R aiaerdrerde. .

4.8  Infrared spectra of samples with different

equivalent weight of lauroyl chloride........................cccooiiiiiiiiinn.. 75
49  Acetyistion reaotions OF CBINIOSE. . soums s sasmassis 5555008 8559804 »Easawe 76
4.10 Acetylation reaction of Sawdust..............cooiiiiiiiiii i 76

4.11 Esterification of maize bran by fatty acid chlorides............................. 77



XV

List of Figures (Cont.)

Figure page
4.12 Infrared spectra of paper mulberry before (a) and

after (b) esterification with lauroyl chloride...................................... 80
4.13 Differential scanning calorimetry (DSC) analysis of

paper mulberry (a) before and (b) after esterification

with lauroyl chloride..... £\ B e 5 4 50054 § B o 3 e v e v 81
4.14 Thermo gravimetric analy ‘
paper mulberry
esterified with 18870} stide.).. e (S ——— 83
4.15 SEM micrographs g ulk 7
(b) esterified with i 38 % ester 16) | RO 84
4.16 Effectof%e ‘ sonta
& *J

water absorptionof the _ape 1l rate film.......................l 86

4.17 Tensile strength'o cllulosé‘ta ‘ ious % esterifications...... 89

4.18 Elongations at breakfof celltilos
at various % estenﬁcat1 e 89
.l;",ﬂ.u*'!
4.19  Effect of % esterificafior 1
420 (a) Fungi arid:b i _— = 92

oA
421  Schematic illustratic atichydrolysis of cellulose....93

4.22  The physical app‘;:arance of the estenﬁed—paper mulberry film

oM TR
nggﬁ (‘j mlﬁg%ﬂﬂgﬁrﬂm .......... 94

and after 45 days of soil burial exposure for (b) 23.24 %, (c) 36.3 %,
and (d) 38 % eSterifiCation. ... ......ouveueirie i 96
4.24  The relationship between weight loss and

4.2

w

% esterification of esterified-paper mulberry.................................... 98

4.25 The mechanism of UV light and oxygen degradation of cellulose............ 99



xvi

List of Figures (Cont.)

Figure page
Bl Stress-time of (a) 38, (b) 36.3, and (c) 23.24 % ester content.................. 119
B2 Thermogravimetric analysis of paper mulberry (a) and (b)

derivative of paper MUIDOITY. ... ciscisasaciiissnssanss sasmarssss sbunbrin vavs syawns 120
B3 Paper mulberry sample esterified with lauroyl chloride (a)

and (b) derivative of modif -,, ..................................... 121
B4 Soil burial method @ ontent in 60 days

(a) 38 %, (b) 36.3.%and (c) 2324 %esteicontent............................ 121
il IR spectra of cETO S e b I e e e eeneeneneeneennneneennnns 125
C2 10 equivalent

and 0.9 equivalent Weight 9L DIVEAR L L o, 0 s 125
C3 0.9 equivalen (©)

equivalent weighffofffauoyl ¢hidMalc. SV NN . ... 126
C4 0.1(a),0.5(b), 1

and 10 equivalent wgigh o) oL [ OO 127
C5 0.075 equivalent weightef AR

equivalent weight of lautoyi 3 R 5 G e BTG R B DAY B « 127
C6 0.5 equivalé {ffm ind 14 (c)

equivalent weight of lauroyl chloride. oot .. L. ... « 128
L7

1.2 equivalent w ‘}ght of DMAP and 5(a), 8 (b), and 14 (c)

equlvaﬁtﬁlﬂ ojuwﬁm wﬂu] ﬂli ..................... 129
QW'W@Nﬂ‘iﬂJ URIINYIA Y



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents

