CHAPTER 1V

RESULTS AND DISCUSSION

In this research, microwave-induced esterification of paper mulberry for
degradable film preparation with DMAP as catalyst and lauroyl chloride as modify
substance was studied, the results were analyzed and divided mainly into two parts as

follows:

- Esterification reactie: ith DMAP as catalyst and lauroyl
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- Characterizati i \ d paper mulberry film

chloride as esterifying a,

auroyl chloride)
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power

Ctﬁl time and microwave

ﬂ%’a SABIYAT Q) e ant power cutputof

microwave on per mulberry us1n%4 dlmethylammo pyridine (DMAP) and lauroyl

.80 I TR 4T P
0.5 equiy. o equiv uroyl chlori ith five different

esterification reaction times viz., 2.30 min, 2 min, 1.30 min, 1 min, 30 sec under
seven different microwave powers viz., 90, 180, 270, 360, 450, 540, 630, and 720
watts. The results are summarized in Table 4.1 and the relationship between % yield

and microwave powers are shown in Figure 4.1.



67

Table 4.1 % yield of esterification at various reaction times and microwave powers
(0.5 equiv. of DMAP, 10 equiv/OH of lauroyl chloride)

Power output % Yield
W) 2.30 min 2.00 min 1.30 min 1..00 min 30 sec
90 125 131 60 27 0
180 - 81 93 42 0
270 - 58 132 64 7
360 84 19
450 137 40
540 68 57
630 ,ﬁ' - 74
71\ O

///.@ AN

——2.30 min
—&— 2.00 min
1.30 min
100 - ~>¢=1.00 min
i) —x— 30 sec
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Flgure 4.1 The relationship between % yield and microwave power (W)
at different reaction times.
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Figure 4.1 clearly shows that at reaction time of 30 sec, 1 min and 1.30 min, %
yield of esterification reaction rapidly increases with microwave power until it
reaches the optimum value and then gradually decreases. The optimum values of %
yield of esterification at 30 sec, 1 min and 1.30 min were 74 %, 137 %, 132 % at
microwave power of 630 watt, 450 watt and 270 watt, respectively. The decrease of
% yield after the optimum value was reached indicated that the excess microwave
power absorbed can cause cellulose degradation.

However, the similar trend % vyield of esterification respective to

microwave power was not o f 2 and 2.30 min reaction time. At

reaction time of 2 min, it - esterification reaction gradually

"'

decreased with the increasing. timum value of 131 % yield

was obtained at 90 wat because of the unability to
perform the esterificatioh reé z e to the limitation of the
microwave oven manuf; Avas
would initially incredSe with/microwave | applied between 0 — 90 watt. The
esterification reaction wa ‘
yield of esterification wag

microwave power.

irradiated, the highe >. ‘ 1 it reached the optimum
value. Beyond that pog, samp : cgrade asmdicated by the decreasing of
% yield. For instance, ungr,270 watt micrawave power, as irradiation time increased

som 30 sec BRI I SABIT I 84 2 E) St vaue ot 132%

When sample was continued to heat gmtll 2 min, cellulose degradawn occurred and %
= QAR G BN Y HI Yl e i
irradiatioh time before cellulose started to degrade under 0 - 90 watt, 90 - 270 watt,
270 - 450 watt, and 450 — 630 watt microwave energy were 2 min, 1.30 min, 1 min,
and 30 sec, respectively.

Hence, when considered energy and time saving along with the reasonable %
yield of esterification (131 %), the esterification reaction of paper mulberry should be

performed under 90 watts microwave power for 2 min.
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4.1.2 The effect of 4-dimethylamino pyridine (DMAP) as
catalyst

The esterification reaction using various DMAP concentrations was
studied. The esterification reaction was performed in DMAc/LiCl solvent system and
10 equivalent weight lauroyl chloride with four different equivalent weight of DMAP
viz., 0.1, 0.5, 0.9, and 1.2. The esterification reaction was performed under 90 watts

microwave power for 2 min. The results are summarized in Table 4.2. % Yield of
esterification reaction and % esterifi

versus the equivalent weight of DMAP
used is shown in Figure 4.2. \\\ /
Table 4.2 % yield of esterificatioi and % eél at different equivalent weight

of DMAP (10 equiv. weig oride and*2miin 90 Watt)

DMAP | 7
(equiv)

' £ /1L - \\k N % Esterification”
0.1 equ?v. 17 / ﬁ ?\\\\\‘ 24.3
0.5 equfv. "l _, ‘\\\\‘ 36.3
0.9 equiv. VE ' n\“ 38.0
1.2 equiv. F % ‘\ 11.0

200 - 4 ;‘ - 40
150 - S U - 30 ;
s AUBINENINYMT |
< 100 ¥ ¢ ~ o 2%
RARNANNIUURNINYTQY - -

9 50 - - 10

—=— % Yield
1 —e— % Esterification I
0 ' ' ' r x | , 0
0.1 0.5 0.9 1.2
DMAP (equivalent)

Figure 4.2 The effect of equivalent weight of DMAP on the % yield
of esterification and % esterification.
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As shown in Figure 4.2, both % yield and % esterification were greatly
influenced by the amount of DMAP. % Yield of esterification reaction increased with
the increasing equivalent weight of DMAP until maximum % yield value was reached
at 0.9 equivalent weight of DMAP and then slowly decreased afterwards. The %
esterification deduced from the IR spectroscopy study also had the highest value of 38
% at 0.9 equivalent weight of DMAP. This is obviously because N, N-dimetyl-4-
aminopyridine (DMAP) acts as a powerful catalyst and activates esterification of

paper mulberry, thus the reaction occugs rapidly.

At low amount of DMAP, ~1'- fication reaction enhanced due to the
diffusion of lauroyl chloride in “‘-.‘ ain chaifi.of Cecllulose. When DMAP was added

more than 0.9 equlvalen mw : y1 d "'-TL ification decreased. This was

thought to be because of*f (AP and lauroyl chloride not
/ / \

Therefore, the switable v ) vf,_' . catalyst for the esterification
reaction of paper milbg der mic ? \.\. e
' 2 AN

s

0.9 equivalent weight g rgSult car pporte
‘ %

allowed lauroyl chloride

of 90 watt for 2 min is

by the IR spectra presented in

Figure 4.3.

9
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<+— 0.1 equiv. DMAP

<4— (.5 equiv. DMAP

%T

<+— 0.9 equiv. DMAP

<— 1.2 equiv. DMAP

4000 0¢ 0 15 . cm’!

Figure 4.3 Infiau AW alent weights
of DMAP. 'll ,'J

From Figure 4. 3‘-1t was found tha t 0.9 equivalent weight of DMAP, the

intensity of “ﬂ’%’)"”ﬂ‘ﬁ %@ W'E}{}aﬁd‘% compared to those at

0.1 and 0.5 eqtiivalent weight. Thls was because hydroxyl groups in cellulose was

1 BT e
PSR e PR

Lauroyl

chloride in
DMAC/LICl R=C,1H,5CO

Figure 4.4 Acetylation of cellulose [78].
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Figure 4.4 gives an overview of the esterification reactions of cellulose carried
out under homogeneous condition in DMACc/LiCl. Lauroyl chloride was used as a
esterifying agent and the reaction was performed under microwave energy. The
hydroxyl groups in cellulose can be substituted by nucleophiles. Therefore, the
esterification reaction investigated was always carried out with lauroyl chloride of the
corresponding acids in order to exclude such side reactions. The free hydrochloric
acid formed during the acetylation, on the contrary, is not an enough strong acid to

lic enough to attack the acetyl ester groups.

hydrolysis of the products or not nucle

+

U anEnIng
RIANTUHAINY N Y

I S—

H3C\N/CH3
=z
R—C—0O—=Cell +
\ +
N
§
R =CHays H

Figure 4.5 Mechanism of acetylation of cellulose.
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The esterification of paper mulberry in this study might be similar to that of
hemicellulose with acetic anhydrides and DMAP method studied by J. M. Fang et al.,
2000. The mechanism for esterification of hemicellulose is presented in Figure 4.6.

H. /CH3
3C\N

Figuﬂ:.w&il%sﬂwgrw‘ﬂﬂ%mcellulose [79].
RINNIUUNINYINY
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4.1.3 The effect of lauroyl chloride as esterifying agent
To investigate the effect of lauroyl chloride on the esterification of
paper mulberry, the esterification reaction in DMAc/LiCl using 0.9 equiv DMAP as a
catalyst with various amount of lauroyl chlorides was conducted. Esterification was
carried out under microwave energy of 90 watts for 2 min. Four different equivalent
weight of lauroyl chloride investigated included 5, 8, 10, and 14. The influences of
lauroyl chloride on esterification reaction using DMAP as a catalyst are presented in

Table 4.3 and Figure 4.7. The % e ion or yield was greatly influenced by the

amount of lauroyl chloride. o been discussed elsewhere by C.

Satge et al.[1].

Table 4.3 % yield of esé Lat different equivalent weight

of lauroyl chloride

% Esterification

7/k
Lauroyl chloride (Equi / / ﬁ ﬂ\\\\\

5 equiv. lv 23.24
o/
10 equiv. f "", \ 38.0
14 equiv. *{-éﬂ!‘ ‘ 18.0

200 T =5 - 40

sa

150 m‘ . X :30
oA UBINEINTNYNS
wna\mimumﬁﬁm@w

5 8 10 14

- 20

% Yield
% Esterification

Lauroyl chloride (equivalent)

Figure 4.7 The effect of equivalent weight of lauroyl chloride on the % yield
of esterification and % esterification of paper mulberry under 90 watt

microwave energy for 2 min.
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Figure 4.7 clearly shows that the maximum % yield of esterification reaction
appears at 10 equivalent weight of lauroyl chloride. At less than 10 equivalent
weight, lauroyl chloride reacted with hydroxyl groups in cellulose, thus % yield of
esterification reaction increased almost linearly with the amount of lauroyl chloride.
When more than 10 equivalent weight of lauroyl chloride was used, however, the %
yield of esterification reaction decreased. This is because the excess amount of lauroyl
chloride can lead to inhomogeneous system

Hence, It can be concluded that;the optimum amount of lauroyl chloride is 10

5 equiv.

ﬁ 8 equiv.
A < Lauroyl chloride
%T
. : il
iy i ,' ", 10 equiv.
b H i | i A < Lauroyl chloride
| i ‘ 1 i A ,\rl
ELQYIEJVI%(WH']T“%
: ] ;"\ i’
ﬂ‘ifu NWYJ’V]E TRE |, e
= < Lauroyl chloride

4000 3000 2000 1500 1000 500 cm

Figure 4.8 Infrared spectra of samples with different equivalent weight
of lauroyl chloride.

< Lauroyl chloride
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Figure 4.8 shows the IR spectra of samples with different equivalent weight of
lauroyl chloride. The smallest O-H bond vibration at 3422 cm™ of 38 % esterified
paper mulberry was shown, confirming the greatest increase of long chain fatty acid
ester substituted at O-H group on cellulose.

The acetylation reaction of cellulose used lauroyl chloride as esterifying agent

under microwave energy is shown in Figure 4.9 [B. Verneuil et al., 2002].

Figure 4. 9 atiol ions of cellulose [1].

The similar’ s
dimethylformamide, &idine and
esterifying agent, respegtively [Flgure 4.30]. The reaction was performed on a

ot o g 1] EJ'V]?W 8113
amaqnity@mmmagl

H3C——n(H,C) H3C——n(H,C) 0O—Wood

tion of cellulose used

oride  as solvent, catalyst, and

n=61to 16

Figure 4.10 Acetylation reaction of sawdust [78].
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Previous work done by C. Gourson et. al also showed the similar trend. In
their works, hydroxyl groups of the cellulose contained in the maize bran were

esterified by fatty acid chlorides as shown in Figure 4.11.

OH OCOR
0 o)
]LO%O\L f\o%ol
HO o / ‘ - OCOR Y},
3C-(CHy)4
Figure 4.11 acid chlorides [4]
In this experim obtained was 38 %. It was
expected that the % esteaificatign/should be n higher. However, it was thought

that noncellulosic co in, and lignin embedded in

cellulose microfibrilss w sterification of cellulose.

G. Chauvelon et. al reports 'ﬁa ‘.I o
‘":ﬂ-‘ e, J

he initial cellulose used, the

esterification of cellulose san '-‘r ont Aini i “ gave cellulose laurate and also
quite a large amount of re51du‘a} parti ’J suggested that lignin was probably also
esterified but remaihed insoluble it luene Joroform besides chemical

composition of cellulose laurate. |
The insoluble&rti es were prob onstirugl by unsubstituted cellulose
or by other componentsgsuch as lignin. Lignin may also be esterified because their

i A I S $H2 AT ke reporet o

hemicellulose llﬂun and cellulose can be substltuted to various extents [5]. However,
S AN LI LT F LB R R
esterification, lignin could be a competitor for the esterification reagents and/or could
have a major influence on cellulose accessibility, as it can form an amorphous
network with embedded cellulose microfibrils. Wang and Tao esterified pure
cellulose with long-chain fatty acids (mixtures of palmitic, stearic, and linoleic acids)
and obtained a high yield [77]. Therefore, it is possible that the low yield obtained in
this work might be due to the noncellulosic components of the residue, which were
probably esterified and eliminated but also prevented the esterification of the

cellulose.
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Hence, in this study, it can be concluded that the esterification of paper
mulberry using 0.9 equivalent weight of DMAP as a catalyst and 10 equivalent weight
of lauroyl chloride as an esterifying agent was performed successfully under 90 watt
microwave energy for 2 min. This resulted in a maximum 154 % yield and 38 %
esterification. In the next section, the characterizations of paper mulberry film

prepared under these conditions were investigated.

AULINENINYINS
PMIAIATUAMINYAE



4.2 Characterization of esterified paper mulberry

4.2.1 Characterization of cellulosic film
4.2.1.1 Chemical Structure

The substitution reaction of hydroxyl groups of glucosyl units

of cellulose from paper mulberry by esterification reaction was detected by IR

spectroscopy. Characteristic bands of the IR spectra of paper mulberry before and

after esterification with lauroyl chloride are given in the Table 4.4.
Table 4.4 Infrared vibrations and

ents for cellulose and cellulose laurate

ents

Wave nume / and Assignments

Paper mulberry 7 1' \

3342.11 L | Q‘ : « hing with absorbed water
2905.23 'V FCh -L L\ ing due to CH,

1641.67 | €5G stréiching

1339.19, 1373.64 | ending due to CH, and CH,
1031.25

'- hing (C-O-C and C-O-H)
0]

—'ﬂ

|

Paper mulberry lauratt

3422.01 ﬂ u E]‘ ’J Qn ﬂ ﬂ ?W%ﬁ}'ﬂﬁ absorbed water

2926.32, 2855.30 C-H stretching due to CH, and CH

RN T NPITNETA
‘NWIHNT Fr e o

1648.85 C=C stretching

1319.59, 1379.04 C-H bending due to CH; and CHj;

1062.38 C-O stretching (C-O-C and C-O-H)
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The comparison of FTIR spectra of cellulose and cellulose
laurate are summarized Figure 4.12. The IR spectra of cellulose modified by lauroyl
chloride displayed different bands from the cellulose spectra. Obviously, after acyl
substitution of long chain aliphatic from lauroyl chloride in the cellulose, two
significant peaks can be observed at 2855.30-2926.32 cm'as C-H stretching and
1746.78 cm™as C=0 stretching (ester).

(®)

40&).0 590 400.0

Figure 4. 12 [idfared spectra of pApCr MBIV hetore (a) and after (b)
esterification ¥ A

E addition, when comparing to the IR spectra of cellulose, the
intensity at 3 - s% i € creased because hydroxyl
groups was sﬁu ﬁlﬁﬁﬂ ﬁ;ﬂﬁjﬁﬁ: (esterifying agent),
indicating fewer availabilities of OfH groups remaining in the testerified cellulose.
AT G YL EYENCT X Tt o e

due to t%e presence of a long- chain of alkyl groups from lauroyl chloride is
substituted by hydroxyl groups. The presence of a new band at 1746.78 cm’ is the

characteristic peak of a carbonyl of ester group indicating the carbonyl group [S.

Thiebaud et al., 1995 and C. Gourson et al., 1999].



81

4.2.2 Thermal Properties

4.2.2.1 Different Scanning Calorimetry (DSC)
Thermal transition temperature was characterized by
differential scanning calorimetry (DSC). The first heating of DSC thermograms for

cellulose and cellulose laurate are displayed in Figure 4.13.

19 4
24
1 Method: impcre cell-Od cellulose OF, 07.06.2Cd4 18:09:25
. -50.06-260.0°C 10.00°C/min ose OF, 4.0900 mg
14
4
04
] ntEgEal ~528.94 mJ
R 2a¢ : g"-1
-1: \‘- 04. ©
g AR . Wy "&S J o4
3 TN
-34 — \ " /r
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-4 d‘ L
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40 =29 14 \ 50 180 20¢ 22¢ 240 *cl
............... "
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b laurate 3 Scaaf™
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9 =
“ Method: Cellulose !
-50.0-140.0" l .00°
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mset -28.96 °C
-17.72 °C
-3.02 °c

(b)

Figure 4.13 Differential scanning calorimetry (DSC) analysis of paper
mulberry (a) before and (b) after esterification with lauroyl chloride.
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From Figure 4.13(a), the DSC thermogram shows one
significant transition occurring at about 137 °C. This endothermic peak is the melting
temperature of crystalline structure of paper mulberry. As expected, due to high
degree of inter- and intra- hydrogen bonding, paper mulberry did not show a second-
order transition temperature, or T,, due to its high crystallinity. After modified by
lauroyl chloride, the DSC thermogram revealed two transitions for cellulose laurate: a
broad T, occurring at about 70.44 °C and a broad low-temperature melting endotherm
(peak temperature designated as T, curring below the T, at 17.72 °C. The

second order transition at aro signated as Ty of cellulose laurate
i tation “chloride at hydroxyl groups of

cellulose causing an i 2 and decrease the crystalline
structure of cellulose. Indefaus! siuce the esterifica eaction results in the opening

of some of the hydrogg S roducing the formation of

L~
ently generate more amorphous

amorphous cellulose. Thefc ride diffuses into these new amorphous regions to
react with accessible hydfo '
cellulose. The appearanCe of 19w- ténp crature ef \ etm (Tp, 1) of cellulose laurate

is resulted from melting _ 1 ni', tion of long chain aliphatic

=

ﬂﬁﬁl?ﬂﬂﬂiﬂﬂ’]ﬂ‘i
QW?ENﬂ‘iﬂJ NN Y
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4.2.2.2 Thermogravimetric analysis (TGA)

The thermal decomposition temperature (T4) of cellulose and
cellulose laurate were characterized by a thermogravimetric analysis (TGA). The
values of the onset of the decomposition temperature are significant for producing of
cellulosic films. Thermogravimetric analysis of cellulose and cellulose lautrate are

presented in Figure 4.14.

- 7o o— o £ R
&

gl

Figure 4.14 Thermo g B
sample, (b) paper mulbesiy Sai ple.é

treated paper mulberry
ith lauroyl chloride.

psition stages of untreated
paper mulberry. The y# 0 0-90 °C is due to water
decomposition. The see nd stage (70.29 %) in the ra e of 220-400 °C is due to

hemicellulose ﬁd?T/ 81; Bouchard et al.,
1986]. The an ﬂgﬁ mmﬁjlﬁ $9°C is due to lignin
decomposition Thiebaud et al.]¥In contrast, @fter esterificatiof reaction, it was
ot B LTI Sl g T e e o s
(17.51 %? in the range of 50-100 °C is due to water decomposition. The second stage
(20.71 %) in the range of 150-200 °C is due to lauroyl chloride as esterifying agent
substituted at hydroxyl groups of cellulose decomposition. The third stage (22.88 %%)
in the range of 220-285 °C is corresponded to decomposition of the more thermally
fragile hemicellulose [Nguyen et al., 1981]. The forth stage (30.30 %) in the range of
285-340 °C is due to cellulose decomposition. It has affected to thermal

decomposition temperature (T4) of cellulose decrease. Finally, the last stage occuring
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at temperature above 350 °C is corresponded to lignin decomposition. It is unexpected
to find that the thermal degradation temperature of hemicellulose, cellulose, and

lignin of the esterified paper mulberry are lower than those of untreated sample.

4.2.3 Morphological Studies

The differece between surface morphology of cellulose and cellulose
laurate were analyzed using a scanning electron microscope. The SEM micrographs

of non-esterified and esterified paper mulberry samples are presented in Figure 4.15.

%x1:0800

STREC PR 15kV 18pm x1,086808

=,

(b)

Figure 4.15 SEM micrographs of paper mulberry : (a) non-esterified.
(b) esterified with lauroyl chloride at 38 % esterification.
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After acid hydrolysis process, paper mulberry pulp was hydrolyzed and
can be seen as white powder. However, SEM micrographs (Figure 4.15a) revealed
interesting characteristics of paper mulberry. From SEM micrograph, it can no longer
be considered as paper mulberry powder since instead of powder it appears as a short
fiber. Obviously, while the untreated or unesterified paper mulberry (Figure 4.15a)
shows smooth surface, the laurate paper mulberry (Figure 4.15b) reveals rough
surface. In the latter case, about one-third of hydroxyl groups in the paper mulberry

have been laurated resulting in 38 %, esterification. The acyl substitution on the

4.3 Character Mulberry Film

4.3.1 Gloss
The p ANgE: | yaper mulberry laurate film in term of

surface properties, partig function of % esterification.

Gloss
(degree)
1 23.24 % 17.54+ 0.78

¢
[ FIEH VIS ey | waeos
3 09 10 _3800% | 3130%035
NRTANTT IR AN TN TR

From the results, gloss values increases with an increase in %
esterification indicating that the surface of the laurate films becomes smoother upon
increasing % esterification. The highest gloss value obtained for 38 % esterification of
cellulose laurate film is due to the fact that, when preparing the film, this cellulose
laurate can be completely dissolved in chloroform, whereas for the 23.24 % esterified
paper mulberry film, inhomogeneity between chloroform and cellulose laurate causes

some difficulties in achieving the smooth surface. In other words, this result implies
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that at lower % esterification the rougher surface is obtained. Since the light can be
reflected from the smooth surface more than from the rough surface, which providing
the higher gloss value. Therefore, 38 % esterified paper mulberry film yielded the
greatest gloss value owing not only to the homogeneous between solvent and

cellulose laurate but to the smoothness of the obtained surface as well.

4.3.2 Surface Property: Wettability
Surface or wettability of the esterified paper mulberry films was

nt. The effect of % esterification on

the wettability of the surface.or the ec lues of esterified paper mulberry
films are shown in Tablew:6;-and g c@ with % water absorption in
Figure 4.16. O —
Table 4.6 Contact ang : laur: \' film at different % esterification
\\ .
No. 3 ﬁcatlon Contact angle
(equival a \ (units)
1 90.00 + 0.95
2 36.30 % 83.75+2.06
3 N | 107 | Beoy 7475 £ 1.63
X

100 m - 70

‘a o
z fU WEInNy | €
= 1y i e
% 80 = Y 60 S
o o 4 : , g‘
SN WIANTTIEU AN - g
g 9 =
£ 60 - -50 =
@) —=— Contact angle =
] —e— Water absorption i
40 ] : ] . . 40
23.24 36.3 38
% Esterification

Figure 4.16 Effect of % esterification on contact angle and water absorption
of the paper mulberry laurate film.
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From figure 4.16, the contact angles values of paper mulberry laurate
films decrease with increasing amount of % esterification, indicating the enhancement
of wettability or hydrophilicity of the film surface. This result is clearly supported by
the increasing in % water absorption as the % esterification increased.

Similar explanation to the water absorption results can be applied.
Normally, structure of cellulose had more crystalline regions than amorphous regions
and more hydrophobic. When cellulose was modified by lauroyl chloride into its

hydroxyl groups, the crystalline regi n ecrease and amorphous regions increase.

Since long chain fatty acid ester he intermolecular hydrogen bonding
herefor atef‘&

of the cellulose structure,
film surface as shown by

can be easily absorped on to the

4.3.3 Water abs

Effect of absorption values of paper

mulberry are shown i the % esterification had an

effect on the % water al

NIl

..ihl'gs e
E b

Table 4.7 Water absorptio ication of paper mulberry laurate

films
No. D \ "1 Laurovl chloride i i cati Water absorption
M y . -
(equivaleﬂ)xq : (%)
1 0.9 5 23.24 % 56.90 + 0.49
‘o Q/
2 Wﬂ' TR YT W F3630% ) | s8s0=03s
3 qil0.9 10 . 38.00 % 60.90 + 1.05
—ARINTUNRIINEINY
D

1 As presented in table 4.7, % water absorption increased slightly with
increasing % esterification. Only 4 % increasing in % water absorption was obtained
upon increasing % esterification from 23.24 % to 38.00 %. However, an increasing in
water absorption of the films can be explained in terms of cellulose structure. The
hydroxyl groups of the cellulose contained in the paper mulberry were esterified by
lauroyl chloride which is a long chain fatty-acid ester. After esterification, crystallites

region decreases whereas its amorphous region increases because of increasing in free
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volume of the system, consequently increasing the mass transfer of water through the
paper mulberry laurate film. Therefore, water can easily access into cellulose

structure. As a result, as % esterification increases, % water absorption increases.

4.3.4 Tensile Properties
The tensile strength and elongation at break of the cellulose laurate

films at different degree of esterifications were listed in Table 4.8.

Table 4.8 The effect of % ¢ ellulose laurate on the mechanical

\\ 11/
properties of the films \\ _/.-d

Condi y" ——

No. DMAP uroy Lef n"" f \ \\ Tensile Elongation
(equivalent) I i / \ \ ;\ strength (%)

1 0.9 f ’\\ \‘ 3.83+0.49 | 4.20+2.70
B \\

2 0.5 2.61+1.18 | 10.55+0.65

3 0.9 2.15+0.13 | 14.57+2.48

Figure A7 an re 418 o '.:;.;:.,--:; ustrate the effect of %

i

the tensile properties are depe dent on the % esterification.

esterification on the (¢ ’ r— ak of cellulose laurate films,

respectively. Obvious

R R
QW?ﬁ\ﬂﬂiﬁu UAANYINY
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Tensile strength(MPa)
N

40 45

20

15 -

10

Elongation at break (%)

5_

"] TANB TS

% Esterlﬁcatlon

HARDIUNVIANLIAL. ...

9% esterifications.

The lower tensile strength and higher elongation at break of cellulose
laurate with increasing % esterification probably reflects decreased hydrogen
bonding, or increased amorphous region, between cellulose laurate due to fewer
hydroxyl groups on the molecule. High degree of hydrogen bonding between
cellulose chains makes the polymer more rigid and then cellulose is a crystalline

polymer. Hence, as explained earlier, when cellulose was esterified with lauroyl
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chloride, its hydroxyl groups was partially replaced by this long chain aliphatic ester,
which then caused the reduction of the crystalline region or increase the amorphous
region. Similarly, when % esterification increases, amorphous region enhances
leading to the decrease in tensile strength and increase in elongation at break. This is
because a large substituent group into the cellulose due to cellulose laurate exhibited a
plasticizing effect behavior without addition of any plasticizer unlike others
biopolymer as starch.

In summary, esterifieg acid seemed to act as an internal

A

berry films at different degree of

esterification were perf: 1 'sc \\:\\\ and accelerated exposure

methods.

¢ soil, samples were removed for

measuring the weight changes every five d Biodegradation rate was evaluated by

% of the films an d the results afe/presented in Table 4.9 and

Y

Figure 4.19. V m
AUEINYNINYINT
RN INANINEIAY

measuring weight le
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Table 4.9 Weight loss of samples with different % esterification during soil burial test

% Esterification
Time (Days)
38.00 36.30 23.24
5 18.20 13.80 9.27
10 31.08 27.91 26.53
15 3558 ‘ 35.02 27.36
20 : - 03 28.57
25 ) [ [ a2 29.74
30 / ' 30.00
35 4 ‘:E 32.62
40 4 - ) 33.21
45 : ﬁ. 33.47
50 » . , 1 33.72
: 3 :
55 5 v J-_.',; 75 34.01
60 47 ST, 41.84 34.50
60 -
50 -
., 40 -
8
@ 30 -
(2] B
= 20
X —e— 38.00 % esterification
10 | —a— 36.30 % esterification
— — 23.24 % esterification
1
O " == T T T T T T i Gl T T T
0 10 20 30 40 50 60 70

Time (days)
Figure 4.19 Effect of % esterification on weight loss of the films during soil
burial test.
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Obviously, as shown in Figure 4.19, it was found that % weight
loss of the esterified films increased as a function of exposure time and %
esterification. Among the three samples, the cellulose laurate film with 38 %
esterification yielded highest value of weight loss of almost 50 % within 60 days of
exposure. In addition, it was found that the degradation rate of all the films was
relatively fast for the first period of exposure or 15 days. After that the degradation
rate seemed to be slower. However, all the films exhibited high potential of further

degradation after 2 months of exposur

well.
' , lébradation of paper mulberry is similar
to other biopolymers, s ! ls on several factors such as

microorganisms, temperature. and lition, and the structure of polymer

itself. Generally, microozga #stidhas f Ingi teria as seen in Figure 4.20,
oD us region and then ingesting
the carbon molecules thagre : kb ! e eellulose in their digestive systems
by enzymatic hydroly$is. re 421 i ) ' se enzymatic hydrolysis of
l ent types of enzyme (endo-
B-glucanase, cellobio-hydrolase, 7‘ ble of hydrolyzing cellulose,
hemicellulose, lignin, and c
conditions to make the molegy_%@& break down. In addition, each enzymes are

ble temperature and humidity

7]

specific to hydroly E‘.Efferent regions in the | ) .

(a) (b)

Figure 4.20 (a) Fungi and (b) bacteria.



93

crystalline areas > """;" endo.
X, SN, amorphous areas ‘ B-glucanase
RN cellobio-
—_— " hydrolase
e iy

l B-glucanase

Figure 4. 21
hydrolysis o

stepwise enzymatic

endo-f-glucanase enzymes
hydrolyze B-1,4li
the cellobio-hydro 3
glucanase enzymes hydrolyze @

found that besides cutting off fi(}-4)-D-gliie

and crystalline region. Then,
hous region, whereas, the -
addition, Yifang Ou et al [2] also

2 bond, the microorganism can open

the ring of glucose.a the same time. Therefore, up: 1pon-i -i casing the exposure time,
the molecular chain -" ame shorte 0$5°0f the film increased.

i addition, when considering the‘effect of % esterification, it

was found th ulgT cre terification. This is as
mentioned en ﬁ Ylmwzﬁ] tizstlc ester due to the
esterification reactlon cause an in€rease in amerphous regiongwhich is the main
e A5 s 4 4 ) sen o
mcrease as a function of exposure time and % esterification.

The physical appearance of paper mulberry laurate films after
soil burial test for 60 days are presented in Figure 4.22. The SEM micrographs shown
_in Figure 4.23 were taken in order to confirm the above results. Obviously, after 45

days of exposure in soil, all the esterified-paper mulberry films exhibited a lot of

holes or cavities which was contrast to the smooth surface of the film before soil
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burial test. In fact, it can be seen that not only the number of cavities but also the size
of the cavities, in particular, increased with increasing % esterification of the films.
In summary, based on these results, the biodegradable plastic

film can be prepared successfully from the esterified-paper mulberry film.




38 %

(d)

Figure 4.22/ . The physical appeatance of the.esterifted-paper miulberry film
after soil burial test for 60 days: (a) 38 % esterification, (b) 36.3 %
esterification, (c) 23.24 % esterification, and (d) sum of different %
esterification.

95



96

©

Figure 4.23 S,EM rmcrogfaph of (a) cellulose laln_'ate film before soil burial
test and aftei4s-days v g;) 23.24 %, (c) 36.3 %,
and (d) 38 ?"éstenﬁcatlon.

== (d
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4.3.5.2 Accelerated exposure

Esterified-paper mulberry film samples were cut into 2 cm x 6 cm and
put into the Xenotest Beta lamp chamber. All the films were conditioned at 25 °C and
76 % RH under UV light intensity of 100 watt/m?® for 72 hours. The samples were
removed for measuring the change in weight loss after 72 hours of exposure.

The comparison between outdoor exposure time and accelerated

exposure time was calculated as follow:

’// MJ/m* " (1 MJ = 10° Watt sec)
06 Watt sec/m’
—

\ ""
\ \\\a in Xenotest Beta Lamp

N

recorded during 1986-1995 by the

1 year UV radiation in Thail

Radiation in Xenotest Beta ] \
1 year of outdoor expo

)% Watt sec/m?) / (100 Watt/m?)

‘\ ec in Xenotest Beta Lamp
Xenotest Beta Lamp

* Average data of 1

Meteorological Department:
otest Beta Lamp chamber

is equivalent to the ex -A T i ‘ ation.

Welght Iﬂ exposure in Xenotest Beta

l?f’iﬁﬁfréfﬁm% Boﬂ R L1 A
R S AU NI REAE 1

ss of the samples after 72 hour:

Condition
No. DMAP Lauroyl chloride % Esterification Weight loss (%)
(equivalent) (equivalent)
1 0.9 5 23.24 % 10.23 £0.86
2 0.5 10 36.30 % 21.86 +1.93
3 0.9 10 38.00 % 26.66 +1.23
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50

40 -
g | /./.
2 30 -
2
g
® 201
= ]

10 - —e— Accelerated test for 28 days

oil burial test for 30 days
40 45
Figure 4.24 The r. SS and % esterification

Lamp chamber on the % nction of % esterification of

the paper mulberry films t, % weight loss of cellulose
laurate increases with incr: ince increasing % esterification
m, the UV radiation and oxygen can
if the film with higher %

esterification can be'dég st mechanism of UV light

cause an increase in amorpho

easily diffuse or permes

and oxygen degrada !!L of cellulose. Obviously, b UV and oxygen have a

synergistic effect on the degradation of gellulose at the glucoside bond of the

cetuios, wiilf] IS5 PEII SRR S However, when

comparing these”wo degradation tests, within approximately the e period of time,
i, within appgo .

the est@iwsqeﬂ@mmegﬂew%%}g f%tﬁvaj)iodegradation

process diie to several factors and mechanisms as previously described.
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UV light 0,

Figure 4.25 The mechafiisg sen degradation of cellulose [2].
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