CHAPTER III

EXPERIMENTS AND RESULTS
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Nitrogen ( OFN, Locally purchased, Rattachoke Co., Ltd. )
Petroleum ether ( Baker Analyzed Reagent )

Polystyrene standard

Polyvinyl acetate ( Laboratory Reagent, BDH Chemical )
Polyvinyl chloride (Thai Plastic and Chemicals Co.,Ltd.)

Potassium bromide ( Analytical Grade, Carlo Erba )
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19. Starch ( Locally purchased, Cassava starch and glutinous
rice flour from Harng Pang Thai, Ltd., Corn
starech from CPC/AJI ( Thailand ), Ltd. )

20. Sodium metal ( Fluka Chemika )

21. Tetrahydrofuran ( Baker Analyzed Reagent )

22. Toluene ( Bak
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3.1.2 Apparatus

1. Differential Scanning Calorimetry, DuPont 910
2. Double Stage High Vacuum Pump, Javac JD 60

3. Electrical Balance,

Dert,ling NA 264

4. Gel Permeati phy, Waters 800 E systenm

controlle tometer Waters 470

5. Heating

6. Hot PlafE

‘., »\k \K\;\ 002, Labinco L 32

7. Infra Elmer 781 and Perkin-

Elmer 4760

8. Mechanig® janke & Kunkel RE 16

Rotary Ew@porato

10. Oven, Ternme

11. Vacuum Oven, E 9ﬂr;pvﬁ' nc. model 6515

ﬂ‘LlEl’J'VIH‘VIﬁWEJ’]ﬂ‘i
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3.2 Procedure

3.2.1 Synthesis of poly(E-caprolactone)

3:2:1.1 isyof ethyl magnesium bromide

%,

Grigna t was prepared adaptably

by the method
turnings and 7 : 2. were placed in a 250-ml
two necked ro¢ f";“m =;ﬁ prov ded with a Claisen
adapter bearin ertical condenser. A
150 ml of dry re ( see Appendix A )
was introduce dire ‘ﬁ ___f'?ﬁ flask. A 27.00 ml of ethyl
bromide was placed in .n$' % fnnnel and it was allowed

to flow drop The-reaction mixture was

» i¥larted, as evidenced
by disappearanciﬂof' 3 . plor, aiﬁkarance of turbidity,
and spontanenous bojiling. The qfilask was cooled by cubed ice

and ad.iuﬁJ] uaﬁjﬁ n&l %ﬁhmﬂlﬂeﬁ the ether reflux

gently. The reaction ihs complete when thémagnesium has
disﬂlﬁ.’.] atﬂrﬂcﬁmlu mfli’g nﬂi:lalszroduct was

stir;!d for 30 mins under nitrogen atmosphere introduced
. into the flask via its side neck and then proceed the next step

without delay. The set of reaction system is shown in figure 3.1.

The obtained solution of this Grignard

reagent was dark color and reacted rapidly with air and moisture.

UREDR S 208 b
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Figure 3.1 Apparat pr he Grignard reagent

]

sthyd aluminum

13
i¥

ﬂ u El ’J Yl Hﬂmf"w E’lql‘ﬂa‘j aluminum chloride

was dissolved in 100 ll of dry et.her under nltrogen atmostphere
1n’q wq&aﬂﬂ im u%%‘%ﬁwﬂqﬂa Ho the same
funnel used in previuos step and let it flow drop by drop into
the flask cont.ziining ethyl magnesium bromide at the rate that made
spontaneous reflux gently. After 2 hrs’reflux, the excess ether
was distilled off, then the triethy_lalulinun etherate was

distilled from the magnesium halide on a vacuum system.
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~~ Inlets for
_— gas piping and
electrical leads

Figure 3.2 A “drygba;

iethylaluminum was obtained
from distill1.;~n———-———~~--";————3;;;;;,_{;-.ced pressure of 1.5

torr. The di?ﬁ

2d=in sealed bottle under
']
nitrogen atnosph re._

ﬂumwﬂmwmm

Qs3.2.1.3 Polyngmzatmn of €E-caprolactone

RINNTUNRIINGIAY

In the dry bag purged with a stream of dry

oxygen-free nitrogen ( OFN ), a 500 ml three-necked round
bottomed flask was filled with a magnetic bar, dry‘toluene
(Appendix A), refined &-caprolactone and (€-CL) triethylaluminum
in various quantities as shown in Table 3.1. The flask was imme-

diately fitted with a condenser protected with a drying tube, a



38
thermometer, and a gas inlet through which the flask was swept

with nitrogen. The set of reaction was taken out of the bag and

fitted with stands while nitrogen gas was still flowing through

hesis of poly(e-caprolactone)

Table 3.1 Conditions for s 1')
\

Amount of Ge@B™!Awon E ylume of | Concentration

No. (m] ratio of monomer

.

v lene

. ) and inititor
_'ﬁ 2

1 45. 00d .00 115.33

[ 48.42 j

| AuAnERsNpIng
AIGINFU ] oA E e

the solution. Then the solution was heated to 80 ° C énd stirred
continuously under a nitrogen atmosphere for 1 hr. The polymer

was precipitated by pouring a fine stream of the viscous toluene
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solution into a petroleum ether-Dry Ice mixture at -80 ° C while
stirring vigorously. The polymer was dried for 16 hrs. in a

vacuum oven at 40 ° C and 1 torr.

The physical properties of the synthesized

polymers investigated . by 5 ! procedures in Section 3.2.3 are

shown in Table 3.2.

Table 3.2 Resu - prolactone p izations

No.

98 76 12654 white fine

ﬂ B?ﬂﬂﬂﬁﬂﬂ?ﬂ@“
AR IS e Ra

q

Pl 97.08 76764 white flake
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3.2.2 Synthesis of methylacrylate grafted starch

The factors were assumed to affect the graft copoly-
merization of polymethylacrylate onto cassava starch. In this

study the effécts of them on suspension copolymerization were

studied in the following & ///

3.2. 2. L 0ffBct qf v-g;_fon of reaction volume

starch and a 60.00 ml
of double disti in a 500 ml wide-necked
reactor with mmected with a mechanical
stirrer, a condehs | ;‘ ,'iq'. eter, a gas inlet and a rubber
septum attached I suspended starch in water
was heated to od at the rate of 500 rpm for
1 hr under Fwill : sre gsonsvaled by a slov stream of
nitrogen flow

ammonium nltrate

ﬁ A 0.4500-g of ceric
as an 1n1t1ator, was weighed and d1ssolved in

1.00 ml ﬂfuoy’g wﬂﬂj Wﬂﬂ ﬂﬁof stirring a 9.00

2l of fr hly distilled %ethylacrylate monomer was added. The
llﬂquﬂialﬂeﬁj@ulm wr]t{} w{l ’}ﬂtﬂhe 1n1t.1at.or

added drop by drop of 0.2 ml initiator solution in every
.30 min-intervals. After the last drop of initiator was added,
the reaction was still stirred for 30 minutes and then pour a
200 ml of water to the product mixture. The grafted product was
filtrated and washed with 150 ml of 0.50 M of nitric acid for 3

times. The remained acid in product was removed by washing
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and decanting with distilled water until the neutral filtrate uas‘
obtained. The adsorped water was taken out of the product by a
rotary evaperator and the product was cqnpletely dried by a

vacuum oven at 70 C for 6 hrs. The total dry product was weighed.

/p lymethylacrylate was sepa-
rated from the grafted ‘ ﬁ extraction. A certain

amount. of crude ith toluene for 1 hr.

Each sample wa hich a fresh toluene

ried in a vacuum oven

1 \\\\\ ct was weighed.

VD,
e uptaht of

obtained by measure en“.ﬂ;‘ 4

was used. The

at 80-70 °C over

polymethylacrylate was
t from starch extracting of

"":_,WJ"

grafted product. A O S5=gogra --N , pduct, and 100-ml1 of gracial
acetic acid wv % .o0-m I connected with a
condensor. The Ext o 'ealask and heated it up
to 80-90°C for 30 mins or until ogenlzed mixture was obtained.

vooan ) ummwmmme o g

mixture was st.u'red until ghe clear solution vas, obtained. The
sol\ﬂrwqa ﬁ)ft}eﬁ mu% ’q(:’]g wgflfan&]fllter the
precmlt.ated grafted polymer. Wash the grafted polymer several
times. The product was dried by air, then in an vaccuum oven at

0 ¢ Tor ¢ brs. The obtained grafted polymer was weighed.
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The grafting parameters as defined below

were calculated.

Apparent grafting yield G is the ratio of grafted polymer to

the & grafted polymer to true-

original starch.

True grafting yie

grafted polymer t

Grafting effici fted polymer to total

synthetic polyme

Total conversion C is the monomer

fraction that polyme

Graft convery E—_—__E-— tion that affords
Y, -‘-l

grafted polyner.ﬂ

no-upolynﬂ mw:ﬂ %{] gﬂﬁﬁ ﬂa%iion i AR

honopolyue .

QW’lﬂﬂﬂ‘iﬁUNm’mmﬁﬂ

Starc conversion C_ is the starch fraction actually grafted.

For other experiments with various reaction
volumes were varied by changing water volume to be 80.00, 100.00,
120.00,140.00 and 160.00 ml respectively. The procedures for

each experiments are the same as that for the experiments with



reaction volume of 60 ml.
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All experiments were run at 45 “C.

The grafting parameters from the experiments were plotted against

the reaction volume.

the

polymers

and 3.4 respectively.

constant factor for running other experiments.

The appropriate volume was choosen to be
The grafted

and their grafting parameters are shown in Tables 3.3

3y,

Table 3.3 Effect .ion vo
-".,,L ““
Reaction ' te Grafted |Grafted
:&,(&3 I\

No. | volume ¥ t [ipreduc olymer PMA starch

:(‘ f:-‘

(ml) ( _ﬂ:. g) (g) (g)

P e

é __3?.‘_.{-;
61 70.00 9. 99825 . 7. 2.6024 | 4.0847 | 3.3091
G2 T0. 4 3.4548 3.1588
G3 - 90.00 5 4.2969 3.4984
G4 950.00 10.6468 7.4830 3.1638 {  4.1413 3.3417

f‘n v LW "
o | Y APV I g |
G6 118 00 11.0223 7.8128 3.2095 45021 33107
=N o/

o 196 P1HE 16999 3919 G | oo
.GBq 130;00 | 11.4550 7.8144 3.6406 4.4784 3.3360
G9 150.00 10.9198 7.9482 2.9716 4.5236 3.4248
G10 150.00 11.0955 8.1072 2.9983 : 4.6896 3.41786
G11 170.00 11.1148 7.0396 4.0751 3.9449 3.0947
Gi12 170.00 11.1861 5.7145 5.4752 2.5023 3.20886
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It was found that when the reaction volumes
were 1increased up to the value around 140 the increases of
grafting yield could be found but the too large volume beyond
that value caused the opposite effect. The grafting effiéiency

did not depend on the reaction volume of the range between 70

and 150 ml Dbut above it of the range the grafting

efficiencies were_ ds : he corresponding grafted

o —

products. The f o‘ starchwconversions were also found
and by it.s‘ e /ol \\}ﬁ%\. afted polymers to thé
related total e, cpused ;—.\.«- nstant. The reaction

?\\\\.\ wvas estimated to be

%
e
. ¥Xed

Py

volume which :
140 ml. This as f constant factor for the

following experim

AULINENTNYINT
RINIATANNINGIAY



Table 3.4 Grafting parameters of polymers in Table 3.3
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No. G G, GE '+ C, c, c,

G1 116.71 | 123.4 47.48 | 30.25 | 94.55
G2 98.71 40.16 | 26.42 | 81.68
G3 122.77 7 | 49.95 | 29.72 | 99.95
G4 118.32 8.14 | 36.78 | 95.48
G5 117.98 | 48.00 | 45.35 | 88.90
G6 128.63 \352.34 | 37.31 | 94.59
G7 130.90 53.26 | 34.96 | 98.33
G8 127.95 52.06 | 40.56 | 95.31
G9 129.24 52.59 | 33.11 | 97.85
G10 | 133.99 54.52 | 33.29 | 97.65
G11 | 112. c;'—-——--—v—.-;-——r-—,-,——“-_,n, 45.40 | 88.42
G12 71.49 | .09 61.00 | 91.67

AULINENTNEINS

ARIAINTAUNNIING A Y
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3.2.2.2 Effect of time-interval for the addition of

initiator

The reaction volume was 140-ml but the amount

cassava starch, monomer, ceric ion and nitric acid for dissolving

ceric compound, were f:n<i

ky/ the same amount as in Section

3.2.2.1. The varied -1nterva1 for adding the

initiator into & ch a following series;

each 0.20 il p s ion solution was added
drop by. drop 10, 15,20, 25, and
30mins. The 45~ C. The narrowest
time-interval yield is preferred. The

results of grafte ngg‘?zj{«r- with varying t1ne—1ptervals

are shown in Tab _uifqiihf f£ ng parameters are shown in

Table 3.86.
7 '}

riguction with low speed
(wide time- 1nterv31 gave the h1 er grafting yield. The grafting

ete, oSS Wg YRR vere constant. 1

the range %& 15 and 30 ming. When the narrow timg-intervals wvere
i BG4 B 32 VR B sverme o
honopolyner conversion. All the starch conversions were over
93 %. The time-interval of 15-min was chosen as a narrowest
time-interval for addition of the initiator. This interval was

used as a constant factor for the next experiments.



Table 3.5 Effect of time-intervals for

the additipn of initiator

47

Homo Grafted |Grafted
polymer PMA starch
(g) (g) (g)
4.9322 | 3.3286
4.6989 | 3.3822
4.8718 | 3.3847
4.7350 | 3.4011
4.8546 | 3.3276
4.8552 | 3.3944
4.8500 | 3.3812
4.7967 | 3.4100
4.5745 | 3.2896
4.2917 | 3.3260

154.1893 3.3738
3.9468 | 3.3780
/s

Time Total Grafted

No. |intervals| produ .H‘ d gt
(min) f‘ﬂhzﬁal g

G13 30

G14 30

G15 25

G16 25

G17 20

G18 20

G19 15

G20 15 .—~4| 11.0248 | B8.2087 | o g4

G21 10

G22 10

G23 f;fﬁLJ

G24 i’

=11 y ' T

TH o



Table 3.6 Grafting parameters of polymers in Table 3.5
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No. G GE 8, g, c.
613 | 140.92 57.34 | 32.68 | 95.10
G14 | 134.25 54.62 | 36.62 | 96.63
615 | 139.19 56.63 | 36.13 | 96.71
G16 | 135.28 55.04 | 34.35 | 97.17
G17 | 138.70 56.43 | 34.23 | 95.07
G18 | 138.7 56.44 | 35.27 | 96.98
G19 | 138.57 . | 56.38 | 33.81 | 96.61
G20 | 137.05 55.76 | 32.76 | 97.43
G21 | 130.70 53.18 | 40.03 | 93.99
G2z | 122.62 49.89 | 42.49 | 95.03
623 | 119. 90 a ﬁj;.?O 41.56 | 96.39
G24 | 112.777] 116.84 | 34. 2726 [[|45.88 | 46.38 | 96.51

AULANENITNYINT

3.2.2.3 Effegt of variation of initiator
ARIANNIUARIINE IR Y

For the experiments in this section, the

amount of starch was the same as in the previous section. The
reaction volume was 140 ml and the time interval was 15 mins. A 1-
ml of 1 M nitric acid was used. The varied factor was the amount
of ceric ion. The ceric ion was varied as shown in Table 3.7.

The procedure for graft copolymerization and determination of
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grafting parameters were the same as the previous section. The

calculated parameters are shown in Table 3.8.

Table 3.7 Effect of variation of initiator

Amount of Grafted |[Grafted
No. [initiator PMA starch
(g) (g) (g)
G25 0.1500 1.6298 3.0650
G26 0.1500 1.6348 3.0012
G27 0.2500 3.5438 3.2201
G28 0.2500 3.7529 3.1482
G29 0.3000 10.9 - 2.8584 4.7088 3.3712
G30 0. "':"_"'".-::-_“w;‘ mmmmm 4.4217 3.4028
G31 0.3500 T 4.9906 3.3144
G32 0.3500 i‘11.161()- 8.4122 2.74:: 5.0862 3.3260
- L

G33 oﬂmu - (Jzﬂ ] ﬂzﬁw Hﬂ'”‘ﬁ ‘5«.7393 3.4251
G34 | 0.4000 11 2032 8.3567 2 84865 4. 9252 3.4313
D RTRAMTOY AAVIIE| 16 | o
G389( 0.4500 11.0248 8.2087 2.8189 4.7967 3.4100
G37 0.5500 11.2822 7.2436 4.0386 3.8181 3.4255
G38 0.5500 11.04786 7.0441 4.0035 3.6323 3.4118
G39 0.6500 11.3139% 6.9155 4.4044 3.7284 3.1871
G40 0.8500 11.0424 6.8397 4.2027 3.4673 3.3724




Table 3.8 Grafting parameters of polymers in Table 3.7
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No. G G, GE C, g, C. c,
G25 48.57 53, 18.95 22.29 BT .57
G286 48.70 19.00 21.086 85.75
G27 101.25 19 47.13 92.00
G28 107.23 ad43.63 4373 89.95
G29 134.54 74 33.23 96.32
G30 126.33 [951.40 36423 97.22
G31 142,585 %.58.02 37.00 94.70
G32 145.32 59:13 31.95 95.03
G33 136.84 55.68 35.38 97.86
G34 140.72 h7.26 33.09 98.04
G35 138. -:‘,;=:;;=;==.;:=1==‘:m;‘=’ 38 33.81 96.61
/i B} h,
G36 137.05 ’ .76 2807 97.43
!
G37 109.09 l‘111 46 32 84 91.33 44.39 46.95 97.87
o | AUGAN NN IR | o | e
G39 .53 116.98 ‘32 .94 94.54 | 43.34 5420 - 91,06
A .
W}ﬂ RIEUNMNAY| HAG & | o

variation of

of the reaction volume.

The behavior of the effect caused by the

initiator amount was similar to that of the effect

The grafting parameters such as grafting

yield, grafting efficiency, and graft conversion tended to be in



51

the same manner. The change in those just mentioned parameters
was clearly seen. All the starch conversions were more than 85%.
'The homopolymer conversions reached the minimum value at 0.3500
mole intercept. The maximum value of grafting yield was obtained

‘when 0.3500 -g of ceric ammonium nitrate was used. This amount of

ﬁ)tmns.

,___liii on_of monomer

initiator was used for

s from the previous
sections as fol - '77'3 : 40-ml, time-interval of
15 -mins and 0.8 erie anmoniumynitrate were fixed. The |
amount of monome in Table 3.8. . The
temperature was all experiments. Like the
previous sections thﬂd#g" me giving the highest product

yield was selec . for other following

experiments. V € -
of the obtained synthet1c cbpblyners

ﬂumwﬂmwmm

From Tables 3.9 and 3101t was found that

T A AN o e

maximum value at methylacrylate concentration of 0.7939 molar.

e grafting parameters

‘The grafting parameters were smoothly changed in the concentra-
tion range of 0.7145 and 0.7780 but the changes of them were
quite sharp when the more concentrated monomers ﬁere used. The
optimum value of monomer concentration ( 0.7939 N ) was fixed as

a constant factor for the next experiments.



Table 3.9 Effect of variation of monomer
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Concn. of| Total Grafted Homo Grafted [Grafted

No. monomer | product polymer PHA starch
(M) (g) (g)
Ga1 0.7145 4.99086 3.3144
G42 0.7145 5.0862 3.3260
G43 0.7542 ™ 5.0824 3.3232
G44 | 0.7542 5.1064 3.2999
G45 0.7780 1 5.1378 3.2938
G46 0.7780 5.2750 3.4591
GAT 0.7939 - 3057 5.5974 3.0361
G48 0.7939 5.4792 3.1513
G49 | 0.8097 FFTETE 4.8503 | 3.4714
G50 0.8097 5.2180 1§ 3.1396
G51 0.8335 flé.2148 7.6685 3.5483 4.8175 3.0490
G52 uﬁsu Q%? wﬁs Eyaaﬂﬁ.t.wos 3.2116
G53 0 8732 9.1654 € 7.1477 [=2.0177 7 3488329 3.3148
o) Pb-ard | Ths8d Sl | |2 Khasl || Ghab | 5.005
H P10 | : 1 O




Table 3.10 Grafting parameters of polymers in Table 3.9
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ARIAIATAUMY

a8

No. G G, GE C, g e c,

G41 | 142.59 | 150.57 58.01 | 87.00 | 94.70
G42 | 145.32 59.13 | 31.95 | 95.03
G43 | 144.64 55.75 | 32.63 | 94.95
G44 | 145.90 56.24 | 32.80 | 94.28
G45 | 146.79 54.85 | 33.87 | 94.11
G468 150.71 .32 | 33.79 | 98.83
G47 | 159.93 58.56 | 34.59 | 86.75
G48 | 156.55 57.33 | 35.06 | 90.04
G49 | 138.58 49.75 | 34.90 | 99.18
G50 | 149.03 53.50 | 33.85 | 89.70
G51 | 131.924 b 46,01 | 35.36 | 87.11
G52 122.8 42.86 | 33.92 | 91.78
G53 | 109.51 ¥ 155.63 | 41.82 | 55.85 ms.m 19.19 | 94.71
G54 ﬂﬁ | ﬁﬂ : ...',‘ ﬁﬂg]ﬂﬁ 23.94 | 94.12

< , ;
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3.2.2.5 Effect of amount of nitric acid

The conditions for this section were 140-ml

reaction volume, 15-min time-interval, 0.3500 g initiator, 0.7939

M of monomer. The proton(H ) from both nitric acid used as a
solvent for the ce '

% n  and nitric acid which was

acti ire, was expected to affect
e ——

‘added directly t

the reactions or decrease the grafted

\\;:\\\\ on ( moles ) from both

s section are shown in

products. The
sources used «
Table 3.11. T @ similar procedure used
in the previous srafting parameters are

shown in Table 3.

or low concentration of

nitric acid Ygas-—present—in-the-reaction ,t.ure it was found that

some grafting Egar

conversion of nqeo er to polyn were inreased rapidly and they

reached cﬂ %E}@ T ﬂlﬁ W-Bf](ﬂ P10 ™ nole-nitric

acid was sed. The ghanges of tarch convegsi ions and total

A AT IR B sreioms

magn tude At too much anount of nitric acid the grafting yield

aﬂ,h conversion and total

and grafting efficiency were dramatically decreased.



Table 3.11 Effect of amount of nitric acid
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Amount of | Total Grafted Homo Grafted [Grafted
HNO product | product polymer PMA starch

No. (mole) (g) (g)

x 1000

G55 0.0000 3.7087 3.2406
G586 0.0000 3.6290 3.3728
G57 0.2500 5.1477 3.2647
G58 0.2500 5.1264 3.2243
G59 0.5000 6.6930 3.1845
G680 0.5000 5307 6.2980 3.2052
G61 0.7500 5.6910 3.1124
G62 0.750t! 5.9084 3.1375
G83 1.0000 5.5713 3.1486
G64 1.0000 | 12 0012 875467 5.5045 3.0422
65 ﬂﬂ fasw ﬂzﬁw Mf‘ .1359 | 3.1486
G66 11.8394 6.2826 5 5558 3 0349 3.2477
8 1 HY e o
GSBq 6.0000 .10.9847 4.7902 6.1848 1.97%18 3:2188
G869 |11.0000 10,9733 4.84686 6.1266 1.5248 3.8217
G70 [11.0000 9.8751 4.7837 5.0914 1.5182 1:3.27688




Table 3.12 Grafting parameters of polymers in Table 3.11

No. G G, GE g e & 4

G55 | 105.96 | 114 60 | 38.80 | 53.80 | 92.59
G56 | 103.69 85299 | 37.97 | 52.03 | 96.36
G57 | 147.08 37 00 53.86 | 39.16 | 93.28
G58 | 146.47 . \\ 3.63 | 39.09 | 92.12
659 | 191.23 61 | \ 0.03 | 23.39 | 90.99
660 | 179.97 5.90 | 26.48 | 91.58
G61 | 162.60 59.54 | 33.26 | 88.93
G62 | 168.81 61.82 | 30.71 | 89.64
G63 | 159.18 | 176 58.29 | 35.29 | 89.96
GB4 | 157.27 .59 | 36.14 | 86.92
G65 | 89.05 97.81 | 59.24 | 89.98
66 86.71 93. 9.38 '1.75 58.13 | 92.79
GBT | 64.92 | Z2.93 | 20.554) 83.10 23.77 | 59.33 | 89.02
G68 ﬂtu | Qw ﬂﬁwg ﬂﬁ 64.81 | 91.96
689 Bst 745.91' €13.90 | 80=05 | 15.95 | 64.10 | 94.91
ol b ot Wablabl| bsaol | B3 b Q) stler | os.

9
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3.2.2.6 Effect of variation of temperature

Like other factors, the reactions were run
under various controlled temperature as shown in Table 3.13 in

order to examined how they w

affected by the temperature. The
obtained products and tk I?

&} are shown in Table 3.14.

Table 3.13 Effecd ture

Grafted |Grafted
No. Tenmp. PMA starch

(g) (g)

1.8888 2.9994

671 | 32 + 1

672 | 32 + 1.8806 | 3.0128

G73 | 40 + 1 3.9068 3.0664

G74 | 40 + 1 l‘1£942?. B 73 5.2107 3.6187 3.1128

CRT D ﬂu ’le %%w EJZI} ?.6930 3.1845
A Fma 258l BB RENAE |+ o

(}78\q 10.7948S 171789 3.0220 4.7578 | 3.0147

G719 | 55+ 1 11.3191 4.9237 6.3954 1.6820 3.2417
GBO | 55 + 1 10.9648 5.1448 5.8202 19237 3.2209
G81 | 60 + 1 10.4973 | 6.6092 3.8881 3.5983 3.0109

G82 | 60 + 1 9.8751 6.2025 3.6728 3.2487 2.9558
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Table 3.14 Grafting parameters of polymers in Table 3.13

No. G G GE c C c c

G71 53.97 19.76 | 76.18 85.70
G72 53.73 19.68 | 75.08 86.07
G73 113,47 n41.44 | 47.15 | 87.861

G74 103.37 %7 .86 | 54.52 | 88.94

G75 191.23 .03 23.39 90.99
G786 179.97 5.90 26.48 | 91.58
G77 135.26 32.12 | B87.64
G78 135.94 49.78 31.62 | 86.13

G79 48.06 17.60 { 66.91 | 92.62

G80 | 54.96 23 AT Ses 60.89 | 92.03

G81 102. 0% 40.68 | 86.03

82 | 92.76 1 2.39 | 38.42 | 84.45

ﬂ‘lJEl’JVIEJ'VlﬁWEJ’]ﬂ‘i

houg} the quantltles of 1 reactants in

o) 9 G TR ¥ f:ﬂ@ . . 10

observed that the grafting parameters were the function of

temperature. At tﬁe temperature less than 45 °C, the grafting
yield and efficiency were directly proportional to temperature
but inversely at the temperature more than 45 °C. There existed
a strange relationship of the parameter and temperature at

60 °C and more as expected.
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3.2.2.7 Comparative study of graft copolymerization

of methylacrylate onto different starches

The conditions for synthesizing of

methylacrylate graft onto different starches such as
W utinous rice starches (GRS),

&I the previous sections.
The grafting V th ob ai éd products are shown
in Table 3.15. :

Table 3.15 Gr : \ wlacrylate graft onto

cassava(CAS), corn

wvere the optimum condit +

No. G

CAS1 191 23 || 210. ﬂ() 03 23.39 | 90.99

CAS2 | 179.97 296 52 | 52.34 | 92.38 | 65.90 26.48 | 91.58

Cos1 ﬂu @% % waﬂ]ﬂﬁ 68.52 | 84.91

€0Ss2 8.2 ‘17 .04 92 08 21.03 1.05 | 85.36

eama ) B ] AT B s | o7

GRS! 107.99 | 118.07 | 34.66 | 80.59 | 39.54 | 41.04 | 91.48
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3.3 Characterization of the synthesized polymers

IR and FT-IR spectra of the synthesized polymers were
obtained by measurement of the samples in the form of homogenized

pellet of polymers and fine

wder of KBr. Poly(E~caprolactone)
and some of its pol ﬁ

ﬁ/ ich were casted into films,
rectly The IR spectrum of

ir sp
{\ ssignment obtained fronm

Elner model 781) is

could be run

its fan

pol.y (e-caprola
dispersive in «.,
shown in Figu bra  of starch, grafted
product, and from fourier transfornm
infrared are shown in
Figure 3.4. spectra of some

polymer blends.

ni aprolactone) was run
by Bruker AC - - al@hlft vas determined by
"external lock" ‘gt.h respect, ‘J'.o that of the solvent used to

vt 4 jpe. V| HYVGHE AR ot ot

lactone) aﬂle shown in Figyres 3.5-3. respectlve

QW']NTI‘?WSJW]’JWEI']&IEI
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30

3

TRANSMISSION(%)

5

20

80

WAVENUMBER 3000 WAVENUMBER 1000 (Cm-Y) s00

Figure 3.3 IR spec ,rzm

prolactone); KBr pellet,

Poly €-caprolactene
——

i!
wavenumber ( cm assignment

ﬂ‘NEl’J'VIEWI?WEI"Iﬂ‘i

2850~ 2950 =C-H stretching aliphatic

qma\mmummmaﬂ

1720 -C-

1200 7 j -0

600




400.0

Figure 3.4 IR spectra of starch in KBr pellet : (a),
methylacrylate grafted onto starch in  KBr

pellét = (b), and grafted polymethylacrylate

film : (o).

62
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Starch ( A )

wavenumber ( cm ) assignment
3400 -0H stretching
2900 // C-H stretching
1200 -‘é,-ﬂ bending

1000 . 0=0 stretching
Grafted polyme \R‘a\ .

\

% -1
wavenumber ( cm

assignment

2900 -H stertching aliphatic
1750 1 —T=t |

1450 . CH,

1150 C-b stretching

. ‘a o/
FJI'LIEI’J‘VIEWITW enN3
M IR sﬁtr\m of polynethy’(ﬂcrylate graft starch Mﬁ)ses of both

et AL b Ak AL E) 6



Figure 3.5 'H-NMR's cﬁf;;_ﬁ;} 1y saprolactone)
ccpcl, Fasiiotvent) |

T T

ﬂuﬂqﬂﬂﬂﬁw alike
qmaﬂmmum nena

T T T
180 150 140 120 80

B

Figure 3.6 ~_C NMR spectrum of poly (&-caprolactone)
rigure 5.9

(cpcl, as solvent)

684



65

Poly( -caprolactone) and polymer blends were dissolved
in tef.rahydrofuran. The solution was filtered through 0.5 x4 m
Millipore FH filters, and .then deaerated for 15 mins. The 100 y L
sample solutions were injected .int.o the gel permeation

chromatograph (GPC, Waters model 600 E) at the elution flow rate

of 1.0 mL/min. The h na eaks were separated by using

linear Ultrastyrage detected by differential

refract.oﬁeter (el 470} hewchromatographic data were

RN
/ \\\

conputed based! o 31 BT ’\\\\

& 1 tained of polystyrene
standard ( showy Ay en .. \

collected by alyzed by the Maxima

software prog of the polymers were

ﬂ'LlEl’J‘VIEWIﬁW BIN3
Qiﬂﬁﬂﬁﬂ‘imﬂﬁﬂﬂmﬂﬂ
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3.4 Preparation of cast films as sample specimens

Thin films were prepared by casting 3.00 g of polymers
or polymer mixtures dissolved in the suitable solution with a

e 3.11. The solvent was dried

simple cast mold shoﬁn i

by oven at 120 °C. ‘he 501 oly €-caprolactone) and its
polymer blends i ém The starch graft

solvents, however,

51V ny
wjkﬁgq:“x cene. The swelling graft
W\

copolymers suspendi ‘,} L&) ere casted by the same method.

copolymers was

they could sw

The data of fil

Figure 3.7 A sinple mold for casting polymers into films



Table 3.16 Preparation of polymer films

Constituents
Sample Average thickness
No. % PCL | % tarch ( cm)
- MA
F1 10 0.037 & 0.002
F2 9 _ N7 N 0.038 + 0.002
F3 8 . 1 - ' 0.035 + 0.001
F4 70 ) f s 0.038 + 0.004
F5 80 o | Ay, 0.038 + 0.003
F6 90 e L h 0.036 + 0.003
F7 80 2% 0.036 + 0.002
F8 ‘ " 0.035 + 0.003
F9 eoﬂ g 0.034 + 0.002
F10 - dac- £ 100 0.034 + 0.002
e (] T L 301 A TR NN T 000 4 02000
riz |V . 40 |¢ - S0 |  0.836 + 0.002
PWNAN TR WA INY VR e
514 - < 40 60 0.035 + 0.002
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3.5 Preliminary biodegradation study of polymer films

In this study, the films were inoculated with five fungi
as follows; |
lipm funiculosum ATCC No. 3386
‘ ATCC No. 3366
ATCC No. 3390
ATCC No. 3388

ATCC No. 3340

The 21 and composed of the

following steps

(1) Preparat'oh
- The__ prog L, of .fungal spore is shown
in Appendix V— ' — d

(2) Specimesi dnoculation g

A WEI NI I BIAR Te sorenet on 1

Petri dishes containing BMS medium. £Fhree pieces@of each polymer
f uﬂ Wﬁea \u’;] ﬁm JJ Wi\ QM Hg a\ﬂ:ued dishes
: 9

did not contain polymer films but 5 % glucose was added instead.

(3) Incubation
The inoculated test and controlled specimens vwere
covered and incubated at room temperture and not less than

85 % relative
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humidity for 50 days.

(4) Observations for visible effects
Observe the growth of fungi on polymer films every

5 day-range and judge themlas

Rating
None "
Traces , :ﬁ b Han . "
Light .
3
2 coverage) 4

aiadiid < 4
The observations of fungal growth of the incubated

films are Shﬂnf '_j»ures of the observed

Y
J

‘s’ﬁﬁﬁ%w‘ifﬁ“ﬂﬂﬁ“ﬁ“’“
t.,qma,ﬁﬁfmm:tmy yi i

The molecular weight loss of the incubated films were calculated

growth rating ?'"'“M'

with respect to that of the unincubated: The percentages of

molecular weight loss of some films are shown in Table 3.22.



Table 3.17 The observed growth of Penicillium funiculosum

on specimens

Specimens |

El
F2
F3
F4
F5
F6
F7
F8
F9

F10

Fllfq

pat.ion time (day)

30 50
4 4
2 3
2 2
2 2
0 0
3 3
1 1
1 1
1 1
4 14
3 3
3 3
2 2
1 3

70



Table 3.18 The observed growth of Aspergillus flavus

on specimens

Specimens

F1

F2

F3

F4

F5

_\ bation time (day)

30

50

71



T2

Table 3.19 The observed growth of Aspergillus niger on specimens

Incubation time (day)
Specimens
50
F1 2
F2 2
F3 2
F4 2
F5 2
F6 3
F7 3
F8 3
F9 3
F10 4
F11 4
Flzfq 2
U
F13 1
CF :
9
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Table 3.20 The observed growth of Gliocladium virens

Incubation time (day)

50

Specimens

F6




Table 3.21 The observed growth of Chaetomium globosum

Incubation time (day)

Specimens
3
F1 1
F2 1
F3
F4
F5
I
F7 1 1
F8
F9 ,
F10 ]ﬂ 2
F11 1 €lans
VIR
U
F13 9
ok RN

20 25 | 30 | 50
4 4 4
\ 4 4 %
:‘f; 3 3 3
b 47 4 4 4
#‘ﬂ:i
= 3 3 | 3
2 3 3 3
i
— 3 3 3 3
ey !
3 3 3
3 3 3
4 4 " 4
| 3 3 3 3 3
VA WBATID | - | -
F ‘;i' 3 sal 3 | 3
tpu{wa N | .

74



Table 3.22 Percentage

Fungi

F6 F7 | F8 F9

Penicillium funiculosum 97, 2019590 8. 30.37| 6.91| 6.41] 9.79

8.73| 7.22| 5.35/15.08

Gliocladium virens - .44]18.35[20.32| 4.76]12.35

L
29 88 9.25 12 48121.07|28.74( 7.23]| B8.46(15.77]|15.08

Asper Aspergillus _ﬂ,ﬂﬂ ﬁg‘ ﬁ B ﬂ1§|15 38| 9.43| 4.10| 9.08

Chaetomlun globosum

Qma\mmummmaa

S
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Tables 3.17-3.21 showed that the synthetic polymers,
PCL and Starch-g-PMA films, strongly supported the growth fungi.
The films were found to be covered by the visible fungal spore at
rating of 3 (medium growth) within 15 days of fungal exposure or

incubation. The two bes

Starch-g-PMA films as

Chaetomium globosus

films could als s

and PCL/ Starch-g-PHMA

owth as well or better

than the films of JPC ¥C and PEL/ Starch-g-PMA. For the case
of Aspergillus "ni 1 . could grow on PCL/PVC
films better than on PCL Ae ;\\ ception.

Table ‘showed ths mer blends of PCL could

-
-
L

support the grow '‘Tgolecular weight loss

(1]
er blend “had no h‘lationship with the

" HU NN
PMIAIATUAMINYIAE

of incubated po
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