CHAPTER IV

RESULTS AND DISCUSSION

4.1 Characterization of the Functional Groups of the Copolymers by FTIR

The synthesized co;@) [&ed of the functional groups using

FTIR technique. The FTI the graft copolymer before

extraction, after extractio own in Figures 4.1-4.7 and

demonstrated in Tables 4

The IR spectrm of grafting of acrylamide om) starch backbone before

extraction, mdﬁﬁﬁﬁmnﬁ:ﬁwﬂ?ﬂ.ﬁAn the characteristic

absorption peaks‘”of cassava starch étill exist. A:igitional peaks %b 3400, 1650, and

1600 e {Rdideie] [ Tk CHO) ddbing] @daf it bending
9

respectively, which are the characteristics of the —-CONH, group containing in the

acrylamide.

In the case of starch-g-poly[acrylamide-co-(itaconic acid)], IR spectra in both
before and after extraction (Figures 4.5-4.6) give all the absorption peaks of cassava
starch, acrylamide, and itaconic acid. It is therefore confirmed that both acrylamide

and itaconic acid have been grafted onto the cassava starch.
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Figure 4.2 Infrared spectrum of starch-g-polyacrylamide before extraction
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Figure 4.4 Infrared spectrum of starch-g-polyacrylamide after acid hydrolysis
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4.2 Graft Copolymerization of Acrylamide and Itaconic Acid onto Cassava

Starch

4.2.1. Effect of Mole Percent of Acrylamide-to-Itaconic Acid Ratios on
Graft Copolymerization

The effect of acryla itaconic acid ratio on starch-g-poly

[acrylamide-co-(itaconic acid and Figures 4.8 - 4.12. The free

polymer contents increase W onic acid.

Table 4.3 Effect of Acrylams - fa -._? atio on Graft Copolymerization
Ay \

AMIA FP GR WA
ratio (%) (%) g
100:0 11.0 544 149.5 3941
- oo 1252 7042
96:4 10.41) 8 0 1073 11540

ﬂ*ﬁ‘mﬂﬁmﬁmﬂi

%famaoanimumwmw

FP = Free Polymers; GE = Grafting Efficiency; GR = Grafting Ratio; WA = Water
Absorption; Starch-to-monomer ratio = 1:2; APS = 1.0 % wt, N-MBA = 2.0 %wt, at

45°C, 250 rpm, 30 min.
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This result indicates that itaconic acid does not behave as a
crosslinking agent and both monomers prefer to copolymerizing as an ungrafted free
copolymer rather than becoming a grafted copolymer onto the starch backbone,
indicated by the decreasing grafting efficiency.

The copolymerization of acrylamide presented the lower percentage of

The copolymeriztion of AM may form
f %\ that usually takes place in

and at high temperatures or

polymerization of acrylam

very long reaction time videnced with a higher gel

strength than those wit structure (I-II).

@.1)

4.2)

AU DI WL T e e
oo ey T ST T g e

content ‘may be from the formation of polyacrylamide or the random
copolymerization of AM and IA radicals with the monomers, leading to the formation
of the ungrafted, free copolymer of AM and IA. The percentage grafting efficiency
and percentage add-on thus decrease which could be caused by an increase in the non-
grafted polymers in the solution phase, compared with a heterogeneous phase grafting

between the two monomers with the gelatinized starch.
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Figure 4.9  Effect of concentration of itaconic acid (mole percent) on the

percentage of grafting efficiency



i)

80

60

Add-on (%)
8
1

20 -

\\\\‘x\
£ itac cid (mole percent) on the

Figure 4.10 ‘ ncentration: C \:u

percentage of add-on

i R ANYNINYINT
RIMINTUUNIN Y

0 1 1 1 1 1 1 Ll

0 2 4 6 8 10 12 14 16

Concentration of IA

Figure 4.11 Effect of concentration of itaconic acid (mole percent) on the

percentage of grafting ratio



58

400
350 +
"o 300
=
c 250 J
S
Qo
g 200 A
® 150 -
I3
T 100 +
=
50 -
iR T T
12 14 16
Figure 4.12 acid (mole percent) on water
absorption
The water ab b increas i creasing number of hydrophilic
and ionic functional groups. The ’ activity ratios.of AM and IA are 0.77 and 1.36,
respectively [18], i"’ﬁﬁ taai "-*"“""-“" polymer should contain

more IA units than Ay unit.
itaconic acid un u ﬂ m m ore hydro hilic groups. The graft
copolymer muﬂ ﬁ ﬂ fln r to have balance of

R T RN T T e o o

copolymea with highest water absorption capacity. The highest water absorption

the c@)lymer consisting of more

occurs at the ratio of AM:IA of 90:10, which can absorb distilled water at the highest
value of 379+10 g g”'. However, at the AM-to-IA ratio higher than 90:10, the water
absorption decreases. The lower water absorption may be due to a predominant role of
the hydrophobic character of the unionized itaconic acid, leading to the increase in

homopolymer and decreases in grafting efficiency and percentage add-on [31].
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4.2.2 Effect of the Starch-to-Monomer Ratio on Graft Copolymerization

The effect of the starch-to-monomer ratio on the grafting of acrylamide
and itaconic acid onto cassava starch is presented in terms of homopolymer formed,
grafting efficiency, percentage add-on, grafting ratio, and water absorption as shown
in Table 4.4 and Figures 4.13 — 4.17.

Wy,

Table 4.4 Effect of the Starch-io=Monaomer Ratio on the Graft Copolymerization

Starch: GR WA

Monomer (%) g
12 —_ 37910
152 1045 23742
22 49.2 2097
i 34.7 17012
32 18.4 118+9
3.5:2 412 ¢ 18, 76 8.2 (1443

TECTIENE
FP = Free Pol " “GE’= GraftingEfficiency; GR'= Grafting Ratio; WA = Water

AbsorpﬁxWM]tMﬂ 7{:]5 N% ri»'a ﬂw ﬂ%wt, at 45°C,

250 rpm, 30 min.

When increasing the quantity of the starch mixture, the percentage of
homopolymer formed increases but the grafting efficiency, the percentage of add-on,

and grafting ratio decrease with an increasing in the starch-to-monomer ratio.
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Ata h?gher amoy e::—'_-r— all numbe of monomers can diffuse
,s-are used for homopolymer
X
g %trate and the greater bulk

to graft into the sta

formation through col@on

volume of the ﬁueous ase. However, theshighest water absorption found in this

L4 ELA0) &JJﬂ oAbk kMR o stach. T g
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containing higher amount of hydrophilic segment. Thus, the swelling increases due to

work occurs at

the increase of the differential osmotic pressure between inside and outside the gel. In
addition, the swelling also increases because the increasing hydrophilic fraction of the

polymer chain tends to disperse better in the solvent.
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4.2.3 Effect of Initiator Concentration on Graft Copolymerization

The effect of ammonium persulfate concentration is presented in Table

4.5 and Figures 4.18-4.22.

Table 4.5 Effect of Ammonium Bers n Graft Copolymerization

APS FP F GR WA
%) %) ‘ %) eg")
0.5 26.7 ry /e 90.3 243+1
1.0 16.9 95.5 300+2
1.5 29.0 67.2 23044
2.0 29.5 66.2 212+1

b
-

3R = Grafting Ratio; WA = Water

FP = Free Polymers; GE = Graftir Eu"m
_ = f{'wa-?*

Absorption; Starch-testhonomer ratio = 1:2. AM-to-TA radio' = 90:10, N-MBA = 1.0
Vi x

%wt, at 45°C, 250 rpm,B) min. m

‘a O
.@Miﬂ ll]lﬂnnj M,n-aﬁethylethylenediamine
¢ o v/
R RWINI IR I TAY ™ ™
produces the free radical (I) and sulfate free radical (II) as shown in Equation 4.3. The

following mechanism represents the production of initial radicals for the

polymerization:



% Car
P ”’T/ T/ -—»“‘T/ =S (43)
NN BN
0;
H3C/N\CH3 H3C/\Cl{3

Hy(CH)NCH, + OSOH + SOF
II

The k en \ ~ ith increasing initiator
i I ght of the polymer. The

mechanisms of the graft cg Tieyiz ition he. re ystem involved the chain

Initiation:
S04’ = (4.4)
Propagation: | U
4.5)
“ﬁuﬂ’ﬁwﬂmwﬂﬂm
Tenmn@fWW &Nﬂ‘im URIAINYIAY
M, Homopolymer 4.7
M," + Starch® — Starch-M, (4.8)
Chain Transfer:
R’ + Starch — Starch’ (4.9)

Starch® + M,’ —_ Graft copolymer (4.10)
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Since free radicals on the starch are not formed initially, but they are

produced through the chain transfer reaction with an existing free radical, significant
amounts of homopolymer are often formed by the reaction of initially formed radicals
with a monomer before chain transfer to starch can occur [33]. Therefore, the

percentage of free polymers increases with increasing the redox initiator.
In expression of the e of grafting efficiency, add-on, and
grafting ratio tend to increase with oA )entration of initiator, reached a

optimum value and then d@e&: r dica@ a result of decomposition
a,y( rizatio

of APS in various reacti dia. An increase in the
concentration of the initi he 0 gen abstraction from the

ymer chain with starch,

causes the graft yield “to sev; Ho , cessive increase in the

- ————

the decomposition of APS and TEMED,
between them (Equationaﬂ_ N anseal grafting yﬁld decreases.

The water @bserption of theggrafted copolymer, synthesized with

o ol 1ol bk TBE) 1) 22 e i
product pquas]aagﬂﬂﬂv?ﬁfﬁ mﬁaﬂ mué"’ El300¢2 g g,

Considering the characteristics of swollen gel, size and flexibility of the swollen gel
decreased with increasing ammonium persulfate concentration. When ammonium
persulfate concentrations are more than 1.0 % wt, the gel strength is reduced because

the low-molecular weight branches are grafted on starch backbone [34].



66

w
(8]

- N N w
[¢,] o (¢} o
1 1 1

Free Polymer (%)

=
o

2.5

Figure 4.18 \ %) on the percentage of free

polymers

)

LI INYNINYINS
ANITUNRIINYIAY

0 1 L) 1

%o

o2
éﬂirgs_&ncy (@

0 0.5 1 1.5 2 25

APS (%wt)

Figure 4.19  Effect of APS concentration (%) on the percentage of grafting

efficiency



67
60
50 4
40 - '/\——.

30 -

Add-on (%)

20 H

10 -

2 25

Figure 4.20 ﬁ\ on the percentage of add-on

“ A "w‘\...\.
'.\\ ....\-
= ~'|
,
\ W
Aot ] ‘ \

120

80 47

Ratio (%)

il AInenineng

ARIBNIBINN NN

0 0.5 1 1.5 2 2.5

n

ra

APS (%wt)

Figure 4.21 Effect of APS concentration (%) on the percentage of grafting

ratio



68

350

300 <

250 <

200

150 +

100 -

Water absorption (g g-1)

Figure 4.22 Effect 'S 1 ntratio a- ) on water absorption

424 Effect of the Crosslimking

P

L Concentration on Graft

Copolymerization

— LY
I .
The effem of the crosslinker, N-MBA, céncentration (Yoweight based

¢ o/
- ‘“FT’TJ‘EI’?WFETWU’T’TIT‘ e,

Figures 4.23-4.27)

Q T T b A Fh e o

crosslmker because majority of the monomers was used in a crosslinking

copolymerization, which decrease the residue monomer concentration, the extent of

which depends on the crosslinker-to-the monomer concentration ratios.
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The following represents the synthesis of the graft copolymer by free
radical copolymerization using a redox initiator with the N-MBA crosslinking agent

as shown in Equation 4.11.

CHzCOZH
Wv(CHZ—CHﬂCHz f]:—)—(CHZ—CHZ)\N HZC—CH
CONHZ COOH  CONH, ‘f“‘o

c—o
-CHw)v (4.11)

QRS0 TN 204
q n expression o percentage of grafting efficiency, add-on, and

grafting ratio tend to increase with increasing the percentage of crosslinker since the

ﬂ‘IJEl’J‘I’IEWlﬁWEl A3

bifunctionality of crosslinker could be significantly used for reacting with the polymer

radicals of the starch substrate.



70

Table 4.6 Effect of the Crosslinker Concentration on Graft Copolymerization

N-MBA FP GE Add-on GR WA
(Yowt) (%) (%) (%) (%) g
0.5 64.3 20.5 16.6 19.9 22116
1.0 16.9 48.9 95.5 300+2
1.5 18.9 103.5 298+3
2.0 101.4 379+10

2.5 : 7/ , 89.5 326+6

FP = Free Polymers; ‘C ‘\n afting Ratio; WA = Water

Absorpion; AM-to-IA"rati 0:10; [ Starch-to-m X er ratio = 1:2; Ammonium

persulfate 1.0 % wt, at 45°

IIANYNITNYIE
NTNTRINYAL

0 1 1 1 1 1

0 0.5 1 1.5 2 2.5 3
N-MBA (%wt)

Figure 4.23 Effect of N-MBA concentration (%) on the percentage of free

polymers
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The grafted copolymer which gave the highest water absorption

capacity was synthesized with 2.0%wt of N-MBA. At 2.5 % wt N-MBA several point
of the crosslinking reaction enhanced the higher gel strength and reduced its water

absorption.

4.2.5 Effect of Reaction Temyp W‘e on Graft Copolymerization

Z/_.

The effec Acti peratiiteon the grafted copolymer is

Table 4.7  The Effeét ofithg Ton Temperature raft Copolymerization

Temperature GR WA
(°C) (%) CEp)
35 T -_r‘ 27.5 11642
45 492 209+7
55 7 € Y 37 9 16943
65 FJ, ?;;'!3Ej ’J Vig Qﬂ i ﬁaq ﬂ jZ.Z 1071
o : ¢ o o/
P :

FP = Freg Po ymes; Grafting ficiency; rafting Ratio; WA = Water
Absorpion; AM-to-IA ratio = 90:10; Starch-to-monomer ratio = 1:1; Ammonium

persulfate = 1.0 % wt, N-MBA = 2.0 %wt. 250 rpm, 30 min.



74

40

30 A

20 +

Free Polymer (%)

10 +

65 75

Figure 4.28 on the percentage of free

polymers

80

Y INENTNEINT
QRTANNIUNRINYINY

0 1 1 ) 1

ft gﬁfiency (%)

25 35 45 55 65 75

Temperature ( °C)
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efficiency
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temperature on grafting could be

This favorable r'J’ w

associated with the fi ..:.-;.;:...... -
)

(a) Bﬁer dee edox 5y stem, giving rise to more
- |

radicals,,

QBN
ARl TineTdy

(d) Higher diffusion from the aqueous phase to starch substrate, and
high rate of initiation and propagation of graft chain.
The percentages of grafting efficiency, add-on, and grafting ratio tend
to increase with increasing the reaction temperature. The enhancement in grafting by
raising the polymerization temperature from 35°C to 55°C could be explained in

terms of greater swellability of the starch, diffusion of monomer into starch, mobility
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of monomer molecules and their collision with starch molecules and propagation of
the graft. On the other hand, lowering of the graft yield was found by further increase
in temperature (65°C), which may be due to a faster termination rate and a higher

amount of homopolymer formation at a higher temperature and the adverse effect of

this on grafting [36].

The water absorpti /uzed graft copolymer decreases when
absorb distilled water of the

then decreases steadily with

further rise in temper west ¢ absorption at the reaction

Table 4.8 and Figu f - 4.37. The pert afting efficiency, add-on, and
grafting ratio tend to iﬁé nﬁte The percentages of add-

on and grafting ratio at agagitation rate of 250 rpm are the highest values which may

. ﬁ! LiElrd A Y W8] YR o starch, o higher
ol ﬁj ANGREEN N ]

agitation gate o rpm, enhancements in the termination rate to result in a higher

amount of homopolymer formation was realized.

Similarly, at the lower agitation rate, a higher free polymer with lower
percentages of grafting efficiency, add-on, and grafting ratio was found. The main
reason can be the partitioning of the monomer molecules to the grafting substrate is

slow. Therefore, the monomer radicals can terminate by themselves.
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Table 4.8  The Effect of the Agitation Rate on Graft Copolymerization

Agitation FP GE Add-on GR WA

rate (rpm) (%) (%) (%) (%) (gg”)
150 29.0 58.1 40.2 67.2 193+2
200 24.6 47.7 91.4 264+1

250 250 101.4 379+10

300 26.7 90.3 253+4

FP = Free Polymers; K “*"'“‘* GR = Grafting Ratio; WA = Water
7

Absorpion; AM-to-1A#ratig"=,9( I-‘ ~ ) . ratio = 1:2; Ammonium
\

*’ﬁ

f; ".‘J"

r‘?ﬁwﬁ»

29 e — -
N A

| 2

g 2]
@
E

U ANBNITNEN

persulfate = 1.0 % wt

o6 4 ¢ . o
QRMIN T NIIRAE

Agitation Rate (rpm)

Figure 4.33  Effect of agitation rate on the percentage of free polymers
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4.3 Water Absorption Capacities of the Graft Copolymer in Salt Solutions
4.3.1 Effect of Salt Solution on Water Absorption

The graft copolymer with the highest water absorbency was selected to test for

the effect of salts in isotonic 0.9% w v NaCl, MgCl, and CaCl, solutions. Table 4.9

' Wymer in salt solutions.
.

Z.

Table 4.9 Effect of Salt.Seiutions on Watel bsorpti

shows the water absorbency of the

Water absorption
Solution l

(gg")
Distilled water 37910
0.9% w v NaCl solution 3641
0.9% w v'! MgCl, solution 1141
0.9% w v CaCl, solu 1or‘;i—"‘:5"-5 - 0. 433" 442
I = % (CiZ?) whered.C; and Z; are : st B bnic concentration, and

I
charge on each individgl ion, respectively [39].

AUYANYNITNYNS

The wattlaqr'I absorption capacity decreases with increasing the ionic strength of

the sali:iqiI n&a&fp]ejnmfunm:lgmkﬂ S:]'la'lﬂg the network
counteracts the mutual repulsion of the fixed ion on the network itself, and the
decrease of the osmotic pressure difference between the gel and the external solution
[37]. The salt type and concentration can be expressed in the terms of ionic strength.
The effect of the ionic strength on the water absorbency can be expressed by Flory’s

equation [3].
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QP = [(/2vuS™2)? + (172 - y1)v1] ! (ve/Vo) (4.12)

Where Q = degree of swelling

i/vy = charge density of polymer

S = ionic strength of solution
(1/ 2- xl)/ V1 =
ve/Vo = g de

According to_Bquation'4.

strength of saline solution
increases, the water absorbe dulc

e ionic strength of the
solution depends on both gh lency or oxidation state. Small
quantities of divalent or tuiva ically decrease the swelling values.
This decreases more significantly- “""“ {g”", or Ca®* ions, which can be
additionally caused by the ommple 7 z ‘ot ca boxamide or carboxylate groups
including 1ntramole ations, or because one

multivalent ion is ableE neutra al charges ms@ the gel. Consequently, the

::slmk densxﬁﬁ:geﬁnﬂrgﬁ W‘ET;T ﬁr%on capacity decreases
Q‘W’]a\‘iﬂ‘im URNINYAY

4 .2 Effect of the pH Buffer Solution on Water Absorption

The influence of solution pH (3-11) on the water absorption capacity
of synthesized graft copolymer, which has the highest water absorption in distilled

water is shown in Table 4.10 and Figure 4.38.
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Table 4.10  Effect of pH Buffer Solution on Water Absorbency

Ionic strength Water absorption
pH of buffer solution
(mol-ion dm™) g
3 22+]
< 354
7 40+1
J 40+1
11 3942

I =% Z(CiZiz) where & C.and 7 &re' the. ‘,}‘ ‘\_- h he ionic concentration, and
'#' i
charge on each individual iog, r Spe ﬁ;’ 014

2tels

ﬂfﬁ‘i ]

The starch-g bol{/f »,..,u ;, g itaconic aid)] contains carboxylate
. 277,70 .
and carboxamide greups.which are the i of anionic-type superabsorbent

polymer. An anionicstyp ally ionizes at a high pH but

unionizes at a low pH. ;ﬂ the high pH where the gel is ionized, the equilibrium degree

of swelling mcﬁﬂ(ﬂﬂew WWﬁ Iﬁ]ﬂdﬁswellmg of hydrogels

was found to infrease with pH. When the pH f the external‘ﬁolutlon increases
reond S0 ke bbbl S mq 4 el gk duses @ sudgen
increase in swellmg due to increased ion osmotic swelling pressure as well as chain
relaxation resulting from the electrostatic repulsion among caboxylate groups inside
the polymer matrix [40]. In addition, the maximum extent of swelling is reached at pH
7, this being due to the complete dissociation of acidic groups of itaconic acid at this
pH value. The first and second dissociation constants of A are pK,; = 3.85 and pKa =

5.44, respectively [41].
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Figure 4.38 ater absc 1 of the graft copolymer

The results indicate that uj gidic conditions, anionic carboxylate
250

e T

lirinks significantly. At high

)

pH values, the conceno 1 0 po ':' ner network increases [42].

With further increase in pHgthe ion swelling pressure begins to drop again. Because

of the increase% uﬂggﬂﬂmllﬂ .Eelililﬂhjion osmotic swelling
AL MR LEimleh bt

superabsotbent polymer [23].
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4.4 Surface morphology of the copolymer

The surface appearance and structure of copolymers were observed using
scanning electron microscopy. Electron microscopic photographs of the graft

copolymers are shown in Figures 4.39-4.41.

copolymers have a porous st eand a broa """m of starch-g-poly[acrylamide-
co-(itaconic acid)] in (a ick struts between pores in
(b). It is supposed that of we -\- rmeation and interaction
sites of external stimuli h graft copolymers. On the
other hand, SEM photogra yla 1de-co-(itaconic acid)] that

gives less water absorption, illustzated in Figute 440 show that they have smooth

surface. = Y
The SEM ph pins of the starcii-g-polyautylar ide in Figure 441, have
fine network and s “surface ater absotbency of the starch-g-

Z:::;crylamide ﬁsﬁ‘g Whﬁ %%’W%gﬁoﬁ %'ylamme-co (itaconic
R WA APTOA T INB T o

acid)] is hliher than that of the starch-g-polyacrylamide, so the swelling of starch-g-
polyacrylamide is obviously lower than that additionally contains the itaconic acid

moiety.
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(b)
Figure 4.39 SEM photographs of the starch-g-poly[acrylamide-co-(itaconic

acid)] (a) at AM-to-IA ratio of 90:10 (WA =379+10 g g!) (b) at AM-to-IA ratio of

94:6 (WA =249+1 g g™
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(b)

Figure 4.40 SEM photographs of the starch-g-poly[acrylamide-co-(itaconic

acid)] (a) at low magnification (b) at high magnification (WA =1 15¢0 g g'l)
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Figure 4.41 SEM photographs of the starch-g-polyacrylamide (a) at low

agnification (b) at high magnification (WA =39+1 g gh
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4.5 Determination of Grafting Characteristics of Graft Copolymer by Thermal

Gravimetric Analysis (TGA)

Thermogravimetric analysis (TGA) technique was employed to characterize
the thermal properties of the obtained graft copolymers. The results revealed that the

percentage of the weight loss at the degomiposition temperatures of starch proportion,

1de ﬂ)ion presented in the starch-g-
_‘
mused to do a calculation of

o,

grafting characteristics DEIC \\L\ s ofadd-on and grafting ratio.

itaconic acid proportion, 2

poly[acrylamide-co-(itacori]

The thermal

poly[acrylamide-co-(i i is very o \\\

: \ ed in the thermograms as

shown in Figures 4.42-4.44fand Table 4.1 N.\.\

stage of decomposition for olym an be calculated subsequently. The

onic acid)] and starch-g-
entage of weight loss of each

percentage of grafting ratio gives in about the extent of a synthetic polymer

grafted onto the backbdfie pol : e it is a pre ;i d parameter to study the
F, : W

grafted polymer themﬂ stabi!

compared on the basis ofithe,onset temperature of decomposition, and the percentage

avein EPRE AN INENNT
RN INANINYIAY

fab1 itmbf graft copolymer can be
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after acid hydrolysis
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Table 4.11  Thermogravimetric Data of Graft Copolymer

92

Number of Temperature . Yoweight
oW€1
Polymer decomposition range ( ":)( 1
& 0ss
stage °C)
1 37-100 42 11.8
Starch
308 75.5
N1/ 100 102
P(AM-co-1A) % 259.3 12.1
1289372 318.9 442
100 5.7
St-g-P(AM-co-1A)? 253.9 6.6
298.4 23.1
338.7 31.1
100 11.9
235.6 7.2
St-g-P(AM-co-1A)° i e
295. j
¢ & 822-400 341.7 18.6
1 00 9.0
ql ¢
e NI NI Ny TRy
ANTIItL Nt e
9% 3 300-472 400.9 58.3

aAM-to-IA ratio =90:10
® AM-to-IA ratio = 98:2

“after acid hydrolysis
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Figure 4.42 shows the thermogravimetric diagram of poly[acrylamide-co-
(itaconic acid)] where one points out three main degradation steps similar to all
formulations, in which at about 100°C, there is a 10.2% weight loss assigned to the
water evaporation, at about 259°C, a 12.1% weight loss to the decarboxylation of 1A

coupled with the chain scission [44] and 44.2% weight loss in the third or main stage

vf )img to the degradation of acrylamide

ure han 400°C results in a rapid

of decomposition was about 319°

loss is a result of the ' shydration process o: ntained in such a hydrophilic

3 b
-

hydrogel. At the seconcHtage, from 167 to 261°C, there Ea decomposition in the side

groups and bﬂcrﬁ Eir % ﬂaﬂ?ﬁ’“f\l(ﬂ%ﬂ ?up in itaconic aicd

proportion). At tﬁ% third stage, from 261 to 328°(£here isa degrégation of starch in

graft co@ﬁlyﬁrla&nﬁemhum&%w&;&&ﬂoss was found

in the polymer chain and matrices (degradation of acrylamide proportion).

A careful comparison of the degradation data for starch and starch-g-
copolymer was done (Table 4.11), the degradation temperature of starch proportion in
graft copolymer was found to decrease. When compared between starch-g-
copolymers and the free copolymer (Figure 4.42), the graft copolymers have

significantly higher thermal stability than that of ungrafted copolymer, which was
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caused by the strong bonding between the grafting polymer chain and matrices in the
graft copolymer.

In comparison between different compositions of AM-to-IA ratio (Figures
4.44a and 4.44b), the degradation temperature shifted towards the decrease of IA
contents in the graft copolymer. The reason for this is a formation of the imide group

by cyclization of amide groups [43]. |

acid)], which was separj? : Wheating the graft copolymer

under refluxing in acid
reaction of starch that ' -a . 'O Gress : ilization of the reaction

product in a form of i -of amide pendants in the copolymer as shown in

CH,COH
Hm
COOH

-(CHzﬁH)n'(CHz H)m
CONH, COOF

. NH,"
CONHZ COOH COOH
-(CHZCH)X-(CHzﬁZHEJ ’J VI EJ W j wmﬁﬁiH COH  (4.13)

ammnm URIAINYIAY

The' thermogram of starch-g-poly[acrylamide-co-(itaconic acid)] was used to
in the calculation of grafting characteristics expressed as the percentage of add-on and

grafting ratio as shown in Equations 4.14 and 4.15:

%add-on = 3} (Weight loss at decomposition stages 2 and4) x 100

(4.14)
2. (Weight loss at decomposition stages 2, 3, and 4)
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% Grafting ratio = Y (Weight loss at decomposition stages 2 and 4) x 100 .15)

2. (Weight loss at decomposition stage 3)

Table 4.12  Determination of %Add-on and %Grafting Ratio by Differential

Method in TGA o\ '
% '*.i:""-:"&'i TEE -
" Method
Grafting Characteristics . -‘.4
. Fa vty (] 1CdaSU! Aen! TGA
[) G -
%add-on 6 \ 59
%Grafting ratio 145.0
The calculated values W ) vith the gravimetric method to verify
the possibility of using TGA Tcthod 48 ption for determination of grafting

characteristics of a graft ¢ ymer. From anigues, TGA gave the higher

values (%add-on andRol B¢ mcthod by 3.6 and 19.8,
I

| |
AULINENINYINS
RINNTUUNININY

respectively.
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4.6 Biodegradation Study of the Graft Copolymer

The standard curve was prepared for the DNS analysis by applying the assay
procedure given below to each of the standard glucose solutions as shown in Figure

4.45. The linear relation presented in this figure was used as a calibration curve for

the determination of the amount of redi W}ar.
Z.

0.7

0.6 +

E L
E G5= =9
o . 2 4 '
uv) : - N %
‘5 0.4 S % - ".\ .
o ) \ y = 1.1477x - 0.0038
€ 03 - id )
g ) o R™ =0.9996
.Q 0.2 s
< :

0.1 -

0 T
0 05 0.6

Glucose céntentration (g I

ﬂ‘lJEJ’WIEJV]ﬁWEJ’]ﬂ‘i

AR "T‘mﬂ‘ifmﬂﬁﬁ’?‘? i3 NT: b

A reducing sugar is any mono-, oligo-, or polysaccharide that has a free or
potentially free aldehyde or ketone group, for example the C1 (aldehyde) or C2
(ketone) carbon is not involved in the covalent linkage other than that of cyclization.

The DNS assay is based on the reduction of 3,5-dinitrosalicylic acid by the sugar to 3-
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amino-S5-nitrosalicylic acid which has a strong absorbance at 540 nm as shown in

Equation 4.13 [2].

CHO COOH
HOu 20 —} o —oH
OH HO—— =
O\N NIO —1—0H _—OH
8 8 CH,0H ) CHZ0H
3,5-dinitrosalicylic acid glucose . : sahcyllc acid  gluconic acid
'u'

is hydrolysis. Enzyme

hydrolysis of starch- oy the liberation of glucose.
Determination of the am
give an indication of the extent o b d:
B _, ..l-: i), kf‘d

\portan fiects the kinetics of starch

- X |

hydrolysis is the modem 2 ﬁ and the polymeric chains.

Hydrolysis of msoluble;sgch substratesdlffer distinctly from that of soluble

substrates. Inda uﬂﬁlm EA M§ ﬂpﬁJe']oﬂn ly insoluble fraction
" "ﬁ‘ﬁ NN TN NN L e

the gel surface.

(i) Adsorption of the enzyme onto the gel substrate, resulting in the
formation of the enzyme-substrate complex.

(iii) Hydrolysis of the o-(1—4)-glucose bond, and finally

(iv) Diffusion of the soluble degradation products from the gel

substrate into the bulk aqueous phase.
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4.6.1.1 Effect of enzyme concentration
The swollen gel of graft copolymer was incubated at 37°C for24 hina
phosphate buffer pH 7.0 containing a-amylase at different concentrations ranging
from 2040 to 30600 U cm™. The effect of a-amylase concentration is shown in

Figure 4.46, the increasing in a-amylase concentration led to increase in the amount

of reducing sugar. However, thi ) d off after 20400 U cm™ had been

i &_2.4352 gl'1 was observed

added. Thus, a maximum

3.0000 +

2.5000 <

2.0000 4

1.5000 -

1.0000

Reducing sugar (g I'1)

0.5000 <

0.0000 -=— e v - T

N -
oL 5000 ¥ 25000 30000 35000

B OL-amylass ncentrat@ (U cm®)
Figure 4.46 ﬁﬁﬁlﬂ ﬁéﬁ%ﬂﬂﬁﬂﬂ?f reducing sugar
780 A4 A TAUUAIINH AN Yo

presented in Table 4.13. The swollen gel of graft copolymer was incubated at 37°C in

a phosphate buffer pH 7.0 containing a-amylase concentration of 20400 U cm™.
When the swollen graft copolymers were hydrolyzed by a-amylase, the amount of the

reducing sugar increased.
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Table 4.13  Enzymatic Hydrolysis of the Graft Copolymer

Enzyme Amount of
Ingredient Time Iodine Benedict’s
concentration reducing sugar
(day) test test
StMn AM:IA (U em™) g™

+ve -ve

8:8  90:10 / At ~ ve o +ve

8:8  90:10 e g

5.2763

ﬂ‘lJEJ’J‘l’IEJVlﬁWEJs’m‘i

Q“ﬁ’ﬁﬂﬁﬂ“ﬁm mﬂ']'m’ﬁf']ﬁ%l

95 < 10200 1.7600 +ve
90:10 10200 L.O71%
4:8 90:10 10200 1.1664
108 90:10 10200 : 12478 = S
Iodine test: +ve give a blue color. St:Mn = Starch:Monomer ratio

Benedict’s test : + ve gives a yellow or red precipitate of cuprous oxide.
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Reducing sugar (g I~1)
w
1

0 - T

5 6
Figure 4.47 starch-g-poly[acrylatmde-

co-(itaconic acid)] at the s tonb \\ d AM:IA =90:10
The effect of me-o1 4‘ h ation of the starch-g-copolymer was
incubated in a phosphate buffer {:‘? ) containing 20400 U cm” of a-amylase was
varied at 1, 2, 3, hv@.;__r—— ays. As can : fr¢ 4.47, when the time is
increased, the amount of reducing sugar 1s also ncreasedlﬂkfter 5 days of degradation,

“‘”‘“““‘“szﬁ ﬁﬁmwmm
QARG RV VAR it

Ratio

The amount of reducing sugar depends on the mole percent of IA in
graft copolymer as shown in Figure 4.48. Increasing the IA content causes also an
decrease in the amount of reducing sugar. The reason of this decrease can be caused
by an increase in a specific interaction (intermolecular hydrogen bonding) between

enzyme molecule and itaconic acid in the graft copolymer (Equation 4.17) [45,46],
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which decreases the enzymatic activity in the degradation. The activity of enzyme cc-
amylase on the starch-g-polyacrylamide is more effective than superabsorbent
polymers containing only the itaconic acid moiety, which need more enzymatic

activity to break the glucosidic chains.

(4.17)

Hilei Inemneing
RNANNITUNAIINYINY

100:0 95:5 90:10
AM:IA ratio

Figure 4.48 Effect of mole percent of acrylamide-to-itaconic acid ratio on

degradation
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. -1
Reducing sugar (g | )

12:8

Figure 4.49 Effcct 319)¢ \ ratio on degradation
The effect of st merl(ratip on degradation is shown in Figure 4.49.

casing e starch-to-monomer ratio,

which the enzyme selectiv ydrolyzes LL tareh, so the enzymatic activity

Another approachs-which-confitims-the-existence-ofsarshort chain of starch, is
\ 7 J A

iodine test and Benedict’s test. Tod lution"is used E checking polysaccharide

starch, if the sample conta ﬁo saccharide, the solution will %oduce a blue color, a

blue charge-tran npt Zﬁe mﬂdﬂe h
= AR RSN TIN e =

reducing s@gar, the solution will gave a red precipitate of cuprous oxide, which is then

h is called a positive

called a positive test. For the present research, both test solutions gave a positive
result after the enzyme was added to the superabsorbent polymers. As shown in Table
4.13, after the enzymatic degradation, the iodine test was negative for the existence of
starch molecules while the Benedict’s test was positive for the occurrence of glucose

units.
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4.6.2 Surface Morphology of the Degraded Copolymer

The surface appearance of cassava starch, the graft copolymer, and the
degraded graft copolymer was viewed by scanning electron microscopy as shown in
Figures 4.50-4.52. As a comparison, the surface of degraded graft copolymer
however, is rougher with many ﬂeﬁrjl lar structures than that of the undegraded

graft copolymer. As presentedm\ 52(d) the surface of the degraded

graft copolymer exhlbWugh"dlstmmce and many flexibly cellular
structures indicating th afaf] }?\\%4 .52(a)) was degraded by

oc-amylase.

| PO I'n F)y LO1

16mm

ammﬂm EJW’TJ‘HEI']@EI

Figure 4.50 SEM photograph of the cassava starch
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S 19rme F1 LB1
41.808 45mmn 71

Figure 4.51 SEM photographs of starch-g-poly[acrylamide-co-(itaconic
acid)] incubated for 1 day in phosphate buffer (pH 7.0), containing oc-amylase at

different concentrations : (a) control, (b) 2040 U cm™, and (c) 10200 U cm™
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STREC . 15K

Figure 4.’52’ SEM photographs of starch -g- poly[acrylam1de -co-(itaconic acid)]

was 1ncub3t{:d in phbs;ﬂlate buffer (p’[ﬂ ﬂD ccmfagmng & amyla&e at 20400 U cm™
for: (a) undegraded (b) 2 days (c) 5 days (low magnification), and (d) 5 days (high

magnification)



	Chapter IV Results and Discussion
	4.1 Characterization of the Functional Groups of the Copolymer by FTIR
	4.2 Graft Copolymerization of Acrylamide and Itaconic Acid onto Cassava Starch
	4.3 Water Absorption Capacities of the Graft Copolymerization in Salt Solutions
	4.4 Surface Morphology of the Copolymer
	4.5 Determination of Grafting Characteristics of Graft Copolymer by Thermal Gravimetric Analysis (Tga)
	4.6 Biodegradation Study of the Graft Copolymer


