CHAPTER IV

RESULTS AND DISSCUSION

In this study, AAm/CA hydrogels were prepared by free radical

polymerization in aqueous solutions of AAm, CA and the crosslinker NMBA in the

presence of gas bubbles. Carbon dioxide ' a bles were generated by a reaction of

i i acid sol FEA amount of foam was governed
- | -

by the amount of acid in the ixture.. an excess amount of sodium

bicarbonate so that th 1 \\ \ ed by amount of added

acid, which was CA i i , \\\ a'comonomer and a foam

accelerator. During t ki i PRLYE 9 \ scosity of the medium

increased gradually. Thefin vn ,;m --,*r ” OV e bubble formation.
TE

The foam stabilizer used™in- work is considered as one of the

foaming materials with h e e/polyoxypropylene/
— o

1l
at is, it sustains the foam or bub cs for the longest period

roe o g G TS g o o

permeability, impfoving the water absorptlon rate, and increasing water absorption

R AINIURIINA Y

The polymerization started from carbon dioxide gas generated from the

polyoxyethylene bloe V;u g properties for most

hydrophilic monomersm

reaction of crotonic acid and sodium bicarbonate. When NaHCOj powder was added

into the solution, followed immediately by the LF® 127 foam stabilizer. The bubbles
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were accommodated by the monomers, initiator radicals and crosslinker. The initial
polymerization should take place in the gaseous phase from which the clean and

unique polymer chains were produced.

After the bubbles had been destabilized, they fell into the solution. Afterward,

the crosslinking polymerization was continued in the aqueous phase until a foamed

polymerization. In the pg
TEMED in which the TE

activated TEMED mol€culg nbine with ‘an n and CA comonomer or

crosslinker molecules,* ) ess the'l \ .. is transferred to the
monomeric units, so that th 1,y become \ he polymer (AAm) or

copolymer (AAm/CA) can grow contintious! " mlitely with an active center
being continually shifted to the freé-e hain. Crosslinker molecules can be

incorporated into chain nerilink between them.

; 5

iy J

n and crosslmkmg reactlon has taken place for half an hour to

s e AGBI 1 G WA G o

them are semi- tr%hsparent They are gsoft and elasg with a sllpp touch on a
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poly[acrylamlde/(crotomc acid)] is shown in Figure 4.1.

Polymerizatio
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Figure 4.1 Possi ng reaction mechanism between

4 L\ _
acrylamide and crot onomer withadN-MBA crosslinker.
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4.1 Effect of C .?l,;:;:;;';;:‘-;:a;::;‘...':.'.ﬁ.“:‘,.:'::;_;:
v-:‘ o ‘

The result on Water ¢ me  Synthesized by crosslinking

P

polymerization with vagfous mole percents gficrotonic acid is shown in Table 4.1 and
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Table 4.1 Effect of crotonic acid concentration (mole percent) on water absorbency

(Q) of the synthesized copolymers*

Crotonic acid (mole percent) Water absorbency (0) g g™

0 54+4

104+£2

111£7

110+£2

1104

112+9

111£2

11345

120+4

123+7

= 430+4
LY

*Polymerization reac ions we o APSJ2% TEMED, 1% N-MBA,

7% LF®127, 28% NaHG0z250 rpm, 50°C and 30 min.
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Figure 4.2 Effect o ic ja id €€ tation' (mole percent) on the water

absorbency (Q) of the o8 ymer at 1% A 2% TEMED, 1% N-MBA,

The synthesized m) and crotonic acid (CA) are

-
-
1
1

s (amide and carboxylic

swollen in water Q&

1 TH
groups) in their st l re, especially the synthesized copolymer, which content of
crotonic acid 0 ‘iﬁ ﬂ)ﬂqff !lE[gi ﬂtﬂsabsorbency value of
130+4 times @ught. he values of water absorbency of polyacrylamide (PAM)
¢ o P
W T T AT AN YA s
hydroggl vary between 1042 and 130+4 times its dry weight. Comparing the radical
copolymerization of AAmM(M,)-CA(M,) with r; = 4.72 and r; = 0.11 (34), crotonic

acid do not like to self-polymerize to obtain the homopolymer. Thus the increasing

homopolymer content may be from the formation of polyacrylamide or the random
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copolymerization of AAm and CA radicals. However in a chain crosslinking
copolymerization, the reactivity of crosslinking agent must also be considered. The r,
and r, values for the system of AAm/N-MBA are 0.64 and 1.77 respectively (35). A
large tendency of the crosslinking comonomer to react with itself is generally
observed. However, unless steric effects can prevent the self-polymerization of N-
MBA, then AAm prefers to react with N-MBA to give a rando type of copolymer or a

crosslinked polymer. As a consequenc 3A tends to form sequences longer than
! ﬁ
other one even with low confehts M B A

o —
It is well kno _ ing of hydrogemis induced by the electrostatic

repulsion of the i onic charge content in the
polymeric structure™is i = Superabsorbe olymer containing crotonic
acid contains man i€ -unifs ' he swelling of the polymer

e number of hydrophilic groups

of AAm/CA copolymers i ;! etithadi tha yacrylamide, so the swelling of

AAmM/CA copolymers is much ﬂ:'“ O 30). We found that the superabsorbent

polymer is a viscou usigel. We an ipated that AAM-Moiety vould contribute to chain
(T Y

stiffness due to it ‘"" ativi r@ared to that of CA. The

hydrophobicity of AAm ‘pontrlbutes to the gel strength of the superabsorbent polymer.

Also, N- MB.ﬂ %Bh’} % &] ﬂfﬁ w ﬂ,qoﬂ‘jwe need to mention

that the pre-ne“rahzatlon of crotonj¢ acid was neéperfomed befotespolymerization
becala w’}ajﬂ’ﬂ’ﬁ mmqq nﬂerlraagljon step of
polymerlzatlon Higher percentages of the soluble polymer and higher residual
monomer concentrations in the final product can evidence. Because an excess

amount of sodium bicarbonate was used as a foaming agent, one must consider that
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there is sodium bicarbonate left in the reaction solution, which can neutralize CA to
become sodium crotonate, which is very water soluble (36).

Flory described the mechanism of swelling of an ionic network (37). If the
polymer chains making up the network contain ionizable group, the swelling forces
may be greatly increased as a result of the localization of the charges on the polymer

chains. When the crosslinked copolymer is neutralized with sodium hydroxide, the

negatively charged carboxyl g s\ & cd to the polymer chains set up an
rk. Sodium ions, which screen

the negative charg \ the electrostatic repulsion

tremendously, leadi ‘ \\\\

synthesized copolymer

n The water absorbency of

atio of CA, but also on the

degree of neutralization

The water absorbe the sups orbent polymers containing 2 and 10
mole percents was selected »f r i ation because the water absorbency
values were almaosticonstant af r mole percents. F urthier increases in crotonic

(7 Y
acid concentration did ase 11 water absorbency.

|
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ammnmzm gAY

Table 4.2 and Figure 4.3 .
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Table 4.2 Effect of the initiator concentration on water absorbency (Q) of the

synthesized copolymers*

Content of APS Water absorbency (Q) g g™
(Yowt) AAmM/CA: 98/2 AAmM/CA :90/10
0.5 105+11 88+9

1.0 11343
1.5 110+3
2.0 99+3
QENNSG
*Polymerization reacfionsafe jed Qut'at 2% TEME AED, 1% N-MBA, 7% LF®127,
28% NaHCO3, 250 fim.g0° A\
]80 wmmame - s
160 —&— 2 %mol CA
Teo 140 —&— 10 % mol CA

120 -

g

DA
oS O

Water absorbency (g g')
&

[y}
S

> Augangninens
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Figure 4.3  Effect of initator concentration on the water absorbency (Q) of the
synthesized copolymer at 2% TEMED, 1% N-MBA, 7% LF®127, 28% NaHCO;, 250

rpm, 50°C and 30 min.
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Water absorbency increases linearly with an increase in the initiator of 1.0%
wt. and then slightly decreases with increasing initiator content. As mentioned above,
the rate of polymerization depends on the concentration of monomers and initiator
radicals in a bimolecular termination. When APS and TEMED are used as a redox
initiator pair for the free radical polymerization, the free radical (I), NN.N'N’

tetramethylenediamide radical, is one of the initial free radicals responsible for the

This redox i i ‘dduces -\.“ \‘\ hich may be claimed to be
responsible for the cfization. highe -\ PS concentrations (1.5 and
2.0% wt.), too many" ra & RO ‘ \ \'n' g in an abundance of short

had lower molecular weights.

i .
This inevitably reduced the swe "‘.”-T:-j he TEMED accelerated the generation
of a higher amount ofif als to produce th ¢ shorte: Fkinetic chains and/or radical

L S 7
recombination.

U

s Y B B T G
The watk absorbency of thefsuperabsorbenypolymers, syntfiebized by 2 and
o AWAAIDS U VIV TR

concentrations of the N-MBA crosslinking agent is shown Table 4.3 and F igure 4.4,
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Table 4.3 Effect of concentration of crosslinking agent on the water absorbency (Q)

of the synthesized copolymer*

Content of N-MBA Water absorbency (Q) g g™
(Yowt) AAm/CA: 98/2 AAm/CA :90/10
0.5 21149 129+6

1.0 11343
1.5 1082
2.0 1041
*Polymerization reaflonssfcé ¢atficd , 2% TEMED, 7% LF®127,
28% NaHCO3, 250 Tpm 80°¢ - '
okl ) I —— . - ' . L I
——2%mol CA
5200 —8— 10% mol CA
=
2150
2
£ 100 ) ——
£ ‘a o/
"o AUYINYNINYING
0 ‘“ YRR SR " .~
ARIANIUNRVINYAEY -
q’ S R ontent of NMBA (%wt) -

Figure 4.4 Effect of crosslinking agent concentration on the water absorbency (Q)

of the synthesized copolymer at 1.0% APS, 2% TEMED, 7% LF®127, 28% NaHCO;,

250 rpm, 50°C and 30 min concentration.
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The relationship between water absorbency and crosslinking agent N-MBA is
illustrated in Figure 4.4. In the presence of high crosslinking agent concentrations,
more crosslinks can be formed to give rigid chains that reduce swelling of the gel as

well.

Additionally, we did not extract the soluble part (non-crosslinked moiety) of

the polymer before carrying out the water abs experiment. The soluble portion
rption in a negative way.
Buchholz (38) reported th S0l a.C *M. polymer depended on the

extent of neutralization, Whicls€ould Ghib \”\‘\

products. In general, crosslight ng agonis have'be o o improve the strength

veness in the crosslinked

of the swollen gel but*the gffectively\ d absorbency if too high a
crosslinking agent conc tra , used Synthesi it O the copolymer by free

radical copolymerization usi - x4 r pair with N-MBA crosslinking

<

Table 4.4 and :’v‘ 'j molar mass between

I
crosslinks and crosslmkmg densnty of the syntheSISed poly(AAm-co-CA) by varying

s G )G P e

hydrogels contau”'lg more CA moitigg swell more &an the othgrs. dgcreasmg the
crosslianWe’;] a‘.hawﬂlq mau m‘:’}g'mﬂ%a EJuces the
swelling of gel because of obtained rigid gel as seen in Figure 4.4. The values of the
crosslinking density are related owing to the values of the number-average molar
mass between crosslinks. Increasing the crosslinking agent concentration decrease the

M, between the two main backbones. The larger the M, indicates the longer chains
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between the two backbones. The results obtained show that the M, values are affected
by the amount of crotonic acid. With an increasing concentration of crotonic acid in
the copolymeric structure, the M, values increased. lonic content dependence of
elastic behavior originates from the variation of the extent of cyclization reactions
depending on the charge density of polymer coil. According to this approach, as the

ionic content of the polymer increases, the growing chains in the pregel regime will

assume an extended conformatio in a decrease of cyclic formation

reactions because of the thegmon e effect and therefore will

increase the M, values of : x ation, the cycle is formed

when the macroradical he same kinetic, while

with multiple crosslink ouble bonds pendant on

other chains already ch o radical (31). A schematic
representation of cycli slinking,. multiple Crosslinking reactions is
shown in Figure 4.6. A simil o119 ved d uring the swelling studies
reported for poly(N-vinyl-2-pyrrolid o acid) and poly(acrylamide/maleic
acid) hydrogel syste a._i {40 i 4

; Y

r
I|
i¥

ﬂﬁﬂ?ﬂﬂﬂﬁﬂﬁﬂﬂ‘ﬁ
QWINﬂ‘iﬂJﬂJWTJﬂEﬂﬂB



70

Table 4.4 Number-average molar mass between crosslinks, (M,) and the crosslinking

density, (q x 10?) of the synthesized poly(AAm-co-CA)

N-MBA 2% mol CA 10% mol CA
Concentration Crosslinking Crosslinking

(% wt.) M. density (q) M, density (q)

0.5 898 8.01 1192 6.25

1.0 . 7.49

|55 7.71

2.0 8.01

20 . |

. —e—2%molCA |
g —&— 10 %mol CA

Crosslink density (q x 10'2)

, AUEANENINENT
ARAIN T TN eNa Y

Figure 42 Effect of crosslinking agent concentration on the crosslinking density.
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Figure 4.6 Schematic drawing of the reactions of cyclization (a), crosslinking (b), and

multiple crosslinking (c) in the free-radical crosslinking copolymerization.
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4.4 Effect of the Polymerization Temperature

The water absorbency of the copolymers synthesized by crosslinking

polymerization at various temperatures is shown in Table 4.5 and Figure 4.7.

Table 4.5 Effect of the polymerization temperature on the water absorbency (Q) of

the synthesized copolymer at 98/ atios of AAm/CA*

thency (Q) g g

.

Temperature

AAm/CA :90/10

40 100+3

50 11148

60 99+5

70 85+9
*Polymerization reacfions “-.-'.;.-._v:.:.'.':ﬁ._.;.._.._;;.__;'_._:- FEMED, 1% N-MBA,

yl P ‘
7% LF127, 28% NaHCE:

\

ﬂUEJ’JVIEWI?WEJ"Iﬂ‘i
QW'mﬂﬂ‘iflJNWﬂﬂEﬂﬁEJ
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——2 %mol CA
e —8— 10 % mol CA

Water absorbenc

30

Figure 4.7 Effect of the vater absorbency (Q) of

the synthesized copolymg MBA, 7% LF127, 28%

NaHCOs3, 250 rpm and 30 1

It is well known @fization- started by thermal

decomposition of an il

ible. When reaction

i IFI'
temperature is increased,/the rate of polymerization is stéongly enhanced and the

molecular wei yﬂa ‘ yrf W es of the rate
termination and ctlo'vlgj e effect of polymenzatlon temperature on
= A TR N TR INE e

water abSorbency (Q) of the synthesized copolymer is decreased when the
polymerization temperature is increased because an increase of polymerizing
temperature decreases the molecular weight with increasing a large amount of short

kinetic chains, These short chains reduce the water absorption capacity, which is
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probably caused by changes in the copolymer composition with temperature due to

change in the length of the polymer chains.

4.5 Effect of Agitation Rate

The water absorbency of the superabsorbent polymer, synthesized by 98/2 and

90/10 mole ratios of AAm/CA with 1% wt. APS, 2% wt. TEMED, 1% wt. N-MBA

and various stirring rates, is show N ‘ ¢ ,, gure 4.8.

Table 4.6 Effect of agita

(Q) of the synthesized

copolymer*

Agitation ratg

(rpm) AAm/CA : 90/10

150 78+7

200 97+2

250 (A £) 11320
*Polymerization reactic l %ITEMED, 0.5% N-MBA,

i i¥

7% LF127, 28% NaHCO;, $ O°C and 30 min.

ﬂ‘UEJ'JVIEWl?WEJ"Iﬂ‘i
ammn‘:ﬁuummmaa
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160 i |
140 ! —e—2 %mol CA ’
£ —=— 10 % mol CA
o0 120 -
2
§ 80
= 60
z 40
<
=
20 ;
|
0 |
100 300
Figure 4.8 Effect of agita 3 /ateriabsorbe ‘\5) of synthesized copolymer
at 1% APS, 2% TEMED, ).: MBA, 7° 7 \ \ 03, 50°C and 30 min.
. j ﬂh.l |
In this systent; thgffoam, wag produged: fr 1e reaction between sodium
bicarbonate and crotonic acid.fThe 'H:‘:- on” or sure affected the foam size and
(s

foam stability during the gel form fien—The h the agitation rate, the smaller the

foam size and the lesss 8sing water absorbency

ol

\vF ]
with increasing the a ;-_:'»“ g 2 of the superabsorbent

.uﬂ
polymer can hold more m erpamcle water by the greater surface area.

AULINININYINT

4.6 Swelling Ialnetlcs in Distilled Water

ammmmum’g DAY i e

AAm-to- CA ratio of 98/2 were measured in distilled water as shown in Table 4.7 and

Figure 4.9.
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Table 4.7 Dependence of water absorbency on swelling time of the superabsorbent

polymer*
Time (min) Water absorbency (Q) g g
5 56+5
10 126+4

20 142+7

30 18242
40 1963
50 200+6

60

*Polymerization reactions Ve 10l AAm/CA, 1% APS, 2%

TEMED, 0.5% N-MBA, 7 .\ nd 30 min.

3
|
|

.

S

—_— —
s 3

W
S

Water absorbency (g'él)

UEJ'JVIEWHWEﬂﬂ‘E
QW'] ﬂﬁﬂ‘ﬁm ﬂjﬂ;ﬁ NYNFy

Figure 4.9 Dependence of water absorbency on swelling time of the superabsorbent

polymer at 98/2 %mole AAm/CA, 1% APS, 2% TEMED, 0.5% N-MBA, 7% LF127,
28% NaHCOs, 50°C and 30 min.
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The synthesized copolymer can absorb water up to 126+4 g per g of the dry
copolymer within 10 min. The dependence of swelling time on equilibrium swelling
arises because the mass of liquid absorbed during the swelling rate measurement
depends on the equilibrium swelling capacity of the polymer.

To examine the controlling mechanism of the swelling processes, several

kinetic models are used to test experimental data. The large number and array of

different chemical groups on the AAm aihsy(e.g., amide, carbonyl, carboxyl or

hydroxyl) imply that there aresmany , r-solvent interactions. It is

The main fa : g \ of the dried porous

superabsorbent polym 1 e into the gel matrix and

cover most of the sur DOfES. l he\ effe o he capillary action and
wettability of pore surf: etermination A drwmg water into the mass

orbent polymer can be studied by
application of a first-order kine based upon Fick’s second law of

diffusion (36), wherg. Jn,f ies, D is the diffusion

\r . = X

coefficient of C, and*js Or=a" spherical partical, the

J U

diffusion equation redu s to Equatlon 4.1 wherem the rate of swelling is first-order

in the amount ﬁslﬁ Eg’ Q%Wlﬁ wl}ﬁ‘jlme as given by

Equations 4.2 afld 4.3. The values Qf Omax and are the swelluwcapacmes at

o BT S T o

radius and on the diffusion coefficient (36), as shown in Fi igure 4.9.
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@.1)
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|
= |
2|
=
w)
2|

S

at - k (Qmax - Q) (42)

O) = Omax (1-e™) (4.3)

—_— e e
S N A O
1 i
|
|
i
i
i

Rate of swelling (g g s™)
o0

8% ) the structure of the

'”:
|

In this forit

polymer and the syste uI affect the maximum swelling ca pacity Omax. In practical

applications, not ?ﬁﬁvﬂ W hlgher swelling
absorption rateﬂ ed he supera sorbent po ymer The syntheSIZed
°°"°'”°§l T L PRV AR o

From the plot of QOna vs time in F igure 4.9, one gets a slope of the
swelling kinetics of 6 g g 5. One can also calculate the rate constant of swelling (k)

from the first-order kinetics at any time, t, (Equation 4.3). The & value depends on the
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diffusion coefficient and the particle radius. For the rate of swelling, Equation 4.2 is
applied to each absorption time. We found that the rate of swelling decreased with
increasing swelling time. The swelling rate became stable or constant within 20 min,
with a swelling rate of 2.8 g g s™. The faster swelling was then accompanied by a

higher degree of swelling.

4.7 Characterization

r were investigated by

Fourier Transform Infrared SPegifos tra are shown in Figures

From the FTIR “Spe e A Buié _ i R, spectrum of synthesized

copolymers confirms the exigfenge ¢ ark catboxamide functionalities.

Table 4.8 Assignmerits fof the ETIR s m__‘ poly(acrylamide)
e :
Wave numberfen Agsignment

“ |

3459, strong‘ tretchmg
2921, ﬁr%%}% V.I ﬂ‘ W§ w:&lal-ﬂ ‘@ZHZ (aliphatic)
, strong ¢  C=O stretehing of -CONH&/

q RaAdIN T WIATENAN Y

1314, weak C-N aliphatic streching
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Table 4.9 Assignments for the FTIR spectrum of the synthesized poly[acrylamide-co-

crotonic acid)]

Wave number (cm™) Assignment
3427, strong O-H stretching
2925, sharp and strong C-H stretching CH3 and CH, (aliphatic)
1664, strong C=0 stretching of -CONH,

1450, weak Fagymmetric bending

1411, weak . ric stretching for

4.7.2 Surface Morphologyic

The synthesized copolymrs wer d by SEM technique to observe the

surface appearance. The electro the crosslinked copolymers are

shown in Figures 4 he foamed solution

P J

polymerization were " #aph of the synthesised

." . uJ
polyacrylamide in Flgure 4 14 have fine network and smooth surface, the water

o o GBI G moisan

co-CA). The SERW micrograph of the synthesized poMAAm-co-CA) ith 2 percent

mote of SR WA Tbh b b ’Aoa &ine sem

mlcrograp?l of the synthesised poly(AAm-co-CA) with CA percent mole of 30 in

Figure 4.16 shows more microporous structure with a less flexible, cellular structure.
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FIGURE 4.12 FT-IR spectrum of synthesized poly(acrylamide).
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o
Figure 4.16 SEM m1crogrﬂpf’i AA)g-co-CA) WA percent mole of 30

(Water absorbency = 130 g gi

4.7. 3 Investigation of fhe edm-'Reae'ﬁblﬂof Mom‘)mer, Co-monomer,

o

Initiator, and Cro llnlc;;g Agem;m;lmeetlc by Cyclic Voltammetry

_,- -k
-_— _.

a-—'_; -"f_'_';ﬁ. " '_’-'.J-sh'u;-'

In order to ‘ihderstand i OO HOROMe =R ’co-monomer, cyclic
Y ‘._s.;_J
voltammetry, the electr?'f’wmical technique is the onc tha‘q is effective and versatile
available for the mechamstrc Study of redox systems Thls technlque can be used for
studying the relatlonlbatWeE:n tﬂe ¢Lll’r€nt and the potenual b)L ra;Jndly scanning. In this
research, voltammetrlc behawors of monomer £O; mOnomcr mLtath and crosslmkmg
agent weﬂe mVes&guted f)y cycnc Voftafmmetry (€W dsi g a glas’Sy carbon as a

working electrode, Ag/AgCl (sat. KCI) as a reference electrode, platinum wire as an

auxillary electrode and 0.1 M KCI as supporting electrolyte.
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4.7.3.1 Study redox reaction of monomer, co-monomer, initator and

crosslinking agent

The cyclic voltammograms of supporting electrolyte, monomer, co-monomer, initator

and crosslinking agent are presented in Figures 4.17 to 4.21. The cyclic

voltammogramms  characterized sev ! /v Ofant parameters to confirm the redox

reactions. The reversible progess exhibited theAF#alue about 0.059 V and the ratio
— ——-

of iq t0 i is unity. The g orsible disp \ Bpwalue more than 0.059 V.

The irreversible processi®on 1// .L \ 1 pez obtained. The individual

peak was reduced in size ; g :-‘ 5 2 , | ckground of 0.1 M KCl is

shown in Figure 4.17.7

1.80
1.40 -
1.00 -
0.60 -

ﬂ‘UEJ'WIEWIﬁWEJ’]

-0.20 7‘:————_”"'_

Qﬂ’Wl anfl ‘iﬂ.l %J%’FJ ﬂE}'lﬁ 8

E(W)

[(mA)

3

Figure 4.17 Cyclic voltammogram of 0.1 M KClI using a glassy carbon as a working

electrode, the scan rate is 50 mV/s.
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0.80 -~

0.40 - E

I(mA)
o
S

Figure 4.18 Cyclic voltag ing a glassy carbon as a

working electrode, the sg

The voltammografft off ARm in'4. s ‘eleetrolyte ( 0.1 M KCI ) is
shown in Figure 4.18. Whefi ingreasin _;__'-‘a.._' ‘ oXidation of AAm starts at about

1.1 'V until zero of the sa c‘f—:‘fb tra
L hs

rrounding working electrode is

reached . The Anodic. wa 8 mA. In the reverse

cathodic direction, ca 11K “'-'*‘ ogram indicates the

. . | .
irreversible nature of AAm. Thus AAm should be electron dofior in the reaction.

ﬂUEJ’JVIEWI?WEJ’Iﬂ‘i
QW']ﬁ\iﬂ‘iﬂJlIW]'mEﬂﬂEJ
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.00 e - - - |
0.50 j
=) 0.00 <
E
~ -0.50
-1.00 -
~
-1.50 1
-3 2 3
Figure 4.19 Cyclic vo gran: A\ i, C ing a glassy carbon as a
N
working electrode, th
The voltammo ,: o elec \ : (0.1 M KClI) is shown
in Figure 4.19. With decfeasi g Wolta e do ma € negative potential the stared
reduction of CA at about -1.7 V ?:::;{.;_'.j‘, ulting cathodic wave at Epc = -2.2
V shows I,c = 1.0 AyHe voltam dicat 5 he irreversible nature

of CA. Thus CA should/} Y )
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Figure 4.20 Cyclic vo sing a glassy carbon as

a working electrode, th

The voltammogram g ' " \ -k trolyte (0.1 M KCI) is
shown in Figure 4.20. N-MB4 _ s ¢ ct peaks (cathodlc peaks) when
decreasing the voltage to more né __, The first cathodic wave at Ep =
0.50 V shows I = 0:1Q m 2 atyE L= -0.50 V shows I, =

0.1 mA., and the third"edth 51 2027 ma.
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Figure 4.21 Cyclic volta M KCI using a glassy

carbon as a working elg

The voltammografi of A . E AN orting electrolyte (0.1 M
KCI) is shown in Figure i : oltage, the oxidation of APS and
TEMED starts at about 0.5 ample concentration surrounding
working electrode is reache he Anodic ‘Wz 85V shows Ia = 0.21 mA.
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Table 4.10 Important parameters of cyclic voltammograms from electrochemical

behavior of monomer, co-monomer, initator and crosslinking agent.

Sample Epe (V) ipc (MA)
AAm - -
CA - 2.2 1.0
N-MBA 0.1
0.1
0.27
APS+TEMED

AULINENINYINT
AN TUNM NN Y
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4.7.3.2 Kinetic Study of Polymerization
The Kinetic study of reaction was investigated for understanding mechanism of
gelation by cyclic voltammetry. The kinetic voltammogram results are presented in

Figures 4.22 to 4.28.

2.00 -
<
E
-1.00 ;_J_M A -
-3 3
Figure 4.22 Cyclic voltammogra 50t 8. AAm; A Am+CA, c: AAm+CA+N-MBA,
d: AAm+CA+N-MBA%APS in 0.1 M KCI using a tasgy carbon as a working
; )

electrode, the scan rate -

“‘eﬂa‘u BN THE VT o o

AAmM+CA, AA +CA+N-MBA, andy AAm+CA+ BA+APS ingthe oxidation
dlrecu@wq a Q} @J‘i)meurm q}m &Jjaéla ﬂer adding
APS, cyclmg voltammogram gave a new oxidation peak at Epa = 1.8 V and the same
reduction peak at Ey. = -2.3 V. The important parameters of cyclic voltammograms
from electrochemical behavior after adding monomer, co-monomer, initator and

crosslinking agent in a sequential addition is shown in Table 4.11.
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Table 4.11 Important parameters of cyclic voltammograms from electrochemical
behavior after adding monomer, co-monomer, initator and crosslinking agent in a

sequential addition.

Sample Epa (V) ipa (MA) Epe (V) ipc (MA)

AAm 1.98 2.07 - -

AAm+CA 0.31
AAm+CA+ 0.31
N-MBA
AAm+CA+ 0.40
N-MBA-+APS+
TEMED

AULINENINYINT
IR TN TN
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Figure 424 Cyclic voltammogram after adding TEMED at 11.07 min as in the same

conditions of Figure 4.22.



95

0.00

I (mV)

Figure 4.25 Cyclic voli3

conditions of Figure 4.22
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Figure 436 Cyclic voltammogram after adding TEMED at 19.26 min as in the same

(O YR

conditions of Figure 4.22.
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Figure 4.27 Cyclic volfa J.at 23.20 min as in the same

conditions of Figure 4.
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Figure 4.28 Cyclic voltammogram after adding TEMED as in the same conditions of

Figure 4.22.
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As seen in Figures 4.23-4.28, upon taking multiple cyclings of the
solution, a new peak develops at a lower potential after adding TEMED in the
oxidation direction. There are some transfer electrons in the polymerization reaction.
Table 4.12 shows several important parameters taking place in the reaction: the
cathodic (Ep.) and anodic (E,.) peak potentials, the cathodic (ipc) and anodic (i) peak

currents. The first cycle after the additios

of TEMED to the reaction at 7.09 min is

given in Figure 4.23. The oxidatic gINs ‘at J 3™ A fer repeating the cycle at 11.07

o @ 4.24 and Figure 4.25 are
obtained. The anodic cu } ' \ m Figure 4.24) then drops
from 1.6 to 1.4 mA (in : ‘ \\ imogram taking after 19.26
min cycling gave a new, vd Ct ak \ \ smaller shift of E,. of
reduction peak was also s i , ' ) ' ing. The anodic and cathodic
current drops from 1.2 to | i 4.6 o A % bure 4.27) due to increasing
viscosity and the resulting : as the medium evolves from
solution to gel state.

Table 4.12 ;:‘- from kinetics

study of the synthesizec - drogels
W

U

Time (min) Epa W), ipa (MARS Eyc (V) ipc (MA)

Armagnaiimingay:

23.20 1.1 1.0 2.4 3.6
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To characterize the reaction products at 7.37, 13.40, and 21.53 min., FT-IR

was used for proving the functional groups of reaction products as seen in Table 4.13.

Table 4.13 Assignments for the FTIR spectrum of the synthesized poly[acrylamide-

co-crotonic acid)] from electrochemical cell at 7.37, 13.40, and 21.53 min.

| '
3 L 1 ¢
Wave number (¢ -Uh’ Assignment

3431, Strongm— oY "

2929, sharp and Hs3 and CH, (aliphatic)

1664, strom@ —CONH,
1446, w - S rie, bending
g i ».\l
1415, w O symmetrig stretching for
W\
A\
: A \
1318, weak # dpnass phatic streching

¥

i
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4.8 Application of Superabsorbent Copolymer in Removing

Dye Pollutants

4.8.1 Effect of Structure of Dye
To observe the adsorption of some dyes, polyacrylamide and
poly(AAm/CA) hydrogels were placed in aqueous solutions of cationic dyes, basic

blue 41(BB-41) and the aqueous solutions of anionic dyes, direct blue 85 and they

were allowed to equilibrate for‘ ay\ il 204 u "' of aqueous solution. The
chemical structure of BB.4l dve ‘ / 4.30, At the end of the
equilibrate time, compa - s can be seen in Figure
4.31. The poly(AAm/€ on of BB-41 gave high
adsorption with incred8ing F .wher Iy(AAm/CA) hydrogel could
not adsorb the anionic®dyegi{Difegt 7: 35). S zablc groups (the carboxylate
anion) of the poly igerefised i theprese rotonic acid beside the
acrylamide group. Therefore finteraetic (a ase d electrostatic) between the
cationic groups of cationic d ﬂ ylate groups of the P(AAm/CA)
superabsorbent gel incre - it

d polymer chain. On the

other hand, there is ' . ( l' groups of anionic dyes
)

and the carboxylate gro%p of CA in the h drogels and therefore no interaction

povern e T4 ‘J’ﬁﬂ%%ﬁe’]ﬂ G to s e

RS fu% IANAY
T’ CLQCHZOH

Figure 4.30 The chemical structure of BB-41 dye (CI 11 105).
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Figure 4.31 Efficieng f dye
The other typgfof, te on-befwe 1€ anionic superabsorbent polymer

and cationic dyes can be the J" ction. Hydrophobic interaction in the

present case involves the:afd fings a o ps on the gel. Therefore
the polyacrylamide e tia ial dye concentration as

seen in Figure 4.31 “l lectrostatic interactions betweenethe dye molecule and the

V1 ey
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CH, .~ R " CHs_._._._._. Ki  fydophobic interaciion
+
N_@ —_— N—
NH

foNH N & frNH: Y N

0 O
AAm hydrogel Cationic dye Complex of AAm hydrogel-dye

P P

O R
s i e | N
— C—0 N— s N+— electrostatic interaction
LA , PR
\ 1 <. .
— CH; R WIS 7 P R; hydrophobic interaction

(0)
AAM/CA hydrogel
Figure 4.32 Possible ¢ 9! reaction: b AAm/CA hydrogel and dye
molecule.

4.8.2 Effects of Cretonic Ac ! and pH of the Dye Solution
' P y

on Swelling Time and Dye Adsory M9
"

The influences of the crotonic aci satelit/in the superabsorbent
. L}

s 1
7

o«
polymer and the pH I veltmg and the dye adsorption

iF

(BB-41) of poly(AAm/Cé)ﬂh.ydrogels are preégnted in Figures 4.33-4.34.
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Figure 4.33 Effect of n “dif{CrenitupHs on swelling of the
copolymers.
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In the Figure 4.33, the effect of crotonic acid content on the swelling at

pH 2, dye solution of is constant regardless of the highest constant of 30 % mole CA.
At the high pH , the swelling of the poly(AAm/CA) hydrogels was observed. An
increase in pH from 2 to 7 caused a significant increase in swelling of the hydrogels
with a higher crotonic acid content. The equilibrium swelling for poly(AAm/CA)

hydrogels at different compositions and the efficiency of poly(AAm/CA) on removing

the cationic dye solution is at maxirk 7. The swelling of superabsorbent
polymer is directly proportio _E e degree’d gzation of the polymer. Consistent
results with the polyelecr yic ¢ peciatiy-i0r the high crotonic acid content of
hydrogels, a sudden incjea ' .ﬂ\ "":‘""\ dupH 7 due to the complete
AR

e swelling in which an

increase was observed aéarly OHde Ka valuewof CA (21).

The efficien /! on removing cationic dye
. o (ridinis - 2 . .
solution is shown in Figure 4.34 i€ dye molecules interact with the

g ;"— J“ ' dl

negative charges of poly (A idicgMedium the hydrophilic

groups of the poly(Addr o it the polymer initially,

‘ i
but adsorb water subseuently. According to the protonat ‘ifJ of the carboxylic acid

groups of hydrﬁlﬂﬁﬁ th%’w ﬂ ZTﬂS?sorption less than

pH 7 adsorption §ince there is less protonation of amide groups.

PIAATUAMINYAE
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