CHAPTER IV

RESULTS AND DISCUSSION

4.1 Characteris ';«-un-T- H-uaut‘--d Starch-g-Poly(acrylic

acid) Copolyme Intf rared “@pectrophotomnetry.
—
Theoretig \\ Eh?“\ erization of wvinyl

monomer onto sts «-ied by homopolymer

formation. The

thus characterizgt ;%

of \the present work were

aghnique to detect the

presence of the grafted d after the homopolymer was
removed. Tk J#{‘
S )
Infrarfﬂ spectr: ava ﬂgarch, and the hydro-
.‘ - -

lyzed starch-g-pgly(acrylic agid) copolymer in the form of

car pertofd MO RER

The FT-IR-spectrum of cassava star@hi in Figure 4.1

oo lebl ATk ARl LA 1816 B

Wavenumber, cm Assignment

3,500-2,500

0-H stretching

2,931

C-H stretching of CH,

L1

1,462 C-H scissor bending of CH
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Wavenumber, cm Assignment

1,159 : C-0-C stretching
1,084 : C-0 stretching

T10 ¢ C-H rocking of CH,

The FT-IR spectru f the hydrolyzed starch-g-poly

(acrylic acid) copol 4 2 shows the following

important peaks:

i :nent
H\tretch1nn
~H\ stretching of CH_

=0 and C-0 asym. stretching

stretching

of the carboxylate anion
-—.-—;—1~ ssor bending
F=0 and C-0 sym. stretching

1,408 lﬂ
of the carboxylate anion

1fik1 ¢ 3N EJ NTW I Fevcnien
AR QAR INLNEY w0 ropee

4.1 gives absorption bands at 3,400 and 1,000-1,100 em ~,
the characteristics of amylose containing in the starch.
Obviously, several distinguished peaks observed in the
FT-IR spectrum of hydrolyzed starch-g-poly(acrylic acid)
copolymer in Figure 4.2 indicate the occurence of the graft

copolymerization of acrylic acid onto starch in which the
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absorption peaks of the C=0 stretching occur at 1709 em™ "
and the C=0 and C-0 asymmetry and symmetry stretchings of
carboxylate anions occur at 1566 and 1408 em” (79,
respectively. The latter two peaks indicate that poly

(acrylic acid) grafts are converted into their inorganic

salt (potassium polyacrylatied when the copolymer is saponi-

fied.

4.2 The Grafted #6!l

sroblem of separating

the poly(acrylicfaclc raf \\. om the polysaccharide
e
backbone by the agig é% \\. ysis methods (such as

«-amylase to bre inkage), and followed by a

precipitation me onsolvent of poly(acrylic

— ) :
acid) such af——hexan: G tetrachloride. By
this method, @gere &tiﬁ from the precipita-

on. Thus, i€ s essentiamll to determine the average

uolauular%uﬂq;ﬂlm mlﬁlﬂ'aa mﬁl graft chains by
GPC-Q W:]h@ et.eim unflq nglled asﬂPc of poly-

(ethylene oxide) standards (TSK SE-2, SE-4 and SE-5, with
molecular ;eights 24,000, 48,000 and 85,000) are 91.72,
86.17 and 80.93 minutes, respectively. It is found that the
relationship between log (molecular weight, M) and the
retention time is 1linear (as shown in Figure 4.3). This

result correlates quite well with the calibration curve of
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log (M) versus elution volume (V_) or retention time (t )
(80). Curve fitiing procedures permit the determination
of the moleculear weight at any retention time within the
range covered. This relationship gave essentially an linear

calibration curve such that the following equation could be

expressed. El
1 _ : - (4.1)

The saponi y(acrylic acid) copoly-

mer by acid hydrolysis linkages of polysaccha-

ride (1->4-o-1I ﬂFFf%:::?fr?—r%=

mono-, dl-suoc@ri de

the GPC.

@uﬂﬂmﬂmmmtﬁm
L AT ﬁ’ﬂ:’i?i.‘iﬁi‘;

are two peaks inseparable although the flow rates of the

"E;g molecules such as

Jleﬁion was injected to

mobile phase ' were changed from 0.5 to 0.1 cm”/min. The
peaks data are in Appendixes B.1-B.3. This result shows
that acid, hydrolyzes polysaccharide, perhaps to the oligo-
mer of starch (not to mono-, and di-saccharide). The size

of the oligomer of starch is close to the grafted poly(acry-
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lic acid) with low molecular weights. The third peak is

unknown molecules with average molecular weights of about
1570.

The GPC data of the saponified starch-g-poly-

tacrylic acid) copolymers show that the retention times are

longer than those of po lene oxide) standards used in

the molecular weight urve. Thus, an approxi-

hﬂad polyacrylate could
a calibration curve

TARN b
?chtﬁchbtained from Appen-

strlhut1on of mole-

mate molecular wei
only be determinec
of M.W. to the r

dixes B.1-B.3. d]

cular weights of T3 Ig'ﬁu ylate calculated is in

the ranges of 4,009 ﬁ#ﬁg&;f
- SR

3.

The approx; ;E?'”"? weights of the graft

-

4,009.

poly(acrylic acid) rr‘r{ "léi b the extrapolation of cali-
bration curve LI -------- a-nuw-nu-nwha—rli e are in the range
of 2,917-4, 294!ﬂn qga starch-g-poly(acry-
lic acid) copolymer srnthesiigﬂ by 2.95 M of acrylic acid,
0.2217 M ﬂlujﬂ’a wﬂuﬁﬂﬂm‘} 35°C. The de-
ulylerxzatlunﬁbf the gepaft poly(agrylic acid) are
in t%ﬂ: ﬂﬂ-‘;m’lumrlg]m&la ﬂ relatively
low compared with the others in the literature reviewed in
Chapter 2. This result can probably be due to the insuffi-
cient amount of monomer concentration to be grafted on the

starch substrate.



88

4.3 Water Absorption of The Saponified Starch-g-Poly(acry-

lic acid) copolymers.

a) The mechanism of the reaction

The mechanism for the grafting polymerization of

acrylic acid monomer ( he cassava starch is shown

below.

eated by the oxida-

tion reaction drogen peroxide as

shown in equati some other reactions of

wastage. When the Mre increases, hydrogen

peroxide decompo oxygen gas, a highly

effective radical séavefiger, hown _in equation (3.1).

The oxygen l-hyg“‘"**"***“”' #i86 1 (+) ascorbic acid to

wa@peciaa for the graft

““”"“"“ﬁﬂzfﬁ“ﬁﬂﬂ%‘wﬁﬁ%"
awwﬂiﬂ%nwmaa

The number of free radi are responsible for the

dehrdroascurh1innci-

relative amounts of homopolymer and copolymer. The
homopolymerization and graft polymerization take place

simultaneously and competitively.

R" + M > RM® (4.2)
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RM" + n M > RMC oo (4.3)

L] 'l -
RM  ,., + 'R » Homopolymer (4.4)
RM ..., + MR > Homopolymer (4.5)

R® + S-H {sty : \\\ + R-H (4.8)

(4.7)

SM ™ + RM® graft copolymer (4.8)

SM * + R® graft copolymer (4.9)

—
graft copolymer (4.10)

vy ' i¥

AusiinunInyng
NN IDUIINENY .

S° + RNM]

{mn+

Rl- + RH-

w

RMR (4.12)

b) The Homopolymer Determination

The water sorption of cassava utaréh was 0.48 g/g

dry starch. The water absorption capacity of hydrolyzed
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stach-g-polytacrylic acid) copolymers in deionized distill-
ed water ranged from 19 to 234 times their original dried
weight. Thus, these graft copolymers are high-water absorb-
ing polymer as the difinition described by Kim, U.Y. (22).
The high-water absorbing polymer is the material that ab-

sorbing capacity is gre than 15 times its own weight.

;&t he graft polymerization

iosi Were precipitated in cold

acetone. The precd o)was filtered and dried in the

The reaction

(with various st

65°C oven for 2 ‘ ' e gri e roducts were ground to
a podwery
Soxhlet extractigl : -J;? iol. \ The homopolymer content
was found to be Je Jgi-flf‘:f‘ Lhe water absorption of

the extracted : *iﬁgi; i oduct was about 210 g/g

There iﬁe j 1y q@fferent in the water

absorptions of ¢the extracted and non-extracted HSPAA

mnl,.erﬂ Tt hadi V1l Hd IEIIE] Forvaceyrate, the

Ziiiﬁfﬁ"ziﬁ“\ih: IR

remove the homopolymer from the product before the product

was saponified as described in Chapter 3.

4.3.1 Effect of Starch-to-Acrylic Acid Ratios.

The effect of starch/AA ratio on the water ab-

sorption of the saponified starch-g-PAA copolymer in deion-
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ized distillated water is tabulated in Table 4.1 and shown
in Figure 4.4.
TABLE 4.1
Effect of the Concentration of Acrylic Acid on Water
Absorption of the Saponified Starch-g-poly(acrylic

zed Distillated Water.

& Water absorption in

: daiﬂ-nizad distillated

acid) Copolymer in

Starch(g

N water (g/g)

108.7

117.0

234.3

159.4

4 4.
Y] 24.2

1y

* Data wefesobtained wpder the following condition:

AUBINET THEANT e .
aw’i“ai‘i’hﬁ'ﬁiﬂﬁﬁ’iﬁmaﬂ

The exparinental data show that the water absorp-
tion increases while the amount of AA increases from 1.47
to 2.95 M. When the content of AA used is higher than
2.95 M, the water absorption decreases. This result is per-
haps explained in the term of the homopolymer content. The

higher monomer concentration provides more homopolymeriza-
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tion reaction than copolymerization. This can be due to:
(i) at high AA concentration, the radicals have a great
opportunity to react with monomer molecules, thus produc-
ing several AA radicals with short kinetic chains. The

kinetic chain length (¥) of a radical chain polymerization

] ietic chain length is in-

d iﬁent ration. Increasing

the radical conce adic

. i\"“H;;:‘ polymerization leads
to smaller sizec _ :izﬁatﬂ:&th ). These short propa-

\i by, a coupling reaction

8ho \_ (ii) the difficul-

is defined as the averag er of monomer molecules poly-

merized per each ra

versely dependen

gating chains c

between themselv :\vae sites of the poly-

ik
mer substrate to '
ty of the monomer ;yu,j; iffuse in the proximity of
the polyneric_subs

The &m{‘ an anionically

high-water ahsiﬂhir~-, :eeiﬂ elaborated by seve-

ral investigatore mentioned ppeviously in Chapter 2. The

resuive ofpeblab WHELHAMAE Dhdaniotic wotet o
the %ﬁ ced wate dnce of aérylate-graffed polysaccha-
rides :ﬁjﬁﬂﬁlﬂimnumganﬂe atﬂ concepts of
the swelling mechanism of gels originally proposed by
Proctor (83). The important chﬂrcteristic of many gels is
the presence of ionizable groups attached to the gel. When
such a gel is placed in an ionic solution, an exchange of

mobile ions takes place between the gel and the solution,

but because of the presence of the bound groups, the mobile
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ions are unevenly distributed in the gel containing the
higher concentrations. The gel swells as a result of the
entry of water in an attempt to reduce the osmotic pressure
differential resulting from the difference in concentration
of mobile ions between the interior of the gel and the

external solution. Swell continues until the osmotic

pressure differential the resistance to further

Y
molecular netuofﬂ'-f—,l- tion between inside

ilihriun

The mobi '*f:_ t.icrn in the grafted
starch copolymer 1 AT h'ﬁ}wgz‘\ saponificatiou step,
is higher than t 4l ‘dedéfized \distilled water which

consists of only hydrgsen -'Q ‘ l.an atoms. As the ionic
groups cannot move oul polymer, the solution with-
in the copol =:___::;“,q-“4"_qu_q4aq 1; ¢d from the external
solution by a iﬂli? ﬂﬂh1¢h confines to the
potassium carhuxg%g}a groups but gives free passages to

Thﬂeuumrwmqw BARS o e

in ion concentrations. Swelling gentinues upbil the osmotic
pressﬂrﬁﬂfﬂﬂﬂim umqgtngj;laﬂﬂ to further
expansion, i.e., when the ion concentration between inside
and outside the copolymer has reached equilibrium.
Swelling of the hydrolyzed starch-g-PAA copolymer
is the same as that of the ionic networks described by
Flory (84). If the graft polymer chains contain ionizable

groups, the swelling forces may be greatly increased as a
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result of the localization of the charges on the polymer
chains. When the starch-g-PAA copolymer was neutralized
with KOH, either partially or totally, the negatively
charged carboxyl groups of the graft polymer chains set up

an electrostatic repulsion which tends to expand the net-

work. However, the excee ly large electrostatic repul-

‘%)carhuxylate ions were

ven hﬂlzed because of the

_ --*the potassium ions,

sions would prevail
only present; i
inevitable presenc
for example, and -ot.her sc ion which may be pre-
sent (includiﬁ ‘o fi'_d=V s i' e.g., H and OH™
of water). These fio, ..?.-%;ﬁ ectrostatic repulsion
tremendously t would be when they
are absence. :
The exﬂhan:;':ﬁf@iﬁjf__ 1 solution between the
starch-g-PAA '?ﬁﬁiiiiiffﬁiEEE??ﬁnT::ﬁﬂ?‘ ng solution conti-
nues until thﬂeq mhe swollen copolymer
and its surroundings closely,, resembling Donan membrane

equilibri iu.%n of) E1V PdhBIed B} as its own men-

ane prevanting the chdrged substituents, @#hich are dis-
tr ihlaaw lﬁtﬂﬂj mxﬂm’-}.g:ﬂﬂ :]:anﬂo lymer much
as they would be in an ordinary solution, from diffusing
into the outer solution. The swelling force resulting from
the presence of the fixed charges may be identified with
the swelling pressure, or net osmotic pressure, across the
semipermeable membrane in a typical Donan equilibrium. The

quantitative treatment of this force may be carried out in
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either of two ways. We first introduce the conditions for
equilibrium between the mobile ion species inside and out-
side the copolymer in either case. According to one of the
alternative procedures, the electric potential difference
between the interior of the copolymer and its surroundings

is calculated through consideration of the ionic equili-

bria. From the charge j&ii the copolymer and its
potential relative _ ‘ ﬁlutiun. the Coulombic
energy is easily cemt 14 | and f - the latter the expan-
sive force may he't «f‘ # the second method it is observ-

ed that the con ! ’”:'Lf' pi le. ions will always be

greater in the cgbolymer 4han I_ 7‘ 5 because of, in quali-

Consequently, the #smplic. pre e'of the solution inside

will exceed that o ;,g,:fgl_‘ ;qlutiﬂn¢ The expansive

force may be i{_f___:_,,__._..,_,_:,_,_.,_, g ] in osmotic pressure

for the two %Blu' 0 quaods vield identical

Eluﬂ’l weldl i&ﬂ Bl R4 et the water
abso operties of cellulosic materialé are thought
5 ,.:»zmam U TIEAR o o

the hydroxyl groups on the cellulose with water molecules.

results.

It must be nhted that the figures of water
absorption capacity of the graft copolymer in deionized
water change with multiple wetting-drying cycles. The loss
of absorbency is probably due to a condensation type of

crosslinking reaction occurring between hydroxyl and carbo-
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xyl substituents at the drying temperature (86).

4.3.2 Effect of Hydrogen Peroxide Concentration.

The effect of hydrogen peroxide concentration

on the water absorption of the saponified starch-g-poly

{acrylic acid) copolymers,i eionized distillated water is
tabulated in Twlﬁ ’_/m Figure 4.6.
——

\

Effect of the Joncentration on Water

Absorption of g-polyiacrylic acid)

Copolymers in iZed Mistillated water.

Hydrogen § g1 r ‘absorption in

concentratignat’/ - le ized distillated

'-V‘ |:"‘ %

T

53.4

AULINTTNEARS
RasAs M iiEhaY

0.2768 8.

0.3322 18.5

® pata were obtained under the following condition:
Starch/Acrylic acid ratio = 30:2.95 g/M, reaction

temperature = 35°C, CAscorbic acidl = 0.004 M.
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The experimental data shows that the water absorp-
tion increases until the hydrogen peroxide concentration
increases to 0.2217 mole/litre, then it decreases gra-
dually.

The effect of hydrogen peroxide concentration on

the water absorption values ,is best explained in terms of

/ the grafted polyacrylate

the frequency of int

| , ., When the initiator
concentration i{ C .ing frequency of poly-
acrylate also inc b ‘ot e uxhhat straight forward,
at the initiator gtrations higher than 0.2217 M, water
absorption seems A ¢ ;E"la_#ﬁhlﬁ 1y According to the
"-xﬁurr absorption capacity,
mechanistic pathways that

may occur as the falrﬁgtr; ¥ tarch is a chunck polymer

with a moleculd weight averase of —8ysr 10°, it is then

b

2
i
e

regarded as an

‘o Y
1| sb € Jcapabh et FY\RATHE] Thain porvmeriza-
tion can thereby be deg€cribed h®, equatiomx4.13) which

MY faF X FTECTR R oV |

root of the initiator concentration (87).

ly acrylic acid is

mobile.

fka (1] )‘“ |

RP=kP{M}( ke (4.13)
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It is quite evident that the initiator efficiency,

f, in equation (4.13), governed by its concentration is one
of the major attributes to rate of polymerization and its
consequence to molecular weight. At the initiator concen-

trations below 0.2217 M, not enough initiator concentra-

' polymerization, resulting in
&ﬁarch—g-poly(ucr:{l iec acid)
nﬁdescrihed earlier. At

the higher concen € it iat abundant initiator

tions are present for grs
a low grafting freag

to fulfil the absgEg

radicals are pr 4 i1 Lhel react pixture. The radicals
encounter the a
starch chain. Th W”‘¥7 is @ reater amount of homo-
polymer with

kinetic chains. gidigless shese acrylic acid propa-

T — . . .. .. .

Based on the iﬂuu ﬂ,nﬂ high a graft fre-

quency will result.in relatiyely low water absorption capa-
civy. mafbdiihid wmmmm of radical re-
ﬂﬂmh%i because of he collésion o ls before

g Rap TR aied (FaT: 1

or the starch backbone.

they

One very importnat fact should be borne in mind
that the production of initiator radicals is also assisted
by the co-initiator, ascorbic acid. With a fixed amount of
the co-initiator, too high such an initiator, will normally

be a waste.
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4.3.3 Effect of Reaction Temperature.

The effect of reaction temperature on the water
absorption of the saponified starch-g-poly(acrylic acid)
copolymer in deionized distillated water is tabulated in

Table 4.3 and shown in Figure 4.7T.

Effect of tLHE

&ture on Water
.d Starch-g-poly-
\\\\.

Absorpti
(acrylic eionized

pistillat

sorption in

ized distillated

atetlog/g)

N

=

H-'

234.3

ﬂumwwra'wmm

o51.4

Qﬁﬂﬁﬂﬂ‘imllﬁﬂﬂiﬂﬁﬂ

* Data were obtained under the following
condition: Starch/Acrylic acid = 30:2.95

g/M, CH_ 0,31 = 0.2217 M, [Ascorbic acidl=

0.004 M.
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water.
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The experimental data show that the water absorp-

t.ion decreases when the rection temperature increases.
Increasing the reaction temperature is expected to cause
the following phenomena. The rate of graft copolymeriza-

tion decreases due to decreases in monomer and initiator

' phase as the rate of consump-
%ﬁpul&merization is also
higher at high era uﬂl. In addition, less

hydrogen perox 1( L8 ,\,\
graft copolymeri _
PN

_ ! r: \\\
approximately 2. % degree rise in tempera-

concentrations in the swo

tion of the monom

available for the
se the dacolpu51tlnn
of hydrogen pero .a rate that increases
ture over the ran ; _f \\:\ Volatility and decom-

high at higher tempera-

. described in Chapter 2,

the decompos¥eion proguct —of —hedrnie peroxide is the

oxygen gas wh?ﬁh : =cqave radical scavenger

due to its axtre high 1nqtb1t1un constant.. Besides the
mmﬂwm Bhslkbn) dL6du 1k | can oxidised Le+)-
scorbic anld an accelerator s£for hydrogén peroxide,

e A IANDT QL3 teh [T ) -

zations. Upon the studies of these three basic parameters,
it is indeed confident to state that the primary factor
must be the temperature of reactor, otherwise, no initia-

tor is available to induce any polymerization.
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4.4 Effect of NaCl Solutions on Water Absorption of The

Saponified Starch-g-poly(acrylic acid) copolymers.

4.4.1 Effect of Starch-to-Acrylic Acid Ratios.

The effect of the presence of NaCl solutions
at the concentrations of wl, 0.5, 1.0, and 2.0% w/v on
the water absorption i \ wgi'llust.rntad in Table 4.4

and Figures 4.8- - wa rption efficiency of

the saponified archfy - polylaerylic acid) copolymer is

ing of modified starch, contaimi anionic groups. This

treament was. i —l-'-—-r_;_-_:_— ;___;-___-_:_-_:=_.=;=:h*§ which was then
— = :
extended and fusrthe JCatlan and Grignon (89)

in terms of swel%;ng of such ala as described above. Brief-

1y this nﬂ'%g‘ ’%ﬂﬂ%@ﬂ@'}ﬂh‘% following way:

Tha ions attached to the macromolkecular network
in t-ha 3&’1@ ﬁnﬁm” w f] 'lm:ﬂf] ﬂ EJB saparated
from the external solution by a semipermeable membrane,
which confines to the immobile ions, but give passage to
water and all simple ions. The excess concentration of mo-
bile ions in the gel phase is calculated using Donnan’s
equilibrium model. This excess concentration is directly

proportional to osmotic pressure differential, and this,
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Table 4.4
Effect of the Concentration of Acrylic Acid
on Water Absorption of the Saponified Starch-
g-poly(acrylic acid) Copolymer in NaCl Solu-

2.0% w/v

t.ions of 0.1, 0.5, ' (4]
\

2

Starch(g)/Acrylic ?};Hﬁmirh.rptlﬂn (g/g) in
acid(M) y'/i a H}ionﬂ of
L 2.0%"
30:1.47 28.9 23.2
30:2.21 32.3 27.4
30:2.8 ~f 90.9 58.9
30:3. Eﬂln 35.86 31.2
30:4.42 . 10.9 10.1
F_ - [ . | L]
® Nat1= 53& 1=0.017, [Na J14CLC1 J.= 0.034 mgle-ion/dm”,

EN& 1=CC1 1=0.085, tNa*3+4Cc172 0.170 IDlE-ianﬂls,

ionic strength = 0.085 M.

tNa*1=r£Cc171=0.171, [Na*14CCl™1 = 0.342 mole-ion/dm”,

ionic strength = 0.171 M.

CNa*1=CC1 1=0.342, [Na'31+LCl1 1 = 0.684 mole-ion/dm”,

ionic strength = 0.342 M .
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in turn, is assumed to be directly proportional to a degree
of swelling, i.e., to the water sorption itself (90).

In this case the graft copolymer is present as the
anion of potassium salt (polycarboxylate), which is assumed
to be a strong electrolyte. Saponified starch graft copo-

lymer was placed in NaCl utions. At the surface of this

‘ //aahle membrane exists. To
N '@a both sizes of the

material the behavio

maintain electrica

Saponliiilad 7—7; LATONn a 5 4
same behavior um il pmat.ain.

The usnﬂyﬁgspressure E; this system is now deter-

cined 3w WD BHNTINY AT or sersicres o

the external solution and that insthe interior of the copo-
13-91@“ ﬁg&ﬂ.ﬂtjmuwﬂ;lmgﬁ EJ the copoly-
mers have the same concentration (mole-ion/dm”) as that of

polycarboxylate.
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Then,

T = «2a® + =2ab ) RT (4.14)

ymer, mole-ion-dm "3

b : ions in the
- nn—dll_a;

R = H

T :

According to ;*TT A as the concentration of
salt snlut.iun preasure of this
system would tlﬁ: re &ns are present, the
less water is absgrbed. In gpil environment, a similar
effect is m(uﬂd’}nﬂmimﬂnmﬁus types of ions

plant nutrxents. The' us id agriculture,

e AN S W S

effect, a reduction in water absorption. In order to com-
pensate for the decrease in water intake, the use of more

superabsorbent polymer is therefore necessary.
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4.4.2 Effect of Hydrogen Peroxide Concentration.

The effect of the presence of NaCl solution at
the concentrations of 0.1, 0.5, 1.0, and 2.0% w/v on the
water absorption is clearly illustrated in Table 4.5 and
Figures 4.10-4.11.

The experimental da show that the effect of NacCl

at different concent T‘afpf ically decreases water

. i‘ﬁ The more NaCl concen-

:1 water absorption is

absorption in the

tration in solutiog

obtained. Likewise /Uhis phenomenon is best explained in
:'ﬁz‘i' \

terms of the swelligofof wmodified starch containing anionic

groups as describid /s

4.4.3 Effect f6f, 5 s emperature.
gt :

The nff;r;x{;; ution at the concentra-

tions of 0.1, : Ei the water absorp-

tion is claarlyml ak BE.E and Figures 4.12-

ﬂummmm BLOdk cne errect of

Ticiﬁﬁﬁﬁiﬁ?ﬂiﬁﬁ“’i AR,

tion is  used, the less water absorption is obtained.

4.13.

Similarly, this phenomena are best explained in terms of

the swelling of modified starch containing anionic groups

as described above.




Table 4.5

Effect of the Hydrogen Peroxide Concentration
on Water Absorption of the Saponified Starch-

g-polytacrylic acid) Copolymers in NaCl solu-

tions of 0.1, 0.5, 1.0, 2.0% w/v

111

Hydrogen peroxide

concentration lutions of

-1 W r Absorption (g/g) in

(M)

1.0%° 2.0%"
0.0553 22.9 21.8
0:1107 F| B0 2 "3 38.1 34.4
0.1661 £5.0 - 65.5 39.5
0.2217 | 133.8 1 90.9 58.9
0.2768%4 - 17.4 16.8
0.3322 ]ﬂ 10.15 9.93

- T . A -
W

[Na J-ibl 1=0.017, Epa B o o J = 0.034 mnle-innfdm=

W%}@ﬂwmmwmaa

E a*31=0C171=0.085, [Na 1+[Cl72 0.170 mole-ion/dm”,

ionic strength = 0.085 M.

tNa*31=cc1731=0.171, CNa‘31+CCl71
ionic strength = 0.171 M.

CNa‘31=cC171=0.342, CNa‘1+CC172

ionic strength = 0.342 M.

0.342 mule-icn!dmn,

0.684 mole-ion/dm~,
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Table 4.6
Effect of the Reaction Temperature on Water
Absorption of the Saponified Starch-g-poly-
tacrylic acid) Copolymers in NaC]l solutions

of 0.1, 0.5, 1.0, 2.0% w/v

Reaction (g/g) in
temperature

[nﬂ] ]

f F b =3 E_Uﬁd
35 58.9
45 25.4
55 19.2
65 14.8

— |. - lr.
W i Ll
[Na E-ﬁbl 3=0.017, Qﬂa 1+CC1l™ 1 = D.0D34 male~10nfdm

amaaammmmwmaa

[Na J=CCl” J=ﬂ 085, tNat3+CCcl7 3 0.170 mole-ion/dm”,

jonic strength = 0.085 M.

tNa*1=rc173=0.171, CNa'31+CCl71
jonic strength = 0.171 M.

t(Nat1=CC173=0.342, [Na“J+CCl 1

jonic strength = 0.342 M.

0.342 male-innfdms,

0.684 mole—ion!dm“,
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4.5 Effect of MgCl, Solutions on Water Absorption of The

Saponified Starch-g-polytacrylic acid) copolymers.

4.5.1 Effect of Starch-to-Acrylic Acid Ratios.

The water absorption of the saponified starch-

g-poly(acrylic acid) copol

3 in 0.1, 0.5, 1.0, and 2.0%

w/v of magnesium chlc &ntlons is given in Table
_—-ﬂ

4.7 and Figures
\{ﬁg;r\;:“’ the water absorp-
\Shg\\\ ‘ng magnesium chloride

\\

Oon uhserv
tion decreased ev
concentrations. -5, 1.0, and 2.0%

MgCl_ concentrati al, except the 0.5%

addition having a dh ;ﬂ Lg_v.\ ater absorption only.
frya |
This suggests that ”*#1ii £38ure is reached ealier

in the presence of _J{_,{:,- er n. This decrease in water

absorption ? gue to the complocin P bility of carboxy-

a

late groups iqﬂrc i

complexes fﬂrnat1qp consequqe}ly, the crosslink density

serores. AUBIUPNINGIAT. i e
::E:ﬁﬁ'iﬁiﬁ?fu Wil nnaflﬁ'b;*:;‘“:

g/¢g, whlle that of NaCl the value obtained is about 133

aﬂ@ and intermolecular

g/g, exceeding an absorption factor of 2.
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TABLE 4.7
Effect of the Concentration of Aecrylic Acid
on Water Absorption of the Saponified Starch-
g-poly(acrylic acid) Copolymer in MgCl, solu-

tions of 0.1,

0.5,

Starch(g) /Acry . *.f'WaH;Hvrptlan (g/g) in
acid(M) 7 tions of
1.0%° 2.0%"
30:1.47 15.9 15.6
30:2.21 17.1 16.6
30:2. 19.5 . 18.9
30:3. eajg 17.4 16.9
30:4.42 o 9.9 8.7 8.0
rr [
*%1=0. Dqlﬂ [Cl 1=0.021, [Mg A4[Cl 1=0.@31 mole-ion/dm”,

iiimqmmmmqwmaa

Mg’ ]nn 052, C[C1 1=0.105, CMg ~1+4C[C1 1=0.157 mole-ion/dm”,
ionic strength = 0.157 M.

o 2 - - . . 3
[Mg ~1=0.105, [C171=0.210, [Mg ~3+[C1 1=0.315 mole-ion/dm>,

ionic strength = 0.315 M.

“tMg*®1=0.210, [C171=0.420, C[Mg “1+CC1 31=0.630 mole-ion/dm>,

ionic strength = 0.630 M.
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WATER ABSORPTION (g/g)
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Figu#ﬂ 4.14 Effect of the uncentrnt of acrylic
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starch-g-poly(acrylic acid) copolymer in

MgCl_, solutions of 0.1, 0.5, 1.0, 2.0% w/v.
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The water absorption of the hydrolyzed starch-g-

PAA copolymer in deionized distillated water as compared
to the water absorptions of 0.5% w/v of NaCl and MgCl, is
shown in Figure 4.16. At the concentration of 0.5% w/v of
NaCl and MgCl, their coresponding ionic concentrations

' and 0.157 (0.085 and 0.157 M)

y% ring the graft copolymer

(ionic strengths) are 0.1

mole-ion/dm” respecti
as a function of
in deionized dis®

the same patterg

The salt effect ig 1nt igz ~,7;‘ d a result of the
osmotic pressure @differentiald betue the internal and

external solution L= '3-1 er, due to the different

equilibrium was:
In addit%pn. the affect of monovalent (Na') and

divalent ‘ﬁﬂﬁ?%ﬁm ‘jhw‘g’}'ﬂl‘%:'rptlun of the

hydrolyzed ﬂtarch-g—Polyf&cr}'I ic acid) copolym in NacCl
and ﬂﬂﬂ’lﬁ\‘m ﬁlgu &]’w 1'}3&51@ El\t- the same
cuncentratlun, magnesium chloride solutions impose a lower
absorption value than those of sodium chloride solutions.
The decrease of absorption is due to screening of the ionic
charges bound to the starch grafted copolymer and to the
decrease of the osmotic pressure difference between the

copolymer and the external solution when the ionic strength
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increases (92). The effect of the ionic strength on the

swelling has been determined using the relation suggested

by Hermans:

A+ Bi®/1 (4.15)

Q =

4.16)

‘\-\: ilibrium;
2AN

miﬂ " \
ronic Strén \f of the external

the charges bound

A and B

ﬂ uEJ %mn&m&!ﬁ ﬂﬁt ion depends on

both the -ohile ion concentratiomsand their@valency. Smal

quutﬂtﬂlam imu vl::lq YJ}.LI.] ﬁﬂ ically the
the swelling values. The decrease of absorption in magne-
sium chloride can be due to the complexing ability of the
carboxylate groups inducing intramolecular and intermolecu-
lar complexes formation. Consequently, the crosslink den-

sity of the starch grafted copolymer increases.
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WATER ABSORPTION (g/g)

TN 3.68 4.42
- ACRYLIC ACID CONGEN 1;' TION (M) '
7 ‘t_

- Water 05 NaCl 0.5 MgCl,

ﬂ‘lJEl’J‘VIEWIﬁWEI'm‘i

F1gur 4.16 Comparnative wu T ahsorpt n of hydrolyzed

q wr] a q ﬂmw;‘] g"ﬂ%’ rla Ellﬂpulyner bet.-

ween deionized distilled water and 0.5% w/v

solutions of NacCl and MgCl .
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4.5.2 Effect of Hydrogen Peroxide Concentration.

The effect of H,O, concentration on the water
absorption of the saponified starch-g-PAA copolymer in
various MgCl, solutions is tabulated in Table 4.8 and shown
in Figures 4.18-4.19.

The experimental

show that the effect of MgCl_
at different concent tically decreases water
absorption in the : '5 of & < The higher the MgCl_
concentration in™8C
This phenomenon

swelling of modif aed

described above ig

4.5.3 Effect ¢ iﬁufi‘; emperature.
) temperature on the water
poly(acrylic acid)

o P Eﬁ

copolymer in vaJﬂo-, 'qﬂ solutions is tabu-

lated in Table 4. ﬁ and shown F1gures 4.20-4.21.

Firbd B ‘ﬂeﬂﬂﬁa‘iﬂ Bod fthad the efrect of

MgCl, at different concehtrationgsdramaticaldly decreases
waterwa laﬂ nim um:lg nﬂ;—] ahEJ higher the
MgCl_ cancentrat1nn in the solution is, The lesser the
water absorption. This phenomenon is best explained in
terms of the swelling of the modified starch containing

anionic groups as described above in 4.5.1.
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TABLE 4.8
Effect of the Hydrogen Peroxide Concentration on Water
Absorption of the Saponified Starch-g-polylacrylic acid)

Copolymers in MgCl_, solutions of 0.1, 0.5, 1.0, 2.0% w/v

Hydrogen peroxide

/er Absorption (g/g) in

concentration solutions of

(M)

1.0%" 2.0%°
0.0553 15.3 14.7
0.1107 17.8 17.5
0.1661 18.1 17.8
0.2217 19.5 18.9
0.27682: 12.2 12.1
u.aaziyﬁi , Y. o 9.0 9.0

| pal q

,aﬂugqu@wﬁwﬁQﬂ, a1 wbiesionit,

ionic strength = D.031¢M.

mgQM?ﬁ\iﬂiﬁU&Mﬂm&lﬁsﬁJmle tonrda®,

ioniec strength = 0.157 M.

“rMg*®1=0.105, £C171=0.210, CMg ~1+CLC1 1=0.315 mole-ion/dm”,

o

ionic strength = 0.315 M.
tMg ®1=0.210, [£C171=0.420, CMg ~J1+CCl 1=0.630 mole-ion/dm",

ionic strength = 0.630 M.
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Effect of the Reaction Temperature on Water

Absorption of the Saponified Starch-g-poly-

(acrylic acid) Copolymers in MgCl, solutions

of 0.1, 0.5, 1.0, 2.0% w/v

Reaction 4t c oDt i o1 tgfed An
temperature 1   :}?_,,' e

£7ie

0% 2.0%"

35 s 1 i E | e .

- ; : 2 16.1 15.6

8 | L 2. 8 15.4

= -2 14.8

o S PN SR TP

ionic sté“ngth = ﬂ.u31‘H.

mule—innfdmn,

@ BRI TIIRRA DAY ore-somn®

jonic strength = 0.157 M.
“tMg*®1=0.105, [C1731=0.210, [Mg ~1+[Cl 1=0.315
ionic strength = 0.315 M.

“rMg*1=0.210, CC171=0.420, CMg “1+CC1 1=0.630

ionic strength = 0.6830 M.

mole-ion/dm”,

mole-ion/dm ,
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4.6 Effect of K_PO,. 3H_ 0, KCl, NH,Cl and (NH,) _HPO, Solu-

tions on Water Absorption of the Saponified Starch-g-

Poly(acrylic acid) Copolymers.

4.86.1 Effect of Starch-to-Acrylic Acid Ratios.

The water absanp

\

the presence of K_POQ_.3H 0 NH,Cl, and (NH_)_HPO_ is

ion of the graft copolymer in

4 23. All of +these

Q&;ﬁ“xﬁhkhfw' as it is the iso-

absorption decre n T8
icy of the saponified

tonic point of 1i

The resu hle shows that water

8 that of deionized
Iy T

distilled water.

starch-g-poly(acry er is presumably depen-

dent upon the fullcu;ﬁ!‘h ors:
a) t ':-ET:"T""’_';:‘?!;;‘;'“;‘L} :

b) thﬁﬂrn

repulsion het.lleewgm alect.r anions in the polymer

hatier ﬂ‘lJEI’J'VIEWIﬁWEI']ﬂ‘i

c) the extent of crosslink affectimg the degree of

AR AR AT INEA R

Y]
r-qErsion resulting from

The absorbency (Q) can be expressed by the Flory’s

equation shown as following:



TABLE 4.10
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Effect of the Concentration of Acrylic Acid on Water Absorp-

tion of the Saponified Starch-g-poly(acrylic acid) Copolymer

in K_ PO,

.3H,0, KcCl,

NH,C1,

Identical Concentration of 0.9% w/w

and (NH_,)_HPO, Solutions with an

Starch(g) Water Water
JAcrylic LY absorption absorption
acid (M) |in K_P NH,C1%|in (NH,) _HPO_
(g/g) (g/g)
(0.168) (0.204)
30:1.47 | 24.9
an:2.21 -3 27.6
3D=2;95 P ———— T.8 51.5
30:3.68 32.4
30:4.42 10.1
*tx*1=0. 101, CPO,_ #3=0. 0d4, ck* 1+4EP0 *1 = HU&EE mole-

son/ B4 3 JanIUNRIY

f

g8

ionoic

204

EK J=ECI 1=0.121, EK J+CC1 1 = 0.242 nole-ion!dna,
strength = 0.1210 M.
“CNH,*1=0C171=0.168, [NH,"14CC17] = 0.336 mole-ion/dm”,
ionic strength = 0.1880 M.
o E -2 -+ -
[NH, 1=0.136, C[HPO, 1=0.068, CNH, 1+CHPO, ~1 = 0.
mula—innidla. ionic strength = 0.2040 M.
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q 5 i T2 - x /v | IV (4.17)
2 v EHIJS
where,

i : degree of ionization of polymer electrolyte

S : ionic st of salt solution added

(1/2 - x. b “’-F between ionic network and
ed water

v e ~) er repeating unit

w -2
v_/V ‘ .. n \\

Figure ( "'“;-l'; '&;a onships between the
absorbency (Q) and ,.J 5 mentioned above (84).

A

salts depends on the ‘el ;h} osmotic pressure as des-

ion in the solution of

cribed in eq. " & salt solution, and

bt

other factors qﬁrc 2 & q@ crosslinking densi-

ty, molar volume gof polymer rgpeating unit and the affinity

of the po lﬂuu ﬂt‘lﬂﬂ ﬂmﬁ wﬂ'&ﬂ ﬁter-
R8N QUUNANYARY. ...

Water Absorption.

The water absorption of the graft copolymer in
the presence of K, PO,.3H, O, KCl, NH,Cl, and (NH,)_HPO, is
given in Table 4.11 and Figures 4.25-4.26. All of these
salts have a concentration of 0.9% w/w as the previous

section.
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Ao /V,

pH

st fﬁ"“ﬁ'-ﬁ*fﬁil:‘ Polymer Electrolyte,
f-s‘ﬁ' of Polymer Network,

¢ sdonic Strepgth of Salt Solution, and pH

Fjl U 48N EELT I
QRAMNANANINYIALL. v .

w/w of KCl, K, PO,.3H, O, NH,Cl, and (NH,) HPO, dramatically
decreases water absorption in the presence of ions. The
higher ion concentration, the lesser water absorption. This
phenomenon is best explained in terms of swelling of the
modified starch containing anionic groups as described

above in 4.6.1.
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TABLE 4.11
Effect of the Hydrogen Peroxide Concentration on Water
Absorption of the Saponified Starch-g-poly(acrylic acid)
Copolymers in K_PO,.3H, O, KCl, NH,Cl, and (NH_)_HPO,

Solutions with an Identical Concentration of 0.9% w/w

Hydrogen Water Water
peroxide absorption absorption
concentra-|in in NH,C1%|in (NH_) _HPO “
tion (M) (g/g) (g/g)
(0.168) (0.204)
0.0553 8.7 11.7T
0.1107 24.8 33.5
0.1661 30.9 42.1
0.2217 37.9 51.5
0.2768 6.4 8.8
0.3322 5 3.1 4.1
a 2| ' -

101 [PO, ~1=0.084, [K 146P0, 3 = @G/135 mole-
m,ammnﬁm AN e
"rx* 1= c01 1 = 0.121, CK'314CLC171 = 0.242 mole-ion/dm”,
ionic strength = 0.1210 M.
“CNH,"1=CC171 = 0.168, C[NH,"1+CC171 = 0.336 mole-ions/dm”,
ionic strength = 0.1680 M.
=

“tNH,*1=0.136, [HPO, ~1=0.068, [NH_ '1+CHPO, ~1 = 0.204

nnle—ion!dna, ionic strength = 0.2040 M.
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4.6.3 Effect of Reaction Temperature.

The water absorption of the graft copolymer in
the presence of K, PO, .3H, O, KCl, NH,Cl, and (NH_ ) _HPO, is
given in Table 4.12 and Figures 4.27-4.28. All of these

salts have a concentration of 0.9% w/w.

The experimenfs ata show that the effect of
and (NH_ ) _HPO, drama-
tically decreasr : scﬁ The higher the ion

concentration, the

‘absorption. This phe-

nomenon is best | \ terms of the swelling of

groups as described

It i il

4.7. Water ﬁhaﬂrptitjﬁg;jgggj ne and Sand with Saponi-

fied Stakt _;_:": UL A DG Y 4 LG aG a ——:, jpolymers.
=3

1

In urde t$ de *agﬁr retention capacity

in soil environment the neyly hydrolyzed satrch-g-poly

(acrylic nﬂugpgmg mgm&lﬂ in:mg with sand
hav1n article EIZE‘E?E 200 mesh
BC) 1R (R TEL ipL T
ahaorption data are given in Table 4.13 and illustrated in
Figure 4.28 and the absorption of sand alone is 0.3 g/g.
They clearly show that the water retention in sand depends,
to a large extent, on the amount of copolymer used. There

is a linear relationship between water retention and poly-

mer concentration, i.e. the concentration of the grafted



142

TABLE 4.12

Effect of the Reaction Temperature on Water Absorption of

the Saponified Starch-g-poly(acrylic acid) Copolymers in

K_PO,.3H_0, KCl, NH,Cl, and (NH,)_HPO, Solutions with

a Concentration of 0.9%

Reaction

temperature

( C)

35

45

55

65

@l

L |

AN IAND S

®rg*i=ccl”1 = 0.121, CEKT1+CclT)

ionie strength = 0.1210 M.
“CNH,*1=CC171=0.168, CNH_ “1+rCl”

ionie strength = 0.1680 M.

Water Water
w-ahsarptian absorption

in NH,C17 [in (NH_) _HPO

(g/g) (g/g)
(D.168) (0.204)
37.9 51.5
21.9 28.7
16.3 22.1
13.9 18.8

ANIRY

]

ole-

0.242 nqle-iun!dms,

0.336 uule—iun!dms,

“cNH,*3=0.136, [HPO, ~1=0.068, [NH, J1+[HPO, ~1 = 0.204

mole-ion/dm”, ionic strength = 0.2040 M.
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copolymer increased, so did the water retention.

The water absorption efficiency of the copolymer
also plays an important role in water absorption of sand.
Indeed, as the starchi(g)/Aerylic acid(M) ratioc goes from
30:1.47, the water retention increases as well as those for

30:2.21, 30:2.95 ratios, enn the water absorption decreases

for 30:3.688 and 30:4. b vater absorption pattern

is almost identivadeds aFigure 4.30.

with Different Con-

centratd 7 ’= wv (&d\, Skarch-g-Poly(acrylic

etention (g/g) by

Starch(gh - : -
fAcrylic 2.0% 3.0%

ARYNIHY U er sostrar 1
RIaIn SN e | -

aci

30:1.47 37.63 38.49 32.25 43.84
30:2.21 44.92 48.89 51.19 54.89
30:2.95 123.37 . 128.58 132.43 141.08
30:3.68 TB.66 82.25 B4.54 91.81

30:4.42 18.78 19.64 21.29 21.94
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