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Flgure 4.1 Infrared spectrum of dried cassava starch
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Figure 4.2 Infrared spectrum of the graft copolymer after grafting
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Figure 4.3 Infrared spectrum of the graft copolymer after DMF extraction
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Table 4.1 The Infrared Absorption of Functional Groupsin Cassava Staieh; the Copolymers after grafting, after extraction

and after saponification. — i
Starch Graft copﬁfr f /[ 73 4 \Graft copolymer after HSPAN
after grafta / f T . DMF extraction :

wave number assignment wave number Sif%ﬁ _ i Wave number assignment  wave number assignment

(cm™) (cm™) : : i&cm ) (cm™)
3,410 O-H stretching 3,410 O-H stre‘éhs,né '3;?11'0 O-H stretching 3,410  O-H stretching
2,931 C-H stretching 2,931 C-H stretchin; ~2’ 931 C H stretching 2;931 C-H stretching

of CH, ofi"Ha 4§‘CH2 of CH,

1,082 C-O stretching 1,082 C? O-stretchmg 1,082 € O stretching 1,082  C-O stretching
2,245 C=N stretching 2,245 C=N stretching 1,572  C=O stretching
(peak ared = 0.612) (peak atea= 0.590) of carboxylate
1,402  C=O0 stretching
of carboxamide

(45
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The infrared absorption of cassava starch in Table 4.1 gave the
absorption bands at 3,410 and 1,082-1,160 cm™, the characteristics of amylose
containing in the starch.  After y-irradiation of the acrylonitrile onto the
starch, one can observe the stretching absorption peak of the C=N group
containing in acrylonitrile at 2,245 cm™ and the absorption peaks of starch at
3,410 and 1,082-1,160 cm™ still exi§t. It indicates that acrylonitrile was
probably grafted on the staich backbor;e’i»'_’.'_Eolyacrylonitrile that occurs during
the graft copolymerization can be _;emoveé by DMF extraction. One can

observe the decrease in the peak area of the stretching absorption peak of the C
a8

=N group at 2,245 ¢m hc appeaxance of the absorption peak of starch at
3,410 and 1,082-1,160 o | sh‘ows that starch was the framework of the graft
copolymer. Starch-g—P;;(h Was sapo 1ed by potassium hydroxide solution to
convert the C=N J groups of Z acrylomtnle to the carboxylate and

e absence of 1}16 C=N group at 2,245 cm™ and the

strong asymmetrical streff:hmg band at- 1,‘372 em”, and a weak symmetrical

carboxamide groups.

stretching band at 1,402 cm’, the chainctmstlcs of the of the stretching

absorption peak - a‘f 2n l' carboxamide groups,

respectively was a mdlcator of the presence of the HSPAN The absence of the

primary amine may be due to a relatively low concentratlon and/or the usually
low intensity Of the NH- stretchmg band afid overlapping with the existence of
OH stretching of the starting materials. The existence of the absorption peaks
of the sstaroh’ at, 37410 and<1;082415160 &m /stilll indicdtes That the saponified
PAN was grafted onto the starch backbone.

Grafting of Acrylonitrile onto Cassava Starch

1. Effect of Total Dose on Graft Copolymerization
The result of the gelatinized starch under various total doses exposed

by the gamma rays is presented in terms of homopolymer, the grafu'ng'



54

efficiency, the grafting ratio, the conversion of monomer, and percent add-on as

shown in Table 4.2.

Table 4.2 Effect of Total Dose (kGy) on the Grafting of Acrylonitrile onto
Cassava Starch

Total dose® Homopolymer w&afﬁng Conversion  Percent

(kGy) formed \ng ﬁﬁo of monomer  add-on

(%L___. 0 —% (%) (%)

47.9 33.0
339 36.2
35,0 38.1
393 41.8
60.8 39.1
63.1 35.8

m\‘/ﬁves the generation of B-

electrons from a cobalt- ‘60 source, and as a consequent, when electrons strike

an assembly ﬁw %o% ﬁaﬁj wgm’qnﬂﬁ be induced. They

include:

mnmmm umawmaa

> B.e A B e dc
AB —femre o AB" etc
€ ejection = AB+ ; e~

excitation > AB‘ > Ao Bhe Bo ( 4. 1)

, etc
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Table 4.2 and Figure 4.5 show the correlation between the total
dose and the homopolymer formed. The amounf of homopolymer formed
varied from 9.6 to 20.4% depending on doses. The lowest homopolymer
formed occured at the. total irradiation dose of 3.5 kGy; the homopolymer
content increased with increasing the amount of total irradiation dose, which
was higher than 3.5 kGy. To optimize the formation of graft copolymer with
the minimum of the contaminating h&fiopc_)lymer, there are a number of
conditions that need to be met. Mest impoﬁ:antly, the yield of radicals from
radiolysis of polymer(G value) must be, as much as possible, in exess of that
from the monomer: Tht:ls the gra@mg reaction of acrylonitrile onto starch
backbone would be févgred, since the G(Rad.) from acrylonitrile is about 5-5.6,
compared with thats '6f the starch of“fibout 10. This suggests that the higher
irradiation dose gavefa latg¢ ameunt of rad101ys1s products (in the absence of
oxygen): H* , OH" andfe f of whlch GIQH ), G(OH") and G(e™,,) are 0.55, 2.8
and 2.7 at pH 4-7, respecfively, which 1mh‘d,'ted homopolymerization rather than
grafting reaction. The G value or the ylﬁld‘,e:f radicals from radiolysis product,
such as solvent of tﬁmedmm,ﬂas_clasch_ﬂm_)nei& of radical from AN than
the G value of polymer backbone (5). The H and OH are frequently chain
transfer species to growing chains that consequently terminate the grafting
reaction. The fotal ifradiation dose)at 3.5KGy is‘thus jjdst an optimum dose to
generate the deast amount of H', OH" and e7,, for the chain transfer of

homopolymergrewing chaiir.

1.2 Relationship between Total Dose and Grafting Efficiency
Table 4.2 and Figure 4.6 also show that the grafting efficiency is
highest at the total irradiation dose of 3.5 kGy. The grafting efficiency
decreased with increasing total irradiation dose of those higher than 3.5 kGy,

and similarly it decreased with decreasing the total irradiation dose of those

lower than 3.5 kGy. It then suggests that the decreasing grafting efficiency is
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due to the formation of small fragments of H', OH' and €7, to form
homopolymer at the expense of grafting. A low grafting efficiency, in the
other word, a high formation of homopolymer, is not desirable since it would
yield a material being composed of a starch backbone grafted with a low

amount of the synthetic polymer.

1.3 Relationship between Totgl_%ge and Percent Conversion

Table 4.2 and Figure 4, show 4 continuous increase in percent

conversion of the monﬁmer as.the amount of total irradiation dose increases.
An increase in the tota?aé enhance!s the formation of radicals in the reaction
a,nd water All molecules are activated to induce a

mixture: monomer. :{ag/
higher conversion fi / omopoly er formation and the grafting reaction.
e

Nonetheless, a great 694 of_ ‘the: homopolymer formation occurs at the

disposal of graft copol zatlon App}ecmble changes in conversion, lower
and higher than 59.3%, do/ noiv mcrease thegiaftmg efficiency 51gmﬁcantly

:j"‘“ =

1.4 Relatidsishi

y ang ﬁpent Add-on

The experimental data of the effect of total dose on percent add-
on are given in Table 4.2 and in Figure 4.8. The curve indicates that at
irradiation dosés lower and higher than3.5 KGy| peréent-add-on decrease. At
the lower end %f the irradiation dose, fewer radicals emitted produce a small
number of PAN growingchains totbé giafted on the fewet active sites of the
starch, as there are not enough radicals to initiate ample active sites on the
starch backbone. At the higher doses, a greater amount of polyacrylonitrile
is formed as homopolymer at the expense of the grafting reaction.
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1.5 Relationship between Total Dose and Grafting Ratio _
The grafting ratios of grafted PAN are also shown in Table 4.2
and in Figure 4.9. The results show that the ratio of the number of PAN in

grafts to the weight of starch is maximum at the irradiation dose of 3.5 kGy. At
lower total doses than 3.5 kGy, there were a small number of PAN growing

chains to be grafted on the polymen backbone. Likewise, at higher total doses
: »mopolymen'zation than grafting
=
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Figure 4.9 Effect of total dose on grafting ratio



1.6 Relationship between Total Dose and Viscosity Average
Molecular Weight and Grafting Frequency

The effect of total irradiation dose on viscosity average
molecular weight (M,) and grafting frequency (AGU/chain) is given in Table
4.3.

Table 4.3 Effect of Total Dose on Vlscos@ Average Molecular Weight
and Grafting Frequency
Total dose Molecular weight Grafting frequency
(kGy) ;f (M ) (AGU/chain)

2 / / / [+ 139000 1,741
25 '

/ 13‘56.00 LAY
/

3 : 134‘600 1,346
3.5 .' 132=§90 1,139
4 F Zas mf* 1,255
Jia s 126, 500 : 1,389
" =]
v
a) Relaﬁ(msh1p between total dose and viscosity average
molecular weight e

The average molecular ‘weights of grafted polyacrylonitrile are
illustrated in Table 4.3 and Figure.4.10. When increasing the amount of total
irradiation ‘ose ifrom, 2 fo)5kGy, ithe Ny of grafted PAN decreased gradually
from 139,000 to 128,300. The higher the irradiation dose, the more the free
radicals are generated to produce a substantial number of short chains of
polyacrylonitrile to be grafted on the starch backbones, which result in short
grafts with low average molecular weights.
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b) Relationship between total dose and grafting frequency

Table 4.3 and Figure 4.11 show the effect of total dose on
grafting frequency. The grafting frequency is highest at the total dose of 3.5
kGy. The higher the grafting frequency, the lower the number of
AGU/chain. At lower total dose than 3.5 kGy, there were not enough PAN
growing chains to be grafted on. the polylmer backbone. Likewise, at higher
total dose than 3.5 kGy, too many PA{WIC?&IS induced by radiolysis were
produced and such radicals favore(bhomopolymer formation due to diffusion

predominance and thus€ss graiting ;eactlon onto starch backbones.
- IE

Water. op in deionized distilled water by the saponified

starch-g-polyacryloni : owﬁ:-in '-‘?fa‘ple 4.4 and Figure 4.12.

Table 4.4 Deionized Dlsﬂfled Water Abi;@on as a Function of Total
Dose : f’_ -
Total doséikGy)_Wate:absa:pugn 5!1 deionized
distilled water (g/g)
2“" 289
RIS 333
3 420
N3 500
4 459
3 396

The experimental data in Table 4.4 show that at the total dose of
3.5 kGy, the highest water absorption is obtained.
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2. Effect f- heet on Reduetion ot \ Ol mer
From the g viou a ium foil was found to

rization This research studied the effect of the different

| kinds of me lead sheet and zinc
ng *wmw‘wm i)

sheet in reduging opo ymer The result of metal sheets on graft

°°"°‘”‘5W“T‘ﬁ‘¢ﬂ‘1’mﬁ1ﬁ'l’3 NYINE

suppress homopolym



Table 4.5 Effect of Metal Sheets on the Grafting of Acrylonitrile onto
Cassava Starch

Metal Sheet® Homopolymer Grafting Grafting Conversion Percent

formed efficiency  ratio  of monomer add-on
(%) (%) (%) (%) (%)
Al 9.68 7Y T35 293 41.8
Cu 10.15 WA A 73 4 58.6 40.9
Pb 10,43 u.7 12.6 58.4 40.5
Zn 11758 '1 7,748 652 54.5 38.8
“total dose 3.5 kGy / 1

2.1 Relationis ?ﬁ g’t\yeen Graftlm{ Parameters and Metal Sheet
Metal sheet

during graft copolymeniatmn Since d}c absorptlon of gamma rays of metal

l{a? the capabihty of reducing homopolymer formed

sheet leads to electron ermssxbn, “the mcre‘ised electrons bring about more
primary product. _ The_increase in/HY ‘and "OH radicals can increase
grafting sites of m&*MM—MMﬁOH

Table 45 indicates the efficient eﬁ’ect of aluminium foil in
reducing homopolymer It may be due to the punty of metal sheets. In fact,
copper plate dnd iead sheet systems give a little higher homopolymer formed
than does aluminium foil. The inclusion of the zinc plate_gives the highest
homopolymiér forfiied becatise/ the ziné plate used is the construction grade.
Impurities in the zinc plate may be anticipated to interfere the result.

Besides giving the least homopolymer formed, aluminium foil

provides the most grafting efficiency, grafting ratio and percent add-on.
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Table 4.6 Physical Properties of Aluminium, Copper, Lead and Zinc

Aluminium Copper Lead Zinc
Electronic configuration  [Ne]3s® [Ar]3d"° [Xe]af [Ar]3d"° 4s°
3p' 4s' 5d" 65> 6p2‘
Oxidation state 1, 3" 1.2 2'n )
Ionization potential, eV
I 598 4, =68 7.42 9.35
I 1882 20.34 15.03 17.96
il "84\ 2950 31.93 39.70
" the most stable oxidatiof state | - s 4

\ 4
From the electronic conﬂguratit)n value aluminium has the core of Ne

with two electrons at the s-orbltal and’ }me p-electron at the outermost orbital
(valence electrons) so that the lnammug ‘valence displayed by aluminium is
three. The valence of zing-is- ilfVariablyTM' That of copper is one and it can
release one elecummdﬁmuoih&smblmdaam state is two. Since lead
has four electrons in‘its valence shell, the element WOuld be expected to show a
normal valence of four, However, the two s-electrons of lead are reluctant to
ionize and are, thus sometimes referred to 45 the inert pair. When gamma rays
interact with ‘metal sheets, they, lead to electron emission of metal sheets
depending) on'the-gxtent of total dose atid iorization potential. “The aluminium
foil cafi easily generate B-clectron upon irradiation.  Suppression of
homopolymer takes place through the radical termination possibly by a redox
reaction between the H and °OH and the aluminium atom, or an electron
transfer from the polymer growing chains to a p-orbital of the aluminium ion.

Electrons ejected in the ionization process participate in the primary species in
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solution. This may bring about the promotion in the H-abstraction of starch
molecule so the grafting reaction is enhanced.

2.2 Relationship between Viscosity Average Molecular Weight and
Grafting Frequency and Metal Sheet
The effect of the different kinds of metal sheets on the viscosity

average molecular weight and grafting ﬁ‘éqiwncy is shown in Table 4.7.

”

Table 4.7 Effect of Metal Sheets on Vlscos1ty Average Molecular Weight

\
\

and Graftmg Erequency |

Metal sheet Molecular weight Grafting frequency
f/Lon 1 4 (AGU/chain)
Al f / 132 500 ) 1,139
Cu 129000, 1,153
Pb 5450.200 ' 1,179
Zn 438400 1,249

- ]

From the above table, the average molecular weight varies from
132,500 to 128,400 and grafting frequency differs from 1,139 to 1,249. The
alumiunium foil can produce the product with the highest percent add-on, while
the average molécular weight of the grafted PAN is also the highest.

2.3 Relationship between Water Absorption and Metal Sheet

The effect of the metal sheet on water absorption in deionized
distilled water by saponified starch-g-PAN is shown in Table 4.8 and Figure
4.13.



Table 4.8 Effect of Metal Sheets on Deionized Distilled Water Absorption

WATER ABSORPTION (g/g)

600

Metal sheet Water absorption in deionized
distillated water (g/g)
Al 500
Cu 480
Pb ), 467
Zn | "‘{“_’; 367

-
The results}jowthat the highest water absorption can be achieved
by using the aluminiWo cover t!'le inner wall of the irradiated vessel.

500 +

400 +

300 -
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Figure 4.13 Effect of the metal sheets on deionized distilled water

absorption
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3. Effect of the Methyl Ether Hydroquinone (MEHQ) Inhibitor on Graft

Copolymerization

According to the results of total dose and metal sheets appropriate for
graft copolymerization of AN onto cassava starch, the total dose of 3.5 kGy
with the coverage of the aluminium foil on the inner wall of the irradiated tube
was found to provide the maximum water absorption in deionized distilled

/ 7
water.
,_.-="’

The effects of the- MEHQ mhlbltor on the homopolymer formed,
percent add-on, the cotfv'ersmg of thé monomer, the grafting efficiency, and the

grafting ratio are tabufé?/ m Table 4¥

Table 4.9 Effect of / lnElbl or,on Graft Copolymerization of
Acrylonitrile/ont. ssava Stai'ch

Inhibitor® Homo 9 ° Graft_lf}g Grafting  Conversion  Percent

(Y%owt based formed efﬁc1@g" ' ratio of monomer  add-on
on monomer) ()i R (%) (%) (%)
0 (control) 37 796 755 {503 418
0.00125 - 29 728 65.‘2;% 56.4 38.9
0.0025 143 68.5 59;_1F 539 36.2
0.005 180 A& 1Ay 43.0 50.9 31.6
0.01 24.6 42.7 33.0 48.3 243
0.02 28:9 32.0 239 46.7 19.1

“total doSe 3.5 kGy, aluminium foil was used for covering the inner wall of the

irradiated vessel.



69

3.1 Relationship between the MEHQ Inhibitor and Percent

Homopolymer
Table 4.9 and Figure 4.14 show the effect of the MEHQ

inhibitor on the extent of homopolymer formation. The result shows that the
percentage of homopolymer formed increases as the concentration of inhibitor
increases. Inhibitor stops every radical by reacting with the initiating and
propagating radicals and converting t-ham, elther to nonradical species or
radicals with low reactivity to undergo propagatlon(30) In this case, the
inhibitor can dissolve.in both-onomer phase and aqueous phases but it can
disperse in aqueous :h'(égéﬁore than"!monomer phase because of the strong H-
bonding between it-and )lfatcr(Bl 33) . Thus, when the inhibitor in monomer
phase mixed thorough( )Vlth aqueous*‘phase the inhibitor can partition into the
aqueous phase, which(i mcreases the efﬁc1ency 1n suppressing the radicals in
aqueous phase and stafch. Nopethelgs;, the neat monomer and the residue
inhibitor containing monomer. ¢an producb homopolymer but at a different
extent.  The mechanism for. suppress&ﬂgﬂthe radicals may be proposed that

methyl ether hydrdqumone can rearrange their fbrm to quinone upon Y-

irradiation. The be{mvmr of quinone is quite compTex Two major types of
reaction product are obtained as quinone and ether, formed by reaction at the C
and O atoms< of jthe quinong; | respectivelys | “Attacks’ of the starch and
propagating radicals at the oxygen atom yield the aryloxy radical, I, which can
terminate by ~conpling--and/or, disproportionation; with, another propagating

radical (or itself) or add the monomer. Attack on the ring carbon yields

s (4.2)

I

radical, II, which can react with other starch and propagating radicals (Eq. 4.3)
to form the quinone with the polymer side chain, IIl. The latter itself may be an
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inhibitor as well. An alternate route for radical II is rearrangement to IV

followed by coupling or termination with other radicals (30).

Mn O < >
=<} Q— e Mot (43)

H M
I
l

n

-

» !

3.2 Relatlonsh;p bctween the~ MEHQ Inhibitor and Percent Grafting
Efficiency Nelely .

oy J_

The expem‘nental data sho'witig the effect of the MEHQ inhibitor

on grafting efﬁcwncy are_given'in Tablé%—and Flgure 4.15. The data show
that the lowest grafﬁng_efﬁcmm;us_ohtAHmdmxh_tEe highest concentration of
the inhibitor. Since- the inhibitor that is fond of hvmg in aqueous phase and
reacts with starch and propagating radicals suppresses grafting reaction,
grafting sites;rediced and grafted chains was short.) Monomer was grafted less
and then could homopolymerize readily. Thus, grafting efficiency decreases.

3.3 Relationship between the MEHQ Inhibitor and Percent

Conversion of the Monomer

The correlation between the conversion of monomer on the
amount of the inhibitor is shown in Table 4.9 and Figure 4.16. It indicated the
conversion of the monomer was decreased as the amount of inhibitor increased

because of the enhancement of the suppression of polymerizations.
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3.4 Relationship between the MEHQ Inhlblf_or and Percent Add-on
The effect of the MEHQ inhibitor on percent add-on is given in
Table 4.9 and Figur¢ 4.17.The résults|show/that theré is‘a continuous decrease

in % add-on asithe amount of the inhibitor increases.

3.5 Relationship between the MEHQ Inhibitor and Grafting Ratio
Figure 4.18 and Table 4.9 show the effect of the MEHQ
inhibitor on grafting ratio. Grafting Ratio is the ratio between the weight of
grafted PAN and starch. It indicates that grafting ratio decreases when the

amount of the inhibitor increases. As the amount of the inhibitor in aqueous

phase increases, the grafted PAN decreases that results in a reduction in

percent grafting ratio.
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3.6 Relationship between Viscosity Average Molecular Weight.
Grafting Frequency and the MEHQ Inhibitor
The data of the effect of the amount of the MEHQ inhibitor on

the viscosity average molecular weight (M,) and the grafting frequency are
given in Table 4.10.

Table 4.10 Effect of the MEHQ Inhlblte{ djVV iscosity Average Molecular
Weight (M,) and Grafting Frequency
Inhibitor™™ "~ Molecular weight Grafting frequency

(%wt based on thiﬁ;g{eg RS (AGU/chain)
0 (corifrol f [ __ 132,500 1,139
0.001 J 3 117,900 1,143
0.0025 LS 106300 1,160
0.005 ;;5‘95,500 1278
0.01 i 8300 1,508
0.02 300 1,677

ei _
V. )
a) Relatronshlp between the MEHQ Infﬁbltor and Viscosity
Average Molecular Weight

Figure 4.19 ‘and Table 410 illustrate the effect of the amount
of the MEHQ %inhibitor on the viscosity average molecular weight (M,) of
grafted”  PAN.") Sincé fhe“addition |6f/ithe “ThHibitor suppfesses the graft-
polymerization of monomers, the viscosity average molecular weight of grafted
PAN decreases.



b) Relationship between the MEHQ Inhibitor and Grafting
Frequency
Figure 4.20 shows the effect of the MEHQ inhibitor on
grafting frequency. The result shows that the grafting frequency decreased
while the concentration of the inhibitor increased. It may be attributed to that
the inhibitor is participated in the aqueous phase that has an effect on the
number of active sites on the starch backb”;@ez L
9 -
3.7 Relationshit)l;gt\wen the MEHO Inhibitor and Water Absorption
The eﬁ'ec; 6f the M?HQ mhibitor on water absorption in
deionized distilled W’ftey 'by the saponified starch-g-PAN is shown in Table
4.11 and F1gure421f” LR 4
F * ey

rF rJy-
F i 'y

-'-J

Table 4.11 Effect of theeMEHQ Inhlblto‘; on Water Absorption in
Deionized Dls‘hlled Water ;-‘;- _ffﬂ

Inhlbltor 75 Water absorptlon in deionized
(Yowt based 6m_h§_nmnnmm)—dxsﬂﬂg& water (g/g)
0 (control) 500
0.00125 431
0.0025 324
0.005 | 280
0:01 ' 232
0.02 172

The results show that the water absorption was of 431 times it
dried weight obtained at the amount of the inhibitor of 1.25 x 107 % weight.
It indicates that the increase in the amount of the inhibitor decreasing the

grafted PAN chains results in the decrease in the water absorption.
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4. Effect of Nitric Acid on Graft Conolvmeﬁéation

Graftifig parametérs) of aéryloniftile ‘grafted orito cassava starch with
and without acid solution (0.1 M HNO:s) are shown in Table 4.12.

I acid'media; the radiolysis) 6f Water 1€ads 16 an-inéréase in G(H").
This proéess can then lead to increased grafting sites on the starch backbone by
hydrogen abstraction reactions (26). It causes more acrylonitrile graft on the
starch, thus grafting efficiency, grafting ratio, percent add-on all are increased
and the homopolymer decreases accordingly.
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Table 4.12 Effect of Acid on Grafting of Acrylonitrile onto Cassava Starch

Homopolymer  Grafting Grafting Conversion Percent

formed efficiency ratio of monomer  add-on
(%) (%) (%) (%) (%)
with acid 5.6 88.1 81.7 58.0 433
without acid 9.7 79.6: .5 59.3 41.8

“total dose 3.5 kGy, aluminium foil for covér{n,g the inner wall of the irradiated

vessel J

Conversion gf"ﬁionomer i§ rather constant. At the total dose given,
f! ‘ a
the ionizing radiation can 1aitiate a certain number of free radicals that are used

both for homopo]ym‘é‘nga‘ﬁgﬁ and g_;raf-gcoﬂpolymerization in a proper ratio.
£ J .. ik
f widy &

Table 4.13 Effect of A¢id 6n Viscosity Average Molecular Weight (M,)

and Grafting f're‘é[il‘éncy _i""
ot ':Molec&%f%ight - Grafting frequency
= ' i) “1_(AGUs/chain)
with acfd 129,400 T 1,047
withat 1aa 132500 1,139

The'molecular weight data are summarized in Table 4.13. The data
show that viscosity ‘average molecular weight lof the grafted polyacrylonitrile
decreases when the acid is added in the irradiated solution. Acid plays an
important role in enhancing grafting sites on the starch backbones. The
grafting frequency, therefore, increases according to the large number of
grafting sites. The molecular weight of the grafted PAN is less dependence on

the presence of the acid, the grafted chains seem to be shorter in the presence of
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the acid that is caused at the expense of the higher frequency in grafting (1,047
AGUs/chain).

Table 4.14 Effect of the acid on Water Absorption in Deionized Distilled
Water

\l / /Water absorption in deionized

[/ ﬁlstlllated water (g/g)
f — 550
““"-- 500

wiﬂmu)r-m;zf(
The effect / I v

mixing with AN, “6n

with acid ~ ":E;_ 2

saponified starch-g-
4.14.

Table 4.15 ﬁ wmﬂm ?Wﬁﬂaﬂxﬁf Acrylonitrile

ofifo Cassava Starch

) RPN VTN By e

acrylonitrile (%) styrene (%)
3.5 11.2 2.8 443
: 7 18.0 4.1 369
10 24.6 6.5 319

*AN=20ml, S=5ml



80

The experimental data indicated that the homopolymer of styrene
formed is smaller because the G value of styrene (G, = 0.69) is so low
compared to that of acrylonitrile (Gan = 5-5.6) (4), that styrene cannot self-
polymerize at low dose. On the other hand, the reactivity ratio of styrene
radical is higher than that of acrylonitrile (rs= 0.4, ray = 0.04) (30), styrene can
graft copolymerize with the starch before acrylonitrile. Thus, the grafted chains
have both styrene and acrylonitrilé “’;hhlegules that decrease the water
absorption. It may be due to thatythe graftéd chains have low carboxylate
groups, which is denved {reri-the hydrolys1s of ‘acrylonitrile with potassium
hydroxide solutios. ;he grafteq chains of both polystyrene and
polyacrylonitrile have become stiffer imposed by the bulky phenyl group of
styrene. In addmoﬁ' tylo grafted pG[lystyrene chains may undergo intra- or
intermolecular crosshﬁkmg that mtréduce a very rigid network, which is
difficult to swell in ﬂuids If a hlghe? dose were applied, both styrene and
acrylonitrile could have "prt_)mo_ted moﬁ-:_ﬁomopolymerlzatlon but the latter

could have homopolymerized -:-_i;;fi)re than the-former because of its higher G-
value and the higheé_mncenttaﬁmnﬂacgdoninﬂzjnéqlution.
Y o

6. Effect of The Quantity of AN (ml) on Graft Copolymerization
Accordirig 'to ‘the resalts) ‘of~the/\total “dose of 3.5 kGy, the graft

copolymer prépared by aluminium foil for covering the inner wall of the

irradiatedtube and\nitric acid for ehaficerent of)graft copglymerization of AN
onto cassava starch were found to provide the maximum water absorption in
deionized distilled water.

Table 4.16 gives the data of percent add-on, the grafting efficiency,
the grafting ratio, the homopolymer formed, and the conversion of the
monomer obtained at the various quantities of AN(ml).
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Table 4.16 Effect of The Quantity of AN(ml) on Graft Copolymerization
of Acrylonitrile onto Cassava Starch.

AN*(ml)  Homopolymer Grafting  Grafting Conversion of Percent

formed efficiency ratio monomer add-on
(%) (%) (%) (%) (%)
10 2.5 920, 43.4 58.9 28.7
15 4.1 W0A/Ar 632 58.5 37.6
20 5.6 88,1 g 7 58.1 433
25 O 81.9 943 57.6 474

‘total dose 3.5 kGy, Al Lty foil f§r covering inner wall of the irradiated

tube, in the presence:O/fu/tp'c agid © + &

£ J ‘) ‘;
6.1 Relatig{j@é Eetwéén The Quantity of AN(ml) and Percent
o L LA
Homop mﬁ I 3 )
The percelfrfag’e_ of homoﬁé_ﬁﬁler formed varied from 2.5 to 9.5%

as the quantity of acrylonitxi_lg-_ii;‘creascifﬁdm 10 to 25 ml. The corresponding
' £
o 1gure ?.22. The effect of high

monomer quantityv[é&ds to the more homopolymerization. More AN molecules

percentage of hom

could be activated Héasily in the monomer phaséJ to yield AN® that might

terminate through ¢ollision e fo/crowdiness.

62" Relationship betwéei The)Quantity/of AN(nil)afid Grafting
‘ Efficiency
The effect of the quantity of AN(ml) ratio on grafting efficiency
is given in Table 4.16 and illustrated in Figure 4.23. The result shows that the
highest grafting efficiency was obtained with the lowest quantity  of

acrylonitrile. It decreased from 92.0 to 81.9% as the quantity of
acrylonitrile was increased from 10 to 25 ml. The effect of high monomer
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Figure 4.23 Effect of the quantity of acrylonitrile on grafting efficiency
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quantity leading to higher amount of homopolymer at the initiation step, is
possibly due to primary termination where an exessive amount of monomer
was used to terminate the propagating radicals of homopolymer rather than the
graft copolymer. In addition, the initiation rate can be monomer dependent that

would directly alter the efficiency of the gamma rays (22).

6.3 Relationship between Thc’!@jmgtitv of AN(ml) and Percent
Conversion 2 -
The correlations between pereent conversion of the monomer and
the amount of mononi‘e; é;’hown u§ Table 4.16 and illustrated in Figure 4.24.
It indicates a fixedrel '6nship for this type of copolymerization. The linear
e§ -to-AN r'ﬁos and percent conversion is that the

ﬂoes mnot mcrease the conversion of the reaction

relationship betwe
increasing amount
significantly. This is ,the ilpper hmn;?f total dose given that can eventually
affect polymerizations. T'he limitation m&ﬁafpome from the initiation step where
the ionizing rad1at10n cannot mxﬁate an-y’mp:e free radlcals than those radicals

acquirable. If moré jgs_eﬁ_wcm_gmen_m_thjs_sxsm the percent conversion

might increase accordmgly

6.4 Reélationship ‘bétweein The Quantity of AN({ml) and Percent
Add-on
Fignreq4:25-shows ithat the) effect) of |the Quafitity of AN on

percentiadd-on. The percent add-on was increased when increasing the quantity
of AN. This result indicates that the increased AN produces the long grafted-
PAN. As the quantity of monomer increases, homopolymer and graft

copolymer also increase but not enough to highten percent conversion.
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Figure 4.24 Effect of the quantity of acrylonitrile on percent conversion
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Figure 4.25 Effect of the quantity of acrylonitrile on percent add-on
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6.5 Relationship between The Quantity of AN(ml) and Grafting
Ratio

The effect of the quantity of AN on grafting ratio is also shown in
Table 4.16 and Figure 4,26. It indicated that the grafted PAN/weight of starch
still increased if more acrylonitrile was added. According to the definition
of percent grafting ratio, the higher the number, the more grafted PANs were
joint to the starch backbone. When thé: "iilifgntities of AN increase, the grafted
PANs increase. Thus, percent grafting raﬁb is hlgh

4 I". #
100 —

80 +

60 +

% GRAFTING RATIO

20 +

0 t i i t
5 10 15 20 25 30
THE QUANTITY OF ACRYLONITRILE (ml)

Figure 4.26 Effect of the quantity of acrylonitrile on grafting ratio
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6.6 Relationship between The Quantity of AN(ml) and Viscosity
Average Molecular Weight and Grafting Frequency

The effect of the quantity of acrylonitrile on the viscosity
average molecular weight (M,) and the grafating frequency is given in Table
4.17.

a) Relationship between. %@uan’aty of AN(ml) and Viscosity
Average MoleculagWelght
Figure4.27-and Table 4.17 illustrate the effect of the quantity
of AN (ml) on the m?c/;ﬂcight Wv) of grafted PAN. When increasing the
quantity of acryloni}( 10t0 é_&;ml, the M, of grafted PAN increased

from 73,700 to 150,500.1¢ '{tivEIy" Under the low monomer quantity, the

low ratio of propagation pr. bably results in more termination reactions thus

keeping the M, of the

.-'J':, #

‘v chamé 10w~*5,24) As more AN were present in the
reaction mixture, there were ‘more probé@.‘l&y that AN could be grafted on the

starch backbone. This results in mcreasi;ig;@f.the M, of grafted chain.
'

Y il

\Z
Table 4.17 Effect of The Quantity of AN(ml) on the Vlscos1ty Average
Molecular Weight and the Grafting Frequency

-

Ly
L M

AN(ml) Molécular weight Grafting Frequency
(M,) (AGU/chain)
10 A 735700 & {1180
15 104,000 1,065
20 129,400 1,047

25 150,500 1,033
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b) Relationship between the quantity of AN (ml) and Grafting

Frequency

Figure 4.28 shows the effect of quantity of AN on grafting
frequency. The less the AN quantity, the less reaction between AN and starch.
Consequently, The number of AGUs/chain is higher. The number of
AGUs/chain is almost the same at the /AN of 20 and 25 ml. It may be the
result from steric effect of grafted PAI\f «hain. The high quantity of the
monomer probably favours a rapid.initial buildup of PAN side chains that in
turn might hinder the"movement of the monomer to other active sites on the
carbohydrate backbone s favouring the addition of the monomer to the
growing end of the f;A(N rather than to another active site on the polymer

" 4

backbone (24). ’ \

160 T r

140 4

120 +

L |

RIVE

100 +
w0
60 ¥

40 £

VISCOSITY AVERAGE MOLECULAR WEIGHT x 10-3

0oF } } } i
s 10 15 20 25 30
THE QUANTITY OF ACRYLONITRILE (ml)

Figure 4.27 Effect of the quantity of acrylonitrile on v1s0051ty average

molecular weight
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6.7 Relationship batsicen The Quantity of AN (ml) and Water

Abserption 1
8 4 et
The effect of the quantity of AN (inl) on the water absorption of

the saponified starchtg-PAN in deionized distilled water is tabulated in Table
4.18 and shown in Figure 4.29,

The experimental déta shows that the highest water absorption
occured)at the quantitiy-of AN about 20/ml * The' swelling-is Considered to be
caused by osmotic pressure differential resulting from a difference in
concentration of mobile ions between the interior of the gel and the external
solution (34). The concentration of mobile K* ions in the polymer gel,
resulting from the saponification step, is higher than those in deionized water
which comprises only hydrogen and oxygen atoms.



Table 4.18 Effect of the Quantity of AN on Water Absorption in

Deionized Distilled Water
AN Water absorption in deionized
(ml). distillated water (g/g)
10 237

600 -

500 +

| ¢

400 -

300 -

L)

T

200 -

WATER ABSORPTION (g/g)

o} AUEINENINYINS

Figure 4.29 Effect of the quantity of acrylonitrile on water absorption

in deionized distilled water




As the ionic groups cannot move out of the gel, the solution within the gel is
regarded as separated from the external solution by a semipermeable membrane
which confines to the potassium carboxylate and carboxamide groups, but gives
passages of water. The gel swells as a result of the difference in ion
concentrations. Swelling continues until the osmotic pressure differential is
equal to the resistance to further eéxpansion, i.e., when the ion concentration
between inside and outside the gel has re/;éf;ed equlhbnum

In conclusion, the effect of Water absorption depends on the
frequency of interpoSition=of theﬂ grafted polymer chains on the starch
backbone, and the nafﬁ ofthe gral?fed polymer, which means the amount of

grafting chain or ay}( ifry e “and ‘its molecular weight are some of the
determining factors for water !dbsorptugn

foi

6.8 Effecto 1 Solutlo gzgg Water Absorption
The effect of ‘NaCl soluttoné‘ at the concentrations of 0.1, 0.5,
1.0, and 2.0% w/y on the-water absofp&on is clearly illustrated in Table 4.19

.
ﬂﬁ’ the saponified starch-g-

polyacrylonitrile is very dependent on the ion concentration. Indeed, the effect

and Figure 4.30. ‘I
wd

of NaCl at different co_ncentrations shows a dramatic decrease in water

absorption inthe presence of 1o1ns.
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Table 4.19 Effect of NaCl Concentrations on Water Absorption

AN(ml) Water Absorption in g/g
0.1%' 05% 10% 2.0%

10 -9 65 52 38

15 99 71 57 40

20 B, 85 G0 .47

25 108 f’:Zﬁ 627 G 43

*[Na'l=[CI'] = 0,007 ~pNa '] B[CIT= 0.034 mole-ion/1
®[Na'] = [CIT] =0 085 “Na’] + [CI7] = 0.170 mole-ion/l
°[Na']1=[CIT] Bﬂ{? (Na'] +\[Cl'] 0.342 mole-ion/1
4 [Na'] = [CI"]® 2,, [Na ] + ECI—] 0.684 mole-ion/1

The efé}/ ¥ salt Concéﬁtratlon on the water retention values is
best explained in termies bf the swelﬁ}gg of modified starch gels containing
anionic groups. This treameﬂt? was prqﬁ_séﬂ by Grignon and Scallman (34) in
terms of swelling of such gels as descnbé&-above Briefly this approach may

\ ; _v iy
be summarized migﬁ—feﬂewmgway; === Y |

The 16ns attached to the macromolecular network in the gel are

immobile and are con51dered to be saparated from the external solution by a
semipermeable membrane, which confines the immobile ions, but gives passage
to water and all'simple ions. The excess concentration of mobile ions in the gel
phase.is “ ¢alculaid “sing Donnan’s | equilibrium ‘model; This  excess
concentration is directly proportional to osmotic pressure differential, and
this, in turn, is assumed to be directly proportional to degree of swelling, i.e., to
the water absorption itself (35).

In this case the graft copolymer is present as the anion of
potassium salt (polycarboxylate) and polycarboxamide, which are assumed to

be a strong electrolyte. When saponified starch graft copolymer was placed in
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Figure 4.30 Water absorptton of’ §a_pomﬁed starch-g-PAN in NaCl
solutions’ of O ¥, 05 HJ" and 2.0% w/v.

,.J. -

NaCl solutions, af },hcuzfaceﬁﬁthxs—mawmm&&e}lawor as semipermeable
membrane exists. To maintain electrical neutrahty on the both sizes of the
membrane, Na* and CI”ions have diffused through the membrane from external
solution to the| ifitériot Of gels! The amount of 'NaCl ‘diffused from external
solution to thé interior of gel is inversely proportional to the concentration of
non-diffusible iofi)) polycarboxylaté, This unéqual distribution ‘of the diffusible
ions (Na'and CI") in the two compartments is the result of the Donnan effect
(36), assume that the saponified starch graft copolymer has the same behavior
as the sodium salt of protein.

The osmotic pressure of this system is now determined by the
difference between the number of particles in the external solution and that in
the interior of the gel. Assume that K" ions in the interior of the gel have the

same concentration (mole-ion/1) as that of polycarboxylate.
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Then, _
m = 2a° + 2ab RT 4.5)
a+2b

Where,

T : osmotic pressure, atm

a : concentration o§ polycarboxylate and K" ions in

the interior of th /,‘mole-lon-l

b : concentration of Na* aml"Cl ions in the

' lutlgn, mole-ion=I"

314 J K 'mol™

Te concentration of salt solution increases,

the osmotic pressurefof this system WOuld then decrease. The more ions are

aaaaa ..f}' i

expected as soils contair vanous typesf.aﬁ-ions and plant nutrients. The use of

fertilizer in agnculture homgu}gure, and-;axbmculmre also has such an effect, a
: ! £

ate for the decrease in water

reduction in water %s

intake, the use of n{orle superabsorbent polymer 15 tﬁerefore necessary.

_u,i T

6.9:1 Effect of MgClySolutioiis ol Water Absotption.

The water absorptikon of the saponiﬁed starch-g-polyacrylonitrile
copolymers; im, 03, @:551:0; and 120%6) w/v of magnesmm chloride solutions is
given in Table 4.20 and Figure 4. 31

On observing the case of MgCl,, the water absorption decreased
even more with increasing magnesium chloride concentrations. As a
consequence, the absorption with MgCl, solution is much less than does NaCl.
Here the highest water intake of MgCl, solution is less than 90 g/g, while that
of NaCl the value obtained is 140 g/g. |



Table 4.20 Effect of Different MgCl, Concentrations on Water Absorption

AN(ml) Water Absorption in g/g
0.1%" 0.5%> 1.0% + 20%

10 . 42 27 25 24

15 53 31 28 26

20 o0} 4, 44 37 30

25 86 f»""l«»jg 3899

* [Mg**1 = 0.010, [CL]=10.020, fMg*T=[CI5] = 0.030 mole-ion/]
®[Mg?"] = 0.052, [CT =005, (Mg*] +{CI] = 0.157 mole-ion/]
°[Mg*"] =0.105, [C,l‘]= 0,210, [Ii}/[g2+] +[CI7] = 0.315 mole-ion/l
! [Mg*1=0.210, 5)‘] /420, [M##] + [C17 = 0.630 mole-ion/l

i
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——0.1%MgCl2 —®—05%MgCl2 —A—1.0%MgCl2 —%—2.0%MgCL2

Figure 4.31 Water absorption of saponified starch-g-PAN in MgCl,
solutions of 0.1, 0.5, 1.0, and 2.0% w/v.
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The water absorption of the starch-based superabsorbent in
deionized distilled water as compared to the water absorptions of 0.1% w/v of
NaCl and MgCl, is shown in Figure 4.32. At the concentration of 0.1% w/v of
NaCl and MgCl,, both Na* and Mg®" have ion concentrations of 0.034 and
0.030 mole-ion/l respectively. The figure indicates decrease in water
absorption with ions, especially divalent ions. It is the result of the osmotic
pressure differential between the intefﬁﬁqulution in the gel and external
solution due to the different ion types (374). The water intake by the gel
reduced the osmotic*pressure until an ion concentration equilibrium was

reached.

Tl
A
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0 5 10 15 20 25 30
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—&— deionized distilled water ——(0.1%NaCl —&—0.1%MgCI2

Figure 4.32 Comparision of water absorption of HSPAN in deionized
distilled water and 0.1% w/v of NaCl and MgCl,



6.10 Effect of K3PO,3H,0, KCI, NH,Cl, and (NH,),HPO, Solutions

on Water Absorption

The water absorption of the graft copolymer in the presence of
K3PO,43H,0, KCI, NH4CI, and (NH,),HPO; is given in Table 4.21 and Figure

4.33. All of these salts have the concentration of 0.9% w/w.
The result in the table 4.21 shows that the water absorption
decreases in relation to that of deioni"éeﬂ.,-.-water. The absorbency of the

saponified starch-g-PAN"is presumably dependent upon the following three

factors:

f‘«‘ II

, ,'1
Table 4.21 Effect OQ?T)AféIﬁO, K@, NH,CL, and (NH4),HPO, with
Identicals ogé;egfrgtiprf 0 2% wiw on the Water Absorption
of the Sapdgiﬁéd»‘Staréil-g-Fsplyachonitﬁle

AN(ml) £ | . Water Absorption (g/g) in
K:PO, 3H,6°  “KCI® ~ NHCI°  (NH,),HPO/
10 | _SpE P R 43 46
15 55 70 50/ 54
Yy ,,,_J
20 = 95 90 62 73
25 o8 82 57 58

K1=0.101{PO,T 1= 0.034 [K] ¥ [PO,*] =0!135 mole-ion/1

°[K'] = [CI] <0.121, [K'] + [CI] = 0.242 mole-ion/I

“[NH, "% §€1°T =01 168 INHL 14 [€17] £ 0.336 fol&ibn/

‘INH,"1% 0.136, [HPO,*] = 0.068, [NH,']+ [HPO,>] = 0.204 mole-ion/l

a) the osmotic pressure;

b) the molecular chain expansion resulting from repulsion

between the electrolyte anions in the polymer chains;
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c) the extent of crosslink affecting the degree of swelling of the
polymer;

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

shown as following: .

Q* :}x%\\‘i% xD)V1] (Ve/ V) (4.6)

100
o %
)
z
o -
B g0t
E -
S i
m -
< 40+
o J
= :
=
T ]
20 +
: - '_ 4
i i — - ’
0 §J 4 10 15 20 25 30
A USTEI N T
——K3P04.3H20 ——KCl 4l - 2HPO4
Figure 4.33 Water absorption of saponified starch-g-PAN in KCI,
K3PO43H,0, NH,Cl, and (NH,4),HPO, solutions of 0.9%
w/w.
where,

1 : degree of ionization of polymer electrolyte
S”: ionic strength of salt solution added



(172 - xy)/v; : affinity between ionic network and /:i}
B

the absorbed water
V. : molar volume of polymer repeating unit

ve/V, :. crosslinking density

Figure 4.34 shows, the relationships between the absorbency (Q)

and the factors mentioned above (1).

-
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Figure 4.34 Relationship between SWBlji.mg degree and ionization degree
of polymer electralyte, Qf;)};élmkmg density of polymer
network, ionic: §trcﬁgth Of@tﬁolution, “and pH of polymer

soluﬁoé,
-d

-

y
J

. .I‘" ‘(!

The different water absorption in the solution of salts depends on
the effect of Osmoti¢ pressure as) deScribéd lift eq.) 4.5, 5onic strength of salt
solution, and other factors described in €q. 4.6: crosslinking density, molar

volume " of ¢polymer, (repeating yunit jaad ‘the “affinity|of\bétween the polymer

networkrand the absorbed water.

6.11 Effect of Simulated Urine Solution on Water Absorption

The water absorptions of the graft copolymer in simulated

urine solution and deionized distilled water are shown in Table 4.22.




Table 4.22 Effect of Simulated Urine on Water Absorption of the HSPAN

AN(ml) Water Absorption (g/g) in
Simulated Urine® Deionized Distilled Water
10 ¢ il 237
15 52 388
20 76 550
25 63 S 493

*[Ca®"]= 0.0058, [CI]=0:0116, JCa”*=[CL}=0.0174 mole-ion/l
[Mg**] = [SO,*] = 070045, “[Mig®"] + [SO47] = 0.0092 mole-ion/1
[Na'] = [CI] = 0. 14(3@;- Do/ [é;l-] = 0.2800.mole-ion/l

The{e’:s({lt finfthe | abo>ve table shows that the water absorption
decreases conmderaBIy in sunulated‘ urme solution in relation to that of
deionized distilled water It is aﬁnbutéJd to the effects of salt concentrations in
the solution, especially, the l-regatlve eﬂ’ét of the divalent cations, Ca** and

Mg** .. 7R

-
-

L_LL-

6.12 Water Absorption in Sand Alone and Sand with Saponified
Starch—g-Polyacglomtnl

In ‘order) to/ determirie, the water reténtion capacity in soil

environment, ‘the newly synthesized copolymer was tested by mixing it with
sand with fhi¢ paiticle $ize-avetagé| latger than 100 tesh 4¢'the concentrations
of 0.5,1.0, 2.0, and 3.0%. The absorption data are given in Table 4.23 and
illustrated in Figure 4.35 and the absorption of sand alone is 0.4 g/g. They
clearly show that the water absorption in sand depends to a large extent, on the
amount of polymer used. There is a linear relationship between water retention
and polymer concentration, i.e. the concentration of the grafted copolymer

increased, so did the was retention.
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The absorption efficiency of the copolymer also plays an
important role in water retention of sand. The water retention of sand mixed
with HSPAN synthesized with different AN concentration is shown in Figure
4.36.

Table 4.23 Water Retention on Sand Mlxed with Different Concentrations
of Saponified Starch-g-Polyafoﬁlommle

AN(ml) WateyAbsorquIl,,g/ g, with the addition
—— 3 of polymef %, to sand
A 05 & 2.0 3.0

141 - ,_ 4144 146 178
731 4% 201 224
4 N A

20 303 4 317 372 431
o rdida [ )kl s
25 %fl_() i 35252 271 315
=5
7. Modlﬁcatlon of Sandmﬁed ”Sfaréh-g-PAwauh Aluminium

Chloride on.V

Drying Métr:hdd =

Accordingﬁ_{o the results of the total dose._(’)f 3.5 kGy, aluminium foil
covered the inner; wall|of the irfadidted tube and hitric| 4cid inclusion for graft
copolymerization of AN onto cassava starch, the HSPAN have the maximum

water absérption i deionized distilled water whicH is’550 timies it dried weight.
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Table 4.24 The water absorption and wicking time of the HSPAN
depended on the quantity AlCl;6H,0 and drying method. -

AlCl36H,0 Water Absorption (g/g) wicking
(g) heat dried  freeze dried time (min)
0(control) 550 682 15.30
0.25 33%1) , . 475 7.40
0.75 255 ""’{.;;60 1.20
1.25 160y 7% 0.30

\
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WATER ABSORPTION (g/g)

200 -

4 4 -
— ol
' !
i
p 2,
K b
-l
7 i

1000 — f‘_
7/
£
'k
If
, f
1!'. = g

L

0.25 0.75
THE QUANTITY OF AICI3.6H20 (g)

1.5

B heat dried product

Efreeze dried product

Figure 4.37 Water absorption of the saponified starch-g-PAN modified

with the different quantities of aluminium trichloride and

drying methods
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In Table 424 the water absorption and wicking time of the
absorbent polymer are shown. Drying method has a strong influence on water
absorption. Heat drying method gives the product with less water absorption
than freeze drying method because of the induced crosslinking reaction during

drying. The crosslinks between the grafted PAN caused by the high

temperature lead to a decline in the, water absorbency (38).

The effects of alummlum/ »ﬁ:chlonde hexahydrate on water
absorption and wicking time are shown in Taﬁ'le 424 and Figure 4.36. It
indicates that aluminium 10z mnde!r the HSPAN with an enhanced degree of
wicking (absorption Tapidly and reéuces the water absorption of the product.
This phenomenone”was' e la,med _b_y, Elmquist (15) that the HSPAN was

surface treated withaluginitg iofis, "hi;;h reacted with the carboxyl groups of
0 ct w1th a linkage density at the particle surface

"'}-}‘ 7

greater than the linka 51ty m the.fpamcle mterior. The imbalance forces

between the surface an th@.-mnex of:-fﬁgé_{gel cause the equilibrium osmotic

pressure to be reached sooge_;r,;;“.therc@fg‘;ﬁhe extent of water absorption is
reduced. ;é
L_}.'
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