SYNTHESIS OF CASSAVA STARCH-BASED
WATER-ABSORBING POLYMER FOR
AGRICULTURAL APPLICATION

in sand increased the water

retention capacity.
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them germinate faster, emerge
transplanting application, coatings of superabsorbents to bare roots of vegetables, trees,
ornamentals, seedings and so on, prior to transplanting help prevent roots from drying,
reduce wilting, prevent transplant shock, increase plant survival by decreasing recovery
time and improve root development.
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Besides, the removal of suspended water from organic solvents is an important
potential use for hydrolyzed starch-g-polyacrylonitrile. Its uses as a dehydrating agent
for ethanol-gasoline mixture to avoid the azeotropic distillation step that is necessary to
remove final traces of water from ethanol has been carried out. It can also be used to
absorb water from aqueous solution of polymers, such as proteins, in order to concentrate
the polymers under mild concentrations.

biomaterials whic - i wl se. :
graft copolymefizat oImers mmated ﬁ)y certam\.

east of Thanland is the largest reglon of the ¢

Cassava starch produced from tapioca cultivated in summer was obtained from
Thai Wah Co. Ltd. It contains 12.80% moisture, 0.07% ash, 32.57 ppm SO pH value
of 5.80 and viscosity at 66-77°C of 780 BU.

J. Natl. Res. Council Thailand, 1991, 23(1)
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Aprylonitrile (AN, 98% pure) was provided by Siam Resin & Chemical Co. Ltd.
It was purified by fractional distillation at atmospheric pressure through a 14-inch vigreux
column and stored in the refrigerator under nitrogen gas.

Methanol, commercial grade from BDH was also purified by fractional distillation
at atmospheric pressure.

Other chemicals ed and 2 ade, employed without further
purification.

1. Gelatinization

ool gelatinized starch the presence
sulphate and the chosen acidity of nitric acid (f

The extracted product was A, wa

at 65°C. Then 100 cm- of the clear extract was precipitated in an excess amount of
methanol, then filtered and washed again with methanol. The precipitate was dried for
3 h at 65°C and weighed to determine the amount of the homopolymer, polyacrylonitrile,
All products were detected with the IR spectrometer. The IR analyses were carried out

2. awv. an. 398 1., bdad, bo(s)
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with 0.04 g of dried product mixed with 2.00 g dried KBr. Calibration of the spectrometer
was held constant for all analyses.

4. Copolymer characterization
Saponification of starch-g-polyacrylonitrile

A suspension of
200 cm’ of an 8.5% u-

stirrer and the ;/n
solution and anged to

tl n a i Bi eloped to deep red

(1-0n

[ask equir d with a Eﬂﬂden@ﬁfa
m- of | N H \ and the mixture was
] 1 of the washe

d then drie
~or so called “pereen
he graft copolymer and

g efficiency
‘l“’gmures of secti

S. Water absorption/retention capacities of the copolymer

was regarded as the perce

In deionized water

A 0.1 g of dried and saponified starch-g-polyacrylonitrile was immersed in a
weighed amount of triply-distilled water. After one hour, the slurry was filtered through
a wetted and weighed no. 41 filter paper in a funnel by normal gravity force. Corrections
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were made for the water retention of the filter paper, i.e., the wetted filter paper will
reduce, to a certain extent, the capillary effect of the filter paper. The amount of water

retained by the starch-g-polyacrylonitrile was calculated as in gram per gram of dry
modified starch.

In magnesium chloride solutions

ed in section 1 was carried out,

copolymerization. The IR spectra of cassava starch, and the copolymers after grafting,
after extraction, and after saponification were given in Figures 1-4, respectively. The IR
spectrum of cassava starch in Figure 1 gave absorption bands at 3,400 and 1,000-1,100 cm_l,
characteristic of amylose containing in the starch.

2. auv. An. 38 1., bded, wa(s)
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The absence of the C=N group at 2,243 em™! and the strong asymmetrical
stretching band at 1,570 cm_l, and a weak symimetrical stretching band 1,430-1,390 cm—l,
characteristics of the -C=0" group indicated the occurrence of grafting. The absence of
the primary amine may be due to a relatively low concentration, and/or the usually low

intensity of the NH stretching band and overlapping with the existing one(s) of the starting
materials.

Grafting of acrylonitrile o

L —

abs after~graffir itri
content increased is illustratédwin 'a;w‘h' §"the change in peak lengths of

the nitrile stretching absorption due to grafting, extraction, and saponification of the
polymers.

Determination of homopolymer content and percentage grafting efficiency.

Although the synthesis of starch-g-polyacrylonitrile involves a free-radical

J. Natl. Res. Council Thailand, 1991, 23(1)



22

pathway, contributed by the redox initiator, free-radicals formed on starch caused by
chain transfer reactions produce a significant amount of homopolymer which is removable
by dimethylformamide. PAN is soluble in such a solvent while the starch-g-polyacryloni-
trile remains unchanged. This renders the decrease in the peak lengths of nitrile groups
of the graft copolymer as shown in Table 1.

Graftmg eff1c1encv is a te ¢ in the extent of graft copolymerization.
grafted copolymer will
The amounts of

.

ts such as mmstwe pr@te ion, .the
: 1SET 1l

the monomer, the more it could react™w arch substrate free radicals as well as
could polymerize via chain transfer reaction to form polyacrylonitrile. The 10/10 ratio
of starch(g)/AN(g) gave a very interesting indication of economical and practical viewpoints
in that only increasing the acrylonitrile content by 5 g, the amount of percent add-on
increased by more than 4 times and the amount of homopolymer produced as a by-product
was only 6.6% (Table 2) ; while the conversion of polymerization was as high as 41%, the

2. . A0, 399 9., bdad, ba(s)
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amount of which was normally expected for the radical chain polymerization. It is of great
interest to see the extent of water absorption capacity of the copolymer itself and in the
soil, and chemical environment.

Water absorption

In deionized water

served atﬁe 1o
a aLe (o}
\lsl a

ion step is higher
2en atoms. As the

nature of the grafted po
is one of the determining factors a

It must be noted 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, carboxamide or carboxyl substituents at the drying temperature4.
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In magnesium chloride solutions

In magnesium chloride solutions, a plateau indicating an osmotic pressure
differential of zero, was reached with a maximum water absorption of only 19.6 g/g with
0.5% solution of magnesium chloride at 20% acrylonitrile content. The 1% solution gave
similar result with the maximum water absorption of only 14 g/g. (Figure 8)

copolymer cannot be investigated e {c absorptivity causing stickiness and
coalescence on the surface of each individual particle, and finally becoming an aggregate
center. The aggregator then adhered to parts of the unit which ceased the measurement.
Therefore, only the particle size distribution of the starch could be illustrated in Figure 11.
It was found that the average size was 16.8 micrometers with a mean square deviation of

2. auv. An. W 1., bdod, we(e)
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11.91 micrometers at the measure reliability of 98.1%. Truncated, round and ov-! like are
the shapes of this cassava starch viewed under a light microscopes.

The electron micrographs of all ratios of cassava starch/acrylonitrile gave
identical surface characteristic and pore structure. The micrographs indicated very soft,
sticky and porous surface. The distributions of pores were very irregular and so did the
depth of the pores. These pores, inde punodate huge amounts of water and
solutions (Figure 10). i h—g-polyacrylonitrile were
changed through
distribution an

product has already been u ; al, silvicultural areas and in

industrial goods such as sanitary napkms, ba by d1apers, etc. The results match well similar
material, synthesized from different sources of substrate in industrial nations.

The findings can be sumimarized as follows: -

1. Cassava starch-g-polyacrylonitrile was synthesized and confirmed by infrared
spectroscopy: the nitrile stretching band appeared at 2,243 cm™! during grafting, and

J. Natl. Res. Council Thailand, 1991, 23(1)
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disappeared during saponification; the characteristic bands appeared at 3,400; 1,000-1,100
em ! indicated the occurrence of grafting with cassava starch. The disappearance of all
the nitrile groups, on the other hand, resulted in the appearance of carboxylate and
carboxamide groups. The formation of two new functional groups also resulted in two
new absorption bands. Firstly, the carboxylate group -COOK gave rise to two bands: a

strong asyminetrical stretching band at 1,570 cm”!

band at 1,400 em Secon
n
it sﬁ

, and a weak, symmetrical stretching
d not be detected, probably as a
w intensity of the -NH

result of a relatively

: i ieKydland porous surface
of the graft cop01y ne \n Fthe . This characteristic
is capable of holding a hug 0 : e

Suggestion

Since this current research is only a guideline of the whole spectrum of this
area, further experimental work on a wide range of factors should be proceeded. As the
starch-based high—water absorbing polymer can be deteriorated by the following factors:

2. AW, An. 398 1., bded, wo(s)
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Multiple wetting-drying cycle causes less absorption;
Degradation by plants;

Decomposition by microorganism;

Degradation by ultraviolet radiation and heat;
Decrease in water absorption by salt solutions.

N AW N —

To develop a better and bsorbing polymers to be used in

agriculture and horticulturg lowing prop to-be 2 ed:

erties a
Ngs=an 1 i

. Ziderman, 1.I. and Béla
Sci., 1986, 32, 5791-5798.
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Table 1. The change in peak lengths of the nitrile stretching absorption due to grafting,
extraction, and saponification of the polymers

Peak length of the C=N peak

Amount of
acrylonitrile u
added (g) eX (cm)

After saponification

2. aw. An. 398 9., bdod, wo(e)



29

Table 3. Effect of starch/acrylonitrile ratio on percent conversion and percent add-on

Conversion of

Table

Starch(g)/AN(g) SR, o Percent add-on (%)
10/5 8.5
10/10 441 d 36.5
I 1RO N 2.8
; *
72 O
750
| ] L

P
e

saponifi

09.1
137
186
220
232
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Fig. 2 Infrared spectrum of the graft copolymer after grafting
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Fig. 4 Infrared spectrum of the saponified graft copolymer
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Fig. 6 Water absorption capacity of starch-g-polyacrylonitrile in deionized water
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300

bsorption capacity (g/g)

Acrylonitrile concentration (g)

Fig. 8 Results of water absorption of starch-g-polyacrylonitrile in the presence of
magnesium chloride solutions
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il

Percent polymer in sand

Fig. 16 Water retention capacity of sand mixed with cassava starch—-g- polyacrylonitrile

containing various acrylonitrile contents at different amounts of the copolymer
added

2. aws. an. 308 ., bdad, wo(s)



35

15

. H %
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn
vvvvvvvvvvvvvvvvvvvvvvvvv ¥ . - - dFC TR0
R R R Ry LRy o we

- ® e e cmecnmea-Bil... .-

............ N R R 1
............ LEL R |
e v ot i | I | PR
e e g e L.l ) Y. VPR
b s ccceseecos-t---TR-% - X .. A
U .. Lm0
SR T \ '
§
i
EEE GEEE R B e o TR N <y M N,
o vy 1o
=

(6p) nonnqurusip Aouanbaig

Size of particle (mmicrometers)

tion of cassava starch

tribu

1S

11 Frequency d

Fig

Electron micrograph of the copolymer synthesized from 15 g acrylonitrile,

Fig. 12

magnification at 2,000 times
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