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Appendix 1 Election Micrograph of Cassava 







Figure 3.16 Frequency Distxibution of Cassava Starch. 

F i g  A Electron M i m p p h s  of Saponified Cassava ~ r a r c h - ~ -  
Polyacrylonitde, 







High water-absorbing polymer is now being sold as a thickener for water that is 

dropped by air onto forest fires, since thickened water clings more tenaciously to the 

combustible foliage and is held above ground where it can do the most god.  It is also 
used as a thickening agent for electrolyte system in alkaline-type batteries, 

It is being marketed as an agar substitute for the propagation of plants by tissue 
culture procedures. Films made from mixtures of this compound and poly(viny1 

alcohol) have been tested as composite membranes for molecular separations. 
For persond care and medical application, the largest volume use of starch- 

based superabsorbents is in disposable soft gods designed to absorb body fluids such 
as adult incontinent pads, hospital underpads, and feminine napkins. In wound 

dressing, it readily absorbs blood, serum and pus and thus helps promote wound 
healing and develop a cleaner bed of granulation tissue (1). 

1.1.1 Scientific and Technological Rationale 

Superabsorbents or high water-absorbing polymers as described above are 
those derived from biomaterids which can be made from starch and celIulose. The 
alteration of the structure of polysaccharides has been extensive] y investigated which 
has led to copolymer with novel properties. They can be prepared by graft 
copolymerization of vinyl monomers initiated either by certain metal ions such as salts 

of cerium (IV), manganese (III), ferric (III), etc; or by radical initiators such as benzoyl 
peroxide; or by radiation from C O ~  source. 

Pofysaccharide is mainly found in potato, corn, wheat, and tapioca. 
Starch, in the form of minute granules ranging from 1 to 1,000 micrometers, is mainly 

reserved in seeds, tubers, roots of plants. Cassava starch, a native natural reserve 
carbohydrate, previously grew abundentIy in south-eas tern region of Thai1 and. At 

present, cassava starch grows throughout the country, particularly in Korat and Buri 
Ram provinces in the northeastern region; h c h i n  Buri and Aranpradet in the east. In 
the northern region, it is found in Uttaradit and Phetchabun provinces; and 

Kanchanaburi and Suphan Buri in the west. It is also found in the south mostly in 
Phetchaburi, Swat Thani and Songkla provinces. 

The main use of cassava is for both human food and animal food. To the 
major industrial applications, it is used as a sizing agent in textiles, in paper and 
adhesive industries. To the minor industrial uses, it is used as a thickening agent in 
consmction, mining and petroleum exploration, 

Thailand ranks ninth in the world's prducer of cassava roots and is the 

world's largest exputer of cassava products. Quite often, the production af cassava 









unused cassava starch; and to improve farm productivity in the Northeastern region 
during the dry season, 

1.1.4 Survey of Related Literature 

Extensive studies on the preparation, properties and applications of 
cellulose graft copolymers have been carried out since 1952. Graft polymerizations 
onto starch are carried out in much the same way as graft polymerization onto cellulose. 
A recent review on the synthesis and properties of starch graft copolymers has been 
compiled (2). Com starch is most often used as the substrate for graft polymerization, 
however, starch from wheat, sorghum, rice, and potato will give hydrolyzed starch-g- 
polyacrylonitrile copolymers with similar properties. The grafting monomers used 

cover a very wide variety of vinyl monomers. Acrylonitrile, acrylamide, wylic acid, 
monomers with amino substituents, acrylic acid esters, vinyl acetate, styrene, 
butadiene, vinyl chIoride, and N-vinyl-2-pyrrolidone have been used in the synthesis of 
starch graft copoIymer. The development of graffed starch products, essentially 
involving acrylic acid grafted side chains, immediately attracted worldwide attention 
Wause of their maendous water sorbing and retention propdes. Fanta, G. F. (1) is 
the pioneer among the researchers in this field, who has intensively investigated graft 
copolymerhtion of acrylonitriIe and the relevant vinyl monomers onto sevaal starch 
subsmtes. Ranby and coworkers at Department of Polymer Technology in Sweden 
have been actively involved in synthesis of water absorbing polymers both from 
cellulose and starch based materials (3-4). Other researchers elsewhere in Asia have 
just statted the research for a decade (5). 

1.2 Theoretical Background 

1.2.1 Chemistry of Starch (6) 

Starch is composed of carbon, hydrogen and oxygen in the ratio of 6: 10:5 
as an empirical formula of C@1005, placing it in the class of carbohydrate. It is a 

condensation polymer of glucose. The glucose units in the starch are present as 
anhydroglucose units (AGU), the linkage between the glucose units being fonnd as if 
a molecule of water is removed during a step polymerization. The linkage of one 
glucose to another through the C-l oxygen is normally known as a glucoside bond. 
The glucoside linkage is an acetal, stable under alkaline conditions and hydrolyzable 





Figure 1.1 Chemical structure of amylose chain 

Figure 1.2 Branched structure of amylopectin and chemical 
configuration at the branch point. 
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Figure 1.3 Free radical graft copolymerization of vinyl monomer onto 
starch by cerium (IV) initiator. 

1.2.4 Saponification of the graft copolymer of starch-g- 
polyacry loni triIe 

Since the synthesis of high water-absorbing polymer involves 
simultaneously graft-copolymerization and homopolymerization, it is of p a t  essential 
to remove the useless part, polyacrylonitrile, which does not contribute to water 
absorption, if a substantial amount is present. D i m e t h y I f d d e  is used to extract the 
homopolymer while the grafted copolymer remains solid. 

To enhance the hydrophilic character of the starch-g-polyacrylonitrile, i t  
will be,hydrolyzed with an 8.5% potassium hydroxide. One usually observes color 





than that from granular starch. A higher molecular weight of the graft copolymer has 
shown to give a higher water absorption.(l2) 

1.3.2 Percent add-on 

It is referred to as the percent of synthetic polymer in the graft copolymer 
and is determined as follows:- 

Polymer in grafts 
percent add-on = weight of the grafted sample 100 

Usually, one has to cleave the polymer attached from the starch ma&ix by acid 
hydrolysis. The graft copolymer is under reflux in dilute acid solution in which the 

w e d  p~lymers are separated from the starch backbone. 

1.3.3 Grafting efficiency 

It is a term used to describe graft copolymerization which is defined as the 
percentage of the total synthetic polymer formed that has been grafted to starch. High 
grafting efficiencies are desirable since a polymerization of low grafting efficiency 
would afford mainly a physicaI mixture of starch and homopolymer. The grafting 

efficiency can be calculated rts follows: 

grafting efficiency (%) = 100 - % homopolymer formed. 

1.3.4 Percentage conversion 

Conversion of a monomer is defined as the extent of the monomer to 
which is changed to become a respective p l y  mer (polymers). For this particular case, 
the conversion of acrylonitrile to be a graft copolymer (starch-g-polyacrylonitrile) and a 
homopolymer of poIyacxy Ionitrile is referred to as the percentage conversion. 

(Pol mer formed) x 100 % conversion of monomer = ,,,,,, barged 

1.4 Preparation Scheme 

In order to ease understanding of the entire synthesis process, Figure 1.5 
reveals the preparation of saponified starch-g-polyacrylonitrile, high water-absorbing 
polymer. Further detail of which is covered by the following Chapters. 





















According to the result, the subsequent experiments were carried out in a 
reaction medium of 1.0 N HNO3. The higher acidity of ninic acid activates the activity 

of the catalyst which enhances the complex formation between the Ce(1V) and the 
Cassava starch. Higher acidity than 1 N is not needed since the acid is produced 
stoichiometrically under the cIeavage of glycolic C2 and Cg . Too high an acid content 

is undesirable due to the interference of the excess anions on water absorption. That is 
the overalI glycol cleaving rate is governed by the concentration of Ce(IV), the amount 
of nitric acid and the glycol concentration(l2). 

3,2.2 Effect of StarchlAcrylonitrile Ratios on Grafting 

Upon investigation of the IR spectra of the starch-g-polyacrylonitrile by 
the ratios of starch (g)/acrylonitrile (g) with the following amounts: 10:5,10: 10,10: 15, 

10:20, 1025 and 10:30, it was found that the peak lengths of the nitrile stretching 
absorption at the wavelength.of 2,243 cm-1 were increased with increasing the 
awlonitrile concentrations. Since the preparation of the pelIets from these samples 
were carefuIIy made, and the condition of the IR spectrometer was kept constant. After 
the DMF extraction of the prducts, the peak lengths of all ratios were decreased which 
indicated of the removal of the homopolymer, polyacryIonitrile. All the nitsire peaks 
disappeared after saponification which means that these peaks were converted into the 

carbxamide and carboxylate groups which are capabIe of high water absorption. The 
pmpoaional increase of the C=N stretching absorption peak at 2,243 cm-1 sfta 
grafting as the acrylonitrile content increased is illustrated in Figure 3.5. Table 3.2 
shows the change in peak lengths of the nitrile smtching absorption due to grafting, 
extraction, and saponification of the polymers. 

3.2.2.1 Determination of HomopoIymer Content and Percen- 
tage Grafting Efficiency 

Although the synthesis of s tarch-g-polyacrylonitrile involves a free- 
radical pathway, contributed by the redox initiator, free radicds fomed on starch 
caused by chain transfer reactions produce a significant amount of homopoI ymer which 
is removable by dimethyl forrnamide. Pol yacrylonitrile is so1ubIe in such a solvent 
whiIe the starch-g-polyacry10nieiIe remains unchanged. This renders the decrease in 
the peak lengths of nitrile groups of the graft copolymer as shown in Table 3.2. 









In this experiment, especially at high acrylonifile content, the stirrer 

could only move at the center bottom of the reaction flask, due to gel effect or 
Trornmsdorf-Nonish effect. Under this situation, the diffusion efficiency of radicals to 
the reactive grafting sites would surely be reduced. This behavior allows the polymer 
growing chains become larger which eventually wiIl decrease the number of chain 
terminations. Thus, the viscosity increased which was accompanied by the higher 

molecular weight. 
In addition, the data presented in Table 3.3 should be treated only as 

a guideline for the polyacryIonitrile formation as the technique for filtering the very 
viscous and sticky polymers, especially at a high acrylonihle content, caused a material 
loss due to very strong adhesion with the filter paper. One comment needs to be 
mentioned here is although the po1yacrylonitrite prduced as a byproduct may not be 
desirable for water absorption, it is indeed a very good packaging film with high barrier 

effects such as moisture protection, the applications of which should not be overlooked 
in the future for the agroindusq of Thailand. 

3.2.2.2 Determination of Percent Conversion of Monomer 
and Percent Add-On 

Table 3.4 and Figures 3.8 through 3.9 gave the result of a series of 

graftings of the native gelatinized Cassava starch with different amounts of acrylonitrile. 

Table 3.4 Effect of StarchlAcrylonitriIe Ratio on Percent Conversion 
and Percent add-on. 

Percent Add-on (%) 

8.5 
36.5 

42,8 

50.5 
69.0 
75.0 

Starch (g)/ 

Acrylonimile (g) 

Ratio 

lW5 
lO/lO 
10/15 
10/20 
10/25 
10130 

Conversion of 
Monomer (%) 

40 
44 

60.8 
64.5 

66.4 
77.8 
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