
CHAPTER 3

EXPER IM EN TAL

3.1 Chemicals, Equipment, Glassware and Apparatus

3.1 .1  Chem icals

C assava starch w as obtained, in on e lot, from  Thai W ah C o., Ltd. It w as  

p rod u ced  from  tapioca cultivated in sum m er. It contained 13% m oisture, 0 .15%  ash, 

pH  value 4 .5 -7 .0  and v iscosity  o f  600.

A crylam ide, A M , and acrylic acid, A A , w ere provided by Siam  R esin  & 

C hem ical C o ., Ltd. T hey w ere used as received .

A ceton e and m ethanol, com m ercial grade from  B D H , w ere  purified by 

fractional distillation at atm ospheric pressure.

O ther chem icals, as sh ow n  in Table 3 .1 , w hich w ere o f  analytical grade, 

w ere used  w ithout further purification.

3 .1 .2  Equipm ent and G lassw are

W ater bath circulator, reactor, hot plate and m agnetic stirrer, heating  

m ental, m echanical stirrer, condenser, flat b ottom  flask, desiccator, centrifuge bottle, 

analytical balance, grinder, o v en  and other general laboratory glassw are and 

equipm ent.
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Table 3.1 C hem icals

Chemicals Source

Hydrochloric acid (HC1) Carlo Erba

Acetic acid (CH3 COOH) Carlo Erba

Perchloric acid (HCIO4) Carlo Erba

Nitric acid (HNO3) Carlo Erba

Maleic acid (C4H4 O4) Merck

Potassium hydroxide (KOH) Carlo Erba

Sodium chloride (NaCl) Carlo Erba

Magnesium chloride (MgCl2.6H20) Carlo Erba

Calcium chloride (CaCl2) Carlo Erba

Boric acid (H3 BO3) Merck

Citric acid (H3 C6H5 0 7 .H2 0 ) Merck

Tri-sodium phosphate (Na3PC>4.12H20) Merck

3.1.3 Apparatus

Cobalt 60  Source, Gam m abeam  6 5 0  o f  4 2 ,7 5 0  C uries from  N ordian  

International Inc., Canada
Fourier Transform  Infrared Spectroscop y, Perkin E lm er 1760  X , บ .ร .A . 

Elem ental A nalyzer, Perkin Elm er PE 2 4 0 0  Series II, U .S .A .

Scanning E lectron  M icroscop e, JEOL, JSM -T  2 2 0  A , Japan
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3.2 Procedure

3.2 .1  G elatinization o f  C assava Starch

Into a 500-cm 3 reactor, 10 g  o f  cassava  starch w a s m ixed  w ith  2 0 0  cm 3 

o f  distilled water. The system  w as stirred at 4 0 0  rpm and heated  at approxim ately  

85 +  3 ° c  at the sam e time for on e hour to  form  a paste-like slurry.

3 .2 .2  Graft C opolvm erization o f  A crylam ide and A crylic A cid  on to  C assava  

Starch by Sim ultaneous Irradiation

The gelatinized starch w as co o led  at room  tem perature. T w en ty  gram s 

o f  m onom er m ixture (10  g o f  A M  and 10 g  o f  A A ) w ere added into the gelatin ized  

starch. The m ixture w as stirred at 4 0 0  rpm at room  tem perature for 30  m inutes. The  

gelatin ized  starch-A M /A A  m ixture w as transferred into the 2 5 0 -c m 3 alum inium  tube 

co vered  the inner w all w ith aluminium fo il, and purged w ith  n itrogen  gas for 20  

m inutes. It w as c lo sed  tightly w ith  fo il and paraffin film, and then  irradiated under 

gam m a rays. T he reaction product w as precipitated w ith  aceton e and dried in a 

vacuum  o v en  at 5 6 ° c  for 24  hours.

Several important param eters involved  gam m a-irradiation o f  cassava  

starch m ixed w ith  A M  and A A  w ere studied so  as to  produce a cassava  starch graft 

cop olym er w ith  highest water absorption capacity. T h ose param eters w ere described in 

the fo llow in g  sections.

3.2.2.1 Effect of Monomer-to-Starch Ratio on Graft Copolymerization 
V arious am ounts o f  m onom er m ixture as 5, 10, 15, 2 0 , 25  and 30  g  

(m onom er-to-starch  ratio 0 .5 :1 , 1:1, 1 .5:1 , 2 :1 , 2.5:1 and 3:1 , respectively) w ere  

added to  each o f  the gelatinized starches. T he reaction m ixture w a s irradiated at the
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total d o se  o f  6 .0  kG y and the d o se  rate o f  5 .75  kG y hr'1. The e ffect o f  m onom er-to- 

starch ratio o n  grafting characteristics and w ater absorption w ere determ ined.

3.2.2.2 Effect of Total Dose (kGy) and Dose Rate (kGy hr'1) on Graft 
Copolymerization

A t this stage, pure A M  and pure A A  w ere used  instead o f  a m ixture o f  

the tw o  m onom ers. T he optim um  ratio o f  m onom er to  starch, w h ich  w as derived from  

S ectio n  3 .2 .2 .1 , w as added into the gelatin ized starch. The m ixture w as irradiated 

under gam m a rays at various total d o ses and d ose  rates as sh o w n  in Table 3 .2 .

Table 3.2 V arious Q uantities o f  T ota l D o se  (kG y) and D o se  R ate (k G y hr'1) for Graft 

C opolym erization  o f  Acrylam ide and A crylic A cid  onto C assava Starch
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Table 3.2 V arious Q uantities o f  T otal D o se  (kG y) and D o se  R ate (k G y hr'1) for Graft 

C opolym erization  o f  A crylam ide and A crylic A cid  on to  C assava Starch (continued)

Dose Rate Total Dose

(k G y  hr'1) (k G y )

14.75 2 .9

4.3

6 .0

7 .2 '

8 .6

Thereafter, the effects o f  to ta l d o se  (kG y) and d o se  rate (kG y hr'1) on  

grafting characteristics and w ater absorption w ere carried out.

3.2.23 Effect of Acid Additives on Graft Copolymerization 
The am ounts o f  acid to  be m entioned w ere added in each batch o f  

gelatin ized  starch-m onom er m ixture w ith  the optim um  m onom er-to-starch  ratio 

(S ec tio n  3 .2 .2 .1 ): 10 cm 3 o f  0 .0 1 , 0.1 and 1 M H N 0 3.and 2%  m aleic acid. Each batch  

o f  reaction m ixture w as irradiated at the optim um  total d o se  (kG y) and d o se  rate (kG y  

hr'1), w h ich  w as derived from  S ection  3 .2 .2 .2 . The effect o f  the additives on  grafting 

characteristics and w ater absorption w a s then  evaluated.

3.2.2.4 Effect o f Acrylamide-to-Acrylic Acid Ratio on Graft 
Copolymerization

B ased  o n  the experim ental data obtained, o f  the optim um  m onom er-to- 

starch ratio (S ectio n  3 .2 .2 .1 ) , and additives (S ec tio n  3 .2 .2 .3 ) , various A M -to -A A  ratio
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as 100:0 , 7 0 :3 0 , 50 :50 , 30 :70 , and 0 :100  w ere added to  each  batch o f  the gelatinized  

starch. T he reaction  m ixture w as irradiated at the optim um  to ta l d o se  (kG y) and dose  

rate (k G y hr'1) o f  gam m a rays, w hich w as derived from  S ectio n  3 .2 .2 .2 . The effect o f  

A M -to -A A  ratio o f  grafting characteristics and w ater absorption  w a s determ ined.

3 .2 .3  R em oval o f  H om opolvm er and Free C opolym er

T he dried product (about 15 g ) derived from  the ab ove section s that w as  

ground p reviou sly  into a pow der form  w as stirred in 1 ,5 0 0 -cm 3 distilled w ater at room  

tem perature for 24  hours. The m ixture w a s centrifuged to  separate the graft 

cop olym er. T he graft copolym er w as w ashed  w ith  distilled w ater and centrifuged to 

a llo w  another separation o f  the graft copolym er. T hen it w a s precipitated w ith  acetone, 

dried in the vacuum  o v en  at 5 6 ° c  for 24  hours and w eigh ed  to  determ ine the am ount 

o f  the hom opolym er and free copolym er.

In the case  o f  starch-g-poly(acrylic acid), the dried product (about 9 g) 

derived from  the ab ove section s, ground p reviously  into a p ow d er  form , w as extracted  

in 1 ,0 0 0 -cm 3 m ethanol by soxhlet at 6 5 ° c  for 2 4  hours. T he extracted  product w as  

dried in a vacuum  o v en  at 6 5 ° c  for 2 4  hours and w eigh ed  to  determ ine the am ount o f  

the hom opolym er.

3 .2 .4  Saponification  o f  the Graft C opolym er

Into a 5 0 0 -cm 3 reactor, 5 g  o f  graft cop olym er w as m ixed w ith  125 cm 3 

o f  5%  potassiu m  hydroxide solution. The m ixture w as stirred w ith  a m echanical stirrer 

at 4 0 0  rpm and the reaction w as carried out at room  tem perature. The reaction  

product w a s w ashed  until pH  7 w as reached and precipitated w ith  m ethanol. It w as  

dried at 6 5 ° c  in a vacuum  o ven  for 24  hours to  rem ove any residual m ethanol. The  

dried product w a s ground into a pow der form.
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3.2.4.1 Determination o f Optimum Time for Saponification of 
Acrylamide and Acrylic Acid Moieties

In order to  determ ine the optim um  tim e for saponification  that only  

acrylic acid  m oiety  w a s converted  to  acrylate salt and the acrylam ide m oiety  should  not 

be changed  significantly, to  be referred as “optim um  saponification  tim e”, the starch-g- 

polyacrylam ide sam ple prepared by the d o se  rate o f  2 .2 4  kG y h r 1 to  the tota l d o se  o f  

6 .0  kG y w a s  saponified  w ith  5% potassium  hydroxide so lu tion  for various periods o f  

tim e: 3 0 , 6 0  and 90  m inutes. Saponified starch-g-polyacrylam ide sam ples w ere  

subjected  to  the determ ination o f  the am ount o f  n itrogen  by elem ental analysis. They  

w ere characterized by pyrolysis in high purity o x y g en  (a  static-state oxidation), 

separated by frontal analysis in a gas chrom atography and quantitatively detected  by a 

therm al con d u ctiv ity  detector (C H N S /O  analyser, Perkin Elm er PE 2 4 0 0  Series II). 

T he optim um  saponification  tim e found w as then used  for further sap onification  o f  the  

other products.

3 .2 .5  Characterization o f  C opolym er

3.2.5.1 Existence of Functionalities by IR Spectroscopy
T he infrared spectra o f  cassava  starch, graft cop o lym er, and saponified  

graft cop o lym er w ere  m easured by IR  sp ectroscop y  o n  an F T -IR  spectrophotom eter  

using a K B r pellet.

3.2.5.2 Determination of Percentage Conversion
T he experim ental procedures described in the ab ove sectio n  w ere  

carried out. The w eigh t o f  the graft copolym er d o n g  w ith  h om op olym er w as regarded
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as the to ta l am ount o f  polym er obtained from  the w eight o f  m onom er charged. 

P ercentage con version  w as subsequently calculated.

3.2.5.3 Determination of Percentage Homopolymer
T he w eigh ts obtained from  S ectio n  3 .2 .3  w ere the am ount o f  free 

polyacrylam ide, poly(acrylic acid) and poly(acrylam ide-co-acrylic acid) produced  as 

by-product, w h ich  w ere then  calculated.

3.2.5.4 Determination of Percentage Add-on
In a 5 0 0 -cm 3 flat b ottom  flask equipped w ith  a condenser, 0 .8  g  o f  the 

graft cop olym er w as stirred in 2 5 0  cm 3 o f  1.5 M H C 1 and the m ixture w as refluxed for 

2  hours. The polym er w as filtered and it w a s then  w ashed  until pH  7 o f  the w ashed  

so lu tion  w a s reached and then  it w as dried.

In the case  o f  starch-g-poly(acrylic acid), determ ination o f  percentage  

add-on  w a s based o n  D ennenberg and A b b ott’s m ethod [31]. T he graft copolym er  

(0 .8  g ) w as added to  100-cm 3 glacia l acetic  acid  that w as then heated to 90-100°C . 

T he m ixture w a s stirred for 1 hour to  sw ell the grafted side chains. Perchloric acid  

(60% ) o f  2  cm 3 w as added d ropw ise, and the reaction w as com p leted  w ithin 1-2 

m inutes. T he reaction w as co o led  to  room  tem perature and centrifuged to  separate the  

poly(acrylic acid) side chains.

T o  observe the com p letion  o f  reaction, the residue starch (substrate) 

after acid hydrolysis w ere ch eck ed  w ith  iod ine solution .

The w eight percentages o f  polyacrylam ide, poly(acrylic acid) and  

poly(aerylam ide-co-acrylie acid) in the graft cop olym er or the so  called  “percentage  

add-on” w ere com p u ted  from  the w eigh t difference b etw een  the graft copolym er and 

soluble starch, w h ich  w as rem oved  by the acid hydrolysis.
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3.2.5.5 Determination of Percentage Grafting Ratio
The experim ental procedure o f  S ection  3 .2 .5 .4  a lso  gave the w eights o f  

the polym er in grafts and the substrate (starch) w as regarded as the percentage  

grafting ratio.

3.2.5.6 Determination o f Percentage Grafting Efficiency
The experim ental procedures o f  S ection s 3 .2 .1 -3 .2 .3  and 3 .2 .5 .4  w ere  

carried out w ith  the grafted product. T he percentage o f  the total synthetic polym er  

form ed that had been grafted to starch or the so  called “percentage grafting efficiency” 

w a s com puted.

3.2.5.7  Determination o f Surface Morphology of the Copolymers
The surface m orp h ology  o f  the copolym ers w ere investigated using a 

scanning e lectron  m icroscope (S E M ), m od el JSM -T  2 2 0  A  JEOL w ithout cross- 

section . T he th ickness o f  go ld  coa ted  o n  the copolym er w as 25  nm  and SE M  w as 

operated w ith  a 15 or 20  k v  accelerating vo ltage.

3 .2 .6  W ater A bsorption /R etention  C apacities o f  the C opolym er

3.2.6.1 In Distilled Water
O ne hundred gram  o f  d istilled  w ater w as added to  50  m g o f  dried and 

saponified  graft copolym er in a 150 -cm 3 g lass beaker and a llow ed  to  stand for 30  

m inutes for sw elling. The fully sw o llen  polym er w as filtered through a 100-m esh  

alum inium  screen for 3 hours and the drained w ater w as w eighted . T he am ount o f  

w ater retained by the saponified graft cop o lym er w as calculated as in gram  per gram  o f  

the dry m odified  starch.
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3 . 2 . 6 . 2  I n  S o d i u m  C h l o r i d e ,  M a g n e s i u m  C h l o r i d e ,  a n d  C a l c i u m  

C h l o r i d e  S o l u t i o n s

The sam e experim ental procedure as described in S ection  3 .2 .6 .1  w as  

carried ou t, excep t that a series o f  sodium  chloride, m agnesium  chloride, and calcium  

chloride so lu tion s o f  0.9%  พ  v '1 w as used  instead o f  distilled w ater.

3 . 2 . 6 . 3  I n  B u f f e r  S o l u t i o n s

T he sam e experim ental procedure as described in S ection  3 .2 .6 .1  w as  

carried ou t, excep t that a  series o f  buffer so lu tions ranging from  pH  3 to  11 w a s used  

instead o f  distilled w ater. The buffer so lu tions o f  p H  3 to  11 w ere prepared from  

m ixing o f 0 .2 0  M  boric acid, 0 .0 5  M citric acid, and 0 .1 0  M tri-sod ium  phosphate [32].
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In order to  ease understanding the entire p rocess, the preparation o f  graft 

cop olym er and the characterization is sum m arized in Figure 3 .1 .

cassava starch 

distilled water 

acrylamide 

acrylic acid

-  Y-

— ray

Synthesis o f  

Graft C opolym er

effect of parameters
♦  monomer-to-starch ratio
♦  total dose

♦  dose rate
♦  additives (HN03, maleic acid)
♦  acrylamide-to-acrylic acid ratio

Extraction o f  H om opolym er  

and Free C opolym er

C haracterization

♦ % conversion

♦ % homopolymer

♦ % grafting efficiency

♦ % add-on

♦ % grafting ratio

♦ FTIR

♦ SEM

Saponification
♦  the optimum 

time for 

saponification

W ater A bsorption

♦  distilled water
♦  NaCl, MgCl2, CaCl2 solutions
♦  buffer solution

Figure 3.1 O verall Schem atic Experim ental P rocess
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