CHAPTER III

EXPERIMENTAL

3.1 Chemicals, Equip

from Thai Wah Co.
Ltd. It was produfedf grfa tapioca tultivated in summer. It
32.57 ppm. S0_., pH

Acrylic rided by Siam Resin &

Chemical Co.Ltd. clear, colorless liquid.
The molecular “&
points are 14° .:ctﬁialy. The heat of

vaporization is 435 J/g and the heat of polymerization is

ro.09 wnfl ‘HEH wwmamd is stabilized
with -in1nul amounts of inhibitorsaconsis ith stabi-

lity quw&a QIT;] imsuﬁ :].an }Lﬁ:ﬂnnna (MEHQ)
i; frequently used as an inhibitor (75). MEHQ level of 200
ppm is generally ne@ded for écrylic acid. For most appli-
cations, inhibitors do not have to be removed. The low-
inhibitor grade of acrylic monomer is particularly suita-

ble for the manufacture of polymers without pretreatment..

Removal of inhibitor is best done by adsorption with ion
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exchange resins or other adsorbents. Acrylic acid poly-
merizes very easily. The polymerization is catalyzed by
heat, light, and peroxides. The highly exothermic, spon-
taneous polymerization of acrylic acid is extremely violent.

Methanol, commercial grade from BDH, was also

purified by fractional di

illation at atmospheric pressure.
Hyd e er : 35% analytical b
ydrogen p b / ’ aly a grade
from Merck. The densitiEE of this H,0, solution
at 0, 20, and 25( 141, !!5. and 1.1282 g/cm ,
respectively. Th arl veig hydrogen peroxide is

34.02. The heat Zation et 26°C is 1,519 J g ' K

-

H_O, (1% -— ......... : : " (g) $3.1)

This reaction iﬂ‘ﬁEETElﬂly i rtant in handling during

storage mummmm bl dodotion 15 nignly

exothermic and takes pldCe in thespresence 6f small amount
of :gtﬂ;la ﬂﬂ i mum rlgtnﬂ rlﬁt.ﬂ absence of
catalyst, it occurs only in the gas phase at high tempera-
ture. ihe decomposition can be catalyzed both homogeneously
by dissolved ions (especially of the heavy metals) and
heterogeneously by suspended oxides and hydroxides. In
addition, agitation or contact with rough surfaces or many

other substances accelerates decomposition. The decomposi-



TO
tion also proceeds at a rate that increases approximately
2.2 times for each 10 degree rise in temperature over the
range of 20-100°C (77). Hydrogen peroxide can form free
radicals by homolytic cleavage of either an O-H bond or

an 0-0 bond, as shown in equations 3.2 and 3.3, respec-

. Ve,
H,O0, 7 - 380 ki/mol  (3.2)

H-E_FF.‘

H O, 210 kJ/mol (3.3)
Equation 3.3 pr ] S ul;.--:zz ¥zed vapor-phase decom-
position and photgg! '334;4;:; tialled reactions. In cata-
lytic reactions, esp {;fn- , ldtion, the nature of the
reactants determine on is predominant. Hydro-
gen peroxide %ﬁ“ most. of its uses

depend on thislﬁrn aﬂﬂn variety of organic

and inorganic compeunds.

rﬂu«ﬂ ’}.%I Ei%lﬁ'ﬂ EJ;M] ‘jfrnl carlo Erba.

Ascorbic a¢1d is a whitel odorless, crystalline solid with
a sh%ﬂl@ mg mumqq mﬂrla E-IITB 13. The
degradation of Ascorbic acid in aqueous solution depends
on many factors, e.g., pH, temperature, presence or absence
of oxygen, likewise, of metals. In agueous solution, it is
more sensitive to alkalies than to acids; it is most stable
at pH 4-6. Ascorbic acid is sensitive to heat, and in the

presence of oxygen and heat, it is oxidized at a rate
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proportional to the temperature rise (78).
Potassium hydroxide, B.P. grade, from Carlo Erba.
Oother chemicals, shown below which were of
analytical grade, listed in Table 3.1, were used without

further purification.

Chemicaly \\ Source, Company

Calcium oxide Merck
Ammonium chlor ifle :*f 1SS 7 Merck
Ammonium phosphs €, Carlo Erba

( (NH,) _HPO rﬁ‘—_a- A

Magnesium Carlo Erba
(MgCl, B{
Potassium chlgride (KCL) Merck

ro R RININY PN T
K w:“'aiﬁﬁm M1 Ne0as

Sodium chloride (NacCl) Carlo Erba
Sodium nitrate (NaNO,) Carlo Erba

Hydrochloric acid (HC1) Merck
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3.1.2 Equipment and Glassware

4-necked round bottom flask, 3-necked round
bottom flask, hot plate and magnetic stirrer, mechanical
stirrer, heating mantle, water bath circulator, analytical
balance, beakers, mortar and pestle, filtering system, and

other general laborator isware and equipment.

ore hand that all the

experiments beloy at. least twice in order

= -‘im'rlad;

a Starch

that accuracy of

312-1 ﬂﬂlati L
30 g mixed with 300 cm” of
distilled wate i.;-_-:%fi-'--i-u —-—---K; ound bottom flask.

The system was ﬂl u.% 400 rpm under heat-

ing within the range of 80" +2‘§ for one hour under the ni-

RN ECERIE
AAAWNINAMNINIAGE, e

The gelatinized starch was then cooled to 35°C.

0.5 g Calcium oxide, 0.004 M ascorbic acid , 2 cm” (0.055 M)
hydrogen peroxide 35%, and 30 cm” acrylic acid monomer were
added in the reaction. The reaction mixture was stirred
mechanically at 600 rpm under heating within the tempera-

ture of 3542 °C under nitrogen atmosphere for 3 hours.
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3.2.3 sSaponification of starch-g-polyacrylic acid

250 cm_ of a 25% potassium hydroxide solution
was added to the starch-g-poly(acrylic acid) slurry. The
mixture was stirred mechanically and the saponification was
carried out at room temperature for 1 hour. One could ob-

serve an exothermic heat oped during the reaction. It

was then allowed t mperature and was preci-

The plﬂlas then filtered and

bil pH 7 was reached. It

pitated with met
washed thorougly
was dried in th y ' : 24 hours to remove any resi-
dual methanol. -

as ground into a powder

form.

-

3.3.1 Effdct of § a) ‘cr@ic Acid (cm®) Ratios

on Graft Copol :(nﬁzatiun 'Y,
I | ﬂiﬂtjei Iﬂn)inﬂﬂ ﬁﬁd except acylic

o N ART H NI T

were added to each of the gelatinized starch. The reaction
steps were repeated as mentioned in Sections 3.2.1, 3.2.2,
and 3.2.3

The reaction products were them characterized
as described in Sections 3.4.1, 3.4.2 and investigated

their water absorption capacity. The maximum water absorp-
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tion capacity produced by the particular amount of acrylic
acid at a fixed quantity of starch indicated the appropri-
ate starch (g)/ acrylic acid (M) ratio.

The starch/acrylic acid ratio at which the
water absorption capacity was maximum would be used for

ll///

the subsegquent EXDETIIEr

3.3.2 Effec

ide Concentration on

Graft Copolymeri

All- ixed except hydrogen

peroxide initia hydrogen peroxide of
015, 1#0, 105, 2 J ‘*i-"'"w ‘ \ ¢ h .05531 D- liﬂT’ ﬁo 1631,
0.2217, 0.2768,

each of the gelat The reaction steps were

repeated as mentioned-in 2.1, 2.2.2 and 3.2.3

5 then characterized

as descriped iﬁﬂheﬁ orT and 34@.2 and investigation

of their water dbsorption ¢ fw was carried out. The

o A S e
pre pnx,:] W)TE g: cﬁmmqwgqﬁgﬂwpmmmw

hydrug?n per ration.

3.3.3 Effect of Reaction Temperature on Graft Copo-

lymerization

In this experiment, the temperature of the
grafting raction was understudied as a wvariable. Various

levels of temperature were 45, 55, and 65°C. The reaction
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steps were repeated as mentioned in Sections 3.2.1, 3.2.2
and 3.2.3.

The reaction products were then characterized

as described in Sections 3.4.1 , 3.4.2 and water absorp-

tion capacity was investigated. The maximum water absorp-
tion capacity of the hydrc d starch-g-poly(acrylic acid)
copolymer indicated : _@a reaction temperature.

=
T

7 —
3.4 Copolymer CLATIELE

3.4.1 Infrag
The in§ sassava starch, and the
hydrolyzed starch-g=pgelytacr a¢id) copolymers were mea-

sured with an_FT—I;f:;:a#a:H:.' aoter (Perkin Elmer Model

e

U

3.4.2 Deterwimation of the Grafted Polymer Molecular

wige  FIUYINBNINEINT

el perme tiod chromat aphy was@Qperformed with
a Hiﬂiﬂj atﬁﬁ iMﬂ aﬁzﬁﬂlaﬂaph, equip-
ped with an Ultrahydrogel linear column (300x78 mm I.D.),
a column thermostat, and a differential refractometer
detector M-410, at 35°C .

The mobile phase was 0.1 M sodium nitrate solu-

tion, at a flow-rate of 0.1 cm /min, and was deaerated by

an ultrasonic bath. All samples (prepared by the method in
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3.4.2.1) were filtered through a 0.45 micron Millipore
Millex " -HA Filter prior to injection and carefully deae-
rated in the ultrasonic bath. The injection volume was 100
microliters. The instrument was accurately contrelled and
data was processed with a Model M-810 Baseline software

data station.

The molecu ' ibration curve was deter-

(TSK SE-2, SE-4 <5, /Mith molegular weights of 24,000,

copolymer was T l&ﬂ N HCl solution for

2 hours to separate,  the grafied poly(acrylic acid) from

mrm—— &MH NINEIN
q RIAINTN IR AN Y

3.5 Water Absorption/Retention Capacities of the Copolyvmer

3.5.1 1In Deionized Distillated Water

A 100 g of deionized distilled water was added
to 0.1 g of dried and saponified starch-g-polyacrylic acid

in a 250-cm” glass beaker and allowed to stand for 30
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minutes. The fully swollen polymer was filtered through a
100-mesh aluminium screen for 3 hours and the drained water
was weighed. The amount of water retained by the starch-g-

poly(acrylic acid) was culculated as in gram per gram of

dry modified starch.

3.5.2 iu .;g;;; 4# ¢4 and Magnesium Chloride

Solutions

. procedure as described in
Sections 3.5.1 W -out, :' >pt a series of sodium
chloride and mag i 3172} ‘F': at i ions of 0.1, 0.5, 1.0,

and 2.0 % w/v deionized and distil-

NN
\

lated water.

3.5.3 ride, Dibasic Ammonium

tri-hydrate SGJ.ELi . m

The same experimental procedures as described

tn sooifi 1453 Tank 9 SN bhkrden vt excent

ﬁ aIIDnitll chlcﬁ'ide dibasic ammonium phosphate,
pot.a;q

QN0 20LBAANELLRL s svrase

solutions of 0.9 ¥ w/w was used instead of deionized

and distillated water.
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3.5.4 In Sand Alone and Sand with Saponified Starch-

g-Poly(acrylic acid) copolymer

The sand of particle size larger than 100 mesh
was mixed with the dried and saponified starch-g-Poly(acry-
lic acid) copolymer at concentrations of 0.5, 1.0, 2.0, and

3.0% w/w. A 20 g of one was placed in a 250-cm”

glass beaker. A 100 Y deidds® and distillated water was
then poured over =t abov EQ sand. The sand was

) 0 A5 {,' : een for 3 hours and
the drained watg £ :;5.%: Caleulated the water remain-
ed from the draiged wat 4 \\

i ise : ) __- 20, And 3.0% w/w of saponified

b

starch-g-poly(acry nixed with the sand by re-

peating the above e ~vfiw;mrf

X

U
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