CHAPTER III

EXPERIMENTAL

Chemicals, Equipment and Glasswara ' / /

Chemicals

Acrylamide,
crystalline powers
1-vinyl-2-py:

as received.

received.
Acetone, a f1
Potassium "hyd oxlde BP

received.

Merck) :dﬂﬂﬁmﬁ‘ﬁ]ﬂﬂ ke i
ﬁ;mmam UA1INYIAY

Erlenmeyer flask, funnel, beakers, 3-necked round bottom flask,

condenser, mechanical stirrer, heating mantle, water bath circulator, motor
stirrer, analytical balance, reactor, grinder, freeze dryer, vacuum oven, and
other general laboratory glassware.

Cobalt-60 source(Gamma cell 220 of 24,480 curies from Nordian

International Inc., Canada).
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Procedure

1. Polymerization of acrylamide by gamma irradiation

Acrylamide(17.17 g) was dissolved in an acetone/deionized water
solution(45/55 v/v) to yield a solution that contained 2.5M monomer. The
reaction solution was transferred to the‘ 26/9 cm’ tube, and purged with nitrogen
gas for 30 minutes. It was closed tlghﬂy wrth foil and parafin film, and then
rradiated with a cobalt-60 m‘adlathn souice at a dose rate of 1.19 x 10° Gy/h
to various total doses umeacted monomer was removed by repeated
washing of the precipifate’ with ac one The polymer was then freeze-dried
for 12 h. The dned ro c’t Was ground into a power form and stored in a

desiccator. To obtai Qd yu;ld éf the polymer, important parameters on

polymerization were ca ed out as follews
1.1 Effect of Iotal Dose( _Q’ﬁon Polymerization
The dose rafe ai—l 19 x:H)4 Gy/h and with a total dose of 0.1
kGy was given to- start this set of experlment Th; subsequently total doses

was increased by 5(,0 I'kGy mterval to reach the m_a.ilmum total dose of 2.0
kGy. The highest ggnversmn value indicates the,_approprlate total dose for
polymerization.  The .dried products was inspected with the FTIR
spectrometer,
1.2" Effect of Dose Rate on Polymerization
A\ fixed total| dose . obtained from Section, 1.1 that gave the

highest conversion was chosen for this set of experiment. Various dose rates of
3.60 x 10%, 5.34 x 10° and 1.19 x 10* Gy/h obtained from the source were used
to irradiate the reaction mixture. The higher conversion value indicates the
appropriate dose rate for the polymerization.

1.3 Effect of the Concentration of AM on Polymerization

The dose rate of 1.19 x 10* Gy/min and the optimum total dose
of 1.4 kGy were fixed for the set of experiment. 0.5M to 3.5M of AM with an
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increment of 0.5M were experimented by following the above procedure. The
highest conversion value indicates the appropriate concentration of AM for

the polymerization.

2. Hydrolysis of Polyacrylamide

Into a 500 cm® reactor, 5 g of /))olyacrylamlde(PAM) derived from
Section 1, was mixed with 100 cm’ of 5"'is'od1um hydroxide solution. The
mixture was stirred wjth a mec%cal stirrer at 400 rpm and the reaction
was carried out at 60°€ for2 holts!. It was then allowed to cool to room
temperature. The rﬁa{w mixture was precipitated with methanol, filtered
and washed thorougy/t}lvmethancﬂ until pH 7 was reached. The resulting
product was dried in : 6! C*vdcuumf}oven for 24 h. The dried product was

ground into a power for gnd s;ored mﬁ desiccator. The degree of hydrolysis

#
a

was then calculated. ;; NAGIERT f}- b

To achieve the" degxee ai—hydrolysm which was suitable to
copolymerize with 1-v1ny1 2-py1rohdone wﬁlch coult} give the product with the
highest water abs}jrptlon value. The degree of lxxﬂrolySIS governed by the

functions of reactlon time, temperature concentratlon of NaOH (%w/v) and

quantity of polyacrylamide (g) are the important attributes for the subsequent
copolymerization. ., The same experimental proceduré as «described above was
carried out as follows:

2.1 Acseries of sodiumlhydroxide solution of (10,15 and 20%
w/v was used instead of 5% sodium hydroxide solution for the hydrolysis.

2.2 A series of temperature of 50, 70 and 80°C was used instead of
60°C for the hydrolysis.

2.3 A series of reaction time of 1, 3 and 4 h was used instead of
2 h for the hydrolysis.

2.4 A series of quantity of polyacrylamide 1, 3, 7, 9 g was used
respectively, instead of 5 g polyacrylamide for the hydrolysis.
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3. Copolymerization of partially hydrolyzed polyacrylamide with

1-vinyl-2-pyrrolidone
Into a 500 cm® reactor, 5 g of HPAM(71% hydrolysis which was

derived from Section 2) mixed with 100 cm’ of deionized water. The system
was stirred at 400 rpm at room tempefat"gygg for 30 minutes under the nitrogen
atmosphere. 10 cm’ of I-Wnyl-z-pynoﬁa;rne was added into the HPAM
solution. The mixture was_stirred ‘"eit 400 1pm under nitrogen atmosphere at
room temperature for 15 mmutes The HP AM-=1-vinyl-2-pyrrolidone mixture
was removed into t 501 o’ tubi and purged with nitrogen gas for 15
minutes. It was cloy/ y w1th foxl and parafin film, and then irradiated
under gamma rays at a/é‘ rate’of, 1. 1§ % 10" Gy/h to the total dose of 10 kGy.
The reaction product w? pyheipltated mth methanol, filtered and dried at
65°C in a vacuum oven f(}r 24 ha The d’m:d product was ground into a power

form and stored in a de51ccator :-

‘."i*w-..‘ |-'.__ :
To obtain a good 'y'iéld of c‘ép’oTymer with-a high water absorption
il o

value, important effécts on copolymerization were. carried out as follows:

3.1 Effejc;:'__t‘ of Total Dose (kGy) on Copqiymerization

A fixed dese rate of 1.19.x 10* Gy/h, and various quantities of
total dose of 8,9, 10,711 and 12 kGy of gamma-rays were given respectively to
the mixture of HPAM-1-1vinyl-2«pyrrolidone.as described in Section 3. The
dried products were inspected with the FTIR spectrometry and water absorption
capacity ‘as described in Scetion 5 was consequently measured. The higher
water absorption value indicates the appropriate total dose for the
copolymerization of this system. Percentage conversion was also calculated.

3.2 Effect of Dost Rate on Copolymerization

A , fixed total dose obtained from Section 3.1 to various dose
rates of 3.60 x 10°, 5.34 x 10°, and 1.19 x 10* Gy/h obtained from the source

was used to irradiate the HPAM-1-vinyl-2-pyrrolidone mixture. The maximum
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water absorption capacity of the dried copolymer produced by each dose rate

indicates the appropriate dose rate.

3.3 Effect of the Amount of HPAM on Copolymerization

Based on the technical information of the optimum total dose

(Section 3.1) and the appropriate dose rate (Section 3.2), various amounts of

HPAM of 5, 10, 15 and 20 g were e£$&;ed with 100 cm® deionized water.

The dried samples were inspected with «the FTIR spectrometer and water
absorption capacity was_then dete?mined.

3.4 E_ff_qgﬁ,r:oﬁﬂ _the HlQuantitv of ._1-vinyl-2-pyrrolidone on

cm’(0.47, 0.94, 1.41 S‘I M) weét; added to each of the HPAM mixture.
The reaction mixture w: ;ﬁred mecha'mcally for 15 minutes under nitrogen
atmosphere, and was remg('ed mfo the,_‘fﬂo cm’ tube purged with nitrogen gas
for 15 minutes. Irradllatlons? were;:éi];ed out at the optimum total

dose(Section 3.1)~ and dose rate(Sectlon g 2); ;Fhe dried products were

inspected with thQﬁllR spectrometer and water alisorptlon capacity was
then determined. .

3.5 Effect of-the Degree of Hydrolysis of Polyacrylamide on
Copolymerization

The same experimental proeedure as desctibed in Section 3

was cdiried out, [except a series of the degree-of hydrolysis ‘of polyacrylamide
of 63, 72, 76, 77, 80 and 84% hydrolysis was used respectively instead of
71% hydrolysis.

4. Copolymer Characterization

4.1 Determination of Percent Conversion

The experimental procedures described in Sections 1 and 3

were carried out. The weight of polymer and copolymer were regarded as the
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total amount of polymer obtained from the weight of monomer changed.
Percent conversion was subsequently calculated.

4.2 Determination of Degree of Hydrolysis

The degree of hydrolysis of the polyacrylamide was
determined by Semi-Micro Kjeldahl method, which gave the nitrogen
content. The difference of the nitr(;g’gn /igntents before and after hydrolysis
was determined for the degree of hydroiysis:™

5. Water i ity of the Copolymer
51 In 101ﬁz;d D1s llated Water

One//?dr?d Joram (_)f deionized distilled water was added to

0.1 g of the dried parially” hydr&lyZed polyacrylamide(HPAM)-1-vinyl-2-

pyrrohdone copolymex n 150 -cm glas-s beaker and was allowed to stand for

-----

The amount of Yvater retamed by the copolymey was calculated as in gram

per gram of the dxy copolymer. The viscosity of H'Llly swollen copolymer was
measured by Brooﬁeld Viscometer Model DV_JII

5.2 In_Sodium Chloride and Magnesium Chloride Concentrations.

The same experimental procedure as|described in Section 5.1

was carried out, except that a series of godium chloride; and magnesium

chloride solutions of 0.1, 0.5,, 1.0 and 2.0 % w/v was usedsinstead of deionized

distilled water. The viscosity of fully swollen copolymer was measured by

Brookfield Viscometer Model DV-III.

6. Water Absorption Rate of the Copolymer

The equipment for assessment of the water absorption rate was
composed of a 100-mesh aluminium screen in a funnel that was connected

with a graduated buret through a rubber tube. The level of aluminium screen
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and that of the buret at the zero scale were the same. The deionized distilled
water was filled into the buret until the water level was at the zero scale. The
aluminium screen was found to be thoroughly wet. Then 0.1 g of dried
copolymer was dropped onto the wet aluminium screen and then it was swollen
f r O 1 g of the product to fully wet, regarded
as the wicking time, was recorc amount of water, which lessened
from the zero level houbur &n gram of water per gram of

the product within a teeded, was the water absorption

immediately. The time required

rate.
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