CHAPTER IV

RESULTS and DISCUSSION

Infrared Analyses 4

FT-IR technique wasused tf)J follow the up polymerization, hydrolysis
and copolymerization _Figurcs 4.1 - 4.4 show the respective IR spectra of
polyacrylamide, parti;\ﬂgfhydrolyzed\-_ polyacrylamide at various degrees of
hydrolysis and the r/gdgtion pr&i’uct‘g J;after copolymerization, the partially
hydrolyzed polyacrylal;ndc with l-mhyl -2-pyrrolidone at various degrees of
hydrolysis of partially hydrolyzed polyacrylanude Table 4.1 gives the infrared
absorption of functlonal groups of Kdyacrylarmde partially hydrolyzed
polyacrylamide and partxally hydroj?zed poly(acrylamide-co-1-vinyl-2-

pyrrolidone). The infrared aﬁsorptlon of polyacrylamlde gave the absorption
bands at 3254, 319§j,”and 1414 - 1662 cm™, the charabcterlstlcs of the -CONH,
group containing in the polyacrylmide.” After the hydrolysis of polyacrylamide

one can observe the stretching absorption peaks of the -CONH, group that
shows the weak‘er bands in:the 3175 = 3227 ¢m | region (corresponding to the

-NH; group) than the previous polyacrylamide.spectra, the appearance of the
absorptign peak of the -COQ group.at 1564, 1407 ¢cm’' and:the assignment of
the band in the 3227 cm™ region is the bound water. The IR absorptioh
spectrum of partially hydrolyzed poly(acrylamide-co-1-vinyl-2-pyrrolidone)
demonstrated charateristic bands for both partially hydrolyzed polyacrylamide
and poly(1-vinyl-2-pyrrolidone). The assignment of the band in the 3300 cm™
region to bound water was made according to similar absorption in the
spectrum of partially hydrolyzed polyacrylamide. Other bands include the C-H

stretch vibration at 2942 cm™. Carbonyl amide bands occurring as a strong
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peak near 1664 cm™ close to the frequency observed in spectrum of poly(1-
vinyl-2-pyrrolidone). Methylene deformation peaks in the 1323 - 1444 cm’
region have the same pattern as those in the spectrum of poly(1-vinyl-2-
pyrrolidone). The band at 1291 cm™ represents the C - N stretching mode of 1-

vinyl-2-pyrrolidone monomers units
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Table 4.1 The Infrared Absorption of Functional Groups in Polyactylamide(PAM), Partially Hydrolyzed Polyacrylamide
and Partially Hydrolyzed Poly(acrylamide-co-1-Vinyl-2-Pyriolidone).
-

Polyacrylamide(PAM) Partially Hydf})}yied Polyalcrylamide HPAM-1-vinyl-2-pyrrolidone
” é){PAM) | Copolymer
Wave number Assignment Wave numbfe};: ) As '5 ent Wave number Assignment
2940 (W) C-H stretching 2538 ) 7 CH Stretching of, | | 2942 (W) C-H stretching
1452 (m) of CH, 1452 (m)" A7 G, 1444 (m) of CH,
3254 and 3196 (5) 3227and3175 o ¥ 3363 and 3300
1662 (vs) _CONH, 1673 (vs) CONH | 1644 (v9) _CONH,
1414 (m) 1407 gn) i 11409 (m)
1352 (W) _CH 1326 (W) _CH T 1323w CH
p 5 > 73227 (sh) H,0 ~>3300 (sh) H,0
: : 1673.(vs) [CODH 1664 (vs) _COOH
- : 1564 (m) -C00 1563,(m) “COO
1407(m) 1409, (m)
1291 C-N stretching - C-N stretching 1291 C-N stretching
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Figure 4.2 Infrared spectrum of 71% partially hydrolyzed polyacrylamide(71% HPAM)
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Figure 4.3 Infrared spectium of 71% partially hydrolyzed poly(acrylamide
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Figure 5.5 Infrared spectrum of (a) PAM (b) 63%
(f) 84% HPAM

HPAM (c) 71% HPAM (d) 76% HPAM (e) 80% HPAM
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Polymerization of Acrylamide by Gamma Irradiation

1. Effect of Total Dose on Polymerization
The result of the effect of total dose(kGy) on the polymerization of
acrylamide by the gamma rays at a fixed dose rate of 1.19 x 10* Gy/h is

Figure 4.6.
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Table 4.2 Effect of Total Dose(kGy) on Polymerization of Acrylamide ata

Fixed Dose Rate of 0.1990 kGy/min.

Total Dose (kGy)

Conversion (%)

i~

r.

3
i
=

1.8
1.9
2.0

J -
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85

5

92
91
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Table 4.2 and Figure 4.6 show the correlation between the total
dose and percent conversion. The curve shows a continuous increase in percent
conversion of the monomer as the amount of total irradiation dose increases.
The highest homopolymer occurred at the total irradiation dose of 1.4 kGy.
Higher total dose decreases the percent convesion slowly. An increase in the
total dose enhances the formation of ra@}cjgls in the reaction mixture: monomer,
acetone and water. All melecules are a;:twiﬁ;gi to induce a higher conversion

3 .
for homopolymer formation. Nontheless, a greater extent of the homopolymer

formation, occurs at the®6ptimuin toil dose.
Since gar 1rradtat10 usually mvolves the generation of B -

electrons from a col/ s’ource ar_xd as a consequent, when electrons strike

an assembly of organi obécules tkany phenomena can be induced. They

excitation/ AB —— P R 4.1)

— =

include: f AT f “
dissociation, A B & A 3 eletc
e capture | AB? etc %_:
AB _¢ ejection ‘AB 5 BB etc il £
Y |l

The total irradiation dose at1.4 kGy is thus just an optimum dose
to generate the least-amount of H', OH" and e'aq for the chain transfer of

homopolymer growing chain.

2. Effect of Dose Rate on Polymerization of Acrylamide by

Gamma [Irradiation

The experimental data of the effect of dose rate(Gy/h) on
polymerization of acrylamide is presented in terms of the conversion of

monomer(%) as shown in Table 4.3 and Figure 4.7.



66

Table 4.3 Effect of Dose Rate(kGy/min) on Polymerization of Acrylamide.

Dose Rate(kGy/min) Conversion(%)
3.60 x 10° 90
534x10° 91
1.19 x 10* 98

The curve

ongno e in percent conversion of the

monomer as the amoua mﬁ w: increase in the dose rate
enhances in the densi nt ﬂ\laxvolved. The yields of the
stable reaction prodii r@chc € dependmg on whether

they are formed by re?
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Figure 4.6 Effect of total dose(kGy) on percent conversion
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% CONVERSION

' f P
polymerization is g ~.8.

Table 4.@08‘@0%?%%@%@ Polymerization.
A R TR A] 12 FEFTr

1.0 78
1.9 85
2.0 91
2.3 98
3.0 91

3.5 91
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Figure 4.8 Effect of con r_’intré’tjion oi iici‘ylamide(M) on percent conversion.
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According the resﬁs of tﬁ' eoncentration of acrylamide, as the

2f ‘a__‘—_,

concentrations of th; acrylamlde ranging from 0.5 té 2.0M, it was found that

percent conversmnf’;was increased propomonally_;t{) the concentration of
monomer([M]). The highest homopolymer occured at the concentration of
2.5M. Beyond 2.5 to;3:0M percent,cofiversion, dropped.as the concentrations

of the monomer further ificreased. | At Concentrations above 2M, the reaction

' mixture becomes very viscous after the conversions of of 5to 10 % and it is

likely that 'the ‘el effect” is loperative at this stage-' The "gel effect would
account for the acceleration period.

The G(H,0,) first increases with the monomer concentration, up to
2.5M solution, and thereafter it steadily decreases. The increase of G(H,0,)
with the concentration of monomer was ascribed to the fact that the acrylamide
traps H and OH radicals with an increasing efficiency and thus prevents back

reactions such as:
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H + H,0, —p H,O + OH’ (42)
O +3H, > H,0 + H' 4.3)

on the other hand, the decrease of G(H,0,) at the monomer concentrations

Hydrolysis of Polyaerylamid
The degree of. 7 f temperature(°C), reaction

time(h) and concenfrati

attribute to the subsequen

~~ nsidered as the important
h 1s presented in Table 4.5.
Each parameter affeciing
49-4.11. '

: . olysis is illustrated in Figures
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Table 4.5 Degree of Hydrolysis as Functions of Temperature(°C), Reaction

Time(h) and Concentration of NaOH (% w/v)

Reaction Concentration Degree of Hydrolysis(%) at

Time(h) NaOH Temperature(°C)

T
s; Tz 60 | 70 | 80
H N T
1 72 G
A3 B 4D
7% & J6 438
71 F 75 e
2 g/ T B
75 | 80 | 80
83980 |- 78
») By [ 76 | 75
3 v7 - 1o 6 | 76 | 76
D 15 78 4 76 | 14 |98
! a Y gy | s | s
o bl g% | 76 115
¢ o
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1. Relationship between Temperature and Degree of Hydrolysis

Figure 4.12 shows a continuous increase in the degree of
hydrolysis as the temperature increases. The higher the temperature, the more
the changes in the amide groups along the polyacrylamide backbone to the
carboxylate group of the hydrolyzed polyacrylanude through the following

chemical reaction:

CH;?H —|
C=0

of hydrolysis of polyacr#amuie are given in Figure 4.13. Polyacrylamide
undergoes an extensive hydroiysxs at loijgfei“reactlon times.

il LL'L\'I'
- = ma )

80 T |

75 +

70+

65,

60T

% HYDROLYSIS

50 | : :
50 60 70 80 90
TEMPERATURE (°C)

Figure 4.12 Effect of temperature on degree of hydrolysis at reaction
time 2 h and 5% NaOH(w/v).
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% HYDROLYSIS

76

754 i
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Flgure 4.14 _also shows that the degree of hydrolysis increased

with a3 5 il AR The it

concentration 6f sodium hydroxide, the more.the changes in the amide groups

i RAGHIR FHUIVEEER Ehe i

polyacrylamide.
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% HYDROLYSIS

aOH (% w/v)

Figure 4.14 Effect o hydroxide at condition:

reaction tlme 1]

4, Rela_ lyacrylamide and the Degree
% m
The effect-of the quantity of polyacrylamide on degree of

ydrotysis 4 T4} 6 W k! 5 Tl . ht e e

of hydrolys1s increased with inereasing the guantities of pelyacrylamide up to

5 & W hirity i aabrmidel ehés i ) the degre o

hydroly51s is unchanged.
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Table 4.6 Effect of the Quantities of Polyacrylamide on degree of
Hydrolysis at: Reaction Time 3 h, 70°C and 20% NaOH(w/v)

Polyacrylamide(g) Degree of Hydrolysis(%)
1 79
3 4, 80
5 84
29
7 :‘ 84
Q™ '. 84
Py 1

‘; %

1. Effect of To@Dose on C%menzatlon

-ty

The experlmental ?iéta foﬁie effect of total dose(kGy) on the

ﬂ“‘

copolymerization _Of the partlally hydrolyzed pol.yacrylanude(HPAM) with

-v1ny1-2-pyrrohded_glby gamma irradiation at a ﬁgcscf dose rate of 1.19 x 10
Gy/h is presented in'terms of the conversion of tionomer(%) and the water

absorption (g/g) as show’in Table 4.7, Figures 4.15.and 4.16.

Table 4.7 Effect of Total Dose(kGy) _on™Copolymerization of Partially
Hydrolyzed Polyacrylamide(HPAM) with' 1-Vinyl-2-Pyrrolidone.

Total Dose(kGy) Conversion(%) Water Absorption(g/g)
8 37 801
9 59 896
10 79 950
11 75 150
12 72 730
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1.1 Relationship between Total Dose and the Conversion

of Monomer.

Since gamma irradiation usually involves the generation of
B - eletrons from a cobalt - 60 source, and as a consequent, when electrons
strike an assembly of organic molecules, many phenonema can be induced,
which have been memtioned eatlier in Chiapter II.

The Compten process p1;y§ an important attribute to the
interaction between y-rays-and th:; chemieals _in the current research. The

current polymerlzau?ﬁons araibeheved t0 eccur predominantly through
th

mlmmum part1c1pat10n of ions. The presence of

J
¥

previously led us to Beliéve that th;‘ roles of ions in these processes were

free radical process
water as a reaction n )?m_and the xﬁactlon temperature at about 30 + 1°C has

suppressed. Therefore, r‘all the explaﬂéﬁdns below were based on the role of
iy A ‘.r‘,

o Z: f,.a

Table 4.7 and" Flgure 331:5 show the correlation between the

free radical polymerlzathﬁ

total dose and the Jconversmn of monomer The famount of conversion of

monomer varied ﬁ:ofx_l 37 to 79% depending on dos;c:'sﬂ.ii The highest conversion
of the monomer occ.ured at the total urradiation dose of 10 kGy; the conversion
of monomer increased with increasing thé amounts of total irradiation dose up
to 10 kGy. Higher'than 10 kGy,-the coriversion-of the ménomer decreased. To
optimize the conversion of a rionomer with the minimuii_of contamining
homopolymier, | there'are a numbercof conditions, which need to be met. Most
importantly, the yield of radicals from radiolysis of polymer (G value) must be,
as much as possible, in excess of that from the monomer. Thus the
copolymerization of partially hydrolyzed polyacrylamide(HPAM) with 1-vinyl-
2-pyrrolidone would be reasonably favored. This suggests that the higher

irradiation dose gave a large amount of radiolysis products (in the absence of

oxygen): H', OH" and of which G(H"), G(OH") and G(e'aq) are 0.55, 2.8 and
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2.7 at pH 4 - 7, respectively, which initiated homopolymerization rather than
copolymerization reaction(3). The H® and OH" are the frequently chain transfer
species to growing chains which consequently terminate the copolymerization
reaction. The total irradiation dose at 10 kGy is thus just an optimum dose to
generate the least amount of H', OH® and e,, for chain transfer of
homopolymer growing chains and thué’ @rease in radiolysis products, less
likely cationic species due to the ex1stence”6f_water and most probably free
radicals with mcreasmg,.the' total u;]:idlatlon dose_. All the monomers were
possibly used up for bﬂ!ﬁv/ e homopolymer formation and copolymerization

reaction under the i

the doﬂ_ei: 1-vinyl-2-pyirolidone molecules were

activated to induce hi

and the lowest percent homopolymer

- 0
2. Effect éﬂDose Rate on Conolvmerizaﬁox}'rh

The effect'of dose rate(Gy/h) on the copolymerization of partially
hydrolyzed(HPAM)-1-vingl-2-pyrrolidoné-by gamma rays.at a fixed total dose
of 10 kGy is 'presented iri' terms-of the” conversion of monomer(%) and the

water absorption(g/g) as shown in Table 4.8, and Figures 4.17~' 4.18.
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Figure 4.16 Effect of total dose(kGy) on water absorption(g/g).
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Table 4.8 Effect of Dose Rate on Copolymerization of Partially Hydrolyzed
Polyacrylamide(HPAM)-1-vinyl-2-pyrrolidone at the Total Dose of

10 kGy.

Dose Rate(kGy/min) Conversion(%) Water Absorption(g/g)
3.60 x 10° 2 69 890
534x10° , 71 940
L19x 10" 179 952

£ I — t-*
\
2.1 Rela;mgbln betWeen;'Dose Rate and the Conversion of
Monoger Lo ', , ”’ .

vvvvv

given in Table 4.8 and 1llustrated mﬁFlgure 4.17. When increasing the
quantities of dose rate from 3. 60 x 10’ to 1.19 x 1@4 Gy/h, the conversion of

monomer increases- 'from 69 to 79%. The mcreasmg*—tfend of the conversion of
monomer suggests that, in order to keep the total dose at a constant level, a low
dose rate requires the longer irradiation-time, for, the reaction to take place than
that of a high_dose rate to the same level of total 'dose.” The lower dose rate
produced a few radicals, and perhaps few.cdtionic speciesin existence for the
reactions. ' It does depend greatly on'the' magnitude ‘of the ‘halflife of radicals.
In the normal case, the radical half life could be as long as 3 - 4 days after an
exposure to gamma rays, which should allow any post reaction of
homopolymer formation and copolymerization to occur. But in this particular
case, the reactions was stopped immediately after removing it from the source.
Therefore, the effect of post irradiation can certainly be ignored. At the higher

dose rates of gamma irradiation, several phenomena were observed elsewhere
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(3). Due to that the abundant free radicals could initiate a large amount of
growing chains of copolymer and homopolymer, the existing growing chains
were then completely and rapidly scavenged by the monomer, and those
growing chains were also not active by primary termination which involves
propagating radicals reacting with prlmary radicals. The former reactions were
the attribute to the high conversion of thé/s‘}stem

2.2 Relationship between Dost-Réate and Water Absorption.

. J "
The effect.of dose rate on water absorption in deionized distill

water by partially yféd poly(acrylamide-co- 1-vinyl-2-pyrrolidone) is

tabulated in Table 4.8 )aown m Flgme 4.18. The results show that the
highest water absorptien oéc ;7' at aﬂose rate of 1.19 x 10* Gy/h. The lower

% CONVERSION

64 : : |
3.6 72 10.8 14.4
DOSE RATE ([Gy/h x 10°])

Figure 4.17 Effect of dose rate(Gy/h) on percentage conversion.
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Figure 4.18 E
To conclude the—gff total dose and dose rate on
Pk

copolymerization, Qie ‘may possibl not& nt of dose rate determines
the length of branchés whereas total dose: (he fiumber of active sites for

branching. The plaud\lble e>;planan_on could be tiﬂl, difference in molecular

7|11 )11 0
WAADIUNAIINEAS

The result of the effect of the amount of HPAM on
copolymerization of partially hydrolyzed poly(acrylamide(HPAM)-co-1-vinyl-

2-pyrrolidone) by gamma irradiation at a fixed dose rate of 1.19 x 10* Gy/h is
presented in terms of the water abosrption(g/g) as shown in Table 4.9 and

Figure 4.19.
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Table 4.9 Effect of the Amount of HPAM(g) incorporating in the Copolymer

on Water Absorption.
HPAM(g) Water absorption(g/g)
5 950
10 | AU/ 916
Sy _
=
[ s T—— 9 10
20 902

950 4

=

e _.;F_:ﬁ“,
B el
E 90/ T35 7]
% 910 |
2 o0l
e
B 8901
; 38 ‘a LY |

b ANENINBINT

10 ¢ 15 & 0. @& 25

Figure 4.19 Effect of the amount of HPAM(g) incorporating in the

copolymer on water absorption(g/g).
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The results show that the hightest water absorption occured at the
amount of HPAM(g) of 5 g. The higher quantity of HPAM gives the lower
absorption. At the quantity of HPAM lower than 5 g copolymerization could
not occur. It can be suggested that there a critical amount of HPAM required

for copolymerization.

4. Effect of the Quantity oﬁ val 2-Pyrrolidone on

Copolymerization.
9
The result of the effect of the quantity of 1-Vinyl-2-pyrrolidone on

g .

copolymerization of ~parially drolyzed " poly(acrylamide-co-1-vinyl-2-

F

pyrrolidone) is presenfe ln terms f water absorption(g/g) as tabulated in

Table 4.10 and sho E-igpre 4 20

F | vf #
/ £ /7. -5_.

/
Table 4.10 Effec?j of the; Quantmty of 1-Vinyl-2-Pyrrolidone on

Copolyfmenzatxon j:

i
i 5

m— ———
—

Concentratiog of 1-vir"1y"l:2‘- & Water absorptlon in deionized
yrroli.di)ne(M*) dlsglllated water(g/g)
0.47 _ 884
0,94 950
1.41 638
1.88 637

* Calculated from 5, 10, 15 and 20 ml of the monomer.

The results show that the highest water absorption occured at the
quantity of 1-vinyl-2-pyrrolidone 0.94 M. The higher quantities of 1-vinyl-2-
pyrrolidone give the lower water absorption; and likewise, the quantities of 1-

vinyl-2-pyrrolidone lower than 0.94 M also give the lesser water absorption.
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WATER ABSORPTION

= Y )
5. Effe of df of Polyacrylamide on

]
Cop ol enzatlon

SN ). 1) v o ey
pyrT dﬁ)T a Wi msﬁﬁﬁ %Wcﬁﬂqﬁnﬂ Table 4.11 and

Flgure




Table 4.11 Effect of the Degree of Hydrolysis of Polyacrylamide on

87

Copolymerization.

Degree of Water absorption in deionized distilled water(g/g)
hydrolysis

(%) HPAM 4 Copolymer

63 21 - 815

71 23 950

12 . 24 750

76 P 21 389

77 ”F _ 2 352

80 " 242 255

84 FIVINGY 176

Y,
of

*Water absorption in deionized distilleé-}y;ter of PAM was 18 g/g.

o+
sl

1000 - 737 7, .
E 800 W | _—e—HPAM
9 700 [ —— Copolymer
2 I
B 600 -
S 500 -
2 400 -
M@ 300 4
<
= 200 -
100 -
R—— —
63 66 69 72 75 78 81 84
DEGREE OF HYDROLYSIS (%)

Figure 4.21 Effect of the degree of hydrolysis of polyacrylamide on

copolymerization.
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From Table 4.11 and Figure 4.21, the water absorption of the
partially hydrolyzed polyacrylamide increased with increasing the degree of
hydrolysis up to 71 %. After the degrees of hydrolysis higher than 71%, the
water absorption are constant. The water absorption of partially hydrolyzed
poly(acrylamide-co-1-vinyl-2-pyrrolidone) is highest at the degree of
hydrolysis of 71%. The water absorption of the copolymer decreased with
increasing degree of hydrolysis. -

At low degrees-of hydf:)lysis, the number of carboxyl groups is
very low and randomly” distributed(9); any hydrogen bonds formed will be

q/ﬁ:ﬁ niramolecular complex. At low degrees of
%;Qf the_HEAM coils is less than those at higher
degrees. Therefore, at/t{;ﬂo_w "Eiegrec% of hydrolysis, it is not the dissociation

unable to sustain

hydrolysis, the expa

of -COONa groups that }ﬁ'e\pént interactions with PVP. It can be suggested that
there is a critical number of TCbONa""ﬁ;b}}ps required for complexation with

-----

PVP. The interactions betweéﬁ*ﬂie -COﬁﬁﬁa groups of the partially hydrolyzed

., e

e ol
polyacrylamide andithe bulky functional groups of t_h?, PVP could cause steric

hindrances, resulti:nﬁ in decreased mobility of the ;dnplex and a more rigid
chain. The hydrogeri__:l‘)onding between the -COONa_:of the partially hydrolyzed
polyacrylamide and PVPawill be strong én' account of the high electronegativity
of the oxygen of PVR duetto thelpresence of nitrogen(9).

Interactions are absenit only whensall the -COONa of HPAM are
ionized:\ Interpolymer interactionsbetween PVP and -COONa groups, which
favored over the intrapolymer interactions between the amide and the acid
groups. When the degree of hydrolysis is higher, there is no interaction
between PAM and PVP. A possible explanation of this lies in the number of
amide and acid groups present on the polymers. At low degrees of hydrolysis
the number of amide gourps is much higher than that of the acid groups.
Interactions between the few widely scattered -COONa groups and the 1-vinyl-
2-pyrrolidone groups will be weak. Poly(1-vinyl-2-pyrrolidone) will interact
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with the amide groups, and this weak interaction results in only a slight
decrease in the segmental mobility of HPAM. As the number of -COONa
groups increases (higher percent hydrolysis and lower amide groups),
interaction between the -COONa and poly(1-vinyl-2-pyrrolidone) will increase.
Under these conditions, the number of amide groups is apparently too low for
any significant interaction with poly( 1 ,m/pyl 2-pyrrolidone) and interactions
between poly(1-vinyl-2-pyrrolidone) and fhe' -COONa group dominate. The
higher the degree of hydrolysis; the 'farger the number of hydrogen bonds and
o ital mobility of the complex(9).
6. Water Abso 'o and 3/

therefore the lesser the

1ck1ng Time of Partially Hydrolyzed

According t th‘e’ festilts offthe dose rate of 1.19 x 10* Gy/h and
total dose of 10 kGy, )ﬁe copolymd;‘d(}f the partially hydrolyzed poly

(acrylamide-co-1-vinyl- 2-pyrrohdone) ha:ze the maximum water absorption in
deionized distilled w?ter of §50 times 1ts dned welght

Y ]
- _,J' i N
Table 4.12 The Watéf Absorption and Wicking Time of Partially Hydrolyzed
Poly(acrylamide-co-1-vinyl-2-pyrrolidone): Depended on the

Drying Method.
Degree of Water Absorption(g/g) Wicking. Time(min)
Hydrblysis(%o)
Heat Dried | Freeze Dried | Heat Dried | Freeze Dried

63 815 965 16.10 1125
71 950 1100 24.45 25.30
72 750 897 12.45 14.20
76 389 539 9.30 10.30
7 352 502 7.55 8.25
80 255 406 6.30 7.10
84 176 328 3.00 3.50
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Figure 4.22 Water a?So@ttbn of partlally bydrolyzed poly(acrylamide

-co- -vmyl;& pyrrohdonefdw}th the different drying methods.
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Figure 4.23 Wicking time of partially hydrolyzed poly(acrylamide-co-
1-vinyl-2-pyrrolidone) with the different drying methods.
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In Table 4.12, Figures 4.22 to 4.23 the water absorption and
wicking time of the absorbent copolymer are shown. Drying methods imposes
a strong influence on water absorption. Heat drying method gives the product
with less water absorption than does freeze drying method because there are
reactive side groups along the copolymer chain (-COONa or -CONHy,), that
side branching and crosslinking of coﬁpiy;mer can occur to stiff the chains
under during drying leading to a declmemg W" ater absorpbency.

7. Effect of NaCL Solutlons‘:)n Water Absorption.

The effec :?aa solutions at the concentrations of 0.1, 0.5, 1.0
and 2.0 % NaCl w/v gfwatey ab rptlon is clearly illustrated in Table 4.13
and Figure 4.24. Th ;’ék absorptl_qn efficiency of the copolymer is very

}zéntratlcm \Indeed the effect of NaCl at different

concentrations show a dr zﬁc deer eas*e:m'water absorption of the copolymer.

L

dependent on the ion

. J ;fr_
4 : iy
Table 4.13 Effect of Na@i Conemtratlon on Water Absorptlon
3 r o L
Concentratio;ggf_NaCl(% w/v) Wate;TAbsorptlon in g/g
ow - 950
0112 310
0.5° 205
1, 0% 130
2.0° 96

INa‘] = [CI] = 0.017, [Na'] + [CI] = 0.034 mole-ion /1
"[Na'] = [CI] = 0.085, [Na'] + [CI] = 0.170 mole-ion /I
°[Na'] = [CI] = 0.171, [Na'] + [CI] = 0.342 mole-ion /I
‘[Na'] = [CI] = 0.342, [Na'] + [CI] = 0.684 mole-ion /I
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WATER ABSORPTION (g/g)

0 — = 1

0 :/0‘1 3 0.5 1 2

/; ,,*'CONCEN%I*{'ATION of NaCl (% wiv)

Figure 4.24 Eﬁ‘ect of NaCl c.(}ncentratlon on water absorption.

Yy 4”4
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@

The ions attache}i_—to the &I@Qromolecule network in the gel are

immobile and are. ¢onsxdered to be separated from{ the external solution by a

semipermeable mefnbrane which confines to th;‘i'Jmmoblle ions, but gives
passage to water and all simple ions. The excess concentration of mobile ions
in the gel phase.is calclilited, using Dorinan’s equilibrium model. This excess
concentration, is dircetly ‘proportional to osmotic pressure differential and this,
in turn, is assumed to be directly proportional.to degree-of swelling, i.e., to the
water absorption‘itself(36).

In this case the copolymer is present at the anion of sodium salt
(polycarboxylate) and polycarboxamide, which are assumed to be a strong
electrolyte.

When copolymer was placed in NaCl solutions, at the surface of
this material the behavior as semipermeable membrane exists. To maintain

electrical neutrality on the both sizes of the membrane, Na* and CI ions have
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diffused through the membrane from external solution to the interior of gels.
The amount of NaCl diffused from external solution to the interior of gel is
inversely proportial to the concentration of non-diffusible ion. This unequal
distribution of the diffusible ions (Na* and CI’) in the two compartments is the
result of the Donnan effect(36), assume that the copolymer has the same
behavior as the sodium salt of protein. | '/ 4

The osmotic pressure of thxs@jﬁem is now determined by the
difference between the number of péf;ﬁcals inthe external solution and that in

the interior of the gel. :_Asf' e that Na' ions in the interior of the gel have the

same concentration ( 1) as th of poncarboxylate
Then
/// E (2a +3 (a® #240) RT 4.5)
EREE Zb'

il
; .". r' 7y f,‘
a:  concentration of p—o&carbofytate and Na" ions in the

ﬂ_‘

interior of the gel mole- 1on-1

| S

b: concemratlon of Na’ and CI ions in the~e ternal solution,

7. osmotic pres;{u—e %tm

#

P,

.‘

Lk

mole-ion-1". A
R:  gas constdnt;8.314 JK' mdl,
T:  temperature, K

According to eq. 4:5¢the concentration of salt'solation increases,
the osmotic pressure of this system would then decrease. The more ions are
present, the less water is absorbed. In producing wells environment, a similar
effect is expected as producing wells contain various types of ions. The use of
partially hydrolyzed polyacrylamide(HPAM) copolymer in producing wells
also has such an effect, a reduction in water absorption. HPAM is a

polyelectrolyte, and as such it will interact quite strongly with ions in solution.
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However, since the polyacrylamide chain is flexible, it may respond much more
to the ionic strength of the aqueous solvent, and its solution properties are
much more sensitive to salt than HPAM. In oder to compensate for the
decrease in water intake, the use of partially hydrolyzed poly(acrylamide-co-1-
vinyl-2-pyrrolidone) is therefore necessary.
8. Effect of MgCl, Solufions gé/p; Water Absorption.

The water absorption of the parﬁﬁ.l.ly hydrolyzed poly(acrylamide
-co-1-vinyl-2-pyrrolidone)in 0.1, 05 1.0-and 2.0 % wiv of magnesium
chloride solutions is gwe‘ﬁ [able'4 14 and Figure4.25.

Table 4.14 Eff /lgCI; C.anentratmn on Water Absorption.

Concentration of Mﬁf f% | Water Absorption in g/g
.{r..
o e 950
0;1" SN P
03" =1 9
Y/ s
1.6% 63
2.0° =

‘IMg*1 = 0.010, [CI]

0.020,/[Mg*'] + [€I7 = 0.030 mole-ion /I
"[Mg* Pi=10,0520{C11( = 01105, [Mg?'] + [€1] =0.157molexion /1
[Mg*] = 0.105, [CI] = 0.210, [Mg*] + [CI] = 0.315 mole-ion /1
‘Mg*] = 0.210, [CI] = 0.420, [Mg*] + [CI] = 0.630 mole-ion /I

Il
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WATER ABSORPTION (g/g)

Figure 4.25 Effect of MgClz cmimrmatlon on water absorption.
ets il

On obsgrving the case of N/IECIE, the water absorption decreased

even more witht fy_lcreasmg magnesium chffoﬁﬁijconcentrations. As a
consequence, the abgérption with MgCl; solution 1€ much less than dose NaCl.
Here the highest water‘intake of MgCl,gsolution is 153 g/g, while that of Nacl
the value obtamed.is 310 g/g.

As the concentrationsof 0.1 % w/y of Nacl and MgCl,, both Na+
and Mg?" ltave ioncentrations of 0.034 and 0.030 mole-ion/l; respectively. The
results indicates decrease in water absorption with ions, expecially divalent
ions. It is the result of the osmotic pressure differential between the internal
solution in the gel and external solution due to the different ions types. The
water intake by the gel reduced the osmotic pressure until an ion concentration

equilibrium was reached.
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9. Thermal  Properties of  Polyacrylamide,  Poly(1-Vinyl-2-

Pyrrolidone) and Copolymers at Various Degrees of Hydrolysis
of Partially Hydrolyzed Polyacrylamide.

The thermal properties of polyacrylamide, poly(l-vihyl-z-
pyrrolidone) and copolymers at va 'Qus degrees of hydrolysis of partially
hydrolyzed polyacrylamide w udie thermogravimetric analysis(TGA)

in the range 50 - 650°C under nitroge re and heating rates 20°C/min.
The decomposition _(emperature : » : i poly(1-vinyl-2-
| “degrees of hydrolysis of partially
hydrolyzed polyacrylamigd ho: 1 Table 4:15,and Figures 4.26 - 4.32.

AUEINENINYINT
RIAATUAMINYAE
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Table 4.15 The Decomposition Temperatures of Polyacrylamide, Partially
Hydrolyzed Polyacrylamide at Various Degree of Hydrolysis, Poly(1-Vinyl-2-
Pyrrolidone) and Copolymers at Various Degrees of Hydrolysis of Partially
Hydrolyzed Polyacrylamide.

position Temperature(°C)

N
Sample "'i-\\}__&\-\"\

PANG™ /) \ L o 42407

63% 390.50
71% HPA 394.80
76% HPAM 388.00
80% HPA 386.50
o, . :
84A>k £ 385.00

63% HPAM- %p-PVP

l%ﬁ%’ﬂmﬂﬂ I NN Fes

76% HPAM-co-PVP g 44338

o tiantLL bt MINYIRY

84% HPAM-co-PVP 436.42
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Figure 4.26 Thermogravimetric curve of PAM
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Figure 4. 28 Thermogravimetric curve of 63% HPAM-co-PVP
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~ Figure 4.29 Thermogravimetric curve of 71% HPAM-co-PVP
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Figure 4. 30 Thermogravimetric curve of 76% HPAM-co-PVP
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Figure 4. 31 Thermogravimetric curve of 80% HPAM-co-PVP
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Figures 4.26 - 4.32 show TGA curves for the decomposition
temperatures of polyacrylamide, poly(1-vinyl-2-pyrrolidone) and copolymers at
various degrees of hydrolysis of partially hydrolyzed polyacrylamide. The
highest decomposition temperature of copolymer occurred at the degree of
hydrolysis of partially hydrolyzed po}yacrylamide of 71%. The higher degree
of hydrolysis other than 71% HPAM’W P gives the lower decomposition
temperatures. The results of TGA analysﬁ" show that copolymers have
significantly higher thﬁél s b111t$/ than PAM(about 20°C higher). This is
likely due to the prese f polyq -vinyl-2-pyrrolidone). According to the
bond energy, the C-N'li 2 kJ/mpl) 15 weaker than the C-C (348 kJ/mol),
C-O(351 kJ/mol),

1 kJ/mol). . Therefore, it can be reasonably
expected that the thermal de adaﬁ'on "p’receeds through the breaking of the C-N
bond better than the rand

smssmn .o the C-C main chain. This behavior
¥ N

J

could justify the release pw:mhdone —fhg m‘am product of the initial step of
the degradative pathway. Tbcse facts su:pgo:t_a degradative mechanism through

the release of the p_ydrohdone sxde or oup represented{na Figure 4.32.
4 j A
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Figure 4.33 Degradative mechanism of poly(vinyl pyrrolidone)
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