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Studying the Swelling and Thermodynamic
Functions of a Graft Co - polymer Using Different
Molar Ratios of Acrylic Acid Monomer
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Abstract--- In this work, the of graft co-polymer was prepared, by using glycerol as material containing the
three alcoholic groups, and that reacted with terphthalic acid which have two carboxylic group as a first step, and
then added 0.5 mole of fumaric acid to prepared graft co-polymer, as a second step. The acrylic acid monomer was
added to the graft co-polymer in different number of moles (1.5, 2.0 & 2.5 mole). The swelling ratio measurements
of the graft co-polymer, in three different buffer solution (2.2, 7.0 and 8.0), in the constant temperature at 310 K.
The results showed that the increases of number of the moles of the acrylic acid monomer, Leads to increased of

swelling ratio. Thermodynamic functions were calculated of the linear polymer.

Keywords--- Polyester Resin, Modified Polymer, Modified Polyester Resin, Condensation Polymerization,
Interpenetrating Polymer Network, Swelling, Swelling of Polymer, Swelling of Modified Resin, Swelling of

Co-polymer, Rate of Polymerization, Activation Energy, Thermodynamic Functions.

I. INTRODUCTION
Copolymerization is the joint polymerization of two or more monomer species. High—-molecular mass

compounds obtained by copolymerization are called copolymers ™. The molecular chain of a copolymer is
composed of different units, in accordance with the number of initial monomers 2. If the reactants of a
polycondensation have several different monomers, the result will be a copolymer B! The reaction of co-
polycondensation has acquired great technical importance in recent years and is now widely used for the synthesis of
various mixed polyesters and polyamides (e.g. containing ester and amide bonds simultaneously) and other
copolymers. For instance co-polycondensation of hexamethylenediamine, adipic acid and terephthalic acid ;
Polymers may be classified as hydrophobic or hydrophilic, according to whether or not they dissolve or swell in
water. The polymers which contain hydrophobic groups (e.g. C,Hs) are water insoluble. The polymers which
contain a hydrophilic group (e.g. OH), are water soluble, in the case of linear polymers or swellable in the case of
cross linked polymers. In other words, the hydrogel can be defined as a polymeric material which will swell in
solvent and it contains a significant fraction of water (usually more than 20%) within its structure. The term xerogel

is given to the polymer network alone (dry state) ©, thus:
Xerogel + Water — Hydrogel

Hydrogels, are a coherent system rich in water; they are made up of two principal components; a constant solid

component consisting of a polymer network, and a variable liquid component, either water or an aqueous solution.
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The aqueous component can undergo exchange with the environment by diffusion or evaporation © ™. For getting
materials combining biocompatibility with a good mechanical strength, two methods are used [©° I
Copolymerization of hydrophilic monomers with hydrophobic monomers or with cross-linking agent or grafting of
hydrophilic monomers on stronger polymer supports *%*12,
1. EXPERIMENTAL

1. Chemicals

All chemicals were used in this work analytical grade, imported from different companies.

2. Preparation of graft co-polymer %14

The first step; In a 500 ml three-necked round bottom flask, (2.0 mole, 332gm) of terphthalic acid, and (1.0
mole, 92gm) of glycerol, were mixed together, this flask was equipped with a thermometer and a mechanical stirrer.
The mixture warmed carefully with an electric heating mantle to 270C° until a clear liquor is formed and then about
25 ml of xylene was added carefully to the reaction flask, in the form of batch (two drops in each batch), Withdrawal
of water formed in the esterfication process, and the flask was gently heated. Heating was stopped after 150 min. at
325 C° until no more water came off. The second step; The flask was allowed to cool to 110 C° and (0.5mole,
58gm), of fumaric acid, was added carefully to the reaction flask, and the flask was gently rise heated, after melting
material, added the drops of xylene in the form of batch (two drops in each batch), until no more water came off at
275 C°, and 125 min., to prepared of a new graft co-polymer. The flask was allowed to cool to 50C°, and (1.36x10-
3mole, 0.147gm) of hydroquinone was added to the reaction flask, with stirred by mechanical stirrer, and (1.5, 2.0
and 2.5 mole) about ( 108, 144 and 180 gm), respectively of acrylic acid monomer, was added to the graft co-
polymer and stirred by mechanical stirrer, until a pourable syrup was formed. The viscosity and density of the
prepared co-polymer were calculated using, Brookfild digital viscometer instrument and Hydrometer instrument

respectively, and the average number of molecular weight ( Mn ) was determined using end group analysis method..

Table (1), represents the physical properties of modified polyester resin.

Table 1: Physical properties of the graft co-polymer

Physical properties | Value
T~ . | Around 2800 gm/mole
Molecular Weight (IMN) g
61 %
Solid content
o 23 poise
Viscosity
15-20 min at 25C°
Gel time
26
Acid Value
) 1.5 (gm/cm® )
Density

3. Preparation of polymeric specimens

The specimens of polymeric material containing different number of moles of the acrylic acid monomer were

prepared by using Methylethylketone peroxide (MEKP) as a hardener and cutting as a disc in dimensions
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(thickness=3mm & diameter=10mm) and the weighted of the xerogel discs was exactly 0.4 gm of all specimens

were used in the swelling study.
4. Swelling

The known weight and diameter of dried discs (Xerogel) were put in sample vials. The swelling time was

10, 11]

counted when the solvent was added into the sample vials 2% *1. The buffer solution contents of the hydrogels, were

calculated according to the following equations ! :
Buffer solution % = (Wt. of hydrogel - Wt. of xerogel / Wt. of hydrogel) x 100
5- Thermodynamic Functions

The Arrhenius equation gives the quantitative basis of the relationship between the activation energy and the rate
of polymerization, at which a reaction proceeds. From the equation, the activation energy can be found through the

relation [6):
K = AeEa/RT)

By using Van Huff complementary equation, the thermodynamic functions were determination of the linear co-

polymer. The relationships below were used to calculate these functions 27

InK=- (4H /RT) + constant
AG =-RT. InK

AS=(UH-A4G)/T

I11.RESULTS AND DISCUSSION
1. Preparation of graft co-polymer

The first step; Figure (1), represent the FT—IR spectrum of the linear co-polymer, showed the appearance of a
strong broad band at about 3423 cm™ for stretching alcoholic -OH with stretching (H-bond), and also showed a
weak band at about 2902cm™ due to the -OH for Carboxylic acid, the C-H sp®and sp*hybridization absorption at
about 2544 cm™, 2654 cmrespectively, and the spectrum also showed a strong band at about1726 cm™ assigned to

a stretching band C=0 for ester group.

The spectrum appearance a weak sharp bands at about 1597cm™,1581cm™due to C=C for conjugated system of
benzene ring and also showed a bands at about 1284 — 1259cm™ assigned to C-O absorption band ™. Figure (2),
The spectrum of *HNMR showed, which explain the singlet signal at 13.24 ppm characteristic of proton in
carboxylic acid group, furthermore the multiples in the region 7.53- 8.10 ppm back to all protons in aromatic ring,
the signals at 6.27-6. 46 ppm for four protons of methylene in the structure of co-polymer, the multiples at 4.24-
4.50 ppm of methyl protons, but the triplet signal in 3.44- 3.62 ppm dueto the proton of aliphatic alcohol so this

spectrum was confirmed the structure of our target polymer %,

DOI: 10.37200/1JPR/V2415/PR201814
Received: 13 Feb 2020 | Revised: 07 Mar 2020 | Accepted: 23 Mar 2020 1443


https://en.wikipedia.org/wiki/Arrhenius_equation

International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 05, 2020
ISSN: 1475-7192

COOH
CH,—CH—CH;  330°C /150 min.
2 t | 1) H,0
OH OH OH

COOH

Terephthalic Acid Glyeerol
- o 0 07

TN VeV

H=40—C C—0—CH,—CH—CH,—0—C C+OH
L Linear Co-Polymer n
Equation (1): Reaction of step 1
- 0 o 0]
T VeV
H—+0—C C—0—CH;—CH—CH,-0—C C+O0OH
B Linear Co-Polymer Jn
f{.'{l(]]l
-(n-=1) H,0 HC=—CH
275 o°C /125 min. ||,|‘_'|.|:_;u:_jlH

N I

H—0— ﬂ—QL—G—CHI —CH—CH;-0— —@L +OH
) )

O=—=C—CH=CHCOOH
Graft Co-polymer

Equation (2): Reaction of step 2

DOI: 10.37200/1JPR/V2415/PR201814

Received: 13 Feb 2020 | Revised: 07 Mar 2020 | Accepted: 23 Mar 2020 1444



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 05, 2020
ISSN: 1475-7192

6 samanzu
w
ar
re
1
L
21
@ 4
-
¥. - t
@ i i g * 1
% & g2 - 5
k H - i3
a 3
53 ;
0 s ' L]
all B
' 1 ¢
g [
i
" £ 3
P e
as
£ i
>0 1o e 2620 2000 o 1600 1430 100 1000 "o ~0
" o
Comment No. of Scans,; Date/Time, 15/11/2007 010320 2
an Resclution User Dr fakah

Figure 1: The FT-IR spectrum of linear co-polymer
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Figure 2: The "HNMR spectrum of linear co-polymer
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Figure 3: The FT-IR spectrum of graft co-polymer

The second step; Figure(3), showed the FT — IR spectrum of the graft co-polymer, its showed the appearance of
a strong broad band at 3500 cm™ for stretching alcoholic -OH with stretching (H-bond), and the spectrum also
showed the aliphatic C-H, aromatic =C-H and alkenes =C—H at approximately at 2880 cm™, 3140 cm™ and 3050 cm’
! respectively, and the spectrum also showed a strong sharp band at 1740 cm™ and 1250 cm™ for a stretching band

C=0 ester and C-O ester respectively.
2-Thermodynamic Functions

The rate of polymerization in different times (Sec.) at a constant temperature was calculated by measuring the
acid value. The slope of a plot of acid value (A.V.) versus time (Sec.) represents the rate of polymerization Figure
(4). Table (2), showed the acid value in different times at different temperatures. The rate of polymerization of the
modified unsaturated polyester resin, was (120 Sec.™) at a constant temperature in 583 K. The activation energy (Ea)
of polymerization of the modified unsaturated polyester resin was calculated from Arrhenius equation and it was
found (2.9 x 10° J/mole) at a constant temperature in 583K.
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Table 2: Represent the acid value of linear co-polymer in different times at different temperatures.

Time (Sec.) | Acid Value | Slope Temp. (K)
120 240.0
240 220.0 3.254472 | 563
360 198.8
480 182.0
120 176.4
240 162.4 3.254472 | 568
360 147.0
480 135.0
120 126.0
240 114.6 3.254472 | 573
360 103.6
480 92.4
120 81.2
240 73.0 3.254472 | 578
360 64.4
480 57.4
120 479
240 428 3.254472 | 583
360 37.0
480 30.0
260 -
240 -
220 -
200 -
180 -
160 - .\.\.\.
o 140 1 ——563K
2 120 4 —B—568 K
> 100 - 573 K
g 80 - a —=578K
< 60 - o —X  —%—583K
40 - ' ’ : .
20 - e
O T T T T T T T T T T 1
0 50 100 150 200,250/ 300 350 400 450 500 550

Figure 4: Acid value Vs. Time (Sec.) in different temperatures
By using Van Huff complementary equation, the thermodynamic functions were determination of the linear co-

polymer. Table (3), showed the thermodynamic functions.

Table 3: The thermodynamic functions of the linear co-polymer

no|T uT InK AH AG AS
(K (J3/mol) | (I/mol) (KJ/mol.K)
1 |563 | 1.776 x 10° | -0.1003 | 2.9 x 10° | 469.482 5.150
2 | 568 | 1.7605 x 107 | -9.2992 43914.095 | 5.097
3 | 573 | 1.7452 x 107 | -10.733 51131.174 | 4.971
4 |878 |1.7301x 107 | -15.232 73197.254 | 4.890
5 |583 | 1.7152 x 107 | -24.063 116634.852 | 4.774
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3. Measured of swelling

The swelling curves of graft co-polymer showed a plot of buffer solution content for different compositions

against swelling time (hour and day). The initial swelling rate was medium, the maximum being reached within the

first few hours of the swelling. The shape of the swelling curves indicated that buffer solution—soluble molecules

were being released from the xerogel upon swelling.

[14]

A plot of buffer solution content versus time showed hydration curves of graft co-polymer for three different

numbers of moles from acrylic acid compositions ranging from 1.5, 2.0 and 2.5 mole, against swelling time at

constant temperatures, as shown in Tables (4) to (6) and Figures (5) to (10) respectively.

Table 4: Swelling ratio (%) in different time, of graft co-polymer with different moles of acrylic acid monomers in

pH=2.2 at 310 K

Time Swelling ratio (%)
Number of moles acrylic acid monomers

(hour) 1.5 moles 2 moles 2.5 moles
1 5.0111 5.1241 5.2356
2 5.0433 5.1468 5.2582
3 5.0660 5.1695 5.2708
4 5.0887 5.1822 5.2930
5 51114 5.2149 5.3156

(day)
1 6.0165 6.1600 6.2875
2 6.0580 6.1855 6.3130
3 6.0835 6.2110 6.3385
4 6.1090 6.2365 6.3640
5 6.1345 6.2620 6.3895

Table 5: Swelling ratio (%) in different time, of graft co-polymer with different moles of acrylic acid monomers in

pH=7.0 at 310 K

Time Swelling ratio (%)
Number of moles of acrylic acid monomers

(hour) 1.5 mole 2.0 mole 2.5 mole
1 7.0160 7.2455 7.4555
2 7.0590 7.2890 7.5084
3 7.1035 7.3230 7.5421
4 7.1374 7.3640 7.5859
5 7.1692 7.4192 7.6299
6 7.2023 7.4325 7.6690

(day)
1 8.0180 8.2526 8.4931
2 8.0571 8.2917 8.5381
3 8.0963 8.3308 8.5831
4 8.1323 8.3699 8.6281
5 8.1744 8.4090 8.6731
6 8.2135 8.4481 8.7181

DOI: 10.37200/1JPR/V2415/PR201814
Received: 13 Feb 2020 | Revised: 07 Mar 2020 | Accepted: 23 Mar 2020

1448



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 05, 2020

ISSN: 1475-7192

Table 6: Swelling ratio (%) in different time, of graft co-polymer with different moles of acrylic acid monomers in

pH=8.0 at 310 K

Time Swelling ratio (%)
Number of moles acrylic acid monomers
(hour) 1.5 moles 2.0 moles 2.5 moles
1 9.1011 9.2439 9.3854
2 9.1218 9.2642 9.4056
3 9.1423 9.2844 9.4258
4 9.1627 9.3046 9.4460
5 9.1831 9.3248 9.4662
6 9.2033 9.3450 9.4864
7 9.2236 9.3652 9.5066
(day)
1 10.0190 10.6150 11.2185
2 10.1040 10.7010 11.3060
3 10.1890 10.7870 11.3935
4 10.2740 10.8730 11.4810
5 10.3590 10.9590 11.5685
6 10.4440 11.0450 11.6560
7 10.5290 11.1310 11.7435
5.35
5.3 /‘
& 5.25
2 52
&
o 5.15 @ 1.5 mole
5 51 B2 mole
3 5.05
a 2.5 mole
5
4-95 T T T T 1
1 3 4 5 6
Time(hour)

Figure 5: Swelling ratio (%) in hour, of graft co-polymer with different moles of acrylic acid monomers in pH=2.2

at 310 K
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Figure 6: Swelling ratio (%) in day, of graft co-polymer with different moles of acrylic acid monomers in pH=2.2 at
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Figure 7: Swelling ratio (%) in hour, of graft co-polymer with different moles of acrylic acid monomers in pH=7.0

at 310 K
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Figure 8: Swelling ratio (%) in day, of graft co-polymer with different moles of acrylic acid monomers in pH=7.0 at

310K
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Figure 9: Swelling ratio (%) in hour, of graft co-polymer with different moles of acrylic acid monomers in pH=8.0
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Figure 10: Swelling ratio (%) in day, of graft co-polymer with different moles of acrylic acid monomers in pH=8.0

at 310 K

As clearly shown in these figures increasing the time with increases of the buffer solution content (%), this

behavior can be explained due to, the pH of buffer solution and the structure of polymer, i.e., present of the

hydrophilic groups in the xerogel, concentration and nature of the pH of buffer solution. All these factors will

increase the buffer solution content (%) with the increased of time ™. The low values of swelling process were

affected by High chain flexibility and the degree of cross linking, i.e., in the graft co-polymer with 1.5 mole of

acrylic acid, the values will be low comparing with the values in the graft co-polymer with 2.5 mole of acrylic acids.

IVV. CONCLUSIONS
Increasing of the number of moles of the acrylic acid monomer due to, increases the hydroxyl content ratio of the

product co-polymer, and thus leads to increases the swelling graft co-polymer, and the results also showed that the

effect of the pH of buffer solution on swelling.
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