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I 

Abstract 

In this work, a new graft co- polymer was synthesized by two 

methods  (fusion and solubilization) by the reaction of one mole of 

glycerol with two moles of terphthalic acid to form the linear co- 

polymer. The graft co-polymer was synthesized by the reacted of the 

linear co-polymer with 0.5mole of fumaric acid:-  

First: fusion process, the linear co- polymer was prepared in 150 Min. at 

325 
o
C, and the graft co-polymer at 275 

o
C in 125 Min., as shown in the 

following schemes. The product was identified by FT-IR and 
1
HNMR 

spectroscopies.  

       



 

 

 

 

II 

Second: solubilization process, the linear co- polymer was prepared in 

80 min. at 145 
o
C, and the graft co-polymer at 115 

o
C for 45 min., as 

shown in the bellow schemes.  The AFM used to the molecules that 

produced by solubilization process, and the test was shown as 

nanoparticles. The roughness coefficient of a linear co-polymer surface 

was 1.19 nm and the square root was equal to 1.37 nm and the molecular 

size of the linear co-polymer nanoparticle was 94.09 nm. The roughness 

coefficient of a graft co-polymer surface was 1.68 nm and the square root 

was equal to 1.96 nm and the graft co-polymer nanoparticle was 56.80 

nm 

 



 

 

 

 

III 

 

The rate of polymerization and the activation energy for the linear 

co-polymer were calculated. It was found 120 Sec.
-1

 and 242.3531 J/mole 

respectively. The thermodynamic function for the linear co-polymer was 

calculated in different temperatures, it was found as in the following  

no 
T 

(K
o
) 

1/T lnK 
ΔH 

(KJ/mol) 

ΔG 

(KJ/mol) 

ΔS 

(KJ/mol.K) 

1 563 1.776 × 10
-3

 -0.1003 

 

2.9 × 10
3
 

0.469 5.150 

2 568 1.7605 × 10
-3

 -9.2992 43.914 5.097 

3 573 1.7452 × 10
-3

 -10.733 51.131 4.971 

4 578 1.7301 × 10
-3

 -15.232 73.197 4.890 

5 583 1.7152 × 10
-3

 -24.063 116.634 4.774 

 

The swelling ratio was measured for all the hydrogel samples, in 

three different media (pH=2.2), (pH=7.0) and (pH=8.0) at constant 

temperature, as function of time; The results obtained showed that the 

swelling ratio in the basic medium were higher than in the acidic 

medium, indicating that the combined graft co-polymer is selective in the 

medium.  On the other hand, the swelling ratio of the graft co-polymer 

which prepared by solubilization process was higher than the graft co-

polymer which prepared by a fusion process. 

When we compare the results obtained for the polymers which 

prepared by fusion process and polymers which prepared by 

solubilization process, we note that the solubilization polymers were far 

higher than the fusion polymers, and this Indicates the advantage of the 

solubilization process from fusion process, as the nanoparticles have 

played an important  role in the effectiveness of polymers in the swelling. 
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1. Introduction 

 

1.1General Consideration 

Most chemists and chemical engineers are now involved in some 

phase of polymer science or technology; some have called this "the 

polymer age". Actually, we have always lived in a polymer age
 [1]

. 

The ancient Greeks classified all matter as animal, vegetable and 

mineral. The last was emphasized by the alchemists and medieval 

artisans; animal and vegetable matter, which are largely polymers, have, 

for the most part, always been more important than minerals 
[2]

. 

Most linear polymers such as high density polyethylene (HDPE) are 

thermoplastic, i.e., they may be softened by heat and hardened by cooling 

in a reversible physical process.  However, linear polymers, like cellulose 

which have very strong intermolecular forces (hydrogen bonds), cannot 

be softened by heating below the decomposition temperature
 [3]

. 

Thermoset polymers are cross-linking and cannot be softened by heating.  

Thermoplastics such as natural rubber and stage–A  resole Bakelite resins 

can be transformed to thermosetting polymers by  having a cross-linking 

agent between the polymer chains
[4]

, Some naturally occurring polymers, 

such as proteins , are mono-disperse, while most Synthetic polymers, 

such as, cellulose and polyethylene, are polydisperse 
[4]

. 

Many rubbers like polymers are flexible because the free rotation of 

carbon–carbon single bonds allows the formation of many different 

shapes or conformations 
[5]

. This segmental motion is restricted by bulky 

pendant groups by stiffening groups in the polymer chains and strong 
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intermolecular forces. Hydrogen bonding which is the strongest of these 

intermolecular forces is essential for most of the strong fibers
 [6]

. 

Free rotation of covalently bonded atoms is also prevented by the 

presence of double bonds. Thus, stable (Trans) and (Cis) configurations 

are possible for polymers such as polyisoprene. The (Trans) and (Cis) 

isomeric forms of the latter are known as flexible and have rubber and 

hard plastic gutta – percha, respectively 
[7]

. 

1. 2    Polymerization Processes 

Traditionally, polymers have been classified into two main groups 

(Addition polymers) and (Condensation polymers). This classification, 

first proposed by Carothers, addition polymerization, is based on whether 

or not the repeating unit of the polymer contains the same atoms of the 

monomer in its repeating unit, while condensation polymers contain 

fewer because of the formation of byproducts during the polymerization 

process. The corresponding polymerization processes would then be 

called (addition polymerization) and (condensation polymerization)
[8]

. 

As was mentioned earlier, this classification can lead to confusion, 

since it has been shown in later years that many important types of 

polymers can be prepared by both addition and condensation processes. 

Recently, the emphasis has changed to classify polymers according to 

whether the polymerization occurs in a stepwise fashion (step growth)or 

by propagating from a growing chain (chain growth)
[9]

. 
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1.3 Polyester Resin 

Polyesters contain esters group                           in the main chain 
[10]

. 

Credit for the first polyester is given to Gay- Lussac and Pelouze in 1833 

and Berzelius in 1847 
[11]

.Polyesters are hetero chain macromolecular 

substances characterized by the presence of carboxylate ester groups in 

the repeating units of their chains
 [12]

. 

A linear homo- and Co- polyesters derived, whether actually or 

nationally, from the self- polycondensation of hydroxyl carboxylic acids 

or the polycondensation of dicarboxylic acids with dihydroxy 

compounds
[13]

 . The first approach yields AB- type products having a 

unidirectional orientation of carboxylate ester groups in the molecular 

chain; the second leads to AA/ BB- type polymers with the ester groups 

recurring alternately in their oxycarbonyl and carbonyloxy forms
[14]

 . 

In homo polyesters the carboxylate ester groups are spaced regularly 

along the chains, but in co- polyesters their separations may vary with the 

nature of the intervening skeletal groups 
[15]

 . 

Observations on polyesters were recorded from as early as 1833, but 

their first significance through empirical appearance was with the 

glyceryl phthalate (Glyptal) coating and impregnating materials of the 

world War- One period 
[16]

. The rational study of polyesters dated from 

the 1990s with Kienle's observations, which led to the evolution of alkyd 

resin technology, and more outstandingly, with research of Carothers 

who, began with polyesters, laid the foundations of step- polymerization 

chemistry and the relationships among molecular structure, molar mass, 

and polymer properties 
[17]

. 

These principles were later elaborated systematically by Flory
[18]

 . 

The resulting concepts formed the basis of Carother's discovery of    

C

O

O
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nylon- 6,6 in 1935
[19]

 and that of poly (ethylene terphthalate) by Winfield 

and Dickson in 1946
[20]

 events which led in a large degree to the growth 

of the modern synthetic textiles industry. Other seminal discoveries were 

those of the late 1930s leading to the development of unsaturated 

polyester casting and laminating resins, and of impact- resistant 

polycarbonate resin in the mid- 1950s
[21]

. 

Saturated and unsaturated polyesters are conveniently prepared by 

melting co- polyesterification at elevated temperatures above the melting 

point of the resulting polyesters
 [22, 23]

.Unsaturated polyester resin are 

step- growth polymers formed by the interaction of stoichiometric 

mixture of saturated and unsaturated dibasic acids or anhydrides with 

dihydric alcohols or oxides
[24]

. The unsaturated acid component is 

fundamental to the reactivity of the low molecular weight polymers 

formed and is derived primarily from 1, 2- Olefinic dibasic acids such as 

maleic acid or anhydride 
[25]

 . 

The commercial resins have established a significant position within 

the plastics industry 
[26]

. They are typically solutions of unsaturated 

polyester polymers dissolved in unsaturated co- reactant liquid monomers 

such as styrene, to enhance reactivity and proccessibility 
[27]

. Free- radical 

catalysts initiate cross- linking reactions involving the unsaturated 

polymer and the unsaturated co- reactant monomer, rapidly transforming 

the low viscosity resin into a rigid thermoset plastic state, comprising a 

three- dimensional polymer network 
[28]

. Polyester resin as a plastic can 

be classified 
[29] 

into: 
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1.   Aliphatic Polyesters 

1.1   Aliphatic Saturated Polyesters 

Poly(glycolide),is the simplest aliphatic polyester                     with 

the exception of polyethylene oxalate saturated aliphatic polyesters which 

have relatively low melting points, for example poly (ethylene adipate) 

melts at 54 
◦
C. Therefore, they were used as plastizing agent segments 

(internal plastization) of elastic fibers or as secondary polymer 

plasticizers for poly (vinyl chloride). Poly (ethylene adipate) also serves 

as a non-oily ointment base and masking leather non-perimable because 

of its water repellent action
[44]

. Also glycols are reacted with adipic acid 

to form a linear polymer and as follows
[30]

: 

HO-CH CH -OH HO-C

O

COH

O

OCH  CH   OC

O

CO

O

H2O

n

+ +
Catalyst

Ethylene glycol Adipic acid Poly(ethyleneadipate  )

( CH  )2 422 ( CH  )2 42 2

 

Equation (1): Synthesis of poly (ethyleneadipate) 

1.2 Aliphatic unsaturated polyesters  

The unsaturated aliphatic polyester of commercial importance 

known as unsaturated polyester resin was prepared by free radical 

copolymerization with, for example , styrene or methylmethacrylate 
[31]

. 

Unsaturated polyester resins are generally reinforced with glass fibers and 

have many applications, from transparent building construction elements 

to boat hulls 
[32]

.  

Their application is facilitated by the use of what are known as sheet 

molding compounds (SMCs) which are formulated mixtures of 

unsaturated polyesters, vinyl monomers, initiators and glass fibers 
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supplied as a sandwich between two polyethylene films. The properties of 

these types include the lower molecular weight, water resistance and the 

transparency to X- rays 
[33]

, For example    : 

O HO-CH CH OH
H O OCH  CH  OC-CH=CH-C

O O

+

O

O

2 2
2

22

 

Equation (2):the synthesis of unsaturated polyester 

The unsaturated polyester is typically a solid dissolved in styrene, A 

number of peroxide curing agents are available for initiating polyesters 

resins
[34]

 . Methylethylketone peroxide (MEKP) is normally used for 

room temperatures curing (cold curing) for unsaturated polyesters resin. 

Activation can be accomplished at room temperature by using a small 

amount of cobaltoctoate or other activators
[35]

, the equation below 

represent the reaction between styrene and unsaturated polyester to give 

cross- linked polyester resin. 

O O

OCH  CH  OC-CH=CH-C CH  =CH

O O

OCH  CH  OC-CH-CH-C

H-C

CH
O O

OCH  CH  OC CH-CH C

n

+

Catalyst

(Cross - Linked polyester resin )

2 2 2

2 2

2

22

n

 

     Equation (3): Cross linking of unsaturated polyester 
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2. Aromatic Polyesters 

2.1  Polycarbonates
[36]

 

As carbonic esters, polycarbonates, Figure (1-1), are the simplest 

aromatic polyesters, only those polycarbonates with bisphenol-A their 

repeat unit have a commercial significance polycarbonates possess a low 

water absorption, moderately good thermal stability (TG ~ 150 
◦
C), good 

electrical insulation properties, and excellent impact strength. 

 

 

 

Figure (1-1): Cross linking of polycarbonate 

2.2    Poly (ethylene terephthalate)
[37]

 

Poly(ethyleneterephthalate) or PETP,Figure (1-2), is polyester made 

by the reaction of terephthalic acid and ethyleneglycol. Most of the 

produced poly (ethyleneterephthalate) is mainly melt- spun fibers. A 

smaller quantity is used for very thin films for the electrical industry. 

Tape recorder ribbons are produced also from PETP. 

CH  CH  OC CO

OO

n

Poly(ethyleneterphthalate )

22

 

Figure (1-2): Poly (ethyleneterephthalate) 

Construction components of (PETP) absorb practically no moisture. 

These components are hard and rigid. They exhibit very little wear and 

tear and show very little creep, and tolerant high mechanical loads. These 

C OCO

CH

CH

n

Poly[2,2-diphenylpropane-bis(4-phenyl)carbonate ]

O

3

3
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physical properties, together with the very small linear coefficient of 

expansion make PETP ideal for high precision cog wheels and for moring 

comports in, for example, sewing machines.  

3.    Alkyd   Resins  

Alkyd resins occur through the conversion of alcohols (glycerin or 

trimethylol propane) and maleic acid at a temperature between 200 C◦ 

and 250 C◦. The first conversion is taken as far as products are still 

soluble with cross- linking agent after application e.g., as Lacquer 

resins
[55]

. Alkyd resin technology is still largely empirical because of its 

good mechanical and chemical properties and it was suitable as plastic 

and coating materials 
[38]

.  

In the early 1970, a spate of poly (butylenes- terephthalate) plastics 

were introduced primarily as molding 
[39]

 materials because of their 

resistance to chemical stress cracking 
[38]

.  

1.4   Graft polymers  

Graft polymers are segmented copolymers with a linear backbone of 

one composite and randomly distributed branches of another composite. 

The figure (1-3) labeled "graft polymer" shows how grafted chains of 

species B are covalently bonded to polymer species A
[40]

. Although the 

side chains are structurally distinct from the main chain, the individual 

grafted chains may be homo-polymers or copolymers. Graft polymers 

have been synthesized for many decades and are especially used as 

impact resistant materials, thermoplastic elastomers, compatibilizers, or 

emulsifiers for the preparation of stable blends or alloys. One of the more 

well-known examples of a graft polymer is high impact polystyrene, 

https://en.wikipedia.org/wiki/Branching_(polymer_chemistry)
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which consists of a polystyrene backbone with polybutadiene grafted 

chains 
[41]

. 

Graft copolymers are a branched copolymer where the components 

of the side chain are structurally different from that of the main chain. 

Graft copolymers containing a larger quantity of side chains are capable 

of wormlike conformation, compact molecular dimension, and notable 

chain end effects due to their confined and tight fit structures.
[42]

 The 

preparation of graft copolymers has been around for decades. All 

synthesis methods can be employed to create general physical properties 

of graft copolymers. They can be used for materials that have impact 

resistant, and are often used as thermoplastics elastomers, compatibilizers 

or emulsifiers for the preparation of stable blends or alloys 
[43]

.
 

 

Figure (1-3): Graft polymer 

 Generally, grafting methods for copolymer synthesis results in 

materials that are more thermo-stable than their homo-polymer 

counterparts 
[44]

.  There are three methods of synthesis, grafting to, 

grafting from, and grafting through, that are used to construct a graft 

https://en.wikipedia.org/wiki/Copolymer
https://en.wikipedia.org/wiki/Graft_polymer#cite_note-1
https://en.wikipedia.org/wiki/Graft_polymer#cite_note-3
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polymer. There are many different approaches to synthesizing graft co-

polymers 
[43]

. 

The grafting to method involves the use of a backbone chain with 

functional groups A that are distributed randomly along the chain 
[45]

. The 

formation of the graft copolymer originates from the coupling 

reaction between the functional backbone and the end-groups of the 

branches that are reactive. These coupling reactions are made possible by 

modifying the backbone chemically 
[46]

. 

 

Common reaction mechanisms used to synthesize these copolymers 

include free-radical polymerization, anionic polymerization, atom-

transfer radical-polymerization, and living polymerization techniques
[47]

. 

Copolymers that are prepared with the grafting-to method often 

utilize anionic polymerization techniques. This method uses a coupling 

reaction of the electrophilic groups of the backbone polymer and the 

propagation site of an anionic living polymer 
[48]

. This method would not 

be possible without the generating of a backbone polymer that has 

reactive groups. This method has become more popular with the rise 

of click chemistry. A high yield chemical reaction called atom transfer 

https://en.wikipedia.org/wiki/Graft_polymer#cite_note-3
https://en.wikipedia.org/wiki/Graft_polymer#cite_note-Hadjichristidis,_N._2002-9
https://en.wikipedia.org/wiki/Coupling_reaction
https://en.wikipedia.org/wiki/Coupling_reaction
https://en.wikipedia.org/wiki/Graft_polymer#cite_note-Hadjichristidis,_N._2002-9
https://en.wikipedia.org/wiki/Radical_polymerization
https://en.wikipedia.org/wiki/Anionic_polymerization
https://en.wikipedia.org/wiki/Atom-transfer_radical-polymerization
https://en.wikipedia.org/wiki/Atom-transfer_radical-polymerization
https://en.wikipedia.org/wiki/Living_polymerization
https://en.wikipedia.org/wiki/Click_chemistry
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nitroxide radical coupling chemistry is for the grafting-to method for 

polymerization 
[49]

. In the grafting-from method, the macromolecular 

backbone is chemically modified in order to introduce active sites capable 

of initiating functionality. The initiating sites can be incorporated 

by copolymerization, can be incorporated in a post-polymerization 

reaction, or can already be a part of the polymer
[46]

. If the number of 

active sites along the backbone participates in the formation of one 

branch, then the number of chains grafted to the macromolecule can be 

controlled by the number of active sites. Even though the number of 

grafted chains can be controlled, there may be a difference in the lengths 

of each grafted chain due to kinetic and steric hindrance effects. Grafting 

from reactions has been conducted from polyethylene, polyvinylchloride, 

and polyisobutylene 
[47]

. Different techniques such as anionic grafting, 

cationic grafting, atom-transfer radical polymerization, and free-radical 

polymerization have been used in the synthesis of grafting from 

copolymers. Graft copolymers that are employed with the grafting-from 

method are often synthesized with ATRP reactions and anionic and 

cationic grafting techniques 
[50]

. 

The grafting through, also known as the macro-monomer method, is 

one of the simpler ways of synthesizing a graft polymer with well-defined 

side chains. Typically a monomer of a lower molecular weight is 

copolymerized with free radicals with an acrylate functionalized macro-

monomer. The ratio of monomer to macro-monomer molar 

concentrations as well as their copolymerization behavior determines the 

number of chains that are grafted 
[51]

. As the reaction proceeds, the 

concentrations of monomer to macro-monomer change causing random 

placement of branches and formation of graft copolymers with different 

number of branches. This method allows for branches to be added 

https://en.wikipedia.org/wiki/Copolymerization
https://en.wikipedia.org/wiki/Graft_polymer#cite_note-carnegie_mellon-10
https://en.wikipedia.org/wiki/Polyethylene
https://en.wikipedia.org/wiki/Polyvinylchloride
https://en.wikipedia.org/wiki/Atom-transfer_radical_polymerization
https://en.wikipedia.org/wiki/Free-radical_polymerization
https://en.wikipedia.org/wiki/Free-radical_polymerization
https://en.wikipedia.org/wiki/Macromonomer
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heterogeneously or homogeneously based on the reactivity ratio of the 

terminal functional group on the macromolecular to the monomer. The 

difference in distribution of grafts has significant effects on the physical 

properties of the grafted copolymer. Polyethylene, polysiloxanes and 

poly(ethyleneoxide) are all macro-monomers that have been incorporated 

in a polystyrene or poly(methylacrylate) backbone. The macro-monomer 

(grafting through) method can be employed using any known 

polymerization technique
[50]

. Living polymerizations give special control 

over the molecular weight, molecular weight distribution, and chain-end 

functionalization 
[51]

. 

Graft copolymers became widely studied due to their increased 

number of applications due to their unique structures relative to other 

copolymers such as alternating, periodic, statistical, and block 

copolymers which generally linear chains. Some common applications of 

graft copolymers include; Membranes for the separation of gases or 

liquids; Hydrogels; Drug deliverys; Thermoplastic elastomers; 

Compatibilizers for polymer blends; Polymeric emulsifiers and Impact 

resistant plastics
[52]

. 

By grafting polymers onto polymer backbones, the final grafted 

copolymers gain new properties from their parent polymers. 

Specifically, cellulose graft copolymers have various different 

applications that are dependent on the structure of the polymer grafted 

onto the cellulose
[53]

.  Some of the new properties that cellulose gains 

from different monomers grafted onto it include; Absorption of water; 

Improved elasticity; Hydrophilic/Hydrophobic character; Ion-exchange; 

Dye adsorption capabilities; Heat Resistance; Thermo sensitivity; 

pH sensitivity and Antibacterial effect
[54]

. 

https://en.wikipedia.org/wiki/Polyethylene
https://en.wikipedia.org/wiki/Polystyrene
https://en.wikipedia.org/wiki/Poly(methyl_acrylate)
https://en.wikipedia.org/wiki/Hydrogels
https://en.wikipedia.org/wiki/Thermoplastic_elastomer
https://en.wikipedia.org/wiki/Polymer_blend
https://en.wikipedia.org/wiki/Graft_polymer#cite_note-19
https://en.wikipedia.org/wiki/Absorption_of_water
https://en.wikipedia.org/wiki/Elasticity_(physics)
https://en.wikipedia.org/wiki/Ion-exchange
https://en.wikipedia.org/wiki/PH
https://en.wikipedia.org/wiki/Antibacterial
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These properties give new application to the un-grafted cellulose 

polymers that include: Medical body fluid absorbent materials; Enhanced 

moisture absorbing ability in fabrics; Perm selective membranes; 

Stronger nucleating properties than un-grafted cellulose, and adsorption 

of hazardous contaminants like heavy metal ions or dyes from aqueous 

solutions by temperature swing adsorption; Sensors and optical materials 

and Reducing agents for various carbonyl compounds 
[55]

. 

 

1.5   Rate of reaction  

The reaction rate or rate of reaction is the speed at which reactants 

are converted into products. For example, the oxidative rusting of iron 

under Earth's atmosphere is a slow reaction that can take many years, but 

the combustion of cellulose in a fire is a reaction that takes place in 

fractions of a second. For most reactions, the rate decreases as the 

reaction proceeds. Chemical kinetics is the part of physical chemistry that 

studies reaction rates. The concepts of chemical kinetics are applied in 

many disciplines 
[56]

. Formal definition, consider a typical chemical 

reaction: 

a A + b B → p P + q Q 

The lowercase letters (a, b, p and q) represent stoichiometric 

coefficients, while the capital letters represent the reactants (A and B) and 

the products (P and Q).According to IUPAC's Gold Book definition
[1]

 the 

reaction rater for a chemical reaction occurring in a closed 

system under isochoric conditions, without a build-up of reaction 

intermediates, is defined as and the reaction rate usually has the units of 

mol L
−1

 s
−1[57]

. 

https://en.wikipedia.org/wiki/Rusting#Chemical_reactions
https://en.wikipedia.org/wiki/Earth%27s_atmosphere
https://en.wikipedia.org/wiki/Cellulose
https://en.wikipedia.org/wiki/Chemical_kinetics
https://en.wikipedia.org/wiki/Physical_chemistry
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Stoichiometric_coefficients
https://en.wikipedia.org/wiki/Stoichiometric_coefficients
https://en.wikipedia.org/wiki/Reactant
https://en.wikipedia.org/wiki/Product_(chemistry)
https://en.wikipedia.org/wiki/IUPAC
https://en.wikipedia.org/wiki/Gold_Book
https://en.wikipedia.org/wiki/Reaction_rate#cite_note-IUPACrate-1
https://en.wikipedia.org/wiki/Closed_system
https://en.wikipedia.org/wiki/Closed_system
https://en.wikipedia.org/wiki/Isochoric_process
https://en.wikipedia.org/wiki/Reaction_intermediate
https://en.wikipedia.org/wiki/Reaction_intermediate
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The rate of a reaction is always positive. A negative sign is present 

to indicate that the reactant concentration is decreasing. The IUPAC 

recommends that the unit of time should always be the second.  

The rate of reaction differs from the rate of increase of concentration 

of a product P by a constant factor (the reciprocal of its stoichiometric 

number) and for a reactant A by minus the reciprocal of the 

stoichiometric number. The stoichiometric numbers are included so that 

the defined rate is independent of which reactant or product species is 

chosen for measurement
 [58]

. 

The above definition is only valid for a single reaction, in a closed 

system of constant volume, an assumption which should be stated 

explicitly in the definition. If water is added to a pot containing salty 

water, the concentration of salt decreases, although there is no chemical 

reaction 
[56]

. 

1.5.1 Influencing factors on the reaction rate [57- 59] 

1-The nature of the reaction: Some reactions are naturally faster than 

others. The number of reacting species, their physical state (the particles 

that form solids move much more slowly than those of gases or those 

in solution), the complexity of the reaction and other factors can greatly 

influence the rate of a reaction.  

2-Concentration: Reaction rate increases with concentration, as 

described by the rate law and explained by collision theory. As reactant 

concentration increases, the frequency of collision increases. 

3-Pressure: The rate of gaseous reactions increases with pressure, which 

is, in fact, equivalent to an increase in concentration of the gas.The 

reaction rate increases in the direction where there are fewer moles of gas 

https://en.wikipedia.org/wiki/Plus_and_minus_signs
https://en.wikipedia.org/wiki/Stoichiometric_number
https://en.wikipedia.org/wiki/Stoichiometric_number
https://en.wikipedia.org/wiki/Closed_system
https://en.wikipedia.org/wiki/Closed_system
https://en.wikipedia.org/wiki/Phase_(matter)
https://en.wikipedia.org/wiki/Solution
https://en.wikipedia.org/wiki/Concentration
https://en.wikipedia.org/wiki/Rate_law
https://en.wikipedia.org/wiki/Collision_theory
https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Collision
https://en.wikipedia.org/wiki/Pressure
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and decreases in the reverse direction. For condensed-phase reactions, the 

pressure dependence is weak. 

4-Order: The order of the reaction controls how the reactant 

concentration (or pressure) affects reaction rate. 

5-Temperature: Usually conducting a reaction at a higher temperature 

delivers more energy into the system and increases the reaction rate by 

causing more collisions between particles, as explained by collision 

theory. However, the main reason that temperature increases the rate of 

reaction is that more of the colliding particles will have the 

necessary activation energy resulting in more successful collisions (when 

bonds are formed between reactants). The influence of temperature is 

described by the Arrhenius equation. 

Reaction rates can be independent of temperature (non-Arrhenius) or 

decrease with increasing temperature (anti-Arrhenius). Reactions without 

an activation barrier (e.g., some radical reactions) tend to have anti 

Arrhenius temperature dependence: the rate constant decreases with 

increasing temperature. 

All the factors that affect a reaction rate, except for concentration 

and reaction order, are taken into account in the reaction rate 

coefficient (the coefficient in the rate equation of the reaction)
[58]

. 

1.5.2   Rate equation [60, 61] 

For a chemical reaction a A + b B → p P + q Q, the rate equation or 

rate law is a mathematical expression used in chemical kinetics to link the 

rate of a reaction to the concentration of each reactant. It is often of the 

type: 

   ( )         

https://en.wikipedia.org/wiki/Order_(chemistry)
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Activation_energy
https://en.wikipedia.org/wiki/Arrhenius_equation
https://en.wikipedia.org/wiki/Radical_(chemistry)
https://en.wikipedia.org/wiki/Rate_coefficient
https://en.wikipedia.org/wiki/Rate_coefficient
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Mathematical_expression
https://en.wikipedia.org/wiki/Concentration
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For gas phase reaction the rate is often alternatively expressed 

by partial pressures. In these equations k(T) is the reaction rate 

coefficient or rate constant, although it is not really a constant, because it 

includes all the parameters that affect reaction rate, except for 

concentration, which is explicitly taken into account. Of all the 

parameters influencing reaction rates, temperature is normally the most 

important one and is accounted for by the Arrhenius equation. The 

exponent's n and m are called reaction orders and depend on the reaction 

mechanism. For elementary (single-step) reactions the order with respect 

to each reactant is equal to its stoichiometric coefficient. For complex 

(multistep) reactions, however, this is often not true and the rate equation 

is determined by the detailed mechanism. By using the mass balance for 

the system in which the reaction occurs, an expression for the rate of 

change in concentration can be derived. For a closed system with constant 

volume, such expression can look like 

    

  
  ( )         

1.5.3    Temperature dependence [62] 

Each reaction rate coefficient k has a temperature dependency, 

which is usually given by the Arrhenius equation: 

     
  

   

 

Ea is the activation energy and R is the gas constant. Since 

at temperature T the molecules have energies given by a Boltzmann 

distribution, one can expect the number of collisions with energy greater 

than Ea to be proportional to e
−Ea⁄RT

. A is the pre-exponential factor 

or frequency factor. The values for A and Ea are dependent on the 

https://en.wikipedia.org/wiki/Partial_pressure
https://en.wikipedia.org/wiki/Arrhenius_equation
https://en.wikipedia.org/wiki/Order_(chemistry)
https://en.wikipedia.org/wiki/Reaction_mechanism
https://en.wikipedia.org/wiki/Reaction_mechanism
https://en.wikipedia.org/wiki/Mass_balance
https://en.wikipedia.org/wiki/Arrhenius_equation
https://en.wikipedia.org/wiki/Activation_energy
https://en.wikipedia.org/wiki/Gas_constant
https://en.wikipedia.org/wiki/Temperature
https://en.wikipedia.org/wiki/Boltzmann_distribution
https://en.wikipedia.org/wiki/Boltzmann_distribution
https://en.wikipedia.org/wiki/Arrhenius_equation#Kinetic_theory's_interpretation_of_Arrhenius_equation
https://en.wikipedia.org/wiki/Frequency_factor_(chemistry)
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reaction. There are also more complex equations possible, which describe 

temperature dependence of other rate constants that do not follow this 

pattern. A chemical reaction takes place only when the reacting particles 

collide. However, not all collisions are effective in causing the reaction. 

Products are formed only when the colliding particles possess a certain 

minimum energy called threshold energy. As a rule of thumb, reaction 

rates for many reactions double for every 10 degrees Celsius increase in 

temperature,
[4]

 For a given reaction, the ratio of its rate constant at a 

higher temperature to its rate constant at a lower temperature is known as 

its temperature coefficient (Q). Q10 is commonly used as the ratio of rate 

constants that are 10 °C apart. 

1.5.4      Pressure dependence[63] 

The pressure dependence of the rate constant for condensed-phase 

reactions (i.e., when reactants and products are solids or liquid) is usually 

sufficiently weak in the range of pressures normally encountered in 

industry that it is neglected in practice. 

 

1.6    Activation energy [64, 65] 

In chemistry, activation energy is the energy which must be 

available to a chemical system with potential reactants to result in 

a chemical reaction. Activation energy may also be defined as the 

minimum energy required starting a chemical reaction. The activation 

energy of a reaction is usually denoted by Ea and is expressed 

as kilojoules per mole (kJ/mol) or rarely kilocalories per mole (kcal/mol) 

Activation energy can be thought of as the height of the potential 

barrier (sometimes called the energy barrier) separating 

two minima of potential energy (of the reactants and products of a 

https://en.wikipedia.org/wiki/Rule_of_thumb
https://en.wikipedia.org/wiki/Celsius
https://en.wikipedia.org/wiki/Reaction_rate#cite_note-Connors-4
https://en.wikipedia.org/wiki/Q10_(temperature_coefficient)
https://en.wikipedia.org/wiki/Condensed_matter_physics
https://en.wikipedia.org/wiki/Chemistry
https://en.wikipedia.org/wiki/Chemical_reaction
https://en.wikipedia.org/wiki/Joule_per_mole
https://en.wikipedia.org/wiki/Kilocalorie_per_mole
https://en.wikipedia.org/wiki/Potential_barrier
https://en.wikipedia.org/wiki/Potential_barrier
https://en.wikipedia.org/wiki/Minima
https://en.wikipedia.org/wiki/Potential_energy
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reaction). For a chemical reaction to proceed at a reasonable rate there 

should exist an appreciable number of molecules with translational 

energy equal to or greater than the activation energy.The Arrhenius 

equation gives the quantitative basis of the relationship between the 

activation energy and the rate at which a reaction proceeds.At a more 

advanced level, the net Arrhenius activation energy term from the 

Arrhenius equation is best regarded as an experimentally determined 

parameter that indicates the sensitivity of the reaction rate to temperature. 

There are two objections to associating this activation energy with the 

threshold barrier for an elementary reaction. First, it is often unclear as to 

whether or not reaction does proceed in one step; threshold barriers that 

are averaged out over all elementary steps have little theoretical value. 

Second, even if the reaction being studied is elementary, a spectrum of 

individual collisions contributes to rate constants obtained from bulk 

('bulb') experiments involving billions of molecules, with many different 

reactant collision geometries and angles, different translational and 

(possibly) vibrational energies-all of which may lead to different 

microscopic reaction rates. In the Arrhenius equation, the term activation 

energy (Ea) is used to describe the energy required the transition. 

Likewise, the Eyring equation is a similar equation that also describes the 

rate of a reaction. 

1.7     Swelling phenomena  

A hydrogel has two phases: a permanent solid phase consisting of a 

polymer network, and an aqueous phase which varies according to the 

environment. The swelling phenomena can be explained thermody- 

namically in terms of the chemical potential of water 
[66]

.Before the 

equilibrium swelling is achieved, the chemical potential outside (water) 

the gel µ
0
1 is higher than that of (water) inside µ1.Thus the water is 

https://en.wikipedia.org/wiki/Arrhenius_equation
https://en.wikipedia.org/wiki/Arrhenius_equation
https://en.wikipedia.org/wiki/Arrhenius_equation
https://en.wikipedia.org/wiki/Eyring_equation
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absorbed by the gel. In other words the water is imbibed osmotically into 

the gel network. In doing so the chemical potential of water is lowered. 

The swelling process distends the polymer networks
[65]

. The stretched 

networks with their elastic contractibilityexert a pressure, which will raise 

µ1;when the chemical potentials of water on both sides are equal, 

equilibrium is reached
[67]

.At equilibrium these two forces, viz. the 

osmotic pressure which causes the gel to imbibe water by lowering µ
0
1 

and the elastic contractibility of the network which raises µ1 are equal
[68]

. 

When macromolecules are added, µ
0
1 alone is lowered since 

macromolecules cannot penetrate the gel networks. The higher µ1 will 

force out some of the water. The networks contract and thus equalize the 

chemical potential of water both sides 
[69]

. 

1.7.1    Factors affecting the process of swelling 

The factors which influence the swelling of hydrogels can be divided 

into two groups; those which are favorable to the entrance of water into 

the polymer structure and those which resist or inhibit the water influx
[70]

;  

Some of these factors are summarized in Table (1-1) below. If a piece of 

polymer is placed in water, there will be an osmotic driving force for the 

water to enter the water free region within the polymer 
[71]

. Strong 

positive interactions between chemical structures on the polymer and 

water (e.g. hydrogen bonding) will further increase the driving force for 

swelling 
[72]

.As water enters the polymer, the polymer chains which are 

(in most cases) in an equilibrium configuration are extended. This is 

illustrated schematically in figure (1-3). Figure (1-3a) represents the most 

entropically favorable configuration given the mechanical constraints of 

the polymer chain. The entrance of water into the system will necessitate 

its expansion and a consequent ordering of the polymer chain, figure      
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(1-3b).Since the chains will be elongated into less entropically desirable 

configurations, they exert the resistive force. When the osmotic force 

driving water into the system is balanced by the force exerted by the 

polymer chains in resisting expansion, at that point the equilibrium 

degree of swelling will have been achieved (the thermodynamic activity 

of the solvent (H2O) in the gel will change until it is equal to its activity 

in the pure solvent). Increased cross-link density, (a shorter distance 

between cross-link points) will have the effect of increasing the resistive 

force to chain elongation. Consequently, more highly cross-linked 

systems demonstrate a lower degree of equilibrium swelling
[71]

. If the 

polymer chains are inflexible, swelling will also be inhibited due to 

increased resistance to deformation from their equilibrium configurations. 

Finally, if the free volume in the polymer is sufficiently low, bulk water 

may be unable to penetrate into the polymer matrix to initiate the swelling 

process
 [73]

. A quantitative description of swelling in cross-linked 

polymers formed in the swollen state has been developed 
[74]

 and applied 

to hydrogel system 
[75]

. 

 

Table (1-1): Some of the factors which influence the swelling of       

hydrogel at room temperature 

 

Favorable to swelling Inhibit swelling 

 

- Osmotic potential - Weak interactions with H2O 

- Strong interactions with H2O - Low free volume 

- High free volume - Low chain flexibility 

- High chain flexibility - High cross-linking density  

- Low cross-linking density  
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Figure (1-3): Water entrance into a single, idealized hydrogel chain 

segment 

 

1.8   Manufacture of unsaturated polyester resin processes 

1.8.1   Fusion process [76, 77]
 

 Most unsaturated polyester is made by the polycondensation of 

carboxylic acids or anhydrides with glycols to result in linear polymers. 

The common feature of this chemistry is the generation of water that 

needs to remove from the reactor. The scheme(1-1) uses maleic 

anhydride and propylene glycol. In reality with these reactant ratios, the 

resin is never completely capped with glycols and some carboxylic acid 

functionality remains unconverted to ester. The addition reaction of 

maleic anhydride and the primary hydroxyl of propylene glycol proceeds 

readily at very low temperatures due to the high acidity of the anhydride. 

This type of addition also occurs with other anhydrides, though higher 

temperatures are required to attain an equal reaction rate. The reaction 

continues as the temperature is increased and water is removed from the 

reactor. This produces higher molecular weight materials from the 

reaction of the half ester carboxyl groups with primary and secondary 

a 

b 
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hydroxyls of other half ester groups. The cook end point may be 

determined by viscosity or acid value or both. The majority of 

unsaturated polyester production involves the fusion process but there is a 

wide variability of component selection within the acids, anhydrides and 

glycols. 

O
CH

HO-CH-CHOHO

O

50C

CHOO

HO-C-CH=CH-CO-CH  -CH-OH

OO
H  OHC-CH=CH-C-O-CH  -CHO

CH

+

0

+ Unreacted anhydrides and glycols

and half esters

Up to 220 C
0

n
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3

2

3

2

3

2

scheme (1-1) 

 

1.8.2    Oxide Process 
[78, 79]

 

The preparation of unsaturated polyesters from anhydrides and 

propylene oxide is a well-known technology that has received little 

commercial attention. The chemistry of this process is shown in reaction 

(1-2). The reaction temperature is usually in the range of (30-150)C
o
.   

Reaction pressure is variable but generally less than 150 Psi in a batch 

reactor Catalysts of a wide range serve to promote the anhydride – 

alkylene oxide reaction, which is sluggish in their absence.  The catalysts 

of interest include alkaline earth metals and tertiary amines. The best 

results have been obtained with lithium chloride which is active at a 
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concentration as low as (0.03%) by weight. This reaction scheme shows 

reaction initiation with water or an organic hydroxyl compound and the 

use of propylene oxide and maleic anhydride. There is no reaction by 

products during ester formation. 

ROH

O

O

O

OR O

CH

O
O

OR

RO

O O

O-CH  -CH-O

CH

H

+
Cat.

+

n

2

3

3

Scheme (1-2) 

 

1.8.3   Solubilization Process 
[80, 81]

 

Solubilization is the process of incorporating the solubilizate (the 

component that undergoes solubilization) into or onto micelles.  

Solubilization may occur in a system consisting of a solvent, an 

association colloid (a colloid that forms micelles), and at least one other 

solubilizate. Solubilization is distinct from dissolution because the 

resulting fluid is a colloidal dispersion involving an association colloid. 

This suspension is distinct from a true solution, and the amount of the 

solubilizate in the micellar system can be different (often higher) from the 

regular solubility of the solubilizate in the solvent. In non-chemical 

literature and in everyday language, the term "solubilization" is 

sometimes used in a broader meaning as "to bring to a solution or (non-

sedimenting) suspension" by any means, e.g., leaching by a reaction with 

an acid. Micellar solubilization is widely utilized, e.g. 

https://en.wikipedia.org/wiki/Micelle
https://en.wikipedia.org/wiki/Solvent
https://en.wikipedia.org/wiki/Colloid
https://en.wikipedia.org/wiki/Dissolution_(chemistry)
https://en.wikipedia.org/wiki/Solution
https://en.wikipedia.org/wiki/Solubility
https://en.wikipedia.org/wiki/Sedimentation
https://en.wikipedia.org/wiki/Leaching_(chemistry)
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in laundry washing using detergents, in the pharmaceutical industry, for 

formulations of poorly soluble drugs in solution form and in cleanup 

of oil spills using dispersants. Literature distinguishes two major 

mechanisms of solubilization process of oil by surfactant micelles, 

affecting the kinetics of solubilization:
[3]

 surface reaction, i.e., by 

transient adsorption of micelles at the water-oil interface, and bulk 

reaction, whereby the surfactant micelles capture dissolved oil molecules. 

1.9    Nanotechnology 
[82- 84]

 

The term nanotechnology was first used by Norio Taniguchi, a 

professor of the University of Tokyo, using the word to describe tools 

that use nanoparticles. Nanotechnology is defined as the ability to 

monitor, measure, process and manufacture nano-materials, and the 

nanometer-nm is part per a billion of a meter, which is very small. 

 Nanotechnology is used to describe materials, with new and greatly 

improved compositions and components. These improvements include 

biophysical and chemical properties and nanotechnology has become 

almost the word spoken these days or at least some terms with a nano-

scale, such as nano-scale, nano-materials, nano-particles. 

Nano-materials have many properties, including two-dimensional or 

so-called nano-sheets, which have attracted considerable attention due to 

their unique physical and chemical properties, including the excellent 

handling of 2D, providing new opportunities for the development of 

different materials in dimensions. This type of compounds offers a 

variety of applications to this technique in industries and environment as 

well as in medical and biological sciences through ion exchange, 

stimulation, packaging and other qualities. 

https://en.wikipedia.org/wiki/Laundry
https://en.wikipedia.org/wiki/Washing
https://en.wikipedia.org/wiki/Detergent
https://en.wikipedia.org/wiki/Oil_spill
https://en.wikipedia.org/wiki/Dispersant
https://en.wikipedia.org/wiki/Micellar_solubilization#cite_note-3
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Nanotechnology or Nano-scale materials are materials that have 

crystals of a fraction of a Part per a billion of a meter. (NP) is used to 

describe one or more components that have at least one dimension in a 

range of 1-100 nm. NP atoms are characterized by having large surface 

properties, and the surface of any of these materials has many reactions, 

Because of the large surface size of the NP, surface activity is very high, 

and these materials are likely to be used in much smaller quantities than 

normal and large surface area, allowing them to react quickly with less 

time, so many properties of different materials can be changed on the 

nano-meter, here lies the strength of nanotechnology. 
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1.10     Aim of the work 

The objective of the work is: 

1 - Preparation of the graft co-polymer in two processes, fusion and 

solubilization. 

2. Calculate the rate of polymerization and activation energy of the 

polymerization processes of linear co-polymer which prepared in fusion 

process. 

3 - Calculate the swelling of the graft co-polymer which prepared by the 

two processes (fusion and solubilization) in three different buffer 

solutions (2.2, 7.0 and 8.0) at a constant temperature of 310 K. 
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2. Experimental Part 

 

2.1 Chemical and Techniques 

2.1.1Chemicals 

The following table (Table 2-1) showed all solid and liquid chemical 

materials which used in this study 

Table (2-1): The solid and liquid chemical materials 

Materials Purities  Company 

 

Acrylic acid Monomer  

 

  

FLUKA 

 

Borax 99% BDH 

Cobalt octoate( 6 %) 96.8% BDH 

Dimethylsulphoxide (DMSO)   

Ethanol 99.9% FLUKA 

Fumaric acid 98.5% MERCK 

Glycerol 99.5% MERCK 

Hydrochloric acid 37% BDH 

Hydroquion 98% MERCK 

KCl 99% BDH 

Methylethylketoneperoxide 98% BDH 

Ortho xylene 99% MERCK 

Sodium hydroxide 99% FLUKA 

Terphthalic acid 99% MERCK 

Toluene 99% GCC 

 

 

  

Were purified by vacuum 

distillation
 [85]
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2.1.2   Techniques 

1.    Fourier Transformer Infra-Red Spectroscopy. FT-IR spectra in range 

500-4000 cm
-1

 were obtained by using potassium bromide disc on      FT-

IR–instrument model (8400 s) Shimadzu spectrophotometer /Japan. 

University of Kufa / College of Pharmacy 

2.  
1
HNMR Spectroscopy. Bruker spectrometer,400 MHz, Switzerland, 

France with DMSO d6,  University of Osmania / Hyderabad / India. 

3. 
1
HNMR Spectroscopy. Bruker spectrometer, 400 MHz, Switzerland, 

France with DMSO d6, University of AL-albayt / Jordon 

4. Atomic Force Microscope (AFM), Oxford, USA / Department of 

Chemistry/ Baghdad University. 

5. Brookfild digital viscometer, model (RVDVE230), Brookfild 

engineering laboratories, INC/USA. Department of Chemistry/Kerbala 

University 

6. Fourier Transformer Infra-Red Spectroscopy. FT-IR spectra in range 

400-4000 cm-1 were obtained by using potassium bromide disc on      

FT-IR–instrument model (8400 s) Bruker spectrophotometer /Germany. 

University of Babylon / College of since .  

2.2    Preparation of co-polymer 

Two processes were used to prepare the graft co- polymer, these are 

Fusion and Solubilization processes; where the method of preparing each 

of them is described as shown below: 
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2.2.1   Using fusion process 

2.2.1.1   Preparation of a linear co-polymer[86] 

In a 500 ml three-necked round bottom flask, (2.0 mole, 332g) of 

Terphthalic acid and (1.0 mole, 92g) of glycerol were mixed together, the 

flask was equipped with a thermometer and a mechanical stirrer. The 

mixture warmed carefully with an electric heating mantle to 270
 0

C 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 
0
C, 

until no more water came off. 

2.2.1.2   Preparation of a graft co-polymer [86] 

The reaction flask was allowed to cool to 110
 0
C, and (0.5mole, 58g) 

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 
0
C and 125 min. to prepare a new graft co-polymer. 

The flask was allowed to cool to 50
 0

C and (1.0, 1.5 and 2.5 mole) 

about ( 36, 72 and 108g), respectively of acrylic acid monomer, was 

added to the graft co-polymer and stirred by mechanical stirrer, until a 

pourable syrup was formed, and (1.36×10
-3

mole, 0.147g) of 

hydroquinone was added to the reaction flask, with stirred by mechanical 

stirrer. 

The viscosity and density of the prepared co-polymer were calculated 

using Brookfild digital viscometer instrument and Hydrometer instrument 
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respectively, and the average number of molecular weight       ( Mn ) was 

determined using end group analysis method; the procedure of this 

method as follows 
[86]

: 

About 1 gm of resin sample are weighted accurately into a beaker, 

10 ml of xylene solvent were added to the resin sample. The resin was 

allowed to dissolve in the solvent, with careful warming in a water bath 

and then addition two drops of phenolphthalein as indicator. The solution 

was titrated with 1N of sodium hydroxide solution until a faint pink color. 

The volume of sodium hydroxide solution used was noted. The average 

number molecular weight ( Mn ) of the resin is then calculated as follows: 

            Mn   = r . q . w /g 

Where, r is the number of reactive groups per molecule, q is the 

equivalent weight of the reagent, w is the weight of  resin sample and        

g is the number of grams of reagent.  

 

2.2.2    Using solubilization process 

2.2.2.1    Preparation of a linear co-polymer 

In 200 ml two-necked round bottom flask, (2.0 mole, 332g) of 

terphthalic acid and (50 ml) of DMSO, were mixed together. This flask 

was equipped with a thermometer. The mixture warmed carefully with 

ahot plate magnetic stirrer to 40 
0
C untilclear liquor is formed and added 

(1.0 mole, 92g) of glycerol to the solution. The mixture warmed carefully 

to 120
 0

C,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 by the esterfication process, and the flask was gently heated. 
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Heating was stopped after 80 min. at 145 
o
C, until no more water came 

off. Leave the reaction flask to cool to about 50C
o
. 

2.2.2.2     Preparation of a graft co-polymer 

About (0.5mole, 58g) of fumaric acid, was dissolved in 10 ml of 

DMSO at 40
 o

C, and added to the mixture (the flask contents which 

prepared in 2.2.2.1 above).The flask was gently rise heated to 100
 o

C, 

added the drops of xylene in the form of batch (two drops in each batch), 

until no more water came off at 115 
o
C after 45 min. to prepare graft co-

polymer. 

Leave the reaction flask to cool to the laboratory temperature, and 

then add the distilled water, where the suspension solution is form, then 

leave the suspension solution to precipitate and then filtered and washed 

with distilled water and leaves to dry. About (1.0, 1.5 and 2.5 moles) 

which equal (36, 72 and 108 g) respectively of acrylic acid monomer was 

added to the graft co-polymer and stirred by mechanical stirrer, until 

pourable syrup was formed. About (1.36×10
-3

mole, 0.147g) of 

hydroquinone was added to the reactants with stirred by mechanical 

stirrer. 

2.3    Rate of polymerization and activation energy  

 

The rate of polymerization in different times (Min.) at a constant 

temperature was calculated by measuring the acid value ( The acid value 

of a resin is defined as the number of mg of sodium hydroxide required to 

neutralize 1.0 gm of resin). The procedure of this method as follows 
[86]

: 

About 1.0 gm of resin sample are weighted accurately into a beaker, 

10 ml of xylene solvent were added to the resin sample. The resin was 
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allowed to dissolve in the solvent, with careful warming in a water bath 

and then addition two drops of phenolphthalein as indicator. The solution 

was titrated with 1.0 N of sodium hydroxide solution until a faint pink 

color. The volume of sodium hydroxide solution used was noted and the 

acid value of the resin is then calculated as follows: 

                            Volume of sodium hydroxide  

Acid value =                                                                      56  

                                    Weight of sample 

 

 

 

        The slope of a plot of acid value(A.V.) versus time (Min.) represents 

the rate of polymerization. The activation energy (Ea) of polymerization 

of the modified unsaturated polyester resin was calculated from 

Arrhenius equation. 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 
[56] 

: 

K = Ae
-Ea/(RT)

 

Where A, is the frequency factor for the reaction, R, is the 

universal gas constant, T is the absolute temperature (usually in Kelvin's), 

and k, is the reaction rate coefficient. Even without knowing A 

and  Ea, can be evaluated from the variation in reaction rate coefficients 

as a function of temperature (within the validity of the Arrhenius 

equation). 

2.4 Determinations of the thermodynamic function[87] 

 
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.  

× 

https://en.wikipedia.org/wiki/Arrhenius_equation
https://en.wikipedia.org/wiki/Frequency_factor_(chemistry)
https://en.wikipedia.org/wiki/Gas_constant
https://en.wikipedia.org/wiki/Reaction_rate_constant
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lnK = - ( ΔH / RT) + constant…….(1) 

ΔG = -RT. lnK….. (2) 

ΔS = (ΔH – ΔG) / T….. (3) 

 

2.5      Swelling [88- 91] 

The known weight and diameter of dried discs were put in sample 

vials. The swelling time was counted when the solvent was added into the 

sample vials. At regular time intervals the swollen discs were taken out 

using tweezers and the excess water on the surface of the discs was 

removed by wiping with the edge of whatman no.1 qualitative filter 

paper. They were weighed and returned to the vials immediately. All the 

weighing of the discs (hydrogel or xerogel), was carried out in a 

stopperweighing bottle. The diameter of the hydrogel and xerogel discs, 

were measured with calipers. The thickness of the hydrogel and xerogel 

discs was measured with a micrometer. The solvent contents of the 

hydrogel were calculated according to the following equations: 

                                         Wt. of hydrogel   - Wt. of xerogel 

   Water content %  =  100×   ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ        

                                              Wt. of hydrogel 

 

The swelling of the discs that was carried out at 310 K, the swelling 

behavior in two different buffer solutions, pH equal 2.2, 7.0 and 8.0 

respectively is to show the effect of the change of pH on the sample disc. 

The procedures of swelling discs, the solution contents that same 

were explain of in 2.5 above, and the methods of prepared buffer 

solutions was:  
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1- pH = 2.2 

This solution was prepared, by mixing 50 ml of 0.2 M of KCl and 

7.8 ml of 0.2 M of HCl. 

2- pH = 8.0 

This solution was prepared, by mixing 100 ml of 0.025 M of Borax 

and 41 ml of 0.1 M of HCl. 
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3. Results & Discussion 

 

3.1 Preparation of graft co-polymer 

The graft co-polymer was synthesized by two processes: 

3.1.1    Using fusion process 

3.1.1.1   Preparation of linear co-polymer 

The linear co-polymer was synthesized by reacting of terphthalic 

acid with glycerol by esterfication process in 150 Min. at 325 
o
C, as 

shown in equation (3-1). The negative test of NaHCO3 solution proves 

that the whole terphthelic acid was reacted. Table (3-1), represents the 

physical properties of the linear co-polymer. 

 

Equation (3-1): Synthesis of linear co-polymer. 
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Table (3-1): The physical properties of the linear co-polymer 

Physical properties Value 

 

Molecular Weight ( Mn ) 

Acid Value  

Density 

 

2200gm/mole 

28 

1.2  (gm / cm
3
 ) 

 

Figure (3-1) represents the FT–IR spectrum 
[92]

of the linear co-

polymer. It showed the appearance ofa strong broad band at about3423 

cm
-1

 for stretching alcoholic (-OH) with stretching (H–bond), and also 

showed a weak band at about 2902cm
-1

 due to the -OH for Carboxylic 

acid, the C-H sp
3
and sp

2
 hybridization absorption at about 2544 cm

-1
, 

2654 cm
-1

respectively. The spectrum also showed a strong band at 

about1726 cm
-1

 assigned to a stretching band C=O for ester group. The 

spectrum appearance is a weak sharp bands at about 1597cm
-1

, 1581     

cm
-1

 due to C=C for conjugated system of benzene ring and also showed 

a bands at about 1284 – 1259cm
-1

 assigned to C-O absorption band.  

Figure (3-2), The spectrum of 
1
HNMR

[93]
 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 due to the 

proton of aliphatic alcohol so this spectrum was confirmed the structure 

of our target polymer. 
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Figure (3-1): The FT-IR spectrum of linear co-polymer. 
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Figure (3-2): The 
1
HNMR spectrum of linear co-polymer. 
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3.1.1.2 Preparation of graft co-polymer  

The graft co-polymer was synthesized by reacting the linear co-

polymer (which prepared in 3.1.1.1), with 0.5mole of fumaric acid to 

produce graft co-polymer at 275 C
0
,and 125Min., as shown in equation 

(3-2). The negative test of NaHCO3 solution proves that the prepared 

graft co-polymer doesn't contain any un-reacted acid. Table (3-3) 

represents the physical properties of the graft co-polymer. Three different 

numbers of moles (1.0, 1.5 and 2.5 mole) respectively of acrylic acid 

monomer were added to the graft co-polymer to prepare three different 

graft co-polymer. 

 

Equation (3-2): Synthesis of graft co-polymer. 

Figure(3-3) showed the FT – IR  spectrum of the graft co-polymer, 

it's showed the appearance of a strong broad band at 3370 cm
-1

 for 

stretching alcoholic(-OH) with stretching (H–bond) and the spectrum also 
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showed the aliphatic ( C-H ), aromatic (=C-H ) and alkenes (=C–H ) at 

approximately  at 2951 cm
-1

 , 2886 cm
-1

 and 3050 cm
-1

 respectively,  and 

the spectrum also showed a strong sharp band at 1712 cm
-1

  and 1261 cm
-

1
 for a stretching band (C=O) ester and (C-O ) ester respectively. 

Figure (3-4) showed the 
1
HMNR  spectrum of the graft co-polymer, 

its showed the appearancea single signal at 2.5 ppm for DMSO , multi 

signal at range 3.5-4.8 ppm which can be attributed to [CH2-O-C=O , -

CH=CH-] groups,aromatic protons signal observed as doublet signal at 

6.81-8.02 ppm in addition to single signal at 12.77 ppm for carboxylic 

acid protons. 

Table (3-3):Physical properties of the graft co-polymer 

Value Physical properties 

Around  2800 gm/mole 

61 % 

23  poise 

15-20  min   at  25C
0

 

26 

1.5  (gm/cm
3 

  ) 

Molecular Weight ( Mn ) 

Solid content 

Viscosity 

Gel time 

Acid Value 

Density 
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Figure(3-3): The FT-IR spectrum of the graft co-polymer. 
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Figure(3-4): The 
1
HMNR spectrum of the graft co-polymer 
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3.1.2   Using solubilization process 

3.1.2.1 Preparation of linear co-polymer  

The linear co-polymer was synthesized by dissolved 

theterphthalicacid in amount of DMSO at 40
o
C and added the glycerol 

and warmed the mixture carefully by esterfication process in 80 min. at 

145 C
o
 as shown in equation (3-3). It was observed that the FT-IR and 

1
HMNR spectrum of the prepared polymer in this process is similar to 

that of the fusion process. 

Equation (3-3): Synthesis of linear co-polymer 

 

3.1.2.2    Preparation of a graft co-polymer 

The graft co-polymer was synthesized by dissolved 0.5mole of 

fumaric acid in DMSO and added to the linear co-polymer (which 

prepared in 3.1.2.1) to produce graft co-polymer at 115 C
o
 after 45 min., 

as shown in equation (3-4). It was observed that the infrared spectrum of 

the prepared polymer in this process is similar to that of the fusion 

process.  
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Three different numbers of moles (1.5, 2.0 and 2.5 mole) 

respectively of acrylic acid monomer were added to the graft co-polymer 

to prepare three different graft co-polymers. 

Equation (3-4): Synthesis of graft co-polymer. 
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3.2   Atomic Force Microscopic (AFM) measurements 

The size of particles of the linear and graft co-polymers which 

prepared by using solubilization process was measured by the atomic 

force microscope (AFM). The results showed that the co-polymersare 

nanoparticles co-polymers, as shown below: 

Figure (3-5 a, b &c) shows the outer surface of the nanoparticles of 

linear co-polymer. The roughness of this surface and the square root 

square are calculated according to the coefficient: 

   √∑
         

 

 

   

 

Where N, Z = the number of measured points 

The roughness coefficient of a linear co-polymer surface was 1.19 

nm and the square root square was equal to 1.37 nm. This indicates that 

the bold size of the nanoparticles plays an important role in the roughness 

of the surface, its uniform crystalline system, and the surface 

homogeneity. Also, the average of height of the particles was equal to 

4.80 nm, as observed in figure (3-5 a).  

Table (3-4) represents the total rate of the particle sizes of the 

common linear nanoparticle and the different proportions of these 

volumes. The results indicate that the molecular size of the linear co-

polymer nanoparticle was 94.09 nm and figure (3-6) represents the 

distribution of the different proportions of particle sizes of the linear co-

polymer nanoparticle. 
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Figure (3-5  a): Image of Atomic Force Microscope for linear co-polymer 

shows 3D Image.  

 

Figure (3-5  b): Image of Atomic Force Microscope for linear co-polymer 

shows 2D Image. 
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Figure (3-5 c): Image of Atomic Force Microscope for linear co-polymer 

shows 2D Image and showing all details of particles 
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Table (3-4): The total diameter of the particle sizes of the linear co-polymer 

nanoparticle and the different proportions of these volumes 

Sample:1 Code:Sample Code 

Line No.:lineno Grain No.:139 

Instrument:CSPM Date:2018-04-23 
 

Avg. Diameter:94.09 nm <=10% Diameter:75.00 nm 

<=50% Diameter:90.00 nm <=90% Diameter:115.00 nm 
 

 
Diamete

r(nm)< 

Volum

e(%) 

Cumulat

ion(%) 

Diamete

r(nm)< 

Volum

e(%) 

Cumulat

ion(%) 

Diamete

r(nm)< 

Volum

e(%) 

Cumulat

ion(%) 

75.00 

80.00 

85.00 

90.00 

95.00 

7.19 

12.95 

16.55 

11.51 

11.51 

7.19 

20.14 

36.69 

48.20 

59.71 

100.00 

105.00 

110.00 

115.00 

120.00 

8.63 

7.19 

7.19 

5.04 

4.32 

68.35 

75.54 

82.73 

87.77 

92.09 

125.00 

130.00 

145.00 

1.44 

5.76 

0.72 

93.53 

99.28 

100.00 

 

 
 

Figure (3-6): Distribution of the different proportions of particle sizes of 

the linear co-polymer nanoparticle. 
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On the other hand, figure (3-7 a, b &c) shows the outer surface of the 

nanoparticles of graft co-polymer. The roughness coefficient of a graft co-

polymer surface was 1.68 nm and the square root was equal to 1.96 nm. 

This indicates that the bold size of the nanoparticles plays an important 

role in the roughness of the surface, its uniform crystalline system, and the 

surface homogeneity, Also, the average of height of the particles was 

equal to 7.2 nm,  as observed in figure(3-7  a). 

Table (3-5) represents the total diameter of the particle sizes of the 

graft co-polymer nanoparticle and the different proportions of these 

volumes; The results indicate that the molecular size of the graft co-

polymer nanoparticle was 56.80nm and figure (3-8) represents the 

distribution of the different proportions of particle sizes of the graft co-

polymer nanoparticle. 

Table (3-5): The total diameter of the particle sizes of the graft co-polymer 

nanoparticle and the different proportions of these volumes 

Sample:M4 Code:Sample Code 

Line No.:lineno Grain No.:259 

Instrument:CSPM Date:2018-04-23 
 

Avg. Diameter:56.80 nm <=10% Diameter:0 nm 

<=50% Diameter:50.00 nm <=90% Diameter:70.00 nm 
 

 
Diamete

r(nm)< 

Volum

e(%) 

Cumulat

ion(%) 

Diamete

r(nm)< 

Volum

e(%) 

Cumulat

ion(%) 

Diamete

r(nm)< 

Volum

e(%) 

Cumulat

ion(%) 

50.00 

55.00 

60.00 

26.64 

26.64 

16.22 

26.64 

53.28 

69.50 

65.00 

70.00 

75.00 

11.58 

8.88 

5.79 

81.08 

89.96 

95.75 

80.00 

95.00 

3.47 

0.77 

99.23 

100.00 

 



Chapter Three……………………………………. Results & Discussion 

 

50 

 

Figure (3-7a): Image of Atomic Force Microscope for graft co-polymer 

shows 3D Image.  

 

Figure (3-7 b): Image of Atomic Force Microscope for graft co-polymer 

shows 2D Image. 
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Figure (3-7 c): Image of Atomic Force Microscope for graft co-polymer 

shows 2D Image and showing all details of particles 
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Figure (3-8): Distribution of the different proportions of particle sizes of 

the graft co-polymer nanoparticle. 

3.3 Determination of the rate of polymerization  

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. Table (3- 6) shows the acid value in different times at 

different temperatures. Figure (3-9) represents the plot of acid value 

versus time (Sec.). The rate of polymerization of the linear co-polymer 

was (120 Sec.
-1

) at a constant temperature in 583 K. The activation 

energy (Ea) of polymerization of the co-polymer was calculated from 
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Arrhenius equation
 [156]

, and it was found (242.3531 J/mole) at a constant 

temperature in 583K. 

Table (3-6): Represent the acid value in different times at different 

temperatures. 

Time (Sec.) Acid Value Slope Temp. (K) 

120 

240 

360 

480 

240.0 

220.0 

198.8 

182.0 

 

-0.1722 

 

563 

 

120 

240 

360 

480 

176.4 

162.4 

147.0 

135.0 

 

-0.1101 

 

568 

120 

240 

360 

480 

126.0 

114.6 

103.6 

92.4 

 

-0.0833 

 

573 

120 

240 

360 

480 

81.2 

73.0 

64.4 

57.4 

 

-0.0676 

 

578 

120 

240 

360 

480 

47.9 

42.8 

37.0 

30.0 

 

-0.0497 

 

583 
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Figure (3-9): The plot of Acid value Vs. Time (Sec.) in different 

temperatures 
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3.4 Determinations of the thermodynamic function 

 
By using Van Huff complementary equation, the thermodynamic 

functions were determination of the linear co-polymer. Table (3-7) shows 

the thermodynamic functions. Figure (3-10) represents the plot of Ln K 

vis. 1/T. 

 

Table (3-7): The thermodynamic functions of the linear co-polymer. 

 

no T 

(K
o
) 

1/T lnK ΔH 

(KJ/mol) 

ΔG 

(KJ/mol) 

ΔS 

(KJ/mol.K) 

1 563 1.776 × 10
-3

 -0.1003 

2.9 × 10
3
 

0.469 5.150 

2 568 1.7605 × 10
-3

 -9.2992 43.914 5.097 

3 573 1.7452 × 10
-3

 -10.733 51.131 4.971 

4 878 1.7301 × 10
-3

 -15.232 73.197 4.890 

5 583 1.7152 × 10
-3

 -24.063 116.634 4.774 
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Figure (3-10): The plot of ln K vis. 1/T 
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3.5   Swelling 

A chemically cross-linked polymer can increase its volume, 

figure(3-11), numerous folds by absorbing great a mount of solvent 

[95]
.The degree to which the volume increases depends on the degree to 

which the polymer "likes" the solvent and the degree of cross-linking. 

Solvents swell cross-linked polymer networks to a degree determined by 

both the solvent-polymer interactions and the polymer network structure 

[96]
. 

 According to the Flory−Renner  theory
[97]

, the swellings  degree is a 

balance between the entropy of the polymer and liquid mixing, the 

entropy change caused by reduction in the number chain of polymer 

conformations upon swelling, and the heat of mixing of the polymer and 

liquid. 

 

Figure (3-11):  The swelling ofthe polymers 
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There are two types of swelling, limited swelling, when they are 

limited solubility of the polymer in solvents.  When a solvent enters 

polymer and does not dissolve the polymer but swelly it 
[98]

. The chains 

are in an entangled and relaxed conformation between two network 

junctions. However, when the solvent enters the polymer, the liquid 

molecules move the network junctions away from each other (as the 

polymer swells in the solvent). As the network junctions move away 
[99]

, 

the polymeric chains do not separate completely from each other, figure 

(3-12).Thus, two phases are formed, one separated from the solute in the 

swelling polymer and the other from the pure solute 
[100]

, and unlimited 

swelling .  It is that process which leads to spontaneous dissolution. The 

liquids that possess a high to a certain polymer and known as good 

solvents to penetrate through the chain to give this type of swelling that 

led lastly to polymeric dissolution 
[98]

. Several factors controlled of 

polymers swelling, including the nature of the solvent, molecular weight 

of the polymer, the structural reformation, the number of links, , the 

degree of the surrounding medium heat 
[101]

 . 

 

 

 

 

 

 

 

Figure (3-12): Swelling limited for certain polymers 
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3.5.1   Fusion process 

1- Swelling of the graft co-polymers which prepared by fusion process 

was measured by using three different pH (2.2, 7.0 and 8.0) respectively.  

The swelling curves showed a plot of water content for different 

compositions against swelling time (Min.). 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 water–soluble 

molecules were being released from the xerogel upon swelling. The 

thicker discs required  longer time to attain maximum equilibrium. 

2- In this work the thickness of the dry discs (xerogel) was exactly 3.0mm 

and the diameter was exactly 10.0mm and the weighted was exactly 0.5 

gm of all samples were used in the swelling study at 310 K. 

3- A plot of water content versus time showed the curves of graft co-

polymer for three different numbers of moles from acrylic acid monomer 

ranging from 1.5, 2.0 and 2.5 mole, against swelling time (Min.) at 

constant temperatures 310 K, as shown in tables (3-8) to (3-10) and 

figures (3-12) to (3-17) respectively. 

4- As clearly shown in these figures increasing the time (Min.) with 

increasing of the water content (%), This behavior can be explained due 

to, the structure of co-polymers,i.e., present of the hydrophilic groups in 

the xerogel, number of mole from acrylic acid monomer and nature of the 

buffer solution. All these factors will increase the water content (%) with 

the increasing of time, and an increase in the number of moles of acrylic 

acid monomer leads to an increase in swelling, because of the increase in 

the number of hydrophilic groups in the back bone of monomer; On the 

other hand, the low values of swelling process were affected by low 

degree of cross linking, i.e., in the graft co-polymer with 1.5 mole of 
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acrylic acid monomer, the values will be low comparing with the values 

in the graft co-polymer with 2.5 moles of acrylic acid monomer. 

Table (3-8): Swelling ratio (%) in different times of graft co-polymer 

with different moles of acrylic acid monomers in pH=2.2 at 310 K 

Table (3-9): Swelling ratio (%) in different times of graft co-polymer 

with different moles of acrylic acid monomers in pH=7.0 at 310 K 

 

Swelling ratio (%) Time 

 

(hour) 
Number of moles acrylic acid monomers 

2.5 moles 2.0 moles 1.5 moles 
5.2356 5.1241 5.0111 1 
5.2582 5.1468 5.0433 2 
5.2708 5.1695 5.0660 3 
5.2930 5.1822 5.0887 4 
5.3156 5.2149 5.1114  5 

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

Swelling ratio (%) Time 

 

(hour) 
Number of moles of acrylic acid monomers 

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

 (day) 
8.4931 8.2526 8.0180 1 
8.5381 8.2917   8.0571 2 
8.5831 8.3308    8.0963 3 
8.6281   8.3699    8.1323 4 
8.6731   8.4090   8.1744 5 
8.7181    8.4481   8.2135 6 
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Table (3-10): Swelling ratio (%) in different timesof graft co-polymer 

with different moles of acrylic acid monomers in pH=8.0 at 310 K 

 

 

Figure (3-13):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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Swelling ratio (%) Time 

 

(hour) 
Number of moles acrylic acid monomers 

2.5 moles 2.0  moles 1.5 moles 
9.3854 9.2439 9.1011 1 
9.4056 9.2642 9.1218 2 
9.4258 9.2844 9.1423 3 
9.4460 9.3046 9.1627 4 
9.4662 9.3248 9.1831 5 
9.4864 9.3450 9.2033 6 
9.5066 9.3652 9.2236 7 

 (day) 
11.2185   10.6150  10.0190  1 
11.3060 10.7010  10.1040  2 
11.3935 10.7870  10.1890  3 
11.4810 10.8730   10.2740  4 
11.5685 10.9590  10.3590  5 
11.6560 11.0450  10.4440  6 
11.7435 11.1310  10.5290   7 



Chapter Three……………………………………. Results & Discussion 

 

62 

 

Figure (3-14): Swelling ratio (%) in day, of graft co-polymer with 

different moles of acrylic acid monomers in pH=2.2 at 310 K 

 

 

Figure (3-15):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 (3-16):Swelling ratio (%) in day, of graft co-polymer with 

different moles of acrylic acid monomers in pH=7.0 at 310 K 

 

 

Figure (3-17):Swelling ratio (%) in hour, of graft co-polymer with 

different moles of acrylic acid monomers in pH=8.0 at 310 K 
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Figure (3-18): Swelling ratio (%) in day, of graft co-polymer with 

different moles of acrylic acid monomers in pH=8.0 at 310 K 
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Swelling of the graft co-polymers which prepared by solubilization 
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The method of calculation used was the same as for the swelling in   
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It has been observed that the time required for the swelling of the 

hydrogel increase with the increase in the number of moles of acrylic acid 

monomer and also has noted that the speed of the swelling of hydrogel 

increases dramatically in the solution with a high pH (8.0) compared with 

the solution with a low pH (2.2). For this reason, we found that the 

solution be further swelled when the pH=8 and that because of the 

increased hydrophilicity and the resulting increase hydrophilic groups so 

the hydrogel is because of it is ability to absorb solution in large 

quantities and gives swelled bigger. 

 

Table (3-11): Swelling ratio (%) in different times, of graft co-polymer 

with different moles of acrylic acid monomers in pH=2.2 at 310K 

 

 

 

 

 

 

 

Swelling ratio (%) Time 

 

(hour) 
Number of moles acrylic acid monomers 

2.5 moles 2.0 moles 1.5 moles 
24.2050 19.6139 10.0459 1 
25.2300 20.7439 12.2807 2 
26.2550 21.1300 14.7242 3 
27.2800 22.1550 16.2561 4 
28.3050 23.1800 18.8750 5 

 (day) 
30.4717 25.0779 20.9663 1 
31.5967 27.8120 22.5824 2 
33.6888 29.9467 24.6787 3 
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Table (3-12): Swelling ratio (%) in different times, of graft co-polymer 

with different moles of acrylic acid monomers in pH=7.0 at 310 K 

 

Table (3-13): Swelling ratio (%) in different times, of graft co-polymer 

with different moles of acrylic acid monomers in pH=8.0 at 310 K 

Swelling ratio (%) Time 

 

(hour) 
Number of moles of acrylic acid monomers 

2.5 mole 2.0 mole 1.5 mole 
30.0782 23.4303 17.8532 1 
31.9392 26.2174 18.5206 2 
33.1997 27.3431 19.6391 3 
35.7601 28.6393 20.1065 4 
36.8160 29.7749 21.1290 5 

 (day) 
29.6780 24.4877 19.1385 1 
30.9519 25.6311 20.4919 2 
31.7869 26.8490 21.7569 3 
33.8219 27.9788 22.8969 4 

Swelling ratio (%) Time 

 

(hour) 
Number of moles acrylic acid monomers 

2.5 moles 2.0  moles 1.5 moles 
43.9414 38.5876 29.0780 1 
44.6637 40.5203 31.7748 2 
45.8605 41.5537 32.7826 3 
46.7676 42.5787 33.7601 4 
47.1303 43.6037 35.6821 5 
48.3456 44.9870 36.7420 6 
49.6302 45.2731 37.5812 7 

 (day) 
54.9496 49.4606 44.0756 1 
56.1049 50.5156 45.1306 2 
57.2044 51.5706 46.1856 3 
58.3034 52.6556 47.2406 4 
59.3884 53.7106 48.2956 5 
60.4684 54.7956 49.3506 6 
61.5434 55.8506 50.4056 7 
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Figure (3-19): Swelling ratio (%) in hour, of graft co-polymer with 

different moles of acrylic acid monomers in pH=2.2 at 310 K 

 

 
Figure (3-20): Swelling ratio (%) in day, of graft co-polymer with 

different moles of acrylic acid monomers in pH=2.2 at 310 K 
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Figure (3-21): Swelling ratio (%) in hour, of graft co-polymer with 

different moles of acrylic acid monomers in pH=7.0 at 310 K 

 

 
 

Figure (3-22): Swelling ratio (%) in day, of graft co-polymer with 

different moles of acrylic acid monomers in pH=7.0 at 310 K 
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Figure (3-23): Swelling ratio (%) in hour, of graft co-polymer with 

different moles of acrylic acid monomers in pH=8.0 at 310 K 

 

 
 

Figure (3-24): Swelling ratio (%) in day, of graft co-polymer with 

different moles of acrylic acid monomers in pH=8.0 at 310 K 
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Conclusion and Future Work 

 

1.  Conclusion 

 

Preparation of graft co-polymer by reaction of one mole of glycerol 

which has three hydroxyl groups, with two moles of terphthalic acid 

monomer, which have two groups from carboxylic acid. This reaction 

will give one point of hydroxyl group that can react with fumaric acid to 

form graft co-polymer which can make cross-linking with the added 

monomer. When adding three different monomers, we will get three types 

of graft co- polymers that differ in the number of points of correlation. 

Thus, they will differ in the number of hydrophilic groups and differ in 

the swelling ratio. 

As clearly shown in the results, the increasing time (hour and day) 

increases the buffer solution content (%). This behavior can be explained 

in that compound of solvent and the structure of polymer, i.e., present of 

the hydrophilic groups in the xerogel, concentration and pH of buffer 

solution. All these factors will increase the buffer solution content (%) 

with the increased time. This corresponds with the findings of earlier 

research and the low values of swelling process were affected by high 

chain flexibility and the degree of cross linking, i.e., in the graftco-

polymer with 0.5 mole of acrylic acids. The values are low comparing 

with the values in the graft co-polymer with 1.5 mole of acrylic acid 

monomer
 [102, 103]

. 
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2.    Future Work 

 

We can propose the following: 

1-Calculate the rate of reaction and the activation energy of the graft    

co- polymer. 

2 - Use of other types of hydroxyl compounds to provide a greater 

number of points of joint with carboxylic acids. 

3 - Use of other types of monomers to form a three-dimensional network 

4- Use of polymer joint nanotechnology measurements  in medical 

applications. 
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 الخلاصة

( مه الإرابتَ  الاوصٍبسفً ٌزا اىعمو ، حم ححضٍش اىبُىٍمش اىمشخشك اىمطعم ، بطشٌقخٍه ) 

حفبعو مُه َاحذ مه اىنيٍسشَه مع مُىٍه مه حبمض اىخشفثبىٍل ، ىخنٌُه اىبُىٍمش اىمشخشك 

اىخطً َ اىبُىٍمش اىمشخشك اىمطعم حضش مه حفبعو اىبُىٍمش اىمشخشك اىخطً مع وصف مُه 

 مه حبمض اىفٍُمبسٌل، 

 الاوصٍبسأَلا: طشٌقت 

َ اىبُىٍمش اىمشخشك اىمطعم عىذ      523   عىذ    .Min 150اىبُىٍمش اىمشخشك اىخطً فً 

  273     َMin. 523   ممب ولاحع فً اىمعبدلاث اىخبىٍت، حم حشخٍص اىىبحح بُاسطت حقىٍت ،

 الأشعت مب ححج اىحمشاء َ اىشوٍه اىىَُي اىمغىبطٍسً اىبشَحُوً .

 

 



min.  َ 145 C 80 ، اىبُىٍمش اىمشخشك اىخطً حضش عىذ  الإرابتثبوٍب: طشٌقت 
o  

امب اىمطعم 

C 115   فقذ حضش فً
o
  َ 45 Min.  فحص اى، ممب ولاحع فً اىمعبدلاث ادوبي . حم اخشاء

 ان ، َ أظٍش اىفحص الإرابتىيدزٌئبث اىىبحدت مه طشٌقت   ( (AFMمدٍش اىقُة اىزسٌت ب

 nm 1.19مسبٌَت اىى ىسطح اىبُىٍمش اىمشخشك اىخطً ان شذة اىصلابت َ وبوٌُتاىدزٌئبث 

َحدم اىدزٌئت اىىبوٌُت اىبُىٍمش اىمشخشك اىخطً  nm 1.37َاىدزس اىخشبٍعً اىمشبع ٌسبَي 

94.09 nm  1.68 فنبوج  ىسطح اىبُىٍمش اىمشخشك اىمطعمشذة اىصلابت ، امب nm  َاىدزس

        ٌت اىبُىٍمش اىمشخشك اىمطعمَحدم اىدزٌئت اىىبوُ  nm 1.96اىخشبٍعً اىمشبع ٌسبَي

56.80nm    

 

 



اوً مسبَي  َخذ حٍث يبُىٍمش اىمشخشك اىخطًىحم حسبة سشعت اىبيمشة َطبقت اىخىشٍظ 

.Sec 120اىى 
-1

 َ  242.3531 J/mole  .ًعيى اىخُاى 

َ ممب يبُىٍمش اىمشخشك اىخطً بذسخبث حشاسٌت مخخيفت ى اىثشمُداٌىملحم حسبة اىذَاه  

 :أدوبي اىدذاَهفً  مُضح

no T 

(K
o
) 

1/T lnK ΔH 

(KJ/mol) 

ΔG 

(KJ/mol) 

ΔS 

(KJ/molK) 

1 563 1.776 × 10
-3

 -0.1003  

 

2.9 × 10
3
 

0.469 5.150 

2 568 1.7605 × 10
-3

 -9.2992 43.914 5.097 

3 573 1.7452 × 10
-3

 -10.733 51.131 4.971 

4 878 1.7301 × 10
-3

 -15.232 73.197 4.890 

5 583 1.7152 × 10
-3

 -24.063 116.634 4.774 

 

مخخيفت دَاه حبمضٍت فً ثلاثت  hydrogelحم قٍبس وسبت الاوخفبخٍت ىنو ومبرج 

(pH=2.2) (pH=7.0)  َ (pH=8.0)  310بثببث دسخت اىحشاسةK قذ َ ، يزمهمذاىت ى

 وسبخٍب فً وسبت الاوخفبخٍت فً اىُسظ اىقبعذي اعيى مه اناىىخبئح اىخً حم اىحصُه عيٍٍب أظٍشث 

اىقبعذي ٌنُن اوخقبئٍب فً اىُسظ اىبُىٍمش اىمشخشك اىمطعم َ ٌزا ٌؤمذ عيى ان اىُسظ اىحبمضً 

رابت اىمحضش بطشٌقت الاَ يبُىٍمش اىمشخشك اىمطعم فأن وسبت الاوخفبخٍت ىاىمقببو  فً سيُمً ، فً 

 بطشٌقت الاوصٍبس .اىمحضش  يبُىٍمش اىمشخشك اىمطعموسبخٍب ىاعيى مه 
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