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CHAPTER3 RESULTS & DISCUSSIONS

3. RESULTS AND DISCUSSIONS
Organogels are hydrophobic crosslinked networks have strong ability to

absorp hydrophobic solvents and petroleum crude oils. The properties

of polymeric organogels are highly influenced by crosslink density and

also, in the majority of cases, on the functionality of crosslinkers

[Arriola et al., 1997 and Atta and Abdel-Azim, 1998]. Wide

varieties of acrylate crosslinkers have been used to fomm crosslinked

networks. ln bulk or solution polymerization the choice of crosslinkers

is quite broad. However, the solubility of many crosslinkers in water or

oil phase polymerization becomes marginal. Much effort has been

expended on attaining high levels of purity in the monomers, but the

literature indicates otherwise with regard to the crosslinking agents. ln

this respect, a simple method was used to synthesize two crosslinkers

based on polyfunctional acrylate and methacrylate. The ability to use

these new crosslinkers to synthesize nove} series of temperature

sensitive organogels is the main goal ofthe present investigation.

Despite the nation's best efforts to prevent spills, approximately 14,000

oil spills, are reported every year, mobilizing thousands of specially

trained emergency response persomnel and challenging the best-laid

contingency plans. There are difrerent methods can be used to control

these spills, such as oil spills skimmers, manual clean up, dispersants,

in-situ burning, bioremediation and sorbents. Sorbents come in two

basic types: natural organic materials like peat moss and sawdust; and

sythetic organic sorbents like polypropylene, polyester foams,

polystyrene and polyurethane. Many kinds of polymers have been

widely used to absorb oil spilled on water. Among them, alkyl acrylate

and aromatic polymers have been attracting much attention of scientific

and applied research groups. ln the present research, the aim is directed
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to synthesize new oil sorbers based on hydrophobic monomers (alkyl

acrylates and cinnamate moiety) and nonwoven poly(ethylene

terephthalate) fibers through copolymerization to control the

environmental pollution. Accordingly, the results of the present

investigation are divided into the following sections:

• Synthesis ofnew crosslinkers.

• Synthesis and structre confimmation of cinnamoyloxy ethyl

methacrylate monomer (CEMA).

• Sythesis of linear copolymens of CEMA with ODA by radical

copolymerization.

• Synthesis of crosslinked copolymers of CEMA with each of

ODA, IOA or DDA with high conversion % by bulk

polymerization in presence of ABDN initiator and two new

different hexafunctinal crosslinkers to produce crosslinked

CEMAacrylates copolymers (oi sorbers).

• Grafing of the synthesized linear copolymers onto poly(ethylene

terephthalate) nonwoven fiber, PETNWP, using UV irradiation

technique.

• Crosslinking of monomers and new crosslinkers with PETNWP

using UV irradiation and terperature.

• Evaluating the efficiency of the synthesized sorbers by measuring

swelling and network parameters of the prepared sorbers to

determine the best condition to obtain highly swellable polymers

in crude oil and toluene.
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3.1. SYNTHESIS OF NEW CROSSLINKERS AND MONOMER

3.1.1. Chemical Structure of MAAm and MMAm Crosslinkers

New crosslinkers were prepared by simple reaction of melamine with

either methacryloyl- or acryloyl-chloride. This reaction was carried out

in presence of 1-methyl-2-pyTrolidone as a solvent and triethyl amine as

an acid acceptor. A literature survey revealed that no such modification

of melamine with acrylic acid has been reported. The approach aimned

to enhance the solubility of melamine in various organic solvents as

well as to utilize the synthesized acrylic melamine as a crosslinker. The

prepared crosslinkers are NNN"-trisacryloyl-melanine, MAAA and

NNN"-trismethacryloyl-melanine, MMA4. The reaction is represented

in scheme (1).

 ام"٣
MH,

3H,cدcHcocL

HCCHCONH

\""coon,
(Ety ,مي  .Kي

 صت"
«٣P {

NHCOCHsch,

٣ سعها
w.-c«ew.eocة +،" "

NH,

H,-CCH,yCCOMH cHحwHccc@cH,H ير

٣n» 4
 د
w» "٦"

wHcocCHHcH,

Scheme (1): Synthesis of Melamine Crosslinkers

Elemental analysis and physical properties such as boiling points and

refractive indices of the prepared MAAA and MMA, crosslinkers were

measured and shown in Table (3.1). The good agreement between the

experimental and theoretical values ofC, H, 0 and N reveals that the

syntheses of purified MAA and MMAA monomers were perfomed
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Table (3.1): Physicochemieal properties of MAA and MMAر 
Crosslinkers

Charcteristics MAA, MMA
Yeild% 86 78.5
R£ 0.68 0.71
Boiling point @K10ل mmHg) > 343 > 343
Refractive lndices (n"") 1.443 1.441
Density (e. cm"'at 298 K) 1.131 1.116
Elemental analysis E»p. Cal. Exp. Cal.

c 50.02 50 54.51 54.55
H 4.15 4.17 5.48 5.48
N 29.19 29.17 25.4 25.45
o 16.64 16.66 14.61 14.55
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successfilly. The chemical structre of AAM andم AMM crOsslinkersم

was confimmed by RR, 'H-NMR and '3C-NMR analyses. IR spectra of

MAA and MMA were represented in Figures (3.1a and b)

respectively. Both crosslinkers show multiple bands at 33503200 cm,

typical of -NH stretching bands of secondary amide due to hydrogen

bonding. A strong band at 1680 cm'is observed in the spectra of both

crosslinkers, which is assigned to OCNH stretching. These peaks

indicate the fommation of amide linkage in the structure of both MAAA

and MMA crosslinkers. The strong peaks at 3075 cm"" (CH

stretching) and 16l4 cm' (C=Cstretching) confirm the presence of

acrylate and methacrylate moieties in the structre of MAA and

MMA. Fowever the presence of bands at 2965-2870 cm-' (CH

bending ofCHو ) indicates the incorporation of MC with melamine. 'H­

NMR and "C-NMR spectra of these crosslinkers are shown in Figures

(3.2 and 33). The 'H-NMR spectra of both MAA and MMA, were

recorded in Figure 3.2(a) and (b). Spectrum of MAAA (Figure 3.2a)

shows singlet at 8.1-8.2 ppm for -NH- amide proton and at 5.96.2

ppm which confirms protons of C=C of acryloyl groups. The

differences in chemical shifs and coupling constants of these protons,

which show quartet lines for every H proton ofthe vinyl groups, can be

referred to Ha on the same side of the triazine of melamine; Hb on the

opposite side of the ring and Hc is desheilded by NH groups [Ravia et

al., 1979]. Spectrum of MMA (Figure 3.2b) shows two signals, one at

4.8 ppm, which reveal HC Csplitting and a new singlet signal at 1.15

ppm confirms CH protons. '3CNMR spectra of MAAA and MMAa,

Figure 3.3(a) and (b), agree with data recorded on triazine carbons,

CONH and vinyl carbons at 165.4, 173 and 126-128 ppm, respectively

[Samaraweera et al,, 1992].
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3.1.2. Synthesis of Cinamoyloxy ethyl methacrylate Monomer

(CEMA).

It is well known that oil sorbers should have hydrophobic character to

swell in oil medium. The present work aims to synthesize new

monomer based on hydrophobic moieties such as alkyl or phenyl

groups. It is well established that 2-hydroxyethylmethacrylate, HEMA,

monomer contains both hydrophilic and hydrophobic moieties. So, it is

important to convert it to hydrophobic monomers that will be obtained

by reaction of its hydroxyl group. Cinnamoyloxy ethyl methacrylate

(CEMA) was prepared and purified as reported in a previous work

[Atta et al., 2005]. Cinnamoyl chloride was condensed.with HEMA to

produce CEMA. The synthesized CEMA was characterized by FTIR

and 'HNMR spectroscopic analyses [Atta et al., 2005]. The chemical

structure of the obtained monomer, CEMA, can be evaluated from TR

and 'HNMR analyses. In this respect, IR and 'HNMR specta were

represented in Figures 3.4 and 3.5, respectively. The IR spectrum of

CEMA, Figure 3.4, exhibits characteristics absorption bands at 2926

cm' (stretching vibration of the aliphatic C-H bond), 1730 cm""

(stretching vibration of the C=0), 1620 cm" (stretching vibration of the

CC), 1149 cm' (stretching ofC-O), and 900- 650 cm" (out of plane

rotational vibration of aromatie C-H). The disappearance of a band at

3200.3500cm' confimms the completion of the esterification reaction

between OH of HEMA and cinnamoyl chloride. In the 'HNMR

spectrum, Figure 3.5, the peaks of' CEMA indicated aromatic protons at

7.2- 7.8 ppm, vinyl protons at 5.6-6.6 ppm, and methyl protons at 1.9

ppm.
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Figure (3.5): 'HNMR Spectrum of CEMA
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3.2. PREPARATION OF LINEAR AND CROSSLINKED

COPOLYMERS.

3.2.1. Rreparation ofLinear Copolymers

The madical polymerization mechanism is frequently employed for

preparation of copolymers. The overall reaction scheme for radical

copolymerization is very similar to the one for homopolymerization:

iصitiation, propagation, temmination and transfer reactions are again

involved. However, the chemical natre of both monomers plays a role

in a mumber of ways. lt is not possible just to mix two monomers, add

an initiator, and expect a copolymer to fomm. While copolymerizAtion

may closely follow the kinetics of homopolymerization of the

component monomers which are very similar to each other, a small

amount of a monomer that is completely different, the copolymerization

may proceed much faster than the homopolymerization. Sometimes two

monomers that would not homopolymerize can fom a copolymer. On

the other hand, a small amount of a monomer may totally inhibit the

polymerization of the second monomer. A major difference between

homopolymerization and copolymerization is in the propagation step.

This difference is based on the nature of the ultimate unit carrying the

free radical and the reactivity of this radical. Accordingly, knowledge

of the reactivity ratios is the key to predicting the composition of a

copolymer. It is therefore very desirable to measure these ratios in order

to predict the structre of the produced copolymer. Nommally the two

monomers will polymerize at different rates, so that the composition of

a copolymer isolated before polymerization is complete will depend on

the relative reactivity of the first monomer versus the second one.

Spectroscopic methods are now widely used in the polymer field as an

analytical tool to probe structure and to obtain infommation on physico-
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chemical changes occumring in polymers and polymer additives.

Spectroscopy utilizes the interaction of radiation with matter to provide

details of molecular energy levels, energy state life times and transition

probabilities. This infommation in tm may be applied in stdying

chemical structre, molecular environment, polymer tacticity and

confommation, and monitor changes in these properties following

extemnal perturbations. Ln the present stdy, CEMA monomer has been

copolymerized with ODA in the presence of benzene at 70%C using the

procedure described in the experimental section. The structure of the

prepared linear copolymer was confimmed by 'HNMR analysis. Ln this

respect, 'HNMR spectra of different compositions of CEMA/ODA

copolymers were represented in Figure (3.6). The 'HNMR

spectroscopic analysis of the synthesized copolymers afforded similar

spectra, which show bands at 1.1, 72-7.8 and 5.6-6.2 ppm that

represent, methyl protons in the polymer backbone, aromatic protons of

CEMA and vinyl proton in the cinnamoyl moiety, respectively. The

appearance of methylene protons band at 1.9 ppm together with the

disappearance of vinyl protons in the acryloyl group at 5.66.2 ppm

indicate the incorporation of alkyl acrylate and CEMA in

copolymerization backbone. The reactivity ratios between CEMA and

ODA monomer was measured in previous works [Fineman and Ross,

1950, Kelen and Twdos, 1975, Atta et al., 2005]. The value of

reactivity ratio product for this copolymer reveals that the studied

monomers have a tendency to form random copolymers. Several

techniques have been developed to detemmine the reactivity ratios of

monomers. The most frequently cited method is that of Fineman-Ross

[Fineman and Ross, 1950] and Kelen-Tudos [Kelen and Tudos,

1975 methods, where monomer feed mixtures of varying composition
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are polymerized to low conversion and the resultant polymer

composition is measured. Detemmination of reactivity ratios is based

mainly on the analysis of the components making up the copolymer

molecule. Previous publications demonstrated sevenal techiques used

for determining the percentage of the constitents of the copolymers

[Ata et al., 2005]. The present investigation of CEMA/ODA reactivity

ratios used 'HNMR to determine the copolymer composition. The

'HNMR spectra of CEMA/ODA show signal of vinyl proton in the

cinamoyl moiety at 6.4 - 6.8 ppm, and methylene protons at 1.9 ppm

together with the disappearance of vinyl protons signal in the acryloyl

group at 5.6- 6.2 ppm. I is useful to use 'HNMR analysis in

detemmining the copolymer compositions [Atta et al., 2005 and 2006].

The analysis was cariied out by comparing the integrated intensities of

resonance signals with chemical shifis, 1.96-2.5 ppm assigned to the­

CH proton of ODA repeating units, and from the signals with chemical

shifts 6-7 ppm corresponding to the CH=CH protons of the cinnamate

moiety of CEMA repeating unit. The above mentioned methods for

detemmining the reactivity ratio were used to measure the reactivity ratio

ofCEMA, and ODA.
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3.2.2. Crosslinked Copokymers

High conversion polymerization was perfommed for preparing difEerent

crosslinked copolymers. The CEMA monomer was copolymerized with

different alkyl acrylase monomers using 1, 2 and 4wt% of

trimethylolpropane triacrylate (TPT) crosslinker in presence of ABIN

as initiator [Atta et al., 2005 and 2006]. In the present stdy, the

crosslinked copolymers of CEMA/OA, CEMADDA and

CEMA/ODA copolymers were prepared via bulk polymerization in

presence 0f 0.02% ABIN as initiator and different weight percentage of

two different crosslinkers AAM andم MMA ranging fiom 0.5 % to

4%. 90/10, 70/30, 50/50, 30/70 and 10/90 (mole%/mole%) were used in

each copolymer. A wide variety of vinyl crosslinkers has been used to

form crosslinked networks. The choice of the crosslinkers is quite

broad in bulk and solution polymerization. The crosslinker

concentrations usually about 0.05-1% are used to provide super

absorbents with high swelling capacity and low soluble polymer

content. Many side reactions, such as intrachain cyclization, decrease

the efficiency of the crosslinker and result in a gel point later in the

polymenization than would be predicted by theory and in networks less

crosslinked than would be predicted from the number of potential

crosslink sites. This deviation from theory can be significant at high

crosslinker kevels, such as used in styrene divinylbenzene copolymers

where intramolecular cyclization is believed to occur. lntramolecular

cyclization increases with low monomer content and high copolymer

conversion. Because of the bigh monomer content and low crossHinker

levels used in typical gel processes, there is a reduced probability of

this inefficient side reaction, especially during the initial part of the

polymerization process. To understand the distribution of crosslinks in
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the network, the reactivity of the various double bonds in the system

must be detemmined. This includes the reactions between double bonds

of CEMA and each of alkyl acrylate, the initial double bonds of the

crosslinker, and the various double tonds that are pendant to the

polymer chain after incorporation ofthe crosslinker.

The present copolymenic system is composed essentially of CEMA

with warious amounts of IOA, DDA or ODA comonomer to give

certain bydrophibicity, which improves oil affinity. The yield of

crosslinking reaction increases very rapidly at some extent of the

reaction as the reaction prceeds, and the reaction product begins to

fomm an infinite molecular weight network called gel point. In the gel

state, chemical reaction can proceed and chains form the netwonk by

crosslinking, the crosslink density or ،degree of crosslinking is a

measure of the toلat links between chains in a given mass of' substance.

In a crosslinking system, there are soluble portions and insoluble

portion, the fommer can be extracted with suitable solvents and the latter

cannot be extracted with any solvent due to crosslinking. Ft only swells

in good solvent to give a gel.

The data of total conversion (%) for copolymerization of CEMA and

IOA, DDA or ODA mopomers crosslinked by either MAA or MMA

crossiinker were determined and listed in Table (3.2). The data show the

variation of conversion (%) for all composition of CEMA and IOA,

DDA or ODA monomers wit 1% crosslinkers and with different

crosslinker weight contents for 50% mole (CEMA) and 50% moke alkyl

acrylate. It was found that the crosslinking conversion precentages

increase by increasing the amounts of alkyl acrylate. This indicates that

the efficiency of crosslinking was increased with increasing alkyl

acrylate contents.
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Table (3.2): The Pereentage Conversion 0f The Prepared
CEMAJAlkylacrykate Sorbers Crosslinked by Either MAAa or
MMAم Crosslimker.

erogel Crosslinker Conversion و %

Compositions Welght %
MMAa

90/10 1 3s1 ق 93.2 89.6 90.4 86.43 87.32

70/30 1 94.72 95.2 91.88 92.33 88.66 89.12

0.5 93.89 94.7 91.0 91.9 87.93 88.69

1 ١ 95.11١ 95.9 1 92.2 ١ 93.1 ١ 89.03 89.84
50/50

2 } 96.03 96.8 [ 93.1 ١ 93.9/ 89.87 90.72
 د%

4 ١ 97.93 98.7 94.9 95.8 91.63 92.46

30/70 1 96.22 97.19 93.3 94.2 90.06 90.98

10/90 1 97.60 98.4 94.6 95.5 91.36 92.14
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3.2.2.1 Soluble Fraction

Some polymer chains are not attached to the infinite network and can

be extracted from the gel fiaction. The effect of theses chains is

difficult to treat and usually neglected in the theories. These chains do

not contribute to the modulus but can be solvated and contribute to the

swelling. Therefore, it is desirable to eliminate or minimize the content

of these extractable molecules. The percentage of this extractble

faction (soluble fiaction) depends on: (a) the type and concentration of

the monomers, and (b) the type and concentration of crosslinking agent

[Kossmehl et al., '1994. Ln the present investigation the polymer rods

were post cured at 378K in an air oven for 24 hours to assure complete

polymerization. The sol factions of these polymeric materials were

detemmined via Soxhlet extraction technique. ln this respect, the xerogel

discs ( gel before extraction of soluble factions) were exhaustively

dried in vaccum at 308K to a constant weight. The dried xerogel discs

were transferred into an extraction thimble and were subjected to

Soxhlet extraction with chlorofomm. Afier extraction for 24 hours, and

samples were dried in the atmosphere for several hours and then, dried

to a constant weight in vacuum oven at 308K. However, no further

extraction was found afer 24 hours, and this soxhlet extraction time

was adopted for all samples. The reactivity of a crosslinker containing

acrylate group (MAA) and that with methacrylate group (MMA,)

towards (CEMA-IOA), CEMA-DDA) and (CEMA-ODA) copolymer

was investigated from polymerization conversion and SF measurements

in chlorofomm. The cured xerogels were subjected to post curing at high

temperature. ln this respect the cured rods were subjected to post curing

at temperature 378K for 24h before swelling and sol faction

measurements to ensure complete conversion of both monomers and
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crosslinkers. The total comversion of monomers to cross-linked

polymers was estimated using equation (3.1):

Total conversion (%) = W x100/ W 03.1)

Where, W and W are total weight of cross-linked polymers after post

curing at 378K and weight ofreactants, respectively.

Copolymerization ofCEMA wit 0DAه- 

Crosslinked CEMA/ODA copolymers were prepared by bulk

polymerization in presence of ABIN initiator and hexafunctional

crosslinker. The crosslinked copolymers were evaluated for oi­

absorbency application. The swelling properties of crosslinked polymers

were stdied. The data indicate that the formed networks are not porous.

In this respect, the fommation of porous networks and crosslinking of

CEMA with octadecyl acrylate (ODA) are the main goals of the present

study to increase the oil absorbency ofthe prepared copolymers.

Crosslinking is responsible for the three-dimensional network structre

that is important for oil to be swelled into sorbers rather to dissolveain

it. Elasticity and swelling properties are attributed to the presence of

physical or chemical crosslinks within polymer chains. Hydrophobic

network polymers are used as absorbents ofoil as well as some organic

solvents spilled on water in the field of environment. High conversion

polymerization was perfommed for preparing different crosslinked

copolymers. THe crosslinked copolymers of CEMA/ODA copolymers

were prepared via bulk polymerization in presence of 0.02% ABIN as

initiator and different weight percentage of MAA٨ and MMA

crosslinkers manging from 0.5% to 4%. Different molar ratios of CEMA

with ODA wiz. 90/10, 70/30, 50/50, 30/70 and 10/90 (mole%/mole%)

were used in each copolymer. According to Flory's swelling theory
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[Flory, 1953], swelling behavior is affected by rbber elasticity,

afiinity to solution and crosslinking density. The swelling behavior of

gels with different amounts of the crosslinkers was stdied. Also, the

polymer rods were post cured at 378K in an air oven for 24 hours to

assure complete polymerization. The sol fiactions of these polymetic

materials were determined via Soxhlet extraction technique. I the

reactivity of MAA and MMA crosslinkers towards CEMA-ODA

copolymer was investigated from polymerization comversion and SF

measurements in chloroformn, SF% values were detemined and listed in

Table (33). The effect of crosslinker concentrations on SF values was

detemined through crosslinking of CEMA (50 mol%) / ODA (50

mol%) copolymer with different contents of MAAم and MMA,

crosslinkers 0.5, 1, 2 and 4% (w/w). From data it is obvious that, the

percentage of SF for crosslinked copolymers is reduced when

crosslinker content increases fom 0.5% to 4% (w/w). The effect of

copolymer compositions on SF% values were detemmined by

crosslinking different compositions of CEMA-ODA copolymer using

1%(w/w) of either MAA or MMA crosslinkers and 0,02% (wtw)

AIBN as initiator. Regarding the data shown in 'Tables (3.3), it is

obvious that, for copolymers crosslinked with MAA and MMAA

crosslinkers , SF % decrease with increasing ODA percentage in the

copolymer composition. This may be referred to the higher reactivity of

ODA homopolymer towards either crosslinkers than that of

CEMA/ODA copolymer. Ln other words, the alkyl acrylate polymers

are used up before a significant number of' CEMA would incorporate in

the network [Atta et al., 2005]. It was also detemmined that the SF

values for crosslinked CEMA-ODA copolymer with MMA are lower
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Table (3.3): Soluble fraction values of crosslinked CEMAODA
copohymers using two diferent crosslinkers and various crosslinker
€oneentrations

Xerogel Crosslinker SF ofcrosslinked gel in

composition of Content
(CEMA/ODA) (Wt%) MAAA MMA4

90/10 1.0 29 22
70/30 1.0 25 20

0.5 29 25

١ 1.0 20 15
50/50 ١ 2.0 15 10

4.0 10
 ه$

8
30/70 1.0 18 12
10/90 1.0 15 8

 ثة
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than the values for that crosslinked with MAAA. This can be attributed

to the high reactivity of the CEMA-ODA copolymer towards

methacrylate crosslinker, which is much higher than acrylate

crosslinkeIs.

Copolymeriaation ofCEMA wiih DDAا- 

CEMA monomer was copolymerized with DDA to stdy the effect of

alkyl acrylate chain length on the copolymerization and the

crosslinking effeciencies of these monomers. The effect of copolymer

composition on gel and sol fiaction of the crosslinked CEMA/DDA

copolymers with both MMA and MAAa crosslinkers were detemined

fiom SF values which represented in Table (3.4). The effect of

crosslinker concentrations on SF values was determined through

crosslinking of CEMA (50 mol%) DDA (50 mol%) copolymer with

different contents of MAA and MMA viz. 0.5, 1, 2 and 4% (w/w).

detemmined SF% values are listed in 'Table (3.4). From data it's obvious

that, the percentage of SP for crosslinked copolymers is reduced when

crosslinker content increases from 0.5% to 4% (wlw). This indicates

that low content of MAA٨ or MMAA crosslinkers reduces the

probability of side reactions, which affect the crosslinking activity. It is

also observed that SF% values for each of the prepared CEMA/DDA

copolymer crosslinked with MMA are lower than those crosslinked

with MAA. This may be attributed to the differences in reactivity

ratios of both crosslinkers with the produced polymer [Ata and

Arndt, 2001], where the presence of methyl groups in MMA, would

allow it to enter in the crosslinking reaction with CEMA/DDA
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Table (3.4): Soluble fraction vales of crosslimked CEMADDA
Copolymers using two different crosslinkers and various
crosslinker concentretions

Xerogel Crosslinker SF ofcrosslinked gel in
composition of content
(CEMAmDDA) (W٤ %) I٦gy1٣ دد I714٦r1٣ د٦٦

90/10 1.0 21.35 19.03
70/30 1.0 17.08 12.12

0.5 15.67 13.81
1.0 10.59 5.85

50/50 ١ 2.0 11.43 5.38
 بوم

4.0 9.51 3.83
30/70 1.0 11.05 5.87
10/90 1.0 7.90 3.78

 بكي
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»

comonomer system more readily than MAA. lt was also noted that the

SF values were reduced when DDA copolymerized with CEMA instead

of ODA monomer. This indicates that CEMAIDDA copolymers more

reactive than CEMA/ODA copolymers towards crosslinkers. Also, the

effect of copolymer compositions on SF% values were determined by

crosslinking different compositions of' CEMA-DDA copolymer using

1%(w/w) of either MMA, or MAA crosslinkers and 0.02% (w/w)

AIBN as initiator. Regarding the data shown in 'Table (3.4), it is

obvious that, for copolymers crosslinked with either crosslinker  AMMه

or MAA, SF % decrease with increasing DDA percentage in the

copolymer composition. This may be referred to the higher reactivity of

DDA homopolymer towards either crosslinkers than that of

CEMA/DDA copolymer. In other words, DDA polymers are used up

before a significant number ofCEMA would incorporate in the network

structure.

c- Copolynerization fCEMA with J0A

SF values of the crosslinked CEMA/TOA copolyers with both MMA,

and MAA, crosslinkers were determined from Soxhlet extraction and

listed in Table (3.5). The data indicate that SF values were decreased

with increasing crosslinkers concentrations, IOA composition and

incorporation of MMAA instead MAAA crosslinker as described in SF

values for both CEMA/ODA and CEMA/DDA crosslinked copolymers.

It is also observed that, SF % increases as length of alkyl acrylate

increases this may be attributed to the lower reactivity of longer alkyl

acrylate towards either crosslinkers than that of CEMAlalkyl acrylate

copolymer.
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Table (3.5): Soluble fraction values of erosslinkedl CEMAIKOA
Copolymers using two different crosslinkers and various
ersslinker coneentrations

Xerogel
composition of'
(CEMAIOA)

90/10
70/30

50/50

30/70
10/90

Crosslinker
content
(Wt %)

1.0
1.0
»

0.5
 وها

1.0
2.0
4.0
1.0
1.0
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SF ofcrosslinked gel in

17.94 17.41
13.83 13.16
11.67 10.31
6.41 5.51
5.40 4.70
4.24 3.95
4.32 3.15
4.37 3.57
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3.2.2.2 TEermal characteristies of crosslinked CEMA-allyl acrylate

eopolymers

The thermal stability of crosslinked CEMA/ODA copolymers was

assessed with initial decomposition temperature (DDT).

Themmogravimetric (TG) is a technique to detemmine weight

continuously while heating a sample. Several degradation schemes are

proposed for crosslinked polymers based on the principles of the

cleavage of simple ethers and the products obtained fiom the pyrolysis

study [Menard, 2000, L ncasم et al., 2001]. In the present study, TG

was used to detemine SR values of crosslinked copolymers when the

samples were subjected to TG analysis before extraction of SF. The

thermal data obtained by TGA for crosslinked CEMA/ODA

copolymers were listed in 'Tables (36-3.9). The data of TGA include

initial degradation temperature (DDT), 10% weight loss temperature

(To%) and residuum at 600%C (Yم %C). Careful inspection of the

themogram plots, figure (3.7), of crosslinked CEMA/ODA

copolymers show two degradation steps, suggesting the coexistence of

more than one degradation process whereas; the crosslinked polymers

have only one degradation step. The lower temperature loss may be
 ي م

due to thebreaking of ester linkages present in the networks, and the
seمoمd oعn t teممهد,ووة oFeerosslinعن d .olymersم This

 سر ،ر ررس »سيى ر لننصبه
behavior indicates the unextracted SF oflinear polymers have different

themal characteristics than that crosslinked by both MAA and

MMA crosslinkers. Accordingly, the determined weight loss values

from 25 to 350 "C can be correlated with that detemmined from Soxhlet

extraction method. Careful inspection of data listed in Table (3.3) and

Tables (3,6-3.9) indicates that the good agreement between SF values

detemmined from Soxhlet extraction and thermal decomposition at

94



CHAPTER3

1o0٥0
a00و. 

a.٥
7opo
a003ج 

 به40 ي.0 يي ع6000 لى
30.a0±
aa
10٥
0.a0

٦6a6

RESULT AND DISCUSSION

 بن٩٤٩٨٩+٠٠90{0${
-.<.-7٩ 3٦0

5ب5ب)
 د٦830
 لا-س٩ بي

1a6 1٦6 T6 6ة2 aa 3n6 4a6 4n6 6a6 6n6

Tempeahure, "c

Figure (3.7): TGA curves of CEMAODA erosslinledl copolymers
with different molar ratios for 1 % MMAA erosslinler.
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Table (3.6): Thermal Gravimetrie Bata o fن Crosslinked
CEMA/ODA at Diferent Mole Ratios asig 1% MMAz
Crosslinker

' Mol. Ratios of Steps W ight
eه Crosslinked Start End L IDT T\٥% Y  ممه
0S$ ٥(CEMA/ODA) Temp Temp % ("C) ("C) (%)

·C
0 350 22.87

90/10 350 450 34.02 1s.7/ 26o. /0.74
450 600 42.37

0 350 20.03

70/30 350 450 36.04 0eoأ s [2sn.11 و
450 600 43.33

0 350 • 14.24

50/50 350 450 36.23 29s2/ 115 و.\0.57

450 600 48.96

0 350 13.59

30/70 350 450 42.21 1706/ 3007 \ 0.30

450 600 43.90

0 350 7.61

10/90 350 450 8026/1298\5m6.1 1o12
450 600 12.01
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Table (3.7) : Thermal Gravimetric Data of Crosslinled
CEMA/ODA 50/50 Mol Ratios using different concentrations of
MMAa Crosslinker (0.5-4%)

Mol. Ratios of Crosslinker
Steps

Weight
Crosslinked Cone. Start End IDT ا T\و % Y  مة

0$$

(CEMAIODA) W٤% Temp TemP (c") ري (C)  ن(%»

c C
0 350 24.80,

0.5 1 350 450 2690\10 و/0.02291.91

450 600 48.28

0 14.24 ا350

1.0 450 ا350 36.23 115 295.2 0.57
١

450 600 48.96
50/50

١
0 350 9.12

2.0 } 3so 450 36.10 145 3527/0.68
450 600 54.10

0 350 8.20

4.0 350 450 30.0 182 355.6 0.80

450 600 61.0

97



RESULT AND DISCUSSIONCHAPTER3

Table (3.8); Thermal Gravimetrie Data of Crosslinked
CEMAODA at Diferent Mole Ratios using 1% MAA
Crosslinker

MoL. Ratios of Steps
Weight p

Crosslinked Start End T,% Y  مه
Loss

(CEMA/ODA) Temp Temp (C««%ر (cم (%)

"C C

0 350 27.93

90/10 350 450 57.37 98.4 / 218.6 \ 0.83

450 600 13.87

0 350 24.98

70/30 350 450 1 w6s19٩١٦٥sاومو 

450 600 15.74

0 350 19.52

50/50 350 450 2o/ 1o / 2e2 / 0a

450 600 57.82

0 350 13.59

30/70 350 450 72.41 ١ 164 ١ 287.3 1 037

450 600 10.57

0 350 13.59

10/90 350 450 30.77 1 175 1302.9 ١ 0.2

450 600 55.44
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Table (3.9): 'Thermal Gravimetrie Data of Crosslinked
CEMA/ODA 50/50 Mole Ratios wsing diferent concentrations of
MAAم Crosslinker (0.5-4%)

Mol. Ratios of Crosslinker
Steps

Weight
Crosslinked Conc. Start End IT T% Yم« 

Loss
(CEMA/ODA) W٤% Temp 'TemP (C ريو٢ (c) (%)

C
0 350 28.50

0.5 ١ 350 450  ممه ا«ا د١ ه5١
450 600 29.06

0 350 19.52
 و

1.0 3s450 ا 22.03 ١ 150 1 266.2 1 0.63

450 600 57.82
50/50

0 350 14.21

2.0 3so450 ا 43.32 167 280 /0.70
450 600 41.89 4

١ 0 350 11.5

4.0 3so450 ا 36.0 ١ 179 \ 348 ! 0.91

450 600 51.6
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350%C. Careful inspection of data, Tables (3.6-3.9), indicates that the

themmal stability of crosslinked networks increases with increasing of

ODA, crosslinker contents and the presence ofMMAA crosslinker. This

can be attributed to increase of crosslinking densities ofthe crosslinked

CEMA-ODA copolymers.

Themmal stability data of crosslinked CEMADDA and CEMA/IOA

copolymers were detemmined fom themmograms and listed in 'Table

(3.10.3.17). Careful inspection of data indicates that the themmal

stability of the crosslinked copolymers increases with decreasing alkyl

chain lengths, precentage of alkyl acrylate and crosslinker

concentrations. This can be attributed to increase alkyl acrylate length

increases the probability for themmal degradation.

3.2.2.3 Morphology of the crosslinked polymers

It is well known that, the porous network can be obtained by several

techniques [Zhu and Chen, 1995] . Submicrometer-sized gel particles

respond to the extemnal stimuli more quickly than bulk gels [Flory,

1953]. Networks having dangling chains can be easily expand or

collapse upon an exteral stimulus because one side of the dangling

chain is free [Odian, 1981]. The network having an interconnected pore

structure can be fommed through the polymerization below lower critica}

solution temperatre and then elevating the temperatre above it [

Takahashi and Kuno, 1991]. It is now well understood that a phase

separation during the network fommation process is mainly responsible

for the formation of porous structre in dried state. ln order to obtain

macroporous structure, a phase separation must occur during the course

of the crosslinking process so that the two-phase structure is fixed by

the foration ofadditional crosslinks.
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Table (3.10): Theral ravimetrie Data f Crosslinkedن 
CEMADDA at Different Mole Ratios usig 1% MAAa Crosslimker

Mol. Ratios Steps
of Weight

Start End Loss
IDT T\٥%، Yم Crosslinked (c) (C) (%)(CEMA/ODA TemnP Temp (%)

(c) (c

 ا
0 350 21.71

90/10 3s450 ا 36.98 8ss se أ2 /1.13
450 600 40.18

0 350 17.37

70030 350 450 37.77 91.6 274 /0.93
450 600 43.93

0 350 10.77
١

50/50 3so450 ا 1420 /1309/ 314 \0.86
450 600 74.17

0 350 10.24
٤

143.1
30/70 350 450 47.67 / 339 [050

450 600 41.59

0 350 8.03

10/90 350 450 19.83 152.7[ 357 10.27
450 600 71.87
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Table (3.11) : 'Thermal Gravimetrie Bata of Crosslinked
CTMA/DDA 50/50 Mol Ratios but wsing different comcentrations of
MAA4 Crosslinker (0.54%)

Steps
Weight Yا:· ي.ن= Start

Temp

Mo. R «osم / ه Crssinker
Crosslinked Conc

(CEMA/ODA) W٤%

0 350 15.93

0.5 350 450 27.36 ««s/ «» ه أ

450 600 56.29

0 350 10.77

1.0 350 450 14.20 130.9 [ 314 [0.86

450 600 74.17
١

50/50
0 350 9.89

2.0 350 450 27.92 145.7 330 0.96

450 600 59.69

0 350 9.67

4.0 350 450 24.56 156.0 41011.24

450 ١ 600 I 64.53
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Table (3.12): Theral Grevimetric Data of Crossliked
CEMADA at Different Mole Ratios wsing 1% MMA
Crosslimker

Mol. Ratios Steps
of Weight

Crosslinked Start End Loss DDT T% Yمe 
(CEMAODA Temp Temp (%) (c) (C) (%)

(c) (c)
0 350 19.97

90/10 350 450 31.03 150 / 272 [098
450 600 48.02

0 350 15.93
70/30 350 450 19.07 160 ١ 315 /081

450 600 64.19

0 350 9.94
50/50 350 450 28.06 164 / 361 /075

450 600 61.25

0 350 8.76
30/70 350 450 28.24 176 /376  إ044

450 600 62.56

0 350 698
10/90 350 450 24.02 188 إ024/425

450 600 62.76
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Teble (3.13) : Thermal Gravimetrie Data of Crosslinked
CEMAIDDA 50/50 Mol Ratios wsing different concentrations of
MMAي Crosslinker (0.5-4%)

Mol. Ratios of Crosslinker
Steps

Weight
Crosslinked Conc. Start End L IDT , %م Yمه 

0$$

(CEMAODA) W٤% Temp TemP (C") ري (C (w)ن 

·C
0 350 15.32

0.5 ١ 350 450 26.68 133 /250١0.66
450 600 57.34

0 350 9.94

1.0 350 450 28.06 7s\ه أ6 ا ه 
450 600 61.25

50/50
0 350 8.82

2.0 350 450 23.18 183 /396\033
450 600 67.17

0 350 7.54

4.0 350 450 21.55 ١ 200 1 406 1 0.96

450 600 70.04
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Table (3.14): Thermal Gravimetrie Data of Crosslinked
CEMA/OA at Different Mole Ratios wsing 1% MMA Crosslinker

Mol. Ratios ،
Steps

of Weight
IT T% Yم Start End LossCrosslinked (c) (c)(CEMAoD TemP Temp (%)

(%)
(c) (cع" 

0 350 17.38

90/10 450 ا350 31.62 100.1/ 249 1.86
4s0600 ا 49.14

0 350 16.64

70/30 350 450 28.76 119.5 297 /140
450 600 54.6

0 350 8.72

50/50 3s0450 ا 155/2728 إ106/3٨8
450 600 62.94

0 350 7.١
 ا

30/70 450 ا350 536 \ 151/ 363 / 09
450 600 38.4

1
0 350 4.9

10/90 55o450 ا 37.4 200 / 400 /0.88
450] 600 56.82
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Table (3.15): Thermal Gravimetric Data of Crosslinked
CEMAIOA 50/50 Mol Ratios wsing different eoncentrations of
MMA, Crosslinker (% 45ب.0)

Mol. Ratios of ] Crosslinker'
Steps

Crosslinked / Canمc Startم End WeightLoss IoT Ta%ر Yمه 

(CEMAIODA) [ W٤%
Temp Temp (c) ريو) (c) (%)
 مc) ب(ا

0 350 13.32

0.5 ١ 350 450 36.6s  ا12 و/10.98333
450 600 49.02

0 350 8.72
١

1.0 / 350 450 27.28 135 348/1٠06
450 600 62.94

50/50
0  ا7.66350١

 بي

2.0 ١ 350 450 24.34 155 353 11.14

450 600 66.86

0 350 6.53

4.0 350 450 24.47 175 403 1.98

450 600 67.02
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Table (3.16): Themal Gravimetrie Data of Crosslinked
CEMA/OA at Diferent Mole Ratios wsing 1% MAA Crosslinker

Mol. Ratios of $teps
Weight

Crosslinked IT T٥% Yممe Start End Loss
(CEMA/ODA) Temp Temp (%)

(%c) (c) (%)
("C)

١
350 18.88

90/10 3s0450 ا 45.02 / 96.5I 230 12.12
450 600 33.98

0 350 18.01
٢

70/30 35o450 ا 45.07 ١ 15/ 279 /1.89
600450 34.33

0 350 11.18
١

50/50 450 ا350 46.27/ 130/ 319 ١ 1.45

450 600 41.1

} 0 350 9.10

30/70 450 أ350 43.1 ١ 145.6/ 330 \098
600450 46.82

0 350 6.28

10/90 3s0450 ا 4172 /198/ 368 / 09
450 600 51.1
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Table Themmal ي(3.17) Grevimetrie Data of Crosslinked
CEMAOA 50/50 Mole Ratios wsing different concemtrations of
MAAر Crosslimker (0.5-4%)

Steps٥٠

Mol. Ratios of Crosslinker Weight
mT Tر%٨٥ Yمه . Start EndCrosshinked Cone. Loss (c) ("c) (%)(CEMAIODA) W% Temp Temp (%)

oC oC
0 350 17.08

0.5 350 450 40.53 12.٥o\ 30s / ١34

450 600 41.05

0 350 11.18

1.0 350 450 46.27 13o [319١1.45
450 600 41.1

50/50
0 350 9.82 ,

٢

2.0 ، 35o450 ا 4o9s  أ1942\34 أ156

450 600 47.64

0 ا 350 8.37

4.0 / 35o 450 40.63 168.70/ 369 ١2.71

450 600 48.29
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Depending on the sythesis parameters, phase separation takes place on

a macroscale or on a microscale. Ln the first case, when the networks

start to fomm crosslinked structre, the network collapses at the critical

point for phase separation and becomes a microsphere. Whereas the

separated liquid phase remains as continuous phase in the reaction

system. As the reaction proceeds, new microspheres are continuously

generated due to the successive separation of the growing polymers.

Agglomeration of microspheres leads to fomation of a macroporous

network consisting of two continuous phases. In the second state, phase

separation results in the fommation ofa dispersion in the reaction system.

Thus, the liquid phase during the gel fommation process separates in the

fom of the small droplets inside the gel and become discontinuous. De

to slowness of the volume change of the gel sample, the initiator of the

sample is initially under constant volume condition; further

polymerization and crosslinking reactions fix the two phase structure in

the final material. ln the present system, two new crosslinkers were used

to prepare porous crosslinked CEMA-Alky] Acrylates networks. Ln this

respect, the morphology ofthe prepared networks can be examined with

a scanning electron microscope (SEM). The pore size was detemmined

from the SEM pictre. The SEM photos were selected for crosslinked

CEMA (90 mol %)-ODA (10 mol %) and CEMA (10 mol %)-0DA (90

mol %) with both MMA and MAAA crosslinkers were represented in

Figure (3.8), to study the effect of copolymer composition and type of

crosslinker on the porosity of the networks. While, the effect of

crosslinker concentration on the porosity of the prepared CEMA-ODA

can be examined from the photo that represented in Figure (3.9).

Indeed, SEM shown in figure (3.9) illustrate the development of the

heterogeneity in the networks depending on the crosslinker type and
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CEMA/ODA 90/10 1 % MMA٨ CEMAIODA 10/90 1 % MMA٨

CEMWAIODA 90/10 1 % MAA٨ CEMA/ODA 10/90 1 % MAAA

Figure (3.8): SEM Images for CEMA/ODA
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CEMAIODA 50I50 0.5% MMAA CEMWAIODA 50l50 4% MMA٨

CEMAIODA 50/50 0.5%6 MAA٨ CEMAIODA 50l50 4%/ MAAA

Figure (3.9): SEM Images for CEMA/ODA effect of crosslinker
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content. At 0.5 wt % of MMA,, the network consists of large polymer

domains; the discontinuities between the domains are also large. [f the

crossliker content increase from 0.5 to 2 wt %, the morphology

changes drastically and a structure consisting of aggregates of spherical

domains appears. As the crosslinker content firther increases from 2 to

4 wt %, the rorpbology changes from a structure oflarge aggregates of

poorly defined microspheres to one consisting of aggregates of 1-2 m

dimensions of well defined microspheres. The microspheres are about

0.1-0.5 pm in diameter. The structure looks like cauliflowers, typical for

a macroporous copolymer network. The SEM pbotographs of CEMA­

ODA crosslinked witb different weight ratios of MAAم is different

than that crosslinked with MMAA. Ht was observed that, the large pores

were formed at low MAA contents (0.5 wt %). These large pores

converted to micropores when the MAA content increased up to 4 (wt

%). As is know, the lower the concentration ofmonomer during the gel

formation or the higher the crosslinker content, the more heterogeneous

is the gel obtained. This behavior can be correlated with data of SF

values that obtained from Soxhletextraction 'Table (3.3) and TGA data

Table 3.6-3.9 which indicate that the crosslinked copolymers with

MMAA have lower SF values than that.crosslinked with MAA,- This

can be attributed to increase crosslinking activity of CEMA-ODA with

MMA, than MAAA crosslinker. SEM photographs, Figure (3.9),

indicate that large pores were fomed with increasing CEMA content in

copolymer when crosslinked with MMA :crosslinker. While

micropores were. fommed when ODA content was increased in

crosslinked copolymers. This can be attributed to the high affinity of

copolymer having high content of ODA towards crosslinking which

agree with the data of SF vales as listed in Table 3.3. Accordingly,
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we can propose the following scheme for the fommation of

heterogeneous and microsphere CEMA-ODA networks. When the

polymerization is initiated by the decomposition of ABRN molecules,

the primary radicals fomed start to grow by adding the monomers of

CEMA and ODA and the crosslinkers either MMA or MAAa.

Lnitially, the primary molecules contain CEMA-ODA, CEMA and

ODA units, MMA or MAA units with two unreacted methacrylate or

acrylate (ie. with pendant vinyl groups) and MMA or MAA units

involved in cycles. As the time goes on, more and more primary

molecules are formed so that the intemmolecular crosslinking reactions

between he primary molecules may also occur during the

polymerization.. previous works indicated that, however, importance of

cyclization reactions in free radical crosslinking copolymerization

[Fozumi et al., 1992]. Thus, cyclization clearly dominates over the

intemmolecular crosslinking reactions. Since every cycle reduces the

coil dimension ofthe molecule as well as the solvent content inside the

coil, the structure of the formed polymers is rather compact ahd can be

considered as clusters. The higher the crosslinker contents, the higher

is the cyclization density of the clusters. When the cyclization density

of the clusters exceeds a critical value, they phase separate and fomm

primary particles called microspheres of about 0.1-0.5 m in diameter.

The microsphere are nonporous and constitute the highly crosslinked

region of the network. The agglomeration of the microspheres during

crosslinking polymerization through their peripheral pendant vinyl

groups and radical ends leads to the fommation of large, unshaped,

discrete agglomerates of 10-100 m in diameter, which are further

agglomerated to fomm the final network. Macropores constitute the

interstices between the microspheres while the voids between the
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agglomerates build the large pores in CEMA/ODA network. The

morphology ofthe crosslinked CEMAIDDA copolymers were observed

using SEM. Figure (3.10) shows the fiactred surfaces of crosslinked

CEMA/DDA copolymer crosshinked with 4 wt% ofMMAm crosslinker

as representative sampke. All CEMAIDDA copolyers have a smooth

fat surface with sore cracks, probably because of its tendency to be

more rigid than CEMA/ODA copolyens. On the other hand SEM of

crosslinked CEMA/TOA copolymers with different weight percentages

of MAAm and MMAm crosslinkers were elected and represented in

Figures (3.11) as representative samples. All SEM photographs show

skin layer structre and possess homogenous wall-like textre. The

formation of homogenous wall-like texture indicates that the

crosslinked polymers cannot fomm porous structure in both crosslinked

CEMADDA and CEMA/OA copolymers. By comparing the data of

CEMA alkyl acrylate reactivity ratios and SEM photographs, it can be

concluded that increasing alkyl acrylate length (ODA) increases the

incorporation of CEMA in copolymer composition which increases the

porosity of the prepared networks. On the other hand, decreasing the

chain lengths of alkyl acrylate (TOA) increases the incorporation of

alkyl acrylate in the copolymerization which reflects on the fommation

ofhomogenous wall-like texture.

3.2.2.4. Elasticity ofCEMA-ODA Netwonks

Comparing the reactivities of the CEMA and ODA monomers with

MMAm or MAAm crosslinkers in free radical copolymerization, the

crosslinkers reactivity is at least twice the CEMA and ODA reactivity

due to the existence of three vinyl groups on each crosslinker molecule.
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Figure (3.10): SEM Lmage of Crosslinked CEMA/DDA wsing 4%

MMA٨

CEMAIIOA 50I50 0.5% MMA, CEMAIIOA 50l50 4% MMAA

CEMA/IOA 50/50 0.5% MAA CEMAIIOA 50/50 4% MAA,

Figure (3.11): SEM Images 0f CEMA/IOA with Differemt

Concentrations ٥f MMAA and MAA,
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Therefore, the molecules fored earlier should contain more MMAm or

MAAA units and therefore highly crosslinked than those fommed later.

Due to rapid consumption of MMA or MAA monomer during

polymerization, the density of clusters wil decrease as the monomer

conversion increases and, at high conversion degrees, the structre of

the clusters will approach to that of the primary molecules. Thus, the

microspheres fommed earlier (locating in the interior of agglomerates)

probably fom the highly crosslinked regions of the final material,

which are interconnected with loosely crosslinked regions, The presence

of these kinds of regions is well known as spatial inhomogenities which

reflects on the rigidity of the networks. Ln the present work during the

copolymerization processes there are three possibilities to fomm

crosslinked copolymer of CEMA-ODA or homopolymers ofCEMA and

ODA. It is well known hat the behavior and the physical and chemical

properties of copolymeric systems depends not only on the chemical

compositions of these systems but also on the distribution of the units

along the macromolecular chains (microstructure) and on the relative

stereochemical configuration of side chains. ln this sense, it would be of

interest to analyze the influence of these factors on the rigidity or

flexibility of the copolymers prepared. In this respect, the reactivity

ratios and microstructre of CEMA-ODA copolymers should be

analyzed. In previous work [Atta et al., 2005], the reactivity ratios and

microstructure of CEMA-ODA copolymers were detemmined. The data

indicated that the prepared copolymer have random distribution

sequence. The monomer reactivity ratios for the copolymerization of

CEMA with ODA are 0.265 and 0.982, respectively. The product of

reactivity ratio suggests a random distribution with longer seuences of

ODA units in the copolymer chain. The data of SF values, listed in
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Table (3.3), indicate that the crosslinking efficiency increases with

increase crosslinker and ODA contents. this means that the formed

networks have high crosslink densities when crosslinker and ODA

contents were increased in the crosslinked polymers. Accordingly, the

rigidity of copolymers increase with increasing crosslinking density of

the prepared networks. These speculations can be proved from DMA

measurements. The data of DMA were represented in Figures (12-15).

On the other hand, it was observed that the tan delta values decreases

with incorporation ofMAA, instead ofMMAم in the network structure.

This mean that the flexibility of the network increases with

incorporation of MMAA instead of MAA crosslinker. DiMarzio

[DiMarzio, 1990], has defined the flexibility need not be in the main

backbone but can also be in the side groups. Thus, polymethacrylates

would have a total of four fexible bonds per monomer unit,

polyacrylates would have three flexible bond, but polystyrene would

have only two, since the rotation ofthe benzene ring (CEMA) about the

bond connecting it to the polymer backbone does not give a

configurationally distinguishable position [DiMarzio, 1990]. According

to the chemical structure of MMAA and MAAA crossklinkers, it can be

concluded that the crosslinker based on methacryl group gives more

flexible networks than that based on acrylate crosslinker. This

observation in hamony with data of DMA of the crosslinked CEMA­

ODA copolymers. lt was observed that, the height of tan delta decreases

with increasing both crosslinker and ODA contents. This fact is due to

the strong dipolar interactions between polar groups which correspond

to the side substitents and crosslink density of the polymeric chains.

DMA of both crosslinked CEMADDA and CEMA/IOA copolymers

were represented in figures (3.16-3.23). The data indicate that the
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flexibility increased with increasing IOA or DDA content and

decreasing crosslinker concentrations. lt is well known that, the

presence of long flexible n-alkyl substituents has a profound effect on

flexibility of macromolecules, including polyacrylates and

polymethacrylates [Seung-Fyun e al, 1999]. As the length of the n­

alkyl side chain increases, flexibility increases within each of these

families of polymers. This fact indicates that the introduction of the

spacer group increases the fexibility ofthe repeating unit. ln the present

system, it can be expected that the introduction ofthe ODA gives rise to

a drastic increasing of the fexibility of the polymer segmnents by

decreasing the steric hindrance of the rigid aromatic side groups of

CEMA when they are located near the polymer backbone. These facts

disagree with the presemt copolymer system. This can be referred to the

fact that, the crosslinking density is the only main factor that can contro}

the degree of flexibility and rigidity ofmacromolecules.

3.3 CROSSLINKING OF CEMA/ALKYL ACRYLATE

COPOLYMERS ONTO NPET FIBER

Sorbents are materials that soak up liquids. They can be used to recover

oil through the mechanisms of absorption, adsorption, or both,

absorbents allow oil to penetrate into pore spaces in the materials they

are made of while adsorbents attract oil to their surfaces but don't allow

it to penetrate into the material. Sorbents are most often used to remove

final traces of oil or in areas that camnot be reached by skimmers. Once

Sorbents have been used to recover oil, they must be removed from the

water and properly disposed or cleaned for re-used. Any oil that is

removed from sorbent materials must also be properly disposed or

recycled. Synthetic sorbent products can be classified into three classes:
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polymers, natural materials and treated cellulosic materials. The most

often used polymers are polypropylene, polyethylene, polypropylene

booms and polyurethane foam, which have highly oleophilic and

hydophobic properties and are the most widely used sorbents in the

remediation of oi spills [Zahid et al,, 1972, Sehrader, 1991].

Polypropylene fiber [Sun et al., 2004] or non-woven fabrics [Radetie

et al., 2003, Wei et al., 2003}, melt-blown polyesters and polyurthane

foam sheets have been used. But these have a serious disadvantage of

bulkiness that is, inconvenient shipping and storage. To resolve this

disadvantages, an oil-recovery machine was designed, which takes

advantage ofan on-site foaming method [Shimizu etal., 1997[.

The existing oil absorbents polypropylene fiber or fabrics, melt-blown

polyesters, polyurethane foam sheets, and so on, have unsatisfactory oil

absorbing capability. What is worse, they have difficulty in shipping

and storage because of their bulkiness. To overcome these

disadvantages, a new concept in manufacturing oil absorbents was

suggested. Prior to manufacturing, compressed spdhge like materials,

base materials with high oil absorption capability, were prepared by

copolymerization.

Initiating polymerization by radiation curing is beneficial as it reduces

the need for volatile organic solvents, and allows temporal control of

initiation and is also more rapid than themmal polymerisation. Fowever,

it is difficult and expensive to undertake photopolymerisation in an

environment fiee of molecular oxygen, a well-known inhibitor of free

radical polymerisation. Many photosensitive polymers which can be

crosslinked by UV light irradiation have been attracting academic and

industrial interest because of their oil absorptivity [Nagamatsu et al.,

1979, MeGinnes, 1982, Tazuke, 1982, McGinnes, 1979, Green et al.و 
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1981, Temiv, 1982]. The polymers containing cimnamoyl moiety can

be transformed to a crosslinked structre by UV iight irradiation

[Pacakowski, 1996]. The cinnamate derivatives have been stdied for a

1ong time because of their photochemical importance. From the aspect

of the photochemistry, for ciصamic acid and cinnamate esters, which

have been investigated widely, the [2m +2 a] photocycloaddition on

UV light irradiation occurs at wavelengths over 290 nm, whereas the

formed cyclobutane ring is preferentially cleaved to regenerate

cinnamate at wavelengths below 260 nm [Minsk et al., 1959 and

Robertsom et al,, 1959]. In addition to reactions involving two

cinnamate moieties, cinnamates undergo facile transcis

photoisomerization [Nakayama and Matsuda, 1992].

Crosslinking via photodimerization of polymeric systems has been

utilized in various applications, such as in paint, adhesive, printing,

dental industries, and photoresists [Green et al, 1981, 'Temin, 1982,

lchimura and Nisho, 1987 and Cha et al., 1986]. Ln spite of the

explosive development of photocrosslinking systems, there have been

few reports on the preparation of a photocrosslinked poly(stearyl

methacrylate-co-cinnamoyloxyethyl methacrylate) (PSCMA) to absorb

oil [Seung-hyun et al., 1999]. 'The aim of this work was to synthesize

new oil-absorptive polymers containing the cinnamoyl moiety which

can be crosslinked by UV light irradiation. In this respect, CEMA

copolymers were photocrosslinked by UV light irradiation onto PET

fiber. On the other hand themmal crosslinking of CEMA, alkyl acrylates

and crosslinkers were obtained onto nonwoven PET fiber as described

in the experimental section. The chemical structures of the prepared

copolymers were detemmined from HNMR analyses as described in

previous work [Ata et al., 2005]. In the present system, the
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photografting and crosslinking reaction of CEMA/ODA copolymer (50

mol% / 50 mol '%) onto NWPET fber can be illustrated in Figure

(3.24a). The reaction scheme of photocrosslinking 0f CEMA, IOA,

DDA, ODA and MAA٨ or MMAA monomers onto NWPET iber was

illustrated in Figure (3.24b), The reaction mechanism suggests that the

cinnamoyl double bonds 0f CEMA moieties in the polymer or two

molecules of CEMA and ODA undergo photochemically initiated

dimerization. Since the photochemical reaction of CEMA/ODA should

be crosslinked through the intemolecular photodimerization of the

CEMA moieties in the polymer [Hyder and Srinivasan, 1997].

[Fechine et al. 2004] investigated the surface of photograted PET

which is based on radical abstraction mechanism. It is well known that,

the viscosity in the crosslinking reaction increases very rapidly to some

extent as the reaction proceeds, and the reaction product begins to form

an infinite molecular weight network called the gel point. In the gel

state, chemical reaction can proceed and chains form the network by

crosslinking. The crosslink density or degree of crosslinking is a

measure of the total links between chains in a given mass of substance.

Ln a crosslinking system, there are a soluble portion and an insoluble

portion; the former can be extracted with suitable solvents and the latter

cannot be extracted with any solvents due to crosslinking [Flory, 1953,

Shindo et al., 1989]. hn order to clarify, the amounts of soluble

CEMA/ODA fractions can be determined from extraction technique

using THF solvent. The data 0f SF measurements of photografting of

CEMA, ODA and CEMA/ODA polymers onto NWPET fber were

measured and listed in Tables (3.18 & 3.19).
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Carefil inspection of data reveals that, the crosslinking ratio increased

slowly using CEMA, ODA and MAAm or MMAm monomers in the

feed. This reveals that the double bond of CEMA in the copolymer

participates in the crosslinking [Sbindo et al,, 1989, Kim et al., 1996].

This suggests also that CEMAIODA is a photocrosslinkable polymer

and can be used as a photosensitive'group for. the preparation of

crosslinked polymers.

Morpbology of the photografed and crosslinked NWPET with

CEMAODA can be estimated by SEM. Figure (3.25) shows scaصning

electron micrograph of the untreated PET NWP, Whike scanning

electron micrographs ofNWPET treated with CEMA/ODA copolymers

were represented in figures (3.26--28). Figures show several distinct

structures as follows: crossed staples in NWPET, CEMAODA

incorporated into the crossed staples of NWPET and an extensive pore

structure, which was fommed by the extraction of uncrosslinked

CEMA/ODA and evaporation of" THF. Finally it can be concluded that,

CEMA/ODA copolymers can be grafted and crosslinked onto NWPET
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Table (3.18): The data of grafting ratio and SR measurements of

photografted CEMA/ODA linear copolymers onto NWPET fber

CEMAODA Grafting % $F %Composition
90/10 25 20
70/30 30 18
50/50 45 8
30٢7o 35 15
10/90 40 12

Table (3.19): The data of SK measurements of grafted and
 يي-

crosslinked CEMAIODA monomers onto NWPET fber in presenee

of MAA and MMAa crosslinkers
SF %

Crosslinker [Grafting
Content [ Method ]

IOA DDA ODA

MAAa MMA٥ MAAي MMA MAA MMA
Themmal \ 14 12 18 16 20 18

0.5
Photo \ 16 14 19 18 1 ج4٤22-  يؤو23

Themal/ 12.3 10.5 15.4 12.1 18.2 15.4
1

Photo 121 ا14.4 16.5 14.3 20.1 18.3

Themmal ! 10 9 12 10 14 13
2

Photo / 12 10 14 12 18 16

Thermal } 8 7 10 9 12 11
4

Photo / 10 8 11 10 16 14
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٦

Figures (3.25): Scanning Electron Micrographs of untreated PET
NWT.

Figuer (3.26): Scanning Kleetron Micrographs of PET NWF

Treated with 90% CEMA /10% ODA copolymer
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Figuer (3.27): Scanning Electron Micrographs 0f PET NWF

Treated with 50% CEMA / 50% ODA copolymer

Figuer (3.28): Scanning Electron Micrographs of PET NWF

Treated with 10% CEMA/ 90% ODA copolymer
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3.4٠ SWELLING BEHAVIOR OF THE CROSSLINKED

COPOLYMERS

Water preservation implies recovering oils and hydrocarbon oils from

water, among other pollutants. Among the main existing techniques, the

use of a sorbent seems to be interesting because its function is to induce

separation ofoil and water so that the oil can easily be recovered [Pete,

1992]. In this respect, the sortent should have a high oleophilic and

hydrophobic property. The sorption capacity is measured by the liquid

sorption ratio. It is increased ifthe sorbent has the capability ofdrawing

the oil into the material matrix, which implies a porous structure.

Besides, the faster the oil is trapped, the less likely it will disperse and

get away, and the easier the recover operation will be. Its buoyancy and

durability in agueous media are high; it should not retain water and

react like a hydrophilic product. lts retention capability should also be

high, so that the sorbed oil should not drain too quickly. lt should rather

be reusable and non-toxic for environment if not reused [rowers,

1982, Deschamps et al., 2003].

It has been reported that, the excellent oil absorptivitiy of materials

depends on the bulkiness and length of the alkyl substituents

[Talahashi and Kumo, 1991, Kim, et al., 1999], especially the

porosity of the microstructure, which can be controlled by crosslinking.

Because the driving force for oil absorption is caused mainly by Vander

Waals forces between the material and the oil, therefore, the materials

with the proper porosity can effectively contain oi in their structures.

The oil used in this experiment is diluted with toluene (10 %). For the

real application to clean up an oil spill, the oil absorption test has to be

operated using not only light or medium oil but also heavy oil, because

the spilt crude oil has a high viscosity. On the other hand, the materials
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used to absorb the oil do not have a sponge like structure with open

pores. Ft has only a network structre, which fomed by the crosslinking

reaction. Therefore, heavy oil with high viscosity, like Belayium crude

oil, cannot easily diffise from the surface of the samples into the

internal space of network. On the other hand, toluene is the most

applicable solvent that used to dissolve asphaltene of crude oil. For

these reasons, we have used diluted crude oil with toluene in this

experiment so that the swelling behavior of the samples could be easily

evaluated. The swelling characteristics of crosslinked networks are

controlled by a balance of opposing forces, swelling forces driven by

osmotic pressure, and restoring forces from a variety of physical,

covalent, or ionic crosslinks. The crosslinks are typically incorporated

during the polymerization by the use of copolymerized multifunctional

crosslinkers.

The characteristics of sorbents must be considered when choosing

sorbents for cleaning up spills:

• Rate of absorption: the rate of absorption varies ' with the

thickness of the oil. Light oils are soaked up more quickly than

heavy ones.

• Oil retention: the weight of recovered oil can cause a sorbent

structure to sag and defomm, and when it is iifted out of the

water, it can release oil that is trapped in its pores. Lighter, less

viscous oils during recovery of absorbent materials.

• Ease of application, sorbents may be applied to spills manually

or mechanically, using blowers or fans. Many natumral organic

sorbents that exist as loose materials, such as clay and

vemiculite, are dusty, difficukt to apply in windy conditions, and

potentially hazardous ifinhaled.
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Good absorption selectivity ofoil over waterه 

Convenient shipping and storageم 

• Lower density compared to water to Doat with or without oil

absorbed.

Polypropylene fiber (Sun et al., 2004) or non-woven fabrics [Radetie

et al, 2003, Wei et al., 2003], melt-blown polyestenrs and polyurthane

foam sheets have been used. But these have a serious disadvantage of

bulkiness that is, inconvenient shipping and storage. To resolve this

disadvantages, an oil-recovery machine was designed, which takes

advantage of an on-site foaming method [Shimim e al., 1997[. In

other word, two of polyurthane liquid components are transported to the

site of the oil spill, and mixing the two components produces

polyurthane foams. However, this method also has difficulty in moving

the on-site foaming machine to the site ofoil spill, and its shipping and

storage are very inconvenient [Jang and Kim, 2000}.

From the previous discussion, the present works aims to investigate the

following:

• Swelling characteristics of the new prepared copolymers based on

introducing of new crosslinkers at different temperatures to study

the temperature-sensitivy of organogels to reuse oil sorbers.

• Fast and reversible swelling and deswelling changes of these gels

in response to oscillating quick temperature changes are also

investigated.

• Swelling characteristics of the grafted and crosslinked polymers

onto NWPET fber were measured to produce applicable oil

sorber.
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3.4.1- Oil absorbencies for CEMATOA crosslinked copolymers

The swelling curve is based on plotting the relation between oil

absorbancies versus immersion times. ln this respct, upon using pure

toluene, Figures (3.29 & 3.30) show the oil absorbencies for CEMA­

IOA copolymers with different mol ratios of CEMA to 1OA as a

function of immersion time crosslinked by either MAA or MMAA

crosslinker respectively. Figores (3.31 & 332) show the oil

absorbencies for CEMA-IOA copolymers with different compositions

of CEMA to IOA as a function of immersion time upon using 10%

crude as an oil medium crosslinked by either MAA4 or MMA4

crosslinker respectively. Ln these fgures, it is obvious that the oil

absorbency increases with increasing the immersion time and leveled

off at 3h. Also, it is clear that, the higher the IOA content is the higher

the oil absorbency. This may be explained on the basis that, the

increase in acrylate ratio in the crosslinked copolymer wil increase the

hydrophibicity of crosslinked network. It is also observed that, the oil

absorbency decreases slightly upon using 10% crude instead of pure

toluene. This may be explained that the swelling process of polymer

networks may be primarily due to the oil solution penetration into

polymeric gel through capillary and difNision. Therefore, cnude oil with

higher viscosity cannot easily difuse from exteral surface of the

sample into the intemal space of networks [Jang and Kim, 2000].

Figures (3.33-3.36) represent the oil absorbencies of poly(CEMA -

IOA) xerogels at 50/50 mol% of CEMA to IOA in the presence of

different crosslinker contents immersed in pure toluene and 10% crude

oil respectively. It is found that, the oil absorbency decreases with

increasing the amount of MAAA Or MMA crosslinkers.
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Figure (3.29): Oil Absorbency for CEMA-IOA Copokymer in
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Figure (3.30): Oil Absorbency for CEMA-lOA Copolymer in

Toluene with Different Mole Ratios 0f CEMA to IOA as a Function

of lmmersion Time Using 1wt% MMA at 298 K.
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Figure (3.31): Oil Absorbency for CEMA-IOA Copolymer in (10%

Crude Oil) with Diferent Mole Ratios of CEMA to IOA as a

Function of Immersion Time Using 1wt% MAAa at 298 K.
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Figure (3.32): Oil Absorbeney for CEMA-IOA Copobymer in (10%

Crude Oil) with Different Mole Ratios of CEMA to IOA as a

Funetion of Immersion Time Using 1wt% MMAa at 298 K.
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The increment in the amount of the crosslinking agent fomms denser

network of the copolymer and reduces M, (the average molecular

weight between crosslinks [Fkory and Rehner, 1943] i.e., restricted

relaxation of the polymeric chain. Cenerally, the higher M decreases

the swelling matio [peppas and Merrill, 1976]. By comparing the

maximum oil absorbency of ممه polyGCEMA-IOA) crosslinked by

MAA and those crosslinked by MMA,, it is found that MAA٨

crosslinked sorbers give higher than م@ those of MMAم based. This

is mainly due to lower crosslinking density with MAAA. Tables (3. 20

a && b) list absorption characteristics of the crosslinked CEMA-IOA

copolymers upon using pure toluene or diluted crude oil meium

respectively, different CEMAIOA molar compositions and MAA or

MMA crosslinker respectively. Careful inspection of the swelling

data indicates that the oil uptake increased with increasing of IOA

content. This can be attributed the increment of hydrophobic character

of the gel with incorporation ofIOA in the crosslinked network.
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Figure (3.33): Oi Absorbency of CEMA-IOA Kerogels in Pure

Toluene at 50/50 Mole% o fن CEMA to IOA as a Funetion of MAAA

Crosslinker wt% at 298K.
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Figure (3.34): Oil Absorbeney of CEMA-IOA Xerogels in Pwre

Toluene at 50/50 mole% of CEMA to IOA as a Funetion of MMA,

Crosslinker wt% at 298K.
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Figure (3.35): Oi Absorbeney of CEMA-IOA Xerogels in 10 %

Diluted Crude Oil at 50/50 Mole% of CEMA to IOA as a Runction

of MAA4 Crosslinker wt% at 298 K,
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Figure (3.36): Oil Absorbeney 0f CEMA-IOA Xerogels in 10 %

Diluted Crude Oil at 50/50 Mole% 0f CEMA to IOA as a Function

0fMMA, Crosslinker wt% at 298 K,
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Table (3.20a): Absorption Characteristics of the CEMA/IOA Copolymers Crosslinked With MAA, Crosslinker at 298 K

Xerogel ة Crosslinke Omax (g/g) ETC Q (gg) T @) K(h-1)
composition r content Toluene crude oil Toluene crude oil Toluene crude oil Toluene Crude oلأ l Toluene crude oil a

 فها

90/10 1 4.80 3.84 79.17 73.96 3.03 1.82 0.66 0.67 1.515 1.492
70٨30 1 6.01 4.81 83.36 79.20 2.28 2.28 0.50 0.51 2.020 1.960

0.5 9.61 7.69 89.59 86.99 3.65 3.65 0.42 0.49 2.380 2.040
50/50 1 8.29 6.63 87.94 84.92 3.15 3.15 0.43 0.50 2.325 1,999

2 7.67 6.14 86.96 83.70 2.91 2.91 0.51 0.52 1.960 1.922
4 5.6 4,48 82.14 77.68 2.12 2.12 0.52 0.53 1.922 1.886

30/70 1 8.98 7.18 88.86 86.08 3.41 3.41 0.38 039 2.631 2.563
10/90 1 9.75 7.80 89.74 87.18 3.70 3.70 0.27 0.28 3.635 3.570

 حط
Table فها (3.20b): Absorption Characteristics of the CEMA/OA Copolymers Crosslinked With MMA4 Crosslinker at 298 K,

Xerogel Crosslinker (g/g)0 ءء ETC g (g/٤) T @) K @)  ج
composition content Toluene crude oil Toluene crude oil Toluene crude oلأ l Toluene crude oil Toluene crude oi qع 

90/0 1 4.56 3.69 78.07 72.87 2.88 2.33 0.58 0.69 1,724 1.449 70/30 ة 1 5.71 4.62 82.49 78.33 3.61 2.92 0.42 0.48 2.380 2.083  حر
0.5 9.13 7.38 89.05 86.46 5.77 4.67 0.43 0.45 2.325 2.221  ة

50/50 1 7.88 6.37 87.31 84.29 4.98 4.02 0.44 0.46 2.272 2.173  ب
2 7.29 5.89 86.28 83.03 4.61 3.72 0.45 0.53 2.221 1.886  إم

4 ت 5.32 4.30 81.20 76.75 3.36 2.72 0.48 0.54 2.083 1.851  م
30m70 1 8.53 6.89 88.28 85.50 5.39 4.36 0.30 0.36 3.332 2.777  ج

a
10/90 1 9.26 7.49 89.20 86.64 5.85 4.73 0.25 0.28 3.999 3.570 5

2
 ها
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3.4.2 Oil absorbencies for CEMA] DDA or ODA crosslinked

copolymers

The oil absorbencies of different compositions of CEMADDA and

CEMA/ODA crosslinked copolymers as a function of immersion time

upon using pure toluene and 10% crude as an oil medium were selected

and represented in Figures (3. 37.3.52). Ln these figures, it is observed

that the oil absorbency increases with increasing the immersion time

and attain the maximium swelling values during 3h for CEMA-DDA

and CEMA-ODA copolymers. This indicates that, the swelling

capacities are 'affected by the hydrophibicity and the crosslinking

density of copolymers. Also, it is observed that the higher of the alkyl

acrylate content is the higher the oil absorbency. This may be explained

on the basis that, the increase in acrylate ratio in the crsslinked

copolymer will increase the hydrophibicity of crosslinked network. It is

also noticed that, the oil absorbency decreases slightly upon using 10%

crude instead of pure toluene. This could be due to the higher viscosity

of crude oi can cause two opposite effects: decrease of sorption as the

penetration through interior of network is inhibited and improved

sorption since the oil is better adhered to the material [Choi and

Cloud, 1992]. This was noticeable in Tables (3.21 & 3.22) which list

the absorption characteristics of the crosslinked (CEMA-DDA) and

CEMA-ODA) copolymers respectively, upon using pure toluene or

diluted crude oil medium respectively, different CEMA/ alkyl acrylate

molar compositions and MAAA or MMAA crosslinkers. lt is clear from

theses tables that the sorption of (10% crude oil) has almost slightly

increase in viscosity than pure toluene. lnitially, a great amount of oil

was sorbed to the material, but subsequently it was rapidly drained

[Radetie et al., 2003].
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Figure (3.37): Oil Absorbency for CEMA-DDA Copolymer in
Toluene with Different Mole Ratios of CEMA to PDA as a
Bunetion of Tmmersion Time Using 1wt% MAAر at 298 K.

r ا ج ه
 ع6 له
 ج
@
> ص

2

0
0.00 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50

Time (hr)

Figure (3.38): Oi} Absorbeney for CEMA-DDA Copolymer in

Toluene witb Diferent Mole Ratios of CEMA to DDA as a

Function of lmmersion 'Time Using 1wt% MMA, at 298 K.
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Figure (3.39): Oil Absorbeney for CEMA-DDA Copohymer in 10%

Crude Oi at Diferent Mole Ratios of CEMA to DDA as a Function

ofJmmersion Time Using 1 wt% MAAa at 298 K.
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Figure (3.40): Oil Absorbeney for CEMA-DDA Copolymer in 10%

Crade Oil at Diferent Mole Ratios 0fCEMA to DDA as a Function

of Immersion Time Using 1 wt% MMAa at 298 K.
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Figure (3.41): Oil Absorbency of CEMA-DDA Xerogels i pure

Toluene at 50/50 Mole%% of CEMA to DDA as a Function of

MAA4 Crosslinker wt% at 298 K.
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Figure (3.42): Oil Absorbeney 0f CEMA-DDA Xerogels in pure

Toluene at 50/50 Mole% of CEMA to DDA as a Function of

MMA Crosslinker wt% at 298 K.
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Figure (3.43): Oil Absorbeney of CEMA-DDA Xerogels in 10%

Crude Oil at 50/50 Mole% of CEMA to DDA as a Function of

MAA Crosslinker wt% at 298 K.

yرلد 

 ود

12

#
2

5.004.003.002.001.00
0
0.00

Time (hr)

Figure (3.44): Oil Absorbeney of CEMA-DDA Xerogels in 10%

Crade Oil at 50/50 Mole% 0f CEMA to DDA as a Function of

MMA Crosslinker wt% at 298 K.
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Figure (3.45): Oil Absorbeney for CEMA-ODA" Copolymer in

Toluene witb Difterent Mole Ratios 0f CEMA to ODA as a

Function of Imersion Time Using 1wt% MAA at 298 K.
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Figure (3.46): Oil Absorbeney for CEMA-ODA Copolymer in

Toluene with Different Mole Ratios of CEMA to ODA as a

Funetion of Immersion Time Using 1wt% MMAم at 298 K.
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Rigure (3.47): Oil Absorbency for CEMA-0DA Copolymer in 10%

Crade Oil at Diferent Mole Ratios 0f CEMA to ODA as a Function

of lmmersion Time Using 1wt% MAAم at 298 K,
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Figure (3.48): Oil Absorbency for CEMA-ODA Copolymer in 10%

Crude Oi at Diferent Mole Ratios 0f CEMA to ODA as a Function

of lmmersion Time Using 1wt% MMA, at 298 K.
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Figure (3.49): Oil Absorbeney 0f CEMA-ODA Xerogels in pure

Toluene at 50/50 Mole% 0f CEMA to ODA as a Funetion of MAA

Crosslinker wt% at 298 K.
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Figure (3.50): Oil Absorbency of CEMA-ODA Xerogels in pure

Toluene at 50/50 Mole% of CEMA to ODA as a Funetion of

MMA, Crosslinker w% at 298 K.
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Figure (3.51): Oi Absorbeney of CEMA-ODA Xerogels in 10%
rde Oi at 50/50 Mole% of CEMA to ODA as a Function ofت 

MAAa Crosslinker wt% at298 K,
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Figure (3.52): Oil Absorbency of CEMA-ODA Xerogels in 10%
Crude Oil at 50/50 Mole% of CEMA to ODA as a Function of
MMA Crosslinker wt% at 298 K.
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Table(3.21a): Absorption Characteristics of the CEMADDA Copolymers Crosslinked With MAA,Crosslinker at 298 K.,

Kerogel ة Crosslinker Cء . (g/g) ETC 0 (g/g) T @) K@!)  م
composition content Toluene crwde oil Toluene crude oلأ l Toluene erude oil Toluene Crude oلأ l Toluene crude oi}

 م
 فت

90/0 7.8 7.02 86.07 85.75 4.54 4.44 0.51 0.52 1.960 1.922
70/30 9.18 8.89 89.1 88.75 5.80 5.62 0.26 0.27 3.845 3.702

0.5 14.42 14.21 93.07 92.96 9.11 8.98 0.26 0.27 3.845 3.702
50/50 1 13.01 2.55 92.31 92.03 8.22 7.93 0.27 0.28 3.702 3.570

2 11.51 1.03 91.31 90.93 7.27 6.97 0.28 0.3 3.570 3.332
4 8.4 7.69 88.10 87.00 5.31 4.86 0.29 0.3 3.447 3.332

30m70 ١ 1.88 .44 91.58 91.26 7.5 7.23 0.25 0.26 3.999 3.845
10/90 1 13.44 12.72 92.56 92.14 8.49 8.04 0.24 0.25 4.166 3.999

Table ما ص (3.21b): Absorption Characteristics of the CEMAmDDA Copolymers Crosslinked With MMA, Crosslinker at 298 K.لها 

Xerogel Crosslinker (E/g)@.م ETC 9 (g/s) T @b) K@')  ج
composition content Toluene erude oألl Toluene erude oil Toluene crude oألl Toluene erude oil Toluene crude oil a

€
90/10 1 5.52 4.86 81.88 79.41 3.49 3.07 1.41 0.72 1.408 1.388  و
70/30 1 8.1 7.13 87,65 85.97 5.12 4.،50 1.75 0.59 1.754 1.694  ت

0.5 12.66 11.14 92.10 91.02 8.00 7.04 0.23 0.24 4.346 4.165 50/50 ة 1 11.94 10.51 91.62 90.48 7.55 6.64 4.17 0.25 4.165 3.999
2 10.54 9.28 90.51 89.22 6.66 5.86 0.25 0.26 3.999 3.845  إبر ت

4 9.75 8.58 89.74 88.34 6.16 5.42 0.25 0.26 3.999 3.845 $
30/70 1 10.98 9.66 90.89 89.65 6.94 6.11 4.35 0.24 4.346 4.165 e٤10/90 1 12.78 1125 92.18 91.11 8.08 7٠11 5.26 0.20 5.261 4.998 5

 ج



Table(3.22a): Absorptlon Characteristics of the CEMA/ODA Copolymers Crosslinked With MAA4 Crosslinker at 298 K,
 م

Xerogel و Crosslinker Caم (g/g) ETC O (gs) T@) K@9)
composition eontent  م

Toluene crude oil Toluene Crude oil Toluene crude oلأ l Toluene crude oil Toluene crude oألl  م
90/10 1 13.40 13.06 92.54 92.34 8.47 8.25 0.73 0.7 1.369 1.428  فها

70/30 1 16.10 16.00 93.79 93.75 10.18 10.11 0.68 0.68 1.470 1.470
0.5 18.80 18.30 94.68 94.68 11.88 11.57 0.65 0.65 1.538 1.538

50/50 1 17.50 17.06 94.29 94.14 11.06 10.78 0.66 0.66 1.515 1.515
2 16.70 16.40 94.01 93.90 10.55 10.55 0.67 0.67 1.492 1.470
4 15.90 15.50 93.71 93.55 10.05 10.05 0.,69 0.69 1.449 1.449

30/70 1 20.20 19.64 95.05 94.91 12.77 12.41 0.65 0.65 1.538 1.538
10/90 1 21.93 21.52 95.44 95.35 13.86 13.60 0.60 0.6 1.666 1.666

Table ما شر (3.22b): Absorption Charaeteristics of the CEMA/ODA Copolymers Crosslinked With MMA, Crosslinker at 298 K.
 كهد

Xerogel Crosslinker g@(2٨ عء ETC 0 (g/٤) T @B) K @!)
composition ج content Toluene crude oil Tolwene crwde oil Toluene crwde oll Toluene crwde oil Toluene crude oلأ l

90/10 1 11.60 11.35 91.38 91.19 7.33 7.17 0.64 0.63 1.562 1.587  ع
70030 1 14.90 14.50 93.29 93.10 9.42 9.16 0.60 0.6 1.666 1.666 50.5 17.98 17.1016 94.44 94.15 11.36 10.81 0.54 0.56 1.851 1.785

50/50 ة 1 16.60 .02 93.98 93.76 10.49 10.12 0.56 0.57 1.785 1.754
2 16.10 15.13 93.79 93.39 10.18 9.56 0.58 0.58 1.724 1.724
4 14.3 12.92 93.01 92.26 9.04 8.17 0.59 0.59 1.694 1.694 £

30/70 1 18.20 17.64 94.51 94.33 11.50 11٠15 0.50 0.55 1.999 1.818 ٤10/90 1 19.55 19.03 94.88 94.75 12.36 12.03 0.47 0.,48 2.127 2.083 8
5
2a
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By comparing the maximum oil absorbency for م@ all CEMAalkyl

acrylates crosslinked with MAA and those crosslinked by , AMMم it

is found that the crosslinked sorbers with MAA, have higher than م@

that crosslinked with MMA. This is mainly due to lower crosslinking

density ofnetwork when MMA, is used as crosslinker.

It was also observed that, the oil absorbency is found to be in the order

CEلAM ODA> CEMA/DDA> CEMAIOA. THis can be attributed to

fomation of elastic and porous networks when ODA was used instead

of IOA and DDA monomers to copolymerize wit CEMA as described

in previous sections. Finally, it can be concluded that oil absorbency

increases with increase of the length of alkyl groups. It can be easiy

explained that the longer the aliphatic side group exists, the more

hydrophobic property can be introduced to the copolymer and hence

promotes the oil absorption capacity [Jang and Kim, 2000}.

3.4.3. Swelling kinetics of the synthesized crosslinked CEMA alkyl

acrylate copolymers

The sorption and diffusion of organic solvents through crosslinked

polymer networks has been a subject of great interest [Errede, 1986,

Poh etal., 1987, Berens and Dopfenbergh, 1978}. The sorption

behavior gives an idea about the permeability, and diffusion coefficient

of pentrant through polymers, which are used in various applications

such as, gel permneation chromatography, ion-exchangers and

controlled-release of drugs. As, such there is a growing interest in the

stdy of the kinetics of gel swelling.

Swelling kinetics of the prepared crosslinked copolymers were

detemmined according to [Yao and Thou, 1994[ in which the swelling
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rate can be described by the following experimental equation:

d
-K((-O) (3.7)
 Taه

where Oع and 0 are the maximum and the characteristic oil

absorbency respectively. While K is the swelling kinetic constant.

Integration from e.(3.8) gives:

-ln (Cس - O)=Kt+ (3.8)

where, t is the characteristic swelling time and the irtegration constant.

Asa consequence oft=0, 0=0, and-ln Oم =C, therefore

ln(@مس / ((- O)=kt (3.9)

For an example, the characteristic swelling time is defned at 0=0.632

C[Lee and Wu, 1996].

Swelling kinetic constant (k), listed in Tables (320-.3.21), increases

with increasing alkyl acrylate mole ratio and with decreasing

crosslinker wt.%. This result may be explained by the fact that the more

crosslinker content, the stiffer the crosshinked polymer is, and the

smaller cavities produce. Considering that the swelling kinetics may be

dependent not only on the surfaces of the polymer but also on the

number and volume of the pores in the polymer, The smaller cavities

will provide larger absorption surfaces, which give higher swelling rate

of the polymeric network, namely larger value of k. In other words, the

polymer with higher swelling rate may have suitable structure for oil

absorption [Zhou and Ha, 2001].

1he data reveal also that, the absorption rate constant increase by

increasing alkyl acrylate length. This may be attributed to the longer the

156



CHAPTER3 RESULT AND DISCUSSION

aliphatic side group exists, the more hydrophobic property can be

introduced to the copolymer and hence promotes the oil absorption

capacity rate.

The equilibrium toluene content (ETC), listed in Tables (3.20-.3.22),

increases with increasing alkyl acrylates mol%. This high oil

absorptivity of the polymer depends on the blockness of the alkyl

constitent.. The ability ofthe swelled gels to undergo sevenal cycles of

swelling and deswelling is shown in Figure (3.53). ln this respect, the

swelling behavior of crossLinked and grAfed CEMA/IOA onto PET

NWF in both toluene and crude oil, at 50/50 mol% of CEMA to 1OA

crosslinked with 0.5% MAAA crosshinker, was selected as

representative sample. We can see that after the first cycle the gel did

not achieve the original swollen state but that in all of the following

cycles it swelled back to its previous swollen state. This indicates that

small amount of soluble fiactions still remains in the crosslinked gels

which could have leached out upon deswelling, reduoing the degree of

successive swelling [Atta, 2002].

3.4.4. Rffeet of Temperature on Swelling Characteristics of

Crosslinked CEMAAllyl Acrylate Copolymers

hntelligent polymers are soluble, surface coated or crosslinked

polymeric materials capable of undergoing sharp physical or chemical

modifications in response to external stimuli such as temperature or pH

[Bignotti et al., 2000]. Crosslinked polymers are one such class of

intelligent or smart material. They are used in a variety of applications

including diagnostic, therapeutic, and implantable devices, particularly

in controlled release drug delivery systems, where they have been

studied extensively [Devine and higginbotham, 2003, Kishida and
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Figure (3.53) Swelling Reversibility of CEMA (50%)/OA (50%)

Monomers Photoerosslinked and grafted onto PET NWR with 0.5

% of MAA in Toluene and Crude Oil; IO indicates iitial

condition, $1-5 =swellig gycle equilibrium condition and DS 1-4=

deswelling cycle euilibrium condition.
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mkada, 2002, Ravichandran and Shantha, 1997, Reppas et al., 2000,

Risbud et al., 2000, LaRorte, 1997, Brazel and Reppas, 1996, Grass

et al., 2000, Murata et al., 2000, Ruel-Garie'py et al., 2000].

Chemical ':crosslinking is a highly versatile method of creating

crosslinked gels with good mechanical stability. Themmosensitive gels

can be classified as positive or negative temperature-sensitive systems.

A positive temperatre- sensitive hydrogel has an upper critical solution

temperature (UCST). Such gels contract upon cooling below the UCST.

Most gels belong to this category. The swelling increases with

temperature idicating that the process is endothemmic. Negative

temperature-sensitive gels have a lower critical solution temperature

(LCST). These gels contract upon heating above the LCST, and are

known as thermoreversible gels as the phenomenon is totally reversible

upon coohing [Reppas et al., 2000}. Cenerally, i the case of

temperature sensitive polymers, incorporation of a hydrophilic

comonomer leads to an increase in LCST, whereas incorporation of a

hydrophobic comonomer leads to a decrease [Li et al., 2004,

Eeckman et al, 2002}. There is a combined effect of swelling

decreasing with temperature, down to a minimum value and thereafer

increasing at higher temperatures. Of particular iterest to the present

study is the negative temperatسre sensitive properties of these gels,

which offers great possibilities for use i oil sorber systems.

The. swelling characteristics of. CEMAIIOA, ، CEMADDA and

CEMA/ODA copolymer crosslinked with MAAm and MMAm

crosslinkers at different temperature were measured and represented in

Figures, (3.54), (3.55) and (3.56), respectively. As can be seen in these

figures, the swelling characteristics show two different behaviours
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positive and negative temperature dependance. These charactersitics

based on copolymer compositions. lt was observed that, the toluene

uptake was increased with temperature increment upto 30% of IOA

content for both crosslinked CEMA/IOA copolymer either with MAAم 

or MMAA crosslinkers. Positive effect is indicative that the process is

endothemmic. This positive effect is not attributed to hydrophobic

interaction as in case of hydrogel negative effect, but it depends on the

interaction of the polymer with the organic liquid. This indicates that the

toluene is good solvent for these polymers. While increment of IOA

from 50 upto 90 mol %, the toluene uptake show negative swelling

behavior with increasing of temperatures. This behaviour indicates that

the toluene is not good solvent for these polymers. On the other hand,

increasing alkyl chain lengths of DDA and ODA increases polymer

toluene interaction. This was observed from positive temperature

swelling dependence of CEMADDA and CEMA/ODA copolymers

when the DDA and ODA contents increased from 50 upto 90 mol% in

these copolymers. The polymer solvent interaction parameters will be

determine from network parameters in the next section.
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3. 5. NETWORK PARAMETERS OF CROSSLINKED

CEMA/ACRYLATE COPOLYMERS.

The theoretical crosslinking density w is given in temms of concentration

C (mol dm) of crosslinking agent of functionality f as explained in

experimental section (equation 2.5). The values of C were calculated

from the known weights (mc) of crosslinkers MAA or MMAA in the

feed mixture, the mass m of xerogel, in conjunction with the density p

(gdm') of xerogel. This value of p is the average of densities obtained

from direct weights and micrometrically measured dimensions of all the

dried discs and pellets used, and was virtally independent of the

concentration of crosslinker over the range used here. C is given by the

following Eoation.:

C=me/M(m/3.10)م( )

The value of density was virtally independent of the concentration of

crosslinker over the range used here. Their values were calculated for

crosslinked CEMA and alkyl acrylate copolymers with both MAA and

MMA, crosslinkers. The network parameters v, M; and were خ

detemmined from the swelling measurements of copolymers with toluene

and iisted in 'Tables (3.23-.3.28) As described in the experimental

section. From the values ofo and p the molar mass per crosslinked unit

M, was calculated. Before considering the network parameters itwill be

useful at this juncture to supplement on the basis of Eq. (2. 11) the

previous discussion on the values of7. lsolation of7. depends mainly on

the mixing contribution, i.e. the three temms of Ea. (2.11). Numerically,

it is found that the elastic contribution, i.e. remaining terms, have only a

slight effect on the derived value of y, Because in the present system

where in @ and v are small, this is especially true and Ea. (2.11) can be

reduced as follows to an excellert approximation:
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(3.11)

Expansion of the kogarithmic series, followed by fincation

of temms in @, ", @, and ف @, " etc. and rearrangement yields

7=1/2+o3.12)"ي )

Of course full implementation of E4. (2.11) does allow in principle the

values of 7to be <0.50. However, Eq. (3.11) indicates that > 0.5. Ln

fact use ofEq. (3.12) in conjunction with the values of @ affords values

of 7 that lie in close accord wit those listed in 'Tables (3.23- 3.28). It

should be noted that the application of equation (3.12) [Hglin and

Rego, 1991, Fkory, 1953, Rego, 1993] is based on the acceptance that

the entropy of mixing is given entirely by the configurationally entropy;

this assumption implies that other contributions to the entropy derived

from specific interaction between neighboring components are

neglected. The values of 7 are all <0.500 and toluene remains a

moderately good solvent themmodynamically over the whole temperature

region. 7. comprises enthalpic (H) and entropic (S) components:

X=٧H+7s
H=-Td٧/dT

75-٦ +Tdy/dT

Because d dT/ م =0, it follows that 7=7S and the swelling process is

entropically dominated, which lends support to the previously

mentioned comment on the assumptions implicit in E4. (3.12). It is

interesting to note that for protein gels the sitation is entirely different

and the swelling is enthalpically controlled [Clark and Ross-Murpby,

1987[. The compression moduli G values were obtained via following

Eو .
G,=RTwe op"3vurvgy?3

Where, R is the gas constant, T is absolute temperature.
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Table (3.23a): Network ParAmeters of Different Compositions CEMA/OA Copolymers Crosslinked with Various Concentrations ٥f ر٩ MAA, Crosslinker at298K, !Xerogel Crosslinker
o, x 10% M10م 

20, (moldm3) (٤/mole)
composition content mol/dm' Touene Crude oil Toluene Crude oil Tolaene Crude oil

90/10 1 0.,860 415.11 452.20 1.98 1.82 0.691 0.770
70٨30 1 0.810 310.14 343.53 2.49 2.25 0.581 0.672

0.5 0.752 106.31 182.00 6.98 4.08 0.425 0.480

50/50 1 0.789 209.33 277.52 3.60 2.72 0.426 0.534
2 0.810 312.38 401.08 2.48 1.93 0.433 0.574
4 0.840 651.17 686.50 1.23 1٠17 0.657 0,796

30/70 1 0.789 178.,61 184.04 4.22 4.10 0.396 0.510
M ١ 10/90 1 0.7s9 122.05 137.48 5.94 5.28 0.402 0.492
Table ت٥ (3.23b); Follow Network Parameters of Different Compositions CEMA/IOA Copolymers Crosslinked wlth Various

Concentrations of MAA Crosslinker at 298K

Xerogel Crosslinker Density (gم ) ٠ @ G,  و
MN.m ecomposition content Kg/dm Toluene Crude oil Toluene Crude oil 5

90/10 1 0.82 0.208 0.260 238.09 324.19  ت
70/30 1 0.7٦ 0.166 0.208 142٥7 196.70 0.5 ة 0.74 0.104 0.130 30.44 65.15  ب

1 0.75 0.121 0.151 69.52 115.20  إم

50/50 2 0.7٦ 0.131 0.163 112.08 179.87 8
4 0.80 0.179 0.273 320.12 421.86 وا  ج

30/70 1 0.75 0.111 0.139 54.77 a70.55 10/90 ة ١ 1 0.73 0.103 0.129 34.47 • 48.54  ة



TAble(3.24a): Network Parameters of Different Compositions CEMA/IOA Copolymers Crosslinked with Various Concentrations Of MMA ي±ا م Crosslinker at 298K.

Xerogel Crosslinker ٧,
٧, r 10° Mr 10°

2 (?mol/dm) فها م ي (c/mole)composition content moldn" Toluene Crude oil Toluene Toluene Crude oil
90/10 1 0.869 615.65 648.20 1.55 1.473 0.767 0.,852
70/30 1 0.842 453,88 490.75 2.039 1.885 0.620 0.726

0.5 0.834 115.59 145.01 7.921 6.314 0.440 0.509

50/50 1 0.710 220.63 384.71 4.238 2.431 0.452 0.551
2 0.869 347.53 434.56 2.747 2.197 0.462 0.600
4 0.887 710.90 753.28 1.370 1.293 0.704 0.834

30/70 1 0.816 184.40 244.88 4.86 3.659 0.424 0.518
١ بر 10/90 1 0.798 132.26 175.24 6.628 أ 5.002 0.418 0.495
 له ت

Table (3.24b): Follow Network Parameters of Different Compositions CEMA/OA Copolymers Crosslinked with Various
Concentrations of MMA, Crosslinker at 298K.

G,  ج
Xerogel Density (pم ) 6,  ت

Crosslinker content MN.m? composition ك Kg/dm  بم
Toluene Crude oil Toluene Crude oil 90/10 ة 1 0.95 0.219 0.271 371.69 484.08  حز

7030 1 0.93 ٣: 0.175 0.217 218.85 292.71 0.5 ة 0.92 0.110 0.135 34.86 54.07 s
50/50 1 0.94 0.127 0.157 77.13 166.35 ٤2 0.95 0.137 0٠170 131.30 203.01

4 0.97 0.188 0.233 367.88 482.19 ٤30/70 1 0.90 0.117 0.145 59.51 97.78 5
10/90 1 0.88 0.108 0.134 39.31 64.45  ة



Table (3.25a): Netork Parameters of Different Compositions CEMADDA Copolymers Crosslinked with Varions Coneentrations

Of ا٤ MAA, Crosslinker at 298K

o, r 1o°Xerogel Crosslinker ٧ M (g/mole) 2 ) نما ا٢ moldm)
composition content mol/dm° Toluene Crude oil Toluene Toluene Crude oil

90/10 1 0.743 709.37 805.83 1.002 0.882 0.392 0.,406
70/30 1 0.754 242.78 245.75 2.975 2.,939 0.325 0.350

0.5 0.689 68.34 74.15 9.905 9.129 0.281 0.270

50/50 1 0.743 97.58 103.11 7.234 6.847 0.262 0275
2 0,795 137.97 156.96 5.537 4,867 0.267 0.269
4 0.806 452.79 727.76 1.709 1.063 0.271 0.277

30/70 1 0.795 120.37 134.44 6.347 5.682 0.277 0.279
10/90 1 0,764 96.98 101.56 7.,478 7.141 0.239 0.269

 م

٥ Table (3.25b): Follow Network Parameters of Different Compositions CEMA/DDA Copolymers Crosslinked wlth Variousc
Coneentrations of MAA Crosslinker at 298K.

 ج
Density ( مم) G,Xerogel 6, Crosslinker ا eontent MN -2 eomposition ك .mHg/dm Toluene Crude oil Toluene Crude oil 590/10 1 0.711 0.139 0.142 271.99 316.02  ز

70/30 1 0.722 0.109 0.112 72.81 76.10 0.5 ة 0.677 0.069 0.070 13.05 14.37 ٥
50/50 1 0.706 0.077 0.080 20.65 22.62

2 و 0.764 0.086 0.091 33.00 39.18
4 0.774 0.119 0.130 148.40 260.54  ت

30/70 1 0.764 0.084 0.087 27.89 32.35 a5
10/90 1 0.725 0.074 0.079 19.87 21.98  ة



Table (3.26a): Network Parameters of Different Compositions CEMAIDDA Copolymers Crosslinked wlth Various Concentrations Of

٤MMA, Crosslinker at 298K.

٥, x 1٥'Xerogel Crosslinker 0, M (g/mole) K  فهب ا٢
( moldm?)

composition content mold° Toluene Crude oil Toluene Toluene Crude oil
90/10 1 0.771 357.09 567.68 2.37 1.49 0.624 0.725
7030 1 0.736 117.48 253.50 6.88 3.19 0.486 0.606

0.5 0.18 87.33 99.81 9.03 7.90 0.308 0.359
50/50 1 0.71٥ 97.51 111.49 8.49 7.43 0.322 0.374

2 0.789 110.41 120.40 7.85 7.20 0.374 0.428
4 0.834 121.91 127.68 7.51 7.17 0.402 0.458

30/70 1 0.692 112.43 147.02 6.76 5.1٦ 0.346 0.379
10/90 1 0.665 93.76 103.38 7,79 7,0٦ 0.285 0.347

 ر
Table ا٥ (3.26b); Follow Network Parameters of Difrerent Compositions CEMAnDDA Copolymers Crosslinked with Various

Concentrations of MMAم Crosslinker at 298K.

 ج
Xerogel Density ( م) @, G,

Crosslinker content MN -2
composition Fg/dm .m  ك

Tolwene Crade oلأ l toluene Crde oil 5
90/10 1 0.847 0.181 0.206 178.10 321.73 uo

70/30 1 0.808 0.123 0.140 39.93 97.91 0.5 ة 0.789 0.079 0.090 18.99 24.66
1 0.828 0.084 0.095 22.48 29.21 ٥50/50 82 0.867 0.095 0.108 28.84 35.74
4 0.916 0.103 0.117 34.42 40.97 a ك

30/70 1 0.760 0.091 0.103 28.19 41.89 a
510/90 1 0.731 0.078 0.089 20.20 25.31 2
8



Table (3.27a): Network Parameters ofDifferent Compositions CEMA/ODA Copolymers Crosslinked with Various Concentrations of ا٤ م MAA, Crosslinker at 298K.  و
Crosslinker 0٤

ox د،،ق 10 Mr1٥° 2  فها را م
Kerogel composition ] content mnoldm?

( moldm) {/mole)
Tolaene Crude oلأ l Toluene Crde oil Toluene Crude oil

90/10 1 0,659 67.502 64.142 9.312 9,799 0.328 0.351
70٨30 1 0,628 45.147 45.822 13.280 13.084 0.310 0.310

0.5 0.516 37.939 40337 13.356 12.562 0.262 0.263

50/50 1 0.691 39.039 39.405 17.017 16.859 0.296 0.308
2 0.764 41.413 41.005 17.699 17.875 0.309 0.320
4 0.795 47.709 45.627 16.012 16.743 0.305 0327

30/70 1 0.607 32.309 32.953 17.,958 17.607 0.260 0.272
10/90 1 0.544 30.357 30.461 17.201 17.143 0.226 0.237»

Table ت له (3.27b): Follow Network Parameters of Different Compositions CEMAIODA Copolymers Crossllnked with Various
Concentrations of MAAي Crosslinker at 298K.

G, £
Crosslinker Deasity (, ي) 6,  ت

Kerogel composition MN.m? ٥content Kg/dm toluene Crude oil toluene Crude oil 90/10 ة 1 0.63 0.075 0,07٦ 13.868 13.521
70٨30 1 ا 0.60 0.062 0.063 7.720 7.884 ٤0.5 0.51 0.053 0.055 5.556 6.068 ٥1 0.66 0.057 0.059 6.141 6.359  إم

50/58 2 0.73 0.060 0.061 6.,827 6.883 $
4 ك 0.76 0.063 0.065 8.261 8.104 a

30r70 1 0.58 0.050 0.051 4.403 4.619 a5ج 
0/90 4 0.52 0.046 0.046 3.811 3.897



Table (3.28a): Network Parameters of Different Compositions CEMA/ODA Copolymers Crosslinked with Various Coneentrations

of ا٤ MMA Crosslinker at 298

or o Mrق1 1o  ج
Reroge) Crosslinker ٧٤ 2 } فها يما moLm?) (£/mole)

composition content moldm> Toluene Crude oil Toluene Toluene Crude oil
90/10 1 0.701 71.59 76.14 10.75 10.11 0.390 0.392
70/30 1 0.665 48.81 49.47 14.97 14.77 0.334 0.345

0.5 0.621 36.69 39.19 18.58 17.39 0.296 0.308

50/50 1 0.710 44.15 45.69 17.65 17.05 0.298 0.30 و
2 0.771 45.15 49.73 18.77 17.03 0.309 0.323
4 0.798 60.32 74.73 14.53 11.73 0.314 0.328

30/70 1 0.621 40.85 42.04 16.69 16.22 0.263 0.274
10/90 1 0.576 36.20 36.91 17.49 17.15 0.250 0.261

 له
Table ط (3.28b). Follow Network Parameters of Different Campositions CEMA/ODA Copolymers Crosslinked with Various

Coneentrations of MMA Crosslinker at 298K

Kerogel Density ٩, G, ٤Crosslinker content MNm ),م(  ع
composition KE/dm Toluene Crude oil tofuene Crude oil 5

90/10 1 0.7٦ 0.086 0.088 16.989 18.469 a
70/30 1 0.73 ٤ 0.067 0.069 9.018 9.392  ؤ

0.5 0.68 0.056 0.,058 5.618 6.310  ن

50/50 1 0.78 0.060 0.062 7.322 7.851 8 إم ن
2 0.85 0.062 0.066 7.720 9.,049
4 0.88 0.070 0.077 11،613 15.922  ك

30/70 1 0.68 0.055 0.057 6.178 6.560 %
510/90 1 0.63 0.051 0.053 5.098 5.340 2
 ت
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For the present systems, a solvent was inchuded within the reaction

medium and hence the correction factor (Vun" is required [evis

and Huglin 1990] in Eq. (3.13), where Vu and Vf are the volumes of

the dry unstrained xerogel and the network at its fomation (ie. the feed

mixtre) respectively.

The value of Vu was calclated from E.

Vu=(mt p)x0

Where, mt and 0 are the weight of total monomers i the feed and

fiactional conversion in prepamation of xerogel respectively.

Alternatively, Wu can be calculated as Vu=mx/ p. Vfcan be obtained

directly by using a volumetric cylinder; Vf can also be obtained fiom a

calibration curve of [total monomenrs (g)/solvent (g)] against [total

volume (ml) of solution/volume of solvent (ml)]. Ln the present system,

water was included within the reaction medium and therefore Vu<Vf.

Note that if no solvent is used, Vu/Vf = 1. In this respect Gr values

were calculated for the copolymeric gels and listed in Tables (3.23-

3.28) It is well kown that the lower G values indicate that the

prepared gels have elastic network [Toblosky et al., 1961]. THis will

increases the interaction between toluene and the copolymer networks.

Bastide et al. {Bastide et al, 1979] showed that the presence of

dangling chains or pendant chains in the polymeric network affected

the compression moduli of elasticity. They found that the values of

moduli decrease drastically when the proportion of pendant chains

increase. The lower values of G, and vج for crosslinked copolymers by

MAA than that crosslinked with MMAA crosslinkers, listed in Tables

(323-28), indicate the fommation of dangling chain that was increased

by wsing MAA than MMA crosslinker. This can be proved fiom

measuring polymer-solvent interaction parameter (y). The values of 7

172

(3.14)



CHAPTER3 RESULT AND DISCUSSION

were calculated for all copolymers and listed in Tables (3.23-28). The

data of 7 values for crosslinked copolymers by MAA, show lower

values than that determined for crosslinked copolymers by MMAA

crosslinker. The decreasing of 7 values indicates the good interaction

between the crosslinked copolymers with tohuene. This indicates that

crosslinking with MAA introduces hydrophobic groups to network at

crosslinking [Atta and Arndt, 2003, Mehnert et al., 1993, Heger,

1990, Ata and Arndt, 2001].

The values ofv, oe and Mc are listed in Tables (3.23-.3.28). hn general

varies with v according to follwing B4.

= a+ 3 0٤ (3.15)

in which the value of effective crosslinking in the absence of any

included chemical crosslinker may arise fiom physical crosslinking.

The parameter p is a measure of crosslinking efficiency (P =vv when

a=0) and its magnitude is usually [Davis and huglin, 1990, Huglin

et al., 1987, Davis and Huglin, 1989, Collett et al., 1981 <1.0,

although one unusual case has been reported [Mavis and Huglin, 1990]

where p >1. Plots (not reproduced here) according to Eq. (3.15) display

linearity for the prepared organogels of CEMA and alkyl acrylate

copolymers and values of a and [ were calculated and listed in Table

(3.29). In this respect, a values for CEMA/ODA copolyer crosslinked

with different concentrations of MAAA and MMAA have values

ranging fiom 0.1259 t0 0.0286. While CEMAIOA copolymers possess

high c values than other copolymers. It is well know that

poly(acrylates) and their copolymers have a high tendency to crosslink

under irradiation [Atta and Abdel-Azim,1998, Chapiro, 1975, Huglir

and Richard 1980] and, moreover, acrylic acid undergoes chain

transfer and crosslinking when polymerized by irradiation [Hglin and

173



CHAPTER3 RESULT AND DISCUSSION

Riehard 1980]. On the other hand the ability of physical crosslinking

was increased in both CEMAIOA and CEMADDA tan CEMA/ODA

copolymers. So, CEMA deactivates the crosslinking efficiency ofODA

> DDA >IOA polymers in absence of crosslinkers. On the other word,

this can be also referred to the increasing probability of crosslinking in

bulk system due to increment in the rate of chain transfer of the

polymerization and crosslinking reactions. The crosslinking and

polymerization of the present systems were carried out in bulk without

diluent. This agrees with the finding that the crosslinking decreases

with decreasing content of diluent [Janacek and Hasa, 1966}. So, the

ability of copolymers to fomm physical crosslinks increases with IOA>

DDA > ODA copolymers. Accordingly,

the oil swellig will increases for CEMA/ODA copolymers due to their

low affinity to fomm physical crosslinks. It was also observed that the 8

values for crosslinking of CEMAlalkyl acrylate were decreased when

ODA ued instead of IOA and DDA copolymers. This finding reveals

that the reactivity of AAM orم MMA crosslinkers is less efficient for

crosslinking of CEMA/ODA copolymers. On the other hand,

crosslinked CEMA/ alkyl acrylate copolymers with MMA, have higher

p values than that crosslinked with MAAA crosslinker. Compared to {

obtained from using MAA in CEMA/alky1 acrylate wit that

crosslinked with MMAA organogels, the crosslinking efficiency is

much higher for MMA used in organogels, but there is still quite a

large proportion of MAAA wasting during the crosslinking

polymerization, probably due to a low reactivity ratio of MAA, with

CEMA/alkyl acrylate. This conclusion is supported by the data of Me

for the crosslinked copolymer by both crosslinkers. Tables (3.23-.3.28),
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Table(3.29): The values of and م a for CEMAalkyl acrylat
copolymer erosslinked witb different wt % of either MAA or
MMAa crosslinker using pure toluene as swelling medium.

Correlation
[٢COPOLYMERS ه eoefIicient

AAM MMKم يAAM MMAم A  د٠ لاAAM MMAم

CEMA/KOA ] 0.1146 0.1259 0.1738 0.1913 0.91 0.944

CEMADDA 0.1093 0.0751 0،1194 0.117 0.96 0.99
CEMAIOnA 0.0336 0.0286 0.0032 0.0072 0.97 0.98
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show that M values of MMA networks are always smaller than the

corTesponding values when MAA is used as the crosslinking agent.

Since Me is used to detemmine the distance between two successive

crosslinks. The smaller its value idicates the higher crosslinking

density networks. As the crosslinking density increases, the oil sorber

capacities are reduced (see Tables 3.23-28). Kt was also observed that

the [ values are less than unity. It is due to the fact that toluene is a

better swelling agent for this system. This is because P is not only a

measure of chemical crosslinking but also of physical interaction

between the chains when the values are greater than unity [Yokota et

aL., 1978].

3.6. $WELLDNG CHARACTERISTICS OF CRAFTED AND

CROSSLINKED NWPET

The present section extended to apply crosslinked CEMA and alkyl

acrylate copolymers on fiber to be easily handled to use as oil sorbers.

In this respect, CEMAIODA linear copolyer having different

compositions was photografted onto NWPET fiber. Their swelling

characteristics of the treated and untreated fiber in toluene and diluted

crude oil and their swelling curves at 25 "C were recorde and listed in

Table (3.30) and represented in Figure (3.57). The photocrosslinked

CEMA/ODA Linear copolymer was not soluble in toluene. The highest

oil absorptivity of photocrosslinked CEMA/ODA linear copolymer

than both untreated fiber and crosslinked CEMA/ODA copolymers

indicates that the photografing technique successes to prepare more

efficient oil sorbers. Also, the oil absorptivity for PET NWF

photocrosslinked with CEMA/ODA linear copolymer increased to

about 10 min and thereafter leveled ofT. The higher oil absorptivity for
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CHAPTER3 RESULT AND DISCUSSION

crosslinked CEMA/ODA linear copolyer than for the

photocrosslinked PET NWF may be ascribed to the size of the

microporosity which cannot preferably contain oil. It has been reported

[Talahashi and Kuno, 1991, Hozumi et al., 1992, Hozumi and Uno,

1993, Kitamura and Hayami, 1993] that the excellent oil absorptivity

of' materials depends on the bulkiness and length of the alkyl

substituents, especially the porosity of the microstructre which can be

controlled by crosslinking and the foaming agent. Because the driving

force for oil absorption is caused mainly by Van der Waals forces

between the material and the oil, therefore, the materials with the

proper porosity can effectively contain oil in their structures. This result

may be interpreted as an interaction between CEMA/ODA linear

copolymer and oil in the porous structre of the photocrosslinked

polymer coated on the NWF PET, as manifested in the micrograph

Figure (3.26). On the other hand it was observed that the best

composition to obtain efficient oil sorbers is 50 mo1% of CEMA to 50

mol% ODA copolymers. It was also observed that the swelling

characteristics of grafied polymer with diluted crude oil higher than

toluene. These behaviors can be attributed to the variation of polymer

solvent interaction with copolyer and solvent compositions. This

means that diluted crude oil is good solvent for grafted NWPET fber

and can easily penetrate into fiber and increases the swelling

characteristics.

From the previous discussion the appropriate mol ratios between

CEMA and alkyl acrylate monomers is 50 mol% to 50 mol%. In this

respect, this ratio was used to crosslink CEMA/alkyl acrylate

monomers themmally and photochemically in the presence of different

concentrations ofboth MAA and MMAA crosslinkers (0.5-4 wt %). In
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Table (3.30): Absorption Characteristies at 298 K for Linear CEMAODA grafted onto PET NWF by UV radiation .

Xerogel Oa.. (£/s) ETC O (g/£) T () K«
composition ] 'Toluene crude oil Toluene crude oلأ l Toluene Crude oil Toluene erwde oil Toluene crude oil

90/1٥ 13.63 14.6 92.61 93.15 8.55 5.40 0.09 0.24 10.945 4.224
70/30 ص 14.07 20.09 92.89 95.02 8.89 5.62 0.08 0.22 12.266  ج له4.639

50l50 20.40 39 95.10 97.44 12.89 8.15 0.06 0.21 15.9t0 4.876

30٢7٥ 15.00 22.35 93.33 95.53 9.48 5.99 0.08 0.21 12.983 4.798  ا٤
10/90 16.63 32.9 93.99 96.96 10.51 6.64 0.07 0.21 14.281 4.822 al  م ق

Untreated 1.19 13.34 91.06 92.60 7.٥7 4.47 0.40 0.2415 10.166 4.139 1
 ة
a ط
2aaة ة 
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Different Mole Ratios 0f CEMA to ODA as a Function of

Immersion Time at 298 K.

179



CHAPTER3 RESULT AND DISCUSSION

the present work AIBN was used as thermal initiator to prduce

crosslinked polymer in the presence of NWPET fiber. On the other

hand, there is no any themmal or photo initiator used to prepare

crosslinked polymers using UV iradiation technigue. The swelling

kinetics of the crosslinked CEMAIOA, CEMADDA and CEMA/ODA

using photo or themmal techniques in the presence of NWPET fber

were calculated and listed in tables (3.31-3.36). The swelling curves at

25 "C of these copolymers were represented in figures (3.58-63)

Careful inspection of data indicates that the swelling decreases with

increasing concentrations of both MAAA and AMM whichم indicates

that the monomers were crosslinked efficiently in the presence of both

MAA and MMAA crosslinkers. The data indicate that the best

concentration to obtain maximum swelling for crosslinked

CEMA/ODA copolymer in the presence ofNWPET using both MAA

and MMA crosslinker is 1 (wt%). While, the best concentration for

both MAA and MMA٨ crosslinkers is 0.5 (wt %) in case of

crosslinked CEMA/DDA and CEMA/OA copolymers. The lower

swelling capacities of the themmal crosslinked CEMAalkyl acrylate

monomers using NWPET fber than that crosslinked using UV

irradiation indictes that there are dangling chains fommed during

photochemical initiation [Atta and Ardt, 2005]. The dangling chain

was increased by irradiation than chemical initiation. Also, this result

may be explained by the fact that the crosslinked gels produced via UV

irradiation are stiffer than that crosslinked with chemical initiation. The

stiffer crosslinked polymers have small cavities. At the same time, the

smaller cavities will provide larger absorption surfaces, which give

higher swelling rate of the polymeric network [Zhou et al., 2001]. It

has been reported [Kitamura and Hayami, 1993] that the excellent oil
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Table (3.31a): Absorption Characteristics at 298 K fr 50/50 mol% CEMA/ODA Copolymers Therally Crosslinked and /or Orafted  م
onto PET NWF in Presence of0.5-4%ofMAAA Crosslinker

Xerogel و Crosslinker (g/s))عم ETC O (gل£) T@) K@) ٤
composition content Toluene Crude oil Toluene Crude oil Toluene crude oi Toluene crude oi Toluene Crude oil

 م
 فيا

0.5 16.50 18.29 93.94 94.53 10.43 11.56 0.071 0.09 14.014 11.761

1 28.09 29.19 96.44 96.57 17.75 18.45 0.066 0.08 15.147 12.266
50/50

2 20.48 22.20 95.12 95.50 12.94 14.03 0.062 0.08 12.093 ا16211

4 18.59 19.61 94.62 94.90 11.75 12.39 0.063 0.08 15,995 11.996

ntreated } 0 11.19 13.34 91.06 92.50 7.07 8.43 0.098 0.24 • 10.166 4.139
 ا

 Mج

 ب
Table له (3.31b): Absorption Characteristics at 298 K for 50/50 mo]% CEMA/ODA Copolymers Themmally CrossLinked and /or Grafted

onto PET NWF in Presence of0.5-4% ofMMA, Crosslinker

erogel Crosslinker (e/E)@مه ETC Q (g Eل) T@) K(h)  يم
composition content Toluene Crude oil Toluene Crude oil Toluene cnude oil Toluene crude oil Toluene Crude oil U

 ك
0.5 14,00 14.80 92.86 93.24 8.85 9.35 0.106 0.07 9.431 14.281 a و

1 19.80 21.36 94.95 95.32 12.51 13.50 0.076 0.06 13.154 16.388 ٤50/50
2 17.00 19.90 94.12 94.97 10.74 12.58 0.081 0.06 12.342 15.620 s
4 14.70 18.58 93.20 94.62 9.29\ 11.74 0.090] 0.07 11.107 15.147 ١8€

Untreated / 0 11.19 13.34 91.06 92.50 7.07\ 8.43 0.098/ 0.24 10.166 4.139 gر a
 ج5



Table (3.32a):Absorption Characteristics at 298 K for 50/50 mol% CEMADDA Copolymers Thermally Crosslinked and /or grafted
onto و PET NWF in Presence of 0.54% ofMAAم Crosslinker  و

Xerogel Crosslinker (E/s)ن, ETc Q (g/s) T@) K@')  م
 تم

composition content Toluene Crude oil Toluene Cnde oil Toluene crde oi Toluene cRude oil Toluene Crde oil  بها ا

0.5 12.70 38.70 92.13 97.42 8.03 24.46 0.105 0.07 9.521 13.509

4 21.80 52.88 95.41 98.11 13.78 33.42 0.093 0.07 10.749 14,701
50/50

2 17.50 49.20 94.29 97.97 11.06 31.09 0.173 0.07 5.778 13.884

4 15.00 43.60 93.33 97.71 9.48 27.56 0.122 0.07 8.194 13.509

ntreated / 0 11.19 13.34 91.06 92.50 7.07 8.43 0.098 0.24 10.166 4.139
»

c
Table (3.32b): Absorption Characteristics at 298 K for 50/50 mo]% CEMA/DDA Copolymers Thermnally Crosslinked and /or Grafed

onto PET NWF in Presence of 0.5-4% ofMMA Crosslinker

Xerogel Crosslinker (s)مين ل ETc Q (gs) T@) K@)  و
5composition cortent Toluene Crude oil Toluene crde oil Toluene crude oil Toluene crude oil Toluene Cnude oil  ما

0.5 12.45 21.10 91.97 95.26 7.87 13.34 0.074 0.071 13.509 14.080 4 ة 19.80 32.30 94.95 96.90 12.59 20.41 0.062 0.065 16.124 15.380
50/50  ت

2 16.74 29.80 94.03 96.64 10.58 18.83 0.068 0.069 14.701 14.488  م
4 13.50 ١ 27.30 ١ 92.59 96.34 8.53 17.25 0.,072 0.070 13.884 14.281 8 ك

ntreated / 0 11.19 91.06 ا13.34\ 92.50 7.07 8.43 0.098 0.24 10.166 4.139  ة5



Table (3.33a): Absorption Characteristics at298 K for 50/50 mol% CEMAIOA Copolymers Thermally Crosslinked and /or grafted  م
onto PET NWF in Presence 0f0.5-4% ofMAAه Crosslinker ٤

erogel Crosslinker £(E@@عه ETC Q (g/s) T@) K(")  ونس
٤

composition
 تم

content Toluene Crude oil Toluene Crude oil Toluene crude oil Toluene crude oil Toluene Crude oil  فها

0.5 15.420 52.00 93.51 98.08 9.75 32.86 0.065 0.360 15.380 2.777

٨ 15.072 47.50 93.37 97.89 9.53 30.02 0.068 0.380 ١ 14.701 2.631
50/50

2 14.054 38.60 92.88 97.41 8.88 24.40 0.071 0.320 14.080 3.124

4 13.087 28.00 92.36 96.43 8.27 17.70 0.077 0.330 12.983 3.029

ntreated / ٥ 11.19 ١ 13.34 ١ 91.06 92.50 7.07 8.43 0.098 0.24 10.166 4.139

 ر
co
Table صا (3.33b): Absorption Characteristics at 298 K for 50/50 mol% CEMA/IOA Copolymers Themmally Crosslinked and /or Grafed

onto PET NWF in Presence of0.5-4% 0fMMA, Crosslinker
}

Kerogel Crosslinker Oعم (g/£) ETC O (g/£) T@) K@!ز 
 ج
aع 

composition content Toluene Crude oil Toluene Crude oil Toluene crude oil Toluene crude oil Toluene Crude oi1  و
0.5 12.850 50.02 92.22 98.00 8.12 31.61 0.064 0.270 15.620

a
3.702

1 ة 43.39 92.04 97.70 7.94 27.42 0.069 0.28012.560 14.488 3.570
50/50  ن

2 11.850 27.04 91.56 96.30 7.49 17.09 0.072 0.290 13.884 3.447  م

8
4 ١ 11,430 ١ ا9125١22.39 95.53 7.22 14.15 0.076 0.350 13.154 2.856  ت ك

UJntreated ٥ \ 1119 / 13.34 \ 91.06 7.07 ا92.50 8.43 / 0.098 0.24 \ 10.166 4.139 15
 ة



Table (3.34a): Absorption Characteristics at 298 K for 50/50 mol% CEMA/ODA Copolymers Photochemically Crosslinked and /or Orafed onto

PET و NWF in Presence 0f0.5-4% ofMAAم crosslinker

Xerogel Crosslinker @ (e/s) ETC 0 (gs) T @) K()  ح م
composition فها content Toluene Cnude oil Toluene Cnude oil Toluene crude oil Toluene crude oil Toluene Cnude oil

0.5 16.80 19.96 94.05 94.99 10,62 12.61 0.190 0.20 5.261 4,998

1 29.90 38.20 96.66 97.38 18.90 24.14 0.100 021 9.997 4.760
50/50

2 23.90 30.53 95.82 96.72 15.10 19.29 0.140 0.20 7.141 4.998

4 18.70 22.41 94.65 95.54 11.82 14.17 0.150 0.19 6.664 5.261

U ntreatedل 0 11.19 13.34 91.06 92.50 7.07 8.43 0.098\ 0.24 4.139 ا10.166/
 شر

 ت ف
Table (3.34b): Absorption Characteristics at 298 K for 50/50 mol% CEMA/ODA Copolymers Photochemically Crosslinked and for Grafed onto
PET NWF in Presence of0.5-4% ofMMAA Crosslinker  م

Xerogel Crosslinker (gلE)@سمم ETC Q (es) T@) K() composition ك ت content Tohuene Cnude oil Toluene Crude oil Toluene crude oil Toluene crude oil Toluene Crude oil  و
0.5 12.90 15.50 92.25 93.55 8.15 9.80 0.098 0.23 10.201 4.346 a

 حز

4 21.29 32.00 95.30 96.88 13.46 20.22 0.064 0.27 15,620 3.702 50/50 ة
2 16.80 28.51 94.05 96.49 10.62 18.02 0.070 0.26 14.281 3.845 ٤4 15.60 24.00 93.59 95.83 9.86 15.17 0.075 0.28 13.329 3.570 Untreated ة [ ٥ 11.19 13.34 91.06 92.50 7.07 8.43 0.098 0.24 10.166 4.139  ة ه م



Table (3.35a): Absorption Characteristics at 298 K for 50/50 mo]% CEMA/DDA Copolymers Photochemically Crosslinked and /or Grafed onto
PET ت#ا م NWF {n Presence of0.5-4% of' MAA, crosslinker
 م8٥

Xerogel Crosslinker (g/s)عسه ETC g (g gل) T@) K@)  فها نؤا م

composition content Toluene crude oil Toluene cnude oil Toluene crude oil Toluene crude oil Toluene Crude oil

0.5 22.40 51.10 95.54 98.04 14.16 32.30 0.058 0.060 17.236 16.661
20.09 43.75 95.02 97.71 12.70 27.65 0.063 0.063 15.868 15.868

50l50
2 15.22 38.46 93.43 97.40 9.62 24.31 0.067 0.063 14.920 15.868

4 13.70 35.53 92.70 97.19 8.66 22.45 0.073 0.069 13.694 14.488

ntreated 0 ] ا11٠19 13.34 [ 91.06 [ 9.50 7.07 8.43 0.098 0.24 10.166 4.139
 م

 ها
 شر

Table (3.35b): Absorption Characteristics at 298 K for 50/50 mol% CEMADDA Copolymers Photochemically Crosslinked and /or Grafed onto

PET NWF in Presence of0.5-4% ofMMA, Crosslinker  ع
Xerogel Crosslinker Qم (g/s) ETC O (g Eل) T@) K@') a

 ك
composition content Toluene Cnude oil Toluene Crde oil Toluene crude oil Toluene cnude oil Toluene Crude oil 5

0.5 ت 21.912 48.11 95.44 97.92 13.85 8.75 0.066 0.072 13.509 14.080

18.414 ة 42.74 94.57 97,66 11.64 7.35 0.068 0.077 16.124 15.380
50/50  ت

2 14.85 32.42 93.27 96.92 9.39 5.93 0.070 0.122 14.701 14.488
 م

٤
4 13.926 28.80 92.82 96.53 8.80 5.56 0.072 0.123 13.8&4 ] 81 أوع»14.281  ت ت ك

[ntreated0 لا 11.19/ 13.34 91.06 92.50 7.07 8.43 0.098 0.24 10.166 \ 4.139  ة5



Table (3.36a): Absorption Characteristics at 298 K for 50/50 mol% CEMA/IOA Copolymers Photochemically Crosslinked and /or Grafed onto ٥
PET و NWF in Presence of0.5-4% ofMAAه crosslinker

Xerogel Crosslinker (sلg)@م ETc O (E£) T@h) K ()  م
 تم

composition content Toluene Crude oil Toluene Crude oil Toluene crude oil Tohuene crude oil Toluene Cnde oil  فها ا

0.5 20.011 34.23 95.00 97.08 12.65 21.63 0.060 0.189 16.661 5.289

1 18.414 31.7 94.57 96.85 11.64 20.03 0.065 0.195 I15.3805.127 ا
50/50

2 17.187 24.4 94.18 95.90 10.86 15.42 0.070 0.175 14.281 5.712

4 15.809 21.4 93.67 95.33 9.99 13.52 0.071 0.178 14.080 5.616

ntreated \ 0 11.19 13.34 91.06 92.50 7.07 8.43 0.098 0.24 10.166 4.139
»
 ا
N

Table (3.36b): Absorption Characteristics at 298 K fr 50/50 mol% CEMA/IOA Copolymers Photochemically Crosslinked and /or Grafed onto
PET NWF in Presence of0.,5-4% of MMA, Crosslinker

Xerogel Crosslinker ETC مهن(E/ )ع O(g/g) T@) K(E')  ج
composition content Toluene Crude oil Toluene Cnude oil Toluene cnude oi Tohuene cnude oil Toluene Crude oil  ج ك

0.5 18.192 27.23 94.50 96.33 11.50 17.21 0.060 0.176 5.680 .16.661  aم

1 ة 16.740 22.50 94.03 95.56 10.58 14.22 0.062 0.180 5.554 16.124
50/50  ر

٩2 14,946 19.90 93.31 94.97 9.45 12.58 0.065 0.182 5.493 15.380

4 13.747 16.20 92.73 93.83 8.69، . 10.24 0.071 0.199 5.023 14.080 c
 ت

!ntreated0 لا 11.19 13.34 91.06 92.50 7.07 8.43 0.098 0.24 10.166 4.139  ت2 ة ت



CHAPTER3 RESULT AND DISCUSSION

absorptivity of materials depends on the bulkiness and length of alkyl

constituents, especially the porosity of the microstructure, which can be

controlled by crosslinking techniques.
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