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ABSTRACT

A full acrylic interperetrating polymer networkbased orPoly HexylEthylAcrylate and Poly ButyAcrylate
networks were synthesized by sequential polymerization techrildnigeinvestigated systems are prepared via
photopolymerization by UVcuring of monomers in the presenckaodifunctional crosslinker and a photo
initiator. The IPNspropertieshavebeen improved by varying the initial composition and the crosslinker ratio.
The systems are characterized by means of Infrared spectroscopy, swelling, DSC and ATG techniques. We
found that the polymer networks have large swelling ratios, reflecting the higher compatibility of the two chosen
monomers to form an IPNsurprisingly, the resulted interpenetrating polymer netwavits 0.5% crosslinker

does not present any phase sepamati H FR Q ¢,bi? B&®C and ATGechniquesthat the quantity of the
absorbedmonomerby the precursory networglayed major roles in the physical properties of the different
resultinglPNs and increasinthe crosslinkeprevent formation ofinreacted oligmersinside.the IPNs and thus

leads to anore stablenetworksin their structures.

Keywords: Interpenetrang polymer Networks, Swelling behavior, Polymer synthesis, thermal propéttibs
Hexyl-Ethyl-Acrylate, Poly ButyAcrylate



INTRODUCTION

Many researchers have studied the science of polymerthislss due to potential industrial application$ this

kind of polymer systemsT he attentionwas tofocuson the innovation and development ofaneaterials for

these systems.HE major shortcomingf this kind of polymer networks is their poor mechanical properties when
they are in the swollen stat€onsequentlyreinforcement isieeded for anjuture considered applicatiofihe
increasingn the crosdinking density, cepolymerization with a more resistant system are among the ways to
reinforce these systems, as well as the formation of interpenetrating polymer networks, IPNs.

An Interpenetrating Polymer Network, IPkhownas a blend ot leasttwo polymers in a network fornOne

of them is synthesized and/or crosslinked in the immediate presence of the other(s). The synthesiewf th
material class makes jitossible to have in certain cases new materials with good performances iarisomp

with the initial polymerprecusors [£2]. These polymeric networks are synthesized by.any known method of
polymer synthesis. The most usafdproacheg3] for the synthesis of IPNare: first polymer network 1 is
synthesized. Then, monomer Il plus crosslinker and activator are swuthemetwork |'and polymerized in situ.

The resulting IPN is called sequential IPM. the second case, the monomers-and/orpphgmers plus
crosslinkers and activators of both components are mixed, followed by simultaneous polymerization via non
interfering reactions. Typical syntheses involve chain and step polymerization kinetics. While both
polymerizations proceed simultaneously, the reactiatissare rarely identicalThe notion of IPNs containing

two polymers, or more, cheaally different was deeloped-andthere are approximately 400 documents
published eaclyear on this type of materiad{14]. They are now promising cartdite materials in engineering

[15], Drug Delivery [B6], biomedical and industrial fields 71

In order to use interpenetiag polymer networks for practical applications, it is required to understand the
different properties of these polymer networks. Swelling experiment are a simpRoandost techniquesto
characterize a polymer networkhe swelling measurements can bsed for quality control and serve as an
indexing tool for polymer systems/withdifferent levels of crosslinking. Other techniques can be used to
characterize an interpenetrating. polymer networks. Indeed, thermal analysis includes a whole series of
techngues of characterization of materials based on the study of the variation of a physical property according to
the temperature. They are thus-primarily macroscopic approaches of the behavior of the materials, which involve
considerations of the equilibriuthermodynamic states, the irreversible thermodynamic processes and kinetics,
associated with state changes (transition phenomena) and relaxationnal phenomena that can accompany them.
The 2Ethylhexyl acrylate (EHA) is a very useful monomer for many indalstapplications.It is marked
essentially by isORZ JODVYVY WUDQVLWLRQ WHPSH lg@wfiqufermatidn propeftgd- DQG KDV
19]. Poly(2-ethylhexyl acrylate]PEHA), are widely used in mangpplicationg20]. The copolymers of PEHA

with other acrylates, methacrylates, acrylonitrile, ntalecid esters, vinyl acetate, vinyl chloride, etc. find
applications in adhesives, chemical intermediates, coatings, leather, plasticizers, plastics an@ieX#es [

The Poly(nbutyl acrylateYPABu) can be used as a soft segment in thermoplasstoefers due to its low glass
transiton temperature and durability3d24]. It is a very ductile (~2000% elongation at break), sticky, colorless
andtransparent rubbery material5:26]. In view of their complementary properties, blending PABu with PEHA

is a natural choice to improve properties including ductility without compromising transparency.

This work is as part of the systematic studies undertaken in our laboratories to explore the physical properties of

composite materials made up of interpenatapolymers networks. The novelty in our work is the choice of the



two monomers Ethylhexyl acrylate and -butyl acrylate with an objective to synthetize a new sequential
interpenetrating polymer network and the extraction of different physical paranssiezd from this synthesis.

To the best of our knowledge, experimental results on swelling kinetics of polymer networks in a solution
containing these two kinds of monomers and crosslinker in order to form an interpenetrating polymer network as
well as tle swelling theoretical description have not been reported until now in liter&theeealization of IPN
systems will be checked step by step by giving a detailed analysis of the swelling kinetics of the different
networks in thereactive solution containg monomer and crosslinker. The variation of the crosslinker amount
allows obtaining either a loosely crosslinked network with more efficient swelling or more dense networks with
limited swelling propertiesin addition, dfferent physical properties issd from this experience are also
investigated given us useful information on IPNs formatioformation about thglass transitions temperature

of the resulting IPNs and TGA thermograms are also presented and compared with their precursory networks.

EXPERIMENTAL SECTION:

Monomers:

The monomersn-butyl-acrylate (99%) and -thykhexylacrylate (98%), designated-ABu) and (2EHA)
respectively, were obtained from Aldrich. dH&@xanedioldiacrylate (HDDA), supplied by Cray Valley (France)

is used as crossking agent 2-hydroxy-2-methyt1-phenytpropanel (Darocur 1173) from Cib&eigy was

used as a photimitiator.

Prepolymers synthesis:

Mixtures of rRABu/HDDA/Darocur 1173 and -EHA/HDDA/Darocur 1173 were prepared in different weight
fractions by varying th quantity of the monomer {ABu and 2EHA) and HDDA, keeping the amount of
Darocur 1173 constant (Monomer/HDDA/Darocur 1173=99/0.5/0.8/wt97/2.5/0.5wt%, and 94.5/5/0.5w4.

%). The initial mixtures were stirred mechanically for several hours, in twd=rsure a uniform distribution of

the monomer and the crosslinking agent over the sample volume, before they were cast in small flat sample
holders made of Teflon. The samples were exposed under nitrogen atmosphere to a static UV lamp (Philips
TLO8) witKk D PD[LPXP HPLVVLRQ ZDYHOHQJWK DW QP DQG DQ LQWHQVL
was fixed at 20 min, although 5-min were sufficient to achieve complete conversion of the monomer.

IPNs synthesis:

Two kinds of sequential IPNs were synthesizede Tinst one consists of a PABu network, swollen, until
reaching equilibrium, in a solution containing the second monom&H®)/Crosslinker/Photoinitiator. The
swollen.sample was then exposed to UV irradiation (the same used before). The exposure firxes Wa0

min to achieve complete conversion of all monomers in the precursor system. The resulting network will be
called IPN1. The second IPN was obtained with the same method described above, except that at first a PEHA
network was formed, which wasvollen in a second step, until reaching equilibrium, by a solution containing n
ABu, as mentioned before. The resulting network will be called IPN2. As we used various quantities of the

crosslinker, we collect in the table 1, all the networks used irstindy.



IPN1 (PABuU polymer network, swollen in a solutio| IPN2 (PEHA polymer network, swollen in a solutio
containing the ZZ2HA monomer) containing the PABu monomer)
IPN1-0.5% (99 nABu/0.5/0.5 wt:% synthesized IPN2-0.5% (99 2EHA/0.5/0.5 wt:% synthesized
then swollen in 99-EHA/0.5/0.5 wt-%) then swollen in 99 #ABu/0.5/0.5 wt:%)
IPN1-2.5% (97 nABu/2.5/0.5 wt:% synthesized IPN2-2.5% (97 2EHA/2.5/0.5 wt:% synthesized
then swollen in 97 -EHA/2.5/0.5 wt-%) then swollen in 97 #ABu/2.5/0.5 w.-%)
IPN1-5% (94.5 rABuU/5/0.5 wt-% synthesized then IPN2-5% (94.5 2EHA/5/0.5 wt-% synthesized then
swollen in 94.5 ZEHA/5/0.5 wt-%) swollen in 94.5 PABU/5/0.5 wt-%)

Table-1: Composition and designation of IPN

Characterization:

RealTime Infraral Spectroscopy:

FTIR spectra of thin films (less than 10 um) in the transmission mode were recorded at room temperature with a
Perkin Elmer 2000 FTIR model (The number of scans was 16 with spectral resolution ef)4 lmefore and

after UV exposure. Eactiose was applied once and the interval of time between the end of exposure and the
infrared analysis was kept constant (below one minute). The experiments were repeated three times to validate

the results and check if they are reproducible.

Prepolymers selling study:

Investigations on swelling kinetics were carried out on PEHA and PABU networks to see the compatibility which
exists between the two prepolymers. The influence of the crosslinking density and the chemical nature of the
monomeron the swellingoehavior of the networks were also examined. For each network, the used solvent is
the reactive solution containing the other (Monomer/Crosslinker/Photoinitiator).

Swelling behavior in terms of the swelling'ratio Q in the case of an usual solvent iagiven

W &

Swelling ratio = Q W W

WhereWsis the weight of the swollen network awd is the weight of initially dried network.

Thermal analysis

For the thermal analysishe Differential Scanning Calorimetry (DSC) technique was used éoistidy ar

polymer networkssystemsand in particular,to detect the glasgransitions temperature (Tg) 128]. DSC
measurements were performed on a Perkin Elmer Pyris Diamond calorimeter equipped with an Intracooler 2P
system allowing-cooling experimentSamples for calorimetric measurements were prepared by introducing
approximately 8 mg of the material into an aluminum DSC pan, which was sealed to avoid evaporation effects
during the temperature treatment. A rate of 10°C/min (heating and cooling)seds the temperature range

from -75 to 150°C. The program consists first in cooling the sample followed by three heating and cooling
cycles to take into account eventual thermal events related to the sample preparation history. The results
presented irthis work were obtained from the first heating ramps. In each case, at least three duplicates having

the same composition and prepared independently were used to check the reproducibility of results.



ATG measurement:
Investigations were made & PerkinElmer Pyris ATG instrumenwhile heating the samples from 25 to 600°C

at the rate of 20°C/min in nitrogen. Samples for thermal measurements were prepared by introducing
approximately 10 mg of the sample into an ATG pan. At least three duplicate sampies tiev same
composition and prepared independently were used to check the reproducibility of results. The polymer

degradation temperature was determined from the midpoint of the transition range of the thermograms.

RESULTS AND DISCUSSION

Real Time Infrar ed Spectroscopy:

From the point of view of the spectroscopic characterization of the monomers, aRaliRis spectroscopy of

the monomers is carried out. The cells to be analyzed are prepared according to the physical state of the material
to analyze atoom temperature. The analysis by infrared spectroscopy was carried out every 5 minutes during 20
minutes. The absorption band of the FTIR spectrometer is included between.400 and Z20080ecmere
interested in the spectrum between 700 and 1800 fombetter representing the absorption bargisce the
crosslinking ratio does not have any influence on the final obtained spectrum, we represent in the figures of the
FTIR only the spectra of the polymeric samples with a 0.5%wt. HDDA crosslinking ratierabebsorption

bands are available to monitor the polymerization/crosslinking processes and to evaluate the conversion of the
acrylic double bonds of the polymers PEHA, PABuU, IPN1 and IPN2. One of the most characteristic absorption
bands which is quite tfn used in IRanalysis of acrylates are the one corresponding to-@é=CH-
deformation vibration (at 810 ¢hmand 1637 ci). The calculation of the monomer conversion is made by
considering the peak heights of these absorption b&wderding to the BerLambert law, the absorbanéeof

a species at a given wavelength is proportional to the molar concentration of this species. Wheb & dose

applied, its disappearance can be evaluated by the conversion ratio:

A §
C(%) 100u 1 —2®° )

om g
where (A )p=o is the height of the absorption band of the precursor system at the defined absorption band (810 or
1637 cnt, i.e., radiation.dose D is zero) and JAis the corresponding result for the system exposed to a dose
D.
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Fig. 1: FTIR spectra for the IR1 0.5% wt. HDDA for 20'minutes at the absorption band 816 cm

The Figure 1 represents the kinetics of polymerization of the interpenetrating polymer network IPN1 used in this
study under UV radiation according to the.amount of irradiation applied. Bblbeo calculate conversion into

acrylic double bonds, we carry out an enlargement of the band to 810t@ppears clearly that the absorbance
decreasas a function of the sample exposure time under UV radjatibich explains the progression okth
conversion of the system analyzed  into network at the end of 20 minutes. The peak observed and which
correspond to t = 20 minutes indicates a very small amplitude, which means that the quantity of monomers and

oligomers remaining inthe liquid state dmalve not been able to be polymerized is really negligible
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Fig. 2: Acrylic double bond conversion (%) of IPN1, IPN2, PEHA and PABu prepared by UV curing using
0.5%wt. HDDA

Figure 2 represents the results of a FTIR spectroscopic analysis of the difestamhs. This figure shows the
evolution of the acrylic doublbond conversion as a function of UV light exposure time. The inset of this figure
shows the same results based on the‘range between 0 and 300 s. It can be observed that increasingprradiation
to 20 minutes doses lead to an uptake of the monomer conversion. The PABu polymer network exhibit the
highest crosslinking density. of all systems studied here, leading to a relatively high glass transition temperature
(see DSC section), and'thus to dueed monomer mobility during polymerization. As a result, this last show a
lower conversion values.compared to the other systems. The PEHA polymer networks reveal a sharp increase of
the conversion/exposure time curve, showing a faster polymerizatiotickieempared with the other systems,

This can be explained by the enhanced mobility of the reacting species imraldtiche strongly reduced Tg

due to the greater distance between acrylic functions. Further increasepofyimer network densitieads to

reduced probability of chain propagation. As a consequence, the figure shows intermediate kinetics of the IPNs
(IPN1 and IPN2) compared to the PABu and PEHA polymer networks.
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Fig. 3: FTIR Spectra of different networks

The FTIR spectra of the diffent systems are shown in Figure 3. (To clarify the differences, only the
wavenumber range is shown). Absorption bands at-84bam 1063 cil (corresponding to the CH oof-

plane vibrations of @ H3 and O« H3), which are characteristic bands of PAB& forund in the IR spectra of

IPN2 and IPN1. The intensity of the peaks of absorption corresponding to IPNs becomes weaker from IPN2 to

IPN1 with decreasing amount of ABu'in the network.

Prepolymers swelling study:

The TanakeFillmore theory P9-32).is oneof thepioneering theories usddr describing the swelling process of
polymer networks/in different solvents and was used by different researchers to rationalize their experimental
data B3-36]. In‘this theory, only the osmotic pressure due to the sojvemetration used to explain the network
expansion during'swelling is taken into account and therefore the distribution of solvent in the network is not
consideredA criticism to this theory wasitroduced by Komori and Sakamot®7], where the authorssaumes

that the gel network is not extended due to the osmotic pressure of the gel, but to a swelling pressure which is
generated by the solvent excess penetrating in the polymer network that tends to contract. Indeed, in addition to
the swelling pressurassumed as driving force to expand the polymer network, the polymer network elasticity is
considered.These two models displayed a good agreements of the theoretical results obtained with the
experiment. In our case, andl taionalize our experimental dgtwe considean interestingapproach given by

H. Omidian B8]. Indeed, in this modebased on the Voigt viscoelastitodel presented in references {83,

the authors present an exploratory investigation of the influence of crosslinker on the abditiefing and on

the absorption ratio for the acrylic polymers. For this purpose, they associate the spring element with resistance

to expansion by the polymer network and the dashpot element with resistance to permeation.

9



The figure 4 and figure 5 showise swelling kinetics of both polymer networks at room temperature (T=21°C)
in both reactive mixtures made up of monomer + HDDA + Darocur 1173 during 2880 minutes. The solid lines
represent the theoretical fit obtained by fitting the experimental swealbitg to the expression (3) using the

Voigt viscoelastic model:
Q Q1 expV w ()

Given by H. Omidian38,4142], where (Xg/g) is the swelling capacity at time t, @/g) denotes the theoretical
equilibrium solvent absorption, t (minLY WKH VZHOOLQJ WLPH DQG 2 PLQ VWDQGV IR

time required to reach 63% of equilibrium solvent absorption. The results are listed in the table 2.

Q. 2
0.5 % 4,73+ 0,08 206,19+16,88
PABU (Wt-% HDDA) 2.5% 2,11+ 0,06 191,46+29,24
5% 1,43 + 0,04 165,89+22,56
0.5% 4,794 0,15 129,06+20,57
PEHA (wWt-% HDDA) 2.5% 1,89+0,03 120,02+8,37
5% 1,1+ 0,05 113,02+24,81

Table 2: different parameters extracted from the fits to-eq. (3)

These curves constitute a measure efdghantity of the reactive solution absorbed by the two different polymer
networks. As the time proceeds, the-two reactive solutions diffuse into the networks due to the concentration
gradient, the osmosis effect ceases and mixing dominates resultirey exgbnential swelling of the network.
Further, as expectely increasing the crosslinking degree of the first network the swelling of the monomer of
the second network will be loweFor the polymer networks with lower crosslinker concentratérhigh

swelling ratio is observedreaching approximately 5 times its initial weight. This ratio decreases when the
rigidity of the polymer, network is increased reaching thus approximately 2 times its initial weight for the
networks having 2.5% wt. HDDA, to acheapproximately 1.2 times its initial weight for the networks having

5% wt. HDDA.

10
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Fig. 5: Swelling of the PEHA network in the reactive solution containing theamer RABu
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The swelling time constant gives us informatadyoutthe ability of the polymer network to swell that is to say

that if a polymer network has a high swelling time constant value then its swelling is slow and spend more time
to reach saturatiorin the case of figure,@vhere we presenhe time constants extracted from the fits to eq (3)

for the different system$othtime constants shawa linear decrease with increasing the crosslinking ratio of the
different polymer networksThis was expeed because it known that the highly crosslinked polymer network
quickly reach equilibriumThe interesting observation heretisat the swelling time constants dhe PABu
networkare considerably higher than thgseesentedor PEHA polymernetwork The PABu network spends

more time to swell than the PEHA network. Thiglige to the higheddensitywhich is reflected orthe chains

mobility of the PABu networkThus, the penetration of tireEHA momomer inside thé®>ABu network.is slow,

that mean that thenieractions between the PABu network and tHeHA monomer are weak than in the other

case.

Fig. 6:time constant versus the variation of the HDDA Crosslinker (The lines are guides for eyes)

We perform an experimental determination of the medh] H DQG WKH PROHFXODU ZHLJKW R
between-crosslinkd, of the various systems studied here and we report in the tabié fyure 7the different

values derived from swelling experience. The knowledge of these two parametersaktorunderstanding the
nanostructure of the crosslinked network; they were reported in literdtB#b] by many researchers and can

be related to the swelling ratio. For gels at highly swelling conditiQrs 10), these parameters are given as:

— — 3/5
1/2 M 2 — F
Q VZ?“ °« EMc 4)
1 =

Cis the specific volume of the polymer, ¥ the molar volume of solvent, andf, is the polymersolvent

interaction parameter.
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g Q¥ (5)

— 1/2
Here ro2 is the rootmeansquared endlo-end distance of network chains between two adjacent crosslinks in

the unperturbed state. It can be determined usiadollowing relationship43]:

— _1/2

— 12

2 I CN ™ | anMc-g (6)
M. o

WhereC, is the Flory characteristic raticC{ = 9,24 for the BlyABu and 9,5 for the PolyEHAI is the bond
length along the polymer backbore=(1,54 A°),N is the number of bonds between adjacent crosslinksiand
is the molecular weight of the repeating unitshef composed polymel = 128,7 g/mol for the PolyABu and
184,28 g/mol for the PolyEHAAII these data were token from referencé&-47].

Combining Equations (5) and (6), one can easily calculate the mesh size of the polymer network.

PABuU PEHA
M. (g/mol) f$ M_ (g/mol) f$
0.5% 28900 770 30250 810
2.5% 7540 300 6280 270
5% 4000 190 2920 157

Table 3: Different values of the two parametdfisand derived from swelling experience

As we can see, the two parametbtsand are principally affectedy the degree of crosslinking of the two
polymer networks. Indeed, they decrease with increasing the crosslinking ratio and became smaller for the highly
crosslinked networks. That was expected. because as we did introduce the crosslinker in the polymeaset

we increase the density of the polymer network and thus the size of the chains decrease. The mgsh size (
playing the role of obstacles for theactive solutiorand consequently controlling the diffusion of the monomer
solution in the network.

Thermal analysisresults:

DSC measurements were performed to know the behavior of phase separation oneteat diiblymer
networks. The polymer glass transition temperature was determined from the Half Cp Extrapolated point of the
transition range.of the‘thermograms. The value for the glass trarisitibe average for several measurements
realized for each coposition.

13
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Fig. 7. DSC thermograms for the prepolymer networks

Figures7 and 8 represent respectively the glass.transition temperatures variation of the different prepolymer
networks and for the Interpenetrating polymer networks IPN1 and IPN2 with vamiosslinkingdensities

Only one single transition in the DSC thermograms for all the polynierdetectedespecially for the two
synthesized IPNsvhich indicates that.the IPNs does not present phase separation. This would suggest that the
different monaner 2EHA and nABu areperfectly miscibleln addition these figures clearly illustrate the glass
transition temperatures for each polymer network and its direct dependence withoskbnking density

Indeed, for the pure polymer network PABu and th&e polymer network PEHA, the glass transition
temperature decreases with the decrease ofrtheslinker In other words, in the highly crosslinked polymer
networks, the mobility of the polymer chains decreagash causeshat Tg is quickly reached, ppsing for the

loosely crosslinked networks where the mobility of the chains is not reduced, which makes the Tg is small, as its
mentioned in the tablé where we gathered all the values obtained during this experiment for all the polymers

networks.
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Fig. 8: DSC thermograms for the IPNs with different crosslinking ratio

Polymer PABuU PEHA IPN1 IPN2
0.5%wt. HDDA -45.25 -63.07 -65.24 -46.68

Tg 2.5%wt. HDDA -42.89 -62.36 -59.24 -47.59
5%wt. HDDA -40.09 -60.83 -54.27 -49.15

Table 4: The glass transitiotemperature for the different polymer networks

An analysis of the figur®, where we present the glass transition variation versus crosslinker percentage taken
from table4, informs us that the glass transition temperatures of both IPNs are close faotitother and are
controlled first by the quantity of the precursory polymer network present in the mixture. Indeed, for the loosely
networks, the'T@f the IPN1 shows a slight shift compared with the Tg of the PEHA network. Apparently with
the presencefthe PABuU in the IPN1 structure, this decreasing oivlg expected because in the network IPN1
where the presence of the monoméd£R2A is governing, by making references to the swelling curves discussed
before, this last tends to influence its behawiod thus to have glass transition temperature more or less close to

that of the pure network PEHA, and vigersa.
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Fig. 9: Glass transition variation versus crosslinker HDDA percentage

ATG results:

The thermo gravimetric analysis (TGA) was performeddtermine thermal stability of the polymeric materials

and to examine the influence of their structural differences on thermal stability. The corregpoundies are

given in figure 10 and figure 1dnd the corresponding data are given in t&bl€hesecurves displays that all

the studied networks decompose.in one single step, they are stable up to 300 °C; shows a continuous weight loss
in the range (34860 °C).characterized by an important weight loss, and decomposes completely beyond 500
°C. The corrgponding phenemena could be interpreted by a complete degradation of the materials (weight loss:
99.61%). It can be observed that the increase in the crosslinking ratio increase slightly the thermal stability of the
sample. However, kinetic aspect of thegdadation depends on the compound of networks; Indeed, The IPN1

has adegradation kinetic similar to the one of PEHA network, and The IPN2 has a degradation kinetic similar to

the one of PABuU network.
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Fig. 10: Thermogravimetric curves of the differesytstems

The figure 11 where the DTG curves are givehe peak of the curves presented for the networks of polymers
with a low crosslinking ratio is wide in comparison to-the other peaks; this is probably due to the presence of
some unreacted oligomersthvithe networks structure forming thereby an isolated blocks of polymer chains
from the polymer network. This behavior.does not exist by increasing the crosslinking degree, which confirms

thatone hastable polymer networks in their structures by incregase crosslinking density.

Fig. 11: Derivative thermogravimetric curves of the different systems
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The thermal stabilities of the different polymer networks were evaluated from TGA thermograms checking
temperature corresponding to 5%, 50%, and 95% oftwedoss (Ee, Tsow and Tse). The start of degradation

for all samples appeared to begin, with a light difference, at around the same temperature; however, the kinetic
aspect of the early stage of degradatimticates the presence of chain blocks whielve not reacted with the
polymer network and which influences the kinetics of the first degradation steps. After 50% of weight loss, the
thermal stability is found for all the polymer networks and thus an increase in the thermal stability with the

increag of the crosslinking ratio.

% wt. HDDA Tso (°C) Ts0%(°C) Tos96(°C)
0.5% 328 400 438
IPN1 25% 319 413 445
5% 338 421 450
0.5% 344 414 448
IPN2 25% 334 423 449
5% 336 424 452
0.5% 344 411 449
PolyABu 25% 349 425 456
5% 342 426 454
0.5% 344 402 442
PolyEHA 25% 339 410 442
5 % 349 423 448

Table 5: Degradation Data of the different.polymer networks

QUALITATIVE ANALYSIS:

The synthesis of thacrylic interpenetrating polymer netwoenabled us to deduce from it thts prearsory
networks presera highand a perfeatompatibility between thra. Thistwo chosen polymer networlese known

for their high reactivityandsimilar properties.

An observation of the/swelling curves shows that the polymer netweRigk$A and PABuhave \ery close
swelling ratio for the networks having the same proportions of the crosslinkef)Lhdecreases dramatically

as we pass from the‘hard to the loggdymer network. For the loosely PEHA network, a slightly higher
swelling ratio.is presentedgeverberating on the mesh size valu@sis behavior is expected and it is due
primarily to:the chemical structure of the two networks; The PEHA network present a longer polymer chain than
PABu. As we increase the amount of the crosslinker, we observenth&4Bu network presents the higl@s.x
values reflecting on the mesh size values.tdthe PABuU network swells slightly better than the PEHA network
when increasing the crosslinker density. So we can say that the increase in the density increas¢uthe stru
order too in the network and leads to a more stable network structure. The loosely polymer natworksa
huge amount of the reactive solutiowhich favors the formation ofsolated chain blocks insidehis
phenomenon isranslatedby a large pak in the DTGcurves of the loosely networkklowever,the higher
crosslinking density leads us to obtain a harder polymer networknanel stable in its structurehus a lower
swelling ratio. In other words, the increasing of crosslinking density Wit ghance to all monomers to react

and be attached to the crosslinker and form a dense and homogeny network; this increasing causes an apparition
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of a resistive forcef the polymer chains to elongatiamd consequently reducing the swelling ratio ratthem

polymer networks presenting lower crosslinking density

Another interesting information issued from the swelling curves is that we can control the amount of the second
monomer penetrating the first network just by controlling its swellifjdor example, we desire to synthesize an

IPN with a (50:50)ratio for each component, we swell the first network until it reaches 200% a swelling ratio
even if this latter has not reached its swelling balance yet, diffariognventional IPN synthesis methods

Another remark is that the increase in the percentage of the crosslinker leads to an increase of the glass transition
of the IPN1 bringing it closer to that of the PABu network. The same phenomenon (but inversed) is observed in
the case of the IPN2 in aske marked way. Indeed, the Tg of the IPN2 decrease this time by increasing the
percentage of the HDDA crosslinker approaching that of the PEHA. This brings us to conclude, that each IPN
network synthesized will be influenced mainly, in its propertiesheyamount of the absorbed monomer until
reaching equilibrium. For the loosely networks, the amount of the absorbed monomer will be the majority in the
resulting IPN and therefore this last will be dependent, in its properties, of‘the properties of ttedabso
monomer. This dependence is limited every time we increasedralsslinking. ratioof each networks until

(more or less) almostqual in the two highly crosslinked networks.

CONCLUSION:

In this work,we demonstrated a synthesis of a novel sequéantepenetrating polymer network, composed of
poly(2-ethylhexyl acrylatg and poly(n-butyl acrylat¢ and we /studied the physil properties by varyinghe
crosdinker ratio. The conversion of double bonds of the acrylate monomers was monitored by FTIR
spedroscopy in terms of radiation dose. The PEHA network shows the highest reactivity compared to the PABu
network. The intensity of the peaks of absorption corresponding to IPNs becomes weaker from IPN1 to IPN2
with decreasing amount tfie rABuU in the network. An upper limit of the double bond conversion was reached
near 9598%. Thecompatibility that exists between these two netwdskisivestigated by studying the swelling

of each network in the reactive solution containing the mixture made up of moandherosslinker. The results

show high swellings ratio. /Initially, the systems swelled exponentially to saturation over 48 h due to
concentration gradient.~These-ratios are very close for the networks having the same proportions of the
crosslinker and infon us. that the composition of the IPNs is controlled by varying the crossliakio in the

initial mixture; higher crosslinking density leads us to obtain a harder interpenetrating polymer network
homogenyand more stable in its structuféhe DSC resits inform us that the glass transition temperature of the
different studied systems is influenclegthe amount of the monomeabsorbed by the netwodnd that all the
resulted1PNs, especially theN with 0.5% crosslinkeidoes not present any phaseaagtion Finally, the TGA
thermograms show that all the networks decompose completely beyond &3@iCwas found an increase in

the thermal stability with the increase of the crosslinking ratio.
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