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Abstract — New series of unsaturated copolyesters based on dibdenecyclohexanone, were synthesized by the imfacial
polycondensation polymerization technique. Aldol codensation reaction in acid media was used for prepation of three kinds of
monomers and investigated by FT IR and 1H NMR. The qmwlymers have been synthetized by the polymerizath of 2,6-bis(4-
hydrxybenzylidene) cyclohexanone |, 2,6-bis(3-hydsybezylidene) cyclohexanone II, or 2,6-bis(4-hydrgx3-methoxybenzylidene)
cyclohexanone Il with isophthaloyl, terphthaloyl, adipoyl, sebacoyl and azobenzene 4,4-dicaroxyldiciiide. The resulting copolyesters
were characterized by FT-IR, IHNMR. The intrinsic viscosity of these copolyesters was used for the deteation of the molecular
weight. The thermal stabilities of the prepared coplyesters were evaluated thermogravimeteric analysiéTGA). Differential thermal
analysis (DTA) was used for determination of glasemperatures. X—ray analysis showed that polymers lva low degree of crystallinity.
The morphological properties of some selected copagters were detected by SEM. The dielectric and eteical resistance, capacitance,
inductance, demonstrating the insulator behavior otopolymers.

Keywords — Copolyester; Unsaturated; Synthesis; Characterization; Diarylidenecyclohexanone; Dielectric.

polyester and the solvent as vinyl acetate or nhethy
. INTRODUCTION methacrylate. Halogenated monomers can use forowimy
flame-resistance, such as ortho- and para-brormerstyf11,

2]. The unsaturation has been commercially syizintby
introducing low cost material like maleic anhydridand
fumaric acid in the polymer main chain [13]. If Ilpn
unsaturated acid and glycol are used, the finadiyebis too
highly cross-linked and brittle to be useful. Fhistreason,
copolyesters are normally prepared containing both
unsaturated acid and a non-cross-linkable acid. [D8f to
the highly extensive uses of unsaturated polyestecycling
process has been suggested to solve the problemssié
materials. One recent method involves the alcoéslisf
waste resin with propylene glycol, followed by re-
esterification with additional maleic anhydride [146]. More

Unsaturated polyesters are among the most commo
polymers used in conjunction with glass fiber reiofng [1, 2]
and widely used as thermosetting resins in varindsstrial
areas [3-5]. They are prepared by polycondensatiatiacids
and diols using titanium or tin alkoxides as catedyf6]. The
reaction temperature is usually up to 1%®D[6, 7]. For this
condition many monomers are not suitable for thenfdion
of linear polyesters, due to uncontrollable sidact®ns and
formation of gel [8-10]. Typically linear unsatuedt
polyesters processed to a relatively low molecwiaight then
it is dissolved in a monomer such as styrene tmfawiscous
solution. Crosslinking occurred usually initiatedttw free
radical initiator, as vinyl copolymerization betweehe
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styrene is then added to the reconstituted polyierecross- 2.2 Instrumentations
linking. Many studies for fabricated polyesters ngsi
biocatalysts and green monomers from renewableuress The infrared spectra for all solid samples wer@réed on

were introduced, attributed to the eco-friendly duats.  IR-470 infrared spectrophotometer, Shimadzu; andé Py
Furthermore, polymers are biodegradable [16,17]vattays,  Unicam SP3-100 spectrophotometer (Japan) usingpéBet
many studies were focused on the formation of wmattd  technique. Nuclear Magnetic Resonance  spectra for
polyester composites and their mechanical progefti@-19].  monomers and models were recorded on a Varian
Others studied the unsaturated polyesters as khgilieate =~ EM-390 (90MHz) spectrometer and GNM-LA (400MHz)
nanocomposites [20]. The ratio of the capacitanfeao (USA) spectrophotometer at room temperature in
condenser containing the material to the capactamwder DMSO or CDCI3 using TMS as the internal
vacuum referred to the dielectric constant of maleg). reference. Nuclear Magnetic Resonance spectradigmers
The capacitance of a condenser measures the emfent were recorded on a Bruker AVANCE 500 (USA)
charges was stored. One approach has focused dyirggu  spectrometer (500 MHz) at room temperature in CFQ0O
polymer thin films and their electrical properti@&h special The ultra-violet visible spectra were scanned o.Yisible
interest to dielectric behavior for their importapgplications ~ spectrophotometer, Labomed, (USA), Spectro DoulglanB 8
as insulation, isolation and microelectronics [222].  Auto cell, U.V D 3200, 190-1100nm in conc. H2SCg a
Addition of some conducting fillers to improve theagnitude  solvent The  solubility  of the  polymer  were
of electrical conductivity of insulating polymersatarials ~ e€xamined using 0.02 g of polymer In (3-5 mbf
have been published in recent articles [23, 24f @lielectric  solvent at room temperature. The inherent  visess
constant was measured for a variety of materigke li of the polymer  solution (0.5%w/v) 1n conc. H2S®@dre
cellulosic, [25] protein, and synthetic fibers [26] determined at  36C using an Ubbelohde suspended level
a/iscometer VWR (Germany). X-ray diffract graphs thie
polymer were obtained with Philips X-ray Pw 171@pdn)
diffractometer, using Ni-filtered CukK radiation. Thermo-
gravimetric analysis (TGA), differential thermaladysis they
are carried out in air with Shimadzu TGA-50 and D%®&
(Japan), thermal analyzer at heating rate of@@nin. The
morphology of the polymer were examined by
Scanning Electron Microscopy (SEM) using a JSM-
5400 LV instrument; images were recorded with a
Pentax Z-50P Camera with llford film at an
accelerating  voltage of 15KV (USA). Dielectrionstant,
2.1 Materials capacitance, inductance, resistance of polymers aealyzed
by HIOKI 3532-50LCR Hi TESTER apparatus 4(Japan) in
p-Hydroxybenzaldehde and m- Hydroxybenzaldehde werethe form of disks with 10 mm diameters and différen
purchased from Aldrich (Germany). 4-Hydroxy-3- thickness.
methoxybenzaldehyde (vanillin) from EI-Nassr Cheahic
Company (Egypt). p-Nitrobezoic acid from Merck (@amny). 2.3 Synthesis of monomers |, Il, Ill and their models
Adipoyl, sebacoyl, isophthaloyl and terphthaloylloztdes la, lla, llla.
were purchased from Merck (Germany), Cyclohexanone
Fluka (Germany). Other chemicals were purchased The monomers |and Ill and their models were sysideel
from  Aldrich, Merck, Fluka or BDH companies as described in our previous work [27, 28]. A neanomer
and purified by standard methods. Il and its model were prepared by the same proeethyr
condensation of m-hydroxy benzaldehyde with
cyclohexanone for 3 hrs. as brown needles from
ethanol, vyield 91%, m.p 2%6.

The work presented here outlines the synthesis an
characterization of new copolyesters of
diarylidenecyclohexanone. A major target for thisrkvwas
to study the effect of alkyl-cycloalkanone moiety the
thermal stability properties of copolyesters. Thgstallinity,
solubility, morphologic properties of this new daof
copolyesters were also examined. Moreover, thetredat
properties have been measured for the solid polymer

Il.  EXPERIMENTAL
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Model lla was obtained by the reaction of6-2, hot acetone, and dried under reduced pm@ssu
bis(3-hydroxybenzylidene) cyclohexanone and bghz (1 mmHg) at 100 °C for two days. Three
chloride as yellow plates from benzene yié@ho, copolyesters series were separated and castediaihylene

m.p 216°C. chloride.
'H NMR (90 MHz, DMSO-d6, §): = 9.75 ppm (s, Copolyesters of series IV were prepared by
2H, 20H group),at 7.65ppm (s,2H of 2TCHF copolymerization of monomers 2,6-bis(4-hydroxybdiagne)
at 6.8-735ppm (m,8Hof Ar-H), at 2.85np(m , cyclohexanone I, 2,6-bis(3-hydroxybenzylidene)
4H of 2CH2 ) and at 1.85 ( pented , 2H of CH+H2 o cyclohexanone |IlI, series V monomers 2,6-bis(4-
cyclohexanone ). hydrxybenzylidene )cyclohexanone |, 2,6-bis(4-hygr8-
methoxybenzylidene) cyclohexanone Ill, and seri¢s2)6-

IR (KBr)(Il monomer):v = IR spectra recorded from KBr
pellets showed characteristic bands for C=0 cyclahene at
1690-1700 cm ; C=C stretching at 1590-1600 ¢m;
phenylene rings at 1590-1510 ¢m

bis(3-hydroxybezylidene) cyclohexanone Il 2,6-bis(4
hydroxy-3-methoxybenzylidene) cyclohexanone lllthaacid
chlorides IVa (isphthaloyl chloride), Vb (terphtbgl
chloride), IVc (adipoyl chloride), 1Vd (sebacoyllohde) and
'H NMR (90 MHz, CDCI3 ,8): 8.25- 8.60 ppm (m , 4H |Ve (azobenzene 4,4-dicaroxylchloride) as showfidhlel.
30,34,35,39 Ar-H), 7.50 - 8.10 ppm (m, 12H 1431933,
36-38 Ar-H), 7.15 -7.25 ppm (s, 2H ,8,9- CH=C)s@

2.90 ppm ( t 4H.2.4- 2CH?2 ), 1.25 — 1.85 ppm (peﬁH 3. TABLE 1: MOLE RATIOS OF MONOMERS ACID CHLORIDES, PHYSICAL

STATES, YIELD%, VISCOSITY AVERAGE MOLECULAR WEIGHT AND

CH2 ) of CyCIohexanone. GLASS TEMPERATUREOF SYNTHETIC COPOLYESTERSSERIESIV, V
IR (KBr) (lla model):v = 1735 (s) (C=0 of ester group), AND V.
1670 (s) (C=0 of cyclohexanone ), 1600 (s) (C=C)
Acid chloride Yiel Mv Tg
2.4 Synthesis of 4,4-azodibenzoyldichloride Code  (0.04mol) in 100ml  d [%)] 10° [°C]
dry CH.CI, g/mol
This has been done in two steps the first is thmédion Series IV
of azobenzene 4,4-dicaroxylic acid followed by ocension to IVa 4.02g 93 9.00 70
acid chloride azobenzene 4,4-dicaroxylchloride escdbed IVb 4.02g 91 8.78 78
previously [29,30] . Ve 3.669 87 8.45 55
Ivd 4.769 82 10.75 67
2.5 Synthesis of Copolymers Ve 6.14g 83 7.43 95
In a three necked, round — bottomed flask 0(50 el v
cm3 volume)  equipped with a mechanical  estirr Va 4.029 88 6.89 65
(2000 rpm/min ), dry nitrogen inlet and out, leind Vb 4.029 91 8.93 82
dropper, a mixture of two different monomers Ve 3.669 85 9.38 o
(mol/mol ) of diarylidenecyclohexanone, and a itahie vd 4.769 94 9.77 80
quantity of sodium hydroxide; that is stoichidrie Ve 6.149 83 6.55 105
quantity  (0.02mol ) of 100% excess (0.04 mol | Series VI
dissolved in 100 ml of water was introducaAtter Vlia 4.029g 94 9.73 88
mixing (0.02 mol.) of acid chloride dissolveih 40 Vib 4.02g 90 7.45 93
ml  methylene chloride was added over a ogeri Vic 3.669g 92 7.75 85
2-3 min. at 25 °C and vigorously stirring. After Vid 4.769g 89 8.32 86
complete addition of acid chloride, the &tigr Vlie 6.149 87 6.23 115
was continued for 60 min., during which gell
solid product separated out. The solid polyme [ll. RESULTSAND DISCUSSION

was filtered off, washed by water, hot ethlan ] )
Here, in this study we used new monomers based-on 3
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hydroxybenzaldehyde for the formation of 2,6-bis(3- synthesized by interfacial condensation polymeidzat
hydroxybezylidene) cyclohexanone Il by the reaction technique for one mole of both monomers and twoesalf
condition as described ischeme 1 Further, the model acid chloride as described stheme 1 The same technique
compound was also synthetized and both were clesized was used to synthesize a series of polyesters @gpulyesters
by IR and"HNMR. of diarylidenecyclopentanorjdl].

The new copolyester series containing
diarylidenecyclohexanone moiety in the main chaierev
o
o
? o} 0 (o]
2 . HCl g9as Ho O \/ O OH CXL Qo x 2 >3 0(@
éﬁo” — OO0 5 g

NaOH, 10wt%

(0]
1 HO OH 2,6-bis(4-hydroxybenzylidene)cyclohexanone

HO o) OH

1 O \/ Q

2,6-bis(3-hydroxybenzylidene)cyclohexanone

_ o-
Oh N ? = 2,6-bis(4-hydroxy-3-methoxybenzylidene)cyclohexanone
M HOL )™ OR
Q9 Interfacial Pol d ti
(11 or [1+m]) or [nem]) +  20”r* nterfacial Polycondensation
Acid chloride NaOH/CH,CI,
0 0 E; [ o o
§Series|v§ * 0° R™ o o OLR *  |R= @ -
O~y . g
Jml n
(CHy)4
i 0 0 0] [ -o 0-0 O
| \ o ¢ c
| SeriesV | *TO N O"R g /o /N .
| Series E 0 I OBY 0" "R
L Iml h —(CHz)g—
d
RIS o X % 8
(‘seri l wdod S~ yo’
| Series YL«% o) v /) OR o o O *@m
O~y )
e
L dm n

Scheme 1:Synthesis of 2,6-bis(3-hydroxybezylidene cyclohexs) 11, its model compound and copolyesters désd¥V, V and VI.

3.1 Polymer characterizations for C=0 ester at 1730-1745 &mC=0 cyclohexanone at
1690-1700 cmi ; C=C stretching at 1590-1600 ¢m

IR spectra:lR spectra recorded from KBr pellets was phenylene rings at 1590-1510 ¢mandC-O-C bonds (ether
mixed with respective polymer showed characterisnds  linkage) at 1250-1266m™.
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3.1.1 'H NMR spectra TABLE 2: SOLUBILITY CHARACTERISTICSOF COPOLYESTERSSERIES
IV, V AnD VI.

'H-NMR spectra were recorded using a BRUKER DRX-
500 spectrometetH-NMR spectra were measured at 25 °C in Polyme A B C D E F G H

CRCOOD as an internal reference. The chemical sfiifts Code
ppm) are referenced to tetramethylsildigure 1, shows the Series IV
"HNMR for selective copolymer®/a, Vd, Ve, Vla, Vb, Vle) IVa - - - - - + + +
all spectra recorded the presence of: 0.90-1.030-1.65, IVb - - - - - + + +
3.00-3.50 ppm (Mm-CHcyclohexanone), 4.00-4.30 ppm (m-  |V¢ + + - - - + + +
OCHg), and 7.00-8.90 (m-Ar-H). Moreover, polymiéd with Ivd + o+ - = = + ak +
sebacate main chain showed at 2.5-2.90 ppm (13)-CH Ve + o+ - - - + + +
Series V
Va - - - - - + + +
CF.CO0D
| Vb = = = = = + + +
Ve + = - - - + + +
vd L@ = = = + + +
! 1 Ve + - - - + o+ o+
_ tll, Series VI
: 3 "‘j“ ']i”}:‘— Via - - - - -+ o+
_J ‘h 11 Vib - - - - - et T et
T - Vic + o+ - - -+ o+ 4+
5 RN U Vid oo o= = = &G §
j \jb : Vle + o+ - - - o+ 4+ 4+
e A (DMF), B (DMSO), C (NMP), D (m-cresol), E
Figure 1: 'HNMR (CR,COOD) of copolyester. (Chloroform: acetone 1:1), F (DCA), G (TFA), H
(Conc.HSQ,). (+) Soluble at room temperature
3.1.2  Solubility: (RT); () partially soluble at RT; (-) insdile at
RT.

The solubility of the polymers were tested in vaso
solvents including N-methyl-2- pyrrolidone (NMP)iraethyl
formamide (DMF), m-cresol, dimethylsulphoxide (DMBEO
CHCls—acetone mixture, dichloroacetic acid (DCA), and Polymers under measurement and standards were
concentrated B0, It was found fromTable 2, that the dissolved in trifluroacetic acid as solvent. Thescasity
majority of the polymers were completely insolubieNMP, average molecular weights of polymers were detezthin
m- cresol, CHGl-acetone mixture. In  strong  protic according toMark-Hounwink equation[32-33] as shown in
solvents as  (DCA) (gCHCOOH) or (TFA) (RCCOOH) Table 1
the polymers are completely soluble at room 3.1.4 Thermal analysis
temperature. In case of (cong3®,) all polymers are
completely soluble at room temperature. The shghtgher
solubility of polymers based on the aliphatic cha&irDMSO
and DMF in comparison with polymers have aromatiaics
in which the presence of aliphatic chains with foureight

3.1.3 The Viscosity average molecular weight
(Mv)

The thermal stabilities of selected examples of
copolyesters were evaluated by thermogravimetaralyais
(TGA), Differential thermal analysis (DTA) in ait a heating
rate of 10°C min™.

methylene groups in the position of rigid benzeaesed a 3.1.5  Thermogravimetric analysis (TGA)
small increasing in the solubility in the formerlyoers than TGA curves of all polymers showed similar pattenfs
the later polymers. decomposition. The temperature for 10% weight liss
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considered to the polymer decomposition (PDT), terajure
ranges between 280 —370. It should be noted frofigure
2A that copolyester that contain aliphatic groupha main
chain are thermally less stable than the other aittmatic
groups in the main chain. It should be noted thatgresence
of methoxy groups in the main chain increase therntial
stabilities.

It is clear that copolyesters with azo group aswshin

copolyesters. It should be noted that polymers withd
chains would be expected to halighigher than those with
flexible molecules. This is because, on meltinglymers
with stiff backbones have lower conformational epy
changes than those with flexible backbones. Theincha
flexibility is enhanced by the presence of -(COO#nd by
increasing the length of —(GH units in the main. The chain
rigidity is enhanced by the presence of aromatiups in the

Figure 2B underwent decomposition in two stages. The first main chains [34].

stage in the thermal decomposition of these polgmeay be
the elimination of azo group, probably as moleculgtogen.
Back and Black [34], reported that the first stephe thermal
decomposition of certain aromatic polymers prepabsd
oxidative coupling of primary amines occurs in losf
nitrogen.

A 7
? 904 —|Ve
S~ 807 —Ve
No—
o 7 Vie
[
(]
- 504
whed
5
D ]
()
; 201
104
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100
B " —
o\° 80 Ve
- vd
o 70
[72]
O 604
- 50——\
S
m 40 N
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; 20
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Tempreture
Figure 2A, B: TGA of copolyesters.

3.1.6 Differential Thermal Analysis (DTA):

The selected examples of copolyesters were exaniped
DTA measurements as shownFkigure 3. The values ofl,
were summarized ifable 1. From the DTA curves it is easy
to determine the glass transition temperatilijeof these

It should be noted thalys for copolyesters with azo
groups have higher values than copolyesters othEns.
interpretation, attributed to the presence of azugs in the
copolyester main chain, causes high hindrancesternial
rotation about primary valance bonds, and hencesaj, [35].
The higherTgs values of copolyesters Ve and Vle than Ve,
attributed to the presence of methoxy groups akeagioups,
which increase the intermolecular bonding in copstgr
chain, will significantly increasegI[35].

3.1.7 X-ray analysis:

X-ray diffractograms of selected examples of
copolyesters showed an amorphous patterns in e =
5-30, after this region showed a few reflections ofrphass
peaks with an amorphous back ground in the regio20 =

30-6C, this  indicate some degree of polycrystallimifythe
polymer. It was noted from theigure 4 that the
presence of cyclohexyl ring in the polymer chai
beside the presence of methylene groups, foeight,
increase the polymer chain flexibility, thatrge the
approach and mutual attraction of the eatja
chains might be induced some extent of crystilini
Moreover, it should be noted that the
presence of methoxyl groups as substituemt i
the phenyl ring caused some hindering &etw

the repeating units and enforced its to the womsgtrical

orientation in  the polymer chains and redudeddose
packed structure and hence these copolyestersieghily a

low degree of crystallinity [30]Moreover, in copolyesters
(IVe, Ve, Vie) the presence of —N=N- as a polarugran

addition to —C=C- bonds induces some order between

adjacent chains in the polymer towards some extd#nt
crystallinity [36-37] as shown ifigure4.
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Figure 3: DTA of copolyesters.

examples of copolyesters showed that the surface of

copolyester IVa inFigure 5, magnification of X=750 likes
I l scapolite shape which appear as fibrous aggredatégure
b A » i — 6, magnification of X=5000, showed granoblastic, aios
—-—l_____k —Ve type, which likes quartzite rock .Figure 7, magnification of
~ _:f"; X=1500 likes coral shape. Figure 8, high magnification of
l L —Vlb X=750.
~ A =3 s Via
l A i Figure 9 magnification of X=350 showed fibrous
Nl aggregates, like scapolite group.Rigure 10 magnification
———-,.J A A o of X=150,; appear as granular and compact waxyHapk
ir! N masses which likes gypstum.
T T T - 1
20 40 60 80

20

Figure 4: X-ray diffraction patterns of copolyesters V (a)ched
Vi(a,b,e).

3.1.8 Morphological features:

The morphology of the synthesized copolyesters was
examined by scanning electron microscopy (SEM). $B#
samples were prepared by putting a smooth parblyfier
on a copper holder and subsequently coating it \gitkd
palladium jcllloy. SEM images were take.n on a penzb P Figures 5: SEM images of copolyesters IVa surface at 750nm
Camera with lliford film at an accelerating voltage15 kV
using a low-dose technique [30, 37]he study of selected

1O 000004

maghnifications.
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I1SkV XS.000 Svms 000008

Figures 9.SEM images of copolyesters Vd, surface at 350nm

Figures 6.SEM images of copolyesters, 1Vd, surface at 5000nm
magnifications
magnifications.

100Mm OO0000S

. . Figures 10.SEM images of copolyesters IVe surface at 150nm
Figures 7.SEM images of copolyesters Vlc, surface at 1500nm

S magnifications.
magnifications.

IV. CONCLUSION

Here we synthetized new aliphatic and aromatic
copolysters by interfacial condensation polymerizat
technique. The solubility of polymers was very pdar
organic and inorganic solvent except in very straaigls such
as sulphuric and triflouroacetic acids. XRD resudtowed
amorphous case with respect to some semi-crystalliith
aromatic and azo copolyesters. Thermogravimetralyaes
indicate one and two steps of decompositions. Tlassg
temperature was determined by DTA showed increasitiy
aromatic and azo copolyesters. The heterogeneatiacsu
with the formation of layers has shown by SEM inmge

Figures 8.SEM images of copolyesters, Va, surface at 750nm

magnifications.
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poly(butylene terephthalate) and a fluorinated
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