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Abstract:

The new phosphorus epoxy resins tetraglycidylisfpara- terephthalylidene phosphoric ester (TGT&H
hexaglycidyl of bis -para-terephthal phosphorice¢HGTEP) were synthesized by condensation ofeglgt and
new polycholoro organophosphate precursors. Thehegized resins have been characterized by Fowaiesform
infrared (FTIR),*H, °C and®P NMR analyses. Kinetic of cross linking reactions weseried by the determination
of epoxy values, curing behavior and thermal stgbivas followed by thermogravimetric analysis (T{zA he
viscometric study allowed us to determine the ttarof storage conditions of these resins. The tesallow
verifying the chemical structures of new synthesipeoducts. Thermal analysis reflects the goodniaébehavior of
new resins. The evolution of viscosity as a funtd temperature confirm that the synthesized sesan be stored at
temperatures above 45 °C without fear of damaged.
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1. Introduction :

The chemistry of epoxies and the range of commiér@sailable variations allow cure polymers tofreduced with
a very broad range of properties. The most widedgduprocess for the preparation of these prepokjnigrthe
glycidation [1]. Often found side reactions [2]rthg the preparation of a prepolymers epoxy, suctha formation
of B-chlorohydrins, the oxirane ring opening homopolyietion and the regenerated resin in the middéetien.

This often leads to a real functionality differéatthe theoretical functionality one, influencirggtreactivity with the
hardener and consequently on the characteristitplysicochemical properties of the final prodddte most useful
methods to determine the structure of epoxy resiesnuclear magnetic resonance (NMR) and FTIRyaral[3, 4].
To improve some specific characteristics of epgxiestry to synthesize new formulas (monomers) sic@ring the
relation between the physical properties and chalnsicuctures. To improve the thermal propertiespmxy resins
we propose to incorporate the phosphorus atomein gtructures due to its large contribution to féaeel of thermal
stability [5]. In this aim we propose to synthesim® new epoxies hexa and tetra functional comgigghosphorus
oxide groups and we study their, reactivity to srtisker agent, thermal stability and viscometréhaviours.
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2. Experimental part:

2.1 Materials

Phosphorus oxychloride (99%), Terephtalic acid (38%erephtalic aldehyde (98%), 1 hydroxy 2,3 epoapane
(99%) and 4,4’-diaminodiphenylmethane (DDM) areai¢d from Aldrich chemical company. All these migtis
were stored at 4 to 7°C and used without any funplification.

2.2 Synthesis :
The resins TGTEP and HGTEP were synthesized bgribeedures [6, 7, 8].

2.2.1 Synthesis of Tetraglycidyl Terephthal PhospHester (TGTEP):

The synthesis of tetraglycidyl terephthalylidens-pi phosphoric ester (TGTEP), requires two st&ig.X). In the
first one we mix 0.016 mol of terephthalic acid ugmin dissolved in methanol and 0.33 mol of phasph
trichloride, the mixture is stirred rigorously f& h at 25 °C using dichloromethane as solvent. Atevphowder
precipitate, which is tetrachloride-bis-para-tettbplylidene phosphoric ester. In the second stegondense 0.011
mol tetrachloride-bis-para-terephthalylidene phasghester and 0.08 mol glycedol (excess) in atsmiuof 40 ml
methanol, in presence of triethylamine, and thetunixis heated at a temperature of 70 ° C for IDhle. solvent was
removed by rotary evaporation, the obtained prothen dissolved in trichloromethane, washed witbewand dried
over sodium bisulfate. A transparent viscous produwlly obtained after removal of trichlorometamnder
vacuum, with a yield of about 70%.
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Fig.1. Synthesis of tetraglycidyl of bis-para- terephtlidne phosphoric ester

2.2.2 Synthesis of Hexaglycidyl Terephthal Phospttester (HGTEP):

The hexaglycidyle terephthalylidene bis-p-estergporic (HGTEP), is synthesized in two reactiogasa(Fig.2). In

the first step in 40 ml of dichloromethane is mix@®16 mol of a solution of dissolved terephthathlgde in

methanol and 0.33 mol of phosphorus trichloride, ifixture is stirred rigorously for 12 h at 25 °tBen evaporated
the solvent (dichloromethane), a yellow solutiowasiected which is a hexa chloro-para-terephtlddyle phosphate
ester. In the second step, 0.01 mol of bis-paradttedrro terephthalylidene phosphate ester has dmmensed with
0.15 mol of glycédol (large excess) in a solutié@d@ ml of methanol, while adding the triethylamiiee mixture is

heated to a temperature of 70 ° C for 24 h, theffoll@w the same protocol as in the purificatiosireabove.
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Fig.2. Synthesis of hexaglycidy! of bis-para - terephidighe phosphoric ester
214

O



J. Mater. Environ. Sci. 1 (4) (2010) 213-218 Ziraoui et al.

Obtained products can be explained by the propassttion mechanism presented in Figure 3.
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Fig.3. Mechanism of synthesis of the hexaglycidy! of bésg- terephtalylidene phosphoric ester.
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2.3 Measurement :
Fourier transform infrared (FTIR) spectra were rded on Brucker FTIR spectrophotometer using ATéhéque;
Vibrational transition frequencies are reporteavave number (cif). *H, *3C and®'P NMR spectra were obtained or
a Brucker Avance 300 NMR Spectrometer using GGlsolvent. The epoxy values of HGTEP and TGTER we
determined according to the method reported by lkaks@and Vinogradov]. The extent of reactioR is defined as
the fraction of epoxy groups at reaction timeThis is calculated from the epoxy value of theins, which is a
measure of the concentration of epoxy groups, usiadollowing equation:

P (%)= 100. Mo —M) / M,.
where Myand M are respectivly the molecular masses okgpt  and the instant t of glycidation .
Thermal degradation was carried by TGA in dynamiodem Pyrolysis of samples was performed in an ine
atmosphere under nitrogen. The viscosity measuresmeare made using a viscometer Ubbelohde.
The measuring conditions were as follows:
-Size 0c Viscometer for dilution series, capillargiameter 0.46 mm, constant k = 0.00
-Measuring temperature: 25, 30, 35, 40 and 45°C.
-Number of measurement: 3 each.
-Solvent: chloroform
-The starting concentration: 1.00 g resin 100mbrsforme. -The Hagenbach correction was calculagg the
formula given in DIN 51562.
-Solubilization of epoxy resin prepolymers in claform was carried out at 20 °C with magnetic siiri

3. Results and discussion

We performed the synthesis of the TGTEP and HGT#E®ugh glycidylation via the condensation of glyskdith
structures containing chlore, this pathway is uleedhe introduction of the oxirane group to a etyiof industrial
epoxy resin precursors. During the synthesis okgpoepolymers, some secondary reactions can take psuch as:
the polycondensation of glycedol, the formationcteen medium. These reactions are important insagathe real
functionality is lower than the theoretical functadity and responsiveness of the product is thusraled, which does
not happen without major influence on final produdtaracteristics : openness regeneration cycles thed
homopolymerization of oxirane prepolymer [10,11].

3.1 Spectral characterization:
Chemical structural compounds was confirmed by FapBctroscopyH, *C and®*'P NMR.
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3.1.1. Spectral characterization of TGTEP:

Tetrachloride-bis-para-terephthalylidene phosphagiter:RMN *H (ppm) :7,9 (s, 4 H aromatic). RMRKC (ppm):
134 (s, C aromatic) ; 140 (s, C tertiaire aromatid)1,5 (sC of phosphoric ester). RMRP (ppm): 13,9 (s, R-
P(O)CL).

Tetraglycidyl terephthalylidene bis-p- phosphorites : RMN *H (ppm) :2,23 (dd, 2H, CH oxirane) ; 2,7- 2,9 (m,
1H, CH oxirane) ; 3,8 et 4,3 (dd, 2H, géster) ; 7,9 (s, 4H, aromatic). RMRC (ppm):41,2 (s, CHoxirane); 52,4
(s, CH oxirane); 69,8 (s, P-O-G}4128,7 (s, CH, aromatic); 139,6 (s, C-C aromatl®1,3 (s, carbonyl). RMN'P
(ppm): 11,2 (s, R-P(0)G); 2,3 (s, O=P-(OR)). FTIR (cm'): 913, 93 (epoxy) ; 2877,39 - 2977 (elongati6iCeH)
1030,13 { of P(O)-O-C).

3.1.2 Spectral characterization of HGTEP:

Hexachloride bis-para-terephthalylidene phosphoester: RMN *H (ppm): 6,1 (s, 1H, HC-O-P); 6,8 (s, 4H
aromatic). RMNC (ppm): 71, 5 (s, C-OH); 128,2 (s, CH aromatic), 149,6Cstertiairy aromatic). RMN'P
(ppm) : 26,3 (s, ¢P(0O)Cl,) ;13,6(s, R-PO(GJ).

Hexaglycidy! terephthalylidene bis- para- phosphcester (HGTEPRMN *H (ppm) : 2,1 (dd, 2H, CHoxirane) ;
2,4 (m, 1H, CH oxirane) ; 4,3 et 4,5 (dd, 2H, Q¢H3,1 et 3,4 (dd, 2H, Chether), 5,5 (m, 1H, CH-O-P); 6,81 (s
4H Aromatic). RMN*C (ppm): 40,7 (s, CHoxirane of ether); 41,9 (s, GHdxirane of phosphoric ester)49,1 (s,
CH oxirane of ether) ; 50,5 (s, CH oxiran&®,3 (s, POCH ; 67,2 (s, CHO ether) ; 105,5 (s, CH-O-P); 128,12 (s
CH, Aromatic) ; 138,7 (s, C-C aromatic). RMP (ppm) : 26,3 (s, ££(0)C) ; 13,6 (s, R-PO(Gl), 2,1 (s, C-O-
PO(ORY)). FTIR (cni') : 931, 56 (oxirane) ; 2921,14 — 2983,04 (elorayatf C-H); 1019,94yP(0)-0O-C); 1190,61
(YP(0)-C).

3.2. Conversion rate:

The change of epoxy values as a function crossdinkeactions time of TGTEP and HGTEP monome
(condensation step) are presented in (Fig.4). We decreases in epoxy index at curing.

Initially, the variation of the index of epoxy remaalmost linear, this is due to a greater conegioin of reactive
sites (functions antagonists).The second partettirves shows a reduction in the kinetics of d¢irdeag that can be
explained by the low concentration of antagoniftioctions and the large size of macromolecular rehaivhich
makes the reactions between the amine hardenexpandes more difficult.
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Fig.4. Evolution of epoxy group versueaction time
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We note that, kinetic of cross linking reactionaigunction of a regioselectivity, the tetra funaid resin TGTEP
reacts easily than hexa functional resin (HGTEP).

3.3 Thermal stability of the new epoxy resins:

The presence of epoxies and DDM ( 4.4-diaminodigleethan as a curing agent) produces a hardenirigeof
resins due to the crosslinking reaction. The maierrhal characteristics of the studied resins, etdch from
thermograms (fig.5), according to the conventi@tahdard$12, 13], are classified in Tablel.
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Fig.5. TGA curves of TGTEP and HGTEP epoxy resins

Table 1. Main characteristics of the epoxies samples pgisl

Epoxies Ta(°C)  T10(°C) T5(°C) Su(°C)  Rsoo(%0)
TGTEP 205,09 391,12 430,08 386,93 38,64
HGTEP 213,18 391,11 480,66 82,89 49,33

The TGA curves show that decomposition of TGTEP IH@&TEP thermoset with DDM starts respectively 862G
and 213°C, the residues at 500°C of the both res®m88 and 49%. Compared with a several [6,103] 2studies of
the most useful epoxy resin DGEBA cured with DDMieh has a starting degradation temperature of@&#fd an
residue at 500°C of 22%, it means that the newthggized resins are more stable. All this regelfiects the low
kinetic of the thermal degradation of the TGTEP B@ITEP epoxy resins.

3.4 Determination of the storage temperature:

The viscometric properties can be directly relatdhe chemical structure or the degree of conwvarsif reactive
system [14;15]. The viscometric behaviors of prefdamesins were studied at different ranges of teatpes (Fig.6).
The curves present the effect of temperature owigo®sity of the new resins diluted in chlorofortine both resins
are almost the same behaviour whatever system tatope resin /solvent. The viscosity increasesngyeasing the
percentage of resin, which can be explained byptgress of the reaction of homopolymerization.e Wiscosity
increases with increasing molecular weight of thkite. Viscosities of each ratio remain constanfueetions of
temperature. It appears from this analysis that dlgathesized prepolymers based phosphate esters &a
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thermostability of avoiding self crosslinking dugistorage. We can therefore confirm that our sysitleel resins can
be stored at temperatures above 45°C without fedamaged.
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Fig.6. Temperature effect on viscosities of synthesizaakies.
4. Conclusion

Two new epoxies hexa and tetra functional have Isgathesized and characterized'bly °C, P NMR and FTIR.
The results confirmed the structure of our resifise epoxy resins were further cured with diamingnguagents,
4,4-diaminodiphenylmethane (DDM), to obtain theresponding epoxy polymers.

The thermal stability was confirmed by thermogragfrit analysis, the results prove the good thepnaperties and
stability of TGTEP and HGTEP resins. The viscontestudy confirms that the packaging of resins ede place at
room temperature without fear of self-crosslinking.
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