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ABSTRACT

The copolymerization of propylene oxide (PO) witrahydrofuran (THF) catalyzed by Maghnité-Mag-H")
was investigated. Mag-H a nontoxic catalyst for cationic polymerizatiohvinylic and heterocyclic monomers, is
a montmorillonite silicate sheet clay. This catalygs prepared through a straight forward protoncleange
process. It was found that the copolymerizatiorbidk is initiated by Mag-H at room temperature. Various
techniques, including MR, IR, and Ubbelohde viscometer were used tddalte structural characteristics of the
resulting copolymers. The effects of the amouManf-H™ and propylene oxide were studied. The copolymiiza
yield increased as the proportions of catalyst gmdpylene oxide were increased. Finally, a mecharisr the
reaction was proposed.

Keywords: Cationic polymerization, Ring opening, Maghnidontmorillonite, Cyclic ethers, Propylene oxide,
Tetrahydrofuran.

INTRODUCTION

The commercially important elastomers areamoiphous homopolymers of epichlorohydrin aswell as
copolymers and terpolymers epichlorohydrin ethylene oxide, propylene oxide, and allyl giytether
Polyether elastomers are usedaimomadive and industrial applications that requimaterialswith low gas
permeability, retention of flexibilityat both low and hightemperaturesand stability upon extended
exposure to heathydrocarbonsand ozone[1].

A variety of reagents will catalyze theing-opening oligomerizatioor polymerizationof epoxides [2],
including metal alkoxides [3], tin reagents],[Aydrolyzed zinc and cadmium alkyls [3jeterometallic
cyanide complexes (e.gZn3Co(CN)s) [6], calcium amide-alkoxides [7], and neutral and cationic

aluminum complexessupportedby chelating ligands sucas porphyrins[8], salen [9,10],diamidoamines
[11], biphenolateg12], and others [13]. The inconvenienceEmany of these catalysts include high cost, poor
polymerization activity, and generally, they are toxio order to avoid these disadvantagesjd-treated clays
mineral, green catalysts, such as montmorillonite or kaotenican be usedas an
alternative for the same reactions. Thusgcid-treated clays react as heterogeneous acidystst or
catalytic supports. They were easy removal fromptaduct. The proton-exchanged clays have both fegnand
Lewis acid sites in the interlamellar zone and i®ocharacterized by promoting acid-catalyzed reast{13]. There
are many examples of Brgnsted acid catalyzed meectarried out with commercially acid-treated momtillonite
catalysts [14-17]. Acid-treated clays mineral hdeen also successfully used as catalysts in polgatEm of
vinyl or heterocyclic [18-20].

Natural Maghnitehas low catalytic activity but it is relatively sa® convert it into catalysts by a simple acid
treatment giving thereby Mag-HMag-H+ is a green catalyst, it wasccessfully used in cationic polymerization of
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vinyimonomers and heterocyclic monomers [21-27].

In this article propylene oxide (PO) was selectedring opening copolymerization with Tetrahydrafar(THF),
using Maghnite-H as catalyst. One advantage of copolymerizing THifa WO is the higher yield of polymers
achievable compared to homopolymerization along. [@&er advantages included better elastomeripentes of
polyurethanes compared to elastomers derived frorhédmopolymers or PO-EO copolymers [29].

Moreover, this method has a double benefit, th&t g that the catalyst can be easily separated fedm the
polymer product and regenerated by heating at ad¢esture above 100 °C and the second is the nopfus@vent.
Indeed, the use of solvents produces largest amafuatixiliary waste in polymer science. Due to fhet that
sustainable chemistry is becoming more and moreitapt in polymer research, alternative reactioriendnave
been investigated in order to eliminate, reduceeplace the use of organic solvents.

MATERIALSAND METHODS

2.1. Samples

Maghnite-H, a montmorillonite silicate sheet clay, was olgdifrom the western part of Algeria and delivergd b
the National Company for Non-ferrous Mining ProduENOF. It was prepared according to the processrited
by Belbachir et al. [30]. Indeed, the raw-Maghr({@® g) was crushed for 20 min using a prolabo cérdralls
grinder. It was then dried for 2 h at 105 °C. Thagdtnite was placed in an Erlenmeyer flask togettittr 500 ml
of distilled water. The Maghnite/water mixture wstirred using a magnetic stirrer and combined \it5 M
sulphuric acid solution, until saturation was awki over 2 days at room temperature, the mineraltihven washed
with distilled water to became sulphate free arshttiried at 105 °C.

Tetrahydrofuran (THF 99%), 1,3-Dioxolane (DXL 99%).0pylene oxide (PO 99%), Epichlorhydrin (ECH 99%)
and Chloroform (99%) were obtained from Aldrich arsgtd as received.

2.2. Characterization

2.2.1. Characterization of Maghnite-H".

The BET surface area and pore volume of sample determined by Nitrogen sorption at 77 K using eé3AR
2020 V3.04 E from Micromeritics.

X-ray fluorescence (XRF): the chemical compositiohsaw and acid activated Maghnite were determingXRF
using a PW 2400 Philips Analytical wavelength-dispee sequential XRF spectrometer with SuperQ P A&l
software.

X-ray diffraction (XRD): the XRD spectrum was pearioed on oriented samples with a Bruker AXS D8 Adbéan
diffractometer equipped with LynxEye linear detectoith Co Kol radiation {=1.54056 A) and a scanning interval
of 20 = 0° to 70° and a scanning speed of 0.02°/s,ahr@mperature.

FTIR: the FTIR spectrum was recorded on an AlphiRFBrucker spectrometer (400-4000¢n

2.2.2. Characterization of copolymers
H'NMR: the HNMR spectrum was recorded at room temperature 800aMHZ Bruker Avance spectrometer
using CDC} as solvent.

FTIR: the FTIR spectrum was recorded on an AlphtRFBrucker spectrometer (400—4000 ¢m

Intrinsic viscosity:viscosity measurements were carried out with andltddtale capillary viscometer (Viscologic
TI1, version 3-1 Semantec), in HFIP at'G0

Gel permeation chromatography (GPC): The molecuwarght and its distribution were determinate by Gel
permeation chromatography, using a Spectra phy&icSP8430 equipped with a polystyrene gel colunt0(®)
and with tetrahydrofuran (THF) as an eluent abavftate of 0.80ml/mn at 25°C.

2.3. Copolymerization of tetrahydrofuran with propylene oxide

The copolymers were synthesized by cationic ringnoy polymerization of tetrahydrofuran (THF) witltopylene
oxide. The bulk copolymerization was carried ous@aled tubes at room temperature (20°C). Eackureixvas
prepared with a weighted quantity of Mag-Hried just before use forlh in a drying oven a®°@@ Each tube
contains a mixture of 7.21 g (0.1 mol) of THF, §.80.1 mol) of PO and a certairercentage by weigldf Mag-
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H*/monomers. The molar ratio (f) of THF to PO (f sr#neotnrue) Was kept constant in all tubes. The mixture was
stirred with a magnetic stirrer. When the reactiome was over, the reaction mixture was cooledifieation and
removal of unreacted monomer and low molecular htemplymers were carried out by dissolving the picidn
chloroform (CHC}) and filtering to eliminate the MagHThen, chloroform was removed by evaporation.

RESULTSAND DISCUSSION
The cationic ring opening copolymerization of THRWPO was examined in the presence of Mdgpbwder in

bulk at room temperature (Scheme The polymers were obtained as highly viscous dlmilar results are
obtained by H. Thomas et al. [31]. The resultsstu@wvn in Table 1.

CHa
o) OH
O o  MagH HO/\({ V\/Ho)\me
§ / + HaC—<] R
3 Room T CHs
+
THE PO CHs 5 o
o Ao
Scheme 1 CHS

Table 1. Copolymerization of THF with epoxide induced by Mag-H* (t = 24h)
f mpo(9) Mrue(g) Muagrt(g) Convesion% Mn  Mw  I=Mw/Mn

0.9 0.58 6.45 0.703 23 991 2634 2.66
05 58 7.21 1.301 89 1050 3033 2.89
0.1 5.22 0.72 0.594 41 696 1446 2.46

3.1. Characterization of Maghnite-H".

The best value of monomer conversion was obtainéth Waghnite-H 0.25 M, in which there is a complete
saturation ofmontmorillonitewith protons without destruction of catalyst sturet[30].

Mag-H" was found to have a BET surface area (SSA) ofS8t4g, an average pore diameter of 62.46 A and total
pore volume of 0.00772 ctig. The SSA of Mag-His close to that (61 fy) obtained by Macht et al. [32] for
montmorillonite.

The chemical compositions of Mag-hvas given in table 2. Results show that the alan@ind silica oxide are
present in major quantities while other minerabs present in trace amounts and that Maghnite dayains mainly
Al** with some F& and Md* as octahedral cations and?G&* and N& as exchangeable interlayer cations.

Table 2: Chemical composition of raw Maghnite and Maghnite-H*
SIQ, Al,O; FeO; CaO0O MgO NgO KO TiO, SO PF*
Raw Maghnite 69.39 14.67 1.16 0.30 1.07 0.50 0.79160 0.91 11
Maghnite-H 7170 1403 0.71 028 080 021 077 015 034 11
*PF: Pert in Fire

The XRD pattern of the acid-treated Maghnite (fgd) shows peak positions, observed in the rayeé-240°,
characteristic of montmorillonite (table 3).

Table 3: X-ray characteristics of Maghnite*H

dra (A) hkl
15.21 001
4.45 110
2.57 200
1.67 009
1.49 060
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Figure 1: X-ray Power Diffraction of Maghnite-H*

Figure 2 shows the FTIR spectra of acid activateagM’, all montmorillonite characteristic bands are prés
(Table 4). FTIR Spectra are in good agreement hitéhature [33].
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Figure 2: FTIR Spectra of Maghnite-H"*

Table4: FTIR resultsof Mag-H*

Wavenumber ci Attribution

3624 Stretching vibrations due to hydroxyl gringmded with AT* cations
3415 OH groups stretching vibration of physisoriaeder molecules
1631 OH, bending of water molecules due to hydnatio
1450 absorption of calcite
1114 Si O stretching, out-of-plane

990-1006 Si—O stretching in tetrahedral sheets

914 and 844 ADH stretching, AlFeOH and AIMgOH hydroxyl bemgl vibrations

623 ascribed to the perpendicular vibration of Al-O

515-460 stretching and bending vibrations of th©S\l (Al in octahedral) and Si-O-Si groups respesly

3.2. Copolymer Character
The Mw, Mn and polydis

ization
persity of the copolymer weneasured by gel chromatography (GPC) (table 13ulRe

show that the PO is more reactive than THF.

Figure 3 shows théH NM

R spectra ofthe poly (THF-co-OP). According to the work published by Hamilton

and Semlyen [34] and Oguni et al. [35]. Toepolymer (poly(THF-co-PO)) (scheme 1) reveals abtaristic

resonance lines for the
groups of THF a6 = 1.78

methyl groups of the PO _{CHepeating units ai= 1.1 ppm, the central methylene
ppm, and all other methylefigroups of THF and PO) adjacent to the oxygen atem a

a complex signal at= 3.5-3.8 ppmThe chain end proton of the secondary hydroxyl{@H) appears at 2.4

ppm.
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For a preview on the structure of the copolynefIR spectra of the copolymers were recordeidstly, we
observe the disappearance of the characteristit e epoxy function located between 890 and@fé This is
evidence that the polymerization takes place bg wpening All copolymers showabsorption bands between
2850-3000 cm-11082-1113 cri corresponding, respectively to stretching vibragicof aliphatic C—-H of the
methylene and to the C—O-C stretching vibratiemally, all copolymers show absorption at around 3480"
assigned to stretching vibrations of hydroxyl o&thend.

gCH3 h
b d e
h @) fl. OH
A: Ho)\/f Mo“(}m
gCH3
ade,f bc g
| |
CDCl; h
l

Figure 3: Iy NMR spectra in CDCl;of the poly (THF-OP) (f = 0.5).

3.2. Effect of the Amount of Mag-H* on the copolymerization

The cationic copolymerization of THF with OP intta with Magh-H was carried in bulk. Figure 4 shows the
effect of the amoundf catalyst on the yield copolymerizatiots can be noted in this figure, the copolymerizatio
rate increased with the amount of Mag-Hihese results clearly indicate that an optimtd od reaction is obtained
at room temperature in bulk, this phenomenon i®alty the result of number of initiating activeesitresponsible
of inducing polymerization, and this number is prdjpnal to the catalyst amount used in reactiamil8@r results
are obtained by Belbachir et al. [23, 36], and Mjopo et al. [37], in the polymerization of N-vingyrrolidone and
THF by Mag-H and the polymerization of styrene by montmoriltenrespectively.
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Figure 4: Effect of Mag-H" proportion on theyield of copolymerization of THF with PO. (f = 0.5)
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In contrast, as depicted in Figube the viscosity intrinsic is inversely proportidria the amount of Mag-H The
viscosity increases up to 16 hours of reaction hdya reduction of the latter is observed, indigatia
depolymerization. This result is in good agreemgitlh the proposal that Mag-Hs present as the active initiator
species since the number of those species shouldlded to their surface area. Similar resultsabained by
Yahiaoui et al. [38], and Crivello et al. [39], he polymerization of cyclohexene oxide by Mag#hd by Cobalt
respectively
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Figure5: Effect of Mag-H* proportion upon theintrinsic viscosity (f = 0.5).

3.3. Effect of the molar fraction of THF on Copolymerization

Figure 6 shows that the conversion increases asi@snod epoxide increases. Result shows that inargas the
propylene oxide amounts gave higher conversionsa fimlar fraction equal to 1, the polymerizationTéfF does
not occur, this shows that the PO is the firstatitd. Results are in agreement with those obtdiyeBudreckiene
et al. [40] which have copolymerized THF with 93&poxypropyl) carbazole.
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Figure 6: Effect of THF/PO molar ratio upon the conversion (% Mag-H* = 10, t = 24h).

3.4. Mechanism of the reaction
According to the foregoing discussion and the tesofl product analysis, we may suggest a catiogichanism for
the resulting reaction of copolymerization of THRWOP induced by Mag-H(Scheme 1 and Scheme 2). Protons
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carried by montmorillonite sheets of Mag-duced the cationic polymerization; these monthaemite sheets take
place as counter-anions.

In the copolymerization of THF with PO, The firgage (initiation), both P@ndTHF can coordinatewith the
Mag-H" generating complewith THF andPO. However complexwith THF cannd undergo initiation
dueto itsstable five-membered secondaxonium ion andis subjectto nucleophilic attackvag-H"

forming an active centef41]. The more highly strained complexwith PO has a muchhigher
reactivity. The a- or pB-bond cleavage of the activatedPO ring leads to complexes |l or I,

respectively (Propagation then take place by conventional catioimg opening mechanism). Terminatioras
caused by kD presented as adsorbed molecules in the MaguHace.

H HO
Maghnite——g @ HAC g{g\\o (1 _>*+o<j
A Fast(|<|) CHg
HyC Q Q HO‘& Q

M
CH,
YD gufny et e
. CH, 2) H,0 cH,
4& Q HO)\/% WH /\&/OH + Maghnite-H
CHs,

Scheme 2. Plausible mechanism of cationic ring-opening polymerization of THF with PO catalyzed by Mag-H*
CONCLUSION

Maghnite-H, proton exchanged montmorillonite clay is an dffecinitiator for the ring opening copolymerizatio
of cyclic ethers. In the copolymerization, the dalatalyst was thought to act as an acid to gemeatton species.
Actually, the efficiency of the copolymerizatiorflezted the Lewis acidity of MaghniteHTwo main advantages
were shown in the copolymerization system usingsihie acid Maghnite-H that the catalyst could be removed
from the mixture of the products by simple filtatiand recycled without a loss of catalytic acfivit
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