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Summary

Transesterification reactions between bisphenol-A pobaate and polydimethylsiloxane-
polycaprolactone block apolymers were studied imelt at 270°C. Influence of the
composition of reaction mixture and the catalyst type onfdhmation andpropeties of the
products otained were investigated by spectroscoplromatographic and thaal mehods.

Both of the catalysts used, zinc acetate and lanthanum acetylacetonate are very efficient
transesterification catalysfer the sytem studied. GPC and DSC results clearly show the
formation of novel polymers displaying combined profes of the polycdborate and the
silicone-ester @apolymer.

Introduction

Polydimethylsiloxane RDMS) cortaining multiphaseorganic copolymers display a unique
combination of bulk and surfageropeties depending on their chemical compositions and
macromolecular architectui@s2). This is usally due to verygood phase sepaion between
nonpolarPDMS and modeately or highly polaiorganic segments present in thesaesypg3).
The surfaces of films, fibers or other articles prepared these copolymers by solvent
casting or melprocessing are also predominantly covered with PDMS, which has a very low
surface engly (21-22 mN/m)(1,4). As a result, depending on the nature and pespef the
organic blocks, copolymer comptbsn and PDMS block lengths, it is possible totahb
block copolymers with very goodnechanical strength, low temperature flexibility and
toughness, ater repellancy and biocompatibyft,3,5).

Preparation of siloxane containing bloclopolymers are uslly achieved hrough the
solution polymerization of a,w-organofurctionally terminated PDMS oligomers and
respective dunctional organic monomers or oligomers(1,3). Bulk copolyma¢ion, is
usually not very suitable due to complete immiscibility betw®&MS and mosrganic
monomers and oligomers even in kit

Polycarboates (PC) are one of the mostpiontant classes of engineering thermoplastics with
excellent opticalpropeties, impact toleranceprocessability and moderately high Tg and
thermal stability. On the other hand they h@e®r lowtemperature impact strength and more
importantly very poor resistance to many organic solvents, whicillydaeads to catastphic
failure, especially when the systemusdermechanical stress. It is possible topnove the
stress crack resistance of PC by surface modifinatPCPDMS segmentedopolymers show
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substantial improvements in stress crack resistance, sinctases of these systems are mainly
composed of PDM@,3). Solvent castilins of PCPDMS also display eellent clarity and
goodmechanical and thermatopeties and find applications as biomaterials and membranes.
These copolymers also displaycelent low temperature impaptropeties much superior to
that of pure PC.

PC-PDMS segmentedopolymers are usily produced by phosgation of bisphenol-A and
a,w-dichloro(6), a,w-dimethylamno(7) or o,w-hydroxyaryloxy(8) termiated PDMS
oligomers in solution. High mecular weight P@RDMS ®polymers can also be taned by

a interfacial polyondenation in a two phase aqueous/organic solventesysAlthough these
techniques are commonly used even in commerngiatiction, the new trend is towards
solvent-free polymerizations, which is both eowmentally friendly and also more
economical. There is only oneudly awilable in the open literature on the melt
polycondenation between PC and PCL-PDMS-PCL, with véimited information on the
reaction mechanism amloduct chaacteristic§9).

In this studymelt transesterification between polylsarate and a polygaolactonePDMS
block copolymer was invesiged for the prepaation of PC-PDMS block apolymers. The
influence of the type and the amountaaftalyst on the extent of transesterification reactions
were investigated. Products formed were ahterized by FIR spectroscopy, gel
permeation kromatography (GPC), differeal scanning calorimetry (DSC) and
thermograimetric analysis (TG).

Experimental

Materials

Poly(bisphenol-A carbate) was groduct of Bayer AG. GPC analysis (based on polystyrene
standards) yielded Mn and Mw value<24f500 and 44,500 g/mole respively.
Polycaprolactongolydimethylsiloxanepolycaprdactone (PCLPDMS-PCL) triblock
copolymer was kindly supied by Goldshmidt. ChemicaCorpomtion, Hopewll, VA, USA.
PCL and PDMS block mecular weights wer@,000 and 3,000 g/mole resgively, with an

Mn value of 7,000 g/mole. It cemined300 ppm of organoticatalyst, which is useduring
polymerizaton(10). GPC analysis of this produdelged Mn and Mw values 011,000 and
17,000 g/mole resztively. Melting point of PCL blocks was determined to be 60°C by DSC.
Transesterification catalysts used in thisudgt were zinc acetate [Zn(Ac)2H,0] and
lantanium acetylacetonate [La(Acge) which were obtainedfrom Aldrich. Solvents,
chloroform (Merck), tetrehydrofuran (Fluka), carbaetrachloride (Fluka) were all reagent
grade and were used as received.

Experimental procedure

Melt polycondensation reactions between PC and PRDMS-PCL were carried out in a
laboratory sale Haake Igh-shear mixer consisting of &dting chambe{50 g tdal capacity)
with two counterrotating screws. PC was dried 20°C overnight to remove moisture before
blending. PCLPDMS-PCL was used a®aeived. During the experiments PC was first fed
into the mixing chamber preheated2d0°C and processed tiuna clear melt was obtained.
Desired amounts of PCBEDMS-PCL andcatalysts (weight% based on the PC content of the
mixture) were then added into the system. Immediately after adddue to very lownelting
point of PCL blocks PDMS apolymermelted. This resulted in a dramatic reduction in the
torque, which is due to veryelM known lubicating effect of silicones. However, molten
polymer mixture showed a clear phase separation between more viscous PC phase and liquid
like PCL-PDMS-PCL. Depending on the compa® of the mixture and the amount of
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catalyst, the molten blend became homogeneous (with a milky white appearance) within 10 to
50 minutes of mixing. During thesactions the temperature was kept constar&78fC and

the screw speed was maintained at 50 rpm. Samples were taken out of the mixture at different
reaction timegor chaacterization.

Characterization mdiods

FT-IR spectra of theproducts were recorded on a Neblmpact400D sgctrometer using
solvent (THF) cast thin films on KBr discs.

DSC measurements were carried out on a ShimadZo-41Smodel apparatus at &ating

rate of 10°C/mirunder nitrogeratmosphere with a flow rate of 30mL/mis.15 mg samples
were heatedfrom room temperature to250°C followed by slow cooling to ambient
temperature in the first scan. Melting points (Tm) was defined as the minimum of the DSC
endotherm. ldat of fusion AH,) values were obtainedrom the area under the peak.
Temperature and enthalpy calibration of the instrument was obtained by standard indium, lead
and zinc samples.

A Shimadzu TGA50 was used toalermine the thermal stabilities pfoducts. Expements

were carried out under dry nitrogen at a floater of 30mL/min and a heating rate of
10°C/min up to600°C. Thetemperature of maximum rate of polymer degradation (PDT) was
taken as the temperature at which differential thermal gravimetry (DUiges each their
maxima.

Carbortetrachloride (a selective solvefdr PCLPDMS-PCL) was used to dctionate the
products olained after transesterification reactions. For thispose samples with known
weights (W) were extractedfor 24 hours at roomtemperature. Soluble fractions were
removed by filtraton. Insoluble polymer was dried at 120°Qtibnonstant weight (). The
degree of solubility was determined by the ratiq-\\W)/W..

GPC studies were carried out on a Polymer Laboratories PL-GPC 110 equipped with
microstyragel columns of 500, 1000 and 10,000A and aack®e index detector.
Measurements werdone at 23°C, in THF with a flowate of 1mL/min. Calibration wve

was obtained by using polystyrene standards.

Results and discussion

For technical and enomical reasons reactive blendipgovides a convenient route for the
preparation of new polymeric materialsom already existing sysms. Transpolymer
reactions that take plaaring melt blending can be used to modify the chemical structures
and/or to improve conglibility between polymers which are otherwise immiscible. This
approach is péarcularly attractive in the case of polyedenates such as polyamides,
polyesters, polyurethanes and polyureas, which contain a large number of rgaatips in

their backbone structures.

In this investigation we studied the influence of catalyst type on the reactive blending of PC
with PCL-PDMS-PCL triblock apolymer. Although transestedation reactions between PC

and many polyesters, including PCL have been extensively investigated, reactions of PC
with a polyester block copolymer have not been studied.

Table 1 gives the detailed description of the reaction systems, together with the results of
GPC experiments. As can be sdewsm this Table, two different PC to siloxane copolymer
ratios, 80/20 and 50/50 were investigated. The catalysts were employed at a fixed
concentration of 0.5% by weight (based on PC weightadRon times were varied between

30 and 60 minutes. Control expaents were alsoandiwcted on PC with and wibut catalyst

and on some blends without any addathlyst.
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Table 1. Compositions of polycarbonate/PCL-PDMS-PCL blends and GPC results on the
reaction products

Sample Catalyst Reaction Time Mn Mw

Composition Type Amount (min) (g/mole) (g/mole)
PC ~ - - 25,500 44,500
PC - - 30 25,000 44,500
PC - - 60 25,000 43,000
PC Zn 0.5 30 15,000 26,500
PC Zn 0.5 60 11,500 22,000
PC La 0.5 60 13,000 26,000
PCL-PDMS-PCL - - - 11,000 17,000
80PC/20 - - 30 24,500 44,500
80PC/20 - — 60 22,500 40,500
80PC/20 Zn 0.5 30 16,500 37,500
80PC/20 Zn 0.5 60 12,500 23,500
80PC/20 La 0.5 30 14,000 26,500
80PC/20 La 0.5 60 11,500 22,500
S50PC/50 - - 30 16,000 30,000
50PC/50 - - 60 15,000 27,500
50PC/50 Zn 0.5 30 13,000 28,000
50PC/50 Zn 0.5 60 11,500 24,500
50PC/50 La 0.5 30 12,500 25,500
S50PC/50 La 0.5 60 9,000 20,500

©

Fig.1. GPC curves for PC,
PCL-PDMS-PCL and
their 50/50 blends

before melt processing

(b) (a) PC

@ (b) PCL-PDMS-PCL

| (c) 50/50 blend
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From control experiments on PC it is clear that wipeocessed for 30 or 60 minutes at
270°C, without anycatalyst, no noticeable change was observed in the Mn or Mw values of
PC. On the other hand, as aaerarly be seen in Table 1, with the addition of smalbants

of Zn(Ac), or La(Acac) a dramatic reduction in both Mn and Mw iire PC were observed.
Therefore, it ix<lear that both catalysts are very effective in cleaving theocatebond.

GPC chromatograms of pure PC, PEDMS-PCL and their 50/50 blends haut any
external catalyst, lbere processing at 270°C, are given in Fig. 1. In 50/50 blend there is a
low molecular weight tail in the GPQuore (Fig. 1(c)). In 50/50 blends processed for 30 and
60 minutes at 270°C without the atiloh of any external catalysts, there is indication of some
transesterification reaction taking place between two polymers based on GPC results and
FTIR studies. This is due to the presence of about 300 ppm of an orgeauatiyst present in
PCL-PDMS-PCL opolymer. If no transestertfation reaction has taken place, expected Mn
and Mw for 50/50 blend would have been 18,250 and 36,500 g/molectesly. On the
other hand as given on Table 1, GPC data yields Mn and Mw valu&s,@0 and 30,000
g/mole for 50/50 blendnelt processed for 30 minutes without any addathlysts, indicating

a very small extent of reaoti. As indcated in the literatuf@0, 11) and also observed in this
study, organotin compounds are ie@#nt catalystsfor the ring-opening polymeration of
caprolactone, however, not as pofuefor the transesteiifation reactions.

Zn (30)

Zn (60)

Fig. 2. GPC curves for
PC/PCL-PDMS-PCL
blends after processing
with 0.5% by weight
Zn(Ac); and La(Acac);
catalysts

(a) 80PC/20 blend

(b) SOPC/50 blend

La (60)

10 15 20 25 10 15 20 25
Elution Vol(ml) Elution Vol(mi)
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On the other hand both zinc acetate and lanthanum acetylacetonate are vefyl patadysts

as transesterification catalydisr polycarbomte/polydimethylsiloxang@olycarbomte system.

As can be seen on Table 1, when 0.5% by weightatdlyst is employed, both in 80PC/20

and 50PC/50 blends, after 30 minutes of reaction there are substantial reductions in Mn and
Mw values. These indicate both a large extent of transesterification reactions in these systems
and also some degradation reactions. Gi@es for these samples are reproduced in Fig. 2.

Table 2 provides the results of the salityp tests in cabortetrachloride, a selective solvent

for the slicone-cgrolactone opolymer. As expcted,pure PC did not show any sollity in
carbortetrachloride even after 60 minutes of m@ibcessing with 0.5% Zn(Acpr La(Acac)
catalysts. In 80PC/20 blends, after 30 minutes of reactidmoutitany addedatalyst, soluble
fraction was determined to b@8%, which is slightly higher than esgpted, if no
transesterification reaction has taken place. As explaingdeherganotincatalysts present in

the silicone opolymerleads to some reaction in the system. Pheduct formed is rich in
silicone opolymer which results in higher sollity. After 60 minutes of reaction the soluble
fraction goes down t&7% indcating that system has beemdamized and dominated by PC,
which is insoluble in carbdetrachloride.

Table 2. Product solubilities in Polycarbonate/PCL-PDMS-PCL blends after

transesterification reactions
Sample Catalyst Reaction Time Soluble fraction
Composition Type Amount (min) (Weight %)
PC - - . -
PC Zn 0.5 30 -
PC Zn 0.5 60 -
PC La 0.5 60 -
PCL-PDMS-PCL — - ~ 100
80PC/20 - - 30 28
80PC/20 - - 60 17
80PC/20 Zn 0.5 30 40
80PC/20 Zn 0.5 60 14
80PC/20 La 0.5 30 13
80PC/20 La 0.5 60 13
S0PC/50 - - 30 31
50PC/50 - - 60 33
50PC/50 Zn 0.5 30 100
50PC/50 Zn 0.5 60 100
50PC/50 La 0.5 30 100
50PC/50 La 0.5 60 100

These results are strongly supported by FTIR olasenms. Fig.3-a gives the FTIR esgira of
the carbonyl region for pure PC and pure FRIDMS-PCL. PC shows arehg carbonyl
absorption peak at 1774 ¢mwhereas PCL-PDMS-PCL shovadiphatic ester abonyl at
1727 cni. Fig.3-b and Fig.3-c give the FTIR esgira of cabortetrachloride soluble and
insoluble fractions of 80PC/20 and 50PC/50 blends respectively, which wergnoetissed
for 60 minutes without any addeatalyst. It is clear that after 60 minutespobcessing, due
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Fig. 3. FTIR spectra of (a) PC (-----) and PCL-PDMS-PCL (—) (b) CCl4 insoluble (-----)
and soluble ( ) fractions of 80PC/20 blends after processing (¢) CCly insoluble (-----) and

soluble (: ) fractions of 50PC/50 blends after processing (d) SOPC/50 blends after
processing with 0.5% by weight Zn(Ac); catalyst for 30 minutes.
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to the presence of very small aumt of organotincatalyst in the silicone-esteopolymer,
transesterification reaction takes place in both of the blends. This is evidenced by the presence
of PC and PCL carbonyl peaks in both the cardivachloride soluble and insoluble fractions.
Characteristic Si-O-Si stretching pedks PDMS are also observed betwe&®00 and 1100

cm® as a broad dolgt in both soluble and insoluble fractions. Howevendamization is
imcomplete, since especially in 50PC/50 blends fullgydmanized systems show complete
solubility in cabortetrachloride. This can be achieved by using both zinc or lanthanum based
catalysts, as clearly shown in Table 2. FTIR spectrum of 50PC/50 samguessed under
0.5% zinc acetate catalystfor 30 minutes is reproduced in Fig.3-d. Thigaterial shows
complete radomizaton, which isclearly indicated by the relative sizes of the twoboayl

peaks in the spectrum.

All of these results were also supported by the results of oun#heanalysis studies on the
starting materials and thgroducts otained. Results of these investigations carried out by
differential scanning calorimetry and theygraumetric analyses are being prepared for
publication.

Conclusions

Influence of organmetallic catalysts such as zinc acetate and lanthanum acetyl acetonate
were investigated on the melt transesterification reactions between nboigete and
polycaprolactond-polydmethylsiloxane triblock opolymers. Solulity studies in selective
solvents, GPC investigations and FTIR identification of phmeductsall indicate that zinc
acetate and lanthanum acetylacetonate are very effective transesterification cttalists
system studied.
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