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Abstract

An analysis of thermal degradation products evolved during the melt processing of organo-layered silicates (OLS) was carried out via the
use of a solid phase microextraction (SPME) technique. Two commerical OLSs and one produced in-house were prepared for comparision.
The solid phase microextraction technique proved to be a very effective technique for investigating the degradation of the OLS at a specific
processing temperature. The results showed that most available OLSs will degrade under typical conditions required for the melt processing
of many polymers, including thermoplastic polyurethanes. It is suggested that these degradation products may lead to changes in the structure
and properties of the final polymer, particularly in thermoplastic polyurethanes, which seem significantly succeptable to the presence of
these products. It is also suggested that many commercially available OLSs are produced in such a way that results in an excess of unbounc
organic modifier, giving rise to a greater quantity of degradation products. All OLSs where compared and characterised by TGA and
GC-MS.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ratio of individual platelets, and the capacity be readily mod-
ified with a variety of organic surfactants to allow for im-
Recently, much attention has been paid to polymer-layeredproved compatibility between the silicate and the polymer.
silicate nanocomposite materials, and more specifically to Most typically, the surfactants employed are alkyl ammoni-
their production via commercially available processing meth- ums or phosphoniums, however recently imidazoliums have
ods, such as melt compoundifig-11]. Nanocomposites are  also been investigatdd].
attractive as they have been shown to enhance mechanical, Processing of these nanocomposites can be achieved by
thermal, barrier and flame retardant properties over that of melt intercalation, in situ polymerization or solvent casting.
the host polymef11,12], and these effects can be observed The method used strongly depends on the host polymer sys-
at very low loadings of organo-layered silicate (OLS), nor- tem and the end application of the product. Melt interca-
mally between 1% and 10% by weight. lation has the distinct advantages of being a scalable and
Layered silicates offer an effective form of nanofiller for continuous process, and it is suitable for many thermoplas-
nanocomposites, due to their high surface area, high aspectics. However, this method exposes the silicate to significant
temperatures for extended periods (residence time in the ex-
mpondmg author. Tel.: +61 7 3365 4176. trut_jer), and_ may result in the degradation of the _surfactant,
E-mail addresses353463@student.uq.edu.au (G. Edwards), which may in turn affect the performance of the final prod-
p.halley@ug.edu.au (P. Halley), darrenm@cheque.ug.edu.au (D. Martin). uct. The degradation of OLS and the production of these
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degradation products are often overlooked, but must be con-
sidered in order to understand how the degradation products N

. C‘)HZCHZOH CH,CH,OH

might affect the final nanocomposite properties and long term N H,C—N——Tallow HC—N—=C,
7N\ \ |
performance. H.C CH, CH,CH,OH CH,CH,OH
The analysis of thermal degradation products would tradi- N
tionally require the use of solvent extraction technicus3 Cloisite 15A Cloisite 30B Ethoquad O/12

or necessitate expensive combined TGA-GC-MS instrumen-
tation. Recently, solid phase microextraction (SPME) has
emerged as an effective alternative for the study of the low
molecular weight compounds released by polymers whilst
they undergo degradatidii3,14]. This has been shown to The commercially available OLS employ tallow based
provide better sensitivity for headspace extraction than tra- quaternary ammoniums as a surfacté&ig. 1shows the gen-
ditional static headspace techniques. The disadvantages oeral structure for all of the surfactants studied in this paper.
the SPME approach are that it is an equilibrium-based tech- The similarity between Cloisif¢! 30B and Ethoquad O/12
nique, so the concentration of products adsorbed on the fibre’sshould be noted.

surface will not be a direct indicator of concentration in the

headspace. If used in a static equilibrium environment, then, 5 15

the amount of analyte coating the surface of the fibre should

be directly proportional to the concentration in the headspace
[14].

Fig. 1. Structure of the surfactants used to modify silicate surface, from left
to right. Cloisitd™ 15A, Cloisit€™ 30B and Ethoquad O/12.

A Shimadzu TGA-50 was used to analyze the thermal

, ) stability, and onset temperature of degradation for each of
Inthis study, the thermal degradation products of two com- the clays. Approximately 15 mg of sample was placed in a

mercially available OLS and one analogue OLS material pré- ,|4tinum pan. This sample was heated over a temperature
pared by us were mveshgated. This was done by exposing therange of 30-600C, in an air atmosphere with a gas flow rate
OLS to a typical processing temperature (20) employed ¢ 56 mi/min, The samples were heated at two separate rates,
forthermoplastic segmented polyurethanes (TPU), which OUr 19°C/min and C/min. The later was used to check that

group have investigated. A simple novel analysis technique y,o heat capacity of the clay did not affect the apparent onset
employing the use of solid phase microextraction fibres was temperature for degradation.

used to obtain the vapour products, providing an alternative
to the expensive equipment normally required to perform this

type of study, such as a TGA-GC-NIH. 2.3. GC-MS/SPME technique
Approximately, 100 mg of sample was placed in a glass
2. Experimental sample vial and then sealed using a Teflon septa. This vial
also contained a static air environment. The sample was
2.1. Materials then raised to a temperature of 21D in a heated alu-

minum block and maintained at that temperature for 30 min.

Montmorillonite based OLS from the Southern Clay Prod- A 100pm polydimethylsiloxane SPME fibre is exposed to
ucts Cloisité™ series were examined. These were Clol8tte  the headspacfl5], and allowed 15 min to adsorb material
15A, Cloisite™ 30B. Cloisitd™ 15A has a modifier load-  from the headspace. The fibre was then inserted into the in-
ing of 125 meq/100 g, and Cloisft¥ 30B has a loading of  Jection port of a Shimadzu GC 17-A gas chromatograph for
90 meq/100 g. The tallow groups on the modification of both 1 min, with the injection port set at 26& and the interface
these materials have a predicted composition®5% C18;  set at 295C. The GC was operated using a SGE BPX-5
~30% C16;~5% C14. 50 mx 0.25 mmx 0.25pum column and testing was begun at

Another organoclay was prepared for comparison by mod- 50°C and was ramped to 28C at a rate of 20C/min. This
ifying Cloisite™ Na" (with a CEC of 92.6 meq/100g) with ~ temperature was held for the remainder of the test. The out-

Ethoquad O/12 available from Akzo Nobel. The CloiSife  let gas was interfaced directly into the GC-MS-QP5050A
Na" was modified in a 1% by weight solution, with de- Which used a 70eV ionization source. This system uses a
ionised water, to which the Ethoquad O/12 was added at anquadrapole design with a 10-900 amu mass range.

amount exceeding the CEC of the CloidifeNa" by 20%.

This solution was then left stirring for 24 h, at 80 to al-

low for maximum conversion. The sample was then washed 3. Results and discussion

by centrifuge, where the sample was separated from solu-

tion, decanted and mixed with fresh distilled water. This The thermal stability of OLS variants and degradation
was repeated until no chloride ions were detectable, which products will be discussed with reference to the process-
was tested by the addition of AgCI solution to the decanted ing conditions for thermoplastic polyurethane nanocompos-
water. ite materials, and in comparison with pristine silicate.
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Fig. 2. Thermal degradation of MMT Ethoquad, Cloi$ife30B and Cloisité 15A, showing % weight lost.

3.1. TGA analysis of silicate 3.2. Free water loss

This initial work defines the onset point for degradation Free water loss can be considered to occur betwéénh 0
of the OLS, which allows for the prediction of the OLS’s and 160°C. However, as shown lfig. 2(TGA graph), most
behaviour under the processing conditions applicable to thefree water is lost by 120C if the OLS is allowed some time
system. As shown by Xie et a7], it is best to examine  to equilibrate to the temperature. As shown by Xie ef4I.
an OLS over the four separate regions showrFig. 2. and observed ifrig. 3, there are significant changes in water
These are (a) the free water region, (b) the region where contained within the OLS depending on surfactant used, with
organic substances evolve, (c) the structural water regionmore free water being associated with pure montmorillonite
and (d) organic carbon reactions. However, the temperature(MMT) than with the more hydrophobic surface modified
bounds listed will vary strongly with both surfactant type silicates. This free water has a substantial effect on the OLS
and heating rate, with region (b) often beginning as low as processability in a TPU system. The presence of free water
160°C. within a TPU system under high temperatures will allow for

In relation to polymer processing, itis unnecessary to con- the reaction of water with urethane bonds, whilst undergoing
sider temperatures above approximately S00as very few transurethanisation. This will cause the production obCO
polymers are ever processed at such high temperatures. Thisvhich may result in a foam or a significant degree of porosity
means that for this paper, regions (c) and (d) will not be con- in the final product, as well as lowering the molecular weight
sidered. of the final product through chain scission. Careful drying
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Fig. 3. Derivative plot of thermal degradation of Cloisite Ethoquad, CloisitE¥ 30B and Cloisité™ 15A.
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Table 1

Organic species evolved from samples at 2020

Sample Cloisite™ 30B Cloisite™ 15A MMT Ethoquad

Degradation products observed  N,N-Dimethlyacetamide Alkanes, linear and branched {45-Ci o) Linear aldehyde (&-Cy3)
Linear aldehyde (&-Cy2) Alkene (Gg—Cis) Alkene (G3—Cig)
Alkanes, linear and branchedd€C;1) Chloro-alkane (@—Cie) N-N-Dimethyloctylamine
Alcohol (Cg—Cis) N-N-Dimethyloctylamine
Alkene alcohols (G-Cis) Linear aldehyde (&—Cis)

Chloro-alkane (@4—Cye)
Alkene (G3—Cig)

of an OLS, polymer or masterbatch (if employed) is neces- no aldehydes at all, which is consistent with the fact that the
sary when processing any polymer which can be affected by surfactant contains no oxygen in its structure.

water. Table 1shows the full list of degradation products from
the three samples. The presence of octadecene as a byproduct
3.3. Onset of organic breakdown of degradation was confirmed by running a separate sample

of pure octadecene prepared under the same conditions. This

A very clear difference between the thermal degradation Sample shovyed the same retention time, and mass spectra as
of the pure silicate and the OLS samples is the loss of materialthose found in the samples. _
at approximately 180C. This is the onset of the degradation ~ Initial tests also showed that TMA was a possible prod-
of the organic modifier used on the silicate. The organic sur- UCt, however the inclusion of lower MW spectra showed that
factant appears to degrade in several steps, as shown by thée product is generally hexylamine or octylamine. This was
changesinthe rate of mass loss from the surface (Figs. 1 and 2¢0nfirmed by repeating the analysis with a direct injection
plot of TGA and derivative plot). As the onset of degra- ©f TMA into the gqlumn, and finding that the elution time
dation (180°C) is occurring at a temperature less than the ©f TMA was significantly less than the peak recorded. This
typical operating temperatures of TPU polymer processing suggests,_ that in add|t|_on to common production of alkenes,
(190-220°C), the evolution of these degradation products Short-chained alkyl amines are also common products.
must be considered, and analysised for possible impacts on  Of concern here is both the impact of these products on
the host polymer and also with respect to possible applica- the host polymer, and also how these species may influence
tions. the final long-term performance of the material. It has been

After approximately 500C, there is little to no sign oftne ~ Shown in previous work by Finnigan et §L7], that the melt

surfactant on the surface, this result concurs with the resultscOmpounding of TPUs with Cloisit¢' 308 produced sig-
reported by Xie et af7]. nificant decrease in properties and the melt showed signs of

degradation. This is likely due to the presence of free amines
and alkenes in the system, which may react with the ure-
thane linkages within the polymer system as they undergo
transurethanisation (Fig. fL6]). Even a small amount of this

3.4. Analysis of degradation products

Exposing the SPME fibre to the atmosphere generated
within the vial, allows the fibre to adsorb the volatile organic

components evolved. The SPME fibre employed here was Q ransurethanisation &y
chosen due to its previous successful application in arson R=N-C—0-R  —— - —~ - HO—R
investigation15]. H
The degradation products from the OLS were predomi- urethane Linkage Isocyanate
nately alkenes, with a similar array of products being pro-
duced in both the analogue (Ethoquad-modified MMT) and
the commercially available materials, however some signifi- 0
cant differences were seen. R—N=C=0 + HN—R  — = R-N-C-N-R
The array of products seen can, when compared to the H H
surfactant, easily be accounted for by the scission and ref- isocyanate amine urea
ormation of the surfactant, however the exact mechanism is
not known. A notable difference was the presence of chlori- R H
nated compounds in the degradation products of Cld¥ite - ‘c—c
30B, which mostly likely arose due to the presence of ex- © "0 © +  R—g=0H, —— N—C,
cess surfactant on the surface that has not undergone cationii  !socyanate Alkene HB-Iactarr?

exchange. The quantity of aldehydes released varies greatly
between all of the samples, despite the very similar structuresrig. 4. some possible reaction pathways for isocyanate produced from
of Cloisite™ 30B and Ethoquad. Cloisit¥ 15A expressed  transurethanisation and OLS degradation products.
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Fig. 5. Retention times for degradation products through a GC from top to bottom ClJigieB, Cloisitd™ 15A, MMT Ethoquad (1) branched alkyl chain

(trimethly dodecane, trimethly octane or ethyl undecane) (2) tetradecene (3) aldehyde (Dodecenal) (4) octadecene (5) alcohol (tridecermBlk@nehl
(chloro-octadecane or chloro-tetradecane) (7) aldehyde (octadecanal) (8) chloro alkane (chloro-octadecane or chloro-tetradecane) (9) alkane (pentadecane
(10) N-N-dimethyloctylamine (11) alkenes (tridecene, hexadecene and octadecene) (12) alkene.

reaction will produce a shortened chain length, and a thus aorgano-layered silicate degradation is effective, and a valid
decrease in final properties. The reaction of the isocyanatealternative to TGA-MS systems.
with the amine actually has a significantly higher reactivity
than the reaction with the polyol produced, making this a very
likely path for degradation. The effect of these degradation 4. Conclusions
products may impact on other polymer systems, which need
to be considered prior to using these materials. The use of SPME fibres in conjunction with a GC-MS,
In Fig. 3the TGA plots show that the samples undergo has been shown to provide a quick and cost effective method
three steps in the process of degradation. The origin of thesefor the analysis of the degradation of an OLS, for a given
steps is not fully understood, but may be related to diffusion operating temperature. Thistechnique is, therefore, useful for
of the surfactants, or a change in the pathway of degradation,investigating the thermal stability of OLS candidates being
which allows for a significantly higher rate of mass loss to considered for melt processing of nanocomposites.
occur. The release of organic compounds during processing, as
Xie et al.[7] claimed that only low molecular weight ma-  was simulated by conditions in this research, may have sig-
terial was evolved during exposure of the OLS to lower tem- nificant impact on the performance of the nanocomposite in
peratures. This study shows that even long chained materialgerms of both physical and chemical properties. For example,
were released in significant quantities at 2C0 This implies the presence of low molecular weight leachable compounds
that the higher molecular weight material is still evolved, but may prohibit use in medical or food contact applications.
rather requires more time to diffuse out of the OLS tactoids.
This would not have been observed by Xie effd], due to
the high-temperature ramp rate used in their experiment.  Acknowledgements
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