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Abstract

The analytical applications of the evolved gas analysis (EGA) performed by infrared spectroscopy, for the period extending from 2001
to 2004, are collected in this review. By this technique, the nature of volatile products released by a substance subjected to a controlled
temperature program are on-line determined, with the possibility to prove a supposed reaction, either under isothermal or under heating
conditions.
© 2005 Elsevier B.V. All rights reserved.

Keywords: EGA; IR; Evolved gas analysis; Infrared spectroscopy

Contents
O [ 11 o [ o 1T o 489
A 0 0 =T o] o] o= 11 [ o L= 490
2.1, POlYMErs @and iNOIQaniCs. . . ..o oottt ettt e ettt e e et e e e e e e e e 490
2.2, O her @pPliCatiONS. . . ..ttt ettt e e e e e e e e 490
3. 2002 @pPliCaAtiONS. . . .ttt e e e e e e 491
3.1, POIYMErS @nd INOMQANICS. . . .. vttt ettt ettt e e et e e e e e e e e 491
3.2, Other appliCatiONS. . . . .t e e e e e e 491
4. 2003 @PPICALIONS. . . o oottt e e e e e e e e e 492
4.1, POIYMErS @nd INOIQANICS. . . . ..ttt t ittt et e et e e et e e e et e e e e e 492
4.2, Other appliCatiONS. . . . .. ...ttt e e e e e 492
LT 010 - T o] o= 110 1= PP 492
5.1, POlyMErs @nd INOMGANICS. . . . .o vttt ettt ettt e e e et e e e e e e e e e e e 492
5.2, Other appliCations. . . . . ... ettt e e e e e 493
RO O NS . . .o 494
1. Introduction the nature and/or amount of volatile product(s) released by

a substance subjected to a controlled temperature program is
The IUPAC Compendium of chemical terminology de- (are) determined”.
fines the evolved gas analysis (EGA) as “atechnique inwhich  The possibility to on-line detect the nature of the re-
leased gases or vapors is fundamental to prove a supposed
* Corresponding author. Tel.: +39 0649913616; fax: +39 06490631, eaction, either under isothermal or under heating condi-
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Among the different possibilities, thermo-analytical Mrozek et al. studied the thermal decomposition behav-
instruments, such as pyrolysers, thermobalances, differentialior of the manganese(ll) complexes with glycine by FTIR
thermal analyzers or calorimeters (but sometimes evenevolved gas analys[40].
simply temperature-controlled reactors), are the most FTIR-MS hyphenated EGA techniques were used to study
commonly used tools to heat a sample under investigation.the polymerization of monomeric reactants polyimides and
Thermogravimetry, in addition, is very useful for the quan- to compare the results with other PMR-[14,12].
tification of each single gaseous evolution process as the The thermal properties of the Europretie(cis-1,4-poly-
result of an increasing thermal ramp or a defined isothermal butadiene) were investigated taking into consideration both
temperature. These techniques have been successfullfhe method of the sample preparing and the atmosphere in
on-line coupled to perform evolved gas analysis. To obtain the reaction zongl 3].
the IR spectra of the gases evolved during the programmed Gases released during the conversion ofiRiH(POy)3 to
analysis, the thermo-analytical instrument is coupled with HZr>(POy)3 were identified by using TG-FTIR technique by
a FTIR spectrometer by means of a heated transfer line; theQi et al.[14], and the influence of electron beam irradiation
released vapors or gases are so transferred to the heated gas a polyurethane used in medical applications was evaluated
cell of the FTIR instrument, the temperatures of the cell and by Guignot et al[15].
of the transfer line being independently selected. The thermal degradation of poly(e-caprolactam) and its

The history of the EGA-FTIR and EGA-MS hyphenated copolymers was studied by Draye et al. by means of thermal
techniques from the first attempts to 2000 has been previouslyanalysis simultaneously on-line coupled both with Fourier
reported1-4]. transform infrared spectroscopy and mass spectrometry, in

In this paper, the applications of the evolved gas analysis which the EGA gives credit to some blocky-like enchainment
performed by infrared spectroscopy for the period extending of the co-monomergL6].
from 2001 to 2004 are proposed. By TGA-IR, p-hydroxymethylbenzyl chloride was proved

Many examples are reported from the literature, and often to be an effective cross-linking agent in the reaction
the references are generally obtained from the journals thatwith polystyrene, and the potential applications in flame-
specialize in thermal analysis. At least 50% of the applica- retardancy were evaluat¢ti7].
tions of the evolved gas analysis are devoted to the polymers Uyar et al. studied the oxidative degradation of elec-
and to the inorganic compounds, and the review is conse-trochemically synthesizeg-toluene sulfonic acid doped
quently organized with two separate sections per year. polypyrrole by IR-EGA[18].

However, the number of publications on hyphenatedtech- By on-line-coupled thermogravimetry-FTIR and
nigues continues to grow in areas of specialized applications;thermal-desorption—pyrolysis—gaschromatography—mass
as a consequence, it is not unusual for an article on the topicspectrometry, four frothing agents used in the flotation
to appear in an unfamiliar journal or a trade-specific publica- of gold bearing sulfide minerals were characterized, and
tion. The problem is that unless the terminology relating to the possibility to identify any contamination present on
the specifics of the hyphenated technique are present in theunknown plants was showh9].
published keywords, the articles may be difficulttolocate. As ~ Polymer/organically modified layered silicate nanocom-
aresult, certain important articles may have been overlooked,posites, filled polymers with ultrafine phase dimensions, were
and the authors apologize for such inadvertent omissions. studied by simultaneous TGA-FTIR-MS to obtain informa-

tions on the degradation produ¢®g].
Divalent transition metal ions coordination compounds

2. 2001 applications with adrenalind21] and imidazole-4-acetic aci@2] were
studied by coupled TG-FTIR to prove the supposed decom-
2.1. Polymers and inorganics position mechanism.

The real time evolution kinetics of formaldehyde, 2.2. Other applications
hydroxyacetaldehyde, CO and gQ@Iuring the pyrolysis
of cellulose, Whatman 41, were studied in a fast evolved Investigations in pharmaceuticals were reported by Giron
gas-FTIR apparatus (EGA) with a total of 10 compounds [23] and the characterization of the retinoic acid at the
simultaneously detected in the gas phase by HBHY]. solid state by TG-FTIR evolved gas analysis and other
The thermal degradation of polyamide 6, polyacryloni- spectroscopic techniques like X-ray diffraction, UV-vis, in-
trile and of a polyurethane rigid foam was studied using frared diffuse reflectance, was reported by Berbenni et al.
two different thermal analyzers with coupled techniques for [24].
the evolved gas analysis (TA-MS and TA-FTIR) and two Bassilakis et al. applied the TG-FTIR analysis to predict
combustion devices by Herrera et [&]. yields and evolution patterns of selected volatile products as a
FTIR evolved gas analysis was used to determine the ther-function of feedstock characteristics and process conditions,
mal degradation behavior of epoxy resins blended with propyl in the attempt to get comprehensive biomass-pyrolysis mod-
ester phosphazeri@]. els[25].
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The thermal change of anodic alumina at high tempera-  FTIR evolved gas analysis played an important role in ex-
tures (around 95€C) in a membrane was studied in detail by plaining the phenomena of degradation related to the charge

a simultaneous TG-DTA-FTIR apparati2s]. of polymer chain structures of F- and non-F-containing lad-
To solve the problems related to the thermal changes in der polyepoxysilsesquioxanes in a study proposed by Wang

mixtures of minerals, the calcinations up to 800-960of et al.[41].

Israeli phosphorites were investigated by TG-IRand TG-MS-  The synthesis and the thermoanalytical characterization

EGA[27]. (including FTIR-EGA) of uranyl complexes with oxalate by

The applications of thermal analysis coupled to FTIR, MS Curini et al.[42] and of unusual adrenaline complexes by
and GC-MS in the study of several materials, including or- Materazzi et al[43] were reported.
ganically modified clays, polymers and coal blends, were  Barontinietal. reported a FTIR-EGA methodology for the
described by Xie and P4@8]. identification of azeotropic binary mixturp&4]. The gaseous
The thermal oxidation of covellite was characterized by products from the thermal decomposition of borazane
FTIR evolved gas analysis to determine the mechanismsBH3NH3 were determined by TG-IR and TG-M8&5].
induced by the temperature and the compounds that cop- Imidization of the precursor of a liquid crystalline poly-
per and sulfur form during the covellite transformations imide was investigated using a thermogravimetric analyzer
[29]. (TGA) coupled to FTIR (TG-IR), and the experimental ev-
A study of alkaline earth metal titanates, in particular bar- idences revealed that the rate and degree of imidization are
ium titanate BaTiQ@, was reported by Berbenniand coauthors functions of curing temperature and tifj#].
since these compounds are widely used in the ceramics and
electronic industries because of their high dielectric constant, 3.2. Other applications
ferroelectric properties and electrical resistijid@].
The use of reduced pressure to expand the capabilities of Giron reviewed the applications of coupled techniques (in-
TGA-FTIR coupled technique was reported by Jackson and cluded EGA-FTIR) in pharmaceutical indus{d].
Rager31]. Hwu et al. described the applications of simultaneous
TGA-FTIR-MS in the study of organically modified clays
and clay-filled PMMA nanocomposit¢48].

3. 2002 applications Kok proposed an interesting review on the applications
of thermal analysis and evolved gas analysis in fossil fuel
3.1. Polymers and inorganics sciencd49].

Betaine compounds, complex lipids and transmethylating
Turel, in his 2002 review, cited several papers showing the agents in biological systems, were studied by TG-FTIR to
usefulness of FTIR evolved gas analysis for the studies of thedetermine the thermochemical behavior under two different
interactions of metal ions with quinolone antibacterial agents degradation condition®0].
[32]. Cyanate ester resins were characterized by TG-FTIR and
The processing (curing) chemistry involved in the py-GC-MS techniques by Ramirez et&ll].
polyamide formation was studied by simultaneous TGA-  T-jump/FTIR coupled technique allowed to determine the
FTIR-MS technique$33]. gaseous phase metal isocyanates during the flash pyrolysis of
Py-FTIR and py-MS techniques were proposed to perform the energetic Group 1 element salts of mono-anionic and di-
the evolved gas analysis to determine the decarbonylation ofanionic 5-nitraminotetrazolg2]. Aminotetrazole were also
the equatorial amide ligand in cobalt(lll) thiocyanate com- studied by Lesnikovich et al. both by TG-FTIR and TG-
plexes by Amirnasr et a[34]. Zinc(ll) aliphatic carboxy- GC-MS[53].
late complex compounds were characterized by IR and MS  Two different pulse calibration techniques were com-
evolved gas analysis by Andogova et[85]. pared and assessed to estimate the total quantities of evolved
Environmentally compatible polymers, such as poly(e- gaseous substances formed in FTIR-EGA r&44.
caprolactone) and polyurethane were synthesized and The preparation and the characterization of promising
characterized by FTIR evolved gas analy8i8,37]. multimetal oxide ceramic materials, such as super conducting
TG-FTIR and TG-MS were applied for an unambiguous cuprates and ferroelectric materials, were reported by Mul-
thermal characterization of intumescent coating material andlens et al[55].
were proposed as suitable methods in respect to quality as- Since continuous monitoring of the evolution of moisture
surance of such materif88]. The flame retardant effect of and carbon dioxide offers an interesting tool to determine
zinc sulphide in PVC materials was also investigated by both reaction kinetics of nhon-enzymic browning and optimizing
IR and MS evolved gas analygR9]. roasting processes, isothermal and dynamic heating of small
The thermal decomposition processes of a model specimens of hazelnuts in a differential scanning calorimeter
compound containing Mannich bridge and a series of (linked to a non-dispersive IR gas analyzer) was presented as
polybenzoxazine model dimmers were investigated by a possibility to simulate roasting processes on a micro-scale
Hemvichian et al[40]. [56].
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4. 2003 applications values determined by difference according to ASTM D3176-
89[71].
4.1. Polymers and inorganics By using TG-FTIR analysis, the gas chemisorbed on

graphite that has been milled for up to 1000 h was found

The thermal degradation of poly(3-hydroxybutyrate) and to be a mixture of C@ and an unidentified gas, supposed
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) was reported oxygen[72].
by Li et al. by IR-EGA and py-GC-MS-EGf57]. The understanding of the evolution of volatile species dur-

A self-constructed fast infrared spectroscopic EGA equip- ing tobacco pyrolysis was the object of the work proposed by
ment, based on a heatable optical cell adapted to a rapid scaWojtowicz et al. to improve product design and its evaluation
FTIR spectrometer, which allows an on-line monitoring of [73].
the gas phase, was used to determine the decomposition path- Several techniques, among them a simultaneous TG-DTA-
ways of nitrogen-rich substances as new components for en+TIR-MS, were applied to study the characteristics of the
ergetic applications like gas generatfs8]. black powdef74].

The FTIR evolved gas analysis allowed to complete the  The thermal treatment of torasemide form A, for pharma-
characterization of the dimanganese complex with cyclobu- ceutical applications, resulted in several effects, all examined
tanedicarboxylic aci¢b9]. by FTIR and MS evolved gas analy$i].

Thermogravimetry coupled with IR evolved gas analy- Chemometrics revealed a useful tool for the analysis of
sis was performed to characterize the thermal and the fireevolved gas during the thermal treatment of sewage sludge
behavior of polypropylene flax compounds containing am- using coupled TG-FTIR76].
monium polyphosphate and expandable graphite as fire re- The thermal decomposition gases of natural hydrotalcites
tardantg60]. carrboydite and hydrohonessite were determined by both IR

Polyamide 6 (PA6) and PA6-clay nanocomposites pre- and MS evolved gas analygi&7].
pared by melt compounding were the focus of a IR-EGA  The thermal behavior in air of two Al nanopowders was
study proposed by Pramoda et fdl1], while a combined determined using a simultaneous TG-DTA-FTIR-MS appa-
TG/IR and py-GC-MS study of poly(propylene carbonate) ratus, to be compared to other Al nanopowders for which
was reported by Li et a[62]. hazards results have been repoités].

1-Allylimidazole coordination compoundg63] and
4(5)-aminoimidazole-5(4)-carboxamide complexdé4]
were synthesized and characterized by TG-FTIR evolved 5. 2004 applications
gas analysis by Materazzi et al. to prove the supposed
decomposition mechanism. An aqueous metal-chelate gel5.1. Polymers and inorganics
precursor for (Bi,LajTizO12 was studied by Hardy et al. by
means of several hyphenated techniq6&$. In a study of different types of proton-conducting polymer

Rare earth elements carbonates were characterized by inblend membranes, when the principal membrane component
frared evolved gas analysis in a study reported by Paama eis sulfonated polyaryletherketone, the TGA-FTIR coupled
al. [66]. technigue showed that the decomposition of the membranes

Temperature-programmed desorption and decompositionsplits off SG at lower temperatures than in the pure substance
with the on-line detection of the evolved gases by IR and MS [79].
techniques were applied to study the adsorbed pyridine on The degradation of various poly(e-caprolactone-block-

sulfated zirconium oxides, also promoted by platiniém]. 1,4-dioxan-2-one) block polymers was investigated by TGA
The formation of lithium ferrites (LiF€Og and LiFeQ) simultaneously coupled to a FTIR spectrometer and a mass

from mechanically activated mixtures of JGOs—FeO3 spectrometer for evolved gas analy§e].

has been studied using evolved gas analysis (TG/FT-IR) by The flame retardant mechanisms of red phospho-

Berbenni et al[68]. rus, magnesium hydroxide and red phosphorus combined

A novel methodology for the screening of vapor—liquid with magnesium hydroxide were studied in high im-
enrichment in binary homogeneous systems is presented bypact polystyrene by means of Fourier transform infrared

Barontini et al[69]. spectroscopy and mass spectroscopy evolved gas analysis
[81].
4.2. Other applications The thermal degradation of various polymer nanocom-

posites was studied by TG-FTIR hyphenated technique and
The characterization of two biomass fuel (pelletised Mis- showed that evolved gases do not depend upon the type of
canthus Giganteus and wood) was performed with measure-nanocomposite and are qualitatively similar to those of the
ment of gaseous products by IR-EGA, with a generally good virgin polymer[82].
fitting of model parameters to product-evolution datay. The effect of a curing agent on the thermal degradation
TG-FTIR was used to measure the organic content in a of fire retardant brominated epoxy resins was reported by
suite of coals of differing rank and compare these with the Balabanovich et a[83].
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Thermal degradation studies of alkyl-imidazolium salts 5.2. Other applications
and their application in nanocomposites were collected by
Awad et al.[84]. Giron and coworkers summarized in their review the dif-
Materazzi et al., by FTIR evolved gas analysis, proved ferent steps needed for a proper design and monitoring of the
the supposed decomposition mechanism of new solid-statesolid-state in pharmaceutical industry in order to fulfill the

4(5)-aminoimidazole-5(4)-carboxamide complejgs] and requirements of the guideline dealing with polymorphism of
4(5)-hydroxymethyl-5(4)-methylimidazole coordination the International Conference of Harmonizat[{@00].
compoundg$86]. The suitability of TGA-IR method for the analysis of the

EGA by both FTIR and MS was the tool to study some degree of substitution of acetylated starch was assessed in a
flame-resistant modified segmented polyurethanes with 3-paper by Elomaa et g1101].
chloro-1,2-propanediol in the main chgBv]. A computer program was developed to solve for the yield

Thermogravimetric analysis coupled to Fourier transform and rate of evolution of individual pyrolysis products which
IR spectroscopy, TGA-FTIR, has been used real time to probemay be obtained from TG-FTIR or TG-MS analysis of the
the degradation steps of polyamide 6 in highly pure N2 with sample/102].
constant rate-controlled heatif#g]. Due to the fact that coking can be adversely affected by

A comparative study on thermal behavior of amino- weathering, MacPhee et al. reported a study regarding the
phylline and three theophylline compounds containing detection of natural oxidation of coking coal by FTIR-EGA-
ethylenediamine analogs, has been carried out by usingmechanistic implicationgl03].
simultaneous TG-DTA and FTIR evolved gas analysis = Computer-aided thermal analysis technique, incorporated
[89]. with thermogravimetric and FTIR, was employed in studying

Identification and monitoring of gaseous species releasedthe devolatilization of three thermal bituminous coals under
during the thermal decomposition of Sn and Zn complexes packed bed pyrolysing conditiofis04].
with thiourea in flowing air atmosphere have been car-  Evolved gas analysis by both FTIR and MS was applied
ried out up to 600C by both online coupled TG-EGA- for the characterization of model compounds and a synthetic
FTIR and simultaneous TG-DTA-EGA-MS apparatuses coal to represent the pyrolysis behavior of coal by Arenillas
[90-92]. et al.[105].

Thermal studies of the interactions of solid Triprolidine The degradation process of the chlorinated natural rubber
hydrochloride, a well-known antihistamine drug which from latex, used in the production of the raw materials for
is reported as being photosensitive, wiBcyclodextrin paints and adhesives because of its properties, was charac-
indicated that interaction between the components occursterized by thermoanalytical techniques also coupled for the
and itis possible that the TPH molecule may be least partially evolved gas analys[406].
accommodated in the cavity of the BCD host moledQR]. The pyrolysis of tobacco ingredients was performed to es-

Tian et al. Demonstrated that the thermal decomposition tablish relationships between tobacco components and smoke
atmosphere has evident effect on decomposition productsproducts that are often difficult to unrajj@o07].
of hydrated La(lll), Pr(lll) and Nd(lll) methanesulfonates, Besides that of the previously known& and NH;, evo-
and no effect on that of hydrated Ce(lll), Yb(IIl) and Zn(ll) lution of two new gaseous products;® and NO, which had
methanesulfonatg94]. notbeen reported earlier, has been detected and traced by both

The combined TG-FTIR technigue was employed to study evolved gas analysis (EGA-FTIR and EGA-MS) methods
the decomposition pathway of the cefadroxil complexes with in a study regarding ammonium paratungstate tetrahy-
transition divalent metalf95] and of manganese(ll) com- drate, a starting material of Wand tungsten production
plexes witha-amino acidg96]. [108].

In the EGA-FTIR spectrum of released gaseous species TG-FTIR of gaseous products from the decomposi-
measured at the highest evolution rate by TG-FTIR, tion of high energy materials suggested the evolution of
trans-1,4,5,8-tetraazodecalin, an aromatic 1,4-diazine and NH>,CN/NH3 and HCN as major decomposition products
ethylenediamine can be identified as decomposition products[109].
of crystals of unknown origin, crystallizing spontaneously Three bio-fuels with or without additives and their fly ash
from ethylenediamine on standif@7]. samples were characterized using simultaneous TG-DTA-

A series of blends of polyoxymethylene (POM)/ FTIR-MS; the results showed that the additives increase the
thermoplastic polyesterurethane (TPU) were investigated andreactivity of the bio-fuel during combustidga10].

it was found that incorporation of TPU into POM matrix re- The combined thermogravimetric (TG) Fourier trans-
sulted inincrease of thermal stability of blends in comparison form infrared (FTIR) techniques were used for studying
with pristine material§98]. the gaseous compounds evolved at thermooxidation of oil

The surface composition of IgCand SnQ@ thin films was shale samples from different deposits (Estonia, Jordan, Israel)
monitored as a function of the firing temperature by a mod- [111] and to investigate the thermal degradation behavior of
ified FTIR (emission cell) with a platinum sheet acting as a materials containing brominated flame retardants under fire
hot plate to heat up the sample on {88]. conditions[112].
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Evolved gas analysis (IR- and MS-EGA) of volatiles was
used to characterize the thermal behavior of commercial
PVC cable insulation material during heating in the range
20-800°C in air and nitrogef113].

An infrared furnace and an arrangement of internals for

S. Materazzi et al. / Talanta 68 (2006) 489—496

[8] M. Herrera, M. Wilhelm, G. Matuschek, A. Kettrup, J. Anal. Appl.
Pyrol. 58-59 (2001) 173-188.

[9] B.L. Deng, W.Y. Chiu, K.F. Lin, M.R.S. Fuh, J. Appl. Polym. Sci.
81 (2001) 1161-1174.

10] R. Mrozek, Z. Rzaczynska, M. Sikorska-lwan, J. Therm. Anal.
Calorim. 63 (2001) 839-846.

heating of a packed bed of sample were the tools to realize an [11] W. Xie, W.P. Pan, K.C. Chuang, J. Therm. Anal. Calorim. 64 (2001)

apparatus to determine the gases from a coal pojtdéy.

The burning rate data obtained by couplet TG-FTIR anal-
ysis indicated that triamino guanidinium azotetrazolate acts
as an efficient energetic additive in composite modified dou-
ble base (CMDB) propellant formulations in high-pressure
region[115].

By FTIR evolved gas analysis, Jang and Wilkie showed
that the main thermal degradation pathways of bisphenol A
polycarbonate follow chain scission of the isopropylidene
linkage, and hydrolysis/alcoholysis and rearrangement of
carbonate linkagefd 16].

Evolution of gaseous products from ammonium
paratungstate tetrahydrate, a starting material in powder
metallurgy of tungsten, has been the subject of a complex
thermoanalytical study reported by Sali et al.[117].

The coupled TG-FTIR analysis of the evolved gases has
revealed thatin the lattice compound 1,4-diammoniumbutane
bis(theophyllinate) the diamine is released as a whole
molecule in the first decomposition stgd.8].

A combination of high resolution thermogravimetric

analysis coupled to a gas evolution mass spectrometer com-
bined with infrared emission spectroscopy has been used to

study the thermal decomposition of synthetic hydrotalcites
honessite (NjFe2(SOy)(OH)16:4H20) and mountkeithite
(MgsFex(SOy)(OH)16-4H20) and the cationic mixtures of
the two mineral§119].

In the review collecting the selected applications of ther-
mal analysis, published on Analytical Chemistry, Vyazovkin

477-485.

[12] W. Xie, W.P. Pan, K.C. Chuang, Thermochim. Acta 367-368 (2001)
143-153.

[13] G. Janowska, L. Slusarski, J. Therm. Anal. Calorim. 65 (2001)
205-212.

[14] T. Oi, K. Horio, R. Kikuchi, H. Takahashi, J. Therm. Anal. Calorim.
65 (2001) 305-308.

[15] C. Guignot, N. Betz, B. Legendre, A. Le Moel, N. Yagoubi, Nucl.
Inst. Meth. Phys. Res. B 185 (2001) 100-107.

[16] A.C. Draye, O. Persenaire, J. Brozek, J. Roda, T. Kosek, Ph.
Dubois, Polymer 42 (2001) 8325-8332.

[17] H. Yao, M.A. McKinney, C. Dick, J.J. Liggat, C.E. Snape, C.A.
Wilkie, Polym. Degrad. Stab. 72 (2001) 399-405.

[18] T. Uyar, L. Toppare, J. Hacaloglu, Synth. Metals 123 (2001)
335-342.

[19] J.G. Dunn, N.G. Fisher, Thermochim. Acta 366 (2001) 157-166.

[20] W. Xie, Z. Gao, K. Liu, W.P. Pan, R. Vaia, D. Hunter, A. Singh,
Thermochim. Acta 367-368 (2001) 339-350.

[21] S. Materazzi, C. Nugnes, A. Gentili, R. Curini, Thermochim. Acta
369 (2001) 167-173.

[22] S. Materazzi, E. Vasca, Thermochim. Acta 373 (2001) 7-11.

[23] D. Giron, J. Therm. Anal. Calorim. 64 (2001) 37-60.

[24] V. Berbenni, A. Marini, G. Bruni, A. Cardini, Int. J. Pharmac. 221
(2001) 123-141.

[25] R. Bassilakis, R.M. Carangelo, M.A. Wojtowicz, Fuel 80 (2001)
1765-1786.

[26] R. Ozao, H. Yoshida, Y. Ichimura, T. Inada, M. Ochiai, J. Therm.
Anal. Calorim. 64 (2001) 915-922.

[27] K. Tonsuaadu, M. Koel, M. Veiderma, J. Therm. Anal. Calorim.
64 (2001) 1247-1255.

[28] W. Xie, W.P. Pan, J. Therm. Anal. Calorim. 65 (2001) 669—-685.

[29] J.G. Dunn, C. Muzenda, Thermochim. Acta 369 (2001) 117-123.

[30] V. Berbenni, A. Marini, G. Bruni, Thermochim. Acta 374 (2001)
151-158.

reported several examples of evolved gas analysis performed [31] R.S. Jackson, A. Rager, Thermochim. Acta 367-368 (2001)

by coupling thermoanalytical instruments and FTIR spec-
troscopy[120].

An interesting application of the FTIR evolved gas anal-
ysis was shown by Lunghi et dlL21]: a thermobalance or
a flash pyrolyzer are employed to simulate accident condi-
tions in process industries, with the analysis of more than 40
materials.
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