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The development of the multiple thermal methods and the results obtained with
them during the past three years are discussed.

More than 900 papers dealing with thermal analysis have been published in the
past three years (1973 —1975). This corresponds to a 1509 increase as compared
to the preceding three years. The literature sources on which this review is based,
as well as numerical data are listed in Table 1. In view of the great number of
papers, the author could not undertake to survey the complete material. The
object of the present review is the discussion of instruments for multiple thermal
techniques and of the results obtained with these techniques.

Development of instruments

The Hungarian representative of instruments for multiple techniques is the
derivatograph manufactured by MOM, Budapest. F. Paulik and J. Paulik have
lately further developed the method towards quasi-isothermal and quasi-isobaric
measuring techniques [1]. Thereby the investigation of decomposition processes
close to the equilibrium temperature and pressure (in the physicochemical sense)
became feasible. Thermal results obtained with the novel procedure have been
reported by the inventors in several papers [2—4].

Further development consists in combining the quasi method and gas titrimetry.
In this manner, quasi-thermogravimetric curves (QTG) and quasi-thermogastitri-
metric curves (QTGT) are simultaneously obtained [5].

Polish researchers [6] made use of the derivatograph supplied with a 1500°
furnace for determining the Curie point of ferromagnetic substances. The magnetic
field produced by the heating current establishes a magnetic relation with the
ferromagnetic substance. At the Curie point, where the substance turns para-
magnetic, a sharp apparent weight decrease is measured.

The efforts to combine the light microscope and the DTA method appear of
interest. The DLI (depolarized light intensity) technique simultaneously records
the DTA curve and measures changes in light intensity under dynamic condi-
tions [7]. The authors claim particular importance of the method in the plastics
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industry for studies of crystallization, rates of crystallization and melting points
of polymers.

American researchers report about combinations of high-pressure TG and
magnetic susceptibility measurements in the 1—68 atm pressure range. The
method has been successfully applied in investigations of coordination compounds
where a change occurs in the number of the odd electrons of the central metal
atom [8].

There is an increasing demand for the analysis of volatiles evolved during thermal
analysis. This task is solved in an up-to-date manner by combining thermal anai-
ysis and mass spectrometry. Various such combinations are known. American
researchers report results obtained by combining TG-DTA-MS-computer equip-
ment, particularly for geochemical applications [9].

DTA-MS-magnetic tape data storage [10] has been used in studies of inorganic
compounds, coordination compounds, organic metal compounds.

The combination TG-DTG-DTA-MS [11] has been used to study the dehydra-
tation of MgCl,.6H,0. '

The decomposition of UO,2NH;.2HF has been investigated with the combi-
nation TG-DTA-MS to clarify the reaction mechanism [12].

Simultaneous DTA-EC (electrical conductivity) measurement has been report-
ed [13].

DTA-EC-EGA (evolved gas analysis) has been used by Soviet authors for the
analysis of 21 sulphide-containing compounds [14].

The essence of DTA-TG-ETA (emanation analysis) is that some radioactive
isotope, e.g. krypton, is previously built into the crystal lattice of the substance
to be studied. The radioactive isotope evolved from the surface under the effect
of heat is measured with a GM tube and yields information regarding crystal
structure, crystal rearrangement etc. [15].

A combination of X-ray-TG-MS [16] is known. The sample is placed into a
heatable X-ray cell and the diffraction pattern is taken in the usual manner.
The evolved decomposition products are then transferred through a special
vacuum-proof valve to the thermobalance which is under high vacuum. The
so-called “molecular beam’ formed of the decomposition products strikes against
the balance pans and displaces the balance. The displacement is proportional to
the rate of decomposition, consequently its integral yields the TG curve. MS-curves
can be obtained simultaneously.

Belgian researchers [17] studied the decomposition of Ca, Mg(HCO,), using
the combination DTA-EGA. Others [18] used a similar combination for investiga-
tions of the decomposition of sodium and calcium dithionate-hydrates.

Theoretical research

In this field, numerous papers deal with the kinetic interpretation of solid-phase
reactions, since apparent kinetic parameters, namely activation energy, order
of reaction, activation enthropy and frequency factor can be calculated from
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thermal curves, and used for characterizing the reactions. Part of these papers
deal with theoretical considerations [19, 21], mathematical calculation methods
[22—-24], computer programs [25], studies of the effect of experimental condi-
tions [26]. Other papers report investigations concerning the decomposition kinet-
ics of coordination compounds, cadmium dipyridyl bromide [27], glucose, fruc-
tose [28], malonic acid [29], polymers containing polyacetylene groups [30],
polyethylene and polypropylene [31], poly(pyromellite-imide) and its derivatives
[32], sodium and potassium polymethacrylate [33], isobutene-butadiene and
styrene-indene copolymers [34], Cr,0;/Al,0; catalyst [35], ZnO/ALO; [36],
glycine, DL-valine, DL-alanine, L-phenylalanine [37], cadmium thiourea reinecka-
tes [38], p-toluene sulpnonamide, chloroamine-T, dichloroamine-T [39]. Hunga-
rian authors have studied the evaporation kinetics of water, benzene, toluene,
n-heptane and cyclohexane in the presence of non-volatile n-paraffins [40].

Although most theoretical papers dealing with kinetics point out the theoretical
and experimental difficulties arising in the computation of solid-phase kinetic
parameters, only few authors have come to the final conclusion that the charac-
teristics adopted from the kinetics of homogeneous reactions can only formally
be applied under the conditions of heterogeneous reactions [41].

Inorganic compounds
Fundamental and structure research

The decomposition of Mn(CO),, and Re,(CO),, has been studied [42]. The result
- indicated that the dissociation energy of the metal-metal bond is lower in the case
of the Mn salt. A study of Pd, Rh, Re chlorides and oxides allowed to elucidate
the structure of the intermediate products formed in the thermal reaction [43].
The thermal analysis of AgF and of a mixture of AgF with alkali halogenides
demonstrated that the presence of the alkali metal compounds substantially affects
the decomposition of silver fluoride [44]. Potassium chlorite undergoes a dispro-
portioning reaction into chlorate and chloride, without evolving oxygen. The
reaction is indicated by an exothermic maximum at 140° on the DTA curve [45].
Thermal analysis of periodic acid, iodic acid, iodic anhydride, iodine pentoxide
has been reported [46]. The conditions of spinel formation with the compositions
27n0.3A1,0; [47] and MgFe,O, [48] and the decomposition of ZnCrO,.2H,O
with the TG-DTG-MS technique [49] have been studied. The properties of Ni(OH),
precipitate and turbostratic Ni(OH), have been compared [50], the formation of
o-Cr;0; from Cr(III) hydroxide [51] and the reactions of MbO5 with manganese
oxide and manganese carbonate [52] have been investigated. Other objects of
studies were the thermal properties of magnesium propionate dihydrate [53], the
thermal decomposition of precipitates containing Co and Ti [54], the reactions
of boric acid with polyols and pentacrythrite under the effect of heating [55— 56]
solid-phase reactions between Ni(II) sulphide and manganese oxide [57] and
between thallium nitrate and vanadium pentoxide [58].
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The dehydratation processes of oxalate hydrates of Mg, Ca, Mn, Co, Ni, Cu, Zn
and Cd have been investigated, indicating that the tetrahydrates lose their water
of crystallization readier than the monohydrates. This was explained by a more
stable structure of the latter [59]. The dehydratation of CuSO,.5H,0 [60], natural
zeolites [61], synthetic zeolites [62], double salt hydrates [63], selenate hydrates
of Mb(II), Co(II), Ni(II), Cu(II), Zn(II) and Cd(II) [64] and CaHPO,.2H,0 [65],
and the desolvatation of RbF.HAc solvate [66] have been studied by thermal
analysis.

Results of applied research

The hydratation of cements of different origin was studied depending on the
amount and type of the flue-dust added [67]. Thermal analysis of lime, flue-dust
and gypsum mixtures was carried out [68]. The corrosion of concrete stacks in
power plants was followed by thermal analysis [69]. Corrosion of concrete caused
by sulphate, alcohols and esters was studied [70].

In the field of industrial catalysts the following studies have been reported:
activity measurement of active carbon in the presence of a nickel catalyst [71],
utilization of Y-type zeolites as catalyst [72], non-pyrophoric nickel skeleton catal-
ysts for hydrogenation reactions [73]. A Hungarian researcher works on the
problems of pyrotechnical mixtures and retarded detonation [74, 75]. The study
of the thermal properties of mechanically activated (ultra-finely ground) bauxite
demonstrated that phase transitions take place at lower temperatures [76]. COy
and S content in pyritic and carbonatic bauxite was determined by combining the
derivatograph and titrimetry of the evolved gas [77].

The main constituents of red clay have been identified [78], phase transitions
in sulphide- and carbonate-containing ores from Silesian copper mines were
investigated [79], Zn-dolomites from Silesia have been subjected to thermal anal-
ysis [80]. In the field of environment protection, the testing of effluents is of great
importance. Thermal analysis was utilized for measuring the amounts of volatiles,
of suspended petroleum and of CaCOj [81].

Organic compounds
Fundamental and applied research results

Thermal analysis has been frequently applied in investigations on the thermal
stability and structure of coordination compounds, since the decomposition of
these compounds, the order of splitting off individual ligands characterizes — as a
first approach — the relative bond strengths.

The decomposition of Cu(IT), Cd(IT), Zn(II) and Mn(II) isoquinoline thiocya-
nates proceeds through the sulphides to the final oxides [82]. The melting points
vapour pressures and heats of sublimation of Ga, In, Y, La, Gd, Fe, Zn, Pb, Li
2,2,6,6-tetramethyl-3, 5-heptanedion were measured [83]. Heterogeneous reactions
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between solid Ni(IT) complexes and ammonia were investigated [84], the stability
of the pyridine germanium catecholate complex was studied [85]. The derivato-
graph was applied for studying the decomposition of oxytricobalto acetate [86].
Thermal analysis of Hg(CN)y, KoHg(CN), and KHg(Cb),.CL.H,O indicated that
the complex compounds decompose at lower temperatures than Hg(CN), [87].
The thermal stability of metal complexes of HET acid was studied using a deri-
vatograph complemented by a titrimetric EGA device [88]. Further coordination
compounds reported in the literature to have been subjected to thermal analysis
are Co(diox.H)s(amine),. X [89], Cu(C,0)(NH;), «, f, 7 isomers [90], Cu(Il),
Ni(II), Co(IT) pyridine, isoquinoline, o,a-dipyridyl or o-phenanthroline [91],
MHgJ, complexes (M = Ag*, Cut, Hg2+, TI*, Pb?*) [92], V, Cr, Mn, Co, Ni,
Cu, Zn biguanide complexes [93], Zn(IT), Cd(ID), Mn(II), Hg(I), He(II), Th(IV),
Ln(IIT) and Fe(Ill) complexes with pyridine, isoquinoline, «,x-dipyridyl and
o-phenanthroline [94]. The study of seven different Cu(II) dithiocarbonate com-
plexes indicated that the course of the TG curves was independent of the atmo-
sphere applied [95]. Coordination compounds of Ln(III) nitrates and thiocyanates
with cyclic polyethers were studied [96]. The phenomenon of thermal isomerization
was observed with trans-CoBrypy,(H;05)Br which, in the solid phase, is trans-
formed under the effect of heat into the cis form [97, 98]. The thermal analysis
of coordination compounds of the M(CO),.CLL, type allowed to determine the
stability sequence (M = W or Mo, n = 2 or 3 and L = P(CgH;); or As(CsHj)s.
.OP(C¢H;)5) [99]. Soviet researchers studied the thermodynamics of coordination
compounds [100] and the structures of Fe(IIT), Rh(IIT) § diketone complexes [101].
Thermal properties of novel complexes (hexakis-DMSO—Cr(II)) have been
investigated [102].

Thermal analysis is often being applied to plastics. The thermal stability of
glycidyl ether and glycidy! ester type epoxy resins [103] and of polycarbon-
ates [104] has been studied. Polyethylene studies demonstrated differences in
DTA curves of aged samples, samples having been in use as extruded electric

Table 1
Statistical data on the publications dealing with thermal analysis and their temporal
distribution.
(1970—1972) (1973—1975)
Number of Number of

List of references List of references

publications publications

J. Thermal Anal. 132 | J. Thermal Anal. 240
Thermochim. Acta 208 Thermochim. Acta 381
ICTA Proceedings ICTA Proceedings )
(Davos) 1971 180 (Budapest) 1974 277
Total 520 900
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insulation and virgin material, respectively normal polyethylene [105]. The reac-
tions taking place when coating a surface with polyester have been simulated by
studying the thermal properties of polyesters and modified polyesters [106]. The
"derivatograph has been used for studying cross-linking taking place in polymers
under the effect of heat [107]. Simultaneously with the thermal analysis of PVC,
the evolved hydrochloric acid was determined by conductometry [108]. Carboni-
zation processes of various polymers, simultaneously with the study of the struc-
ture of the formed carbon were investigated [109]. Combined thermal analysis
and mass spectrometry was applied for analyzing polymers [110]. Polyurethane
foams were studied using a quadrupol mass spectrometer aggregated with TG
equipment [111]. Thermal analysis of aromatic polyesterimide type insulating
resins [112] and acrylonitrite copolymers [113] has been reported. The stability
of the B-alkylaryl ether bond characteristic for macromolecules in wood has been
determined by thermal analysis, allowing to state that the stability of the bond
depends on the conditions of lignin recovery [114]. A presumable model of the
structure of oxycellulose has been established, based on the products of pyroly-
sis [115].

Many papers deal with thermal analysis of biopolymers. Stability studies of the
structure of myosin and myofibrilla indicated that the former is decomposed in
the temperature range of 370 to 285°, the latter at 490 to 520° [116]. A derivato-
graph was used for the thermal analysis of bones and for detecting biochemical
changes resulting from disc injuries in the knee-joint [117]. The main constituents
of bilestones, similarly to renal stones, can be determined by thermal analysis [118].
In thermal analysis of DL-B-phenylalanine and DI-g-aminophenyl-a-alanine,
water is split off and dioxy-piperazine derivatives are formed [119]. Thermal
analysis of tetrahydroperparin (THP) and its derivatives, being biologically active
compounds, was performed [120]. Thermal analysis of plant leaves and leaves
treated with nitric acid was reported [121].

In disubstituted phenyl-p-benzoylbenzoxybenzoate, the phase transitions solid
crystal — liquid crystal — isotropic liquid were determined [122]. The action of
flame-retardant additives on rayon fibres has been studied [123]. Thermal analysis
of Li, Na, K, Rb and Cs formiates demonstrated that the ratio of carbonates and
oxalates formed depends on the atmosphere [124]. Thermal analysis of some aryl-
sulphanylamines containing benzene and naphthalene rings, resp., indicated that
the compounds containing benzene rings have higher thermal stability [125].
Polish researchers report investigations of pseudo-homogeneous two-phase ion
exchange membranes [126].

Numerous papers deal with thermal analysis of fuels. It was found that the
thermal decomposition picture is very similar for peats of different origin [127].
On the TG curves of peat, xylite, lignite, brown coal, bituminous coal and anthra-
cite, an abrupt weight-change precedes ignition [128]. The mechanism of the reac-
tion taking place between coal and oxygen was studied in the temperature range
of 20 to 300° [129]. The gasification process of coal was studied from the techno-
logical point of view [130].
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Thermal analysis of the distillation residues of various crude oils has been per-
formed [131].

w

The author wishes to express her thanks to Miss Beata Androsits for her valuable help
in assembling the material. .

1.
2.
3.
4.
5.
6.

32.
33.

34.
35.

References

PAuLIK and J. PAULIK, Anal. Chim. Acta, 60 (1971) 127.

Paurik and J. PauLik, J. Thermal Anal., 5 (1973) 253.

PauLik and F. PauLik, Hung. Sci. Instr., 28 (1973) 1.

PauLix and F. PauLik, Hung. Sci. Instr., 34 (1975) 15.

Paurik and J. PauLIK, J. Thermal Anal., 8 (1975) 557.

R. MoskaLEwicz, Thermal Analysis Proc., Akadémiai Kiadé, Heyden and Son, Buda-
pest, 1974. 3. p. 873.

F.
F.
J.
J.
F.

. E. M. BarrAL and J. F. JounsoN, Thermochim. Acta, 5 (1973) 41.

. J. R. WiLLiams, E. L. StmMons and W. W. WENDLANDT, Thermochim. Acta, 5 (1973) 101.
. E. K. GiBsoN, Thermochim. Acta, 5 (1973) 243.

. H. G. LANGER and D. Brapy, Thermochim. Acta, 5 (1973) 391.

. K. Hempe and H. J. EicauorN, J. Thermal Anal., 7 (1975) 397.

. H. WypEN and H. M. MULLER, Thermochim. Acta, 11 (1975) 425.

. Z. Haimos and W. W. WENDLANDT, Thermochim. Acta, 7 (1973) 95.

. L. G. BerGg and E. N. SHLYAPKINA, J. Thermal Anal., 8 (1975) 417.

. F. CHARBONNIER, V. BALEK and P. BussiiRE, J. Thermal Anal., 7 (1975) 373.

. H. C. WIEDEMANN, Thermochim. Acta, 7 (1973) 131.

. C. VaNDAEL, J. M. LEVERT and M. VANTHOURNHOUT, J. Thermal Anal., 5 (197) 445.
. H. A. Parazian, P. J. PrzzorLato and J. PENG, Thermochim. Acta, 5 (1973) 147.

. G. O. Prrovan, K. A. SEMENDYAYEV and 1. B. Kupinov, Thermal Analysis Proc., Aka-

démiai Kiadé, Heyden and Son, Budapest, 1974. 1. p. 57.

. J. Zsako, J. Thermal Anal., 8 (1975) 593.
. V. M. GORBACHEV, J. Thermal Anal., 8 (1975) 586.

. SzEKELY, G. VARHEGYI and F. TiL, J. Thermal Anal., 5 (1973) 227.
. OzAawa, J. Thermal Anal., 5 (1973) 563.

. 8xvAra and J. SesTAk, J. Thermal Anal., 8 (1975) 477.
. PAULIK and J. PauLIK, J. Thermal Anal., 5 (1973) 253.

T

T
. P. K. Davip and F. ZeLENYANszKI, J. Thermal Anal., 5 (1973) 337.
F

F

. D. FATU and E. SEGAL, J. Thermal Anal., 5 (1973) 95.

. F. Orsy, J. Thermal Anal., 5 (1973) 329.

. J. GYORE and M. Eckr, J. Thermal Anal., 5 (1973) 299.

. G. SIMINOEscU, Sv. DIMITRESCU, S. VAstLIN and V. PERcEc, J. Thermal Anal., 6 (1974)

389.

. M. IriNG, Zs. HEDVIG, T. KELEN and F. Ttp&s, Thermal Analysis Proc., Akadémiai

Kiadé, Heyden and Son, Budapest, 1974. 2. p. 127.

J. ZurakowskA-ORszAGH and S. KosieLa, Thermal Analysis Proc., Akadémiai Kiado,
Heyden and Son, Budapest, 1974. 2. p. 147.

R. Kryszowska, Thermal Analysis Proc., Akadémiai Kiad6, Heyden and Son, Budapest,
1974. 2. p. 159.

A. GrOBLER and T. KADA, J. Thermal Anal., 5 (1975) 407.

A. BENCOvVsKI, A. CARAMAN, D. Fitu, E. Pop, E. SEGAL and GH. SERBAN, J. Thermal
Anal., 5 (1975) 427.

10 J. Thermal Anal. 10, 1976



458 SIMON: NOVEL MULTIPLE METHODS IN THERMAIL ANALYSIS

36. B. R. Arora, R. K. BANERIEE, T. S. R. Prasap Rao, N. K. Monpatr, N. C. GANGULI
and S. P. SeN, Thermochim. Acta, 7 (1973) 25.

37. S. Gurrierl and G. Siracusa, Thermochim. Acta, 7 (1973) 231.

38. P. M. MADHUSUDANAN, P. N. KrisuNaN NAaMBISAN and C. G. RAMACHANDRAN NAIR,
Thermochim. Acta, 9 (1974) 149.

39. P. INDRASENEN and C. G. RAMACHANDRAN NAIR, Thermochim. Acta, 11 (1975) 141.

40. Z. Aponvyi and G. K6ros1, Thermal Analysis Proc., Akadémiai Kiadd, Heyden and Son,
Budapest, 1974. 2. p. 453.

41. J. SimoN, J. Thermal Anal., 5 (1973) 271.

42. P. LEMoINE and M. Gross, J. Thermal Anal., 6 (1974) 159.

43.1. S. SHAPLIGIN and V. B. Lazarev, Thermal Analysis Proc., Akadémiai Kiado, Heyden
and Son, Budapest, 1974. 1. p. 1001.

44. T. FLORA and I. GAAL, Thermochim. Acta, (1973) 7.

45. T. BAnsAcl and F. Sorymosi, Thermal Analysis Proc., Akadé miai Kiad6, Heyden and
Son, Budapest, 1974. 1. p. 153.

46. K. JAky and F. SoLymosI, Thermal Analysis Proc., Akadémiai Kiado, Heyden and Son,
Budapest, 1974. 1. p. 433.

47. B. R. Arora, R. K. Banerizg, T. S. R. PrasaD Rao, N. K. ManNDAL, N. B. BHATTACHA-
RYYA and S. P. SeN, Thermochim. Acta, 6 (1973) 119.

48. 1. LukAcs and C. Strusievicry, J. Thermal Anal., 7 (1975) 359.

49. K. JAkY and F. SoLymosl, Thermal Analysis Proc., Akadémiai Kiadé, Heyden and Son,
Budapest, 1974. 1. p. 433.

50. S. Le. BiaaN and M. FiGLarz, Thermochim. Acta, 6 (1973) 319.

51. R. GiovanoLr and W. STADELMANN, Thermochim. Acta, 7 (1973) 41.

52. P. RAaJARAM, B. VISWANATHAN, G. ARAVAMUDAN, V. SRINIVAsaN and M. V. C. SAsTRi,
Thermochim. Acta, 7 (1973) 123.

53. E. GoBerT-RaNcHOUX and F. CHARBONNIER, J. Thermal Anal., 8 (1975) 443.

54, M. STRAJESCU and E. PerTE, J. Thermal Anal., 8 (1975) 393.

55. E. M. ScEWARTZ, V. V. GRUNDSTEIN and A. F. Ievins, J. Thermal Anal., 8 (1975) 461.

56. E. M. SCHWARTZ, V. V. GRUNDSTEIN and A. F. Ievins, J. Thermal Anal., 8 (1975) 469.

57. L. GLaADMAN and F. G. BUTTLER, J. Thermal Anal., 8 (1975) 531.

58. L. Zurkova and K. MikLovA, J. Thermal Anal., 8 (1975) 577.

59. CHR. BALAREW and D. StoiLova, J. Thermal Anal., 7 (1975) 561.

60. 1. R. Boniira, P. Da R. ANDRADE and A. Bristorr, J. Thermal Anal., § (1975) 387.

61. E. DoNATH, Thermal Analysis Proc., Akadémiai Kiad6, Heyden and Son, Budapest,
1974. 2. p. 629.

62. T. BatiasaviLy, Thermal Analysis Proc., Akadémiai Kiadd, Heyden and Son, Budapest,
1974. 2. p. 611.

63. N. RaAYCHAUDHURL, G. K. PaTHAK and S. Mitra, Thermal Analysis Proc., Akadémiai
Kiadd, Heyden and Son, Budapest, 1974. 1. p. 615.

64. M. A. NaBar and S. V. ParALkAR, Thermochim. Acta 11 (1975) 187.

65. G. BEreND and J. HEGEDUS, Thermochim. Acta, 11 (1975) 367.

66. A. V. NIKOLAEV, V. E. FEporov and T. D. Fepotova, Thermal Analysis Proc., Akade-
miai Kiado, Heyden and Son, Budapest, 1974. 1. p. 333.

67. Hegy1 J. Pak6 and R. Kovacs, Thermal Analysis Proc., Akadémiai Kiado, Heyden
and Son, Budapest, 1974. 3. p. 459.

68. . SteenickA and K. KALickA, Thermal Analysis Proc., Akadémiai Kiads, Heyden
and Son, Budapest, 1974, 3. p. 497.

69. P. WesoLowskt, Thermal Analysis Proc., Akadémiai Kiad6, Heyden and Son, Budapest,
1974. 3. p. 513.

70. J. MEDGYESI, M. BozsinARr and M. MARTON, Thermal Analysis Proc., Akadémiai Kiado,
Heyden and Son, Budapest, 1974. 3. p. 533.

71. J. M. Skowronski and K. AppELT, Thermal Analysis Proc., Akadémiai Kiadé, Heyden
and Son, Budapest, 1974. 3. p. 173.

J. Thermal Anal. 10, 1976



72.
73.
74
76.
77.
78.

79.

80.

81.
82.
83.
84.
8s.
86.

87.
88.

89.
90.
91.
92.
93.
94.

96.
97.

98.
99.
100.
101.

102.
103.

104.

105.

106.

10*

SIMON: NOVEL MULTIPLE METHODS IN THERMAL ANALYSIS 459

E. ALsporr, K. H. ScuNaseL and M. SELENINA, Thermal Analysis Proc., Akadémiai
Kiadd, Heyden and Son, Budapest, 1974. 3. p. 211.

S. BEkAssy, J. PETRO, G. LipTAY, J. HEiszMAN and A. TUNGLER, Thermal Analysis Proc.,
Akadémiai Kiadd, Heyden and Son, Budapest, 1974. 3. p. 221.

. L. SuLacsik, J. Thermal Anal., 5 (1973) 33.
. L. SULACSIK, J. Thermal Anal., 6 (1974) 215.

T. A. KornNEva, T. S. Yusopov, L. G. LukajaNov and G. M. Gusgv, Thermal Analysis
Proc., Akadémiai Kiad6, Heyden and Son, Budapest, 1974. 2. p. 659.

S. KENYERES, P. GADG, M. Sa16 and K. SoLyMAR, Thermal Analysis Proc., Akadémiai
Kiadé, Heyden and Son, Budapest, 1974. 2. p. 531. .

G. BmL6, Thermal Analysis Proc., Akadémiai Kiadd, Heyden and Son, Budapest,
1974. 2. p. 599. .
M. A. Wisniowskl, R. S. WoiciecHowska and J. Serkies, Thermal Analysis Proc.,
Akadémiai Kiads, Heyden and Son, Budapest, 1974. 2. p. 639.

L. ZAWISLAK, Thermal Analysis Proc., Akadémiai Kiad6, Heyden and Son, Budapest,
1974. 2. p. 667.

P. LiterATHY and F. LAszrd, Thermal Analysis Proc., Akadémiai Kiado, Heyden and
Son, Budapest, 1974. 3. p. 115.

B. LORANT and M. BoisTor, J. Thermal Anal., 5 (1973) 379.

H. R. BrRunnNER and B. J. Currtrs, J. Thermal Anal., 5 (1973) 111.

E. J6NA, T. SRamMko and J. GaZo, J. Thermal Anal., 7 (1975) 551.

N. KoNorik, G. LipTAY, H. BLAHA and S. BACHMAYER, J. Thermal Anal., 6 (1974) 231.
J. ZroLkowskr and T. SzyMaNska, Thermal Analysis Proc., Akadémiai Kiado, Heyden
and Son, Budapest, 1974. 1. p. 831.

B. Momuar, E. Cs. PorzsoLT and M. T. Beck, J. Thermal Anal., 6 (1974) 299.

I. VANCsSO-SzMRECSANYI and A. SziLAgyl, Therma! Analysis Proc., Akadémiai Kiadd,
Heyden and Son, Budapest, 1974. 2. p. 359

J. Zsax6, Cs. VArHEGYI and G. Liptay, Thermal Analysis Proc., Akadémiai Kiado,
Heyden and Son, Budapest, 1974. 1. p. 825.

H. LANGFELDEROVA, J. Mikovic, J. Garay and J. Gazo, Thermochim. Acta, 5 (1973) 303..
B. LorANT, Thermochim. Acta, 6 (1973) 205.

Z. Harmos and W. W. WENDLANDT, Thermochim. Acta, 7 (1973) 113.

P. V. BABYKUTTY, P. INDRASENAN, R. ANATARAMAN and C. G. RAMACHANDRAN NAIR,
Thermochim. Acta, 8 (1974) 271.

B. LorANT, Thermochim. Acta, 9 (1974) 67.

. C. G. Scengv, J. O. HiLL and R. J. MAGEE, Thermochim. Acta, 11 (1975) 301.

S. GURRIERI, A. SEMINARA, G. SiRacUsA and A. Cassor, Thermochim. Acta, 11 (1975) 433.
R. TsucHiya, Y. NATsuMmE, A. UgHARA and E. Kyuno, Thermochim. Acta, 12 (1975)
147.

R. Tsucumiya, T. OHkI, A. UeHArRA and E. KyuNo, Thermochim. Acta, 12 (1975) 413.
B. MoHar and L. Benczg, Thermochim. Acta, 11 (1975) 323.

A. V. NixoLAEv, V. A. LoGgVvINENKO, V. M. GorBatcHOV and L. I. MyAacuINA, Thermal
Analysis Proc., Akadémiai Kiad, Heyden and Son, Budapest, 1974. 1. p. 95.

R. GroeeLNY and B. JEzowska-TRzEBIATOWSKA, Thermal Analysis Proc., Akadémiai
Kiadé, Heyden and Son, Budapest, 1974. 2. p. 325.

Zs. SzABO, J. SiMoN and M. T. Beck, J. Thermal Anal., 8 (1975) 155.

I. ANTAL and L. CsiLLag, Thermal Analysis Proc., Akadémiai Kiad6, Heyden and Son,
Budapest, 1974. 3. p. 347.

Z. Horry, Thermal Analysis Proc., Akadémiai Kiadd, Heyden and Son, Budapest,
1974. 3. p. 367.

L. Licgeray and G. Liptay, Thermal Analysis Proc., Akadémiai Kiadd, Heyden and Son,
Budapest, 1974. 3. p. 389.

E. Porowska and T. Stareczex, Thermal Analysis Proc., Akadémiai Kiad6é, Heyden
and Son Budapest, 1974. 3. p. 401.

J. Therinal Anal. 10, 1976



460

107.

108.

109.

110.

111.
112.

113.
114,

115.

116.

117.
118.

119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.

131.

SIMON: NOVEL MULTIPLE METHODS IN THERMAL ANALYSIS

F. Orst, I. RUSZNAK, GY. BERTALAN, P. ANNA4, 1. Gyurkovics and M. Laczk0, Thermal
Analysis Proc., Akadémiai Kiado, Heyden and Son, Budapest, 1974. 2. p. 105.

J. NaGy, T. GABOR and E. BRANDT-PETRIK, Thermal Analysis Proc., Akadémiai Kiadé,
Heyden and Son, Budapest, 1974. 2. p. 175.

N. A. LariNa and V. S. OsTrovskH, Thermal Analysis Proc., Akadémiai Kiado, Heyden
and Son, Budapest, 1974. 2. p. 407.

H. L. FriepMaN, G. A. GrrrrTH, J. R. MALLIN and N. M. Jarrg, Thermochim. Acta,
8 (1974) 119.

G. J. MoL, Thermochim. Acta, 10 (1974) 259.

G. PARLAGH, G. SzEkELY and M. Laczk6, Thermal Analysis Proc., Akadémiai Kiado,
Heyden and Son, Budapest, 1974. 2. p. 83.

C. VasitA, BE. MarFrer, D. Gee; and 1. A. ScHNEIDER, J. Thermal Anal., 8 (1975) 405.
G. DoMBURG, G. RossiNskavA and V. SErveeva, Thermal Analysis Proc., Akadémiai
Kiad6, Heyden and Son, Budapest, 1974. 2. p. 211.

J. BLana, P. CERNY and I. BLaZ18ER, Thermal Analysis Proc., Akadémiai Kiad6, Heyden
and Son, Budapest, 1974. 2. p. 221.

I. PoruBszky, 1. Kasa, I. Fazekas and V. SzEKEssY, Acta Biochim. Biophys. Acad. Sci.
Hung., 8 (1973) 33.

T. Bir6 and M. Biuari, Acta Chirurgica. Acta Sci. Hung., 14 (1973) 59.

H. J. SCHNEIDER, M. BERENYI, A. HessE and J. TscHARNKE, Int. Urol. Nephrol., 5
(1973) 9.

J. GY6rE and M. EckT, Thermal Analysis Proc., Akadémiai Kiado, Heyden and Son,
Budapest, 1974. 2. p. 387.

A. DAvip, G. HorVATH, Z. MEszAros, T. MEeiseL and Z. Harmos, J. Thermal Anal.,
6 (1974) 59.

E. M. Variu, Thermal Analysis Proc., Akadémiai Kiadd, Heyden and Son, Budapest,
1974. 2. p. 245.

M. Fopor, L. HopANy, K. PINTER and K. Ritvay, Thermal Analysis Proc., Akadémiai
Kiad6, Heyden and Son, Budapest 1974. 2. p. 417.

1. MicHLIK and J. SMEKAL, Thermal Analysis Proc., Akadémiai Kiad6, Heyden and Son,
Budapest, 1974. 3. p. 425.

T. Memser, Z. Harmos, K. SeyBoLD and E. PunNGor, J. Thermal Anal.,, 7 (1975) 73.
Z. Czerwiec and J. PieLicHowskl, J. Thermal Anal., 7 (1975) 465.

R. DaBEK and A. Basinskl, J. Thermal Anal., 7 (1975) 195.

YA A. BeLicaMAEr, V. M. IxkrIN and S. I. SmMoLyaNiNov, Thermal Analysis Proc.,
Akadémiai Kiado, Heyden and Son, Budapest, 1974. 3. p. 265.

D. Rustcuev and K. MArkovA, Thermal Analysis Proc., Akadémiai Kiadd, Heyden
and Son, Budapest, 1974. 3. p. 295.

V. N. Marinov, Thermal Analysis Proc., Akadémiai Kiad6, Heyden and Son, Budapest,
1974. 3. p. 305.
S. HeiLperN, Thermal Analysis Proc., Akadémiai Kiadd, Heyden and Son, Budapest,
1974. 3. p. 283,

J. WieckowskA, Thermal Analysis Proc., Akadémiai Kiadd, Heyden and Son, Budapest,
1974. 3. p. 591.
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ZUSAMMENFASSUNG — Es wird ein Uberblick der vielseitigen thermischen Methoden gegeben

und

die wesentlichsten in den letzten drei Jahren erzielten Ergebnisse vorgestellt.

Pestome — OOCyxkneHo pa3BuTHe MYJILTUILIETHLIX TEPMHUYECKMX METONOB M DPE3YILTATOB,
TIONYYEHHBIX B TEYSHAM MOCIEIHUX TPEX IET.
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