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THERMAL 

A-1 

Simultaneous photothermal analysis (PTA), and differential thermal analysis 
(DTA) curves of inorganic compounds and organic polymers are presented. While 
the two techniques reinforce each other and provide complementary information, 
light emanating from the sampie and detected by a photomultiplier tube provides 
features in the PTA thermograms not present in the DTA thermograms. 

IEi-RODUC’TIOX 

It is known that many different types of materials can exhibit luminescence. 
The luminescence may be fluorescence or phosphorescence, the former occurs 
almost concurrently with the absorption of the exciting light while rhe Iatter is more 
Ieisurely emitted light. When certain materials are heated to temperatures below 
incandescence, this phenomenon is termed thermoluminescence. 

Thermoluminescence has been used at an early date by Dtribt?i’ in the study 
of minerals and ceramics_ Further studies and applications of this phenomenon have 
been described’-‘4 . The use of this technique for geologic age determination has been 
reported by Zeller’ ‘: and Zeller and Ronca16. Ralph and Han” ha\-e reported on 
pottery datin, 0 and Lancaster” and Wendlandt*’ have reviewed principles and 
applications. 

These applications deal with ordered or semi-ordered materials such as crystals 
or inorganic glasses which have imperfections or traps. When these materials are 
subjected to high ener_q radiations, electrons are removed and due to the higher 
energy levels attained by the electron, it cannot be recaptured by its own ion and thus 
is free to wander through the crystal lattice or is trapped- An energy of about 10 eV 
is sufficient for electron removal. If there are imperfections or traps in these materials. 
upon heating, the absorbed energy is given off in the form of luminescence or light 
as the electrons return to their original positions from their traps. These principles 
have been applied in geological dating15-’ ‘_ 

It is also known that the photoluminescence process occurs in the case of 
aromatic compounds in the region 2500 A-3500 A. where the n-electrons are re- 
sponsible mainly for the activity_ Crystalline non-aromatic organic materials should 
also exhibit luminescence for reasons similar to those cited above. This particular 
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aspect where both aromatic and non-aromatic long-chain, high-moIecular weight 

organic polymers are involved, has not been investigated by this technique_ Ashby” 

has reported on another form of Iuminescerxe, rk. oxyluminescence, which occurs 

w-her. organic materials are he-ted in the prescence of oxygen. 

Consequent&_ a study was undertaken to determine whether or not photo- 

thermal analysis could be used to detect changes occurrin_g in materials as a function 

of temperature and have general utility for materials investigations. Differential 

therma analysis was used simultaneousIy in order to reinforce the data obtained 

from photothermal analysis and to aid in the interpretation of the phototherma1 

data. 

In order to accommodate both the PTA and DTA techniques simultaneously, 

a standard Stone-Premco DTA cell Model SH-202-I I R-Ni was modified by borin_g 

a 0.275 inch opening in the cell cap to permit sample viewing by the photomuitiplier 

tube. A Stone-Premco Furnace. Model LTF was used and modified by boring a 

cavity &tending from the top of the furnace through the furnace insulation ter- 

minating at the cell cap openins. With an “end on” photomuhiplier mounted on the 

PHOTOMULTlPLlER 

PM VIEWING CAVITY 

DIFFERENTIAL 
THERMOCOUPLE 

Fig_ 1. Schematic diagram of simultaneous Photothcrmai and Ditierential Thermal Analysis 
3ppIrzltus_ 
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Fig. 2. Apparatus used for simultaneous PTA and DTA studies. 

top of the furnace and the sample cell cap opening aligned with the furnace opening, 
the sampIe pan contained in the rin g thermocoupie could be viewed directly by the 
photomuitiplier without requiring additional equipment. A schematic of this arrange- 
ment is shown in Fig. 1_ Fig. 2 is a photograph of the complete system with the 
exception that a black photographer‘s cloth was placed over the photomuttipher tube 
and furnace platform to guard against light leaks. 

In order to insure adequate spectra1 response at high sensitivities. the EMI 
photomultiplier tube, type 6256S, was chosen for these studies. This photomultiplier 
tube is a large two-inch diameter tube with a I cm cathode_ It has a spectral response 
from approximately 2000 A to 6000 A and a sensitivity of 2000 amp per lumen at 
1700 VDC with only 0.5 n amp of dark current. The small viewing area, high sensiti- 
vity, and suppressed red threshold to reduce thermionic effects, contribute to optimiza- 
tion of effective sample area viewing. 

A high voltage power supply. l&lode1 413A, manufactured by John Fluke Co., 
was used to provide voltage for the photomultipher tube. A Tracer solid-state 
electrometer, Model No. 5169, was used to measure the current output of the photo- 
multiplier tube. This signal was recorded on one channel of a two-channel recorder 
whiie the differential temperature was recorded on the second channel. A Stone- 
Premco Recorder Controller Modei 202 F was used for these studies. 
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DtSCUSSIO~ XSD RESULTS 

The system was checked out by running a blank in order to observe the PTA 
and DTA responses which are shown in Fig. 3. These results are typical of the type of 
response encountered for a larse number of bIank runs. The rapid rise in response of 
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Fig. _7_ BIank run: hexing raft’, IO C’min: gas flow. 0.05 sa-tdsrd cubic feet per hour (SCFH) N2_ 
IN& -101rV or -I_2 C full scsk tFS): PT.& 1.6~ IO-” amp FS at IjO0 V_ 

the PT.4 side of the system that begins at about 4OO’C is typical and is due to heat 
efikcts on the photomultipher tube from the furnace. 

Because carbonate rocks are known to thermoluminesces and the thermo- 
luminescent glow curses ha\-e been used for radioactive dating*5-i6, the first materiais 
chosen for investi,oation were carbonate materials. The sample was a naturally 
occurring carbonate. the ssact composition of which is unknown, obtained from a 
cave formation in Texas. This was an interesting specimen from the standpoint that 
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it consisted of alternate dark and white bands. One aspect of this investigtion was 
to determine whether or not the technique could differentiate betlveen the composi- 
tional changes responsible for the different color bands in the same specimen. 

The thermograms sholvn in Figs. 4 and 5 indicate that there are only small 
differences between the thermograms of the white band and dark band samples in 

1OO~C 200” c 300°C 400=-c 

Fig. 4. Thcrmngr3ms of white bxd limcsronc using simulrancous PTA and DTX: htating rate. 
10 -C,min: gz~s tlow-. 0.05 SCFH X2 ; sample six. Y-4 mg. DTX. 150 /IV or -4.7 C FS; PTA, 
1.6x- IO-’ amps FS at 1300 V- 

either the case of PTA or DTA. A number of runs of each colored band of the same 

specimen have shown that there are consistent smaII significant differences by either 
PTA or DTA that are not readily apparent from a single scan. 

One significant feature of these thermogams is the esothermic peak beginning 
at about 3O!I ‘C and terminating at approximately 375 ‘C as marked on the rhermo- 
grams. These DTA exothermic peaks coincide with the major glow peak and are due 
to the release of stored energy or trapped electrons. This aspect has been confirmed by 
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Fi_e 5_ Thermogmms of dark band limestone using simuI:ancous PTA and DTA; heating rate, 

1WC;min; gas fiou-, 0.05 SCFH N, ; sample size, 8.3 mg. DTA, IS0 pV or -4.7 ‘C FS; PTA. 

1.6 x IO-* amps at 1300 V_ 

irradiation of specific minerals in a nuclear reactor and subsequent examination 3y 
DTA”. Kardos” aIso observed exotherms in the same general temperature range in 
his study of Apollo I 1 lunar samples. These exotherms were attributed to the reiease of 
sTored ener_q based upon the study of synthetically irradiated samples and the effect 
of soIar winds. Thus, DTA would appear to be as sensitive or perhaps more sensitive 
than phototherma1 analysis for examinin g these types of materials and perhaps 
would be better suited to studies involving geologic dating than thermoluminescent 
anat-&. 

The PTA thermogams are similar to those reported by Ralph and Han” and 
Lewis’s. The glow cur\-es are known to vary GdeIy and depend upon eIectron trap 
formation which in turn is dependent upon specimen age, imperfections, and vacancies 
in the crysta! Iattice, composition, impurities, ion dislocations or holes, statistical 
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imperfections due to kinetic motions, radioactive element content, and amount of 
exposure to aLl types of radioactivity’-’ *-19. 

Differences in thermoluminescent character will also be obsened to change 
as the experimental heating rate varies. We have utilized a IO’Cjminute hea:ing rate, 
in general, which seems to optimize both PTA and DTA responses although for glow 
curve studies, a heating rate from 10 ‘Cjminute’9 to 16 ‘C/secondt’ has been reported. 

PTA 

100-c 200-c 3oooc 4oooc 

Fig. 6. Thermogram of clay using simultaneous PTA and DTA; heating rate. :O’Cimin; gas flow, 
0.05 SCFH N2: sample size, 8.4 mg. DTA, 150 pV or --1.7X FS; PTA, 1.6x IO-* amps FS at 
1300 v. 

A sampIe of clay was then run (Fi,. 0 6) in order to determine if this type of sample 
could be distinguished from the limestone_ The DTA thermogram is quite different 
from the Iimestone in the temperature region examined due to dehydroxylation of the 
clay. The PTA thermogram is also distinctive, but with fewer marked differences. The 
DTA thermoeam shows features, in general, sinilar to the limestone thermogram in 
the temperature range between 300°C and 4OOC. A re-run of the clay sample ccrre- , 
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IOO’C coo- c 3uo-c 400-c 

Fig. 7. Thermogram of copper sulfate pentahydrate using simultaneous PTA and DTA; heating rate, 
IO “C/miti; gas Bow, 0.05 SCFH N2 ; sample size, -8 mg. DTA, 500 pV or -155°C FS; PTA, 
1.6 y IO-* amps FS at 1300 V. 

sponded tu the blank run shown in Fig. 3. 
Copper sulphate pentahydrate was then examined by this technique (Fig. 7) 

since it is a material whose thermat response is well known. The PTA thermogram 
shows slightly increased response in the 3CMI-4oO”C temperature region as compared 
to the blank, but the interesting temperature region is from 225 “C to 275°C. During 
the loss of the fifth water of hydration, a distinctive photometric response was ob- 
served which was confirmed on subsequent runs. The origin of this response was 
suspected to be due to a change in color of the specimen since a blue to white color 
change accompanies complete dehydration which may be sensed due to reflected light 
as a result of light leakage into the sample ccl!. This aspect was checked by running 
a fresh sample at night in a completely darkened room with the light cloth still in 



285 



286 D. J. DAVID 

PTA 

100-c 2000 c 3000 c 4oo”c 

Fig_ 9. Thermogram of polyvinylchloride using simultaneous PTA and DTA; heating rate, lO’C/ 
min; _gys flow. 0.05 SCFH Nr ; sample size. ~7-1 mg. DTA, ISOllV or h3.7’C FS; PTA, I.6 x 1O-s 
amps FS at 1300 V_ 

PTA thermo_mms and cannot be used for identification purposes as the PTA 

thermograms can be. In addition, the PTA response is not necessarily a result of 

active decomposition_ 
The PTA response is unusual and was unexpected since the phenomenon of 

thermoluminescence should not be operable during these scans because the PTA 

response occurred a considerable while after any order in the polymer had been 

destroyed, as in the case of polyethyIene (Pi g. IO). The PTA response begins approxi- 

mateiy where oxidation commences and may be a resuIt of oxyluminescence” 

althou& ah sampIes were run with Nz as the dynamic gas. However, there may have 

been sufiicient osygen present due to (I) back diffusion since the pressure dome couId 

not be used, or (2) oxygen impurities in the nitrogen, so as to permit oxyluminescence. 

Light Ieakage may have occurred in spite of the precautions taken, as previously 
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100-c 2oooc 3OO’C 400.C 

Fig. IO. Thermogram of polyethyiene using simultaneous PTA and DTA: heating rate, IO’Cimin; 
gas dew, 0.05 SCF?i N2 ; sample size, -7.5 mg. DT& 500 pV or-15S”C r’s; PTA, I.6 x IO-* amps 
FS at 13OOV. 

pointed out, so that the PTA curves may be the result of color changes of the sampIe. 
The PTA peak obtained in the polyethylene scan at about 325°C would seem to 
discount the curve emanating from a color change since poIyethylene becomes 
progressively darker as oxidation proceeds. 

The difference in PT.4 response between polyvinyl chloride and polyethylene 
is most marked even though identical experimental conditions were employed. 
Again, this wouid seem to negate the color change possibility. This difference may be 
expIained on the basis of different chemical configuration so that oxyluminescence, 
chemiluminescence, or possibly some other mechanism is operating to produce the 
PTA thermograms. 
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Fig. 11. Thermogram of poIyrnethyImethacryIate using simultaneous PTA and DTA; heating rate, 
JO”C/rnin; gas flow, 0.05 SCFH N.2; sampIe size, -S.O mg. DTA, 300 PV or -9.4”C FS; PTA. 
I-6 x lo-” amps FS at 1300 V. 

REFERENCES 

1 M. DtiiR& Argile, I88 (1938) 5. 
2 G. F. GARLICK, Luminescent Materials, Oxford Univ. Press, London, 1949. 
3 F. DA~;IELS, C. A. BOYD, A&D D. F. SAUNDERS, Science, 109 (1949) 4-$0_ 
4 F. D~srrrs A- D. F. SAUEDEM, Science, 1 II (1950) 461. 
5 F. URBACH. Sitzungsber- Akad. Wm. Wcin Marh. Narunciss. KL. Abt. ZA, I39 (1930) 363. 
6 J. T. WALL ASD hi. H. F. Wn Proc. Roy. Sot., London, Ser. A, 184 (1945) 347.366.390. 
7 C-A_ BOYD. L Chenr- Phys.. 17 (1949) 1221. 
8 F- D-q C k BOYD, AXD D_ E SAUX~ERS, Science. 117 (1953) 343_ 
9 A. KOHPU~R A&D H. L~ITMEIER, Z. KTisraliogr,. 87 (1934) 87. 

10 E. SAURIN, Cornpi- Red Sot. GeoL F.ance, (1939) 209_ 
11 M- A. NORTHRUP A%D 0. I_ LEE. J. Opt. Sot. Amer., 30 (194-O) 206. 
12 D. F. SAUFDEU, Bull. Amer. Ass. Perrol, Geol-, 37 (1953) 114. 
13 J- M- PARM. Brrll. Amer. Ass- Petrol. Geol., 37 (1953) 125. 
14 D. R L.EWXS, J. Phys. Chcnr., 60 (1956) 698_ 



SMUL.TANEOUS PfA m DTA 289 

IS E 3. ZELLER, Geologic Age Derermina~ions by Thermoluminescence, in D. 1. MCDOUGALL, Ed.), 
Thermofrminescence of Geologic Maferiak. Academic Press, London, 1968. 

I6 E. J. Z&LtER AND L. B. RoXCA, h’ecc Decelopmenrs in the Thermolaminescence Merhod of Geologic 

Age De!ermination. International Atomic Energy Agency. Vie- 1963, p. 73. 
17 E K. -LP~ AND M. C. HAN, NGrure, 210 (1966) 245. 
I8 D. E LA~ichsr~sc. Electron. World. March, 1969. 
19 W. W. WE?*PU%DT, Thermal Merhodr of Analysis, Interscience, New York, 1964. 

20 D. J. DAVID, private communication, 1969. 
21 J. L KARDOS, Stored Energy Measurements in Apollo II Lunar Samples by Differential Tkrmai 

A~Iysik, in R_ S. PORTER ASD J. E JOHNSON, (Eds.), Analytical Calorimetry, Plenum Pcblishing 
Press, New York. 1970. 

22 G. E. ASUBY. J. Polym. Sci-. SO (1961) 99. 

Thermochim. Acfa, 3 (1972) 277-289 


