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Abstract

In this work, a method to calculate the baseline when weight loss processes take place is presented. Such method combines the information
obtained by TGA with the simultaneous heat flow signal obtained in a Simultaneous Thermal Analyzer. Once the water evaporation step
is identified, thermal parameters such as specific heat and enthalpy of vaporization can be combined with the instantaneous weight loss to
subtract the heat flow corresponding to this component from the DSC baseline. In this paper the model was applied to water evaporation in
forest litter samples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction equation to determine the enthalpy of a reaction from a DSC
experiment is

It has been said that DSC measurements obtained when a KA
change of mass occur in the sample, in general, do not rep-AH = ——
resent useful informatiofil]. The use of sealed pans may m
help to avoid this problem, but care must be taken to as- whereAH is the enthalpy change of reaction,is the mass
sure sample hermeticity during the experiment. To assureof the sample at the beginning of the experiméis the
hermeticity some laboratories routinely perform a TGA ex- calibration coefficient, anél is the area under the peak. De-
periment with a sample encapsulated in the same way asterminations of the mass provide a means by which mass
will be used in DSC. The reversing heat flow signal ob- changes can be incorporated into DSC calculatjighdNev-
tained by modulated DSC is not affected by the evapora- ertheless, the literature does not show any example where
tion process but, since MDSC does not measure the sam-+the baseline is calculated by subtraction of the effect from a
ple mass during the experiment, it is not possible to re- componentofthe samplethatvolatilizes. The authors propose
fer that heat flow to the actual instantaneous mass of thethat it can be done by combining simultaneous information

sample. on mass and heat flow obtained in a Simultaneous Ther-
An interesting attempt to measutéHd when mass change  mal Analyzer. The method was applied to the DSC base-
takes place has previously been done with TG-[[AThe line calculation in the case of samples of forest litter in

the range of temperatures where water evaporation takes

place. Measurement of thermal properties of these materials

* Corresponding author. Tel.: +34 981337400; fax: +34 981337410. IS necessary for the fire spreading models used in forest fire
E-mail addressrartiaga@udc.es (R. Artiaga). fighting.

0040-6031/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.tca.2004.11.016



138 R. Artiaga et al. / Thermochimica Acta 428 (2005) 137-139

110.0 0.056

100.0
90.0

) water % (

80.0

70.0
60.0
50.0

40.0

) (ainesadway)p/(ssew ajdwes)p

I
a0 | f 1-0.15

/o (—=—) sample-water (

P 0.0 — ' 0.2
0.0 100.0 200.0 300.0 400.0 500.0

temperature /°C

Fig. 1. Black spruce feather moss TGA trace decomposed in two processes. The range of study was limited to the area on the left of the vertical line.

2. Experimental 3. Results

Samples of different types of forest litter were ground Fig. 1 shows the TGA and DTG plots obtained from a
and blended in a planetary mill. Samples of around 8 mg forest litter sample.
were encapsulated in aluminium crucibles and a pinhole was  In wood samples, the first weight loss at around 400
punched on the top. The samples were analyzed in a simul-is attributed to water evaporatidB8]. Assuming that it is
taneous thermal analyzer Rheometric STA 1500. Each ex-what happens in these forest samples, the water content was
periment consisted of a heating ramp from 25 to S0t directly calculated and plotted Fig. 1, using the DTG peak
10 K/min, with argon flow at a rate of 50 ml/min, although as end point of water evaporation.
the range of data considered in this work was always below  Accepting the assumption that the first step corresponds to
200°C. water evaporation, the original TGA trace was decomposed
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Fig. 2. Calculated evaporation, heat capacity and total contributions along with the instantaneous water content in a black spruce feather moss sample.
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Fig. 3. Measured heat flow and heat flow after water contribution subtraction obtained from a black spruce feather moss sample.

into two traces, one corresponding to water evaporation and4. Discussion
the other to the sample with water content subtracted. Since

the thermal properties of water are well known, it is possi-  This methodology allows subtracting the evaporation con-
ble to subtract its contribution from the heat flow data, as tribution of a volatile component when the thermal properties
follows: of the substance that evaporates are known. The heat capac-
ity contribution of the substance that evaporates can also be
heat flow(water contribution) subtracted, since the actual instantaneous weight of the sub-
— heat flow(water evaporation) stance that evaporates can be obtained from the TGA trace.
Calculation of specific heat flow of the sample, less the total
+ heat flow(heat capacity of water) effect of the substance that evaporates, can be performed by

combining the corrected heat flow with the actual mass of the

Since the data were recorded at intervals of 1s in order to remaining sample.

obtain good resolution, all the forthcoming calculations were
performed at intervals of 1 s. The heat flow from water evap-
oration was calculated by multiplying the instantaneous rate
of mass loss of water by its evaporation enthalpy value.

The heat capacity heat flow spent in increasing the tem-
perature of the not yet evaporated water was calculated bya
multiplying the instantaneous mass of water by the water
value and the increment of temperature in each 1s step. An
evaporation enthalpy of 2418 J/g a@g of 4.187 J/g K were
assumed.

Fig. 2shows the calculated evaporation, heat capacity and
total contributions along with the instantaneous water content
in a sample. It is evident that the heat capacity contribution
is almost negligible compared to the evaporation process.

Fig. 3 shows the measured heat flow and the heat flow
after_water contribution s_ubtr_actlon. [1] R.B. Prime, Thermosets, in: E.A. Turi (Ed.), Thermal Characterization

Since the water contribution can be subtracted from the "~ of polymeric Materials, 2nd ed., Academic Press, San Diego, 1981,
heat flow and mass data, itis possible to calculate the specific  pp. 446-447.
heat of the dry sample by comparison with a sapphire exper-[2] R. Hoffman, W.-P. Pan, Thermochim. Acta 192 (1991) 135-
iment under identical conditions. Heat capacity values for 146. .

. . . [3] H.G. Wiedemann, |. Lamprecht, Wood, in: R.B. Kemp (Ed.), Hand-
sapph|re Wer_e obtained froM]' TWO _repllcates of the same book of Thermal Analysis and Calorimetry, From Macromolecules to
sample confirmed the reproducibility of the results. Other  pan, vol. 4, Elsevier, Amsterdam, 1999.
samples gave similar results. [4] E. Gmelin, St.M. Sarge, Pure Appl. Chem. 67 (1995) 1789-1800.
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