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For the desmearing of the DSC signal the mathematical function for the description of the instrument
response with its time constants is necessary. The temperature dependence of the time constant was found
from DSC measurements for melting of metals, for empty crucibles, for the sensor without crucibles, and
from LFA measurement for the crucible separate. The time constant decreases almost by a factor of two
in the temperature range between —40 °C and 400 °C. The clear trend for the temperature dependence of
the time constant was observed even at room temperature, where heat exchange by means of radiation
is supposed to be zero. The mechanism, which dominates the heat transfer in the system, is found from
the plot of the temperature dependence for the time constant. The heat loss to the surrounding gas and

the thermal contact between sensor and crucible through the gas layer between are the main reasons for
the temperature dependence of the time constant.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Measurements carried out by the method of heat flux differ-
ential scanning calorimetry (DSC) contain information about the
measured sample as well as instrument properties and measure-
ment conditions. This dependence is shown in the smearing of the
measured signal in comparison with the heat flow evolved or con-
sumed by the sample. The degree of such smearing depends on
the experimental conditions, heat capacity of the sample and prop-
erties of the measurement system [4]. As a result, the measured
temperature at the maximum point of a melting peak shows a
significant difference from the melting temperature of the metal
sample, and the signal after complete melting, i.e. after the peak
maximum, goes not immediately, but exponentially to the horizon-
tal level. But it is known that after the maximum point of the DSC
curve the sample is already molten and does not need any heat for
its melting. As conclusion it is seen that the shape of measured peak
does not correspond exactly to the heat consumed or evolving in
the sample because of the thermal event. To get the correspondence
between the curve shape and the heat processes in the sample, it is
necessary to carry out the signal correction.

The correction of the signal peak, measured on the heat flux
differential scanning calorimeter, consists of two parts [4]: temper-
ature correction regarding the thermal resistance between sample
and the point of the temperature measurement, and correction
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of the heat flow values by using of a deconvolution procedure
regarding the system function of the instrument. By means of the
deconvolution procedure the signal f{(t) corresponding to the true
heat flow consumed or evolved in the sample because of thermal
event in it, can be found from the measured DSC signal F(t), and the
known system function of the instrument g(t) [1,2]:

t
F(t)=/f(t’)g(t—t’) dr’ (1)
0

Here the system function of instrument has the unit 1/s, because
the integral of the system function over time must be equal to 1.
To characterize the system function of the instrument usually one
or several time constants are used. They correspond to the one or
several different heat flow pathways in the system.

It is denoted, that time constants depend on the temperature,
and the main reason for such dependence is the radiation in the
heat exchange mechanism [5]. The sensitivity of the DSC instru-
ment is also connected with its time constants, and the instrument
sensitivity is investigated by [6]. Also here it is stated that high tem-
peratures the main factor influencing the temperature dependence
of the instrument sensitivity is the presence of radiation.

From another side it is known that the shape of the mea-
sured peaks for the same sample is different for the measurements
carried out in different atmospheres. It means that the time con-
stants depend on the gas nature in the measurement cell. Usually
this is connected with the thin gas layer between crucible and
Sensor.

The purpose of the current work is to investigate the physical
mechanisms influencing the temperature dependence of the time
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Fig. 1. Measured (solid) and corrected (dashed) curve shapes for Indium melting. Correction is done using system function with one time constant g(t)=A exp(—t/t).

constants for heat flux differential scanning calorimeters, and to
find an answer for the contribution of these mechanisms.

2. Experimental

DSC measurements under the different conditions were carried
out, and then the time constant (7) was found from experimental
data. For all experiments the deconvolution is done numerically
according to algorithm described in [1] with system function
g(t)=Aexp(—t/t) with one time constant 7, A is the normalization
factor. The time constant is the value in the system function, which
leads to a fast return of the deconvoluted heat flow curve to the
horizontal baseline after its peak maximum, when applied for cor-
rection of the measured curve.

2.1. Time constant from melting of metals at different
temperatures

Measurements are done on the instrument NETZSCH DSC 204 F1,
t-sensor, aluminum crucibles with pierced lid, mass 36 mg. Melting
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of the following metals from the standard calibration set: Hg, In, Sn,
Bi, Zn. Sample masses from 11 to 13 mg, Hg: 32 mg, nitrogen atmo-
sphere, heating rate 10 K/min. In Fig. 1 there is a typical example of
the measured melting peak and the corrected peak. In Fig. 7a there
is the temperature dependence of the time constant for this set of
metals. For the temperature range between melting temperatures
of Indium and Zinc the time constant changes monotonically from
4.4 to 2.6 s. The sensor and crucible heat capacity and the thermal
conductivity show changes for this temperature range of several
percent only and cannot be the reason for such big changes of the
time constant.

2.2. Melting of indium in different atmospheres

Instrument NETZSCH DSC 204 F1, t-sensor, aluminum crucibles
with pierced lid, sample mass 8.82 mg, gas flow 20 ml/min, heating
rate 10 K/min, atmospheres: He, N5, Ar, the results are presented
in Fig. 2. The time constants are determined to 1.76, 3.75, 4.38s,
respectively, and they show a distinct dependence on the gas prop-
erties. For the heat exchange the thermal conductivity of gas can be
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Fig. 2. Shape of the peak for In melting in atmospheres He (dashed), N, (dotted), Ar (solid), sample mass 8.82 mg, gas flow 20 ml/min, heating rate 10 K/min. Time constants

are 1.76, 3.75 and 4.38 s correspondingly.
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Fig. 3. Inverse time constant (squares) and inverse measured peak area (circles) for Indium melting peak in atmospheres Ar, N,, He vs thermal conductivity of gas. Inverse
peak area is shown normalized to the corresponding value in nitrogen. Linear dependence of these values on gas thermal conductivity corresponds to the case of convectional

heat loss (line 4 in Table 1).

important. In Fig. 3 there is the inverse of the time constant and the
inverse of measured peak area for the Indium melting peak in the
atmospheres Ar, Ny, He plotted versus the thermal conductivity of
the gases. The inverse peak area is shown relative to the correspond-
ing value in Nitrogen. The different peak areas mean different values
for instrument sensitivity. There is a distinct correlation between
the instrument time constant and the gas properties. The depen-
dence of the inverse sensitivity and the inverse time constant on
thermal conductivity is close to a straight line but not direct propor-
tional. In any case it could be confirmed that the sensitivity and time
constant depend on the thermal conductivity of the surrounding
gas.

2.3. Instrument response on light exposure: sensor with empty
crucibles

Instrument: NETZSCH Photo DSC 204 F1, t-sensor, nitrogen
atmosphere, aluminum crucibles without lids, crucible mass 22 mg.
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Isothermal conditions for temperatures between —50°C and 200°C
with steps 25°C. Under isothermal conditions the UV light beam
came from the top side of the measurement cell to the opened
sample crucible. Duration of the light impulse 5s, diameter of the
light beam is 2 mm. The system contains additional heat flow paths
between sensor and crucibles including the influence of the thin gas
layer, and heat flow from the crucibles to the surrounding gas. In
Fig. 4 there are the typical measured and corrected curve shapes
(exothermal) for isothermal measurements with light exposure.
After correction regarding the time constant, the heat flow curve
for the impulse is almost rectangular. For the measurements with
exposure times 3, 5, and 10 s at the same temperature the time con-
stant was independent from the light duration. However, the time
constants presented in Fig. 7a show again a dependence on temper-
ature, which cannot be explained by the temperature dependences
of the heat capacity and thermal conductivity of the sensor and cru-
cibles. It could be influence of the gas properties or of the radiation
mechanism for the heat exchange.

R,

with crucibles.

DSC Correction:
Response function: y=exp(-thau)
tau=2598s

empty sensor

DSC Correction:
Response function: y=exp(ttau)
tau=0713s

Time /s

15 20 25 30

Fig. 4. Measured (circled) and corrected (dashed) curve shapes for isothermal measurement at 25 °C on NETZSCH Photo DSC 204 F1 instrument with two empty crucibles
during light exposure. Measured (triangles) and corrected (solid) curve shapes for empty sensor for the same conditions. After correction regarding time constant the light
impulse is shown almost rectangular. The time constant is independent from the light duration.
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Fig.5. Dependence of time constant on heat capacity; mass =0 mean sensor without
crucibles, m=22 mg is the sensor with empty crucibles without lid, and m =46 mg
is the crucibles with lid and with sample inside.

2.4. Instrument response on light exposure: sensor without
crucibles

The same instrument and measurement conditions as in the pre-
vious measurements were used. Here the time constantis measured
without influence of the gas layer between the sensor and crucible.
During this measurement the part of system time constant is found,
which is coming from the sensor itself. It includes the heat trans-
fer between furnace and sensor, the heat transfer inside the sensor
between the sample position and the reference position and the
heat transfer from the sensor to the gas. The time constant for the
empty sensor is much less than for the sensor with empty crucibles.
In Fig. 5 there are two DSC signals measured for the empty sensor
and the sensor with crucibles and corrected curves for both signals.
The same light impulse brings different measured peak areas for
the measurement with crucible and without them. This difference
in the total amount of heat received during lighting can be explained
by the difference in the light absorption by the sensor and by the
crucible material. In Fig. 7a there is the comparison of the time
constants for the empty sensor and for the sensor with crucibles.
The time constants for the empty sensor have weak dependence on
temperature, whereas the time constants for the sensor with cru-
cibles have clear temperature dependence. Reason could be the gas
layer between sensor and crucible or heat loss due to convection to
the surrounding gas.
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2.5. Instrument response on light exposure: influence of thermal
resistance between crucible and sensor

Isothermal experiments with UV light were done on the same
instrument with different thermal resistances between crucible
and sensor. For this purpose a thin round aluminum foil of thickness
0.1 mm with a diameter equal to the crucible diameter was used.
For all experiments in this series the same crucible and the same
foil were used to have the same summary mass of crucible and foil.

1. Foil inside crucible. One gas layer is between crucible and sensor.
Area of gas layer is equal to bottom area of the crucible.

2. Foil is between sensor and crucible. Two gas layers are between
crucible and sensor. Area of each gas layer is the same as before.
Thermal resistance is twice higher as for previous experiment.
The experimental time constant is now higher as before. At room
temperature, for example, this doublicated thermal resistance
results in an increase of the time constant from 2.97 to 3.43s.

3. Part of this foil, which mass is 21% of the mass of full foil, is placed
between sensor and crucible; the rest of the foil is placed inside
the crucible. Now there are two gas layers between crucible and
sensor, but the area of each of them is only 21% of the bottom
area of the crucible. The thermal resistance is now (1/0.21) times
higher than for the previous experiment and 9.5 times higher
than for the first measurement. The experimental time constant
is higher than in the two previous experiments. At room tem-
perature, for example, such increasing of the thermal resistance
results in an increase of the time constant from 2.97 to 4.33s.

The experimental results for time constant for temperatures
between 30°C and 200 °C are shown in Fig. 7b.

2.6. Separate crucible without sensor

The heat transfer inside an aluminum crucible and the heat
loss from it to the surrounding gas are measured outside of the
DSC instrument. For such a purpose the laser flash method can be
used. This experiment was carried out on the NETZSCH LFA 447 for
isothermal conditions from 25°C to 300°C in step of 25°C in air.
The functional scheme of laser flash instruments can be found, for
example, in [7]. The short light pulse comes to the bottom side of
the measured object, the heat is absorbed by the bottom surface,
and the infrared sensor indicates the temperature increase on the
top side of the measured object. In the current case the Xenon lamp
had a light duration 0.18 ms. From the recorded curve shape the
thermal diffusivity, radiation, and heat loss due to convection can
be found. The crucible is placed on the orifice in the support, which
diameter is a little higher than the crucible bottom diameter, and
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Fig. 6. Typical signal for temperature behavior measured for separate aluminum crucible in LFA447 after it got the heat from Xenon flash lamp for 25°C (a) and 300°C (b).
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Fig. 7. (a) Experimental (data points) and calculated (curves) results. Experimental time constant found from melting peaks of metals Hg, In, Sn, Bi, Zn (diamonds) in crucibles
with lids. Time constant for empty sensor (squares) has weak dependence on the temperature, whereas sensor with crucibles without lids (triangles) has clear dependence
on the temperature. Measured time constant for the single crucible (crosses) has clear temperature dependence. Even values for 25°C and 50°C show the difference. All
theoretical curves are calculated for DSC data according to formula (11) with Cs = 0 for empty sensor, Cs = 0.020]J/K for empty crucible and Cs = 0.034 J/K for melting experiments.
(b) Experimental (data points) and calculated (curves) results for different thermal resistances between sensor and crucible. Experimental time constant found for empty
sensor (squares), crucible with aluminium foil inside (diamonds), full foil between sensor and crucible (circles) and small foil between sensor and crucible (triangles). All
theoretical curves are calculated for DSC data according to formula (11) with Cs =0.023J/K. This experiment is used for exact determination of the contribution of the gas

layer and contribution of convection into temperature dependence of time constant.

contact area between the crucible and its support is very small. The
measurement time was 4s. In Fig. 6 there is the typical signal for
the temperature behavior measured for a single aluminum crucible
in such an experiment. After relaxation, the signal comes not to the
same temperature as it was before the shot, but to a slightly higher
temperature, because the system has got some heat. The reason of
the temperature decrease is the heat loss to the surrounding gas,
because the edge between the crucible and the support is very small
and cannot be compared with the area of contact present at DSC
measurements. The temperature dependence of the time constant
is shown in Fig. 7a. The time constant in this temperature range
changes from 1.464 to 0.755s and this changes can be explained
only by the heat loss from the crucible to the surrounding.

3. Modeling and calculation of the system time constant
The calculation of the time constants was based on the scheme

shown in Fig. 10a. The system consists of the furnace with the fur-
nace temperature Ty, the sensor with sensor temperature at the

sample position Tss and sensor heat capacity at the sample posi-
tion Cgs, the sample with heat capacity Cs and temperature Ts; the
sensor temperature at the reference position T, sensor heat capac-
ity at the reference position Cs, reference with heat capacity C;
and temperature T;. The contact between sample and sample cru-
cible is not taken into account; it was assumed that the sample has
the same temperature as the sample crucible, and the used sample
heat capacity Cs has the meaning of heat capacity of sample with
sample crucible. The furnace has direct contact to the sensor. The
effects of radiation heat transfer and influence of gas properties are
taken into account in the current consideration with gas tempera-
ture Tgas, thermal resistance between sample (or reference) to gas
Rg, emissivity for furnace K and for sample and reference Ks and K,
respectively. The thin gas layer between sensor and reference cru-
cible and between sensor and sample crucible is taken into account
in the values R; and R;. If the thermal contact between crucible and
sensor is the thin gas layer, then the corresponding thermal resis-
tance depends on the temperature inverse to thermal conductivity
of gas Agas. The thermal resistance between sample (or reference)
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Table 1
Limiting cases for time constants and sensitivity values as function of temperature.

Description General dependence T on temperature

Temperature dependence for
7 withRs = a/VT, Rg =
b/NT, Reaq =1/(4KoT?)

Sensitivity for steady-state heating:
(a) general formula; (b) temperature
dependence

1 Empty sensor, no crucibles
Rs — 0, Cs — 0 no radiation
R;ag — 00, no convection heat
loss Rg — oo

2 Sensor with two crucibles, no
gas between sensor and
crucibles Rs — 0, no radiation
R;ad — 00, no convection heat
l0Ss Ryag — 00

3 Sensor with two crucibles, gas
layer between sensor and
crucibles no radiation
Rag — 00, no convection heat
loss Rg — o0

T=CssRe

7=(Cs +Css)Rg

7 =CssRe+ Cs(Rs +Ry), 7 is linear to 1/Agas

. . Cs+Css)RER
4 Sensor with two crucibles, T= %

convectional heat loss, no gas
between sensor and crucibles
Rs — 0, no radiation Ry,q — oo

, 1/t islinear to Agas

7= CsRg(Rs+R¢)+CssRe(Rs+Rg)

5 Sensor with two crucibles, gas Ro Rk

layer between sensor and

crucibles, convectional heat

loss no radiation R;3q — oo
6 Sensor with two crucibles, (= (fo%
radiation no gas between i
sensor and crucibles Rs — 0, no
convection heat loss Rg — oo

, 1/t islinearto T3

7 Sensor with two crucibles, Formula in text
radiation, layer between sensor

and crucibles, convectional

heat loss

_ GsRgRrag

8 Empty crucit:jle in gas with = Rk
H T. ra
radiation, Cs 5F

Ts—Tgas 4 4
T~ R ar KUTf — KoTy

, 1/ islinear to Agas and T3

- 0

T =R¢(Cs + Css) + aCs /T Re

_ (Cs+Gss)Reb R¢Rg b
= b+Rev/T &Y Re+Rg (b)

b+ReVT

_ (bGs+aCss+bCss)Ry+abCs /T (a) RRg ( bR¢

i 5
a+b+RevVT Rs+R¢+Rg a+b+ReVT

_ (G+Gss)Re (a) ReRrad (b) Re
1+4KoRT3 Ri+Rraq ’ 1+4KoR(T3

) RRgRrag
(RgRrad +Rs(Rg+Rrad )+Ri(Rg +Rraq) *

) Reb

a+b+Re/T+4abKoT5/2 +4bKoT3

7= (a
aCssRe+b(Cs(Re+a/~/T)+CssRe(1+4aKoT5/2))
a+b+ReV/T+4abKoT>/2 +4bKoT3

- bCs
VT+4KobT3

and surrounding gas is also inverse to thermal conductivity of gas
Agas. The dependence of gas thermal conductivity on temperature
is known [3] and in the first approximation is proportional to the
square root of the absolute temperature: Agys = kv/T.

The full system for describing of the heat transfer can be written
in the following form:

df, _T,-T, L-T,
L=t t__ K olf-Kol}

“d R 3
T, T,-T, Ts-T,
Csh =8 s __5 88,k olf-KoT}
dt Ry Ry
c a7, _ Te =Ty _Ty-T;
S dr R R,
T Ty~ T _ Ty— T
‘8§ -
dt Ry R )

This system of equations can be solved for the following initial con-
ditions: the temperature of furnace, gas, reference and sensor is
equal to Tjs,, initial sample temperature differs from it by the value
To. The solution with these initial conditions means the relaxation
of the sample temperature to the equilibrium system temperature
Tiso- Initial conditions:

TS(O) = Tiso + To, TSS(O) = Tisov
Tgas(t) = Tiso;

For the symmetric sensor Rss =Ry and denoted as Ry. If the ther-
mal contact between furnace and sensor is much better then inside
the sensor between sample position and reference position, then

Tsr(o) = Tiso,

Tr(o) = Tiso» Tf(t) = Tiso (3)

the system of four equations splits into two independent parts for
sample and reference, and the reference part has constant temper-
ature whereas the sample part has temperature relaxation. Because
of the direct contact between furnace and sensor no big tempera-
ture difference between furnace and measurement system exists,
therefore the following series can be used:

T# ~ Tf + 4T3 (T; - Ty) (4)
Td ~ T¢ + 4T3 (Ts — Ty) (5)

After this simplification for radiation, the radiation thermal resis-
tance R.,q=1/(4KoT3) can be introduced and the scheme of the
heat exchange can be presented as the electric circuit analogue in
Fig. 10b. The measured signal is the temperature difference between
two points on the sensor, caused by heat flow differences:

—CstRgRrad TO
/A% — 4CsCsRsRiRraaRgRo

Tss(t) - Tsr(t) =

Ao — \/A(Z) — 4CsCssRsR¢R3qRgRo ¢

x | exp| -

2CsCssRsRR2qRg
Y ©
where
Ap = Gs(Rs + Rr)RgRrad + CssRe(RgRraq + Rs(Rg + Rrad)) (7)
Ro = RgRraq + Rs(Rg + Rraa) + Re(Rg + Rrad) (8)
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Fig. 8. Inverse time constant for metal melting with power function as trend line. The degree of power is very far from the value 3 (describing heat radiation mechanism)

and close to value describing the influence of gas.

Raa=1 /(4Kron3) is the thermal resistance for radiation heat
exchange.

o is Stephan-Boltzman constant, K; is the emissivity multiplied
by area of reference crucible.

In our interest is only the maximal time constant:

2CSCSSRSRle'ang

T= 9)
Ag — /A% — 4CsCssRsRiR;2qRgRo

If one of the values Rs, Ry, Raq, Rg is much less then another value
from this set, then it means that one of the heat exchange mech-
anisms prevails over others, and then the following series can be
used:

| _ AGCusRoRsRRgRraq _ 2CsCosRoRsRiRgRrad
B A3 o A3

(10)

Then have the maximal time constant 7 =Ag/Ry for the sensor with
two crucibles with gas layer between sensor and crucibles, con-
vectional heat loss and radiation exchange between crucibles and

st

< melting, experiment
0,4

melting, theory

- - = - only gas layer

0,35

— - — melting, theory, without radiation

0,3

0,25

0,2

0,1

0,05
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300

furnace:

_ GsRgRpad(Rs + Rf) + CosRe(RgRrad + Rs(Rg + Rpaq))
RgRrad + RS(Rg + Rrad) + Rf(Rg + Rrad)

(11)

Calculation results are graphically presented in Fig. 7a and b by
lines. All theoretical curves are calculated for DSC data accord-
ing to formula (11) with heat capacities Cs=0 for empty sensor,
Cs=0.020]/K for empty crucible without lid, Cs =0.024]/K for cru-
cible with foil and Cs =0.034]/K for melting experiments. For the
measurements with different thermal resistances the values 2 and
9.5 are used for the ratio between actual thermal resistance and
thermal resistance for measurement with the aluminum foil inside
the crucible. Other values were found from the best fit of formula
(11) with experimental DSC data.

The same equation system solved for furnace heating with the
constant heating rate 8 and for a symmetric sensor gives the tem-
perature difference Tss(t) — Ts(t) after a relaxation time t>> 7:

Tsr(t) — Tss(t) = Sens(Cs — Cr)B (12)

400 500 600 700 800

Temperature/K

Fig. 9. Inverse of the experimental (diamonds) time constant for metal melting with calculated curves according to formula (11) (solid line, 1), calculation for model without
radiation effect is done by the same formula for K=0 (solid-dashed, 2) and for the model with only gas layer heat exchange(dashed, 3), where K=0, b — cc. The theoretical

model allows to find the influence of each mechanism to the time constant.
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Fig. 10. Scheme of heat exchange for calculation of the time constant (a) and electrical model circuit (b) after simplification according formula ((4) and (5)).

where Sens is the sensitivity of the system:

Rng Rrad

Sens =
RgRrad + Rs(Rg + Rrad) + Rf(Rg + Rrad)

(13)

The temperature dependence of the time constant and of the sen-
sitivity for limiting cases from it can be found in Table 1.

For the solving of differential equations the software Mathemat-
ica 6.0 was used.

4. Discussion

All experimental results are presented in Fig. 7a and b. The
temperature dependence of the time constants for empty sensor
shows very slight decreasing trend with increasing temperature,
no big influence from gas conductivity or from radiation heat
loss is present. However, all other experimental results with the
presence of crucibles show a very clear decreasing of the time
constant with increasing temperature. The first assumption for
the reason of such decreasing is the heat loss due to radiation,
because radiation mechanism has the strongest dependence on
the temperature. If only radiation heat loss is present then accord-
ing to calculation the inverse time constant should have cubic
dependence on temperature (T3, see line 6 in Table 1). How-
ever the inverse time constant from the measured peaks has
the exponent for the temperature dependence very far from 3:
see Fig. 8. Of course, this degree does not take into account
the thermal conductivity of the sensor itself, but it allows say-
ing that the main mechanism responsible for the temperature
dependence of the time constant and for the heat exchange at
temperatures up to 700K is not heat radiation. Exact calculation
of time constant according formula (11) for a process with and
without radiation heat exchange shows that for the current case
the contribution of radiation to time dependence is very small
(Fig. 9).

Another influence on the temperature dependence of the time
constant is based on the thermal conductivity of the gas. The
influence of the gas properties on the heat exchange can be seen
in the difference of the measured peak shape for Indium melt-
ing in different gases (Fig. 2). Here could be two reasons of such
influence: the first reason is that the thermal resistance of a thin
gas layer between sensor and crucible depends on temperature
because of gas thermal conductivity, The second reason could be
convectional heat loss from the crucibles to the surrounding gas
(Fig. 10).

The influence of gas layer is confirmed experimentally by the
measurements with the different thermal resistance. But here
increasing of the thermal resistance by 9.5 times results in an
increase of the time constant from 2.97 to 4.33 s, which is only 1.46
times.

The experimental confirmation of convection is seen in the mea-
surement of heat loss from a separate crucible by the LFA method,
where temperature dependence of its time constant is detectable
even between temperatures 25 °C and 50 °C and almost no contact
area between crucible and support is present.

Another confirmation of the presence of convectional heat loss
comes from the measurements in the different gases. If the mea-
sured peak area for Indium melting in Nitrogen is 100% then the
measured area in argon is 104% and in He only 62%, if the same sen-
sitivity calibration is used. According to the formula from Table 1,
the temperature dependence of the sensitivity cannot be detected
if gas influence comes only from the gas layer between sensor and
crucible (see line 3 in the last column).

The theoretical model (11) allows to fit the time constants from
all DSC experiments with the known heat capacity of the crucible
including a sample for each measurement, with known ratio of con-
tact resistance between sensor and crucible for experiments with
different thermal resistance, and with one set of other parameters
for the fit of all DSC experiments. The measurements with different
thermal resistances allow to determine exactly, what is the contri-
bution of the gas layer to temperature dependence of time constant,
and what is the contribution of convection. The theoretical model
allows to find the influence of each mechanism to the time constant.
The calculation of inverse time constant with the same parame-
ters is done here for the model with all three mechanisms of heat
exchange (solid line in Fig. 9), for the model without radiation effect,
which includes gas layer and convection (Fig. 9, dot-and-dash line),
and for the model with only a gas layer heat exchange (Fig. 9, dashed
line). Therefore it can be concluded that the mechanism for the heat
loss to the surrounding gas by convection is one of the main reasons
for the temperature dependence of the sensitivity; this mechanism
exists in the DSC systems in the measured temperature range and
cannot be neglected.

5. Conclusions

¢ Differences between measured areas for melting peaks in dif-
ferent gases indicate the heat loss from the crucibles to the
surrounding gas.

e The inverse of the time constants show a dependence on tem-
perature even for the lower temperatures nearly proportional to
the square root of the absolute temperature; this indicates two
comparable heat flow paths: the heat loss to the surrounding gas
and the heat transport through the gas layer between sensor and
crucible.

¢ The inverse of the time constants show a linear dependence on
the thermal conductivity of the gas and this is interpreted as heat
loss to the surrounding gas.
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¢ The heat loss of the separate crucible shows a temperature depen-
dence and this is connected with the heat loss to the surrounding
gas.

e The main influence on the time constant at low temperatures
comes from the thermal conductivity of the gas and its depen-
dence on temperature.

¢ The time constant which is found at a specific temperature, may
not be used for deconvolution of data, measured at other temper-
atures, even if the difference would be only 25°C.
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