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Abstract

The design and some properties of a new general-purpose isothermal microcalorimeter are reported. The instrument is a twin
thermopile heat conduction calorimeter, which is designed for use up to20the calorimetric units and surrounding heat
sink are suspended inside a hollow aluminium construction, which is thermostated. Above that unita second thermostated block
is positioned and the whole assembly is suspended inside a Dewar vessel. When the instrument is used at room temperature
and below, the thermostated units are cooled by use of an insertion Peltier effect cooler. The instrument can be used with
a wide range of different reaction vessels (diameter 14 mm). Baseline experiments have been conducted in the temperature
range 15—-200C. Typical values obtained during 10 h periods at 20@&re+3 and+10 nW for the baseline drift and baseline
fluctuations, respectively. The heat detection limit, determined by release of electrical energy, is @do&r&iminary
stability measurements have been conducted at€@th samples of stabilised and non-stabilised polyamide film.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction the twin heat conduction principle was employed and
semi-conduction thermocouple plates were used as
The term ‘isothermal microcalorimeter’ is com- heat flow sensors. In two cases air thermostats were
monly used for calorimeters designed for measure- used[5,6], but normally thermostatic water baths have
ments in the microwatt range, under essentially beenemployed. Most of the microcalorimetric designs
isothermal conditions. Calorimeters that are useful for we have been concerned with during the past two
measurements in the nanowatt range are sometimesdecades have been parts of a modular system. Sev-
referred to as ‘nanocalorimeters’, but that term is not eral of the different units have served as prototypes

used in the present paper. for units in thermometric’s system of microcalorime-
We have earlier reported the on the design of several ters. The instrument described here is not part of the
different isothermal microcalorimeters, see ¢lg:4]. same system, but the vessels and working procedures

The useful temperature range for these calorimeters developed earlier can to a large extent be used with
has been 5-90C. Throughout that development work the new instrument.

The aim with the development step reported here
"+ Corresponding author. Tel+46-222-8180; has primarily been to extend our earlier highest mea-
fax: +46-222-4413. surement temperature from 90 to about 200C,
E-mail address: ingemar.wadso@fkem1.lu.se (1. Wadso). while retaining the high baseline stability and low
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detection limits for heat and thermal power. Such prop- 7 7]
erties are often required in, for example, the assess- @
ment of stability and compatibility of industrial com- b
pounds and products. Other examples of areas where \!-——-E
there is a need for very stable base-lines in combi- 2
nation with measurement temperatures above’0)0 7
are in the measurements of enthalpies of dissolution
of slightly soluble compounds in non-aqueous media
and enthalpies of vaporisation of compounds with low e
vapour pressure. ¢ /ﬂwx
The present progress report describes the design

and some properties of a general-purpose isothermal
microcalorimeter for measurements up to 200
The instrument is a twin calorimeter of the heat
conduction type. Thermopiles are employed as heat
flow sensors and a metal thermostat surrounds the
calorimetric units. h

I —1
2. Experimental
2.1. Instrument design \_/
A section through the instrument is shown in
Fig. 1. The main thermostat of the calorimeter con-
sists of a cylindrical aluminium block (f) fitted
with a heater made from manganine wire, which 0 100 mm
is insulated by glass fibres and lacquered (k). Four S T S S |
thermistors, resistance values at room temperature . _ N .
2kQ-100 M, are positioned in vertical bores (not Flg: 1. Sect!on through thg twin mlcrocalonme_te.r. (a) PEEK-tube
4 . h . for introduction of the reaction vessel; (b) steel lid; (c) thermostated
shown in the figure) in the thermostat (f), which ajuminium cylinder (second thermostat); (d) steel can; (¢) Dewar
is in close thermal contact with a thick-walled alu- vessel; (f) thermostated aluminium cylinder (main thermostat); (g)
minium tube (g) and its bottom plate (i). The three aluminium tube; (h) heat sink, surrounding the calorimetric units
parts are firmly bolted together, with ‘heat sink (detailed picture inFig. 2); (i) aluminium plate; (j) steel rod; (k)
, . heater; and (I) PEEK tube.
compound’ applied on the contact surfaces. The heat
sink, which surrounds the twin calorimetric units
(h, shown in some detail irFig. 2) is suspended an envelope of 1 mm sheet aluminium (not shown in
in the cavity thus formed. A second thermostated the figure).
cylinder (c) is positioned above the main thermo- Platinum resistance thermometers (not shown in the
stat (f). figure) are used for control of temperatures in the two
Both of them (c, f) and the heat sink (h) are linked thermostats (c, ), in the tube (g) and in the heat sink
together by use of 5-mm stainless steel rods (j) and dis- (t, Fig. 2).
tance tubes made from PEEK polymer (I). The lower  For experiments conducted at room temperature,
parts of the steel rods are hollow in order to decrease and at lower temperatures, the thermostats must be fit-
their heat conductance. The entire assembly is sus-ted with a cooling device. In the experiments at 15
pended inside a glass Dewar vessel (e), which is posi- and 25°C reported here, a simple insertion Peltier ef-

tioned in a steel can (d). The lid (b) and the steel can fect cooler was used. An 8 mm copper rod, length
are covered by a layer of 10 mm of mineral wool and 250 mm, was inserted into holes, positioned on top
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Fig. 2. () PEEK tube; (m) aluminium tube; (n) aluminium cylinder
with bores for the calorimetric units; (0) steel spring; (p) aluminium
tube; (r) PEEK ring; (s) thermopile; (t) solid aluminium cylinder;
(u) calibration heater.
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is an aluminium cylinder (n), with two bores housing
the calorimetric units. Minor parts of the heat sink are
the aluminium tubes (m) and (p).

The tube (m) and the cylinders (n) and (t) are firmly
bolted together, with ‘heat sink compound’ on the con-
tact surfaces. The steel spring (o) exerts a force against
tube (p) and thus against the vessel holder (q) and
the thermopile (s). A ring made from PEEK (r) serves
as thermal insulation between tube (p) and the vessel
holder (q).

Reaction vessels used in the experiments reported
here were simple static ampoules; vol., 1 ml. They
were made from Hastaloy and were obtained from
Thermometric AB, (Jarfélla, Sweden). The ampoules
were sealed by use of a teflon ring. As in our earlier
work ‘ampoule lifters’, which were fitted with radia-
tion shields, were used to introduce and to take out the
reaction vessels from the vessel holders. During mea-
surements these devices were always positioned in the
introductory channels.

Electronic units (amplifier for thermopile differen-
tial signal and units for thermostat regulation) were
built by Sven Hagg, electronic engineer at Chemical
Center) and are of the same kind as used in our earlier
development work.

2.2. Test experiments

The calorimeter was calibrated electrically using the
miniature Pt-resistance thermometer, (UfFig. 2, as

of each other, in the two thermostats. The upper end calibration heater.

of the rod was soldered to a copper plate that was

Temperature settings were controlled by use of

cooled by thermocouple plates. Their hot sides were an electronic thermometer (Labfacility 100, Feltham,
air-cooled using an aluminium heat exchanger and a UK), with its sensor positioned in an empty vessel

fan. A layer of polyurethane foam prevented moisture
condensation onto the cold parts of the device.

Fig. 2 shows a section through one of the calori-
metric units and the surrounding heat sink. Each
calorimetric unit of the twin instrument consists of a
thermopile (s) and the vessel holder (g), made from
aluminium. In its bottom is cut a grove where a minia-
ture Pt thermometer (u), primarily used as calibration
heater, is positioned.

The heat sink, made from aluminium, consists of
several parts (m, n, p and t). The thermopile (s) (Mel-
cor Corp., Trenton, NJ, USA) is in thermal contact
with the solid aluminium cylinder (t), which forms one
of the main parts of the heat sink. The other main part

holder or in a hole in the main thermostat.

The instrument has primarily been tested in long-
term baseline experiments conducted in the temper-
ature range 15-20@. Empty reaction vessels were
positioned in the ampoule holders. The ‘baseline drift’
and ‘baseline fluctuation’ has been determined. These
terms are defined as followg]. The ‘baseline drift’
is the change in the baseline value, over a specified
period of time. A long-term drift can often be approxi-
mated to a straight line and evaluated by a least squares
treatment. The ‘baseline fluctuation’ during a spec-
ified observation period is defined as the difference
between the experimental baseline and the constructed
straight line. The heat detection limit was evaluated in
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experiments where short (10-20 s) pulses of electrical are hardly significant. The relatively large fluctua-
energy were released in the in the calibration heater. tions found at 15 and 25 are possibly linked to the
In a few measurements the stability of stabilised and properties of the insertion cooler. However, we can-
non-stabilised polyamide 6 film was investigated at not explain why fluctuations are larger at 1@then
100°C. The phenolic antioxidant Irganox 1098 (Ciba at 200°C. Similar results were found in other experi-
Geigy) was used as stabiliser, concentration 200 ppm. ments at the two temperatures.Hig. 4is shown the
Ampoules were charged with about 40 mg of the sam- baseline observed for a very long observation period,
ples. The material was a gift from Dr D. Forsstrém, i.e. 22 day. The baseline drift was not significant and
Thermometric, and was the same as was characterisedhe baseline fluctuation was calculatectt2 nW.
by use of other methods, including isothermal mi- In experiments with a different microcalorimeter,
crocalorimetry[8]. with a design very similar to the present instru-
ment, much smaller baseline fluctuations were ob-
served at 100C. In that instrument a different type

3. Results and discussion semi-conducting thermocouple plates was used and
the Dewar vessel was made from steel.

Typical results of some of the baseline experiments  Fig. 5 shows results from experiments where short
conducted in the temperature range 15-2DCare electrical heat pulses were released. These measure-
summarised irFig. 3. Values for the ‘baseline driftt  ments were conducted at 50. Measured heat quan-
and random ‘baseline fluctuations’ are shown for tities are plotted against the heat quantities released in
each curve. In all cases the observed baseline driftsthe heater. No significant deviation from a straight line

T T T T T T T T T
I 200°C |
i o drift= - 3 nW/h fluct. = 10 nW
100°C
5
z
=T 25°C drift=-1nW/h fluct. = +23 "W 1
E
[+]
£
- 15°C drift = - 3nW/h fluct. = 27 nW .
i drift =- 4 n'W/h fluct. = £21 nW
i 1 1 1 i 1 L A 1
0 1 2 3 4 5 6 7 8 9 10

time /h

Fig. 3. Typical results of baseline experiments conducted at 15, 25, 100, aricC20@rived values for ‘baseline drift’ and ‘baseline
fluctuation’ are indicated for each curveg-$.D.).



1. Wadsd, L. Wadsd/ Thermochimica Acta 405 (2003) 15-20 19

100 T T T T r

thermal power / nW

-100 1 1 i L L
0 2 4 6 8 10

12 14 16 18 20 22

time / days

Fig. 4. Results from a baseline experiment conducted at @0Maseline drift’ during the 22 day experiment was not significant. ‘Baseline

fluctuation’ was 22 nW per dayS.D.).

is observed. From the results we estimate the heat de-and 35.1 1.0W/g, for stabilised and non-stabilised

tection limit to be about @.J. It should be noted, that
values for the detection limit derived from chemical
test experiments are more realistic, and will normally
result in significantly higher valugs].

Significant baseline shifts were sometimes ob-
served following the release of small heat pulses in

samples, respectively. (£S.D., four samples of each
type was measured). Our experiments were conducted
in closed vessels filled with air. In the calorimetric
measurements reported[8] air was perfused through
the reaction vessel and larger samples were used. The
present results can thus not be closely compared with

the calibration heater. The cause of that effect is not those from the earlier measurements.

understood.

In the stability measurements with polyamide film
broad maxima were observed after 1-2 days, with
significantly higher thermal power values for the
non-stabilised samples. Mean values were 24204
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Fig. 5. Results of experiments conducted at°60 where short
heat pulses were released in the calibration heater.

4, Conclusions

It is concluded that basic properties of the present
comparatively simple isothermal microcalorimeter are
very satisfactory. A few properties that are not well
understood will be further investigated.
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