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Abstract

A hermetic sample enclosure for performing simultaneous differential scanning calorimetry/synchrotron powder X-ray
diffraction, previously developed in our laboratory, suffered from poor calorimetric performance. A new enclosure design has
been developed that addresses this problem. Like the previous design, it is based on a Perkin-Elmer DSC-2C measuring head.
While the original enclosure necessitated a sample pan rather inconsistent with the requirements of DSC, more sophisticated
modifications to the new measuring head made it compatible with a new sample pan that does not compromise calorimetric
performance. The original alternative temperature measurement and control system was upgraded with low-noise components.
In addition, water-cooling was added to the measuring head. A prototype sample enclosure has been fabricated and successfully
tested in multiple experiments.
© 2002 Published by Elsevier Science B.V.
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1. Introduction

The information content of results obtained from
applying two experimental techniques simultaneously
is higher than that obtained from an application of the
same two techniques separately, as witnessed by the
prominence of the so-called “hyphenated techniques”
in today’s laboratories, e.g., GC-MS, TGA-FTIR.
Synchrotron light sources made it possible to devise si-
multaneous techniques that involve X-rays. Combina-
tions of thermal analysis methods with X-ray methods
have become common. Amongst them, simultaneous
differential scanning calorimetry and powder X-ray
diffraction (DSC/XRD) is one of the most useful.
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The advantages of simultaneous DSC/XRD be-
come apparent when one considers the other two
approaches to DSC/XRD integration. In sequential
DSC/XRD, XRD is performed after a complete DSC
scan, or after rapid cool-down at points of interest in
the DSC scan. This only gives a structural snapshot of
the sample at a given moment of sample history. There
is also the possibility of sample transformation due
to finite cool-down rates. In parallel DSC/XRD, the
DSC and XRD are performed on different samples.
Hence, correlation of thermal and structural informa-
tion can be ambiguous as a result of sampling, i.e.,
the DSC and the XRD samples might not be exactly
the same material. None of the above problems is en-
countered in simultaneous DSC/XRD. However, the
design of a simultaneous DSC/XRD system can be
challenging. (Simultaneous DSC/XRD will hereafter
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be referred to simply as “DSC/XRD”.) Designing a
DSC/XRD system can be done either ab initio[1]
or by modifying a commercially available DSC in-
strument for simultaneous XRD operation. Because
of the high level of sophistication of today’s DSC
instruments, the latter route has almost exclusively
been followed. Of the two types of DSC instruments,
heat-flux and power-compensation, most DSC/XRD
systems have been based on the former[2–6]. How-
ever, because of a furnace surrounding the sample and
reference cells, heat-flux DSC modifications involve
either creating an X-ray path through the furnace for
horizontal operation[6] (reflection geometry) or us-
ing various inserts to keep the sample and reference

Fig. 1. Photograph of the open DSC/XRD measuring head. The Pt sample (left) and reference (right) cups are occupied by empty graphite
pans. Remnants of a sample are visible on the graphite pan and the sample itself can be seen on the support bracket.

pans in place for vertical operation[2–5] (transmis-
sion geometry). Both approaches compromise DSC
performance. These difficulties can be overcome by
using a power-compensated DSC instrument[7–9].
Hence, this approach was chosen for the development
of a DSC/XRD system in this laboratory.

The original, hereafter referred to as “old-design”,
hermetic enclosure for DSC/XRD has been described
previously [10]. The results of experiments per-
formed with the old-design DSC/XRD system have
been published elsewhere[11]. The improved her-
metic enclosure for DSC/XRD, hereafter referred to
as “new-design”, has been developed to address the
problems encountered with the old-design system.
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It was designed for and tested on a Huber 8-circle
diffractometer at the Materials Research Collaborative
Access Team (MR-CAT) beam line of the Advanced
Photon Source (APS) at Argonne National Laboratory
(ANL).

2. Design

The new-design hermetic enclosure is shown in
Figs. 1 and 2. The engineering details are shown in
Fig. 3. In the old-design, a layer of material from the
top of the head base was removed so that the tops
of the Pt cups were flush with the new top surface

Fig. 2. Photograph of the closed DSC/XRD measuring head. The beryllium windows and their epoxy seals can be seen as well as the
heat exchanger body between the head base and the support bracket.

of the head base. The graphite sample pan with a
height of 3.5 mm (0.138 in.)—identical to the Pt sam-
ple cup depth—required a cylindrical sample 5.0 mm
(0.197 in.) in diameter and 3.0 mm (0.118 in.) thick to
make the sample surface flush with the top of the Pt
sample cup (and the surface of the head base) and,
thus, accessible to X-rays. The extreme thickness of
the sample (by DSC standards) resulted in a decrease
in DSC resolution and an increase in the vertical ther-
mal gradient in the sample, which compromised the
very essence of the method: the accurate correlation of
DSC and XRD data. While both of these effects might
be partially mitigated by decreasing the scanning rate
to 10 K min−1 or lower, for example, decreasing the
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Fig. 3. Assembly drawing and sectional views of the DSC/XRD measuring head components.
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Fig. 4. Electrical diagram of the DSC/XRD measuring head and the ATMCS.
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sample thickness to an acceptable level is clearly the
most effective solution and was, therefore, pursued.
While the diameter of the sample pan base remained
unchanged at 8.0 mm (0.315 in.) to ensure a tight fit
inside the Pt sample cup, the height of the sample
pan was decreased from 3.5 mm (0.138 in.) to 1.0 mm
(0.039 in.), seeFig. 3(E). A cylindrical sample 5.0 mm
(0.0.197 in.) in diameter and only 0.5 mm (0.020 in.)
thick is now required—well within the optimal DSC
sample thickness range of up to 1 mm (0.039 in.). The
sample surface is now 2.35 mm (0.093 in.) below the
edge of the 3.35 mm (0.132 in.) deep Pt sample cup.
In order to allow the X-ray beam unobstructed access
to the sample, the Pt sample (and, for reasons of DSC
symmetry, the reference) cup had to be modified.
Following removal of the Pt sample and reference
cups from the head base, two diametrically oppo-
site notches, 2.00 mm (0.079 in.) wide and 2.35 mm
(0.093 in.) deep, were then cut into the upper edge
of each cup by wire electrical discharge machining,
seeFig. 3(D). With the cups removed from the head
base, two parallel channels, 2.00 mm (0.079 in.) wide
and 5.15 mm (0.203 in.) deep, were machined into its
top surface, seeFig. 3(D). The top edge of the head
base was machined into a 45◦ taper to accommodate
the old-design head cover, which is now positioned
2.35 mm (0.093 in.) lower than on the old-design
head base. The Pt sample and reference cups were
then re-inserted into the head base so that the notches
in the cups and the channels in the head base were
aligned. In order to improve high-temperature opera-
tion characteristics, water-cooling was provided, con-
sisting of a modified DSC-2C water-cooling system,
seeFig. 3(F, I, J, K).

The previously developed alternative temperature
measurement and control system (ATMCS)[10], em-
ulating the functions of a DSC-2C type instrument
[12], generated exceedingly high noise levels in the
DSC signal. The problem was traced to insufficient
temperature measurement, voltage-programming, and
voltage-measurement resolution, computer system
clock inaccuracy, and the ATMCS software. The
schematic of a new ATMCS addressing these prob-
lems is shown inFig. 4. Temperature measurement
is performed by two Keithley 2010 low-noise dig-
ital multimeters (resolution of 10�� on a 100�
range, corresponding to a temperature resolution
of 2.2 mK) connected to the Pt resistance ther-

mometers via a 4-probe scheme. Differential elec-
trical power is delivered to the resistance heaters
by two Keithley 2400 SourceMeter® instruments
(voltage-programming resolution of 50�V on a 2 V
range, voltage-measurement resolution of 10�V on a
2 V range, current-measurement resolution of 10�A
on a 1 A range). Common electrical power is provided
by a Keithley 2420 high-current SourceMeter®. All
five instruments are controlled remotely from a Sharp
PC-M200 notebook computer running Windows 95
via a National Instruments PCMCIA-GPIB interface.
The ATMCS software, written in MS Visual Basic
5.0, performs the function of a dual PID controller
[13,14]. The computer system clock is no longer
accessed by the software. Temperature readings and
power adjustments are made with a frequency of
2.5 Hz. Both sample and reference are kept at a con-
stant or linearly rising temperature. The difference
between power (calculated as a product of the voltage
and current measured by each of the two Keithley
2400 SourceMeter® instruments) applied to the sam-
ple and reference Pt resistance heaters, respectively,
is the DSC signal.

3. Performance

Multiple experiments have been performed with
the new-design DSC/XRD system at the MR-CAT
beam line of the APS at ANL. The open head with
a sample pan containing zinc sulfide (a fluorescent
substance) has been attached to anX–Y stage in the
center of the Huber 8-circle diffractometer, inclined
at an angleθ of 3◦ relative to the horizontal, and pre-
cisely aligned by remote observation of the fluoresc-
ing spot and manipulation of theX–Y stage. The head
has then been removed from theX–Y stage, charged
with a pan containing the sample in place of the zinc
sulfide, sealed hermetically with the head cover, and
reattached to theX–Y stage. Gas, cooling-water, and
electronics connections have been made, followed by
fine alignment using XRD on the sample. Mixtures
of the LiCl–KCl eutectic salt and dehydrated zeolite
have been studied by simultaneous DSC/XRD at a
heating rate of 10 K min−1 between 300 and 800 K.
The wavelength of the synchrotron radiation,λ was
1.127 A, and XRD patterns between 2θof 4◦ and 45◦
were collected every 10 K at a scanning rate of 1◦ s−1.



D. Lexa / Thermochimica Acta 398 (2003) 241–248 247

Fig. 5. (A) Results of a DSC scan on a mixture of the LiCl–KCl eutectic salt and zeolite. Heating rate 10 K min−1. Zeolite dehydration
endotherm at∼400 K; salt melting and occlusion exotherm at∼630 K. (B) Results of an XRD scan on a mixture of the LiCl–KCl eutectic
salt and zeolite. Scanning rate 1◦ s−1. Zeolite diffraction peak at∼17.45◦; thermal expansion between 300 and 500 K; salt occlusion
between 500 and 800 K. New zeolite diffraction peak appearance at∼17.65◦ and∼630 K.
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The DSC plot resulting from one of the experiments
is shown inFig. 5(A), and the associated XRD plot
is shown inFig. 5(B). It is seen, for example, that the
appearance of a zeolite diffraction peak at∼17.65◦
and∼630 K in the XRD plot exactly coincides with
the exotherm at∼630 K in the DSC plot. Full results
of these experiments will be published elsewhere.

The old-design ATMCS exhibited a 10 K min−1

scanning peak-to-peak noise of∼2.5 mW at 450 K.
A more detailed study of the new-design ATMCS be-
havior showed that the isothermal root-mean-square
noise changes approximately linearly from 0.05 mW
at 300 K to 0.30 mW at 800 K, a significant im-
provement. However, Perkin-Elmer product literature
indicates a temperature-independent (probably room
temperature) isothermal root-mean-square noise level
of 0.005 mW for DSC-2C, 0.004 mW for DSC 4,
0.5�W for DSC 7, and 0.1�W for the current Pyris
1 DSC. Hence, it is clear that, while indispensable
in the proof-of-concept phase of this work, even the
new-design ATMCS is inferior to the commercial
units. The difference, however, may not be as dra-
matic as the numbers suggest. This is because no
smoothing was performed by the ATMCS software,
while the commercial units are known to use so-
phisticated smoothing algorithms. Nevertheless, work
has already been completed on the integration of the
Perkin-Elmer Pyris 1 DSC unit into a state-of-the-art
DSC/XRD system[15].
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