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In many materials used as catalysts, isomorphous substitutions within the lat- 
tice, lattice defects, and differences in exchangeable cation composition are signif- 
icant with regard to the properties of the catalysts. Many of these minor changes 
in the atomic structure cannot readily be detected by regular X-ray diffraction 
methods. Heating-oscillating X-ray diffractometry often can give insight into these 
problems. The heating-oscillating method combines features of differential thermal- 
analysis with X-ray diffraction wherein a specimen is heated at a controlled rate 
while oscillating over a diffraction maximum. By this means, the temperature and 
rate at which structural changes take place can be readily observed. This method 
has the advantage over conventional X-ray methods in that the changes are ob- 
served at the temperature at which they actually take place. That is, the samples 
are not heated and then cooled to room temperature and the subsequent X-ray 
diffraction patterns obtained. Often, heating-oscillating is carried out over several 
of the diffraction maxima, thus resulting in a series of diagrams which when 
composited represent the diffraction pattern at any temperature within the range 
studied. Heating-oscillating diffractometer studies have been carried out on a variety 
of catalysts. It has been found that structural differences can be detected that were 
not observed from regular X-ray diffraction patterns obtained at room temperature. 

In the study of solids, it is often desired 
to be able to distinguish structural differ- 
ences that are quite minor in nature. Slight 
differences within the crystal lattice and 
lattice defects often lead to considerable 
differences in the properties of a given 
material. 

Many solids have been studied by X- 
ray diffraction by heating the samples to 
various temperatures and cooling them to 
room temperature before examining them 
by regular X-ray methods (1). Such pro- 
cedures do not generally give suf&ient in- 
formation regarding the exact temperature 
at which phase changes take place nor in- 
formation regarding the rate of the changes. 
Many others have studied samples at ele- 
vated temperatures, obtaining the X-ray 
diffraction pattern at the temperature to 
which the sample has been subjected (2, 
3, 4). There are many commercial cameras 

available for such study and these have 
been used extensively. 

The heating-oscillating X-ray method 
described herein takes advantage of a con- 
tinuous X-ray diffraction pattern over 
selected diffraction maxima, while simul- 
taneously heating the sample at a desired 
rate. It is thus, a union of differential 
thermal analysis and high-temperature X- 
ray diffraction. A further advantage of the 
method is that the sample can be X-rayed 
while under various atmospheric conditions 
such as under N, or CO, atmosphere or 
under dry or water-saturated atmospheres. 
Such X-raying conditions allow the diffrac- 
tion pattern to be obtained in such a 
manner that minor differences in the sub- 
stance can be detected. The chief advan- 
tage with the heating-oscillating method 
lies in the ease by which the X-ray data 
from various samples can be compared so 
that differences can be readily seen. 
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EXPERIMENTAL 

The original details of the apparatus as 
used in this laboratory were adapted from 
a furnace built by L. S. Birks and H. Fried- 
man at the U. S. Navy Research Labora- 
tory. Many modifications were made by 
Rowland (6) and further modifications 
made in the author’s laboratory. The heat- 
ing block was purchased from the Robert 
L. Stone Company, Austin, Texas and was 
mounted in a platinum holder which in 
turn was mounted on the camera base as 
shown in Fig. 1. This sample holder-heat- 

FIO. 1. Heating camera shown with cover 
removed. 

ing unit was mounted inside an aluminum 
case fitted with beryllium windows to 
minimize absorption of the incident and the 
diffracted radiation. The beryllium win- 
dows were 1.3 cm in width and 4.5 cm in 
length, affording sufficient area to obtain 
patterns at diffraction angles from 0” 20 to 
90° 28. Alignment of the sample holder for 
para-focusing conditions of X-ray diffrac- 
tion was accomplished by means of the 

mounting screws within the aluminum case. 
It should be emphasized that any commer- 
cially available high-temperature assembly 
can be used in such experiments as de- 
scribed herein and this is only one of 
many types. 

For this work, a chromel-alumel thermo- 
couple was inserted from the rear of the 
camera shield into the sample compartment 
and the thermocouple bead was placed in 
intimate contact on the sample plate. 

The output signal of the thermocouple 
was fed to a West Model JSBGB-1 tem- 
perature controller which was used to con- 
trol the heating rate of the sample. The 
program cams used for these studies pro- 
vided a heating rate of approximately 
2.5’ or 5’ per minute over the entire range 
of the experiment. 

The samples to be X-rayed were first 
dispersed in water using a Spex mill and 
sufficient material was then placed on 1 
X l-inch stainless or platinum slides to 
completely cover the metal surface. These 
slides were 0.66 mm thick and were of a 
height so that when they were placed in 
the sample holder of the diffractometer it 
was in optimum X-ray alignment. The 
sample, after drying at room temperature, 
was placed in the diffractometer holder and 
the thermocouple positioned so that it was 
in contact with the upper surface of the 
metal plate. 

In order to calibrate the actual temper- 
ature of the assembly, the following proce- 
dure was used: A small portion of a pure 
compound was spread in a thin layer on 
one of the platinum slides and the X-ray 
goniometer set at one of the strongest dif- 
fraction lines for the compound under 
study. The slide was then heated at a rate 
of approximately 2.5’ per minute and the 
chosen d spacing was followed by manual 
operation of the goniometer. The melting 
point of the material was taken as the 
temperature at which there was a loss of 
the intensity of the diffraction peak. The 
materials used for this calibration were 
sulfur, m.p. 112.8”C; potassium bisulfate, 
m.p. 210°C; succinic acid, m.p. 185’C; 
sodium nitrate, m.p. 308°C; potassium 
iodate, m.p. 560°C; and sodium bromide, 
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m.p. 755’C. In all eases the temperature 
indicated on the West controller was with- 
in +5”C of the literature value of the 
melting point of the compound being X- 
rayed. 

During a heating oscillating run, the 
verification of the diffractometer alignment 
is made by checking the position and in- 
tensity of one of the diffraction peaks of 
the platinum or stainless steel plates. It 
has been found on such checking that the 
para-focusing alignment remains constant 
through the temperature range used in these 
experiments. 

The heating-oscillating device was 
mounted in a Philips high-angle Spectro- 
goniometer. The X-radiation used in these 
experiments was pi-filtered, Cu, & radi- 
ation with the unit operated at 35 kV and 
18 ma. The oscillating device on the Philips 
unit was altered by replacing the screws on 
the oscillating pressure plate with screws 
of 4-52 threads so that the trip position 
could be controlled more accurately. 

After preparing the dried sample on the 
slide, the slide was placed on the heating 
device and the cover placed in position. If 
an atmosphere other than air was desired, 
the desired gas was flowed into the sample 
chamber. Generally, the flow was continued 
for about 10 min before the actual diffrac- 
tion run was started. After equilibrating 
the sample with the desired atmosphere, the 
sample was run over a sufficient range of 
the diffractometer to obtain the overall 
diffraction pattern of the sample under 
investigation. By so doing, the position 
and intensities of the diffraction maxima 
that were to be studied by the heating- 
oscillating t#echnique could be det,ermined. 
Generally, the height of the diffraction 
maxima to be further studied was then ad- 
justed by utilizing the controls of the 
Philips diffractometer amplifier system so 
that it was approximately 90% of full 
scale on the Brown strip-chart recorder. 

The oscillating control of the spectro- 
goniometer was then positioned so t,hat the 
goniometer would oscillate automatically 
over the desired range whiIe the sample 
was being heated at the desired rate. 
Usually the range oscillated was approxi- 

mately 1” either side of the particular 
diffraction maximum to be studied. How- 
ever, in many samples where it was known 
that the diffraction peak would shift in its 
position during the course of the heating, 
the oscillating range was increased so that 
the peak could be observed throughout the 
changes in peak position which would take 
place. 

With the oscillation of the diffractometer 
set, the actual heating-oscillating run was 
then comple~d automatically. Occasionally 
the temperature of the furnace as read 
from the controller was noted on the strip 
chart along with the 28 position of the 
maximum. 

RESULTS AND DIWUSSIOK 

Some typical heating-oscillating results 
for various montmorillonites are shown in 
the first several figures. Figure 2 shows the 
heating-oscillating trace for a calcium 
montmorillonite, while Fig. 3 gives the 
graphical presentation of t.he ehanges in the 
d spacing with temperature for this sample. 

A plot of the d spacing versus temper- 
ature for the same montmorillonite con- 
verted to the sodium form is shown in Fig. 
4. The differences in the curves of Figs. 3 
and 4 are due to the differences in the man- 
ner in which water is lost from the clap. 
For calcium clay, water is both adsorbed 
on the clay surfaces and coordinated with 
the calcium ion, thus the change in cl spac- 
ing of the (901) line has two sharp breaks. 
On the other hand, the sodium clay only 
has water adsorbed on the basal surfaces, 
thus only one break in the d-spacing curve. 

This same montmorillonite was converted 
to a chromium montmorillonite and the 
heating-oscillating curve obtained. The d 
spacings and relative intensities from the 
X-ray tracing are plotted versus temper- 
ature and given in Fig. 5. If one compares 
the data shown in Fig. 5 with those given 
in Figs. 3 and 4, it will be recognized that 
the three types of montmorillonite are 
easily distinguished. It should be empha- 
sized that in all cases the only change in 
these samples was the type of exchangeable 
cation associated with the montmorillonite 
clay. 
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FIG. 2. Heating-oscillating X-ray diagram of (001) spacing for Ca-montmorillonite. 
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FIG. 3. Change in d spacing with increasing temperature of (001) spacing for Ca montmorillonite. 
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FIO. 5. Chaage ia d spacing and r&tive intensity of (001) spacing for Cr mo~tmori~~o~i~~, 
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ZEOLITE 
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FIG. 6. Change in relative intensities of the (111) spacing for Na X, Na Y, and Mg Y seolite. 

The curves shown in Fig. 6 present an- 
other example of the use of the heating- 

composition or structure that would usually 

oscillating X-ray diffractiion method as 
not, be apparent from DTA or X-ray dif- 
fraction patterns alone. 

applied to catalysts. The curves shown in 
Fig. 6 are for the (111) zeolite diffraction 
maximum. It can be seen that there is a 
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