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High-Temperature X-Ray Diffraction Apparatus 

By Alvin Van Valkenburg, Jr., and Howard F. McMurdie 

A furnace for ob tainin g X -ray powder diffraction pattern s of samples at elevated 

temperatures h as been designed and constru cted. This furn ace is used with the Norelco 

X-ray spectrometer , in which the photographic film is replaced by a Ge iger cou nter. The 

assembly has t he followin g advantages over prev iously described high-temperature X-ray 

powder d iff raction cameras : (1) Any /lumber of patterns can be obtained without in te r

mcdiate cooli ng of t he sample, (2) in 40 minu tes t h e pattern is p roduced in a form reacly for 

st udy , and (3) pattern can be obtainecl at tempera t ures up to 1,500° C. The d iffraction 

data for t he a fo rm of 2CaO.Si0 2 are given. 

I. Introduction 

Many crystalline substances exhibit structure 
changes on heating, different modifications being 
stable at different temperatures. The method 
most commonly used to investigate modifications 
that are unstable at room temperatures is to hold 
a specimen at a temperature above an inversion 
and quench. In m any cases, the form stable at 
the higher temperature is thereby preserved fol' 
examination at room temperature and can be 
studied by X-ray diffraction or optical methods. 
Unfortunately, som e substances revert on quench
ing to the original form . Therefore, a determina
tion at high temperature must be made while the 
specimen is held at an elevated temperature. 

For this reason, and also to study in greater 
detail the processes of inversion, it is desirable to 
have equipment by which X -ray diffraction pat
terns can be made at elevated temperatures. 

Various cameras have been designed for such 
work [1 , 2, 3, 4]1, but in general they have been 
confined to temperatures below 800° C. For 
work in ceramics, and particularly in refractories, 
it is often desirable to study changes that take 
place at temperatures appreciably higher. Pat
terns obtained at elevated temperaturcs were re
ported in Germany [5], but details of the furnace 
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1 Figures in brackets indicate the li terature references at the end of this 
paper. 
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are lacking. One factor that has prevented the 
use of higher temperatures is the problem of 
cooling the photographic film. H . Friedman's 
development [6] of an X -ray powder diffraction 
apparatus using a Geiger counter in .place of a 
film and its commercial pi'oduction have helped 
solve this problem. 2 This apparatus covers the 
arc from 45 to 5 degrees of · Bragg angle in 40 
minutes, the pattern being recorded on a strip 
chart with 1 inch equal to 1 degree. Eitber Cu 
or Fe radia tion can be used. 

In the present paper , a furnace for use with the 
Geiger-counter X -ray spectrometer is described. 
With this equipment, X -ray powder diffraction 
patterns can be made on samples at temperatures 
up to 1,500° C. 

II. Construction of furnace 

The furnace, cylindrical in shape and heated 
electrically, is mounted midway between the X -ray 
tube and the Geiger counter (figs. 1 and 2). The 
brass base (G, fig . 3) is inserted in place of the 
specimen holder supplied regularly with the X-ray 
spectrometer. This base (or platform ) has a 
central recessed area for an Alundum disk and 
p edestal (F , fig. 3) that supports the 80-percent
platinum- 20-percent-rhodium specimen holder (E, 

2 T his equipmen t is made ava ilable commerciall y by the Nort h Ameri can 
Ph ilips Co. 
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FIGURE l.- Over-all view of JW'nace in place in X-my 
spectrometer. 

FIGURE 2.- Fw·nace tn place. 

figs. 3, and 4) . This specimen holder has a 
groove in the base, which fits a ridge on the 
ceramic pedestal, thereby assuring correct aline
ment of the holder. Surrounding thc ceramic 
pedestal and specimen holdcr are a two-uni t 
heating element (D, fig. 3) and two shields (E and 
0, fig. 3) which are alined by grooves in the 
ceramic base (fig. 5), and a third shield (A, fig. 3) 
which is alined by a groove in base, G. 

The heating element consists of an SO-pereent
platinum- 20-percent-rhodium wire winding on two 
coaxial Alundum tubes, which have windows cut 
in them at the specimen level for transmission of 
the X-ray beam. These tubes are shown sepa
rated in figure 6. The wire is placed in grooves on 
the outside of each tube. The inner tube at the 
window level has an additional opening cut in the 
rear and, in the front, that part of the tube 
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between the windows has the winding placed on 
both sides. The outer tube at the window level 
has the winding doubled back on the rear section 
of tube. These windings at the window level, 
combined with the opening . cut into the rear of 
the inner tube, give direct radiation to the front 
and rear of the platinum specimen holder. The 
two sets of windings are connected in series. The 
heating element is shown in place on the base in 
figure 7. 

The innermost of the three shields (0, figs . 3 
and 8) is a radiating shield of 80-percent platinum-
20-percent-rhodimn; the intermediate shield (E, 
figs. 1 and 8) is made of stainless steel; the third 
shield (A, figs. 1 and 8) forms the outer shell and 
is made of brass. Each shield contains two 
openings for X-ray transmission at the specimen 
level. The windows of the outer shell are covered 
with thin sheets of beryllium (1, fig. 3) to prevent 
heat radiation to adjacent parts and to minimize 
air currents within the furnace. Water-cooling 
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FIGU R E 3.- Cross section oj X-ray dijj'mction Jumace. 

A. Brass outer shell; B. intermediate steel shield; C. platinum racliation 
shield; D. heating unit witb platinum windings; E. specimen holder (80% 
Pt-20% Rb); F. ceramic base; G. brass base; H. water-cooling coil; 1. 
berylliuIU cover to window; J, water-cooling coil. 
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FIG U RE 4.--Specimen holder. 

80 percent Pt- 20 percent Rh. 

FIG U RE 5.--Ceramic base and specimen holder. 

FIGURE 6.--H eating elements sep:tmted. 
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FIG U RE 7.--Heating element on ceramic base, showing 
thermocouple leads. 

____ "'A.'-___ ~ __ B 

FIGURE 8.--Shields. 

/I, Ou ter hrass case with cooling coil ; B, intermediate steel shield; C, platin u m 
rad iation shield. 

coils placed beneath th e brass base and around the 
outer shell arc indicated by J and H in figure 3 
and shown in figure 2. 

The furnace is heated with 1l0-v alternating
CUlTent controlled by two variable autotrans
formers so that the secondary of the first feeds the 
primary of the second. At 1,500° C the furnace 
requires about 12 amp at 60 v. The furnace is 
maintained automatically within ± 1 deg C. 

The temperature of the furnace is measured and 
controlled by a platinum·-10-percent-rhodium ther
mocouple connected to an elec tronic-recording 
potentiometer. The wires arc enclosed in a 
ceramic tube placed vertically alongside the heat
ing element (fig. 7). At th e top of the heating 
element, the bare thermocouple wires are bent 
over the edge, and the junction is directly in front 
of the specimen holder. 

The following simple procedures are necessary to 
prepare the furnace for operation: (a) R emoving 
the th ree shields, A, B , and C; (b) setting the 
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specimen holder, E, with the powdered sample 
pressed into the recessed face, upon the pedestal, 
and (c) replacing the shields. Parts 0, F, and D 
do not need to be disturbed. 

An X-ray spectrometer equipped with a furnace 
like the one described has the advantage that the 
pattern is available for inspection at once without 
the necessity of photographic processing. Also, 
a second pattern at a different temperature can be 
made immediately without cooling the sample to 
room temperature. 

III. High-Temperature Form of 2CaO.Si02 

Thermal studies have shown that a change takes 
place at about 1,420° C in 2CaO.Si02 [7]. However, 
material quenched from above 1,500° C does not 
give an X-ray pattern different from tJ-2CaOSi02 • 

Bredig [8], by analogy with K 2P04 , postulated 
that a-2CaO.Si02 must be hexagonal with an 
axial ratio of about 1.29. Greene [9] was able to 
quench an impure 2CaO.Si02 (with Al20 3 and 
N a20 present) and obtain a sample that gave an 
X-ray pattern indicating a hexagonal cell with 
A=5.44 kX and 0 = 7.02 kX. 

With the equipment described in this paper, a 
pattern of pure 2CaO.Si02 was obtained at 1,500° 
C. The data given in table 1 agree with the data 
from the impure sample used by Greene. This 
shows that a-2CaO.Si02 is hexagonal, isostructural 
with K 2P04 and with A = 5.08 kX and 0=7.05 kX. 
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T ABLE I. - Diffraction data for 2CaO.SiO 2 at 1,500°C 

hkl din 

kX 
102_ ___ __ ___ _____ ______ ____ _ _ ____ __ _ _ ___ ___ _ _ 2.84 

110_ __ _ _____ __________ __ ___ __ ________ ___ _ _ __ _ 2. 69 

20L _ _____ ___ _____ _ ___ ___ __ _ _ ____ ____ ___ ___ _ _ 2. 25 
202_ _____ ____ ____ __ ___ __ ___ _ _ __ _ _ ___ _ ___ _ __ __ 1. 970 
122_ __ __ _____ _ ____ _ __ _ _ ____ _ _ __ _ _ __ __ _ _____ _ _ 1. 603 
300_ ____ _ ___ ___ _ _ _____ ___ __ _ _ __ _ _ __ ____ _ __ _ _ _ 1. 576 

114_ _ _ _ ___ __ _ _ _ ___ _ ____ ____ _ _ ______ __ ___ ___ _ _ 1. 50l 
220 _______ _______ ______________________ '______ 1. 368 

132 _________ • _________ • __ • _____ • _____ ••• __ __ • 1. 280 

Relative 
intensity 

Percent 
85 

100 
30 
55 
J5 
15 

8 
3 

The authors thank L. G . Cossette for his help 
in preparing the ceramic base and for his help and 
suggestions on winding the heating coil. 
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