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NOTES ON THE RELIABILITY OF THE X-RAY DIFFRACTION
SPECTROMETER FOR QUANTITATIVE MINERAI. ANALYSIS*

Howann F. Canrx*

The use of the Geiger-counter r-ray diffraction spectrometer for
mineral identification and analysis is becoming more widespread as the
convenience and reliability of this equipment are appreciated by more
workers in the field. There is, consequently, increased interest in specific
techniques employed when this instrument is used for quantitative min-
eral analysis.

A recent paper (1) by this author, discussing certain aspects of quanti-
tative o-ray analysis and presenting a specific technique employing a
Geiger-counter spectrometer for mineral-powder analysis, has been
subject to a criticism (2), which appears quite unjustified in the light
of the experience of the writer.

One point of this criticism was that by this technique, "considerable
amounts of. colloidal quartz, if mixed with other well-crystallized mate-
rials, could be present and yet elude measurement, especially if well-
crystallized quartz were also to be found in the mixture." In all fairness
to any method of x-ray difiraction analysis, it must be admitted that no
technique developed for well-crystallized mineral powders would have
much value in working with either colloidal or amorphous materials.
Such limitations are certainly universally recognized.

Secondly, it was not intended to be implied that "variations in the
*-ray output are more serious in the case of the photographic method
than in that of the Geiger-counter spectrometer," as charged by Dr.
Lonsdale. It was merely pointed out that, for short exposures, variations
in total r-ray output may be signi.f,cant when only one measurement per
analysis (a film density), is made.

The main part of Dr. Lonsdale's criticism was devoted to an expression
of disbelief in the linearity of response of the automatic recording spectrom-
eter, except "over a very restricted portion of the graph" and a con-
sequent limited usefulness for quantitative analysis was therefore in-
ferred. It was also pointed out that, "The instrument ceased to record,
even at highest sensitivity, at an intensity which was certainly more than
100 times the minimum intensity observable with a scaling circuit and
mechanical impulse counter."

* Published by permission of the Director, Bureau of Mines, United States Depart-
ment of the Interior.

** Physicist, College Park Branch, Metallurgical Division, Bureau of Mines, College

Park, Maryland.
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'Ihe technique described in the original paper is such that good
linearity of response, or the lack thereof, is immaterial to the successful
performance of quantitative analysis. A complete calibration of the
equipment is obtained by determining standard rvorking curves which
incorporate in their development the characteristic response of all the
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elements of the apparatus. 'l'he only assumptiou necessary is that these
responses remain constant during an analysis and can be standardized
and hence reproduced from day to day. The sensitivity of the recording
method is sufficient to obtain accurate data on as l itt le as 1 to 5 per cent
of a material, on about 2 per cent of quartz. Of course, scaling and me-
chanical counting would extend this lower l imit to smaller values but at a
sacrifice to the speed of analysis. Likewise the actual linearity of response
of the equipment is excellent over most of the range of counting rate used.
The following graphs i l lustrate this point.
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Further work with this equipment has shown that the standard condi-

tions under which the working curves were originally obtained are not

so crit ical that changes, renewals, or readjustments in the component

parts of the equipment will invalidate these curves to the extent of neces-

.itu,ing their complete redetermination' Within the iimits of accuracy

of anal"ysis originally stated, plus or minus 10 per cent of the amount

present, after such .hung., a ieadjustment of the coupling control sensi-

iirri,y ,o give the original deflection for one or more of the standard sam-

ples, inclirding the 100 per cent sample,- has been found sufficient to

i"p-arr." satisfactorily ihe original working curves' That is' 
-the 

in-

stallation of a new Geiger-counter tube, new electronic tubes' and a com-

plete realignment of ti. ,p".tto*eter produced no material distortion
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