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ABSTRACT: The invention discloses a method of analysis of a 
mixture containing a wanted element, an interfering element 
and a base rock designed to compensate for the effects of the 
interfering element and the base rock composition. In ac 
cordance with the invention the mixture is subjected to ioniz 
ing radiation and separate determinations are made, using 
balanced filters, of the intensity of the backscattered or 
fluorescent radiation: 

a. at the characteristic energy of the wanted element, 
b. at the characteristic energy of the interfering element, 

and 

c. over an energy band intermediate between the above two 
energies. 
A nonogram is plotted of the ratios afc and bfc. 

  



PATENTED NOY 1697 3, 621,245 

SHEET OF 4 

4. as 4. 7 7 4 7A/6ew 

  



PATENTED NOY 16 197 3, 62,245 

SHEET 2 OF 4 

207 

72/7 

142 

400 

470 

22/7 

7(22 

  



PATENTED NOY 16 197 3, 621,245 
SHEET 3 OF 4. 

  



PATENTED NOY 6 (97. 3, 621,245 

SHEET OF 4 

  



3,621,245 
METHOD OFX-RAY FILUORESCENCE ANALYSS OF 

MATER ALS CONTAINING AN INTERFERING 
ELEMENT 

BACKGROUND OF THE INVENTION 

The present invention relates to the analysis of materials 
and in particular mineral ores using the well-known method of 
subjecting the material to ionizing radiation thereby to excite 
fluorescent X-rays. 
More specifically the present invention relates to the 

technique of analysis using natural or artificial radioisotope 
sources as the origin of the radiation which excites 
fluorescence. As is known the fluorescent X-rays have an 
energy characteristic of the element emitting them and, after 
energy selection by an appropriate method, the intensity of 
these X-rays is measured. In this specification, the term "the 
wanted element' is used to define that element which is the 
subject of the analysis and the term "base rock' is used to 
define the gangue or other matrix (usually a calcium or mag 
nesium compound) in which the wanted element is dispersed. 

Unfortunately if the ore also contains "an interfering ele 
ment" that is to say an element which has an atomic number 
close to, but less than, the atomic number of the wanted ele 
ment difficulties are caused as the characteristic radiation 
emitted by the wanted element is to some extent absorbed by 
the interfering element and is reemitted as the characteristic 
radiation of the interfering element. Several different 
techniques designed to overcome this difficulty, known as the 
"matrix effect," have been described. In practice however, the 
problem is much more complicated as there may be several in 
terfering elements. Moreover, the base rock of the ore may be 
of variable composition and may give rise to spurious results. 

It is an object of the present invention to provide a method 
for the analysis of a material which takes into account the 
above difficulty. 

SUMMARY OF THE INVENTION 

According to the present invention there is provided a 
' method of analysis of a mixture containing a wanted element, 
an interfering element and a base rock, comprising subjecting 
the mixture to ionizing radiation and determining separately: 

a. the intensity, , of the fluorescent radiation at the 
characteristic fluorescent energy, E, of the wanted ele 
ment; 

b. the intensity, I, of the fluorescentradiation at the charac 
teristic fluorescent energy, E, of the interfering element; 

c. the intensity, I, of the backscattered radiation over an 
energy band which is intermediate between, but does not 
contain, the characteristic fluorescent energies of the 
wanted and interfering elements. 

Very desirably the source of ionizing radiation is an artifi 
cial or natural radioisotope. The power of such a source is 
limited and therefore the radiation intensity determinations 
are conveniently made using a pair of balanced filters for each 
determination, - 

It will be well known that the technique of using balanced 
filters depends upon the fact that two elements of adjacent 
atomic number have their K absorption edges spaced by cer 
tain energy and it is normally possible to select two elements 
having K absorption edges which bracket the energy of the 
fluorescent radiation of the wanted or interfering element as 
the case may be. Thus, the use of a pair of such balanced fil 
ters will give a measure of the energy emitted by the sample 
over a specific but narrow energy range. In practice it may 
only be necessary to use a total of four filters, two to bracket 
the characteristic energy of the radiation of the wanted ele 
ment and two to bracket the characteristic energy of the radia 
tion of the interfering element, while the intensity of the 
backscattered radiation is measured using the appropriate pair 
offilters selected from the four already provided. 
The principle of the method depends upon the fact that the 

intensity of both characteristic and scattered radiation in the 
same energy region vary with the attenuation coefficient of 
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2 
the base rock in a similar manner. It follows that by determin 
ing the ratio of characteristic to backscattered intensity at ad 
jacent energies the effect of the base rock can be minimized. 
Since the effect of the interfering element is also dependent 
upon the base rock, then a similar compensation can be made. 

In practice, having obtained the above measurements, the 
quantity of the wanted element and indeed the quantity of the 
interfering element can both be determined from a calibration 
nomogram obtained by plotting: 

wherein: 

It is the intensity of the radiation at the characteristic energy 
E of the interfering element: 
is the intensity of the radiation at the characteristic ener 
gy E of the wanted element; and 
is the intensity of the backscattered radiation. 

If there is a second major interfering element, it is necessary 
also to determine the intensity of the fluorescent radiation at 
the characteristic fluorescent energy of this second interfering 
element and use a three-dimensional nomogram obtained by plotting: 

wherein: 
and is are the intensities of the radiation at the charac 
teristic energies of the first and second interfering ele 
ments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In order that the present invention may be more readily un 
derstood, one embodiment of the same will now be described 
with reference to the accompanying drawings, wherein: 

FIG. 1 is a diagrammatic illustration of the counter arrange 
ments, 

F.G. 2 is energy diagram illustrating the function of the fil 
ters, 

FIG. 3 is a graph showing the effect of base rock composi 
tion, 

FIG. 4 is a graph showing the effect of ion content and 
FIG. 5 is nomogram constructed in accordance with the 

present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
In this embodiment the mixture is a copper ore where it is 

desired to measure the concentration of copper (wanted ele 
ment), the primary interfering element is iron and the base 
rock may be either gypsum or basic artenite. 

Referring now to the drawings and in particular to FIG. 1, it 
will be seen that the geometry is the conventional backscatter 
geometry and a detector which may, for example, be a scintil 
lation or proportional counter, has a window 2 which sur 
rounds a source 3 and around which source annular filters 
may be placed as desired. A stand 5 carries a sample holder 6 
having a window 7 adjacent to the source 3 and above which 
window a sample 8 of powdered material is carried. This ar 
rangement is conventional. 

FIG. 2 shows a portion of the conventional absorption ver 
sus energy curves and shows the K absorption edges of the ele 
ments chromium, manganese, cobalt and nickel. It also shows 
the Kfluorescent energies of iron and copper and it will be ob 
served that chromium and manganese form a suitable pair of 
filters for iron radiation, while cobalt and nickel form a suita 
ble pair for copper radiation. 

If one takes two artificial copper ores containing no iron but 
based upon basic artenite and gypsum and measures the 
copper content using a pair of balanced nickel and cobalt fil 
ters in the conventional way, and plots the differential count 
through the two filters against copper content, curves A and B 
of FIG. 3 will be obtained, thereby illustrating the dependence 
of this classical method on the base rock composition. 
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In order to compensate for the effect of the base rock com 
position, it is necessary to measure the contribution of the 
base rock which is done by measuring the backscattered radia 
tion over an energy band (FIG. 2) adjacent to the copper 
fluorescent energy and this is done by using cobalt and man 
ganese as a pair of balanced filters which will accept a pass 
band of energies at the appropriate level. In order to provide 
this compensation, the count rate due to the copper is divided 
by the count rate due to the base rock and is plotted against 
copper content as shown in FIG. 4 in which each line cor 
responds to two superimposed curves and refer to different 
base rocks which also contain iron in concentrations of zero 
and 10 percent. 
Thus FIG. 4 plots 

l/l vs. Cul 
In practice this is determined by the plot 

INi - Ico i-iys (Cul 
It will be seen that although the FIG. 4 arrangement pro 

vides adequate compensation for base rock effects, the 
presence of iron as an interfering element still gives a con 
siderable distortion to the results. 

In accordance with the present invention the copper con 
tent free of the effect of iron is therefore determined by 
plotting the ordinate of FIG. 4 as the abscissa in FIG. 5 and 
plotting, as the ordinate in FIG. 5, a similar function in respect 
of iron. Therefore, FIG. 5 plots: 

In practice this is determined by plotting: 

!Nico vs 
Ico. IM 

As is conventional, it is necessary to use known samples in 
order to provide the calibration curve. 
We claim: 
1. In a method of analysis of a mineral mixture containing a 

wanted element, an interfering element and a base rock, 
wherein the mixture is subjected to ionizing radiation of an 
energy sufficient to excite X-ray fluorescence in the wanted 
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4. 
element and the intensity of the combined backscattered X 
ray and fluorescent X-radiation is measured: the improvement 
comprising the steps of, 

a. detecting the intensity I at the characteristic X-ray 
fluorescent energy E of the wanted element; 

b. separately detecting the intensity li at the characteristic 
X-ray fluorescent energy E of the interfering element; 

c. separately detecting the intensity I of backscattered X 
radiation over an X-ray energy band intermediate 
between but excluding E and Et; 

d. determining the ratios I?land I/I; and 
e. comparing said ratios with a suitable calibration nomo 
gram which plots the ratio / versus the ratio I/I to 
determine the concentration of the wanted element. 

2. A method according to claim 1, wherein the source of 
ionizing radiation is a radioisotope and the measurements are 
made using a pair of balanced filters for each determination. 

3. A method according to claim 2, wherein the pair of 
balanced filters used in determining the intensity of the radia 
tion over said intermediate band comprises one filter from 
each of the other two pairs of balanced filters, whereby only 
four counts need to be made. 

4. In a method of analysis of a mineral mixture containing a 
wanted element, first and second interfering elements and a 
base rock wherein the mixture is subjected to ionizing radia 
tion of an energy sufficient to excite X-ray fluorescence in the 
wanted element and the intensity of the combined backscat 
tered X-ray and fluorescent X-radiation is measured: the im 
provement comprising the steps of, 
a detecting the intensity I at the characteristic X-ray 

fluorescent energy E of the wanted element; b. separately detecting the intensity I, 1 at the characteristic 
fluorescent energy E 1 of the first interfering element; 

c. separately detecting the intensity 2 at the characteristic 
fluorescent energy E of the second interfering element; 

d. separately detecting the intensity I of backscattered X 
radiation over an X-ray energy band intermediate 
between but excluding E, E, 1 and Ea; 

e. determining the ratios III, I/I and 1/1; and 
f, comparing said ratios with a suitable three-dimensional 

calibration nomogram which plots the ratio if I versus 
the ratio III versus the ratio III, to determine the con 
centration of the wanted element. - . . . . . . . . . . . . . 
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