
EP 0 400 396 Bi Description Background of the Invention 5   [Field of the
Invention] The present Invention pertains to methods and devices for
determining the metal content of metallic ma- terials, alloys, etd.. In
particular, the present Invention Is concerned with methods and devices
used to appraise the precious metal content of jewelry and other articles
fabricated from precious metals. 10 [PriorArt; In recent years, there has
been Increasing demand for a means whereby for the sake of improving the
efficiency and verity of transactions, dealers In jewelry, precious metals
and the like can easily, accurately 15  and at their place of business
appraise the metal content and composition of articles fabricated from
precious - metals. Conventionally, the value of such articles has been
appraised using the touchstone method, specific gravity measurement, fire
assay method, atomic absorption spectrometry, Inductively coupled plasma
spec- trometry QICP) and the like. Unfortunately, as will be described
below, various problems are associated with each of these methods which
render them impractical for accurate appraisal performed at the place of
business 20  where transactions In such articles are carried out. In the
case of the touchstone method, a portion of the article to be tested is
rubbed against a black quartz test stone whereby a streak is obtained on
the test stone which Is then treated with add by which means the
composition of the test article can be determined. This test, however,
requires a great deal of skill and exper- lence, and furthermore, tends to
mar the article being tested. Additionally, this test Is not applicable to
some 25  white golds (gold - palladium alloys) and platinum alloys which
are significantly hard, nor to significantly soft materials such as fine
gold or alloys containing more than 92% gold. Specific gravity
determination is an easily performed method in which the weight of the
article to be tested Is determined while suspended In water. This method,
however, can not be used to determine the composition of unknown samples.
30      The fire assay method, atomic absorption spectrometry, and
inductively coupled plasma spectrometry are destructive methods and can
therefore not be used on articles for sale. In view of the above described
shortcomings of conventional precious metal appraisal methods, the In-
ventors of the present Invention have studied a nondestructive Fluorescence
X-ray spectrometry method. In this method, an assay sample Is exposed to
X-ray radiation, whereby fluorescence X-ray radiation is generated 35  upon
which spectral analysis is carried out whereby quantitative analysis of
each elemental component can be accomplished simultaneously. Conventional
equipment marketed for carrying out fluorescence X-ray spectrometry,
however, requires an assay sample having a homogeneous, and flat and even
surface. For this reason, In addition to the difficulty of choosing the
best point on the sample to which the analysis is to be directed, because
the X-ray beam is of 40  a relatively large diameter (ordinarily 20 mm or
greater), small specimens having a complex structure, or spe- cimens made
up of a number of different alloys cannot be reliable assayed with such
devices. Furthermore, conventional equipment marketed for carrying out
fluorescence X-ray spectrometry is quite large and expen- sive. Thus, not
only is a considerable capital investment required, but installation of
such a devices consumes a great deal of space when installed In a store or
other business cite. Additionally, operation of such a device 



45  requires quite specialized knowledge. Summary of the Invention In
consideration of the above, an object of the present Invention Is to
provide an apparatus and method 50  whereby assay of the metal content of
articles fabricated from precious metals can reliably, accurately, and
rapidly carried out, and wherein the required equipment is relatively
inexpensive as well as of a compact size, and operation thereof can easily
be accomplished by someone without extensive training. Furthermore, the
apparatus and method should be applicable even to small articles having a
complex structure. In order to achieve such an object, the present
invention provides a metals assay method In which an object 55  to be
analyzed is positioned so that an X-ray beam that will be generated will
coincide with a measurement point on the surface of the object where it Is
desired that the analysis be carried out. The sample having been thus
positioned, the measurement point is exposed toan X-ray beam having a
diameterof 0.1 to 5mm, atwhich' v point fluorescence X-ray radiation is
generated which Is then sampled. Spectral analysis of the captured flu- 2
EP 0 400 396 B1 orescence X-ray radiation Is then carried out wherein the
Intensity of selected peaks corresponding to target elements is determined,
whereby the relative composition of selected elements can be calculated,
thus pro- viding selective quantitative analysis for target elements at the
measurement point. The relative composition can be calculated by performing
a computer analysis of the spectrum of the captured fluorescence X-ray ra-
s   dlation In which a fundamental parametric method Is applied to the
Intensity values for. peaks corresponding to each target element Concerning
the above mentioned fundamental parametric method, one approach Is to apply
the method to the peaks in thespectrum corresponding to a series of target
elements whereby from' the intensity of the peaks of this series of target
elements, a primary composition ratio Is calculated for each target
element. After 70  the primary composition ratios have been thus
calculated, for those target elements whose primary compo-  - sition ratios
are judged-to have exceeded a predetermined target value, the fundamental
parametric method is again applied to only those-elements, whereby final
primary composition ratios are determined for the se- lected target
elements.                                                         * Another
approach to application of the above mentioned fundamental parametric
method Is to determine 15  the energy value corresponding to each peak in
the obtained spectrum, after which the calculated energy val- ues are
compared with'predetermined registered element energy values stored in the
computer, whereby It Is determined which of the peaks, In the spectrum
correspond with registered element energy values stored In the computer.
Those peaks that correspond to registered element energy values stored In
the computer are selected as target element peaks, after which the
fundamental parametric method Is applied to the selected 20  target element
peaks, whereby final primary composition ratios are determined for the
selected target ele- ments. Additionally, by comparing the calculated
target element composition ratios with predetermined precious metal alloy
composition ratios stored In the computer, It is possible to determine the
type of precious metal alloy for a sample article. 



25      The metals assay apparatus of the present Invention Includes a
movable stage, the position of which Is adjustable In three dimensions on
which an object to be analyzed can be supported, and an X - Y drive mech-
anism whereby the position of the movable stage can be adjusted in a plane
parallel to the surface of the sample object at the point where It is
desired to carry out the assay. Further included Is a monitor whereby the
relative position of the sample supported on the movable stage and the
point at which the X-ray beam will be directed 3a  Is displayed. AZ-axis
position sensor Is provided whereby the position of the sample relative to
the Z-axis can be detected, the Z-axis being perpendicular to the surface
of the sample object at the point where It Is desired to carry out the
assay. By means of a Z-axis position adjustment mechanism, based on the
output signal of the Z-axIs position sensor, the position of the movable
stage along the Z-axis, that Is, perpendicular to the sur- face of the
sample object at the point where It Is desired to carry out the assay, can
be adjusted. An X-ray gen- 35  erator is provided Including a collimator,
whereby the area of the sample exposed to the X-ray beam can be adjustably
limited to a diameter of 0.1 to 5 mm. A semiconductor detector is provided,
by which means fluor- escence X-ray radiation generated at the section of
the sample exposed to the X-ray beam can besampled. A computer along with a
suitable computer output device is provided, whereby based on the sampled
fluores- cence X-ray radiation generated at the section of the sample
exposed to the X-ray beam, composition ratios 40  of target elements can be
calculated. Because the method and apparatus as described above are
nondestructive, jewelry, coins and the like can be appraised as to their
precious metal content without Inflicting damage to their surfaces, or
otherwise adversely affecting their value. Quantitative determinations for
a number of precious metal elements can si- multaneously carried out in a
short length of time, by a process that is totally automated other than
fixing the 45  sample on the movable stage and selecting the spot to be
analyzed. By providing an adjustable collimator for the X-ray generator, by
which means the section of the sample exposed to the X-ray beam can be
limited to as small as a diameter of 0.1 mm, it is possible to analyze with
high resolution quite small samples having a complicated shape and
structure. In the case of samples having a large, flat and even surface,
the diameter of the section of the sample exposed to the X-ray beam can be
at 50  the maximum diameter of 5 mm, whereby both the speed and the
accuracy of the assay can be improved. The present Invention provides
separate mechanisms for positioning the sample In the X - Y plane, that Is,
In the plane parallel to the surface of the sample at the point where It is
desirable to carry out the assay, and for positioning the sample along the
Z-axis, that is, perpendicular to the X - Y axis. Positioning In the X - Y
plane is conducted by the operator using a monitor whereby the position of
point to be measured relative to 65  the point where the X-ray beam will be
directed can be observed. Thus, since the position In the X - Y plane Is
selected manually by the operator, the assay can be directed towards any
point on the surface of the sample. In this way, for composite samples
fabricated from two or more different components, the metal composition of
any componentor portion of the sample can be determined. In the case of
adjustment along the Z-axls, since 3    EP 0 400 396 B1 depth is not
readily observable on the monitor, the adjustment is carried out
automatically bythe Z-axis position adjustment mechanism based on the
output signal from the Z-axis position sensor, whereby the position of 



the sample along the Z-axis can automatically be optimized to provide the
most accurate assay. Using the above described fundamental parametric
method, calibration curves, standard samples and the 6   like are
unnecessary. Thus, determinations of the composition of unknown samples can
reliably and easily be carried out. Further, by applying the fundamental
parametric method to the peaks In the spectrum correspond- ing to target
elements, whereby a primary composition ratio is calculated for each target
element from the in- tensity of the peaks of the target elements, final
primary composition ratios can be determined for target ele- ments whose
primary composition ratios are judged to have exceeded a predetermined
target value. In this i       10  way, It-becomes possible to rapidly assay
a sample, determining composition ratios for only those components that are
essential or sought after, while eliminating calculations for
minorconstituents, impurities and the like. Furthermore, when the method of
the present invention is used in which the composition ratios are deter-
mined by calculating the energy value corresponding to each peak in the
obtained spectrum, and then com- paring the calculated energy values with
predetermined energy values stored in the computer corresponding i5  to
know metal elements, by excluding those energy values that can easily be
mistaken fortarget elements from -the stored standard values; It-becomes
possible to eliminate mistaken-Identification of metal eIlements.--
Moreover, while conventional precious metal appraisal methods are largely
manual, with the method and apparatus of the present invention, appraisal
of the content and composition of materials fabricated from pre- cious
metals can be nearly totally automated. 20 Brief Description of the
Drawings Fig. l is a front view showing the external structure of the
metals assay apparatus of the present invention. Fig. 2 is a right side
view showing the external structure of the metals assay apparatus of the
present in- 25  ventlon. Fig. 3 is a plan view showing the external
structure of the metals assay apparatus of the present invention. Fig. 4 is
a block diagram of the metals assay apparatus pictured In Figs. I through
3. Figs. 5 and 6 are decision trees showing the decisions involved In
operating the metals assay apparatus of the present invention. 30      Fig.
7 is a flow chart for the fundamental parametric method. Figs. 8 through 16
are graphs showing spectra obtained in an experimental example using the
metals assay apparatus of the present invention. Detailed Description of
the Preferred Embodiments 35 In the following sections, the preferred
embodiments of the present Invention will be described with refer- ence to
the drawings.    ; In Figs. i through 3, different aspects of the external
appearance of the metals assay apparatus of the present invention are
shown. As can be seen in the drawings, the main frame I of the apparatus is
essentially 40  box shaped. As seen best in Figs. 2 and 3, a shelf 2
extends from the front apparatus of the main frame 1. At the left side of
the shelf 2, a sample portal 3 Is provided, while at the right side, a
display screen 41s provided. At the right front aspect of shelf 2, a
retractable desk top 5 Is provided, where a mouse 6 and keyboard 7 for data
inputand operation parameter selection may be situated during use.Aprinter8
and computer 9 are located on the right side of the top of main frame 1. At
the midportion of the top of main frame 1, a semiconductor 45  detector 10
is located, while at the left portion, a sample position verification
monitor 11 is provided. 



Referring to Fig. 4, the internal components of the metals assay apparatus
of of the present invention will be described. The sample to be assayed Is
placed on movable stage 12 which Is provided in a horizontal ori- entation.
By virtue of movable stage drive mechanism 13, which is In turn made up of
an X - Y planar drive mechanism and a Z-axis linear drive mechanism, the
position of movable stage 12 is adjustable in three di- 50  mensions. At
one end of movable stage 12, an energy calibration reference sample (not
shown In the drawings) Is provided. When a sample to be assayed Is mounted
on the upper surface of stage 12, the sample Is mounted so that a flat
surface of the sample faces upward and is aligned horizontally, using a
mounting jig (not shown In the drawings). In the case where the sample
consists of a finger ring, the ring is supported In a suitable mount- 55
ing jig so as to secure the ring in a vertical orientation. Various
mounting jigs are provided, whereby a sample of nearly any physical
configuration can be easily mounted In an appropriate orientation, without
Inflicting any damage to the surface of the sample. A Z-axis position
sensor 14 is provided In close proximity to the movable stage 12, connected
with.the 4    EP 0 400 396 B1 above mentioned movable stage drive mechanism
13. This Z-axis position sensor 14 can consist of, for ex- ample, an
optical sensor and light source mounted in proximity to the movable stage
12 so that based on a beam of light from the light source being Interrupted
or reflected by the selected assay spot on the sample, the Z-axls position
can be judged, on which basis a variable signal Is supplied from the Z-axis
position sensor 5   14 to the Z-axis linear drive mechanism component of
the movable stage drive mechanism 13 via computer 9, thereby controlling
the Z-axis linear drive mechanism to appropriately adjust the Z-axis
position. In ordinary operation, the movable stage 12 starts at Its
lowermost position. Then, based-on a signal sup- plied from computer 9;-
the Z-axle linear drive mechanism component of movable stage drive
mechanism .13 causes the movable stage 12 to move upward until, based on a
signal from the above described Z-axis position 1o  sensor 14, the assay
spot on the surface of the sample :s judged to be a predetermined distance
along the Z- axis from the above mentioned semIconductor detector 10, at
which time the upward movement of movable stage 12 is automatically
stopped; The reverse process in which the movable stage 12 normally rests
In Its uppermost position, then moves downward Into position after a sample
Is mounted Is also acceptable..,. The X - Y planar drive mechanism
component of movable stage drive mechanism 13 Is connected with 15
computer 9 via controller 15. Additionally connected with computer 9 are
the above mentioned mouse 86 key- board 7, and a floppy disk drive-17 as
Input devices, and the above mentioned display-screen 4 and printer 8 as
output devices. An X-ray head 18 Is provided above and to the side of
movable stage 12 so that the X-ray beam generated by the X-ray tube housed
therein forms approximately a 45 angle with the upper surface of movable
stage 20  12 after passing through collimator 20 which Is mounted on a side
of X-ray head 18. Power for the X-ray tube housed In X-ray head 18 along
with various operating parameters are supplied from an X-ray control unit
19 which is connected with computer 9 via controller 15, whereby the power
and various operating parameters supplied to X-ray head 18 can be
controlled based on control signals supplied from controller 15, which are 



In turn controlled based on signals from computer 9. 25      Forthe
X-raytube housedwithin X-ray head 18, a pointfocussing typeX-raytube may be
used. The above mentioned collimator 20 Includes a pluralky of collimator
elements (not shown In the drawings) of varying aper- tures, one of which
Is placed In the X-ray focal path through the action of a collimator
selector mechanism (not shown), based on signals supplied from computer 9
via controller 15 and X-ray control unit 19. Through the above described
collimator 20, the diameter of the spot on the sample exposed to X-ray
radiation can be In- 30  crementally varied from 0.1 to 5 mm. At diameters
less than 0.1 mm, the intensity of the fluorescence X-rays generated at the
exposed spot Is generally too small to measure over a suitably short
measurement Interval, and additionally, accuracy of the measured Intensity
suffers. Diameters greater than 5 mm for the exposed spot are seldom
required for most articles that will be assayed using the apparatus of the
present Invention. The previously mentioned semiconductor detector 10
located above movable stage 12 can be made from 35  Si, SI(L), Ge, Ge(Li),
Hgl2 typesemiconductors, for example. The electrical power terminals
forsemiconductor detector 10 are connected with a high voltage power source
21, and the output terminals are connected with a multichannel analyzer 23
which includes an internal A/D converter, via linear amplifier 22.
Multichannel ana- lyzer 23 Is in turn connected with computer 9. For the
semiconductor detector 10, depending on the type used, It may be necessary
to employ a cooling mechanism using, for example, liquid nitrogen. f    40
A video camera 24 is provided Immediately above movable stage 12, whereby
Images of the sample to be measured mounted on movable stage 12 can be
obtained and displayed on sample position verification monitor 11. With
this set up, it is possible to continuously monitor the spatial
relationship between the center of the X-ray beam on the sample surface and
the target spot to be measured, and to adjust the X - Y position of the
sample so that the X-ray beam and assay spot coincide. To indicate the
position of the X-ray beam, cross 45  hairs may be displayed on sample
position verification monitor 11. In the metals assay of the present
preferred embodiment, computer 9 Is programmed In such a way that number of
the operating parameters can be manually selected, as will be described
below and as is shown In Figs. 5 and 6. After the main power for the
apparatus is turned on, routine mode or manual mode can be selected by 50
the operator. Manual mode can suitably be selected for unspecified alloy
samples orfor samples including un- usual elements. Additionally, manual
mode can be employed to further refine the results obtained while car-
rying out an analysis in routine mode. When routine mode Is chosen,
selection of operating parameters is car- ried out on the basis of control
programs In computer 9. When manual mode has been selected, it is then
possible to further manually chose between a qualitative 55   mode for
verification of metal species present, a quantitative mode for quantltatlon
of metal species present, an auxiliary mode, and a shut down mode for
terminating operation of the apparatus. In the case where quan- titative
mode has been chosen, it Is then possible to the operator to choose between
the previously described' fundamental parametric method (hereafter referred
to as FP method) and an analytical curve method for ana- 5    EP 0 400 396
91 lysis of the obtained fluorescence X-ray spectra and quantitation of
metal species present therefrom. 



Once the auxiliary mode has been selected, It then becomes possible to
select a measurement mode wherein the operator Interacts with the apparatus
via Instructions displayed on display screen 4 thus estab- lishing a
dialogue whereby operating parameters are selected, according to which the
assay is carried ouL 5   While In auxiliary mode, rather than the above
described measurement mode, It is also possible to select a disk mode
wherein the obtained data and results from an analysis are stored to a
floppy disk, an energy cal- ibration mode for calibrating parameters used
for the FP method, and an X-ray restart mode whereby when X-ray control
unit 19 had suddenly terminated X-ray generation due to activation of
safety mechanisms for any reason, x-ray generation can be restarted after
the conditions leading to the shut down have been remedied. 10      When
routine mode has been selected by the operator, operating parameters for
the FP method are set which were earlier determined in the above described
energy calibration mode under manual control, In routine mode, continuous
analysis of many samples can be carried out without loss of accuracy
through control pro- grams executed by computer 9. In Fig. 7, a flow chart
Is presented Illustrating the program flow that occurs during measurement
and cal- t5  culations In manual mode as executed by computer 9 which will
be explained below. Peak energy value data for predetermined necessary
elements (registered elements) during analysis of precious metals are
registered within computer 9. These registered elements are metal species
which In gon- eral are regarded as precious metals or are often included in
precious metal alloys, for example one or more elements selected from the
group including gold, silver, copper, nickel, zinc, platinum, palladium,
rhodium, cc- 20  baIt, iron, cadmium, rhenium, Indium, chromium, iridlum,
andlead. Additionally, when unusual samples are be- Ing analyzed, other
elements may be registered within computer 9. For determining the
composition of unknown samples, after spectral data Is obtained, data for
the regis- tered elements Is read out, and energy values for peaks in the
obtained spectrum are compared with those for the registered target
elements. For those peaks In the spectrum whose energy values correlate
with the 25  energy value for one of the registered elements, the
correlating registered elements are selected as target ele- ments. Excluded
from the registered elements are those elements having peaks with energy
values close to the values for target elements and which can thus be easily
mistaken for the target elements, and furthermore which are elements which
would not be expected to appear with precious metals. In this way, mistaken
metal 30  species Identification can be eliminated, even when shifts occur
In the peaks of the obtained spectrum. For example, Pt-La, (9.443 keV) is
close to Ga-Ka (9.243 keV), (9.714 keV) is dose to Ge-Ka (9.876 keV), and
Ag-La1 (2.984 keV) is close to Ar-Ka (2.957 keV), however, neither gallium,
nor germanium, nor argon would be expected or are sought after in a
precious metal alloy and are thus excluded from the registered ele- ments.
Thus, gold, silver and platinum can more reliably be identified and
quantified, even when shifts In their 35  corresponding peaks occur. After
specific registered elements have been selected as target elements, the
intensities of peaks in the obtained spectrum corresponding to target
elements are calculated, after which the FP method is applied to these
calculated intensities to thereby determine quantitative data. Here, a
brief explanation of the FP method will be given. First of all, the
calculated Intensities of peaks in '   40  the obtained fluorescence X-ray
spectrum are compared with Intensities of the same peaks taken from cor-
responding fluorescence X-ray spectra previously obtained from standard
pure metal samples of each regis- tered element, on which basis, a primary
composition ratio for each element Is calculated. Next, from the cal- 



culated primary composition ratios, a predicted theoretical peak Intensity
value for each element Is determined based on consideration of primary
X-ray atomic absorption effects and enhancement effects. Then, for each 45
element, the predicted theoretical peak intensity value is compared with
the actually calculated value from the obtained fluorescence X-ray spectrum
of the unknown sample. Iterative calculations are then carried out until
the differences between the calculated values and the measured values
forthe peak intensities approach zero, and on the basis of these
calculations, the final composition ratios are determined. Actual
calculations employed when the FP method is to be applied can generally be
classified Into two 50  procedures: 1. A spectrum processing procedure In
which background noise is subtracted from the obtained fluores- cence X-ray
spectrum, thereby determining true signal intensities. 2. Aquantitation
procedure In which approximate values forthe primary composition ratios are
determined, after which the FP method Is applied to the primary approximate
composition ratios to thereby obtain quan- 55     titative values for each
target element. The FP method calculations in the above described second
procedure are carried out as follows: 6    EP 0 400 3961B1 1. Calculation
of primary approximate composition rates For element i, the primary
approximate composition ratio C,' is given by Equ. I below, where iX s the
actually calculated intensity of the peak corresponding to element I in the
obtained fluorescence X-ray spec- 5   trum of the alloy sample and Ye is
the Intensity of the same peak from a fluorescence X-ray spectrum of the
pure element L. C1'=- X/Y, Equ. I It can be seen that Ye thus corresponds
to the sensitivity of the apparatus. 1o  N1. Establishment of convergence
conditions     4, When M different elemental species exist In a sample, the
respective primary approximate composition ratios for each of the elements
as obtained by Equ. I above are expressed by a series as follows: C11, C21,
C3 .. ........ C1 15       It follows that the sum of each primary
approximate composition ratio fora given sample should be equal to one,
thus 'yielding: the following relationship:' m 20
= 25        Assuming the above conditions, the secondary composition ratio
C12 for each element I is determined, using the general relation shown in
Equ. 2 below for the nth order composition ratio for element i. 30
Cin                                                             Equ. 2
nCin- 35                        1 1 Ill. Calculation of theoretical peak
intensities by application of the fundamental parametric method 40
Substituting each secondary composition ratio Ci2 obtained by Equ. 2 above
into an equation for Infer- 



ring theoretical peak intensities using fundamental parameters, theoretical
peak Intensities are determined, that Is, the Intensities of the peaks that
would be expected based on theoretical considerations. These theo- retical
intensities thus calculated are then compared with the corresponding actual
measured peak intensities from the obtained fluorescence X-ray spectrum of
the metal sample, afterwhich tertiary approximate compo- 45  siton ratios
C,3 are obtained. The above described process is iterated, thus generating
respective nl order approximate composition ratios Cn for each iteration
until the relationship shown in Equ. 3 below Is satisfied. (Cin - C1n-
')IC? i 10-3 Equ. 3 When the conditions of Equ. 3 above have been
satisfied, minimum convergence conditions are Judged 50  to have been
satisfied. Until the convergence conditions of Equ. 3 are satisfied, the
Iterative determination of Cin for each element I is repeated. The value of
Clu for the nt Iteration when Equ. 3 Is satisfied Is used as the final
composition ratio WI for element i. In the present preferred embodiment, In
the calculation process according to the above described funda- mental
parametric (FP) method, a supplemental routine is added as Is shown In Fig.
7. Thus, In this routine, 55   when the primary composition ratios for the
target elements are calculated from the Intensities of the peaks from the
spectrum of the sample, a judgement is made as to whether the calculated
composition ratio has reached a certain predetermined value or not for
example 1% by weight. In this case, subsequent fundamentat parametric
method calculations are carried out only for those target elements that
have reached the predeter- 7    EP 0 400 396 B1 mined minimum primary
composition ratio, thereby considerably Improving processing speed and
efficiency. In conventional equipment for carrying out fluorescence X-ray
analysis; determinations are carried out for aM measurable elements.
However, in the case of the method and apparatus of the present invention,
deter- minations for elements present In trace amounts that are not
particularly sought after are automatically ellm- 5   inated. In this way,
overly complex FP method processing can be can be limited, and
determination of the com- position ratios for the sought after elements can
be rapidly achieved. Moreover, in the preseot preferred embodiment, as Is
shown In Fig. 7, as the composition ratios for target elements are
determined for a sample article, the determined composition ratios can be
compared with pre- determined composition ratios for particular precious
metal alloys stored in computer 9, whereby a rapid Iden- 10  tification of
the type of alloy can be rapidly carried out. With this type of alloy
Identification process, it is ac ceptable to limit the the specific metal
elements assayed and quantitated to those precious metal elements that are
specifically sought after, for example gold, platinum, silver, etc.. As an
example, the following grading of gold, platinum and alloys thereof can be
achieved with the method and apparatus of the present invention: 15 Au:
57.33  - 58.83  wt. . -->K14                 . 74.00  - 75.50 WAlt.
K -->  !C18 90. 67 - 92.17  Wt.  . -->  K22 20 



Pt:   84.00  - 85.50 Wt. . -->  Pt850 89. 00 - 90. 50 wt. i:  -->  Pt900 25
For any sample judged not to fall within one of the above standards, the
sample is then judged as [outside standard range). When this type of
determination is carried out, the calculated composition ratio for each
target element, as well as the above grading information Is listed on
display screen 4 and a printout of the same is produced by printer 8.
Additionally, the data can be stored on a floppy disk on floppy disk drive
17 when disk mode has been selected. 30     When the apparatus of the
present Invention is to be used for metals analysis for sample materials
other than precious metals and their alloys, by registering suitable data
for the type of metals and alloys sought after, a grading similar to that
for precious metals and precious metal alloys as shown above can be
accomplished. In the following section, method of use of the apparatus of
the present Invention will be described. Before use, calibration of the
apparatus Is required, however, calibration will be described In a later
section. 35     In the case of unknown samples, manual and measurement mode
are selected. The sample is then mount- ed above movable stage 12 with the
surface to be assayed racing up, using an appropriate mounting jig for the
shape of the sample to be assayed. With difficult to measure samples having
a complicated surface with bends, indentations, protuberances and the like,
strong scattering of the generated fluorescence X-rays Is like- ly to
occur, thereby increasing background in the obtained fluorescence X-ray
spectrum. For this reason, with 40  such samples, the spot to be assayed
should be to the extent possible selected from an area on the surface of
the sample which is flat and level. After the sample has been mounted and
aligned on movable stage 12, a collimator element having a suit- ably sized
aperture Is selected through the operation of the collimator selector
mechanism of collimator 20. As described previously, for samples having a
complicated surface, It Is desirable to select a collimator element 45
having a small aperture, for example, a diameter of 0.1 mm. Next, while
observing a magnified image of the upper surface of the sample on the
display screen of pos- ition verification monitor 11, the positioning of
the sample is adjusted by moving the X - Y position of movable stage 12
using keyboard 7 and/or mouse 6, thereby aligning the chosen area on the
sample to be assayed with cross hairs indicating the spot on the sample to
be exposed to X-rays. Then, movable stage drive mech- 50  anism 13 is
activated and through its operation as guided by Z-axis position sensor 14,
movable stage 12 moves upward from Its lowermost standby position, whereby
the spot on the uppersurface ofthe samplewhilh is to be measured is
automatically brought Into a predetermined position along the Z-axis in
relationship to sem- iconductor detector 10. The sample having been thus
aligned and positioned, X-rays are directed from X-ray head 18 to the spot
55  to be assayed, forming a 45 angle with the horizontal plane. At the
same time, the generated fluorescence X-rays at the exposed spot are
sampled using semiconductor detector 10 over a fixed time interval, hereby
a fluorescence X-ray spectrum of the assay spot is obtained. Generally, to
the extent that the aperture of the- selected collimator Is small, the
fixed sampling time interval Is long. To Improve the accuracy of the
obtained    v_                                         EP 0 400 396 I1
spectrum, the counting loss ratio for semiconductor detector 10 Is
determined, and on this basis, the current 



and voltage of the electrical power supplied to the X-ray tube within X-ray
head 18 Is controlled so that the counting loss ratio Is no greater than
16%. After the fluorescence X-ray spectrum has been obtained, the FP
spectral analysis method mode is se- 5   lected, and as has been previously
described, based on a program within computer 9, elements corresponding to
registered elements are selected by determining which peaks In the obtained
spectrum have energy values which correspond to the energy values for peaks
for registered elements previously stored in computer 9. Ad- ditIonally, a
correction for spectral line overlap is carried out for the peaks
recognized as corresponding to reg- istered elements, and background is
subtracted from the obtained spectrum. 10to    Next, primary composition
ratios for each element identified In the preceding step are determined by
com- paring the peak Intensities of the identified peaks, with data
corresponding to the Intensities of peaks for the same elements In
previously obtained calibration spectra of pure samples of each of the
registered elements. Those Identified elements for which thercalculated
primary composition ratios exceed a certain predetermined; value are then
chosen as target elements, after which the composition ratio of each target
element Is deter- 15  mined through application of the FP method.
Afterwards, based on the determined composition ratios of the target
elements; judgment is made as to the type of precious metal or precious
metal alloy, after which the calculated composition ratios as well as the
judgment results for type of precious metal alloy are output. In cases
where It is desirable to make determinations at other points on the sample
surface, the position of mov- able stage 12 is adjusted and the entire
above described process is repeated. 20      As mentioned earlier, energy
calibration as well as calibration of parameters used in the FP method are
necessary before the firstuse of the apparatus of the present invention.
Additionally, periodic recalibration and calibration when measurement
conditions have been changed considerably are recommended. Forenergy
calibration, energy calibration mode Is selected and the position of
movable stage 12 Is adjusted so that the previously described energy
calibration reference sample provided at one end of movable stage 25  12 is
brought Into assay position. The energy calibration reference sample is
made from a material having a known composition in which the peak energy
value for each component is known, for example, an alloy of gold, silver,
and copper, whereby determined peak energies In an obtained calibration
spectrum can be verified and corrected as necessary. Additionally, by using
an energy calibration reference sample for which the composi- tion ratio of
each component is known, byreference to the determined peak Intensities In
an obtained calibration 30  spectrum, the various parameters employed in
the FP method can be calibrated as necessary. While the FP method has
primarily been discussed for determination of composition ratios of
component metal elements, It Is also possible to use a calibration curve
method. However, if the calibration curve method is to be used for a wide
variety of sample materials, It is necessary to have a great number of
precious metal alloy reference samples extending across the range of
samples that are expected to be assayed In order to 35  prepare the
calibration curves. Accordingly, costs are Increased considerably. While
the FP method can be used to determine the composition ratios for metal
samples containing elements ranging from sodium to ura- nium, the FP
calculations tend to be quite complicated and time consuming, particularly
with complex samples- Attempts to remedy this situation by Increasing the
processing power of the computational circuits Inevitably results in a
considerable cost increase. For this reason, as has been described
previously, in one method pro- 40  vided by the present invention, only
those elements that are expected and sought after are selected as target
elements, whereby processing time can be considerably compressed. In the
case when a large number of samples are to be assayed for which the
component elements to be 



appraised are known, after calibration of the apparatus has been carried
out In the manual mode using standard samples (standardization), the
routine mode can be selected. In this way, multiple assays can be carried
out 45  using the FP parameter values determined during calibration in the
manual mode, and the assays can be car- ried out nearly automatically
except for sample mounting and positioning, whereby the required manual
labor as well as time can be considerably reduced. In actual use of the
method and apparatus of the present invention, the following benefits can
be obtained: 1. Because the Fluorescence X-ray spectrometry method is
nondestructive, an assay can be carried out 50      without diminishing the
value or salability of the sample. Furthermore, by an operator with
ordinary skills and experience, a sample can easily and reliably be
simultaneously assayed for a plurality of metal ele- ments in a relatively
short time period. Moreover, other than sample mounting and positioning,
multiple assays can be carried out automatically, thus considerably
reducing manual labor and time consumption. Thus, the method and apparatus
of the present Invention Is quite applicable to the business sites for
deal- 55      ers in jewelry, precious metals, coins and the like. 2. Both
qualitative and quantitative analysis of unknown samples is possible. 3.
Because apertures from 0.1 to 5 mm are selectable for collimator 20,
samples of many sizes and con-: figurations can be assayed. Thus, samples
having at least one surface that Is flat and relatively broad cah 9    EP O
400 396 B1 quickly and accurately be assayed using an apertures of 5 mm for
collimator 20, while using an apertures of 0.1 mm, small samples having
complex surfaces can be reliably assayed. Additionally, composite sam- pies
comprised of more than one kind of metals or alloys can be assayed at
multiple sites and the size of the area to be assayed can be selected by
the operator to suit the sample and other requirements. Fur- 5
thermore, by assaying the sample at multiple locations, the consistency of
the composition of the sample surface can be verified. Moreover, because
the assay is carried out on a surface layer on the order of 30 inm In
depth, plated items can be distinguished. 4. While viewing a magnified
image of the surface of the sample to be assayed using sample position ver-
if ication monitor 11, the X - Y position of movable stage 12 can be
accurately adjusted using mouse 6 to No0     select the desired spot to be
assayed. After the X - Y positlon has be selected, then the sample Is auto
matically brought into the optimum position along the Z-axXi through the
action of Z-axis position sensor 14. Thus, the sample can rapidly and
reliably be bought into the optimum position for assay. 5. Since the entire
apparatus is contained In or on a unitary chassis, floor space requirements
can be re- - duced allowing the apparatus to be used at relatively small
business locations. 15      6. Because FP calculations are directed only
towards elements that are expected and/or sought after, time requirements
can be considerably reduced. Thus, multiple samples can be assayed in a
relatively short period of time. 7. Through use of the fundamental
parametric (FP) method, analysis for multiple metal elements can be carried
out simultaneously, even for unknown samples. Furthermore, there is no need
for a great number 20      of standard samples as is the case when the
calibration curve method is employed. 



8. By selecting only those metal elements whose primary composition ratios
are greater than a predeter- mined value for target elements, calculations
for contaminants and other elements present In trace amounts are
eliminated, thus reducing the time and complexity of FP method
calculations, as well as the processing power requirements for computer 9.
25      9. By comparing the energy values for peaks in the obtained
spectrum with energy values forthe registered elements previously stored in
computer 9, the presence or absence of registered elements in a sample can
rapidly be verified. Further, by limiting the registered elements to only
those elements that are sought after, misidentification of metal elements
can be eliminated, even when shifts occur in the obtained spec- tra. 30
10. By comparing determined composition ratios with values stored In
computer 9 for standard precious metal alloys, rapid and automatic grading
of samples can be achieved. Furthermore, much more reliable grading Is
possible than with conventional methods such as the touchstone method and
the grading Is ac- complished without marring or otherwise adversely
affecting the sample. The description of the preferred embodiments of the
method and apparatus of the present invention in 35  the preceding sections
has largely centered on analysis of precious metal samples, however, the
invention is in no way so limited. In addition to precious metal materials,
examples of other applications of the precious invention Include analysis
of superconducting materials, ceramics, and all other types of metal and
alloy ma- terials. Details of the implementation of the present Invention
can of course be varied to suit the type of ma- terials to be assayed and
the conditions under which assays are to be carried out. i   40     In the
following, the results of actual application of the method and apparatus of
the present invention will be presented in the for of experimental
examples. [Experimental Example 1] 45      Using the apparatus shown in
Figs. I through 4, the composition of metal ingots was assayed and the
obtained results were compared with results obtained through a conventional
chemical analysis. For samples, commercial gold Ingots ranging from K14 to
K18 were used and analysis was carded out under the conditions shown
directly below. The results of the above analysis are shown in Table I
below. X-ray tube voltage:      50 kV 50  X-ray tube current:       5 MA
X-ray tube target:       molybdenum collimator aperture:     1.0 mm length
of measurement:   1 00 sec. 55 10    EP 0 400 396 BI Table 1 5 Sample
K14       K16        s18      K18       1K18       K18 (white}  (yellow)
{Pink] 



Au    P:esen:       57.71    66.2%.   75.6t    75.7%  574.8%    74.6% Chem
cal     58.3%    66.?7    75.0%    75.2          75.2%     75.2% Ag
mresen:       42.3%     33.83    22.4 r       4.8%    19.9%       5.4% :
nve -n cner-icai    41.2%    33.3%    25.0%         4.9%h   20.0%
5.0% Met -. d CU    Present        -         -         -
9%    19. 9% Invent on cnevicai                -         -          -
5. 3%    20.0% Metnod 20 Pd    Present        -         -         -
19. 5%     - I nvr.r ion Chemical      -         -          -       20.0%
-         - Me; nod 25 As can be seen In Table 1 above, the results
obtained using the method and apparatus of the present Invention are quite
close to those obtained through a conventional chemical analysis. Thus,
through application of the present Invention, reliable and rapid results
are attainable, and additionally, with no damage to the sample as 30   with
a chemical analysis method. [Experimental Example 2] As a sample, a tie pin
was fabricated by applying a plating of silver over a nickel base,
furthermore applying 35   a gold plating, after which the sample was
assayed using the apparatus and method of the present invention under
identical conditions as for the Experimental Example 1. It was determined
that the X-rays penetrated the sample to a depth of on the order of 30 Aim.
The results obtained are as follows: Gold:      6.8% Silver:    34.4% 40
Nickel:    57.3% Thus, it can be seen that the fact that the sample was
plated could be distinguished. [Experimental Example 31 45      Using a
variety of fashion accessories of unknown composition as samples, each
article was assayed using the apparatus and method of the present invention
under identical conditions as for the Experimental Example 1. The obtained
results Including judgement of metal type are shown In Figs. 8 through 16.
50   Claims 1. A metals assay method comprising the steps of: a) preparing
a sample; b) exposing said sample to an X-ray beam, whereby fluorescence
X-ray radiation is generated; 55         c) obtaining experimental spectral
data by sampling said fluorescence X-ray radiation; characterized by: d)
establishing a group of registered elements and storing standard spectral
data for the registered ele- ments; 



11    EP 0 400 396 BI Table 1 5 Sample              K14       K16
K(18      K(18      K(18       K18 fwhite)  Iy'xllow)  A1ink . Au    rr~e-;
n       57. t     66.2 %    75.6k    7.5.7%    74.8%    74.6% Cherical
58.3%    66.7v    75.0        p15.2 %    5.2%    75.2% Me: - ;d;. Ag
Present       42.3%    33.. 8     22.4^       4.8%,    19.9%      5.4%
cnemricai    41.2%     33.3%    25.0%        4.9%    20.0%        5.0% 15
Metnod Cu    Present        -                                          9%
19. 9-- I nvent .on Cneqricai     -                   -          -
5.3%    20.0% Method 20 Pd    Present        -         -         -
19-5%      -- Invention Chemical      -         -          -       20.0%
-         - Method 25 As can be seen in Table I above, the results obtained
using the method and apparatus of the present invention are quite close to
those obtained through a conventional chemical analysis. Thus, through
application of the present Invention, reliable and rapid results are
attainable, and additionally, with no damage to the sample as 30  with a
chemical analysis method. [Experimental Example 2J As a sample, a tie pin
was fabricated by applying a plating of silver over a nickel base,
furthermore applying 35   a gold plating, after which the sample was
assayed using the apparatus and method of the present Invention under
identical conditions as for the Experimental Example 1. It was determined
that the X-rays penetrated the sample to a depth of on the order of 30 pm.
The results obtained are as follows: Gold:      6.8% Silver.    34.4% 40
Nickel:     57.3% Thus, it can be seen that the fact that the sample was
plated could be distinguished. [Experimental Example 3] 45      Using a
variety of fashion accessories of unknown composition as samples, each
article was assayed using the apparatus and method of the present invention
under Identical conditions as for the Experimental Example 



1. The obtained results induding judgement of metal type are shown In Figs.
8 through 16. 50   Claims 1. A metals assay method comprising the steps of.
a) preparing a sample; b) exposing said sample to an X-ray beam, whereby
fluorescence X-ray radiation is generated; 55         c) obtaining
experimental spectral data by sampling said fluorescence X-ray radiation;
characterized by: d) establishing a group of registered elements and
storing standard spectral data for the registered ele-- ments; 11 11 Ilill
Ilili 11111111 1 R I    K>                                           EP O
400 396 Bi de rayons X a fluorescence; c) obtenir des donnies spectrales
exp6rimentales en 6chantillonnant ledit rayonnement de rayons X A
fluorescence; caractbrise par lea etapes consistant a: 5          d)
6tablir un groups d'6e6ments enregistrhs et stocker des donnees spectrales
standard pour lee 616- ments enregistr6s; e) identifier ceux desdits
6idments enregistrds qui sont significativement presents dans ledit 6chan-
tillon en comparent lesdites donnees spectrales exp6rimentales auxdites
donnbs spectrales standard; f f) dbterminer l'hntensite d'un pic
correspondant pour chaque e6iment Identifl' et comparer chaque In- 10
tensit6 ddtermin6e A des donnees standard respectives pour chacunidesdits
6e6ments identifies, d'ob l'obtention d'un rapport de composition primaire
pour chacun desdits 6lbments Identifibs; g) ealculer l'intensitM de pic
th6orique pour chacun desdits eiements identifi6 en utilisant lesdits rap-
ports de composition primaires; h) comparer chacune desdites intensIt6s de
pic determinbes desdits 6b6ments Identifis A une Intensit: 1S         de
pkc thiorique correspondante, et dbterminer des rapports de composition
respectffs d'ordre plus bleve; I) calculer une intensite de pic theorique
pour chacun desdits 6e6ments en utilisant lesdits rapports de composition
d'ordre plus 6lev6; j) repiter ladite 6tape (h) en utillsant l'intensit6 de
pic th6orique calcul6e la plus racemment et l'etape 20         (1) jusqu'A
ce quo chacune desdites differences respectives entre chacune desdites
Intenaltbs de pic desdits el6ments identifi6s et une Intensite
correspondante parml lesdites lntensit6s de pic th6oriques calculees a
partir desdits rapport de composition d'ordre 6lev6 atteignent un seull
pr6d6termln6, d'ouz l'obtention d'un rapport de composition final. 25  2.
Procede d'analyse de mbtaux selon la revendication 1, caractbrisb en ce quo
lesdites etapes (f)-() consis- tent A: - calculer ledit rapport de
composition primaire pour chacun desdits 6l6ments identlfi6s i en utilisant



la formule: C,1 = W,/Y 30           dans laquelle C,1 eat ledit rapport de
composition primalre pour ledit el6ment identiflb 1, Ai est l'ln- tensitA
d6termin6e d'un pic pour ledit 6ehment identifid 1, et Y1 eat une intensltd
dudit pic d'un spectre de rayons X A fluorescence dudit 6l6ment identif 16
i en forms pure; - calculer des rapports de composition du nib- ordre pour
chacun desdits 6lbments identlfibs i en uti- lisant la formule: 35 Cin =
Cin-1 40                                               Z  Cjn-JL dans
laquelle m est le nombre desdits 6l6ments identifies I; et - determiner Ci"
comme ledit rapport de composition final pour chacun desdits 6lements
identiflbs 1 45          lorsque: (c-n - Cn - lICin g 1o-03. 3.  Proce
d'analysede m6taux selon la revendicatbon 1,dans lequel
leditrapportdecompositlonfinal estcompare A des rapports de composition
pr6d6terminhs, d'ou la dbterminatlon du type d'alliae pour ledit
6chantillon. 4.  Proced6 d'analyse de metaux selon la revendication 1, qul
comprend en outre l'6tape consistant A: k) determiner apres r6tape (f) coux
desdits bl6ments identifi6s qui sont pr6sents au-dessus d'une quantite
predetermin6e, sur'la bass desdites donnses quantitatives pr6liminalres,
d'oju la s6lection d'e16- ments-cibles, et ensuito ex6cuter l'6tape (g)
seulement sur lesdits 6lements-cibles sblectionnes. 5.  Procede d'analyse
de metaux selon la revendication 1, dans lequel lesdits 6l6ments
enregistres sontchol- sis dans le groupe constitu6 de l'or, de l'argent, du
cuivre, du nickel, du zinc, du platine, du palladium, du rhodium, du
cobalt, du fer, du cadmium, du rh6nium, de llndium, du chrome, de l';ridium
et du plomb. *                  ~~~~~~16 1 olilil1111-11111 IUII 11 IIU1


