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1

This invention relates to the quantitative and
qualitative analysis of chemical elements and
compounds, such as metals, alloys, minerals, ores,
liguids, etc., with respect to their elemental con-
stituents and, more particularly, to an improved
crystal spectrometer for analyzing the fluores-
cence spectra of such elements or compounds
when bombarded, for example, by X-rays.

The theory of fluorescence analysis is based
upon elementary concepts associated with radia-
tion spectra. When a material is bombarded
by cathode rays, the resulting X-ray emission
consists of a general or continuous (“white”)
spectrum and a superposed characteristic ray
spectrum extending over a range of wavelengths
from about 10-6 to 10—° centimeters. The con-
tinuous spectrum is independent of the target
material and its general features preclude the
possibility of directly associating it with its
emission source. The moncchromatic rays of
the characteristic X-radiation, however, are
grouped in simple series, with wavelengths de-
pending upon the atomic number of the emit-
ting element.

Emission of characteristic X-rays is due to the
inner electrons of the atom. According to
Bohr’s theory, these electrons are supposed to
oceupy shells, designated as K, L, M, ete., around
a central nucleus and to whirl around it in the
same way that the planets revolve about the
sun. Thus, when an impinging electron collides
with an atom of the target and ejects one of its
electrons, say from the innermost (X) orbit, the
vacancy is filled instantly by an electron from
the outer shells (I, M, ete.). As a result, a line
of the K serles will be emitted, its energy value
depending on the source of the replacement
electron.

Wave lengths of the spectral lines comprising
the K, L, M etc. series are inversely proportional
to the square of the atomic number. In other
words, the higher the atomic number of the
targset material, the shorter the wavelength of
radiation and the greater its penetrative power.
The K emission lines represent the shortest wave
length group and are the most important of
the various series in view of their comparative
simplicity and high intensity. The XK series of
all elements, except the lightest, consists of four

principal lines, of which the «iaz doublet is the 3

most intense and closely spaced. By compari-
son, the I series spectrum is more complex in
view of the numerous lines (about thirty have
been identified) of much lesser intensity than
the K series.

10

15

20

35

40

55 detector sensitivity,

2

Chemical analysis by X-rays is made possiuc
by the specific and distinguishing features of
characteristic rays for each element in the tar-
get and by the direct, though not necessarily
linear, relationship existing between the per-
centage of these elements and the intensities of
their emission lines. These conditions will be
satisfied also if a sample is irradiated outside the
X-ray tube, provided the primary radiation is of
sufficiently short wave length and the X-ray
quanta have energies nearly approaching those
of the electrons in the cathode beam. The fluo-
rescence spectra, i, e. the line radiation result-
ing from the excitation of an atom by the absorp-
tion of X-rays, can be then conveniently iden-
tified with a crystal spectrometer. Secondary
fluorescence spectra are of much lower intensity
as compared to direct excitation. This is so be-
cause, when a sample is irradiated outside the
X-ray tube, the intensity of exciting radiation
per unit area falls off with the inverse square of
the distance from the focal spot. This draw-
back, however, is largely overshadowed by sev-
eral important advantages pertaining to the
secondary fluorescence spectrum which make it
the most practical source of radiation for chem-
ical identification purposes.

There is now available to the art a fluorescence
analyzer for use in quantitative analysis of ele-
mental constituents in metals, minerals, and
ores. Some of the outstanding features claimed
for this analyzer are that (1) determinations
may be made either on an absolute basis or a
comparative hasis on percentages up to 100%,
with a reproducibility to better than 5%; (2)
the unit does not require exceptional stabiliza-~
tion of line potential; (3) determinations are
independent of phase or structure; and (4) the
analyses are speedy and the unit does not require
specialized technical training for operation.

Experimental work undertaken to evaluate
this analyzer, from an industrial viewpoint for
routine chemical analyses of metallic materials,
indicates that the above claims are not substan-

5 tiated. For example, in 60 out of 100 tests, re-

producibility of results was only between 6%
and 20%, or from 19 to 15% outside the claimed
accuracy range for comparative analyses, and
would be even further outside the claimed range
if analyses were attempted on an absoluie basis.
In the latter case, furthermore, exceptional tech-
nical skill and tedious procedures become
mandatory for evaluation of many correction
factors such as crystal reflectivity, counter or
mutual excitation and
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absorption of component elements of the speci-
men, air absorption, and proportionality fac-
tors.

I have found further that the present com-
mercial analyzer cannot be usefully employed
for routine analyses of metals and alloys with-
out exceptional gtability of the line potential.
In such routine analysgs, the principal teghno-
logical requirement stipulates an accuracy and
reproducibility of resulls to better than 1%,
and this is possible only with special equipment
assuring the highest degree of voltage stabiliza-
tion.

I have also found that, contrary te the above
clalms determinations are dependent on the
structure and predominant phase of the specimen,
and comparative analyses cannot be made he-
tween samples which are chemieally similar in
more than one major constituent bug T i
structure or predominant phase. For example
2 cast specimen cannot be anslytically compared
Wlth 8 Wroum sneelmen thoudh ch cally

thqugh hObh specmlens have'one or more con-

stituents in the same amounts. Thus, a ferrltlc
specimen containing 18% chromium can not be
analytically compared Wlth an austen1t1c speci-
men containing 18% chromium and also 8%
nickel but can be compared w1th & ferritic
specimen containing 8% chromium and 1%
molyhdenum.

Congidering these factors, the prior art.ana-
lyzer is not adapted for routine chemical anal-
¥ses In the production or processing of metallic
maferials and components. Accordingly, .the
present invention is directed o an impraved . and
practmal ﬂuorescent anglyzer, in which the fore-

going and other deﬁelencles of the prior art are &

eliminated, the invention analyzer heing espe-
cially adapted for routing production analyses.of
iron, steel and other metalhc materials.

In order to afford a better understandmg of the
underlying principles of the invention, ¢
seription of the operational procedure with fhe
mentioned prior art analyzer will be of -assist-
ance. This analyzer ooerates in the follormnU
‘manner. An unknown sample is subJecte to in-

tense, short-wave-length primary radiation from 5

-a tungsten XK-ray tuke. The secondary fluores-
.eence specira of. the samp1e are ]
collimator 1 tal an
lyzer. The Iatter actmnr as a dlffractlon gra ng,

separates the component T2 1at1ons and, by 5

proper nosmonmg, ‘reflects them at a cha ¥
teristic Bragg angle. Individual quanta of radi~
ation are detected by a Geiger .counter, which
transmits the impulses received to an elecironic
scaling and counting unit. Counts are fotalized
over a definite period of time and the percentage
of the element under investigation is obtained by
proportioning with similar data obtained from a
sample of known elemental content.

A high voltage generator is used o energize
the X-ray tube, which has a tungsten target sealed
off by a beryllium window. = The specimen is ir-
radiated outside the X-ray tube (50 kvp.; 20 ma.)
and is positioned at 45 desrees to the axis of the
cone of incidenf X-rays. The sample is similarly
positioned with respect to the collimator, which
consists ¢f a honheycomp of thin-walled nickel tub-
‘ing (s diameter; 0.002-inch wall; 4-inch, 8-inch

or 16-inch long) packed info an aluminum frame

of rectangular -cross-section. The collimator

, & brief de-
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4
serves to transmit a nearly parallel beam of fiuo~
rescence radiation to the crystal analyzer, which
is usually rock salt or caleium fluorite.

‘The NaCl crystal is satisfactory for the X series
of the elements ranging from about titanium
(Ka1==2.74681 A. U.) to zirconium (Ka1=0.78851
A, UJ. The specira of elements above atomic
number 30. decrease in 1nten51ty in proportion to
the sine of the Bragg angle. To compensate for
the diminishing dispersion in the spectra of such
elements, it is necessary to use crystal planes with
smaller grating constant. This requirement is
partially met by fluorite, whose atomic plane
ing, (220) plane, is 1.93 A. U. as compared o
2.814 A, U.for rock salt, (100) plane.

With thls fluorescence analysis unit, it is pos-
sible to analyze that group of elements whose
atonuc number falls between about 22 and 5.
The limited peak voltage (50 kilovolts) in the
primary X-ray spectrum is insufficient to excite
efficiently the K speetra of elements with higher
atomic number On the ot‘ler band th

be analyzed by thelr L senes hnes usmg extended
counting 1ntervals to compensate for the cori-
paratively low intensities’ of these snectra
Ma1:Ke=1:10), T

The X-ray tube is mounted within a sheet metal
‘housing into whlch uhe eolhmator extends these
elements being so arranged that the ‘axis of the
incident cone of K-rays and the ams ot the col—
limator extend at 45° to- the specimer The 5t t
teris mounted ina rotatable 1noe*{1ng type horder
arranged to hold four specimens, one or more of
whlch may have a Lnown analysls f01 comparison

nt of ﬁuoreseence ls“ard'

ﬂuenced by the veometrlcal arrangement of the
sample and the X-r ay tebe On the bams of these
considerations, the specimen po}@er of ‘the ana-
iyzer is-not only 1mpracuieai but also is
to analytlcal errors. - Its 1mnracucab1h
from the tedious, hence costly, maohinrng £ specl—
mens to tqe specified dl“lensmns in order toa
vanatrons in“the amount of area exposeu
thermore, the lead shield, which serves as a stop
for the sper'zmen may be easxly defo*‘med b
pressure exerteo upon it while 1ncertmg thlck
specimens -in the “holder. Resulting var1at10n
in the set position of the samples with respect to
the X-ray tube, will produce chan ges in rnten51ty
wlnch become critical—espec ially in ‘the case of
e1ements which -are present in residual amounts.
Another diﬂieulty encounteled in the praetmal
operation of the unit results during e‘lengmg of
the specimeng in the holder. During these op-
erations, the hgusing must be opened to allow
access to the specimen holder. Codeequently, to
prevent hazardous exposure of operating per-
sonnel to X Z-rays, it is necessary to d cener, nge the
X-ray {ube Whrle the housmg is open, Fven
though such deenerglzatlon may be of a very

or more tlmes the duratlon of the int er ruptlon to
reach a stablhzed condltlon Th1s seriously de-
lays the analytlcal procedure.
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To overcome the foregoing defects in the speci-
men holder and to eliminate such delays in the
gnalytical procedure, one feature of the present
invention is the provision of an improved gpeeci-
men holder. This improved specimen holder
comprises a flat slide reciprocable longitudinally
of the external surface of an apertured wall of the
X-ray tube housing. The wall anerture is ar-
ranged substantislly at the intersection of the
X-ray cone axis with the central plane of the
collimator and has chamfered walls so as not
to block any radiation. On its inner surface, the
slide has a lining of lead, and means are provided
to hold the slide firmly against such wall with
the lead lining in smooth surface-to-surface jux-
taposition therewith.

The front or outer face of the slide has two
or more longitudinally spaced recesses in which
specimens may be held by suitable clamping
means. At substantially the center of each re-
cess, a hole is formed through the slide, these
holes being selectively alienable with and form-
ing a continuation of the X-ray housing aperture
by longitudinal movement of the slide. The slide
may be manually operated, but preferably is mo-~
tor driven under the contrel of indexing push
buttons. Thereby, to align a selected specimen
with the housing aperture, the operator presses
the proper push button and the motor automati-
cally indexes the slide to the correct position
for such specimen. A relatively large lead shield
is hingedly mounted on the housing cover and,
when the apparatus is in operation, is suspended
therefrom in covering relation to the portion of
the slide adjacent the housing gperture.

The invention specimen holder permits a rapid
succession of analyses to be made without de-
activating the X-ray tube. During movement
of the holder from one indexed position to an-
other, the housing aperture is sealed by the lead
lining on the inner surface of the slide, prevent-
ing exit of X-radiation from such aperture. The
specimens are quickly and easily positoned in
the recesses from the front of the slide, when
the recesses are out of alignment with the aper-
ture and either side of the external movable lead
shield or cover. For any extended break in analy-
sis, an externally controlled lead curtain or
shield, movably mounted within the housing, may
be moved to a position blocking the window of
the X-ray tube to cooperate with the external
shield in blocking exit of radiation.

As stated above, the unknown and the standard
specimens being compared must be ciosely repre-
sentative of each other with respect to metal-
lurgical phases, major constituents, structural
conditions, and surface preparation. In most in-
dustrial analyses, this does not present any diffi-
culty, as the approximate analysis of the sampile
being analyzed is known, and it is inerely naces-
sary to use a similar standard. However, with
a sample whose approximate analysis is un-
known, it is necessary first to establish its identity
qualitatively and, after the elemental constitu-
ents have been identified, to then run a quantits-
tive comparison analysis with g similar stendard
specimen.

A feature of the invention is the provisicn for
making a simultaneously recorded quantitative
and qualitative analysis rapidly and automsti-
cally., For this purpese, a synchroncus motor is
used to drive the crystal mounting arm over the
goniometer scale through the area to be analyzed.
A synchronous motor driven recording instru-
ment, such as a recording potentiometer, is con-
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6
nected to the frequency meter circuit of the
analyzer. With the recorder and the goniometer
initially synchronized, the recorded quantitative
and qualitative analysis can be carried out with-
out manual attention.

The analysis is depicted by a graph line on the
recorder chart. Provided a properly calibrated
chart is utilized, the quantitative analysis can
be made on an absclute basis, i. e. without the
use of a standard specimen for comparison anal-
yses. This reguires a differently calibrated chart
for the different types of alloys or compositions
being analyzed., For example, the calibration
of the percentage scale for chromium in straight
chromium (ferritic) steels would differ from the
calibration of the percentage scale for chromium
in chreomium-nickel (austenitic) steels. The
calibrated charts may take any one of several
forms, If quantitative analyses are being made
solely for chromium, charts may be used which
have a plurality of chromium percentage scales
each calibrated for the chromium percentages
in different types of chromium bearing alloys.
On the other hand, if quantitative and qualita-
tive analyses are being made for all the elemental
constituents of selected specimens, the charts
used will have calibrated percentage scales for
all elements, such as iron, nickel, chromium, ete.,
of a particular type of alloy, charts having dif-
ferently calibrated percentage scales being used
for each different type of alloy. To determine
the particular type of alloy to which an unknown
specimen is germane, a rapid, qualitative and
relatively quantitative analysis can be made be-
fore the final quantitative analysis.

The elemental analysis to classify an unknown
specimen may be greatly facilitated by the use of
standard charts for comparison with the recorded
chart produced by the elemental analysis. For
example, with standard charts prepared for 18-8,
25-20, and other alloys, a comparison of the
standard charts with the recorded chart will pro-
vide an indication of the relative chart peaks
and their relative locations. Thus, the magni-
tudes of the similarly located peaks may be com-
pared to obtain an approximation of the relative
intensities of radiation, thereby classifying the
specimen as to type.

To facilitate these analyses, a push hutton con-
trol of the scanning operation is provided. Ad-
diticnally, the specimen holder may ke mofor
operated between its analyzing positicns under
the control of push bubions and limit switehes.

Experimental analyses have further shown that
an analyzer arrangement involving angles of 45°
between the sample and the axis of the incident
cone of X-rays and between the collimator and
the sample, thus providing an included angle of
90° between the X-ray cone axis and the collima-
tor, is not always the best angular arrangement
for optimum results. For instance, incident an-
gles, other than 45°, in the range from 30° to
60° produce better resuits with certain elements.
Accordingly, the invention analyzer is capable of
adjustment of the angular relationships.

For accurate reproducibility of results, it is
essential to constantly maintain a uniform at-
mosphere for the passage of the radiation from
the specimen through the collimator and past the
analyzer to the radiation detector. The afore-
mentioned air absorption may be reduced by using
an inert gas, such as helium, for the uniform at-
mosphere, or the system may be evacuated. For
this purpose, the invention analyzer includes a
gas-tight housing for the X-ray tube, into which
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the collimator extends in sealed relation, and a
flexible gas-tight hood interconnecting the radia-
tion: detector and the outer end of the collimator
and enclosing the crystal analyzer. The enclosed
system may be connected to: a suitable source of
an inert gas or may be connected to a- vacuum
pump, as may be necessary or desirable during
a. particular analysis.

In an analyzer adapted for routine production
analyses of metallic materials, the protection and
mounting: of the crystal analyzer are important
in securing uniform results and in facilitating the
analyses. To prevent any change in the reflectiv-
ity properties of the crystal analyzer, such as
due to hygroscopic action, the: crystal analyzer is
coated with an extremely thin coating of a pro-
tective material, such as “liquid envelope,” for
example, which “weatherpreofs” the surface of
the crystal analyzer without affecting the charac-
teristics of the crystal analyzer. Also, in setting
up the apparatus, the crystal analyzer must be
carefully adjusted both angularly and otherwise,
to obtain the optimum reflecting relation to the
radiation defector. This initial adjustment must
be carefully made and requires & considerable
amount of time. If the crystal analyzer is re-
placed, the time consuming initial adjustment
must be performed again. To eliminate this un-
desirable re-adjustment, the crystal holder of the
invention analyzer is provided with micrometer
adjustments, whereby a record of the optimum
settings for different crystals may be made and
such settings rapidly reproduced.

With the foregoing in mind, it is an object of
the invention to provide an improved X-ray type
crystal spectrometer or analyzer for analysis of
compositions utilizing fluorescent radiation there-
from and which is particularly efficient in the
accurate analyses of metals and alloys.

Another object is to provide such an analyzer
having an improved specimen holder capable of
providing more accurate and speadier analytical
resulis.

A further object is to provide such an analyzer
in which a suitable gas or evacuation is employed
as a meang of providing a uniform atmosphere,
other than air, thereby eliminating shsorption of
radiation.

_Yet another object is to provide such an an-
alyzer including automatic specimen holder po-
sitioning means and automatic scanning means.

Still a further object is to provide such an
analyzer including means for making direct quan-
titative analyses of the elemental constituents of
unknown compositions of known types.

An additional object is to provide such an an-
alyzer in which it is not necessary to interrupt
the X-ray tube energization between analyses.

Another and additional object is to provide a
fluorescence spectra analyzer with which a gquan-
titative analysis of an uanknown Specimen may
be made by simultaneously analyzing the un-
known specimen and a comparison or standard
specimen of the same type as the unknown and
charting the differential intensities of radiation
at common characteristic Bragg angles.

These and other objects, advantages and novel
features of the invention will be apparent from
the following description and the accompanying
érawings. In the drawings:

Fig. 1 is a plan view of a fiucrescence analyzer
in accordance with the present invention, the
drive for the specimen holder beéing omitted to
simplify the illustration;
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Fig. 2 is an elevation view of the analyzer, show=
ing improved specimen holder and its drive;

Fig. 3 is.an end €levation view of the specimen
holder and a portion of the X-ray tube housing;

Fig. 4 is. a schematic wiring diagram of the
automatic positioning control for the specimen
holder;

Fig. 5 is a schematic wiring diagram of the
automatic scanning control;

Fig. 6 is a reproduction of a calibrated chart
illustrating an actual quantitative and qualitative
analysis performed by the invention analyzer;

Fig. 7 is a schematic plan view of the invention
analyzer as arranged to simultaneously quantita=
tively analyze a known and an unknoewn speci~
men, and record the differential intensities of
radiations at common characteristic Brageg
angles;

Fig. 8 is a partial schematic plan view, corres-
ponding to Fig. 7, but using g single X-ray tube:
and

Fig. 9 is a partial schematic elevation view of
the X-ray tube and specimen of Fig. 8.

Referring more particularly $o Figs. L, 2 and 3
of the drawings, the analyzer {9 includes a base
plate H, of aluminum, stecl, or any desired mate~
rial, on which is mounted a housing 3, of suitable
metal, having a removable cover I2. In plan;
housing !5 and its cover {2 may, for example, be
trizngles, with the vertex angle being opposite
the longer forward wall {8 which extends beyond
the other wails 4, {6 of the housing ai either
end. The interior of housing {5 is lead lined,
as indicated at {7, and cover {2 has a lead lining
{8 on its under surface.

Within housing {5, adjacent wall 13 and sub-
stantially midway of the latter, is mounted an
X-ray tube 2§ having water cooling conrections
as indicated at 24, 22. The axis of the X-ray
cone, in the angular relations shown: in Fig. 1, is
directed at 45° to wall {3 and intersects the
collimator cone axis substantially at the outer
surface of wall {3 and at the center of aperture
25. Collimator 3% comprises & honeycomp of thin
walled nickel tubing packed into an elongated,
rectangular aluminum frame. Alternatively, the
irame may be transversely subdivided by closely
spaced, parallel longitudinal partitions to form
8 plurality of elongated slits extending through
the frame. Within housing 5, collimater 39
carries a pair of brackets 24, 28 which slidably
support a rod 28 extending through wall {4 and
having an operating handle 27 on its outer end,
On its inner end, rod 2§ supports a lead shield or
curtain 28 for longitudinal movement into and
out of a position intercepting X-rays directed
from tube 29 toward aperture 25 and essentially
klecking the X-ray tube window.

Tt has been found that maximum excitation of
the characteristic spectra of certain elemenis is
obtained when the element is bombarded by a
brimary X-ray beam at angles smaller or larger
than 45° but usually lying between 30° and 60°
For this reason, tube 23 is mounted for adjust-
ment along an arcuate track {8 having its center
at the intersection of the X-ray cone axis snd the
collimator axis.

The X-rays from tube 28 directed through
aperture 23 impings, at the selected angie, upon g
specimmen mouvnted, in a manner to be described,
in flush relation with the outer surface of wall {3,
The resultant secondary fiuorescent specira from
the irradiated specimen are directed throligh the
collimator 38 and allowed to strike & crystal

< analyzer 5. The latter acts, as previously stated,
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as 4 diffraction grating to separate the com-
ponent spectra and, by proper positioning, to
reflect them at a characteristic Bragg angle. The
individual quanta of radiation are detected by a
Geiger counter 40 which transmits the received
impulses to an electronic scaling and counting
unit 45 (Fig. 6).

For this purpose, and in accordance with the
present invention, crystal analyzer 85 and Geiger
counter 48 are mounted on a (°-90° goniometer 58
having one fixed radial arm 32f aligned with
collimator 30 and anocther fixed radial arm 32
verpendicular thereto, the outer ends of the fixed
arms being interconnected by a quadrant 33
having arcuate racks 34 and 35 along its radially
inner and outer edges, respectively, and being
graduated from 0° to 90°. Crystal analyzer 35
is mounted on the inner end of a niovable radial
arm 37 pivoted at the axis of goniometer 58, and
Geiger counter 40 is mounted on another movable
radial arm 38 likewise pivoted at the goniometer
axis.

In the operation of the apparatus so far de-
scribed, arms 37 and 38 are angularly adjusted
along quadrant 33 to change the angle of crystal
analyzer 35 relative to collimator 39 and the angle
of Geiger counter 48 relative to analyzer 35. Dur-
ing such adjustment, the ansle between arm 37
and arm 3{ is substantiaily one-half (%) the
angle between arm 38 and arm 31i, with a toler-
ance of several degrees of the secondary arm 37.
In other words the angle between the axes of
Geiger counter 40 and collimator 39 is always
substantially twice the angle hetween the plane
of crystal analyzer 35 and the collimator axis.
The characteristic Bragg angle for any particular
element is the angle between arms 31 and 38
when the spectra due to such elements are at a
maximum intensity as indicated by Geiger
counter 49 and counting and scaling unit 45.
The foregoing angular relations of the collimator,
crystal analyzer, and Geiger counter are known
to the art. '

In known fluorescent analyzers, arms 27, 38 are
manually adjusted over quadrant 33, a vernier
adjustment being preovided on cne or both arms.
In the present invention, and as somewhat sche-
matically indicated in Fig. 1, a small reversible
motor 4{ is mounted on a bracket 42 on arms 37
and includes a worm drive 43 arranged to drive a
pinion 44 meshing with the outer rack 38 of quad-
rant 33. Similarly, a small raversible motor 45 on
a bracket 47 on arm 28 has a worm reduction unit
48 driving 2 pinion 49 meshing with inner rack 34
of quadrant 32. To provide the described angular
relation of arms 27 and 38, motor &1, and its drive
43, 44, is arranged to operate arm 37 at substan-
tially one-half the rate of operation of arm 38
by motor 46 and its drive 48, 49. The described
driving arrangements form part of an autcmatic
scanning system which will be described more
fully in connection with the schematic wiring
diagram of Fig. 5.

In order to assure accurate reproducibility of
results, it is absolutely essential that a uniform
atmosphere ke constantly maintained between
the irradiated specimen and the radiation de-
tector. If an inert gas, such as helium, is intro-
duced into the system, the air absorption of radi-
ations may be reduced. Furthermore, evacuation
of the system will eliminate radiation absorption
by air. In either case, the system must be sealed
between the specimen and the entrance to the
Geiger counter,

The housing 15 can be made substantially air
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tight due to the compressibility of the lead Iinings
{1, 18, or a sealing gasket can be used between
the housing and its cover, and collimator 30 and
rod 26 can be mounted in air tight relation
through the wall 14, aperture 25 being sealed by
the specimen holder and specimens, as will be
described. A flexible, gas-tight sleeve 55, of rub-
ber or similar material, interconnects the outer
end of collimator 30 to the inner end of Geiger
counter 40, being sealed to both of these elements
and enclosing crystal analyzer 35. A. connection
$1 is provided on sleeve 55 and may be connected
to a suitable source of an inert gas, or to a vacuum
pump, dependent upon the desired conditions.
Such connection may, of course, be located else~
where in the system, as at the housing 5.

It should be noted, at this point, that aperture
25 is suitably chamfered or bevelled so that there
is substantially no obstruction to the X-rays en-
tering the aperture and, more importantly, to the
fluorescent spectra passing from the specimen to
the collimator 30. Also, the illustrated arrange-
ment of X-ray tube 20 and collimator 39 substan-
tially decreases the distance between the tube and
the specimen, as compared to prior arrangements
in which the specimens were mounted in an in-
dexing holder within the housing 15. For exam-
ple, the X-ray tube is 1’/ closer the specimen
than hitherto possible. As the intensity of sec-
ondary radiation is inversely proportional to the
square of the distance between the X-ray tube
and the sample, any decrease in such distance is
very markedly effective in increasing the inten-
sities of the fiuorescent spectra.

Another improvement is in the collimator. In
known prior art analyzers, the collimator is
packed with %'’ diameter nickel tubing. By
packing the collimator with s’/ nickel tubing, or
by providing it with closely spaced, slit-forming
separators of suitable thickness, the resolution of
the spectra is greatly improved but at a small sac-
rifice in intensity. However, such reduction in
intensity is more than compensated by the above-
mentioned decrease in the distance between the
X-ray tube 20 and the specimen.

To weatherproof crystal analyzer 35, when the
latter is hygroscopic, for example, the crystal an~
alyzer is provided with a very thin film of a coatb-
ing, such as the one known to the art as “liquid
envelope.” This coating when properly applied,
does not interfere with the diffraction grating ac-
tion of the crystal analyzer.

The construction and mounting of the novel

Specimen holder 60 will be best understood by ref-

erence to Figs. 1, 2, and 3. The upper section of
wall 13 of housing i5 is reduced in thicknegs, by
machining or the like, broviding a shoulder 52.
On the thicker wall portion below this shoulder
are mounted a pair of rails 53, 53 extending lon-
gitudinally of wall i3 and in vertically spaced re-
lation to each other, Rails 53 are secured by
bolts 4 to wall 13, and each rail has a longitudi-
nally extending, semi-cylindrical groove §6 in one
horizontal surface, the grooves opening in op-
posed vertical directions as seen in Fig. 3.
Specimen holder 80 includes g vertical panel
61 substantially aligned with shoulder %2. The
rear surface of panel 61 has a longitudinal chan-
nel 62 therein containing a lead lining 63, chan-
nel 62 and its lining being aligned with aperture
25 and extending a substantial amount above and
below the same. The forward face of panel 8 is
formed with a pair of longitudinally spaced, ver-
tically extending grooves 64, 64’, the base of each
having a chamfered hole 65, 65’ each somewhat
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larger than aperture 25. 'When the corresponding
groove is longitudinally centered with aperture
25 its hole 65 or 65’ is aligned with the aperture.
Holes 85, 65’ extend through lead lining 63,

Grooves 84, 84’ receive the specimens 78, 787,
respectively, one of which may be an unknown
and the other a standard, or vice versa. To hold
the specimens agamst the base< of the grooves,
bolts or studs §8, 85’ extend outwardly on each
side of each groove. Each pair of bolls supports
2 bar 87, 81’ having a stud &8, 68’ centrally
mounted uherethmugh and formed with a hazd-
ened pomt 71, 71’ fo engage a specimen. Nuts 72,
72’ mounted on studs 65, 68’ compress springs §9,
69’ engagmg bars §7, %5’ When in pogition,
specimens 18, 78’ rest on blocks 13, 13’, respee-
tively, set in the lower ends of grooves 64, 84, and
are held flush against the bases of the recesses by
the pointed studs §8, 85’

Specimen holder 68 is supported for longitudi-
nal sliding movement on tracks 53, 53 in the fol-
lowmg manner. An elongated bar 73 has, in its
upper surface, a semi-cylindrical groove 74 com-
plementing groove 568 of lower track 53, and greove
14 has secured therein plugs 7§ retaining ball
bearmgs engaged in groove §8. A block 77 has, in
its lower surface, a semi-cylindrical groove I8
complementary to groove 56 of upper track 53 and
having secured therein plugs §¢ retaining ball
bearings in upper groove 58. Bar 13 and block 77
have vertical inner surfaces engaged with wall
3. The outermost surface 82 of block 17 is ta-
pered for coopera’uon with the tapered surface of
a horizontally elongated Wedge Block 77 and
wedge 83 cooperatively form a T- smt receiving an
inverted T-bar 84. A vertical cover plate 8§ is
secured to the cuter Surfaces of bar 73 and
wedge 83.

The vertical panel 8! is secured to a rectangu-
lar bar 87 which is adjustably secured to the stem
of T-bar 84 by studs 88. As these studs are
tightened, T-bar 84 is drawn toward bar 87, bus
its upward movement is limited by the portion of
the T-slot formed in block 77, A force is exerted
downwardly on wedge €3 by bar 8%, in furn forc-
ing T-bar 24 and bar 87 inwardly toward wall i8.
This.acts to force panel §4, and particularly lead
hnmg 83, tightly against the surface of wall 13.
To protect against the X-rays passing through
specimens 18, 78’, a lead shield 75, of substantial
extent, is hingedly mounted on cover 12 in align-
ment with aperture 25 so that it covers whichever
specimen is aligned with the aperture.

Specimen holder 88 may ke manually operated
to selectively position specimens 78, 78’ in front
of aperture 25 for irradiation by X-ray tube 20.
Preferably, however, the specimen holder is auto-
matically selecmvely positioned under control of
push buttons { and 2 (Fig. 1) which may be con-
veniently mounted on plate 1. For this purpose,
a nut 80 is secured to the inner surface of plate
86 and has a cylindrical bore receiving a re-
versely threaded screw 90 engaged by a pin 8!
i the bore of nut 80. As shaft 96 is continuously
rotated in-one direction, pin 81 travels alternately
along each of the reversely directed threads to
reciprocate holder 60. Shaft 90 is rotated by a
motor €8 through the medium of reduction gear-
ing 8! serving to mount one end of the shaft.
The opposite shaft end is rotatably supported in
a bearing bracket 92 on plate {1i.

The operation of the automatic holder posi-
tioning- system will be clear from Figs. 3 and 4.
A limit switch operator 93 is secured to plate 85
and is arranged to open either of a pair of nor-
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mally closed limit switches 94, 9§, one at each
limit of travel of holder 89 and both com;ected
in series with motor 85. Switches 94, 96 are so
lccated as to open the circuit of motor 95 when-
ever one or the other of the specimens 0, 10’ is:
aligned with aperture 25.

For example, assuming that holder 88 is so
positioned that specimen 7€ is aligned with aper-
ture 28. In such position, operator 93 will have:
opened switch 84, breaking the motor circuit. To
position specimen 73’ for analysis, push button
2 is depressed to shunt switch 84. As holder €0
moves toward the left, operator 93 disengages
switeh 94, which closes so that the motor con-
tinues to operate even though push button 2
is released. When specimen 78’ reaches the
analysis position, operator 83 engages and opens:
switeh 96 to stop movement of helder §9.. Posi--
tioning of specimen 78 in the analysis position is.
effected by pressing push button | shunting
switch 56. ZXiolder 80 may be stopped in gny
intermediate position by operating push button
97 which, while shown as a push. button, may
be an “on-off” snap switch.

The automatic positioning confrol arrange--
ment of Fig. 4 is used in making analyses wherein
an unknown specimen 78’ is compared with 2
known specimen 7§ having an analysis and pro-
duction history comparable to that of the un-
known specimen. Holder §8 is positioned at an.
intermediate location with lead lining 83 effecs
tively sealing aperture 25 so that the X-ray tube
may be activated to “warm-up” while the known.
and unknown specimens are heing clamped in
holder &8. Rod 2§ is preferably moved inward
to position shield 28 in front of the X-ray tube
window %o block X-rays from aperture 25, The
specimens are preferably prepared with a flat
ground surface finished with emery paper. After
the specimens have been positioned, shield 28 is
withdrawn, lead shicld 75 is lowered over the
holder, switeh 97 is closed, and push button |
operated to position specimen 76 in front of
aperture 25.

Specimen 7§ is then analyzed by shifting arms
87, 38 over the quadrant 83, the counts from
Gelger counter 48 being totaled over a prede-
termined time interval at each characteristic
Bragg angle position. This operation may he
effected manually or specimen 78 may be autos
matically scanned, as will be described in cons
nection with Fig, 5, When analysis of specimen.
18 is completed, push bution 2 is operated to
position unknown specimen 38’ in front of aper-
ture 25, and specimen T8’ is analyzed in the same
manner. Comparison of the two analyses will
provide a quantitative analysis of specimen 70"
within the accepted -limits of accuracy and re-
produoibility of results. To insure such aceuracy,
a sensitive voltage stabilizer is included in the.
energizing circuit X-ray tube 28, as there is a
direct relation between mtensn:y of fluorescence
and the voltage across the X-ray tube. With the
usual line potential fluctuations common in in-
dustrial plants, such X-ray tube voltage stabiliza-
tion is of the utmost 1mportance for accurate
analyses.

Fig. 5 schematically llustrates an automatic
scanning arrangement utlhzmg the motors 41
and 46 driving arms 37 and 38, respectively,
through the associated reduction gearings 43 and
48. As stated, arm 33 is moved at substantially
twice the speed of arm 37 so that the angle be-
tween arms $1 and 38 is substantially twice that
between arms 8{ and 81. The counting and scal=
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ing unit 45, having its input connected to Geiger
counter 40, has its output applied to g recording
potentiometer 18). The chart 101 of the poten-
tiometer is driven by a motor (82, preferably
synchronous, in such manner that, with the chart
calibrated in Bragg angle degrees, its calibrations
will be synchronized with the characteristic
Bragg angles as read ifrom goniometer 50. As
arms 21, 38 move over quadrant &3, chart 101
is correspondingly moved so that the movable
needle or pen (not shown) of recorder 100 is
always abt a point on the chart corresponding
to the Bragg angle determined from goniometer
50. The pen is moved in accordahce with the
Intensity of fluorescent radiation, as registered
by Geiger counter £8 and translated by unit 45
for application to recorder {88. Consequently,
a graphic qualitative analysis of a specimen is
quickly produced on chaxt {81 by the automatic
scanning arangement,

If chart 181 is suitably calibrated to indicate
percentages of elemental constituents, a rapid
quantitative analysis may also be produced by
the automatic scanning arrangement. Such
quantitative analyses require individual charts
for each type of composition, such as for a low
straight chromium -alloy, a chrome-nickel aus-
tenitic alloy, etc. Additionally, the charts have
independent percentage scales for each elemental
constituent, such as a chromium scale, copper
scale, iron scale, etc., dependent upon the type of
alloy undergoing analysis. For analyzing quan-
titatively for a single element in an unknown
specimen, charts may be used having differently
calibrated percentage scales for such element,
each scale corresponding to g particular type of
alloy, or the like. These charts are prepared
empirically by fluorescent analysis of specimens
of known percentage compositions, and their use
obviates the necessity for comparative analyses
utilizing standard specimens of known compo-
sition.

Referring to Fig. 5, & supply circuit is indicated
as including conductors 183, 194, Operation of
arms 37, 38 in s clockwise direction is effected
by a relay CW which is energized by operation
of push button 3J. Closure of contacts CW-i
completes a holding circuit for the relay through
closed contacts CCW-2 of counterclockwise relay
CCW, clockwise limit switch LS-{, and “stop”
push button 8. Contacts CW-3 and CW-4 elose
to energize all three motors £{, 48, and {82 for
operation of the system in the clockwise scan~
ning direction. The scanning may be continued
until limit switch LS~! opens, or may be limited
to a particular area of interest by operating
“stop” push button &.

Counterclockwise scanning is effected in 2 sim-
ilar manner by energizing counterclockwise relay
CCW through momentary depression of push
button 4. It will be noted that contacts CW-2
and CCW-2 interlock the relay circuits so that
only one circuit can be closed at a time. While
three motors are shown for the system, if
greater assurance of synchronism of the chart
movement with the goniometer movement is de-
sired, chart 101 can be driven by motor &f or
motor 48. Thereby, the chart operation iz me-
chanically locked to the goniometer operation.

The automatic scanning sysiem provides for
rapid qualitative and/or quantitative analyses
without the time consuming mathematical com-
putations necessary with manual scanning, thus
greatly expediting the analytical procedure.

.An outstanding feature of the apparatus is
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that the size of the specimens is not limited by
the size of grooves 64, £4’. Should it be desired
to analyze a specimen which is too large to fit
in one of these grooves, holder 86 can be readily
removed by loosening studs 88 and detaching
bar 871 from T-bar 84. With bar 87 and panel
€1 removed, the oubsize specimen can be clamped
to wall 13 directly in front of aperture 25.
Should either specimen ke smaller than an open-
ing 65, €5’, a sleeve or a shim of appropriate size
may be inserted in the opening.

Fig. 6 is a reproduction of actual graphic
analyses of two structurally similar alloys of the
same predominant phase, both analyses being
recorded on the same chart. The solid line A
is the recorded analysis of an alloy of 18.25%
chrome, 8.789 nickel, balance substantially iron,
while the broken line B is the recorded analysis
of an alloy of 25.14% chrome, 20.28% nickel,
balance substantially ircn. The respective curves
were recorded on a quadrilaterally ruled chart
having calibrated percentage scales for chro-
mium, nickel and iron, the abscissae correspond-
ing to characteristic Bragg angles.

By reference to the chart, it will be noted that
the Ni Ka point of the broken line B, representing
20.289% Ni is a little over twice the magnitude
of the corresponding point of the solid line A
representing 8.78% Ni. Similarly, the Cr Kea
peak of the broken line B, representing 25.14%
Cr is about ¥ higher than the corresponding
peak of solid line A, representing 18.259, Cr.
The two Fe Ke peaks are likewise proportional
to the respective Fe percentages.

The depicted chart has calibrated percentage
scales for nickel, iron and chromium in austenitic
alloys of the chromium-nickel type. For other
types of alloys, differently calibrated percentage
scales are used. Albernatively, the chart may
have cunly chromium seales, for example, each
calibrated for the chromium percentage in a dif-
ferent type of alloy. The latter type of cali-
brated chart is particularly useful in analyzing
for a single constituent such as chromium, nickel,
ete. Additionally, the charts are calibrated in
accordance with the particular crystal analyzer
used, such as rock salt, fluorite, ete.

Figs. 7, 8 and 9 schematically illustrate the
invention analyzer as arranged for making com-
parative analyses by simultaneously irradiating
both the standard and unknown specimens from
a single source of primary radiation and record-
ing the differentials of the percentages of the
constifuents to quantitatively analyze the un-
known specimen. In these figures, the appa-
ratus elements have been given the same refer-
ence nuinerals, primed or double-primed when
duplicated, as used in Figs. 1 through 5.

In the arrangerment of Fig. 7, the known spegi-
men 18 and the unknown specimen 7§’, both
mounted in specimen holders 68 (not shown) on
outer wall surfaces of housing 15 are simuitane-
ously irradiated by a single source of primary
radiation, such as an X-ray tube 28’ having two
windows 23’ and 23’’. The resulting character-
istic secondary radiation from specimen 718 is rec-
tified by collimator 39, diffracted by crystal an-
alyzer 35, and the component spectra at selected
Bragg angles detected by a Geiger counter 43. -
The latter, and analyzer 85, are mounted on arms
38, 37, respectively, movable over quadrant 33
by synchronized motors, as previously described.
The characteristic secondary radiation of speci-
men 70’ is rectified by collimator 30’, diffracted

-and detected in the same manner, the corre--
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sponding elements bearing the same reference
characters primed.

The output of detector 42 is applied, through
leads 486 to a scaling and counting unit 45 en-
ergized from source {87. Similarly, the output
of -defector £8’ is applied through leads 188" o
scaling -and counting -unit £5" likewise energized
from source {871. The outpufs of units 65, 45’
are -applied, through leads 188, $88’, respectively,
and in opposition, to the grid {{4 of an clectronic
valve {{8. The latter has an anode 142 con-
nected to B+ through a recording potentiomster
(88" energized from source 1471 and having its
chart movement coordinated with the movements
of the goniometer arms, as described in connec-
tion with Tig. 5. Cathods 448 of valve (4§ is
schematically indieated 2s grounded, with the
grid ‘bias being derived by an adjustable resist-
ance {44,

In .operation, ‘the goniometers 53, €8 are ad-
justed to known rcorresponding points where ‘the
outputs :of units 435, 45 are balanced, and re-
sistance Tif adjusted .until the recorder movabie
element is on the zero percentage difference line
of the recorder chart. The two specimens %9, 7§’
are then simultaneously irradiated, and scanned
in the manner «described for Fig. 5. The differ-
ences between ‘the outputs of units 45, 5" is re-
corded, on a properiy calibrated recorder chart,
as ‘percentage differsntials -at -charscteristic
Bragg angles with the quantitative analysis of
specimen 19 being known, that of specimen 1§’
is readily computed from the graphic representa-
tion on the chart.

‘Figs. 8 and .9 iilustrate an alternative arrange-
ment for simultaneously irradiating both speci-
mens from a single source, ‘such as X-ray tuke
28 having a single window 23. The specimens
78, 18’ .are arranged one above the other, in front
of "but at substantially different angles to win-
dow 23, a 00° relation being shown by way of
example. A horizontal lead shield 115 keeps the
characteristic secondary radiation beams sepa-
rated for rectification by appropriately directed
collimators 38 and 36’. ‘The remainder of the
arrangement, and ils operation, are identical to
those of Fig. 7.

While an X-ray tube has been referred to as
the source .of primary radiation, this has been by
way of .example only. To obtain the primary
radiation incident upon the specimen, radiation
sources other than an X-ray tube may be usad,
such as, for example, radium or a suitable iso=-
tope cof a radio-active material.

While specific .embodiments of the invention
have beenshown and described in detail to illus-
trate the -application of the invention principles,
it will be-undersiood that the invention may be
embodied -otherwise without departing from such
principles.

I claim:

1. In a fluorescent spectra analyzer of the type
comprising a radiation source for directing pri-
mary radiation onto a specimen to irradiate the
same, ‘@ collimator for resolving the resulting
characteristic secondary radiation emanating
from the irradiated specimen, a diffraction grat-
ing -arranged adjacent the exit end of the colli-
mator in the path of the characteristic secondary
radiation and operative to separate the same into
its component specira, a radiation detector ar-
ranged to receive characteristic secondary radia-
tion irom the grating, means mounting the grat-
ing detector for angular adjustment relative to
each other -and ‘to ‘the incident secondary radia-
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tion for detecting the component spectra a2t se~
lected Bragg angles; a lead lined housing enclos-
ing the radiation source and the entrance end of
the collimater and having a side wall, said wall
having an aperture therethrough and the radia-
tion scurce and collimator being so arranged that
the axes of the primary and secondary radiation
beams intersect substantially adjacent the outer
surface of-said wall-and atthe center of the aper-
ture; -a panel movably mounted on the outer sur-
face of said wall, in surface-to-surface ‘engage-
ment therewith, and having a lead lining on its
wall -engaging surface of an area greater than
that of the-aperture; said panel having an open-
ing therethrough alignable with the wall aper-
ture; and means operable to position a specimen
on the outer -side of said panel and overlying the
opening -therein; said -panel being movable on
said 'wall ‘between a ‘pesition in which its lead
lining covers the wall aperture -and a position in
which the ‘opening is aligned with the -aperture.

2. In a fAuorescent specira analyzer of the type
comprising a radiation source for directing pri-
mary radiation onto a specimen to irradiate the
same, a collimator for resolving the resulting
characteristic secondary radiation -emanating
ifrem the irradisted specimen, a diffraction grat-
ing arranged adjacent the exit end of the colli-
mator in the path of the characteristic secondary
radiation and operative tc separate the same into
its component spectra, a radiation detector ar-
ranged to receive characteristic secondary radia-
tion from the grating, means mounting the grat-
ing and detector for angular adjustment relative
to each other and to the incident secondary ra-
diation for detecting the component spectra at
selected Bragg angles; a lead lined housing en--
cicsing the generator and the entrance end of
the collimator and having a side wall, said hous-
ing being substantialiy airtight and said coili-
mator extending in sealed reiation through a
wall thereoi; a fiexible air-tight enclosure con-
necting the outber end of the collimator to the
detector and enclosing the diffraction grating;
and means operable to constantly maintain a
uniform atmosphere cther than air in said hous-
ing, collimator, and enclosure to minimize or
eliminate aksorption of fluorescent specira be-
tween the specimen and the detector.

3. In a fluorescent spectra analyzer of the type
comprising -a radiation source for directing pri-
mary radiation onto a specimen to irradiate the
same, a collimator for resolving the resulting
characteristic secondary radiation emanating
from the irradiated. specimen, a diffraction grat-
ing arranged adjacent the exit end of the colli-
mator in the path of the characteristic secondary
radiation and operative to separate the same into
its component spectra, a radiation detector ar- |
ranged to receive characteristic secondary radia-
tion from the grating, means mounting the grat-
Ing and detector for angular adjustment relative
to each other and to the incident secondary ra-
diation for detecting the componens spectra at

:selected Bragg angles; a lead lined housing en-

closing the ragdiation source and the entrance
end of the-collimator and having a side wall, said
wall having an aperture therethrough and the
radiation source-and coliimator being so arranged
that the axes of the primary and secondary radig-
tion beams iniersect substantially adjacent ‘the
outer surface of said wall and at the center of
the aperture; an elongated panel mounted in
surface-to-suriace engagement with the outer -

-surface -of -said -wall and reciprocable longitudi-
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nally thereof, and having a lead lining on its
wall engaging surface of an area greater than
that of the aperture; said panel having longitu-
dinally spaced openings therein selectively
alignable with the wall aperture; and means op-~
erable to position specimens on the outer side
of said panel and each overlying an opening
therein; said panel being movabile on said wall
between positicns in which its lead lining covers
the wall aperture and positions in which the
openings are selectively aligned with the aper-
ture.

4. In a fluorescent spectra analyzer of the type
comprising a radiation source for directing pri-
mary radiation onto a specimen to irradiate the
same, & collimator for resolving the resulting
characteristic secondary radiation emanating
from the irradiated specimen, a diffraction grat-
ting arranged adjacent the exit end of the col-
limator in the path of the characteristic sec-
ondary radiation and operative to separate the
same into its component specira, a radiation de-
tector arranged to receive characteristic sec-
ondary radistion from the grating, means mount-
ing the grating and detector for angular adjust-
ment relative to each other and to the incident
secondary radiation for detecting the compo-
nent spectra at selected Bragg angles; a lead
lined housing enclosing the radiation source and
the entrance end of the collimator and having
a side wall, said wall having an aperture there-
through and the radiation source and collimator
being so arranged that the axes of the primary
and secondary radiation beams intersect sub-
stantially adjacent the outer surface of said wall
and at the center of the aperture; an elongated
panel mounted in surface-to-surface engagement
with the outer surface of said wall and recipro-
cable longitudinally thereof, and having s lead
lining on its wall engaging surface of an area
greater than that of the aperture; said panel
having longitudinally spaced openings therein
selectively alignable with the wall aperture;
means operable to position specimens on the
outer side of said panel and each overlying an
opening therein; mechanism, including an elec-
tric motor, operable to reciprocate said panel
along said wall; control means operable to en-
ergize said motor; and means automatically op-
erable to deenergize said motor whenever an
opening is aligned with the aperture; the lead
lining of said panel sealing the aperture in in-
termediate positions of said panel.

5. In a fluorescent spectra analyzer of the type
comprising a radiation source for directing pri-
mary radiation onto a specimen to irradiate the
same, g collimator for resolving the resulting
characteristic secondary radiation emanating
from the irradiated specimen, a diffraction grat-
ing arranged adjacent the exit end of the col-
limator in the path of the characteristi¢c sec-
ondary radiation and operative to separate the
same into its component spectra, a radiation de-
tector arranged to receive characteristic sec-
ondary radiation from the grating, means mount-
ing the grating and detector for angular adjust-
ment relative to each other and to the incident
secondary radiation for detecting the compo-
nent specira at selected Bragg angles; a lead
lined housing enclosing the radiation source and
the entrance end of the collimator and having
a side wall, said wall having an aperture there-
through and the radiation source and collimator
being so arranged that the axes of the primary
and secondary radiation beams intersect sub-
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stantially adjacent the outer surface of said wall
and at the center of the aperture; a slide mount-
ed for longitudinal reciprocation on the outer
surface of said wall; an elongated panel disen-
gageably supported on said slide in surface-to
surface engagement with the outer surface of
said wall, and having a lead lining on its wall
engaging surface of an area greater than that
of the aperture; said panel having longitudinally
spaced openings therein selectively alignable
with the wall aperture; and means operable to
position specimens on the outer side of said pan-
el and each overlying an opening therein; said
siide being movable between positions in which
the lead lining of said panel covers the aperture
and positions in which a panel opening is se-
lectively aligned with the aperture.

6. In a iluorescent spectra analyzer of the type
comprising a radiation source for directing pri-
mary radiation onto a specimen to irradiate the
same,; a collimator for resolving the resuiting
characteristic secondary radiation emanating
from the irradiated specimen, a diffraction grat-
ing arranged adjacent the exit end of the col-
limator in the path of the characteristic second-
ary radiation and operative to separate the same
into its component spectra; a radiation detector
arranged to receive characteristic secondary ra-
diation from the grating, means mounting the
grating and detector for angular adjustment rel-
ative to each other and to the incident secondary
radiation for detecting the component spectra at
selected Bragg angles; a lead lined housing en-
closing the radiation source and the entrance
end of the collimator and having a side wall, said
wall having an aperture therethrough and the
radiation source and collimator being so ar-
ranged that the axes of the primary and second-
ary radiation beams intersect substantially ad-
jacent the outer surface of said wall and at the
center of the aperture; a slide mounted for lon-
gitudinal reciprocation on the outer surface of
said wall; an elongated panel disengageably sup-
ported on said slide in surface-to-surface en-
gagement with the outer surface of said wall,
and having a lead lining on its wall engaging sur-
face of an area greater than that of the aper-
ture; said panel having longitudinally spaced
openings therein selectively alignable with the
wall aperture; means operable to position speci-
mens on the outer side of said panel and each
overlying an opening therein; and wedge means
cooperable with said slide to force said panel
into tight surface engagement with the outer
surface of said wall; said slide being movable
between positions in which the lead lining of said
panel covers the aperture and positions in which
a panel opening is selectively aligned with the
aperture.

7. In a fluorescent spectra analyzer of the type
comprising a radiation source for directing pri-
mary radiation onto a specimen to irradiate the
same, a collimator for resolving the resulting
characteristic. secondary radiation emanating
from the irradiated specimen, a diffraction grat-
ing arranged adjacent the exit end of the col-
limator in the path of the characteristic second-
ary radiation and operative to separate the same
into its component spectrs, a radiation detector
arranged to receive characteristic secondary ra-
distion from the grating, means mounting the
grating and detector for angular adjustment
relative to each other and to the incident sec-
ondary radiation for detecting the component
spectra at selected Bragg angles; a lead lined
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housing enclosing the -radiation source.and :the
-entrance . end .of the .collimator mand -having .a
-side wall,. said wall having an . aperture there-
-through and the radiation source and collimator

being so:arranged that the axes of .the primary :

-and .secondary radiation beams .intersect -sub-
stantially -adiacent.the outer surface:of :said.wall
and _at .the .center .of .the aperture; :a :slide
:mounted for longitudinal reciprocation on .the
outer .surface -of said wall; .an-elongated -panel
_disengageably supported on said:slide.in surface-
to-surface -engagement :with :the outer .surface
-of said .wall, and having a:lead lining.on its.wall
engaging :surface of .an -area greaber than -that

.of the aperture; said panel:-having.longitudinglly .15

spaced openings therein selectively :alignable
with the wall aperture;:longitudinally spaced re-
-cesses formed in the. Jforward face of the panel,
.each surrcunding one of -the openings therein

.and arranged.to have a specimen mounted there- -

in and overlying the opening, and gripping means
fa ociated with. each recess to.engage a. _Specimen
Aand retam it in the recess; sa1d slide -being mov-
.able between posmons in, Whlch the-lead lining

of. sald panel ;eovers. the aperture and posmons y

in Whlch a panel -opening .is selectlvely ahgned
‘with the anerture said .panel bemg disengage-
‘able from .said sl1de to .provide . for .an outs1ze
specunen to be clamped d1rect1y to the outer sur-
tace of . sald wall overlymg the aperture

8. In a ﬂuorescent spectra analyzer of the tynpe '

cornpnsmo a radlatlon source for directing pri-
"mary radlatmn dnto a specimen to irradiate the
same, a collimator for resolving the resulting
characterlstm secondaly radlatlon emanating
‘from the. 1rrad1aued Specimen, a diffraction grat-
‘ng arrarged adJacent the exit énd of the col-
lmnatm in the path of. the charactenstxc sécond-
ary radiation and. operative 16 separate the same

into its coimponeént’ ‘spectra, a radiation detector

arrafiged to receive characteristic’ secondary ra-
diation from the g1at1ng, Imeans mounting the
grating and detector for angular adjustment
relative to each other and to the incident sec-
ongddry radiation ‘for detectmg the component
spectia at selected Bragg .angles; a lead Jined
Housing enclosmg ‘the Tradigtion source’ and ‘the
entrance .end’ of the colhmat01 and “having &
side wall, said wall having an aperture there-
through and’ the radiation source and collimator
be1nv so arranged that the axes of the primary
and secondary radiation beams ‘intersect .sub-
‘stantially adjacent the outer surface of :said walI
and at the center of the aperture a panel mov-
ably mounted ‘on the outer surface of ‘said wall
ang in surfacﬂ-to surface enf’agement therewrth
and havm<y a lead ‘lining on"its wall engaging
of an areg greatel than" that of thé aperture;
said panel “having -an opening -therethrough
alignable with the wall aperture; means dpera-
ble ‘to position a specimen on the -outer side of
§aig panel and overlying theé opening therein;
said -panel-being-movable on said wall between a
pogition-in which ‘its ‘lead ‘lining covers the wall
aperture and a position in-which the opening is
aligned with the aperture; a lead shield mounted
within said housing for movement between a re-
tracted position and a position blocking x-rays
directed from the tube toward the aperture; and
operating means for’ said lead panel disposed
outside said housing,

9. .In a fluoreseent spectra analyzer of the type
cofnpxising' a radiation . source for directinc pri-

same, ‘a ,co,l_hmato_r for re_solvmg the resuling
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characteristic -secondary -radiation .emanating

from -the irradiated. specimen, a. diffraction grat-

ing arranged :adjacent the -exit -end -of the col-

limator in the path of the characteristic second-

ary radiation.and operative to separate the-same
into-its. component spectra, a radiation. detector
arranged io receive characteristic secondary ra-
diation :from the .grating, means mounting the

.grating -and detector for angular -adjustment
‘relgtive to -each other and to.the incident sec-
-ondary radiation for detecting .the .component

spectra at selected Bragg angles; a lead lined

:housing .enclesing ;the radiation source and ithe

entrance end of :the coilimator and -having -a
side 'wall, -said .wall ‘having :an aperture there-

Jthrough and the radiation source and collimator
-being ,s0 .arranged that the .axes of the.primary
.and secondary radiation -beams intersect .sub-
stantially adjacent.the outer surface.of sald wall
.and at .the center of the.aperture;:a panel:mov-

ably mounted .on the-.outer .surface -of -said .wall

.and.in, sulface-to-surface .engagement - tberew1th

and having.a lead.lining on its wall. engaging sur-
face of an area.greater.than that of the aperture;

said panel ‘having an .opening therethrough
alignable .with the wall. Aaperture; means opera~-

kle to position a Sspecimen on ;the-outer side .of

said panel and- overlying .the opening therem

.saig. panel being movable.on said .wall. :hetween:a

position in which .its lead lining.covers the wall
‘apértire and ‘a_position.in:which .the opemng is
.alighed.with.the aperture; and a.lead shield mov-

-ably mounted on said housing .for posmomng

over the. nortlon of said. nanel adjacent the aper-
ture
10. In a fluorescent. speectra.analyzer of the type

comprising a radiation. .source for directing pri-

mary radlatlon onto.a specnnen to irradiate -the
same, a collimator for resolving the.resulting
characteristic secondary radiatioh emanating
from the irradiated spécimen, a diffraction grat-
ing. arranged ‘adjacent the exit end of .the colli-
mator in the path of the characteristic secondary
radiation and operative to separate the same into
its component spectra, a radiation detector ar-
ranged to receive characteristic secondary radia-
tion from the grating, means mounting the grat-
irig and détector for angular adjustment relatwe
to each other and to .the inecident secondary
radiation for detecting the component spectra’ at
selected Bragg angles; a 'lead lined housing en-
closing the.xadiation sourée and the, entrance end
of the colhmator ‘and having a .side wall, said
wall having an aperture Jtherethrough and the
radigtion source and coilimator bemg ‘50 .ar-
ranged. -that the axes.of the nrlmary and second-
ary radlatlon bheams_ intersect substantxally adJa-
cent the outer surface of -said wall and .af the
‘center of the aperture; a panel movably mounted
on .the outer surface of said .wall, in. surface-to-
surface engagement. therewn;h and having g lead
lining on .its .wall -.engaging surface of an area
greater.than that of the aperture; said.panel hay-
ing an opening therethrough alignable with : :the
wall aperture; means. operakle. to.position a spe01~
men on the outer side of said panel. and overlymg
the opening’ therein; said panel -being ‘moyable
on said wall between a posmon in which its lead
lining covers the wall-aperture and a posmon in
which the. apening is-aligned -with the-apsarture;
and means mounting the radiation source for
angular adjustment relative to the-apertureabout
an arc-having a radius centered-at the intersec-
tion of the prxmary and secondary radlatwn
beams.
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11. In a2 fluorescent spectra analyzer of the
type comprising a radiation source for directing
primary radiation onto a specimen to irradiate
the same, a collimator for resolving the resulting
characteristic secondary radiation emanating
from the irradiated specimen, a diffraction grat-
ing arranged adjacent the exit end of the col-
limator in the path of the characteristic second-
ary radiation and operative to separate the same
into its component spectra, a radiation detector
arranged to receive characteristic secondary
radiation from the grating, and means mounting
the grating and detector for angular adjustment
relative to each other and to the incident second-
ary radiation for detecting the component spectra
at selected Bragg angles, the mounting means
comprising a pair of radial arms relatively ad-
justable about a center adjacent the exit end of
the collimator, one of said arms supporting said
grating for angular adjustment relative to the
axis of said collimator and the other arm sup-
porting said detector for angular adjustment
relative to said grating and the axis of said col-
limator; an automatic specimen scanning system
including a movable chart recorder having ifs
chart ecalibrated in Bragg angles; means operative
to apply the output of said detector to the indi-
cating mechanism of said recorder; and driving
means associated with each of said arms and

with said chart and operable to drive said arms 3

and said chart in coordinated relation with each
other to produce a record of the relative intensi-
ties of secondary radiation at characteristic
Bragg angles.

12. In a fluorescent spectra analyzer of the 25

type comprising a radiation source for directing
orimary radiation onto a specimen to irradiate
the same, a collimator for resolving the resulting
characteristic secondary radiation emanating
from the irradiated specimen, a diffraction grat-
ing arranged adjacent the exit end of the col-
limator in the path of the characteristic second-
ary radiation and operative to separate the same
into its component spectra, a radiation detector
arranged to receive characteristic secondary
radiation from the grating, and means mounting
the grating and detector for angular adjustment
relative to each other and to the incident second-
ary radiation for detecting the component spectra
at selected Bragg angles, the mounting means
comprising a pair of radial arms relatively ad-
justable about a center adjacent the exit end of
the collimator, one of said arms supporting said
grating for angular adjustment relative to the
axis of said collimator and the other arm sup-
porting said detector for angular adjustment
relative to said grating and the axis of said col-
limator; an automatic specimen scanning system
including a movable chart recorder having its
chart calibrated in Bragg angles; means operative
to apply the output of said detector to the indi-
cating mechanism of said recorder; driving means
associated with each of said arms and with said
chart and operable to drive said arms and said
chart in coordinated relation with each other to
produce g record of the relative intensities of
secondary radiation at characteristic Bragg
angles; and a conjoint control system for said
motors including manually operable circuit clo-
sure means, automatic circuit breaker means op-
erative at the limits of movement of the arms,
and manually operable circuit breaker means.
13. In a fluorescent spectra analyzer of the
type comprising a radiation source for directing
primary radiation onto a specimen to irradiate
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the same, a collimator for resolving the resulting
characteristic secondary radiation emanating
from the irradiated specimen, a diffraction grat-
ing arranged adjacent the exit end of the col-
limator in the path of the characteristic second-
ary radiation and cperative to separate the same
into its component spectra, a radiation detector
arranged to receive characteristic secondary
radiation from the grating, means mounting the
grating and detector for angular adjustment
relative to each other and to the incident second-
ary radiation for detecting the component spectra
at selected Bragg angles; a lead lined housing
enclesing the generator and the entrance end of
the collimator and having a side wall, said hous-
ing being substantially air-tight and said col-
limator extending in sealed relation through a
wall thereof; a flexible air-tight enclosure con-
necting the outer end of the collimator to the de-
tector and enclosing the diffraction grating; and
means operable to constantly maintain g vacuum
in said housing, ccllimator, and enclosure to
minimize or eliminate absorption of fluorescent
spectra between the specimen and the detector.

14, In a fluorescent spectra analyzer of the
type comprising a radiation source for directing
primary radiation onto a specimen to irradiate
the same, a collimator for resolving the result-
ing characteristic secondary radiation emanat-
ing from the irradiated specimen, a diffraction
grating arranged adjacent the exit end of the
collimator in the path of the characteristic sec-
ondary radiation and operative to separate the
same into its component spectra, a radiation
detector arranged to receive characteristic sec-
ondary radiation from the grating, means mount-
ing the grating and detector for angular ad-
justment reltative to each other and to the in-
cident secondary radiation for detecting the
component spectrs at selected Bragg angles; a
recorder chart calibrated in characteristic
Bragg angles and having percentage scales for
elemental constituents calibrated in accordance
with known relations of spectral intensities to
element percentages; and means constructed
and arranged to indicate on said chart at each
characteristic Bragg angle the spectral inten-
sity; whereby an unknown specimen may be si-
multaneously quantitatively and qualitatively
analyzed,

15. For use in a fluorescent spectra analyzer
of the type comprising a radiation scurce for
directing primary radiation onto a specimen to
irradiate the same, a collimator for resolving
the resulting characteristic secondary radiation
emanating from the irradiated specimen, a dif-
fraction grating arranged adjacent the exit end
of the collimator in the path of the character-
istic secondary radiation and operative to sepa-
rate the same into its component spectra, a
radiation detector arranged to receive charac-
teristic secondary radiation from the grating,
means mounting the grating and detector for
angular adjustment relative to each other and
to the incident secondary radiation for detect-
ing the component spectra at selected Bragg an-
gles, the mounting means comprising a pair of
radial arms relatively adjustable about a center
adjacent the exit end of the collimator, one of
said arms supporting said grating for angular
adjustment relative to the axis of said collimator
and the other arm supporting said detector for
angular adjustment relative to said grating and
the axis of said collimator, an automatic speci-
men scanning system including a movable chart
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recorder, means operative to apply the output of
said- detector to the indicating mechanism of
said recorder, driving means associated with
each of said arms and with said recorder and
operable to drive said arms and said recorder in
coordinated relation with ezch other to produce
a--record of the reiative intensities of secondary
radiation at characteristic Bragg angles; a chart
for said recorder calibrated in characteristic
Bragg angles and having percentage scales for
element constituents- calibrated in accordance
with known relations of- spectral intensities to
element percentages, to quantitatively determine
the composition of the test specimen.

MARCEL A. CORDOVL
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