Nov. 11, 1969 R:. GOERKE ETAL 3,478,207

SAMPLE CARRIER FOR X-RAY SPECTROMETERS AND THE LIKE

Filed Aug. 15, 1966 3 Sheets-Sheet 1

l' WM*ZO

“Il... "“l:. i '"i;h i |

| INVENTORS
0/ Goerte, ffetna) Srsch,
£lrs 78gel & Werner Speck

Y B oI et

- ATTYS,




Nov. 11, 1969 R. GOERKE ETAL 3,478,207

SAMPLE CARRIER FOR X-RAY SPECTROMETERS AND THE LIKE

Filed Aug. 15, 1866 3 Sheets—Sheet 2

75,
=== in
m b |!_ -‘!"7'# |”' '"
| el LA 77
I 2 I;-'" | f I“..75
6 ! 3 “ ’ Il|Il | PP
24 —
& =it 72 ! ﬂ l"
NHI=,, m '
2 1 4l il
T ™ A
A "|||
‘27
39 38 40
72
4] .4
\J T
b
o

/ '/IIIIIIIIIII”III/AFII/\
NN | LA AN
(55 . \\\\v 4 3

INVENTORS
Lolf Goerés, fe/mul Lrsch
Lurt Tdge/ &  Werrer /oeaé

o S don v

ATTYS.



3,478,207

Nov. 11, 1969 R. GOERKE ETAL
SAMPLE CARRIER FOR X-RAY SPECTROMETERS AND THE LIKE
3 Sheets-Sheet 3

Filed Aug. 15, 1966

1|L(~§
1
4

INVENTORS

B/ Goerke, /Helmul Brsch,
gur? 7ogel & Herner Speck

7
B . .
| Y’dﬁ‘ o“dbﬁj:ﬁ\rs.




United States Patent Of]

3,478,207
Patented Nov. 11, 1969

1CC

1

3,478,207
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ABSTRACT OF THE DISCLOSURE

The invention relates to a sample carrier for an X-ray
spectrometer accommodated in a housing. The cover of
the housing is designed as a table top whereby the surface
of the top is aligned with a sample adherence surface of
a sample adherence plate arranged in a recess in the table
top. Sample holders for solid and/or pulverulent and/or
liquid samples are fastened to the support surface of the
sample adherence plate. Each of the sample holders is
provided with a cup-like part to hold the sample which
is pressed against the adherence surface of the sample
adherence plate, the bottom of the cup-like part being as
thin as possible.

The invention relates to a sample carrier for X-ray
spectrometers containing an X-ray tube as well as X-ray
radiation detectors. Known apparatuses of this type are,
in view of the usual construction of the sample carrier,
restricted to the investigation of relatively small samples,
which are arranged in special sample holders. Solid sam-
ples, pulverized samples or liquids may be so involved.
Frequently there also is the desire to examine larger ob-
jects by X-ray spectrometry, ie., parts which cannot be
directly placed into the sample holders referred to. In the
known spectrometer constructions it is then necessary to
remove a small amount from the part to be investigated,
to put it in a sample holder and thereupon to investigate
it by X-ray spectrometry in the usual manner. Aside from
the additional expenditure of time which this procedure
requires, such a process of investigation has the funda-
mental drawback that, strictly speaking it permits no de-
struction-free X-ray spectrometric examination of large
samples. )

There exists, therefore, a need for a sample carrier for
X-ray spectrometers which is universally usable both for
small and for large samples, in particular, so large that
they cannot be placed in the conventional sample holder.
The further requirement may here arise that, in view of
the form of the large sample present, movement of the
essential parts of the spectrometer must be provided, for
example, of the X-ray tube and of the detectors, whereby
in each case the area of interest of the sample can be ex-
amined by X-ray spectrometry regardless of the shape of
the same.

A sample carrier possessing such a universal application
for X-ray spectrometers containing an X-ray tube and
X-ray radiation detectors is characterized according to the

invention by the feature that a sample supporting plate,"

provided with openings for the passage of the X-ray radi-
ation, is arranged in an opening of the cover member of
the spectrometer, which is constructed as a table plate.
The sample supporting surface of said sample plate is dis-
posed in the plane of the table surface and the X-ray tube
focused approximately on this plane with the radiation
detectors disposed on the side of the sample supporting
plate facing away from the supporting surface.
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A sample carrier according to the invention, therefore,
is not arranged somewhere inside the X-ray spectrometer,
but forms the uppermost part of the same, and in partic-
ular, in such an arrangement that the sample supporting
plate forming an essential part of the sample carrier, to-
gether with the table surface aligned with the sample sup-
porting surface of the sample supporting plate, provide a
common support for large samples. In those cases in which
relatively small samples are to be examined in the ordi-
nary manner, the sample can be placed in a sample holder.
For such investigations the sample carrier according to
the invention receives sample holders which are mounted
on the supporting surface of the sample supporting plate
for solid, pulverized or liquid samples, with the samples
being so supported that their impact surface for the excit-
ing X-ray radiation extends parallel to the supporting sur-
face of the sample supporting plate a distance as small
as possible from the supporting surface. Thereby it is
assured that in all cases the samples lie practically in the
same plane.

In a preferred form of construction of the sample car-
rier according to the invention, the sample supporting
plate as well as the parts of the spectrometer mechanical
inter-connected therewith, for example the X-ray tube,
are carried in a pivotally supported frame or carrier. This
form of construction offers the advantage that a matching
of the apparatus to the form of the particular sample in-
volved is possible in a simple manner, in particular, the
position of the X-ray tube and of the detectors. The frame
or carrier can be suspended by means of two pivot bearing
pins whose common axis extends below the supporting
surface of the sample supporting plate, within the housing
of the spectrometer.

There is thus achieved a pivotability of the supporting
surface with the passage openings contained therein for
the primary and secondary X-ray radiation. The swinging
of the frame or carrier, with the elements carried thereby,
expediently is effected by means of an electric motor drive,
which is controlled from a suitable switchboard, which
may carry all the switches utilized in the operation of the
spectrometer.

1t has already been pointed out that the sample carrier
according to the invention permits not only the investi-
gation of samples so large that they cannot be placed
in the usual type of sample carrier, but that it is also
possible to carry out the familiar examination processes
making use of sample holders. It is necessary in this
case to care that the impact surfaces of the sample dis-
posed in the sample holder for the primary X-ray radia-
tion is, insofar as possible, identical with the plane that
is formed by the surface of the supporting plate of the
sample carrier and the table surface, since the measured
intensity of the X-ray radiation depends upon the posi-
tion of this plane with respect to the X-ray tube. These
points must be taken into account in the construction
of a cooperable sample carrier. In a preferred form of
construction of the sample holder used with the sample
carrier according to the invention, such holder has a
cup-shaped part for the reception of the sample, which
part has a surface with as little ‘thickness as possible,
which is pressed against the supporting surface of the
sample supporting plate. The distance between the surface
to be investigated of the particular sample, on the one
hand, and the supporting surface of the supporting plate
of the sample carrier, on the other hand, is thus deter-
mined solely by the defined thickness of the base surface
of the. cup-shaped part of the sample holder. It is im-
portant, therefore, that this surface have in all sample
holders the same defined thickness, this thickness being
as small as possible in order to bring the planes men-
tioned as close as possible to one another.
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The base surface of the cup-shaped part understand-
ably will be made of a material with such long wave
excited secondary X-ray radiation that such secondary
radiation lies outside the measuring range of the spec-
trometer. It thereby is assured that no alien lines derived
from the material of the base surface of the cup-shaped
part can falsify the analysis. As a material for the base
surface of the cup-shaped part, graphite of highest purity
has proved successful. Theoretically one could also em-
ploy beryllium, but in many cases this material may be
excluded for reasons of cost.

It is especially expedient that the base surface of the
cup-shaped part be pressed against the supporting surface
under spring action, because there is then assured a full
and firm support of the base surface of the cup-shaped
part on the surface of the supporting plate and thereby
also maintain a good parallelism of the surface of the
sample charged with the primary radiation relative to
the supporting surface. It is therefore particularly de-
sirable that the cup-shaped part be pressed against the
supporting surface, insofar as possible, solely under the
action of the spring. For this purpose the cup-shaped
part can be suitably suspended in a retaining part with
sufficient play that its base surface is permitted to lie on
the supporting surface. Further, the retaining part can
be removably mounted in a cylinder which also loosely
surrounds the cup-shaped part. The cup-shaped part is
therefore loosely suspended in the cylinder below the
inserted retajning part and under the action of a spring,
which acts, for example, as a compression spring be-
tween the retaining part and the suspended cup-like part,
urges the base surface of the latter against the surface
of the supporting plate.

To take into account inhomogeneities of the sample
in the measuring, or to produce a mean value, it is de-
sirable to provide for the possibility of turning the sam-
ple. For this purpose, in a preferred form of construction
of the invention, the cylinder is provided with rotating
drive means which can contain an electric motor and cor-
responding gearing. The retaining part, expediently, is in
the form of a cover for the cup-like part and carries ex-
ternally extending means by which the cup-like part may
be inserted in the cylinder. It is, therefore, also con-
structed for insertion into the cylinder. If the sample
involved is an active liquid, care must be taken that in
the removal of the cup-shaped part from the cylinder
no splashing of the liquid takes place In order to avoid
a jerky release of the retaining part from the cylinder,
the latter expediently has a conical surface for the inser-
tion of the holding part. For the same purpose a further
devleopment of the invention also proves favorable,
in which the retaining part carries a bail with eccentrically
disposed portions, preferably end portions, which so in-
teract with projections on the cylinder that, depending
on the position of the bail, they lock the retaining part
in the cylinder or push it slightly out of the cylinder. The
locking action is effective, for example, when the bail
is shifted to a final position, while the pressing out of the
retaining part from the cylinder proceeds automatically
when the bail is pivoted for the purpose of removing or
changing the sample.

The sample carrier according to the invention also
can be constructed with the retention of the essential
feature of the supporting surface of the supporting plate
being aligned with the table surface of the X-ray spec-
trometer in such a way that several sample holders can
be brought, at will, into examination position. In a corre-
sponding example of construction several sample holders
are installed in a drum, preferably constructed as a sam-
ple chamber or lock, which is so rotatable on an axis
that the samples in the individual sample holders can
be swung, at will, into the range of the passage apertures
for the X-ray radiation in the sample supporting surface.
If the sample holders have cup-like parts as described,
then the base surfaces of such parts of all the sample
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holders, in the swinging movement, slide on the surface
of the sample supporting plate. There, in the supporting
surface of the sample supporting plate at the points in
which the sample holders are located during the sample
change, seals can be utilized, so that in the sample change
only the part of the vacuum present in the particular
sample holder is destroyed.

The opening in the table plate serving for the reception
of the sample supporting plate is covered with a radiation
protective cap, which can be hingedly attached to the
table plate, in order to permit simple access to the sup-
porting surface and to the drum, if any, carrying the
various sample holders.

The invention is explained in the following, with the
aid of the examples of construction iltustrated in the draw-
ings, wherein like reference characters indicate like or
corresponding parts, and in which:

FIG. 1 is a front elevation of an X-ray spectrometer
embodying the invention;

FIG. 2 is a side elevation of the spectrometer illus-
trated in FIG. 1;

FIG. 3 is a plan view of the spectrometer illustrated in
FIGS. 2 and 3, with the cover removed;

FIG. 4 is a transverse sectional view of a sample hold-
er;
FIG. 5 is a top plan view of the sample holder of FIG.
4, a portion of which is broken away;

FIG. 6 is a transverse sectional view of a cup-like part
of the sample holder, in which the sample is disposed;

FIG. 7 is a plan view of the cup-like part; and

FIG. 8 is an elevational view of the cup-like part, illus-
trating details of a bayonet slot therein.

Referring to FIGS. 1 to 3, the X-ray spectrometer illus-
trated is equipped with a sample carrier according to the
invention, the housing walls of the spectrometer being re-
moved and the table plate illustrated in raised position.
According to the invention a sample supporting plate 1
having a supporting surface 2 for the samples is arranged
in an opening 3 in the cover 4 of the apparatus, which
cover is so constructed as a table plate that, from the
drum 5 disposed on it and provided in this example of
construction with two sample holders 6 and 7, it forms
the uppermost part of the entire spectrometer. The con-
struction is such that the supporting surface 2 lies in a
common plane with the table surface 8 of the cover 4 of
the apparatus. It is thereby achieved that large samples
can be examined by simply placing them on the appa-
ratus, utilizing both the supporting surface 2 and the table
surface 8 of the apparatus.

As illustrated in FIG. 2, for reasons of radiation pro-
tection, a cover cap 9 may be provided, which is so
shaped that, with drum 5 in position, it covers the open-
ing 3 in the table plate 4.

The drum 5 is detachably fastened to the receiving
plate 1, so that as illustrated in FIG. 2, it can be removed
or be replaced by individual sample holders.

On the side of supporting plate 1, facing away from the
supporting surface 2, there are located the essential parts
of the spectrometer, such as the X-ray tube 11, mounted
in the tube clamp 10, the crystal changer 12 and the scin-
tillation counter tube 13, which, as is evident from the
arrow in FIG. 1, is pivotally arranged under the crystal
changer 12. In FIG. 3 reference numeral 14 designates a
motor with suitable gearing, which is provided for the
entire counter tube drive. The counting tube pulses are
amplified in the amplifier 15, and the angle reading takes
place at the reading device 16, while reference numeral
17 designates a coupling provided for manual drvie. The
high voltage cable bears the reference number 18.

The vacuum apparatus 19 and a device 20 for pressure
regulation and possibly also for temperature regulation
are not illustrated in detail, since the details thereof form
no part of the invention.

The apparatus thus offers the possibility of examining,
at will, samples which, in consequence of their small size,
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can be arranged in sample holders or else, in consequence
of their magnitude and form, must be examined without
the use of a sample holder. The configuration of the large
samples may frequently make it necessary to swing the
sample supporting plate 1, with the passage openings
therein for the primary and secondary X-ray radiation,
out of the plane of the table surface 8. For this purpose
the primary parts of the spectrometer are not mounted
rigidly in the frame 21 of the apparatus, but are sup-
ported on the carrier 22, which in turn, by means of pivot
bearings 23 and 24, is swingably mounted in the frame
21. Tt thereby becomes possible to adapt the position of
the supporting surface 2 to the sample to be investigated
in each case without difficulties arising with respect to the
mechanical connections between the sample supporting
plate 1, on the one hand, and the primary parts of the
spectrometer, on the other hand, namely the X-ray tube
11, the crystal changer 12 and the detector 13.

The drive of the drum 5, equipped with several sample
holders 6, 7, can be accomplished in a manner in itself
known to those skilled in the art, with use of an electric
motor drive, including suitable gearing. The control of
this drive may be accomplished from the switchboard 25,
on which there are expediently arranged all the operating
elements for the X-ray spectrometer, including the neces-
sary control lamps.

In changing the particular sample located in the exami-
nation position by swinging of drum 5, the parts of the
sample holders directly holding the sample slide on the
supporting surface 2 of the sample supporting plate 1,
utilizing a construction of sample holder, as hereinafter
explained in conmection with FIGS. 4 and 5. It will be
assumed that a disk-shaped sample 30 is involved, which
is held in the cup-like part 31. As is subsequently ex-
plained in connection with FIGS. 6 to 8, the cup-like part
31 is provided with recesses into which pins 32 and 33 of
the retaining part 34, designed in the manner of a cover,
so engage that the cup-like part 31 depends from the re-
taining part 34. The retaining part 34, in turn, is inserted
in the cylinder 35 at the upper end 36 thereof, which also
surrounds the suspended cup-like part 31. The compres-
sion spring 37, with utilization of suitable play in the
suspension, including the pivots 32 and 33, the cup-like
part 31 may be disposed with its base surface bearing
upon the supporting surface 2 of the sample supporting
plate 1. It is thereby assured that the surface of the sam-
ple 10, facing the supporting surface 2, is disposed vir-
tually in the same plane as the surface 2, and at least
extends parallel thereto. The base surface of the cup-like
part 31 is therefore constructed with a minimum thick-
ness. It consists of a material which emits such mildly ex-
cited X-ray radiation that the analysis of the sample 30
is not influenced. ’

On its upper end the retaining part 34 carries a bail 38
having eccentric portions 39 and 40, which are cooper-
able with the lugs 41 and 42 on cylinder 35 in such a way
that in the thrown-over position illustrated of bail 38 they
assure a locking of the retaining part 34 and thereby re-
tention of the sample 30 within the cylinder 35, while
upon upward pivotal movement of the bail for the pur-
pose of removing the retaining part 34 and thereby also
of sample 30 from the interior of the cylinder, by an abut-
ting action on the lower surfaces of the lugs 41 and 42
they effect a gentle upward movement of the retaining
part 34 outwardly with respect to the cylinder 35. To fa-
cilitate insertion of the part 34 and associated part 31, the
cylinder preferably is conically constructed on its upper
inner surface in the manner illustrated. This construction
of the bail 38, in conjunction with the lugs 41 and 42 on
the cylinder 35, not only assures 2 tight vacuum closure,
but also prevents the removal of the sample 30 from the
interior of the cylinder, i.e., from the sample holder, from
taking place jerkily, which can be particularly dangerous
with highly active liquids or powders as samples.
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or is disturbed as little as possible in changing of the
sample, there can be provided a packing seal 43 at the
location on the supporting surface 2 of the supporting
plate 1 at which the sample holders, ie., the cylinders
35 are disposed in the changing of sample 30. It is suf-
ficiently recessed into the plate 1 that it permits the swing-
ing of the drum 5 (not illustrated in FIGS. 4 and 5)
for the purpose of changing the particular sample disposed
in examining position.

In the example of construction illustrated in FIGS. 4
and 5 there is further provided means for enabling rota-
tion of the sample for the purpose of taking into account
any inhomogeneity of the same in the examination. For
this purpose, the cylinder 35 carries, adjacent its projec-
tions 40 and 41, a toothed rim 44 which is to be connected
with a gear driven by an electric motor (not illustrated).
For the facilitation of the rotary movement, ie., for the
reduction of friction, the sample holder is supported in
the drum 5 (not illustrated in FIGS. 4 and 5) by means
of a ball bearing 45.

FIGS. 6, 7 and 8 illustrate details of the cup-like part
31 which receives the sample 30. It is composed of two
portions 50 and 51, of which the portion 50 is provided
internally with ventilation bores 52 and the portion 51,
the upper portion in the figure, provides for the suspen-
sion of the cup-like part 31 on the pins 32 and 33 of the
retaining part 34 (FIG. 4). For this purpose the upper
portion 51 has two recesses 53 and 54 disposed diamet-
rically opposite one another, which are designed, for ex-
ample, in hook-like form, so that with the cooperable pins
32 and 33 on the retaining part 34 they form an interlock-
ing bayonet-type conmection. By appropriate dimension-
ing of the closed end 55 of the two recesses 53 and 54
sufficient play is provided in the suspension whereby the
cup-like part 31 is firmly pressed, under the influence of
the compression spring 37 (see FIG. 4) against the sup-
porting surface 2 of the plate 1. During the measuring op-
eration, therefore, this suspension is effective to limit move-
ment of the part 31 to the plane of the supporting surface
2, while the cup-like part 31 remains perpendicularly there-
to exclusively under the influence of the compression spring
37 and the supporting surface 2.

As is apparent from FIG. 6, the base surface 56 of
the cup-like part 31 bearing on the supporting surface 2
is not a closed surface, but has an opening 57 in its cen-
tral region for passage of the primary and secondary
X-ray radiation. For the improvement of the precision
of the analysis it is appropriate, irrespective thereof, to
form the base surface 56 of a material whose excited
secondary X-ray radiation lies outside the measuring
range of the X-ray spectrometer.

By means of the invention there is produced a sample
carrier for X-ray spectrometers which makes it possible
to examine samples of any size and any shape. By means
of the sample receiving plate with the sample receiving
surface, arranged in the particular manner above the
other parts of the apparatus, all samples can be brought
into a reproducible position, independently of their size
and form. The sample carrier is universally usable inas-
much as it permits both the examination of large samples
and also the spectroscopy of smaller samples which are
disposed in sample holders. Many modifications of the
examples of construction described are possible. For ex-
ample, the sample holders can be constructed in a differ-
ent manner. In those cases in which samples of liquid
materials are to be investigated, the cup-like parts may
be provided with a continuous base and thereby comprise
actual cups. For the investigation of powders or liquids
it is possible to lay a plastic foil in the cup-shaped part
represented in the figures, which is supported by a metal
foil with a perforation of high permeability to radiation
and consists of a material which will not disturb the
analysis. The difference between the position of samples
which are investigated without use of a holder, and of
those samples which are supported in a holder, as deter-
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mined by the selected thickness of the base surface of the
cup-like part, is of no importance, as there is always
present a constant measuring tolerance in consequence
of the selection of a defined thickness of the base surface
of the cup-like part. It is not necessary that the sample
reception surface and table surface lie horizontal.

Changes may be made within the scope and spirit of
the appended claims which define what is believed to be
new and desired to have protected by Letters Patent.

We claim:

1. A sample carrier for an X-ray spectrometer and
the like comprising: a substantially tubular housing hav-
ing a circumferential inturned lip around the bottom
thereof, a cup-shaped sample receiving member receivable
in said housing having a circumferential outturned lip
around the top thereof adapted to mate with the lip on
the housing to retain the said member in the said housing
with the bottom of the said member extending beyond
the bottom of the said housing, a retaining part adapted
to retain samples in the said cup-shaped part dimensioned
to be received within the said housing, the said retaining
part having a reduced diameter section adapted to be re-
ceived within the top of the said cup-shaped member and
a larger diameter portion spaced from the bottom of the
said retaining part adapted to mate with the inner diam-
eter of the said housing, lugs extending radially outward-
ly adjacent the bottom of the said retaining part, bayonet
slot means in the said cup-shaped member adapted to
mate with the said Iugs to depend the said cup-shaped
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member from the said retaining part, spring means be-
tween the top of the said cup-shaped part and the said
increased diameter portion of the said retaining part, bail
means operatively associated with the said retaining part
and the said housing to urge the said retaining part
towards the bottom of the said housing compressing the
said spring means, said spring means effective to urge
the outturned lip of the said cup-shaped member against
the inturned lip of the said housing thereby projecting
the bottom of the said cup-shaped member beyond the
bottom of the said housing, the: bottom of the said cup-
shaped member being thin.

2. The sample carrier of claim 1 wherein means are
provided for rotating the said housing,
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