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Method of producing a rotary anode for X-ray tubes and anode thus produced.

@ Alayer (2) of W or a W-alloy is provided on asupport (1) of
a rotary anode for X-ray tubes by plasma spraying. A dense
layer is obtained by carrying out the plasma spraying opera-
tion at a pressure of 2 - 55 kPa in an oxygen-free medium.
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"Method of producing a rotary anode for X-ray tubes

and anode thus produced".

The invention relates to a method of producing
a rotary anode for an X-ray tube, wherein a tungsten or a
tungsten alloy target layer is provided on a support by
plasma spraying.

The invention also relates to an anode thus
produced.

Rotary anodes produced by a method embodying
the invention are particularly suitable for X-ray tubes
to which a high load is applied during use, such as X-ray
tubes for medical purposes.

German Patent Application 2346925 discloses
a method of producing a rotary anode for an X-ray tube
wherein a tungsten or a tungsten-rhenium alloy target
layer, that is to say the layer which is bombarded by the
electrons when the rotary anode is used in an X-ray tube,
is provided on a molybdenum or a molybdenum alloy support
by plasma spraying. A similar method in which a graphite
support is used is described in German Auslegeschrift
2251656, |

With plasma spraying of tungsten or tungsten
alloys in atmospheric conditions, it is generally not
possible to obtain a density of more than 92-94 % of the
theoretical density (R. Glitzle et al, Metall 24, page 823
et seq., 1970). Such a density is insufficient for rotary
anodes; it is mnot possible to obtain or maintain a proper
vacuum inthe X-ray tube at such a density.

Experiments have been made to try and increase

the density by densely sintering the tungsten layer.
A maximum density of 97 % is then obtained (R.Glitzle et al,
gggg.). The prescribed sintering treatment (up to 15 hours
at 2600 OC) causes unacceptable loss of strength in many
molybdenum alloys.

According to the invention, a method of
producing a rotary anode for an X-ray tube wherein a
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target layer consistiﬁg of'fungstan or a tungsten alloy.
is provided on a support by plasha sPraying is character-
ized in that the tafgét layer'iS'providéd by plasmarr
spraying in an oxygen-free medium at a pressufe of

2 - 55 kPa. B -

With a method emBoinﬁg the iﬁveﬁtibn} a target
layer having a densitYiofrover:97 % can be obtained.
Plasma spraying W at'arreducedrpreSSuré'is'knbﬁn Eggrsg
from Moses A. Levinsteih,VCiehcaiY'techniaa de la
Soldadura (Madrid)r12, No. 66; pages-]é9r (1962) (see also
Chemical Abstracts, 58, 4243f 1963), but in contrast '
with the results obtained b& the Applicants, aadensity
of not more than 92.7 %'Was then obtained. It was also
reported that a reduction in pressure fesultéd,in lower -
densities. 7 7 7 B o ', .
| E. Muéhlﬁérger; in "A high enérgfrplaSma coating
process", Proc. 7th International Metal Spraylng Conf.,
1973, London, discloses a method for plasma spraylng )
of materials such as tantalum and tungsten carblde whereln
plasma currents with ve1001t1es of Mach 3- can be used.

To obtain such velocities, spraylng 1sreffected,1n a
chamber at a pressufe of approximataly iO'kPas

In a method embodying the invéntion,ithe'support
is preferably prehéated to a temperature;abdve,1OOOOC
prior to the'provision of the target layér} ThiS'fesults
in an improved adhesiomn and'density of fheftaréeﬁ layer
on the support. ' ] 7 o ;7:

~ Plasma sPraying_With'arpower of'ﬁore,tﬂan 30 kW
generally resultsrinra higher density 6f'thé'targét layer;

To improve'the'density; the tungsten or tungsten
alloy to be sprayedris'preferably used in the form of a
powder having a particle size'of ﬁofrmore than h5/um.

To ensurerthat the particles of material to be
sprayed are sufficieatly heated, for dbtainihg a goéd
bonding, a spraying distance, (i.e.rthe,distancerbetwéen
the spray gun nozzle and the,subport) of not less than

150 mm is preferred.
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An embodiment of the invention will now be
described, by way of example, with reference to the
accompanying diagrammatic drawing, the sole Figure of which
is a diametrical cross-section of a rotary anode produced
by a method embodying the invention.

The drawing shows a rotary anode comprising
a support 1 and a target layer 2. The portion of the target
layer denoted by 3 is the place onto which the electron
beam in the X-ray tube is focused (i.e. the focal path).

The support 1 may consist of molybdenum or of
a molybdenum alloy known to be suitable for X-ray rotary
anodes. Particularly suitable is a molybdenum alloy having
0.40-0.55 % by weight of Ti, 0.06 - 0.12 % by weight of Zr
and 0.01 - 0.03 % by weight of C. The support may alter-
natively consist of graphite. In that case a carbon trans-
fer inhibiting layer, for example a rhenium layer, should
be provided between the support and the target layer.

One or more further layers may be present between
the target layer and the support, for example a layer of
pure tungsten.

The target layer 2 comnsists of tungsten or a
tungsten alloy. All alloys known to be suitable for this
purpose are very satisfactory. Particularly good results
(high density) have been obtained with tungsten-rhenium
alloys (0.7 % by weight or rhenium) and with tungsten-
rhenium-tantalum alloys (0—7 % by weight of rhenium,

0-4 % by weight of tantalum).

To improve heat radiation from the anode,
the surface of the target layer (except the focal path 3)
and/or the surface of the support may be roughened, or
these surfaces may be coated with heat-radiation improving
material (for example rough tungsten).

It is possible for the target layer to have
a composition which varies from the inside to the outside
(for example in respect of the rhenium content).

The rotary anode is produced in the following
manner. A support 1 is produced in a manner which is known

per se, for example by casting, forging and pressing.
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The surface of the support is properly cleaned.

The support is then placed in a sp901al hermetlcally
sealable chamber of the type described in the above-~-
mentioned article by E. Muehlberger. The chamber is
evacuated and filled with Ar. Heror,Né may alternatively
be used. These gases may be,mixed together,and/or be mixed
with H2 (Or— 10 % by volumg). This éycle iS~preferably: |
repeated a few times to remove any residual oxygen.
Finally, the chamber isrfiiled with oné of the above-
mentioned gases or gas mixturesrtorthé;désired'pressure

(2 - 50 kPa). A bressurerof 2'—;25 kPa isipreferably used.i
Thereafter the material for the térgét layef is sprayed
onto the support with a plasma gun.'(Approximétely 357kW'
of power is suppliedrto the plasma gun).rPrefefably'the

- support is preheated with the plasma gun to a temperature

above 1000°C before ﬁhe,material*of the target layer

is sprayed. It is possibleito varyrtheVCOmposition of the
sprayed material continuously ,duriﬁg §préying in order
to obtain a gradieht in the composition of thértafget layér.
A target layer of a thickmess of 1.5 - 2.0 mm is:preferably
applied. It is poséible to?prdvide the targéf 1ayer only
in the region of the focal path 3 by using”a'mask.r 7

At the end of'thé”plasma spraying operation,
the support together With'fhe:targef layefris élloﬁéd
to cool in the chamber.rFipally;rthe produéf obtained
is removed from the chambeﬁrahd Wdrkéd,fUrther, fhé focal
path 3 then Being ground. o : '

With a method embodying the ih&ention a density
of more than 97 % was obtained with all the above—_
mentioned tungsten alloys ,good bondlng of the’ target
layer to the support also belng obtalned.
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CLAIMS::
1. A method of producing a rotary anode for an

X-ray tube, wherein a tungsten or a tungsten alloy target
layer is provided on a support by plasma spraying,
characterized in that the target layer is applied by means
of plasma spraying in an oxygen-free medium at a pressure
of 2 - 55 kPa.

2. A method as claimed in Claim 1, characterized

in that the support is preheated to a temperature above
1000 °C before the target layer is applied.

3. A method as claimed in Claim 1 or 2,
characterized in that the plasma spraying is effected

with a power of over 30 kW.

L, A method as claimed in any of Claims 1 - 3,
characterized in that the tungsten or the tungsten alloy
to be sprayed is in the form of a powder having a particle
size of mot more than 45 /um.

5. A method as claimed in any of Claims 1 - 4,
characterized in that the plasma is sprayed with a spraying
gun the mnozzle of which during the spraying is more than
150 mm from the support.

6. A method as claimed in any of Claims 1 - 5,
characterized in thal the target layer is applied with

a thickness of 0.5 - 2.0 mm,.

7. A method as claimed in any of Claims 1 - 6,
characterized in that the target layer consists of a
tungsten alloy having O - 7 % Ly weight of Re and/or

O - 4 % by weight of Ta and the support consists of a
molybdenum alloy having 0.40 -~ 0.55 % by weight of Ti,

0.06 - 0.12 % by weight of Zr and 0.01 - 0.03 % by weight
of C.

8. A rotary anode produced by a method as claimed
in any of Claims 1 - 7.
9. An X-ray tube comprising a rotary anode as

claimed in Claim 8.



vvvvv

0024764

171

PHN 9560



9

European Patent

EUROPEAN SEARCH REPORT

Office

0024764

Application number

EP 80 20 0778

DOCUMENTS CONSIDERED TO BE RELEVANT

CLASSIFICATION OF THE
APPLICATION (int. CL3)

Category| Citation of document with indication, where appropriate, of relevant Relevant
passages to claim
H 01 J 35710
US - A - 3 243 636 (P.A. NINEUIL) |1,8,9
* Column 2, lines 25-36; 60-64;
figures *
FR - A - 2 204 041 (SIEMENS AK- 1,6=9
TIENGESELLSCHAFT)
* Page 4, lines 11-20; figures
1=3 *
& DE - B - 2 251 656 (cited by
applicant)
TECHNICAL FIELDS
- SEARCHED (Int. CL.3)
US - A - 3839 618 (E. MUEHLBER- |1-4,6 | 5 o1 § 32710
GER) 5/0
B 05 H 1/42
* Column 2, lines 3-21; column
4, line 49 -~ column 5, line
7; column 7, lines 53-61; co=-
lumn 8, lines 13-15; column 9,
lines 13-25; 55-57; column 11,
lines 8-64; figure 1 7
US - A - 3 010 009 (A.C. DUCATII) 1,5,7
* Column 4, line 69 - column 5,
line 13; column 5, lines 21~
L4y coiumn 6, lines 27-37: CATEGORY OF
Figures 1,24 CITED DOCUMENTS
X. particularly relevant
- A: technological background
FR - A ~ 2 210 009 (N.V. PHILIPS |1,7~g |0 fomwmendsdonre
GLOEILAMPENFABRIEKEN) + ntermediate dooument
T: theory or principle underiying
Claims 1,2 * the invention
E: contflicting application
mm—— D: document cited in the
application
L. citation tor other reasons
&: member of the same patent
X The present search report has been drawn up for all claims family. ,
corresponding document
Place of search Date of compietion of the search Examiner

The Hague 05-12-~1980

VILLEMIN

EPO Form 1503.1 06.78




	bibliography
	description
	claims
	drawings
	search report

