WD 03/ 060498 PCT/ EP03/ 00546 1 DI FFRACTOVETER AND METHOD FOR DI FFRACTI ON
ANALYSIS Field of the invention The present invention concerns a

di ffract oweteneo4dsr particular a x-ray diffractoneter. |npaarerosiedsas!| , it
concerns a diffractometer performng mon 5 destructive tests on elenentary
conponents, which are not suited (or allowed) for being anal ysed by
traditional diffractonmeters or even on conponents that cannot be displaced
fromtheir original location. Prior art Diffraction techniques are w dely
used i NDIRERAIETOMETERAND MEBEFHOR EORDIEFRAGTION ANALNESobt ai nabl e
information by this technique are inportant in several field as chemstry,
net al | uF{ﬂ/d aﬁdhm%ﬂnttsm aphy, extractive industry, transportation,
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el ectrons ang neutrons. Particularly inportant are t‘hesl% echni ques of x-ray
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diffraction frompowders or polycrystalline solids. Analysis on
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requireq. for nponents .of jpdustrial inplants and/or inplant 20 in
exer Ci S‘SJ.SP}FH% g“’éﬁﬁ?%ﬁ%ﬁgmﬁt&?ﬁﬁ@a X-ray source, a speci nen stage and a

X-ray dﬁﬁctagg. The specinen is requested to rotate, so that its surface
Is illu At by the x-ray beam comng fromthe source under different
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(optionally) at distinct rate so that their relative position 25 allow the
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pl anes which are in_the right posjtion for ref|ectiqn. The x- ray,
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Several types of radiation are used for diffractometric analysis. Very common are
15 the diffraction techniques by x-ray, electrons and neutrons. Particularly important
are the techniques of x-ray diffraction.
Generally this kind of equipment are used to detect diffraction from powders or
polycrystalline solids. Analysis on polycrystalline solids are especially interesting
when investigation is required for components of industrial implants and/or implant
20  in exercise.
These equipment require a X-ray source, a specimen stage and a x-ray detector. The
specimen is requested to rotate, so that its surface is illuminated by the x-ray beam,
coming from the source under different angles. Specimen and detector are requested
to rotate simultaneously (optionally) at distinct rate so that their relative position
25 allow the detector for receiving the diffraction beam form the crystallographic
planes which are in the right position for reflection.
The x- ray diffractometry is useful to obtain information in field of chemical
composition, physical and mechanical characteristics of specimens (presence of

residual stress or compression) of metal manufactured or other material. It is useful

30 even for precocious detection of defects or damages of crystalline structure, for



resi dual stress or conpression) of metal manufactured or other material. It
is useful 30 even for precocious detection of defects or damages of

crystal | iwe esisodet ure, for WO 03/ 060498 PCT/ EP03/ 00546 2 pexapps/@n546 n

wel ded conponents or under |oad or fatigue. Generally, this stress causes
preferred orientation of crystalline lattice that can be detected by x-ray
diffraction when particul ar procedures are adopted. This technique is
useful even to analyse fibrous structures and gl asses to determ ne the
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of a di actoneter, and in particular, a Xx-ray diffractoneter that can be

eask| y cheadcali dndopliysival charaateyistiés.uct ure or  conponent of the inplant. It's
inmportant that this diffractoneter permts to obtain a considerable range
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e powders and. polycrystalline materials). In particular,. if is useful
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necessary to develop a diffractonmeter that is useful for being used in
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di ffract oneters. Surrrrari;@?f the invention The above nentioned problens are
over coferayy difgictameler dhak san cbavsepidy riped- wathorhangyingapny) ratrucsigper ti ng a
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to analyse powders and polycrystalline materials). In particular, it is useful to
15 recognise the presence of stress, preferential orientations, structural defects of the
material that constitute the component analysed, avoiding that the particular
working condition of the diffractometer will constitute a limit for the attainable
information. It means that it is necessary to develop a diffractometer that is useful
for being used in place and improve the performance of the traditional laboratory
20  diffractometers.
Summary of the invention A
The above mentioned problems are overcome by a diffractometer comprising:
- an analytical unit supporting a radiation source having a collimation axis; and a
radiation detector having a reception axis, said collimation and reception axis
25 converging in a centre, named centre of the diffractometér, which is fixed with
respect to the analytical unit;
- means for moving said analytical unit;

- means for rotating said source and detector around said centre of the

diffractometer



- nmeans for noving said analytical unit; - neans for rotating said source
and detector around said centre of the diffractonmeter WO 03/060498

PCT/ EPO3/W054660488 Pr ef erabl y, said neans for noving sai d aaalgpos/emshe uni t
permt to change the position in spade of the centre of diffractoneter.
According to a favourite enbodi nent of the invention, the diffractoneter is
a x- ray diffractoneter. 5 Preferably, said neans for rotating said source
and detector are suitable to rotate source and detector, so that the axis
of col | Predeiably, aaul meawgpforanoving seshemlytéeh] unitpermiftatadiange te positiofhi s
plane is fixed wth respfecﬁgto t he anal ytical unit. According to a
favourik@@%@gm%?ﬁm@fot 13G{Q@KtSTon, said analytical unit is supported
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movenmendifiaSohidddy, t he anal ytical unit can rotate around an axis, called
equatorial axis, contained in the equatorial plane and passing through.

t he scerPreferablyt, haidlinfdanadooretating shid soufcacindcdvté@spardsuitsbla to absdteon of
the equatorial plane around the equatorial axis. This type of rotation is
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per pendi cul ar to said equatorial axis and containing the centre of the

di f for acnowmmigesaid iapalytixaloumi whth espedtt tot the tshractana by suppdrt andtmoeerdent, ' s

call ed axial plane., This plane can cqnstitute _a symetry plane for _said
anal yt i S0that theranahgtionl Byt ¢an gofafs woung Anaks called e@aterinlaxisrqoniinghe axi s
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fact corresponds to a rotation of the equatorial plane around the equatorial axis. This
type of rotation is advantageously possible for an arc of at least 10°, preferably of

15 atleast 20° or even far higher values, for particular analytical necessity.
According to a preferred embodiment of the invention, the movement of this
analytical unit with respect to the support and movement structure, permits the
rotation of the equatorial plane with respect to the equatorial axis, without changing
the axis position in the space.

20  The plane perpendicular to said equatorial axis and containing the centre of the
diffractometer, is fixed with respect to the analytical unit, and it’s called axial plane.
This plane can constitute a symmetry plane for said analytical unit.
As “source collimation axis” is commonly defined the axis of the radiation beam
that the source can emit and as “reception axis”, the axis of the radiation beam that

25  can be detected by the detector.
The invention also concerns a method of diffractometry, preferably of x-ray
diffractometry comprising positioning a diffractometer as previously described with
the centre of the diffractometer at a point of the surface of an element to be

analysed.



The invention al so concerns a nethod of diffractonmetry, preferably of x-ray
diffractonetry conprising positioning a diffractoneter as previously

descri bedwaiolocosdphe centre of the diffractoneter at a poi RCTEPOS/MBS46uUr f ace
of an element to be analysed. WO 03/ 60498 PCT/ EP03/ 00546 4 According to
a possi bl e enbodi nent of the invention, the axial plane can be

advant ageousl y pl aced perpendicularly with respect to the surface of the
anal ysed elenent at the point coincident with the centre of

di f f r act/werding Arcopdisiblet embodimnndofreln intertivn, i the entihbplari dapel ysed
element is not 5 nechanically connected to the diffractonmeter, w th which,
more pr @d¥ABBEGOUSI¥ phased paypendienladiitwidh respest tothe perfadegof g Majysed 1

represents sch tically.the lateral view af.a x-ray diffractoneter,

accor di ff r{l%n(;ttaﬁgﬁ%pg%ﬁﬁll}c”@gm&ql@,{%geﬁr@gfglfgrapg)ﬁlp €ents schematically the
frontal M : [ > t Figo. 1. i r apr nts
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the ext mgsvhuiticallytdemdifelirtaahemetictéater, WethUsBRh! Rfork if;fr@ferz%l%,' ¥thgal unit
supporting the source and the x-ray detector. Figure 4 represents

schemat ieve Irycontact. at eral vi ew of the detail of the diffractoneter 15 of

Fig. 1 conprjsing the first analytical unit supporting the source and the
x-ray &dsteRfithe Dgreshe structure for supporting and noving the anal ytical

unit. Fi [ t h ical ly, an articulation able for nmoving

sai d an%l{rlgcil re%&%lset%%lqrﬁs%?%éa@g@tcye?ﬁ%c%gﬁi ﬁ@f‘YoOé apei‘r'ﬁycgii‘ﬁmcg‘??a%tﬁﬁrrent of
the invesddrahg teahipr@&enfBRehiigh | on of a possible formof inplenentation 20
As an exanple™a x-ray diffractonmeter according to the present invention is

desce i bEtkurd Rerepreyanis sthahatically thatfeombl wieevefahe diffractymetef Hf Bipt et er

according to the present. invention. The equiéﬁrrent i ncludes a base (1),
that caHligge eyigmpeantaisehernsticaliyee|dstaibof dhe atiffrassorsetesroft rRigs pomati on and

positi Ogli)e%gﬁgaqpy, L e)?tlrgnqitgl%?ttﬁlei Qif?rgcg)lmee%rr tih%t includes the first analytical unit

supporting the source and the x-ray detector.
Figure 4 represents schematically the lateral view of the detail of the diffractometer

15 of Fig. 1 comprising the first analytical unit supporting the source and the x-ray
detector and the structure for supporting and moving the analytical unit.
Figure 5 represents schematically an articulation able for moving said analytical
unit in the space, according to a particular embodiment of the invention.
Detailed description of a possible form of implementation

20 As an example a x-ray diffractometer according to the present invention is
described.
The Figure 1 shows a lateral view of a x-ray diffractometer, according to the present
invention. The equipment includes a base (1), that can be equipped with two wheels
or other means for transportation and positioning and can also contain an electric

25  generator capable of generating the energy required for the use, ) a tank of cooling
liquid for the x-ray source and the electric components for positioning the movable
parts and collecting data from the measurement equipment and also to process
these data.
The equipment includes a support (3), an arm (4) supported by said support (3) and

30  rotatable with respect to the arm, to permit a vertical positioning of the extremity (6)



25 generator capable of generating the energy required for the use,) a tank
of cooling liquid for the x-ray source and the electric conponents for

posi ti oniwg oBloenspovabl e parts and col |l ecting data from t reTPazmsesrent

equi pnent and al so to process these 8ata. The equi pnent includes a support
(3), an arm (4) supported by said support (3) and 30 rotatable with
respect to the arm to permt a vertical positioning of the extremty (6)
WO 03/ 060498 PCT/ EP03/ 00546 5 that includes the analytical unit, supported
by the #ranifdudet dh&ianglytieal oegt, §6pporpet biyt thecarin X4 Y. Heocking (d'é)V](FBSS(i)I oned
Wi th respect tao the support ( ). The extremty. (6), also visible in the
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the equatorial plane coincidés wth the plane of draw ng, the axial
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exploration axis. According to a preferred enbodi nent of the invention,
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Wayis t hlgig. 3 the equatorial plane coincides with the plane of the drawing, the axial plane
is perpendicular to it, their intersection is the axis (13), called exploration axis.
According to a preferred embodiment of the invention, said primary Euler cradle (9)
is conveniently supported by a structure supporting and movement (14), called
secondary Euler cradle. A special system permits to the primary Euler cradle (9) to

20 be moved with respect to the secondary Euler cradle (14) to execute a rotation
around the equatorial axis (15). This equatorial axis (15) is contained in the
equatorial plane and is perpendicular to the exploration axis (13). In this way, the
whole equatorial plane can rotate of a certain angle with respect to the equatorial .
axis (15), and thus the collimation axis (10) and the reception axis (11) can rotate

25  because the source (7) and the detector (8) are supported by the primary the Euler

 cradle (9).
Fig. 4 shows a lateral view of the extremity (6) that includes the two Euler cradles,
and shows a possible implementation of the articulation mechanism of the primary

Euler cradle (9) with respect to the secondary Euler cradle (14). The primary Euler
30 cradle (9) includes two cog arcs (21) and (21°), suitably joined. The source (7) and



whol e equatorial plane can rotate of a certain angle with respect to the
equatorial axis (15), and thus the collimation axis (10) and the reception
axi s (1l)woam/osmb@at e 25 because the source (7) and the detreTtrPo3/(BY6 ar e
supported by the primary the Euler <cpadle (9). Fig. 4 shows a |ateral view
of the extremty (6) that includes the two Euler cradles, and shows a
possi bl e inplenmentation of the articul ation nmechanismof the primary Euler
cradle (9) with respect to the secondary Euler cradle (14). The prinmary
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two Eul ér cradle is ‘also foreseen. Wth reference to Fig the system
(16p equigtipacdiht tpranamytEmleBétadlm@Q)l Thlst hike ollterappes eft enaohhaisihnean be ound
the armaxis (4) of this extremty This pernmts a very advantageous
instr ur?éﬁltl}’ﬁaﬁﬁm‘?iﬁ%&y adRehnirien Offﬁb@diﬁﬁ& the possibility of exploring the

mat er i to be anal, ifferent. diregtions. th ref.erenc rks
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per penghauliaknd {va@gu@éﬂ&gﬁlgqyggg@gésegdﬂl s novenent is also perpendicular to
he 20 armaxis (4); these slides are al so noved by special notors.

With reference to Fig. 2, the system (16) equipped with a motor 30, permits the

15 complete rotation, around the arm axis (4) of this extremity (6). This permits a very
advantageous instrument positioning, and also provides the possibility of exploring
the material to be analysed along different directions.

With reference marks (31) and (32), two slides are identified; they permit mutually
perpendicular translation movements; this movement is also perpendicular to the

20 arm axis (4); these slides are also moved by special motors.

The motor (33), trough a screw mechanism, permits the translation of the arm 4
long its axis.

Other moving devices could be provided to facilitate the positioning of the
extremity (6). For example an articulation can be provided, preferably between the

25  device (16) and the system of slides (31) and (32), permitting a rotation around an
axis perpendicular to the arm axis (4). In Fig. 5, this articulation is schematically
represented by mark (35) and is set above the pivot (16) (schematically indicated).
This articulation permits a rotation of 180° and can be conveniently moved by a

special motor.



The motor (33), trough a screw nechanism permts the translation of the
arm4 long its axis. O her noving devices could be provided to facilitate
t he posi twormsng4ed the extremty (6). For exanple an art iPcalepbs/as4€an be
provi ded, preferably between the 25 @device (16) and the system of slides
(31) and (32), permitting a rotation around an axi s perpendicular to the
armaxis (4). In Fig. 5 this articulation is schematically represented by
mark (35) and is set above the pivot (16) (schemmtically indicat e@%h Thi s
art i cullastead ofeherisuppart (D avedicabsuppert £38 heaproniledoAlpaigi WhaiGhy AR by a
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el ementOutiteprimave Euleyaradia (O)poigtsg depikgs C%ﬂbg@@?o‘ﬂ é? @?gth‘?mﬂﬁglé‘?

o St s Sof SR AR MRS Il A5 g por
d, d t ' . t I inti
oS, ! G RPN SRARNEY VppPhsuoralopamnglundies go i

poi nt edrof gye%gﬁe b4¥e of @8MhaEstAS] plagt, dirfdls@en ohetart t6d Bjg dimensionetebaner a,
also fixed on"the primary Euler cradle and pointed along the axis of

exploor ahboed, (k) thal requivesr 4 apt destraesivensiregirad copire] et ROBYINEhEEYIS€er on
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projected by the laser on the surface of the element analysed, and their shape w11£i1
15 indicate the correct positioning of the equipment with respect to the element
analysed. Advantageously, the moving part may be moved by special motors,
controlled by electronic systems. These systems can collect data from the pointing
device and manage completely the positioning of the equipment.
Also the movement of the source and of the x-ray detector may be managed by an
20  electronic system, as wéll as the movement of the primary Euler cradle can be
electronically controlled respect to the secondary.
Source and detector can be of different types, chosen among those commonly used
in the diffraction field. These types include all the suitable collimation system (slits,
beams conditioning, and also monochromators if necessary). In particular, the
5 detector can include a slide system that permits the movement of the collimation
system (i.e. “capillary optic”, “poly-capillary”, etc.) along the reception axis of the
beam, from and towards the centre of the diffractometer.
The choice depends on the type of radiation used and on the characteristic of the

element analysed, as well as constructive problems of the equipment. In particular,

30  in the case of x-ray diffraction, the detector can be either a scintillation detector, a



20 electronic system as well as the novenent of the primary Euler cradle
can be electronically controlled respect to the secondary. Source and

det ect or wervsloen408 di fferent types, chosen anong t hose comcormPg3/usSed in
the diffraction field. These types in8lude all the suitable collinmation
system (slits, beans conditioning, and al so nonochromators if necessary).
In particular, the 25 detector can include a slide systemthat permts the
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According to a possible -enbodinent, a ionisation detector of gas, such as

a Geisgemrepuntivenl coantdse Hsthdreruseirod dandeidetectad uae dbadienpigiednsvith

Accor di ?j% fo referr d.esgo di rT%nt f the invention it's possible to use
a Gei gedC¥HGHA gt RETIE Gefy Ehdimgrt srceﬁarlﬁﬁl@handtr%epézpacaX@&rrq:smctsvely, to

proporti C . u sour ce and. det.ect an _be equi pped with
Gevt ces TRaren aNREE spid SR PRI BoteBRY cBeithiis PR oiheamp feamens

respect i@l yatdrfhl  £EIHE adrfalyRut shde ddlagieyour n : ic
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beam aceqricimentso operating requirenments 1o The di mension of the

equi pment can be, chogen in relation to the application the instrunent is
bui 11® f dheahamansianeh the gquipment randes, ceessnameralefiombe yhe appbeatin, thel n

articular, as . f.ar he pr.d mar e radle is concerped, the st be
g uf f: C?WW%’tdﬁé)dﬁgtégry?ngtﬁﬁpW% ﬁétﬁﬁe&ﬁ Vé‘iaeltse%rPoﬁmt?{%&r %‘FW#T their
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the sizey atlbguatelyusupgrbrp oveice aindt Betectoptiar @ldtigr endieir didetvfs bhd to
structures wthout the risk of vibration. For exanple, it has been possible

to i npl pemnt answligieptresrcustionedlong bid¢ wiintargnEuler cradle itself. It’s also

15 important to keep in mind that, by increasing the size, the required power of the
motors increases, to move the structures without the risk of vibration.
For example, it has been possible to implement an equipment as described with an
external radius of the primary Euler cradle of about 22 cm, an excursion of source
and detector, of the proportional ionisation kind, of about 135°, with a distance of

20 about 11 cm between the centre of the diffractometer and the source and between
the centre of the diffractometer and detector. Trough analysis of reference
specimen, results were obtained in armony with those of traditional diffractometers.
The structure can also include electric connection and connections for transmitting
data between the electronic control systems and the various devices of movement or

25 detection above described, and also pipes for the cooling liquid for the source of x-
ray.
According to a possible method of using the diffractometer, the latter is placed so
that a point of the surface of the element to be analysed is at the centre of the
diffractometer (12). When starting, that surface shall be perpendicular to the

30  exploration axis (13); when the surface is not flat, the plane tangent to the surface,



external radius of the primary Eul er cradle of about 22 cm an excursion of
source and detector, of the proportional ionisation kind, of about 135,
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and the source and between the centr& of the diffractonmeter and detector.
Trough anal ysis of reference specinen, results were obtained in arnony
with those of traditional diffractonmeters. The structure can al so include
el ectric connection and connections for transmtting data between the
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the speci nen plane and 20 with respect to the <collimtion axis. The system

i s t husBadggs low déSdf*sinh@; whers 1r Bfd edikdninybénand » etheokatelengthtafl thegr af i ¢
pl anes, that have a interplanar distance d that , for an angle O

cor r esp¥ntfdricap erpiged Bpgt thesopessi ti on of the source and detector,

satisfigs the ragg’. s Law n(err) =2d*si rr),..where n.is whol e. nunber
and thgcﬁ%‘%@?%ﬁat% B‘?szlﬁg Oé?-ratruggy IBE%HHE ?t@llp}agﬁpt%s s@@? c%l?‘l AB&or di ng
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recant i SRRl AR DT BoBinn 1 sbldfe hualdHRl Rt By b Ein MehisBluct

t hensel sxesmesyerwithr iespaut tth theespdetation 4He (ERpHasaitiopossibl toldtectithes, it
i's possible to detect the diffraction beamfromvarious famlies of

| at t i cedipfraeféen beam ffqrnngrione fBniipg dfdattise plaidsisetisfyingthyl Bmgg 1aMien t he
speci nme #',s a poifr;gc({)ystal line solid with enough small crystals, as it is
15 co CIRIHENGSibus fanilies of planes may be randomy oriented in all

the When the specimen is a polycrystalline solid with enough small crystals, as it is

15 common, the various families of planes may be randomly oriented in all the
directions. So by scanning various angles 0, the various families of planes that
satisfy the Bragg law can be detected. By a rotation of the equatorial plane, around
the equatorial axis (15), as above mentioned, and by keeping unvaried the position
of the source and detector with respect the axis of exploration (13) (that will be

20 rotated of ® together with the equatorial plane), The equatorial plane will be no
longer perpendicular to the specimen plane. It is thus possible to scan again the
different angles 6, and detect signals from the planes inclined of an angle ® with
respect to the specimen plane. The comparisoh at different 8 angles of diffraction
intensities at the same 0 angle (corresponding ‘to plane families with the same

25  interplanar distance), give an information on the possible preferred orientations in
the crystalline structure. This is equivalent to explore for a certain arc the Debye
circle.

Alternatively, the collimation and reception axes can be kept symmetrical with

respect to an axis laying on the equatorial plane and different from the exploration



directions. So by scanning various angles 0, the various famlies of planes
that satisfy the Bragg | aw can be detected. By a rotation of the

equat or i awopBam=9s around the equatorial axis (15), as abeca/mpenbisecned, and
by keeping unvaried the position of ®he source and detector with respect
the axis of exploration (13) (that will be 20 rotated of (o together with
the equatorial plane), The equatorial plane will be no | onger

perpendicul ar to the specinen plane. It is thus possible to scan again the
di f f er ewtisdaginalyse famiiaseelplanss grith sliffersmt tinelindtiome swithclespret! tofthan angl e
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t he expl orat.ion WO 03/060498 PCT/ EP03/ 00546 10 axis, to analyse famlies
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15 possible to use different kinds of sources and detectors of other kinds of radiation,

such as electromagnetic, acoustics or consisting of particle beams.



15 possible to use different kinds of sources and detectors of other kinds
of radiation, such as electromagnetic, acoustics or consisting of particle
beanms. WOWO033060498 PCT/ EP03/ 00546 11 CLAIMS 1. DiffractPematres/00546
conprising: - an analytical unit (9) Bupporting a source (7) of a radiation
beam having a collimtion axis (10); and a radi ati on beam detector (8)
having a reception axis 5 (11), said collimtion (10) and reception (11)
axes converging in a centre of the diffractoneter (12), which is fixed
with rdsbadM$o said analytical unit (9); - neans (16, 31, 32, 33) for

novi ng sald anal tical unit in the space; - neans (20, 20') f or rotating
sai d sdur Daff 1%8%%6?%¥”§Fﬁhnd said centre of the diffractoneter. 10 2.

Dt ggcgggnetaﬁtﬁmg 08, SRR b pdHIEE 7Y dr'F QUGG Hel, Snvini o @Y

ay detector. 3. D ffractometer

accordi ”gcélﬁnﬁitﬁlﬂn”&ﬂs ?10)2 anWhefadificnebehrelenstdr 6? hating32rec@p)ion famis movi ng
said analytical unit in the space, are suitable to permt to_change

t he sposi t (101, sfid sallimateon ()oind teeegtibh (At @mtcemvelgz)g 1% cantre of the
Diffractoneter according to an‘ﬁxof ta) precedin ein said neans

(20, 20') dfffactomneies ﬂ@),s\ah@hgé gd w1 rf‘éﬁact&etsé%[ 5’)31 BP’é?élu table to

rotate source sQ.t hat. i s (10) and said
recept i onn?)"%%(féj?%l g# g)k%’fipqvﬁn%ﬁalg(f%‘ ﬂgfr:cigg{lh] a{nh%rb ?é(ed with respect to
said firs | JArkd LAGIRIRLSY aduh@ @i Eeritfe 8Yheof the
pr ecedi nghjcﬁﬂgr(r%lé \fﬂrfgﬂ&%‘éu%séﬁas ytrl cal 20 unletl (9) is supported by a
support agffrpioenest structure (14) and neans (27) are provided for noving
said analytical unit with respect to said support and novenent structure
(14), <b anfracnmmnacgqrdu@ tom}.alm { oyhergin ¢hs %ﬁUéCf‘adeﬁa XoHY YRR % al axi s

(15) contai in i.d equat pl ane and passing through said centre of
t he di ffrﬂ@t‘%{?ﬁt@ff@ﬂ%?x By C&"ffractometer according to claimb5, wherein

Zﬁ;ij,?%'g ﬁa%kox?éﬁe? a(:&ér)dlﬁgsto BREmeN Gl \Aherbh SaidHERE (1 6PBaNg2083Fai d
for moving said analytical unit (9) in the space, are suitable to permit to change
the position of said centre of the diffractometer (12).

15 4. Diffractometer according to any of the preceding claims, wherein said means
(20, 20”) for rotating said source (7) and detector (8) are suitable to rotate source
and detector, so that said collimation axis (10) and said reception axis (11) are
kept in an equatorial plane, fixed with respect to said first analytical unit (9).

5. Diffractometer according to any of the preceding claims, wherein said analytical

20 unit (9) is supported by a support and movement structure (14) and means (27)
are provided for moving said analytical unit with respect to said support and
movement structure (14), so that the ‘analytical unit (9) can rotate around an
equatorial axis (15) contained in said equatorial plane and passing through said
centre of the diffractometer (12).

25 6. Diffractometer according to claim 5, wherein said equatorial axis (15) is
perpendicular to a symmetry plane of said analytical unit (9).

7. Diffractometer according to claim 5 or 6, wherein said means for moving said
analytical unit (9) with respect to said support and movement structure (14),

permit the rotation of the equatorial plane with respect to said equatorial axis

30 (15), without that the latter changes its position in the space.



7. Diffractoneter according to claim5 or 6, wherein said neans for noving
said analytical unit (9) with respect to said support and novenent

st ruct ur ewObd)pso49permt the rotation of the equatorial pl @ce/mBos/ossespect
to said equatorial axis 30 (15), wtiout that the latter changes its
position in the space. WO 03/060498 PCT/ EP03/00546 12 8. Diffractoneter
according to claim7, wherein said rotation is possible along an arc of at

I t 10, pref bl t | t 20. 9 T f t.qnet di | ai m 2,
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an anal yt R\ source ‘of a radiation beam having a

collimafi E@ffraaeﬂ)ﬁ]egégdac%ofcﬁﬂ' 2 CREMPEAMhEeHesi@ e iR bN®) ds hesepbitRMaRXi S,

said col'limation a reception, axes converging in a céntre of the

di ffract ofmtigtionddgher.s fixed with respect to said analytical unit ; 10 -
means for noving said analytical unit in the s.%)ace; nmeans for . rotating said
sourice HhDifferctemetryanetlind commdissegposetioning ediffgagtomstar SREIREISINGY t h sai d

centre of the diffractoneter. on a point. of .the surfagce of an glenent to be
anal ysed. ali@nig’.‘lc PRE FUBR G 4150‘{%868 Qirﬁfi%fm\sﬁ‘ﬁ?%i V&g acgﬁéﬂ“%?%al uni t

has a symiplidna PLANGIGN Beafl gl AR i PEEGBHRURE IRt ohOuld®

surface of*t enen anal'yse poi nt “coi ncident with said

centre of réé&?tighfafx'é@%bﬁ g inl2 centiré of tisk Biffiactopmeaty, wiieh o fixad auitidi ng to
claim10 or 11. 13. Method according to any claimfrom 10 to 12, wherein

sai d el emesypetictotsnid 2fklgtiedlysets i s not nmechanically linked to the
a Ior ac_t Ornr?etagg for moving said analytical unit in the space;
means for rotating said source and detector around said centre of the
diffractometer;
with said centre of the diffractometer on a point of the surface of an element to
be analysed.

15 11.Method according to claim 10, wherein said analytical unit has a symmetry
plane and said plane is placed perpendicularly to the surface of the element to be
analysed at the point coincident with said centre of the diffractometer.

12.X-ray diffractometry method according to claim 10 or 11.

13.Method according to any claim from 10 to 12, wherein said element to be

20 analyéed is not mechanically linked to the diffractometer.



