19 JUN 2006 1 *166166* DI FFRACTOVETER AND METHOD FOR DI FFRACTI ON ANALYSIS

Field of the invention The present invention concerns a diffract ter, |n
_particular a actonmeter. In nore detail, it concerns'g’me

dlffractonetamnmﬂm|Mmmmmk non destructfve tests on elenentary conponents
whi ch are not Sulf8 (or allowed) for being analysed by traditional
diffractometers of even on conponents that. cannot be displaced fromtheir
original 1ocation. Prior art Diffraction techniques are widely used in the
field ohppRlACTOMETER ANDIMETHODFGR DIFFRACTIONARNMI €Siff or mati on by -
this technique are inportant in. several field as chemstry, netallurgy

and . met Fi¢ldgifahlyinventionct i ve industry, transportation, environnent,
aeronauti cs, aerospace, . buildings and even conservation of ‘cultural.
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diffrac |oncftrom powders or crysta |ne SO ysi's on

pol-ycrystinlgl dri2dysed b;d&aait@nelsaﬂﬁaaﬂoh)etetrstocrees:t bﬂg:onyyhﬁﬁntmﬂﬁst:amﬁitlhln is
required for components of industrial inplants and/or inplant 20 in

exer ci sdtspmdeﬁ@qdhgmgm?éd@ﬁaﬂ@na X-ray source, a speC| men stage . and a
X-ray detector. The specinen is requested to rotate, so that its surface is
i um ng_ﬂiﬂ"%ﬁ the x-ray beam coming fromthe source under. different '
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pl anes which are in thée right position for reflection. The.X- ray :
di f f r acthemsistry, i setalbiigy eod ometaliograply, mertraetiven mdustaypftrmmapn,

env1ronment, aeronautlcs, aerospace; bu1]d1ngs and even conservation of cu]tural
" heritage. ' o
Several types of radiation are used for dlffractometnc analys1s Very common are
15 the dlffractlon techniques by x-ray, electrons and neutrons. Parthularly 1mportant |
 are the technigues of x-ray diffraction. o | ST
| Generally this kind of equlpment are used to detect dlffractlon from powders or',' |
polycrysta]hne solids. Analy51s on polycrysta]lme solids are- especmlly 1nterestmg
when 1nvest1 gatlon 18 reqtured for components of industrial 1mp1ants and/or 1mplant
20 in exercise. ' '

. These equxpment requ1re a x-ray source, a specimen stage and a x-ray dctector The
specimen is requested to rotate, so that 1ts_surface is illuminated by the x—ray beam, o
coming from the source under different angles. Specimen and detector are requested

- to rotate simultaneously (ojﬁtionally) 'at distinct rate so-that their relative position
25 allow the detector for receiving the diffraction beam form the crystal]ographxc
planes which are in the right position for reflection. '
.The X- ray dlffractometry 1s useful to obtam information  in- field of chemlcal
composition, physma] 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 s_tructure, for -
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‘conposi tion, physical and nmechanical characteristics of specinens (presence
of residual stress or conpression) of netal manufactured or other

., material. It is useful 30 even for precocious detection of. def ect$ Jun 2006
damages of crystalline structure, for 2@0002* 2 19 JUN 2006 exanple, in
wel ded conponents or under load or fatigue. Generally, this stress causes
preferred orientation of crystalline lattice that can be detected by x-ray
diffraction when particular procedures are adopted. This technique is
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under analysis can not be 10 noved. For this reason, there is the necessity
of & didlfenaichbamd physiealcharagpenidtiosul ar, a x-ray diffractonmeter that can be

easily used w t hout Vi ng, any, struycture or conmponent of the inplant. It's
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structural defects of the material that constitute the conponent anal ysed,
avoi di nQftehatit hhppeusr that tharcomywrent grctheditiplant ahdehandiybisr eaxt aioetber Wil
constitute a limt for the attainable information. It nmeans that it is
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radi ati on source having a collifation axis; and a adirat1 on detector
havi ng eonsiizeableaangeiof infoamdtion|(i.eneduivaleanto tlecboratoryadiffractometers

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 .
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



25 converging in a centre, naned centre of the diffractoneter, which is
fixed wwth respect to the analytical unit; - neans for noving 9@ gU
. analytical unit; - neans for rotating said source and detector aroun’fi @i d
centre of the diffractoneter 19 JUN 2006 3 Preferably, said neans for
novi ng said analytical unit permt to change the position in space of the
centre of diffractoneter. According to a favourite enbodi nent of the
invention, the diffractoneter is a x- ray diffractometer. 5 Preferably,
sai d medieferahlys said meags Sof toying saidandlydicakbenib peranit te ghange thet positiomt e
source and det efct&)or, %o ga tR)g'natXi s of collimation and reception are
cont ai n&Q SPFELL 1BGFEPSE © ﬁtqag €%hi s plane is fixed with respect to the
anal yti g L.t i: j i f LB tion, said
anal vt 1 ool to @ HGbEIAL S Bl AHAR RS rRHEGH (I Bitlerdrbli R Y1
means ardeffiacerheied. for 10 noving said anal ytical unit wth respect to the
structure of support and novenent, so that the analytical unit can rotate
aroufd Frefexaldy, saldl meamsgfcat tatalg saidssourombad rettctomarehsuitablato rotate pl ane

and passing through the centre of the djffractoneter. This fact

cor'r espéauEretanddeieetar.iserihat theraxis gl goHimationantheccaption are Rentaines:iora al
axis. This , type, of tation, i vant ageously possible for an are of at
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pl ane with respect to the equatorial axis, wthout changing the axis
posil® | omaving lsaidspnradWicad anithwith|rasrech é¢ B stiveaiiegr of Spportiand waevement, 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.



that the source can emt and as "reception axis", the axis of the radi ation
beam that 25 can be detected by the detector. The inventi.on Oé@ rns
. a nethod of diffractometry, preferably of: x-ray dlffractorretry ngﬁesmg
positioning a diffractometer as previdusly described with the centre. of
the diffractoneter at a point of the surface of an elenent to be analysed.
19 JUN 2008 According to a possible enbodi nent of "the invention, the axial
-pl ane. can be advantageously placed perpendicularly with respect to the .
sur f aceAetotding attalay pedsiblel embotimentt be theiinvemtiom cthd eatialviplaned leEn cdentre of
diffractoneter. Accord| ng to an embodi nent of the inventi-on.said. analysed
‘el ement advaxnageqw Y Plarederarpendianiaglycwith gespast to thesudacer ofi theapalysed wi th
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schematineahdnically@ichinkctedl tbthe difftsaehen®] KithoWhich, Shord, prePirgbly, is not .
specifically, the extremty of the di ffractorreter that i ncI udeS the first

anal yt i evain inrdontactpporti ng -t he source and the x-ray detector. -Fi gure 4
~represents schemqatically the |ateral view of the detail of the ..~

di f f r ackiskef the Higiress Fig. 1 conprising the first analytical unit: .
support d the st o
Subpor iRl I RBRBE R SR afiHE Vil B Bl PRl

schenmat]eatdiy Q@tﬁé bté‘sghfaﬁwgﬁtmﬁbl e for noving said -analytical unit in
-t'he space, % to. a particular enbodi nent of the...i nvention. - . _

Detjai | dtigdtesZrepnesents sthangtesdiytthe ffantad wewi qstﬁxlheldﬁfﬂatomateiaf Bigah exanple

a x-ray dlffractoneter' ccord ng to, the present invention:is described.
‘The Fi dligerel3 Siepheserty §¢ ]‘iﬂlué’v@dte ail pfthe diffractommeteneatort lgacledl'ﬂéﬁtg to

' tegﬁl Bhgsf?gﬁ\ﬁ&‘tcﬁh? m%ﬁfﬁrm@%f ?Hé‘ﬂﬂﬂ%@tomét&l th%ﬁnceiué)e% %e (t‘lr)st anar]yhca
supportmg the source and the x-ray detector. _ _ _
| Flgure 4 represents schematrcally the lateral view of the detail of the drffractometer "
15 of Fig. 1 comprising the fi rst analytical unit supportlng the source and the x-ray- -
detector and the structure for supportmg and movmg the: ana]yhcal umt '
| . Figure 5 represents schernatrcally an articulation able for movmg sald analytlcal -
umt in the space, accordmg toa partrcular embodrment of the mventxon o
Detarled descnptlon of a possrb]e form of 1mplementatlon N
20 As an exarnple a X-ray drffractometer accordmg to the present mventron rs' .
| descnbed - o . | L
' The thure 1 shows a lateral view of a x-ray diffractometer, accordmg to the present -
invention. The equxpment 1ncludes a base (1), that can be equlpped with two wheels '
| or other means for transportatron and positioning and can also contam an electnc-

25 generator capable of generating the energy required for the use; ) a tank of coohng_
lhiquid for the x-ray source and the electric components for positioning the movable
parts and collecting data frem the measurement equipmerit and also to process.
these data. | | o o _

The equiﬁment includes a support (3), an arm (4) supported by said support (3) and

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



or other neans for transportation and, positioning and can al so, contain an
el ectric 25 generator capable of generating the. energy requi rea S SWN 2008

. uée,) .a tank of cooling liquid for the x-ray source and the electric
conponents for positioning the novable parts and collecting data fromthe
measur enent equi pnment and al so to process5. these data. . The equi pnment

I ncl udes 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),. 1 UN,.20 c ‘?ﬁ%ﬁ £RLod devipen(5ed by
the a=m (4). éesdggeg%éﬂ%u%e% toh?lxthe arm(amﬂgsmlonéd)ewlth
respect to t?&@ @@tﬂxtthéiﬁm (Ippoﬁubmmmmwwahscw De
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and Fig. 3, des a x- sourgc

det ect
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ar.ch, ray source (7) and the detector (8). In the
descri bed, Ca IER 6 dradie ywiEch enaycadvintigbsusihbe imthieyformaf apir

(7) and dete 8) can be’ convenient|y ed al on e.pr

cradle (9). aevot ¢ syppsirt therx-rag sonese (7 bﬁngﬁée‘g‘?‘i* @Eﬂ%'&‘r“tﬁr’rg’a?‘%“E Bé’e"
source and det ect.or S I! afgﬁchpﬂm el dnd @AektbP E8Y EEDE ON
axis (10) ar %ng'ﬂfeécﬁg?so%r S "a p0| ntXS&ré WhICh i's the centre of
the diffract gpRicpicdiliihoastialons tireciman gl thQeeWhtPP&lh@ﬂm
~curvature of the primary Eisler cradle

thus rotate andhmgnmw B’rﬂ'F@ ﬁ%sqqﬁc%&ﬁgﬁgaq %efou%%eo °l rral. pl ane(:1 ?hat

i's substantial (0l dﬁbﬂﬁ@dt@&ﬁdﬁﬁ;{o&)t(lmﬁwhithmlﬁeﬂ g.
3 the eqdét oﬁ‘é)&'eo c0| ncidés with ?syhe pl ane of the drawin he axi al

plane is peeaﬁf@lbﬁﬂheadlfﬂrmctomc:ter G12)r anichean edantaggoysly cpibcle with(gp ceplfp| o
expl oration axis rdin ersed enbodi ment of the | nvent I on,

sal d pri mrycm@mefgmwﬁw%@?p ‘;‘]’vé fently supported by. a structure

' supporting aad BRYYI ey and 141), E&|ﬁ| thes. ro?wsemmdaﬂaﬁzcgw?r(maw a.plang,plhei a|
systempernmits to t eprlmacy uer cra tQ Vv ect
to the secondqm@toﬂllréaﬂﬁ;(fb?éll% 5@8&&'@ é’mﬁ?{“ﬁ' qgfﬁ?uﬁg ﬁ:ﬁﬂ
cquatoria, ags gk J@h&gﬁﬁ@&&ﬁ 'ﬁEs a&msmé eidf fedrawitgy the akiad plane

equat ori &P p sper endl cular to eexlorat| xis, (13). InthIS
way, the is perpendlcularto it, their mtersecnonmtheaxls 13), calleé) exﬁorano&xmgis

According to 8 prefermd embodiment of the invention, said pnmary Euler cradle (9)
" 'is conveniently supported by a structure: supporting and movement (14), called. .

secondary Euler cradle. A special system permits to the pnmary Bula cradle ) to
6 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
equatorisl plane and is perpendicular to the exploration axis (13). In this way, the
whole equatonal plane can-rotate of a certain angle with respect to the equatorial
axis (15), and thus the collimation axis (1 1) and the receptnon axis (10) can rotate
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 thg.tw'o Euler cradles,
and shows a possible implementation of the erticulation mechanism of the primary
Euler cradle (9) with respect to the secondary Euler cradle ( 14). The primary Euler
cradle (9) includes two cog srcs (21) and (21°), suitably joined. The source (7) and
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whol e equatorial plane can-rotate of a certain angle with respect to the
equatorial axis (15), and thus the collimation. axis (11) and tifeJUN 2006
. reception axis (10) 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 extremty (6) that includes the two Eisler cradl es,
and shows a possible i rrpl enmentation of the articul ati on mechani sm of the

Do stesion 83 S0 Shrd ey bramahinneb x Sesronsved b clostjoebmerondd,
i tabl , N 20 6 6 th tect
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pri mar r cradle (9), supports It to the secon
The su(g)y has (azza)omhas(zé) pmvingn- (@@taihashiaped sindoet a@4)sﬁnap§t@luethwct ure
"(24)said. structure 5 rupning in a corres(iondent cavity (25) (dashed'in
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d 28
of t hetbyshHtsBpdse? %"?‘3?@@?%%“"‘%%@}‘%2 158 PafilCto BRGNS BOLEEE (20 o
of thempkedasy aFutctor (LAPked (Bites Wit a boﬂ%&pﬁﬂd@ht R8s dYraifiBE HNkEN can

be easily inplenented by a technician of the field. A series of novenent .
devi ¢ eaaye;vrsmfﬂsqet (289iofthe rovhailsgamsureh@4x Thisendless( ﬁ:)rewmzbmotes: thele t he.

two Eul er, cra Is_alsq fores t.h reference to Fi .. the system -
(19) erﬁ’Eﬂtb?iea P]Hm:fr}lrgzt“ i 338} \nAH(b(l% likgeot E‘GEEVR?& @51 @géh?’{ﬁl&tqa@nbe ar ound
“the ar | &g‘h{ Th| s pernits a very: advant ageous

| nstruérzrerﬁlﬁgglé%)fzgfrﬁﬂgbﬁt cﬁéﬂoaptfl{gw des the possibility of exploring the
mat er i Al seifeshef aroveysnd deviveg foi Poeihningin ¢hé ispace thy Eﬂi‘trélﬁft?r@)%aﬂar ks

(31) and. (32), two slides are identified; they permt nutua o
perpendchﬁbdheﬁwar@llafﬁl@d enig wlsosforeseenhi s novenent is al so. perpend| cular to

the-. Omdrdhftiics tb g, tzh‘?ﬁee s?étér%eflﬁréaqu%ﬁgd TS r%ou?rpseﬁ | perits WMo

15 comp]ete rotation, around the arm axis (4) of thls extrennty (6) This pemnts a very'" _

advantageous instrument posmonmg, and also provides the poss1b111ty of exp]onng '-j
the material to be analysed along different dn‘ectlons _ , S _
With reference marks (31) and (32), two slides are xdentrf ed; they penmt mutually '_
pexpendlcular trans]atlon movements; this movement is also perpendlcular to the: _'
20 arm axis (4), these slides are also moved by special motors. o o
The motor (33) trough a screw mechanism, penmts the translatlon of the arm 4 -
Jong its axis. - ' . o -
- Other moving devices could be provided to facilitate. the positiOning of ihe |
extremity (6) For example an articu]aﬁon can be provided, preferably between the
25  device (16) and the system of slides (31) and (32), penmttmg a rotation around an
axis perpendlcular to the arm axis (4) In Fig. 5, this articulation is- schemat:callyl_ -
represented by mark (35) and is set above the pivot (16) (schematically md]cated). |

This articulation permits a rotation of 180° and can be conveniently moved by a

special motor.



The notor (33), trough a screw nechanism permts the translatloP of the
arm4. long its axis. Qther noving devices could be provided te Pl 206t e
. the positioning of the extremty (6). For exanple an articul ation can be
provi ded, preferably between the 25 dgvice (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) (schematically indicated). This
arti cul gistA Ry s‘%@ ﬁt)atvaﬂcﬂfs dforaosh baErdwdaprav@fg emidly armvdyl by a
speci al notor. . JUN 2006 7 Instead of the support (3).a vertical
suppor tmagrramslate veititadly tharquommlaérdmm)Th1mnxqahaupmcwlddtmtaé¢ ly
_thanks to a _special device. This vertlé upport could rotate ., around its

axi s, taroundiits axisa thus ghang p fuhemites Q&Se‘?t ke the sigeeture PRHEPRSNi ng.
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the” instrunént correctly wth respect ‘to the el enent under investigation.

As.des COhhkeé prinhryEuleheradkl (Qmpomtm@khaweecaiayi)eqarmyledefonpunpmmgrthe of an
oper at'i ng structure ,. for exanple part. of an_industrial plant, i?gl SO an
el emantlntstmrrbng cgrr mth TQS@e‘HetOlﬂle elmﬁéﬁun%dnwﬁtgatmu iAscdessribg

-destruct,i ve st.r u ur nt r oi nti can | asers
i xed GPPavRe THF & K ehRlysisaaube,D chRRantH o van SPHatiBg SHEPLIED | fo
diffr a%???‘t“ﬁ‘&’n{ égl)t cifaa'hdmﬁHstﬁh?Pﬁ'ﬁ?r@r al8b 98 cldnrad t?g blé@he%ﬁaﬁy to Byl er :

cr adl e.’'an e axfs of exploration overlap of the

L Woy0S p%éve@f@@ﬁiadet}mre&e ot skestroativé etractufﬂmentrbl tT\lee plomting -deviskysed,
and their: shape wi |l 15 indicate the correct positioning of the equi pnent
with resspeincluds twe lascenfixed oantépymam@éﬁftqg@s@dypomﬁed mwm@l%art

yei eneeblah arak iRepReer ok R o RSty aeL o R e R, oo
“the posikarny mﬁfedthsng%u mraf exﬂ]&ﬁﬁbhe(wpvnﬁewermp éf't-hesﬂvti @pot@nd of

the x- ray]cgl or may be nanaged
: prOJected by the laser on the surface of the element analysed, and their shape will

15 mdlcate the correct pos:tlomng of the equ:pment with respect to the element
| analysed Advantageously, the movmg part may . be moved by spemal motors,
- controlled by electromc systems, These systems can collect data from the pomtmg
. dewce and manage completely the posmonmg ‘of the equ1pment '
- Also the movement of the source and of the x-ray detector may be managed by an
.' 20 - electromc system, as well -as the movement of the primary Euler cradle can be
electromcally 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 condmonmg, and also monochromators if necessary) In particular, the
| 25  detector can include a shde system that permits the movement of the collimation
system (i.e. caplllary optlc” “poly-capillary”, etc.) along the receptlon 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 partictllar,.

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. Sourﬁigqﬁk 00k
. detector can be of different types, chosen anbng those conmonly ' ﬁ '
the diffraction field. These types inc$éude all the suitable collimation
system (slits, beans conditioning, and al so nonochromators if necessary).
In particular, the 25 detector can |nclude a slide: systenlthat permts the

noverrent of the collimation_, system,( . "capillary optic"
"pol y- caglid stafe or@aYy) O@Pbr@omd%eepf\pe@rdwe o H ppﬁe leb@arhpdnneﬁh and
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a 19 JU'\bé’sQQﬂeBt&obsei #1@éigelcoater. i iR feldV6F @ﬁspmonéﬁgprasagcélteda
possi bl €..-" enbodi nent,. a 1 onisation detector of ‘gas, such as .a Gei

countser , pm@orth)mals eduntsec Fusidermeére; hesurce raaadudemtctbrrremmbmgqumpcdr u»uthg to a

'preferred enbodi nent - of ,the_invention Jt S sible- to use.
count er devicesthat pegmis thep hypgithe spil m;atum ol EeAepHan BXps 6?§BF§‘%1 510
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I nci dent, on material to be analysed and diffracted beam ccording to

oper at i r;@qtlﬂﬁmemesrents 1o The dinension of the equipnment can' be chosen in’

relation.to. -the. i.catiqn the. strument_is.built for and ‘be. such
t hat 10al IThmélméWIé’ésOf]eﬂ@ eqiipRISnY can 3}9p@?qs§§ in zreﬁath;htq ithe,pRPlicRiion the 45

the prinary Eul I st be S f : |
adequat elp§ ﬁﬁ %é@g;‘g%hg%%g}%%éqﬁ g‘t flﬁﬁgeﬁﬁ% tﬁé&r S@Rﬂgﬁ |0¥‘PS and
to per;ﬂaﬁ-tlcﬁ‘lafbﬁsffa?'aﬁﬂhe BE4ES Fller cﬁb@l@%%@ﬁc&hbﬂarﬁleﬁuhﬂfst beadificiehsel f
It's also 15 Inportant to keep In mnd that, by Increa3ing the size, the

_ requi r edopaderuately tsupporiosauree mndrcﬂeetsr ih creation tch¢heit rdmhnmensvandwtmt t he

risk of vibration_ For exanple, it has been possible to Ir[‘E) ff[m -
equi pnemerqgt e suffigient \GXcursign along the prlmary ‘Euler cradle itself.. It’s a SO

15 1mportant to keep in mmd that, by i mcreasmg the sxze the requlred power of the
motors 1ncreases, to move the structures thhout the risk of v1brat10n .
For example, it has been possible to implement an equlpment as descnbed w1th an
extemal radius of the pnmary Euler cradle of about 22 cm, an excursion of source'
and detector, of the proportmnal ionisation kind, of about 135° w1th a dlstance of -
20 about 11 cm between the centre of the dlffractometer and-the source and between
" the centre of the d:ffractometer and detector. T_rough analysis - of . reference
Specimeh, results were obtained in anndny with those of traditional diffractometers.
The structure can also include electric connection and connectlons for transnntt:lng"
data between the e]ectromc control systems ‘and the various devices of movement or
25 detection above described, and also pipes for the coohng liquid for the source of x-
ray. | o | o -
Accerding to a possible method of using the_ diffractometer, the Jatter is plaeed 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 su;face is not flat, the plane tangent to the surf'aee,, '



external radius of the primary Euler cradle of about 22 cm an excursion of
source and detector, of the proportional ionisation kind, of aboul 91 200¢
. wWith a distance of 20 about 11 cm between the centre of the diffractometer

and the source and between the centre of the diffractonmeter and detector.

Trough analysis : of . reference specinef, results were obtained in arnony

with those of traditional diffractoneters. The structure can- also include
el ectric connection and connections for transmtting data between the.
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starting,. diace s be perpendicular to.the exp] or.at i.on S
(13); when tdogirfibtibmarisi Thecsystbmaﬁ thuSI‘@li)IOaﬁFée‘ttéh@@E@ rffg“mﬂ’lé %)1(93| M

2W9 cal | ed speci nen pl ane, pe ndi c axi s.
' Thus the cuyitillegradf Hﬁ?%ss( "f‘)l“F Prsmifﬁﬁ gﬂﬁ ;ah&{yﬁé speCI e pleane
The recepti on aXI e#% *qe lgtwerrk@gu@@gfqhg Mutde Qﬁuadengmmuanf,ﬁanmeand
co

20 with respg® mat i axis. The systemis thus abl det ect
the rays refg dﬁg%%dhb,ynj,azﬂ#siﬁe whers wisyswholeommifer eng Athe svave a they
i nt erpl anar ance.. d that , for an angle 0. correspondent to the

rel ative posc-&apbemmﬂgm&%ﬁ‘&r%et ector, satisfies the Bragg' s |law n?

2d*sin 0, where ! u n etﬂéﬁv@lhﬁﬁﬁbh ofis t(1%) and they
beamemtte ?‘r%ﬂ'ﬁg anso ;8%% ﬁ HQor I'hg %%62 possi bl e operat,i nq net Bod t he

col I'i mat jpn Rxégtionldis 4be), ‘perfoan the abeteplmbﬂnﬁkm"myy Vehove
menti oned rotation, by I n ens I %twmg

expl or at i on SYEUBSEIE ‘ﬁt‘ﬁgc&ottﬁfgx@g r‘gg% thés ‘i‘ﬂﬁﬁ»o&ﬁdl ffracti on, beam
from variousgy | ranpfrohfvihas ﬂainmasfsaucsp;magsaasm deBragg law at

di fferent angles When the specinen is a polycrystalline solid with

enough snal Id;ﬂemahglesﬁs it is. 15 conmmon, the various famlies of planes
may be randogVIhy 0 éeg‘t:ced | N, aA bofjj}?ystaﬂine'solid with enough small crystals, ag it is

15 common, the various families of planes may be randomly oriented in all the
. directions. So by scanning various angles 8, the various famﬂ:es of planes that
satisfy the Bragg law can be detected Bya rotauon of the equatorial plane, around .'

the equatorial axis (15) a3 above menuoned, and by keepmg unvaried the position
of the source and detector with respect the axis of exploration (13) (that will be

20 rotated of o together with the equatorial plane), The 'equato;ial plane will be no
longer perpendJCUlar to the specimen plane. It js 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 comparison at different 6 angles of diffraction
intensities at the same © sngle (corresponding to plane families with the same
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

25

circle.
Alternatively, the collimation and recepuon axes can be kept Symmetncal 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 pl a%%
that satisfy the Bragg | aw can be detected. By a.rotation of the 19 W

. equatorial plane, around the equatorial axis (15), as above nentioned, and
by keeping unvaried the position of tie source and detector with respect
the axis of exploration (13) (that will be 20 rotated of co together with
the equatorial plane), The equatorial plane will be no | onger

Perpendi cul ar to the specinmen plane. It is thus possible to scan again the
di f f er edkisatyyleaglyse &nmiligatafcplaneymitls differmmt eclinatiens svithneéspeet! tofthan _
angl-e co wth, respect to.the specinen plane. The _conparison at different 0 -
angl es 81‘%*@?‘&@( Bn 1 1S HEPRIEY wiher hanorearistellinggmatqriads heypdadbeg t o

| ane faniqi it b 25 i nterplanar disfance), give.,an infoymtion
o the BRUYRER S i FaRBTIEte BBPERE PR oferabon sl pdpracitiande dhe Thi s
is equi t ' | ' Lhecl e P

Al t e_(r:] riatg}?é\/(feﬁl?ltf,njI%1 ﬁgé’gé)ﬁiﬁﬁ%ﬁ ?()c??] gﬁfghgglgseg{ﬁgaﬂ%f gggglgaﬁ’ egg Fb%eag][a]yg)e/ﬂ‘rret rical
wi.t hs r @hpemimber af diffarchtipossiblenpsdiosiagabPihel eqpliiéntaBenfdtd hepriat: from
t he exploration 19 JUN 2006 10 axis. .to analyse fam'lies of planeS wth .
di f f er eMerseilityl toatlicorse ofithe diffigpiometes the exploration axis. This is. =~
i mport when nonocrystal l.ine material s have to be analysed, or if it's

i rrpossmnt ﬁlepégF?% P EAR bedh gaﬁétc Péﬁiyamoyege%@ﬁep@i’iemm ttgetﬂﬁ’éce dbeci nen

| ane, . e n @5kl £:8CLI4Q i n ter]_alsgha to.be anal ysed. .
The nurbielVF "oppmties AEChypRted (ed Ml il DM PrhRE JBAF 4K
great vesrApirabld ot thdsee obmnedl fidde Ghditioast qwﬁfowy\ﬁgﬁu%ti gﬁg'y ng& can

be at least part!ly nmoved or orientable in the space _ _
opptr t wotitained asuckasesingle, crystal finstrememsgwhich hatertheithighest hatmbere of -
conpar apl e, to t hose obtai ned fromtyadifional |aboratory instrunents may be
10 obt ?‘ﬁ%}d’m dgﬁfﬁ?ségr STFpfing the,spegimenin theddace. whi ch have fhe highest

nunber ofi of dam S QAL LERiden .Speci men _i.n e. ace..Lt,has; ',
been daLdes R AR A e e L LS SR G TRl B B Wi e
i n  whiwhichithe radiationomsed e xafag. ThifWonstithfes @ Padfefrd REnBoRARHEOf tHe

enbodi-ment of ‘the. - invention. Anyway, -with. equipnent: bui-lt wth special .
di mensiiByentian. fABYWAks Withtegiipment built with special dimension and features, it’s

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 el ectromagnetic, acoustics or consisting of pgr\tﬂ?
. beans.. 1,9 JUN 2006 11 NEW.CLAI M5 1. Equi pnent conprising: - an anal
unit (9) ‘supporting a source (7) of a radiation beam having a colli rratlon
axis (10); and a radi ati on beam detector 1{48) having a reception axis (11),
said 5 collimation (11) and reception (10) axes converging in a centre of
the diffractometer (12), which is fixed with respect to said anal ytical
unit (9); 1, 32, 33) for noving said analytical unit in the
space; mmmg) for rotating said source and detector around said
centre of the Eqhiipnsent ooraprésing: so that said collimation axis (11) and said
reception axis (10) a .2 i ‘Hﬁj Whitihatigs pect
to said first “é‘rﬂé‘f’%}ﬁ%ﬁfmﬁg %’pﬁéfﬂl SQL’Igé g’gé’?t r%lﬁ%fmrmveﬁb focture z 4)
supporting salgu@rqm))ytandad radiatton(&)am deweatos (8 Bavihgra rmpmotg axisi d1),
analytical unit wth r to sai upport and .nove 4),
so that $he arﬁﬁnW‘i‘té%ﬂ 83 i a F’EFP@&Y%%“&H é\fttﬁél al iaxcm 15)
contained in- &E&l@&@&b&htﬁk@ﬁ&t @sEHi0g vnfti(@pgh sal d 15 . centre of

the diffracto ter {l\g char acterj sed ha sajd means (27) for movi ng
sai d anal yt i careapsi(16.4l¢ 32, P é@pmsémém} hePAiGvenent structure

(14) permt, ”}ﬁ {2&) 99)0 orth l&%‘uO&d@ée aﬂd%wmmsmai RAwata ihel
axis (15), W thout at t'he att changes its p03|t|8 in, the s c)e 20
2. Equi:pnent abmmmaoehaalsmdlcommm Axis 1L angh 5 H‘S?P“%W-ﬁgﬁ’

-anal yti gal un:-tf ptthlgn Bitor gﬁg‘m%g% Rakl st AndlpHad ankOy

anal ytlé aroun en Icular to said e uatorial axis.
3. Equi pment acﬂmmngMOﬂmmwmrteOﬁmmgﬂfé q‘("i‘ s a.

‘source of el ec%ngﬁg%te in 98&%;}&{6&@ it WicOkespaét & kAR APOrelanAg Of

particle beanms” ctor det ector of el ectromagnetic or
acoustic radi anpvemensrstructierieflitl o cthat ithe PHQIYBFalp‘a'P‘F (@) eanyZogpte around an

equatorial axis (15) containied in said equatorial plane and passing through said

15 centre of the dlftractometer (12); _
characterised In that said means (27) for moving sald analytical unit with rwpect
. -to said support and movement structre (14) permit the rotation of the equatorial
plane around said equatorial axis (15), without that the latter changes its position

in the space.
20 2. Equipment accordmg to claim 1, wherein said means for- moving said -analytical . . -

- unit in the space (16, 30) are capable to rotate said analyﬂeal unit around an axis
(4) perpendicular to sald equatorial axis. -

3. Equipment accofﬂing to.élalm, 1 or 2, wherein the source (7) is a source of

electromagnetic or acoustic radiation or radiation consisting of particle beams

25 and the detector (8) is a detector of electromagnetic or acoustic radiation ,or
. radiation consisting of particle beams. ‘
4. Diffractometer according to any of the precedmg clauns wherein the- source (7) is a
x-ray source and the detector (8) is a x-ray detector.
5, Diffractometer according to any of the preceding claims, wherein said means (16, 31
.30 32, 33) for moving said mﬂyﬁcal.mut (9) in the space, are suitable to permit to change

the position of said centre of the diffractometer (12) by rotation or translation of said
analytical unit. '




4. Diffractonmeter according to any of the preceding clains, wherein the
source (7) is a x-ray source and the detector (8) is a x-ray detsatgoﬂUNE?‘m
.Diffractoneter according to any of the preceding clains, wherein said neans
(16, 31, .30.32, 33) for noving said analytical mlt (9) in the space, are
suitable to permt to change the positi of said centre of the
diffractoneter (12) by rotation or translation of said analytical unit.
X1.9 JUN 2006 12 6. Diffractoneter accordl ng to any of the preceding

clainms, wherein said equatorjal a r.pen r
Ol A of "o e o fo Ry 3t b P hreabeb RS, Wit i oo Y L
the precedi ngéféﬁi gé_gm wame@yguﬁ@lofssﬂl&alyemamom).al axis (15), is

possi bl e al on f at | east 10*; referabl easts?%o 5 g
Di f f ract onet. eerﬁ‘mcmmhtﬁgacwd@BéPmns’d\&h%Pé?Cﬁd@él jdrougd, said -

proport i onal 2Rl b8y (R9ObSbI duodhol i ard0uS 1, ;ﬁ@x@ﬁbxy Meatsozmny of

the preceding ng a pointing device placed on said

anal yti cal iniDifffdjomdter aq:msimg ¢miolms3, whenehy yaid cdetectoni B) . i%i& FTOROZE t to
- an element to be anal d. 10 10. )foractorreter according to claimS8,
\/\herel n said ;5%4’ §X i ce conprises two |asers and a tel ecanera.

) Diffragt Mﬂoﬂemraw}gﬁgﬁmm of zepieneding alaims, dommyising 4 ppinting

anal yt i cal un| t has e f0|: ArC.ee ]l f hod
conpri si ng podieyice gl d’“oﬂ"f Y@ﬁét“é‘ft (?grgﬁ Pgsflﬂ?g&m%gh@ an 5ana| EPMC uni t
supporting a %@ﬂj’e@@to% aeﬁ:@ﬂhtalb!emalgeedn havi ng a collimtion axis .and a
radi ati on beam detector having a receptiop axis, | i

receptitn Hed¥ferptometsr RGeqriing ’é’eﬁf‘ﬁ"g ﬂf'ﬁié(‘- e ’é‘%f'ﬁqe eE"T%E"\*/ﬁ(il c%ngo
fixed with re mpstng(pammeaﬂal ytical unit ; neans for noving said
analytical unit in the spdce; . _heans tor rot ati l’g{l gdd L GE f’]ﬁﬂ

det eet or ar olhd)lﬂ'ﬂm@&mﬁé“tﬂm{gﬁ@ YFRTECFAnE Sl R&Y Sard col I rnati on
axis (11) and Lﬁ@f&n{ﬂqﬂméﬂﬁ-ﬁﬂ s (10) are kept In an Equatorial plane,
e ey i e8] bl g U tiob i comprisig:

an analyhcal unit support:mg a source of a radiation beam, having ‘a collimation axis
‘and a radistion beam detector having a recepuon axis, said collimation and reoepnon
axes converging in a centre of the diffractometer, which is fixed with respect to said

analytical unit ;
. means for moving said analytlca.l unit in the space;
" means for rotating smd source and detector sround: said centre of the daf&actometcr 8O

15 =

; -that said collimauon axis (11) and said reception axis (10) are Kkept. in an
quatonal plane, fixed with respect to said first analytical unit (9);
- asupport and movement structure (14) supporting saxd analytxcal unit (9)
- oeans (27) for moving said analytical unit with respect to said sapport and
.25 mévement structure (14), so that the analytical unit (9) can rotate around an

equatorial axis (15) contained in said equatorial plane and passing thm“gh said

centre of the diffractometer (12),

gaid means (27) for moving said analytical unit with respect to said support and

movement structure (14) permitting the rotation of the eqnatorial plane around
. 30 said equatorial axis (15), without that the latter changes its position in the space;

characterised in that it comprises positioning said centre of the dxfﬁactometer on a

point of the surface of an element to be analysed




a support and novenent structure (14) supporting said analytical - gtwm
means (27) for noving said analytical unit with respect to sai d supp

25 novenent structure (14), so that the analytical unit '(9) can rotate
around an equatorial axis (15) contai neﬂ In said equatorial plane and
passing through said centre of the diff éctorret er (12); said nmeans (27)

for moving said analytical unit with respect to said support and _novengnt
structure ( 14)1\/ﬂa&rdat| dctondipgtth elaim 131 whereinfsatdreaalytiod tuaiti has pmn&ﬁaruimﬁjandso

said equatoria W t C td Qi i N
t he space; aﬁaﬁgi’igp? g"e‘a;‘faﬂ ptq%?m?(ﬂ&?lmﬁ?%??‘gé%%ﬁgg}et#%?ﬁgo ts’%u g%gt r gﬁbof
the diffi act ONESiRE coditidenpoith said terttoaof the diffetonfetan el ement to be anal ysed.

19 JUN 2006 13 13. Met hod accordl ng tg claim 1% erein said anal yti cal
unit has a é#rﬂiﬂ'ﬂ}'fhfé?%%ﬂ’ QQP‘%’“&E‘%@‘? %ced perpendicularly to the

surface of Wikt et boraddlysedliisl
centre of thgeb(#hor ag{mﬁﬁﬁ W?%ﬁggizdwgr’actorre?ﬁgglerretehod according to
claim12 or 1Snot5nélcﬁamcﬁlyﬂnﬂtedit0¢bedlfﬁgcwmetanw claimfrom12 to 14, wherein

said elenent to be analysed is not nechanically linked to the
di ffractoneter.




