' *166166* DI FFRACTOVETER AND METHOD FOR DI FFRACTI ON ANALYSIS Field of the
.- invention The present invention concerns a diffractometer, in. particular
a' x-ray diffractoneter. In nore detail, it concerns jwmlmlmlmmm ter
~performing non 5 destructive tests on alenmentary conp are not
- suited (or allowed) for being analysed by traditional diffragt@eneters or
even on conponents that. cannot be displaced fromtheir original.
| ocation. Prior art Diffraction techni %léleﬁz are widely used in the field of

anal ysi s BIFFRA&TQMETERANRMETHCH, SMNALYHSby thi s
techni queare Lnpoctant.in: several field as chemstry, netallurgy and
net al | og?%‘ﬁi@?*@? P&%etqtf/oé' I ndustry, transportation, environnment, .
aeronaut ipge 3eSRBPAGRVerdtbn di:dilﬁ:%rﬁ’é“dae\éﬁﬁrf&&?@twat" ONp&tichlrt W ak-ray .
herit age. Sevgral -typg‘s’ of radiation are used or"di]?f?%ct S.rretri'c anal ysi s.
Very commdiffractpmetds Imhemodt fdetaidt iibrconeemnsi qudiffiagtommetey , perforauingomenand
neutrons. Particularly inportant are the techni ques-.of x-ray diffragtion.
: General | §FSEHPEVR itﬁﬂz._ W”;@ameamtc%@neg@d whichydreeaet shited ot iﬂgm‘i_ |
powder s %einggkng,gg&%g'&avggﬁoéalaifﬁacté\ss@%a&ss bP ¢ 9dh B8R LYSIRERS! hBEcdifiid: fe ar e
especially 1Tmterestin en rnvestigation 1s require or ~conponents of

‘i ndustri adisplagddfromn thed eiginablozation20 i n exercise.. These equi pnent
require a x-ray source, .a specimen stage and a x-ray detector. The’

speci men Brdor aftiested to rotate, so that its surface is illuninated by the

et ot or e B ol 2 sPaE Gl T sl BF SRR ety AE BelFe e,
rate 190 titRd obtaehdble cinférinvatidao byt 118 tebhrilhe® re i od@nE GnObevedil FR4€ia¢i Ng
the diffraction beamformthe crystallographic planes which are in the
ri ght poshemistry,ometallnegst i and mn@lbegrapg»y, dextractiveoiedustry,s transpartation,

O & BOL RN ackdhalith (o Qb e A lina SHAS) ot Bl RUNSLS B ffhral -

rstics SP _ C

heritage. ‘
Several types of radiation are used for diﬁhéfqmetﬁé- analysis. Very ¢ommon ‘are
15 the_difﬁ;acﬁon techniques by x-:ay,' electrons and neutrons. ,Particﬁléirly iﬁipdrtant‘
~ are the techm'q_ues .qf .x-,ray diffraction. _ ' S ’ N
Generally thzs kind of equipmént are used to detect diffraction from powders or’
pol?crysta]lihe solids. A_mi}ysis on polycrystalline solids are -especiauy intéres_t_ing
when invgsﬁgaﬁon-fs requiréd for components of industrial implants Em_d/él" implant
30 in exercise. . | _ _ | | -
B .The'se equipment feq1_1i;e a x;ray'source, a specimen stage and a x-ray _defector. The
specimen is.requested to rotate, so that its surface is illuminated by the x-Tay Beam’, .'
coming from the source under different angles. Specimen and detector are reqi_le:st-éd
~ to rotate simultaneously (oﬁtioﬁally) :at_.distinc"t rate so that their relative _.positioh
25 allow the detector for r,ecgiving_ the diffraction beam form the crystallographic
planes which are in the right position for reflection. _
‘The x- ray diffractometry is useful to bbtain information - in- field of chemical
composition, physical and mechanical characteristics of specim’ex_xs_(pfeseﬁce 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 -

*G00002*



l.
|

A

residual stress or conpression) of netal manufactured or other nmaterial.
"I't. is useful 30 even for precocious detection of defects or damages of
crystalline structure, for X111101121 111 I1 11111 1110110100.~11~ *@00002*
2 exanple, in welded 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

t echni que _] fal se fibroys ;structures.and gl asses . to

det er mi ne® %%ﬁ%a#’e@!@o%ggp \%}1 |%nora&ﬂg{rhgoadso{:hlﬁtﬁﬁﬁcalG%ﬂagﬁyé?lﬁasluess
char act er catidesSpreférred criviRdtioreef Usgbtdllide01dthee $hatIshse HY dBRRtIER ! Kigh} Ve
testing the lattice structure of conponents in inplants on exercifse. 1n
thi s casediffractignovhamparticnlaz procegures anpasloptede This tbhaiquespasefbesed ¢ i n
traditional lanal si s and Iaborgtggg t?s%s. Q‘t%n, it happens that the
conponent 2BHYS6 ST StHCtugs &n S§S 1S detaHOmS thestate pf copgeryatien and the
reasons tRR&Ridat ahH?h?ﬁ%EﬁéﬂM tofistfesdi ffractonmeter, and in particular, a
x-ray diffractonete at can be easily used w thout noving any structure
or - conpolteistsomfetirhes isafibtd inviestigate 'pons@destrh@ivet lebtingl ithd 1660 5BLSire
permts to.obtain a congiderable range of information (i.e. equivalent to
t he | abor 8f GIOMPeBENts AR oHBPIERES ono expEsises dnp dhigeeasearit pobﬁcnygifﬁbultner

i al . i Cife ] | .15 qni. f
Stress: prapofie i Bl eockinthe ¥ th i dend]cRRRrS Grnd faPorars, s « ha
const it ut ©ffehg it Ntha? the YeorRport®| ¢ 118 {rhffant Qx‘ﬁdl?@ra.?mh' i tan )9
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condition of the diffractoneter will constitute alimt € attainabl e
i nf or Wat | Beved: Forthisreasen, therejis thepessssity of o diffiectameter,dird maeartionlagra t hat

i ful_ for,hei d.n pl d, i .1h f| f th

tradi 1 oy (ARSI g, G B, Bhaioh MBed Sirhars, BeAvins e eReER or

The, abOV%dm?bﬁaﬂ%t thé QRDRAE. sEnPoRfanP iat %s%iﬂ%&t&ﬁﬁe‘i‘?@ﬁtﬁﬁQ Rtdig'a9:
ca d e co

an anal ytical unit supporting a radiation sourc avi ng i mat’i on axi s;
and a ra9nsidesablggrnge of infovination (i.ecequivalentio the kboratory diffiacicivetand

recepti Or}oaé(r'xaslyse powders and Ppolycrystalline matérials). In particular, it.is useful to

15 recognfse the presence of stress, preferenﬁal 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 labofators;

20  diffractometers.

Summary of the invention _

The above mentioned problems are overcome by a diffractometer comprising:

- an analytical unit supporting a radiéﬁon 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, named centre of thé diffractonmeter, which is

- fixed with respect to the analytical unit; - means for noving said

“analytical unit; neans for rotating said source and detector around said
centre of the diffractoneter 3 Preferdbly, said neans for noving said

- analytical unit pernmit to change the position in space of the centre of
diffractoneter. According to a favourite enbodi nent of the invention, the

di ff [ . X- diff t ter.. Pr, ef bly, id S, f
ot at | ng BEgrarab Bid e oo u B RS Bnaly il e oFiR Lol bagigs tbe pandion

det ect or, inSgalcBAF thd'Serie &f AFT&QbHGL | On and reception are contained in a
equatorial plane. This plane i1s fixed with respect to the anal yti cal

unit.-. Adcoorfiimgjtd o favdumite enibiodimehbof therihverdtidnhthe divRaétosibtersigiatk: ray
anal yticacll. nit is supported by a supporting and novenent structure and
means ar eIPPBEOREYE or 10 noving said analytical unit with respeet to he

t t i 0 SQ t th | yti | | £ t at
ar ound ar 00, ald AREE PRlling id Bhock HrEaFedthr o stfblecPaatel anc

and passismurédiand deteche, §6Hat €h®bxishef cllfiffaBich ARBYEEeptiDY sre dAtined in a
corresponds to a rotation of the equatorial plane ardund the equatori al

axi s. Thieguatqriad pdane. Jthas plene iisfiadd avitharpspent ity thpommilytical it an are. of at

| east 100 ref er abl f s .at,.least 20.qr even far higher val ues, for
parti cul a‘?c‘gq{gﬂg( ?%a%/ éﬁ)%% & ?’?.b?g%?:‘?fr af r?betla"%mfﬂ”ef%‘# eanadyiiead | ik tisof

t he i nverfupeBrted Mﬁ:?% f ' | it Wi he
support’ angg.rr{)t\c/err@n?ost u(f:’t%nuér’g,rﬁigfgr%me?islﬁt %’ghﬁ@%% gpfiorr? 0 ta#gi’ggﬁlgf%ﬁo I

pl andowi tthoviegpsaid analytibal wrtistitir fespeettiosthe witubturé of l3apEor and mbhemaint,s

position in,the space, 20 The pl ane perpendicular to said equatorial axis
and cont éP%ﬁb&Fﬁg‘ag@r‘ﬁﬁ} pnig can ﬁ%'gt"d?‘foPPQ@Pcﬂ%‘é% énlled equateual axkisrcondaipedt to
t he anal y}iwgal b P : Il al Jhi S ane _can .
const1 { LS BE SbBidrial Pithe ind padihg {nAMER B ke of GetafbAibnidty, Tnis
col | i mat ifact catespoids toanratation dethensphatdital ptire #bund Hee ERBItGHAIKIS FHT:

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- ﬁc—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.
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that the source can enit and as "reception axi's", the axis of the radiation

.- beam that 25 can be detected by the detector. The invention al so concerns
a method of diffractonetry, preferably of : x-ray diffractonetry

conprising positioning a diffractoneter 4as previously described with the

- centre of the diffractometer at a point of the surface of an el enent to be

1

i
|
i
1

anal ysed. s y 4 According to a possible enbodi nent of .the invention, the
axi al plane, can be advantageously placed perpendicularly with respect to.

t he surfaAecelfdmgmethraapg?é%bﬂe embadimentt of Khe poventiani thei aiial phneh cahebe
centre of |ffracto r| ter Accor.ding.to.an enb n f th |nvent on
sai d anal aceg perﬂ%qc{mulg%. r?@@ﬁ&ﬁ%?%@o ?:‘t'eeﬂ se&

di ffracto ¢ alMt mtggm THMLE WREETHRY, , 'd?fffh@ nin cont act. 'List
of the flgu{'n?é1 I%l gué:Ie, reprcesents sche&rrg‘tl'ixgg Lom afer al view of a

X-ray dlAi:ccadnmgretoeran emhmhmhcng afo thé\anpexﬁscﬁntsaim\aﬁalyse@ ¢lenfeng uise ndt:

represent.s sche &lcall 5 %Ir view-of the diffractoneter_.of Fig.. L
Fi guré 3 mephan gtadit Fy‘lt rdemeteroWithhwhish; mere preferrblyefis npt g, -

1, nore %p(i(}lfl(éﬂéy, the extremty of . the diffractometer that includes
the first I'cal unit supporting.the source and the x-ray detector.:
Fi gure 4° Eﬁpbpm@ wesematically the' lateral view of the detail .of the
di.f fract oneter . of Fig. 1 conprising the first analytical unit
supporti rIf;gume lscgpwemd Sclnmabkcaiby thejelaterabrviewdof e ssray oliffractometer, "
supporti tical-unit. Fi-gure 5 represents

gg oy ‘? t he- a.na L
schemat i GXFPIF2A'Q F? B{ﬁsg?ﬁ%ﬁ 1B e for movi ng said. analytical unit in
the %BaC‘Fx%@%CP{'épregeﬁt@ sc&nﬁ’ﬁiéa']]?‘t’b@rﬁ@dmbwmgfdliﬁ%%tdﬂ¥&?tof?g Pet aj I ed.

descriptio f a’possible formo npl enmentati on 20 an exanp -ray
di f fract diiggrer 3 acpms&ntsgsqlmmmallwresbmﬂ Dﬂ\)thntdlﬂ'mctometedesf:rFigedl more

specrfical]y, the extremity of the dlffractometer that includes the first analyhcal umit -
suppoiting the source and the x-ray detector. | '
Flgure 4 represents schematically the lateral view of the detail of the d1fﬁ'actometer '
15 of Fig. 1 comprising the ﬁrst analyncal umt supportmg the source and tbe x—ray:
 detector and the structure for supportmg and movmg the- analy’acal umt _
| _ Flgure 5 represents schcmatlcally an articulation -able for moving said analyt:cal '
: umt in the space; accordmg toa partxcular embodlment of the mventlon |
: Detaﬂed descnpt)on ofa possxble form of lmplementatlon .
20 As an example a x-ray dlff_l'actometer according to the present _ihyehﬁon'.- is
| 'describcd _ - |
" The Frgure 1 shows a lateral vxew of a x-ray diffractometer, according to the present
invention. The equlpment mc]udes a base (1), that can be equrpped with two. wheels
| ‘or other means for transportat]on and positioning and can also contain an electnc~
s generator capable of generating the energy required for the use; ) a tank of coohng_
| fiquid for the x-ray source and the electric components for positioning the movable
parts and collecting data from the measurement equipmert 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 pennif a vertical positioning of the extremity (6).
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The Figure 1 shows a lateral view of a x-ray diffractoineter, -according to

- the present invention. The equi pnent includes a base (1), that can, be

" equi pped with two wheels or other neans for transportation and,

“the pri rrafsw@dndncuéuagubd(ey)mte@monmthems

positioning and can also contain an electric 25 generator capabl e of

- generating the. energy required for th2 use,) .a tank of cooling. liquid

for the x-ray source and the electric conponents for positioning the
novabl e parts and coIIectlng data fromthe nmeasurenent equi pment and al so

to pr ocesg%a analtial eait popprted gt thjaeu'ua(é)t.lplpvkmq ggvicesif)ar m ( 4)

t ed d t (3 d 30 .rotat t
cermt s pmy %%lﬁ;a@.% RysigpRh B TR G dyppast CR AR el % 1, 1O
anal yti cal ﬂu% wsciﬂf?ﬂﬂrtﬁeelﬁg m?]@plegagnh@ﬂ)da i.ﬁciﬂylg&;ﬁ:e\(‘vpe&-@dempm t to

one

flxthea positi Spect to the support (3). &%ﬁ emty
(6), al so(g) snd)lotthernpdshmnﬁxggde\&c@:\dl'hﬂgdeﬂcﬁ ﬁ@h\sﬂeefbeae %mqﬂa (7)., a

he o1 enoprnsy Bk TatlecvBER Ay SmecgyATa i fe RRENT £ QLARPAIAT UV b

in the foym, e ,2fe5 Sourde tand tha)dauapp(ﬁ) Im&exdesagabed)m (7)
and the det ec%g}qo( In the descrlggd -cas t@gﬁr'@%@gﬁ@ﬁ dI eis
the anal ythe primany Eul (9!!1?41615( dy y nmoved
al ong the. @]eelgg%),g, ﬂ&@ﬁaﬂ, S Fot @icH pogitios resrhed he
primary Eﬁf’gr cra{%'l e by Ségce tEect or, e source ggglil | ITHT,I& axis
(11) 10 aadthé\pnnmqeﬁtﬂemnmmwwm9a@déetaﬁ%}bﬁiﬂqﬂ?cf rl;Qou nt

<12), which s the cent.r f t C@Rich is the
advantitgeadnd e ERReREoD axK; 11@ gﬁ #.{ re - curvat ure&o$ Eé)p“ marl;li Eul er
cradl e (9)enthh6f thecdiffrdi@pmert (12)(6:3:) carr adventagsonaly &Pmcxdﬁ withdtbeReaEnt r e

(12) in a plane, tge egua rial ‘Bfﬁg)e that is substantially parallel to
t he prlma ;O 15 Fig. 3 the equatorial plane
coi nci desyyitdxel @ OPlaaB 19, aahemdgawwmm thei centyel em m s plenpeti®i cul ar

toit, therr |ntersect|on|sth XS called
Accor di ngequaterishRIans; thad ivsHbstan GF‘S]fﬁg Gna ﬁEul er

e s e fgaggﬁ;ggﬁ pmmelems -
According to 8 prefen‘ed 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 Euler a-adle )] to
2 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 th:s way, the -
* whole equatorial plane can rotate of a certain angle with respect to the equatorial
axis (15), and thus the ‘collimation axis (11) and the recephon axis (10) can rotate
25 ‘because the source (7) and the detector (8) are suppoxted by the primary the Euler
' cradle (9).
Fig. 4 shows @ latcral view of the extremity (6) that includes the two Euler cradles,
and shows a possible implementation of the art;culauon mechanism of the primary
Euler cradle (9) with respect to the secondary Euler cradle (14). The primary Euler
40 cradle (9) includes two cog arcs (21) and (21*), suitably joined. The source (7) and
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zo ‘be noved with respect to the secondary Euler cradle (14) tor 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 equat60r|al pl ane can rotate of a certain

s angle with respect to the equatorial axis (15), and thus the collimation,

axis (11) and the 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 sg@?\/\@ oot @')@ho% gwngfﬂ;ééé r@g({‘rfr&% ¥ gb8) Rl by MO rhbRré 20

Eul er cr OWS a Possi b tatlon of the articul ati on
mechani sgydf 2(ohewmﬁ¢hmarry paktl bErsonfoediued (d@)ectart fa sap;mrtt (22)), Uhmtssdectorthar y

Eul er cradl e (14) The primary Eul er 30 .cradle (9) ? arcs -
(21) and prizasy, Eulﬁrtcaadﬁ (©disypportsiido dbe secondany Eﬁ&r crfﬁﬂﬁ 134){ \%e SpppoTt
det ect | t

ot o s o2, RS, SOl LA3FahEr ot Buar SN, BhenteRe e )
j oint gd tgg?ﬁhgﬁfal ée&e/sp%ﬂh@ﬁttwgl Ses@%hasmpﬁpmgs 4} of the bexoadannBaler

Eul er~cr The Suppor has a portion (23) havin a dovetail
shaped stiadle(1d), gass, pemuittstg uhe unevémentnof nefation afcthe regup plansaast y

25 dashed Fig h d Eul dl th
per i 1 ?;ngﬁlé‘r;%%lﬁé%n%m 38 4Erea, B SHE B AeE EARTEb 1 AR a&é“@@m
i scusSe v B39 SRS SM0kan s M) ol GiribofiBER hilag bBiabia 3Kl 20)

and- ITDV mat es w a‘correspondent tn

obt ai ned ugpmt Be:t'ae@rqes) sftfeadovdtaid strattirb €24 vmlaldncnessmmw @réﬂé}esTthes
endl ess. SCtrew pronotes the jo rotation of t r| mary. Ful er,.cradl.e - bg

Thi s 10l i ketatipheaf tby;mmerfy E’é‘éﬁﬁﬁd!ﬁr@)egﬁl%élke 2 sypieﬁﬁ JREFhaBiST Fag

technician.of.th ment devices for positioning in -
the spacéatlﬁé"&i’f gb%f&tb‘?%%f:ia% nﬁﬁ g’:ie\f@he two Eul er- cradle.is also

foreseena \Mifigs b‘f’flﬁb%ment devices Tk pbsitioniy AMie Spacthiepgttemity t(6) ahabt or
30, permts -t he. s conplete rotation, around the armaxis (4) of- th|s

extreni tjndlede thihtwo ﬁlﬁﬁq leds elgp)foreseen
With reference to Fig. 2, the system (16) equlpped with a motor 30, per:rmts the .

15 comp]ete rotation, around the arm axis (4) of. th1s extremxty (6) This penmts a very o

advantageous instrument posnt:omng, and also prowdes the pOSSlblllty of explonng

r-“‘?

the material to be analysed along dlﬁ'erent d1rect10ns , ‘
) With reference marks (31) and (32), two slides are rdent:fied they permJt mutually
perpendxcular translat:on movements; this movement is also perpendlcular to the
-20 arm axis (4), these slides are also moved by special motors. -
- The ‘motor (33), trough a screw mechamsm, penmts the translation of the arm 4 -
long its axis. '
~ Other movmg dev:ces could be prowded to fac1htate the posmonmg of the '
extrenuty (6) For examp]e an arhcu]atxon can be provided, preferably between the
25 device (16) and the system of shdes (31) and (32), penmttmg a rotatlon around an
axis per_pend:cular to the arm axis (4) In Fxg 5, this articulation is. schemat:cally__ .
represented by mark (35) and is set above the pwot (16) (schematically 1nd1cated)

This articulation permits a rotation of 180° and can be convement]y moved by a

special motor.



advant ageous i nstrunent positioning, and al so ‘provides the possibility of

- exploring the material to be anal ysed along different directions. . Wth

reference marks (31) and (32), two slides are identified; they pernit
mutual ly. perpendicul ar translation vemants this novenent is also

- perpendicular to the-. 20 armaxis (4); these slides are also noved

_ tranél at

by-special notors. The notor (33), trough a screw nechanism permts the
translation of the arm4 Jlong its axis. Other noving devices coul d _be

rovi ded to tat ' 1 be previtednalo chrom Hanpl e -
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s to a speci-al_device. Thlg(i/ggtlce{bo g
coul d rqhRtse ﬁfnawyl@ulér&:radde@) pmusngudwmgsaaq b prryids &3“ e to t he
structure p03|t|on|ng ret th gg‘ygst e rayeﬁbeded
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anal yS| S my a conponent of an operatin tﬁggaﬂgmepart

of afp i nflused,i axid ﬂla@rrf:qm@?s amep dgSrBEtLYR: ttrg?t%%ﬂ %Isé& | rrens%’oilns tgrdgetbé io ,
noved, and.fhat UI res t Hﬁfakyﬁuﬁ rma]eraid omiteditow inting
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t he pl’l mary Eultilqu ct adl egagg%E
poi nt ed ég,\wasmhfetmffrs&aﬁaeerazliz), hedd talieca@nm 89 fixed on QR PYDARY era,
also fixed on the -primary. Eul er ra e. an &£ ispof
expl or atdradle(ks). poiﬁtﬂsl alpag|thg 2%y ‘i ﬁﬁt‘fﬁd(tlgj) ’I;)Hr o?‘é&k%] f)m"teﬂgélsgger on
the surface of {gyeth lasm?'oh tﬁgash)‘ﬁeg of BB ¢émentraralyied, wnd Ithexr shape will

pro_]ected
s mdxcate the correct- posmomng of the equlpment with respect to the e]ement

analysed Advantageously, the movmg part may. be moved by spec1a1 motors, |
- comIolled by e]ectromc systems. These systems can col]ect data from the pomtmg

devme and manage completely the posmomng ‘of the eqmpment.

Also the movement of the source and of the x-ray detector may be managed by an

| 20. e]ectromc system, as well -as the movement of the primary Euler cradle can be .

electromcal]y control]ed respect to the secondaxy
Source and detector can be of dxfferent types, chosen among those commonly used
in the diffraction field. These types include all the suitable collimation system (shts '
| .beams condmomng, and also monochromators if necessary) In particular, the
| -detector can include a shde system that permits the movement of the collimation

system (i.e. caplllary optxc”, “poly-capillary”, etc.) along the receptlon axis of the

" beam, from and towards the centre of the d1ffractometer
The choice depends on the type of radiation used and on the charactenstlc of the-

element ana]ysed, as well as constructive problems of the equipment. In partlcular,.

30 in the case of x-ray diffraction, the detector can be either a scmt]llatlon detector, a



154 ndicate the correct- positioning of. the équipment with respect to the

- el ement anal ysed. Advantageously, the noving part may :be noved by,

special notors, controlled by electronic systens. These systens can
collect data fromthe pointing device and nmanage conpletely the
' positioning of the equi pment. Al so thé nmovenent of the source and of the
x-ray detector may be managed by an- 20. electronic system as well -as the
- novenent. of the primary Euler,cradle can be electronically controlled
respect th e e défbedRmént] wpes,
chosen aﬁ?glﬁlg %ﬁ%s@omhfﬁﬂué %cfhéégor? g;gttplaoﬁs?ﬂled IilThese t{/pes
| ncl ude jakilsatiBa @etetmblof gl buotnts anGeigst eoufist,i ¢an be ubedbecansadit theti ng,
and al so nonochromators if.negessary). In partlc | ar, ethgmzmv ect ; can

h

i ncl ude mdsbédialimensianst rﬁﬁcogbpmtpsa miéf%deﬁ@hp BReqt Ssyst em

. €e. |1 t | . arY' f
the” beix?ﬁps'sml%% T4 35408, $RREh B e of Ptgﬁcf{ﬂc@ﬁaté”ﬂ%t"@al e
depe ds 5 }, eoeﬁtei- a@‘uﬁbbﬂﬁoﬂés edutd 198 HbRcltatactw ieghippeds witke
ele ang yse as well as. consttuctive problens of the equi pment. In

parti CU|d9d’v1ces ﬁﬁt parmitethenshlﬁlhgxhe ayllﬂndtioma:md neqeptlhe axes méﬁlt%lﬁ,
either a scintillatjon . .detector sol r ot her

" devi ce. ragulatel ewfsids %éé@?ﬁ&l@ gﬁ‘ﬁﬁ@?ﬂéhf' OP&’ ﬁﬁtéﬁaﬂ’e%&&%ﬁ% gas,
such as Gei ger. e us '
. : o‘?fg aq egotél %Y anG ?Hé ﬂgﬁjﬁ%ﬁ eoeai’ﬁ ta@&?]rrdmg U Giférating -

di mensi ng to p erre odi'ment ‘of  the inhvention it's
possi bl g {lﬁ-eﬂfegtgi CGei ger count er inits field of proportionali ty al so
called 5 Broport i onal _counter.' Furt herm)re sour.ce and det eci %313

equi ppedThe uhneumnce%thqnaﬁmaemt canthe ehasens & FRjakom 1o She jaggliratio

t
ot et oy RefiERat 35 BEE 4P he pbChuchOMl Bl S ULALACR Y by eI, Tn
anal ySeg,aq-ﬂéuﬂkfisrmfa@dhbpﬁfﬁar?@ﬂéﬂcxﬂdle fsatoncefpedat they mmestbier sifBioient'.

i o The mensi on -of .t he equi-pnent, .can be chosen in r: Iat .oh to the p
appl i cattoondequately suppoFisaiee iagdndeteetor dn rekahaqie to iensions i to.

ooy s s L BBt RO slohd 4B R B e BT

15 1mportant to keep in mind that, by mcreasmg the size, the reqmred power of the

motors mcreases, to move the structures wrthout the risk of vibration.

For example, it bas been possible to implement an eqmpment as descnbed wnh an
external rad1us of the pnmary Euler cradle of about 22 cm, an excursion of source B
and detector, of the proporuonal ionisation kind, of about 135° wnh a dlsta.nce of -

20 about 11 cm between the centre of the drfﬁ-actometer and the source and between :

 the centre of the dlffractometer and  detector. Trough analysis - of reference
sPecrrnen, results were obtained in armony with those of traditional dlfﬁ‘actometers '
The structure can also include e]ectnc connection and connect]ons for transrmttmg
data between the electromc control systems ‘and the ‘various devices of movement or

25 detectlon above described, and also plpes for the coohng hquld for the source of x-
ray. . .

Accordmg to a possrb]e method of using the drffractometer, the latter is p]aced so
that a point of the surface of the element to be analysed is at the centre of the
dszractometer (12). When starting, that surface shall be i:erpendlcular to the.

30 - .exploratron axis (13); when the surface is not ﬂat the plane tangent to the surface -



4

to‘adequaiely support source and detector in felation to their dinmensions

-and. to. permt.' a sufficient excursion. along the primary 'Ei sler cradle

“itself.: It's also 15' inportant to keep in mind that, by increasing the

si.ze, the required power -of the notors increases, to nove the structures

- without the risk of vibration. . For efanple, it has been possible to

I npl ement an equi pnent as described with an external radius of -the
primary Euler cradle of about 22 cm an excursion of source and detector,

of the proporiional o sati | = fc,,ﬁ? tihd Iplophiidh axid] Ihascweof 20
about 11 5%‘??5%353%%#%@ gcbe}%mréég)@rqcﬁgl di ??act ogh%ter -and -the source and
bet ween : cou@ﬁanp@ﬁgl(m)ofom:mﬂgﬂe &Gnﬂmaeepecaneh phnecmm@'éﬁgﬁx’énal ysis

of . reference s eci nmen, results wer e obt ai wi th_ tho
traditi on§lO)dwillr onoste eagle, 0 with ﬁf‘eszef%a Hﬁ?ﬂgf/m ) @%tr. c
connection d con t | Failfst foni ¢
control s§g ‘n%'ﬂt\l‘:]/?ﬁ!slI ous evr%glaetstto m)verre t or etection above

descri Qedqﬁw@m PlERs, et hdve Eaﬂierpig:drldimdca‘ drthahe, ﬁymmemecle R ray.

Accord| ng t'o a possible.nmethod of uysi n e dlffr%fcf{; er ag% S

' pl aced sgonpmndgnb@? rfhe elatiye E‘tﬁ?‘&b tSREE| %ﬁ’b %%? S is at

the centr g, ol -kigy dlibidas @W&Erﬁ(xl%)whdﬁ@%ﬁmﬁeﬁﬁﬁdﬂ%em%légﬂ{3§ﬁ1‘5hal'
p

be. per pen - exploration axis (13); when the surface is
not flat, xt hey Ipémennmdgﬁ'anBbmesurface cal | ed specimen pl ane; shal |

b di I to th I t I 11
fﬁrﬁé‘rzﬁ” Acsrriins 0 A ot e, ??aiod’fﬂéscr%@%s.on%ﬂ;ﬁ%‘?%é) i
form g eguBnW(IWhﬁm ithe abgecmentiortd2d tation by kegping themsels

colllrratlon

famli es éﬂ@%ﬂ?%& =¥ F%f%ﬂ‘géug’?hg‘ﬁt(ﬂ%g’@chﬁ%gﬁﬁ@%% ‘g’é‘??},cg 3y
that , %g;ﬁ@ﬂlb&uﬁ fro:ﬁ&faﬁ%ﬁ.ilﬁiﬂm& of Iatfidecplagdsadativfying thiet Braggolaw at

sour ce. an tector satisfies the Bragg' s |aw nA=2d*sin 0, where nis a
whol e nunidifferemtoanglesh: wavel ength of the x- ray beamenitted fromthe

sour ce. ord 3l I?ugﬁﬁﬂﬁhlsa fd 'Wieh Qdoui 8madll driysits, e jedis (11)
-and ' th%ﬁ%g%&%tlon ax#;s)Jl perform the above rrentlo%adanro ation

by keapi ngombhwms ahe caxrious families of planes may be randomly oriented
- directions. So by scanning various angles 6, the various famxhes of pl'ams that
_satisfy the Bragg law can be detected. By a rotahon of the equatonal plane, around
the equatorial axis (15), as above menuozzed, and by keepmg mvaned 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 equatorial plane will be no
longer'. perpendicular to the specimen plane. It is thus possiBle to scan again the
different angles 8, and detect signals from the. planes inclined qf an angle © with
respect to the specimen plane. The comparison at different 6 angles of diffraction
intensities at the same  angle (corresponding to pline families with the same
25 mterpla.nar distance), give an information on the possible preferred orientations in.
the crystalline structure. Thxs is equivalent to explore for a certain arc the Debye
circle. . :
Alternatively, the co]]unanon and receptxon axes can be kept symmetncal with
respect to an axis laying on the equatorial plane and different from the exploration




synmmetric with respect to the exploration axis (13); thus, it is possible

- to.detect the diffraction beamfromvarious famlies of lattice pl anes

"~ satisfying the Bragg law at different angles 0. Wen the specinmen is a
~polycrystalline solid with enough small crystals, as it is 1s comon, the
--various Famlies of planes nmay be randqgly oriented in al'l the directions.
So by scanning various angles O, the various famlies of planes that
satisfy the Bragg | aw can be detected. By a rotation of the equatorial

pl ane, around the equatorial axis (15), as. above nentioned, and by keeping
unvari ed ;¢ hetPanhlysen farilies hef %@ms:@vimdifﬂa’eﬁcﬁmlimﬁbhs vetlpeespechio dhes of
exploration . (13) (that will be 20 rotated of co toget he'r.'\zi/i 3{; th@
equat or i akpluiraines) ,axlie Thisjisaimpedantpaee Vinpnogysialing giedEalpayen i Bl ar -
to the specinmep plape, Lt is..thus possible {o,scan i i Lferent
angl es Oﬁnﬁﬁéege_g’é&] 1§ ﬁﬁﬁ?sss‘ha? g‘ﬁPPﬁ 0 ﬁlhﬁr?é?l?rr?gﬂl%g@ g?llpgﬁdlgﬁig é‘sttgle.\'/vi th
respect 0. Lile SPRALITBH WhkA Secidl i tiiRa i 8 mteritld hveanibelarahgeds of

di ffract PBn 1 ntensit.res at '%e-sama 0 angle (corresponding to plane . -

f ani | k es Thet Rufiber sefraliffbrent tpekgiblen positioairen of ) thegequépuwent wooferatd & C¥n t he
possi ble preferred orientations in. the crystaliine structure. This is.
equi val enersatilitx po theuseef the diffrastometes t he Debye circle. Alternatively,

th Il {Jation and: PLi ' 5 ' 198! 5aMHeD St t-.
an axi's M7 gDs PEREREn daPors &) Tk Rra G0 SSRGS i e spdcRnaRs 1o
10 axi Sanaxgﬁgn@gééﬁuhmsl WS effendba85 Wiatha di fangeesf inforhiatiahi thrat adet h

respect to e exploration axis. -This is-inportant when nonocrystalline

mat er i al sompesdbleotdehosmaibyainedd foomi fraditianal rjsbosatore METFHENtS BE% (R
expl oration, axjs perpendicylar ta the. —-specinepn planga. . QF : i afF
di red®i oRBtEIREG heSURaY 87 SIS mﬁtwsﬁﬂéﬁ{% %}Qﬁﬂ Ea‘%hgjenﬁiﬁ?g?f%gi gl'.f?fer ent
possi bl e L1 oni-ag ] 4he imendAftBé Spacdlr eat’ versatility to the.
use of tfﬁ%ggé’ﬁé)%?g?ﬁg%re%ﬁ%\?ﬁgn t %é%gleci. men cle?m‘. be at |east partly nmpved

or ori entehhebeen tdescsbed dn trhaeticambydiffactppistens rind 2 gnethed: fortiEh ¥ss, 1o
that'-a range of ipfQormation 'that .afe conparable to' . o o rom .
i t1 oARCh HfoFAAIBRg HIEH ALEMES: hhip GsBRtes & preferred UARDARLR BFthe
' ' invention. Anyway, with equipment built with special dimension and features, it’s
15 .pdésiblé to u_sé different kinds of sources and detectors of other‘ldqu_ of ;adigﬁon,"

such as electromagnetic, acoustics or cbr;sis_ting of particle beams. :



10¢obt ai ned , such as single crystal instruments which have the highest
nunber of freedom degrees for orienting the specinen in the space. It has
been described in particular -a diffractometer, and .a nmethod for its. use,
~in which the radiation used are x-ray.' This constitutes a preferred
embodi ment of the invention. Anyway, wth. equipnent built with specia
di mensi on and features, it's 15 possible to use different kinds of sources
and detectors of other kinds of radiation, such as electromagnetic,
acoust i cs NEW@AIMSi ng of particle beans.. : 11 NEW CLAIMS 1.

Di ffractometg{ﬁ,gmekélceglpnsmgn anal ytlcal unit (9) supportl ng a source (7)
of a radiation beam @g a collimtiagn aX|s .a radj atlpn beam
det ect or ¢8)athanal pYAPS W“§>P|5§“‘(°iﬁ)° s"eﬁ""ﬂl‘ %"dﬂ’ 8ﬁ°tbﬂ3 2nd
reception (10%sg xeﬁ &ﬁnu%mm; blan? d28RHdr (89 haldng dlraéepesmm er1), (s3y) ,

which is fixed wit respect to said analytical ynit ns (16, 31
32,33)5for nelimation(id) An4 yrpten (19hexes Wﬂfﬁ%ﬁ%ééﬂ%%é’e%

rotating sal(e{ 25 QHiCRisHdd doth 8&h &Kt 1PdaRY/ re of the
~di ffractomet so that said col]imti on axi ;@éwﬁjfand said reception aids
(10) are -lmmtﬂﬁrﬁlaﬁz S4Lir Biovine spid saalytical BPA°%ispect to said first

anal yti cal, ua’afm( 20 g)af&%&%g R s RYE TBAdeBdctod CArbiin 6aid) cebtiBPOf theNJ
sai d anal yt ical unit )

neans for NDVi ai d apal unit
W th reepectiBciameens ah e oeih o limabemaris ALY and apl rorotion bie (A0) 1p
anal ytjcal Updde id 3h e§adtorial lhie, Hxed Withaespeel Wﬁﬁtaﬂiﬂyﬁdﬂﬁﬁt Mﬁt ai ned in
sai d equatori al plane and passing throu h sai d centye, of
di f f r act omet®$URPPES °n‘!;war%re%r=?§§e"1= ﬁl“c) uppULing s Hé‘a"r‘P?P’("fﬂ m)w ng said
anal yti Cﬁl Ukdns\(37) fbes::pmﬁg shid Bmdl eulpmf twnﬂﬂd'eﬂﬁmwlsudskuppimram( 14)
permt t erotatlo e uat o r QUi i's
(15), wit hodPoYema™ ﬁ%@“%‘é’t ?) c’ﬂa{'@gfhf g‘?%ﬁalt ] on%f&lgﬁggg%a%"ﬁé it
Di ffract orreteepamixndhrmsx contyined in esid priatbrivd plend wrd peasingythrongh said
anal ytical un L kgl ‘gpg“ ETs @ hlﬁ 30) are capabl e torotate said

un

anal yti cal it an  axi
o characterised In that said means (27) for moving sald analytical unit with respect

to said support and movement structure (14) permit the rotation of the equatoxjml
plane around said equator‘ial axis (15), without that the latter changes. its position
in the space. _
2. Diffractometer accordmg to 1 wherein said means for moving said analytical
- unit in the space (16, 30) are apable to rotatc_ sald analyﬂeal unit around an axis

l “ perpendlcular to sald eqnntorial axis.
3. Diffractometer according to claim 1 or 2, wherem thie source (7) is a source of |

 electromagnetic or "acoustic radiation or radiation eons:stmg 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 preceding chums, wherein the source (7) is a

x-ray source and the detector (8) is a x-ray detector.
s, leﬁ'actometer according to any of the preceding claims, wherein said means (16, 31 :
.30 32, 33) for moving said andybcd.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) perpendicular to said equatorial ax . 3. Diffractoneter according to

- claiml1l or 2, wherein' the source (7) is a source of electromagnetic or
acoustic radiation or radiation consisting-of particle beans 25 and the

_detector (8) is a detector of electromagnetic or acoustic radiation.or

- radi ation consisting of particle beansl24. Diffractoreter according to any

of the preceding claims, 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

precedi ng. glgfd@ommer eiccordinigd tearedaimie |, 31wheregp. 3aid 3gjuaterialnpe¥ifg said

anal ytical ﬁggg t. to change the
posi tion of{ ’sséii‘sdg?é "é’&%?o? #ﬁlact%yﬁétagmﬁ% y@)r otation or

transl at I’Drl)xtﬁﬂ‘raaamdteran@drslmgdalclaml1t whepein 6aldl3|"1’!'!“&é%'9net er -according to
claim1, wherein.,  sai uat rgm Wk flast 202 symmetry -
pl ane of saFﬂ“‘éﬁ%ﬁ’ﬁlﬂnﬁéﬁg 3%%5361410&5 Saﬁ’(@ er. according to claimi1,
wher esn sai thigFaetoRiktaarddomingato rclamh axwher@wga,xd |dcwptels:€$)blh‘7e aaPRYILAPhr ¢ of
at | east 10; preferabl at. least 20_ 5 8. Diffractoneter according to

claim 3, whiameRoREP et ector (8). is a proportional - ionisation counter.
9. Diff r@tmmoae«aﬂradmgugaoamy off thieyreqddee claives, chmprisingc s melntingg a

0L NN | dSNiCepRkaF 5 8 FlHical 0Bl O potiduid ia firAAGGhisP Wi 52 d

di f f r act omeBEACKPRRST PRINEA 40 Gn
Dl ffract OnBi-&beaQﬁahMeigeﬂmobbanaiy&d. wher ei n said pointing device conprises

- lasers.and a tel eca £
precéﬂl ndf ﬁ’Zﬁr “W’l%‘l"éfﬁc% %%ﬁ?c‘g Jg:%l %@u@ﬁgﬁ%?ﬂ?‘ogmgﬁy})cul ar
are 12. Di ffd’s&@tﬂﬂﬂtte;ecmbmd conprising positioning a dif actonctcr '
i I
conpri si gﬁhlauznganﬁet@ﬁ?ie‘éta& tg BY lor SHUBRR ARG wBeR Bl (18 alklyBchrEiitadn

beam ha ron a |at i on beam detector having a
recepti on athedfprmafd mm!?'l on. and reception axes converging in a

centre ofy 5t BerdiieRy huHRlYompttingpobiBiodihy & difRbicbimbtesesprist: sai d
an analyhca! unit suppomng a source of a radiation beam, having 'a collimation axis
.and a radiation beam detector having a reccpuon axis, said collimation. and recepuon
axes converging in a centre of the diffractometer, which is fixed with mpect to said

analytical unit ; |
. means for moving said analytical unit in the space;
" means for mtatmg said source and detector sround: said ‘centre of the difﬁ'actom'etcr 80~

15 . -

20 -
that said collimation axis (11) and said reception axis (10) are kept. ln an
cquatonal plane, fixed with respect to-sald first analytical unit (9);
- a support and movement structure (14) supporting smd nnalytlcal unit (9) .
- meaﬁs 27) for moving'said_ analytical unit with respect to said gupport and
.28 mévement structure (14), so that the anaslytical unit (9) can rotate around an

equatorial axis (15) contained in said equatorial plane and passmg through said
centre of the diffractometer (12), '
- gaid means (27) for moving said analytical unit with mpect to said support and
movement structure (14) permitting the rotation of the eqnatona.l plane around
30 said equatorial axis (15), without that the Jatter changes its position in the space;
" characterised in that it comprises positioning said centre of the diffractometer on 2

point of the surface of an element to be analysed.



analytical unit ; neans for noving said analytical unit in the space; 20 -
means for rotating said source and detector' around: said -centre of the
diffractometer so-- that said collinmation axis (11) and said reception
axis (10) are kept. in an equatorial plane, fixed with respect to said
first analytical unit (9); a support ag novenment structure (14) supporting
said analytical unit (9) neans (27) f of> movi ng said analytical unit with
respect to Salr.gi port and 25 novenent structure (14), so that the

anal yti cal? 0 (‘gP“E‘a&“? gtig 12, wheneinl said anslyticsl anit Abs axyxam(eﬂ@ 1&g ned

in said equgdigrglade ifpRRE e 0
di ffractometer Ijggll;) sai d neans (21% ?AUQHN%\%? §§b‘g§ieﬁ“’é‘%§ﬂ Wi@f‘eﬁﬁ?fh% th
respect to 6‘%&""‘3‘(1”'&1 %%ﬁ’éﬂh:dﬁauomm (14) permtting the
rotation 1af xthe Btaton] e I RNR 4R 313};9 §a| gaequat orial axis (15),

wi t hout thatthe | atter changes |ts p 5| i‘on TR the space; characterised in
that %t -léobmwmam@nyn@zsmaam 14, whertinesaldl dlérhat ito BRBAIyIEd &

poi nt of t heySHEdhas Q be anal ysed. 13 13. Method according
to claim12, erel %ﬂ al cgé%naﬁ%g?‘%g%m * has a symmetry plane and said

pl ane ii placed perpendicularly to the surface of the elenent to be

anal ysed at the point coincident wwth said centre of the diffractoneter.

14. X-ray diffractometry nmethod according to claim12 or 13. 5 1 S. Mthod
according to any claimfrom 12 to 14, wherein said el enent to be anal ysed
is not mechanically linked to the diffractoneter.




