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50  whereby assay of the metal content of articles fabricated from precious metals can reliably, accurately, and
rapidly carried out, and wherein the required equipment is relatively inexpensive as well as of a compact size,
and operation thereof can easily be accomplished by somsone without extensive training. Furthermore, the
apparatus and method should be applicable even to small articles having a complex structure.
In order to achieve such an object, the present invention provides a metals assay method in which an object
85 to be analyzed is positioned so that an X-ray beam that will be generated will coincide with a measurement

point on the surface of the object where it Is desired that the analysis be carried out. The sample having been . .
thus positioned, the measurement point is exposed to an X-ray beam having a diameter of 0.1 to 5 mm, atwhich _.

point fluorescence X-ray radiation is generated which is then sampled. Spectral analysis of the captured flu-
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§45 requires quite specialized know edge. Summary of the Invention In
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type of precksidsd tgm-raﬁwa%‘ Shrlinﬁe&laqpkrﬁanﬁﬁ t dfatnbter of 0.1 mm, It is possible to analyze with

high resolution quite small samples having a complicated shape and structure. In the case of samples having

a large, flat and even surface, the diameter of the section of the sample exposed to the X-ray beam can be at

60  the maximum diameter of 5 mm, wheraby both the speed and the accuracy of the assay can be improved.

The present invention provides separate mechanisms for positioning the sample in the X - Y plane, that

is, in the plane parallel to the surface of the sample at the point where it is desirable to carry out the assay,

and for positioning the sample along the Z-axis, that is, perpendicular to the X - Y axis. Positioning in the X -

Y plane is conducted by the operator using a monitor whereby the position of point to be measured relative to

55  the point where the X-ray beam will be directed can be observed. Thus, since the position in the X - Y plane
is selected manually by the operator, the assay can be directed towards any pointon the surface of the sample. .
In this way, for composite samples fabricated from two or more different components, the metal composition__ -

of any component or portion of the sample can be determined. In the case of adjustment along the Z-axis, since
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25 The netals assay apparatus-of the present I nvention Includes a
movabl e stage, the position of which Is adjustable In three di mensions on
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4




the sanple along the Z-axis can automatically be optim zed to provide the
nost accurate assay. ‘Usi ng the above described fundanental paranetric

met hod, cal i bration curves, standar &P94snfeeB1and the 6 like are .
unnecessary. Thus, determ nations of the conposition of unknown sanpl es can

reliably anghofsédtiindd@notable stagel diivd mectiakibrh € his RYaxia Piditish Bhadr & canlboRbBH ordx-
paranmetri c &fgid)afl opticallsérdona@a ight d0ircé MEuUnteR RISty AOthe MovDdtage Nsolthut baaed6H a

el ement's, wheamaipighefrghi thaighy soi@a Peksy litbrupted ai reflocted by the 8eléctdd@esal; @iot ithélsdnipleg €t
el enent f r owe Zasis pasition @n be jggedfon ivhich tpsiak eariatile signe! is supplied franh thaBrakisposkionsahsor
primary &onpoteitte Zomdsrlingar drve gechaliem cheriperrent of the njovablet stagg diiveasieghaninn 13 gia ednppater
primary conpdheredy contepilingitees’-axsdingar diiye tiechanismip @prsopriatelyl adjusithg Z-aufe pasition. ned
target val ue, In9ydingsy apefation, the mVEU" stageyi2 stprts 4§ ety epsitiom (Teen; asedaniadionel sups ay
a sanpl e, dePFPA? “&%M‘P‘Fl“ﬁ?ﬁf firiye mechanizysy camppRent of Aepablestage drivi machatiens 1hr e~ -
essent | aI ofausasifipimove °1%'F'1"’ eyardynt d’l"F g"ez!w@m*m* b“‘z‘ax‘smﬂhﬂ -

t i 1T *"'° 6o 9igag e d- of
f hgoéfgsenlww ﬁ\’j‘l A Z‘*Pﬁ@ i@% trofe vawep;a@eoaf_ g
m ned by Cae.%sgﬁ o o E move wnwanﬁ%g 1 'é
1

obt ai ned sp ki
pr edet ergi nggd o Goa Wco RIS, A%Eiﬁ&n cbrpie Ie? argmea &Ig e 6, key-
know . met-al - glaRiVe Bd% fiopdy ok Bivi9r Bndul ey l@esed?ﬁ'iIQ)ébm agaaeeﬁm phi

m st aken fog;oa{pgleueviegserrent s from-the stored st andar d va ues; |t-becanes -
possi bl e to elanXiriaHead 18iSdrevikBdlablottnd foktieGRIb bddvadie smwdsomatmx-?dy%emgenmed
Mor eover, Wy theX-eaynut@mbused thbreja feddé aipRoximalsitla 4aPgngia iwitin the Iipeh Siiaceddf Movable §Rbe/
manyal,, 20 t 12 dftecpansivgtirough aalingstnp 20 witich gs naduntbdien gideEXtay headelnt Homer, foratptray wbd
of the cont euseddm¥-raydepiosiafongwithomricwadmeratiog mardraiers aresupplied franapX-eay cantrolumit 19
nmet al s can Wiichrigeanhacted witt bdmputatd ineontealier 130whsreby fhe Beveer pivdMariavn opdrating)parameters
Dr awi ngs Fi typplied fogX-tay head 18 can bke\gordigtingibaged o eontrel isignalseduprriied (term congrollef 15; weich are
met al s assa'?“!ﬁ?) frelledh based on sigealp fremeamputerfyent i on. Fig. 2 is a right side

vi ew shdii ng fPréhee?Sz?é‘F"h%'r°“%eFM&'8't’Er%h%f'1 & Agel '§9 fa&%’& Y P‘&?Yd’teﬂ%“di“e fheowe
present in- - ’%“Vé?f 1"9§°'\? eERNts (18 'Y'“gnf?e';

structure o ref' éf”&”ﬁ' ‘F’“qhﬁ'ée '"
: T S

. 4 8 ex
3. Figs.g,5 ’?J" m - RFdard ve% ,525 té?.;& oHa
operating tfigodih e cxal a6 et e numer':E
7 is a fl ovwgdaiadifionbify! ackdtseylotiE MeEstled inteRéky QGFP&J bﬁmgi@;rs ter !afg§ mm&or

are graphs oo moﬁp&ﬁnédao&bsﬁhmslmamm asesp&msﬂms [PEh& presehi 1behtid
metal s assay IpQREIdubIS méritiohddSeridndRidt detddiéE1tliocaidd abded ﬂé\)aﬂdsml&éﬂblnﬁﬂe ﬁtfm
‘the Prefser rsigsifyimadtsiEy kg, e sbiicdndgtorslot éxiivhilg) TRedldctriod Powek (anikblsTdr Séniifiductor
enbodi ment sdesdctot earg canaeied withy Bigt voldage pbwek sdufte € 2fid ihb olpubisirhindledretonnetad @itt O
t he dr awi ngsmultichannel analjze23.which titbludes g int& nal AL doaveaer! vieingse emplifief22 tNiticiemoebanaal|
appear ance lfer 23jein trsw ednaected withycompyter O foute ssmicpinyctprdeteciort 10, depeading entheetypp used, -
shoyn. As clhmehe nseassary g empley aieonling mgehanisnusingglorpxamplerliquid niffogethe  appar at us i $
‘essenti dPly 46 Vidse sameragddeiprovided irarpadialsly pbovie oprblpsstage 12, wiersby igagen ef the gample to
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moni tor a1 ihé okt MERGal mode can suitably be selected for unspecified alloy samples or for samples including un-
usual elements. Additionally, manual mode can be employed to further refine the results obtained while car-
rying out an analysis in routine mode. When routine mode Is chosen, selection of operating parameters Is car-
ried out on the basis of control programs in computer 9.
When manual mode has been selected, it is then possible to further manually chose between a qualitative
55  mode for verification of metal species present, a quantitative mode for quantitation of metal species present,
an auxiliary mode, and a shut down mode for terminating operation of the apparatus. In the case where quan- .
titative mode has been chosen, it is then possible to the operator to choose between the previously described ™ -
fundamental parametric method (hereafter referred to as FP method) and an analytical curve method for ana-
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Referring to Fig. 4, the internal conponents of the nmetals assay apparatus
of of the present invention will be described. The sanple to be assayed Is
pl aced on novabl e stage 12 which | sEBPSNWERYin a horizontal ori- entation.
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In I'ts uppemams ThyzOgid silest and dhetifuniiGan More ciabiyidbntifiatl andaoatitiedOsveniviied shifts Ia &hafp| e
| s nount3d taresdosdingyesi@ptabl e..,. The X - Y planar drive nmechani sm
conponent of iespeaficaegistprediiaments pelbeen selertidasitargat dements, the infaintities bEpeaks in the
conput er 9 9ltiteined sprctrwh kesrespbRding/td tivgel elerednts arecaicriated, @tlerwhicinthe HPmethed is gppligddo

t he .above nieE coladated plansiiiesig teraby detesming aqantitatiye data.f | oppy di sk “dri ve- 17 as

| npyt, deV| ces “eﬁnﬁlb"l"ﬁ‘@‘ma'l!?@w H?r'ff |"!?H@€IWE|"S Eigtof gl Hhe galgptpd “ﬁ'f'%?r“ gpakgn

output d8vi E‘épo‘;; Ef ke f‘ ”6’@8 'B‘G'é""&ﬁﬁ “Eecfa ﬁ:m oo

bl e st "
herer s 7 or""g%ga“ e T g,:szm ﬂ'E :":f,ﬁ’é& B i
stage 20 1 'cab ?‘ea%hde
_Of X-rayghe the &Wed hQ et %e lf{tglglt

W th vari ougpghnadrésdbhcld RirA TBdcEin oﬁﬁ&nﬁm é térﬁm &ﬂm .o%@é(re ﬁaﬁﬁ‘&% o&&'%ht i
1 9 whi ch i s e @iB@Rde£6btwdeh h.e CAMTRM 9iuel ad tRe REBirbahi&Jfor 1Ha pedllited BISach 2T
and var i ous affatiRibasigofiiRsaeaRimbichs, MeTRbiicolpds@ontatios ¥rel¥8@Ahinkd. C an
control | ed bayetlaaicasaivhs @hployéditizh SheFPibthod (b tb bO&pplicaithd Gonbray bia&l,assmu ito tavb e
: 50  procedures:
1. A spectrum processing procedure in which background noise is subtracted from the obtained fluores-
cence X-ray spectrum, thereby determining true signal intensities.
2. Aquantitation procedure in which approximate values for the primary composition ratios are determined,
after which the FP method is applied to the primary approximate compaosition ratios to thersby obtain quan-
55 titative values for each target element.
The FP method calcuiations in the above described second procedure are carried out as follows:



In turn controll ed based on si gnals from conputer 9. 25 Fort he

X-rayt ube housedwi thin X-ray head 18, a poi ntfocussing typeX-raytube may be

used.._Jhe above nentioned col | i nmat orEPZ0t0p 88iBRIdes a pl ural ky of collimator .

el ements (not shown In the drawi ngs) of varying aper- tures, one of which

s placed | m dak@atinobfinfaBleppromdnitblcdnipbstidgtibdie action of a col | i mator

sel ector nechani sm (not shown), based on signals supplied fromconputer 9

via controll er Ebrehnti-thepimatyppratimatéiéompdsition rekié Oiig lgivérty Eab.o\beloa eere Xpe the

col | i mat or 2Ctally kacuthiteiimérsity of the pbek cansponding  lelement ihip ke obtejpediudrebaancé-X-ray spec-

radi ati o cdmmipéthp alioy 3@nplecand Ydstha intepsity af theshre peak f®mia flugreScence X-ry spsttaumedf thes

| ess t han o.ps!rervhmemthe I ntensity of the fluorescence X-rays generated at the

exposed spot gener a too smal | t& T¥BsSuE@-dver a suitably short -

measur enent | nt &"9‘!‘:1'?9 sew%atameﬂ@vﬁ’ﬁémﬂt@@ffﬁfa’tpﬁ@t“ﬁeasur ed Tntensity
reater than 5 nmfor the exposed spot are sel dom

suffers
requfred” “fo?'n%é@[“’iﬁ'g?t ?@Wﬂﬁt‘”’\'ﬂ“f’“s be assayed usi ng the apparat us of t he
present Invent g nent one seetmcon gzt [ detector

PRt ot e bl

Hgl 2 typesem con ors, ‘tor exanplg: dhe. el ec Weroterm

f or seni cgnduct OIuoanIsmns s&&farcﬁpmme %%a@m&%mmmn b3QigCe

21, and the sePthds Viekfingitioidwing Blafidnsti Ct € a mul ti channel " anal yzer.
whi ch includes an-internal A/ D converter, Vi a I i near anplifier 22. -

Mul tichannel ana- lyzer 23 Is inm turn connected with conmputer 9. For the
sem conductor detector 10, dependingnon the type used, It may be necessary
to egprow a cool i ng nechani sm usi ng,xf or exanpl e, quuid nitrogen. f 40
A video canera 24 is provided | mediét dliy*. abdve- novabl e stage 12, whereby
| mges of the sanple to be neasured noynted on novable stage 12 can be
obtained and di spl ayed on sanpl e position verification nDnitor 11. Wth
this set up, it is possible to contlnuously nonitor the sp

| at i onght b_be IS Heabeys cprditions; the sasondary Som ot g detapmined;
[he taroer Babite R gt u“t’lﬁ""é?if*ﬁé‘t" T S o ek e%*r?ﬁ%m tho

sanple so that the X-ray beam and assay spot coincide. To indicate the
position of the X-ray beamyje+nss 45 hairs may be displayed on sanple
posi tiongverification nonitor 11. In the netals assay of the; 5 esgnt
preferreéo enbodi ent, computer—9-1s programred I n such a way hat“ nunber of
t he operating paraneters canmbe manual |y selected, as will be described
bel ow and as is shown - In Figs. 5 and 6. After the main power for the
apparatus is turned on, rou&neihbde or manual nmode can be sel-ected by 50
t he operst or. Manual mode ¢an suitably be selected for unspecified alloy
‘sanpl es orfor sanples including un- usual el ements. Additionally, manual
nmode can be enployed to further refine the results obtained while car- =
ryi ng out aril. &aladistion of theereticalipak intenaitive by aphlisation olthé fvadamectel parametio method

selection of operating paraneters is car- ried out on the basis of control
pro ams“I n con® H‘!séI"“@ eaWF@PP"HQIhEFHIPWH?d@“ﬂﬁ@M bs'éme%e'@ue infofan pauatiqpdar infer-
possible to Ting, thpgyatic e YRg dundey V@a'SB"e"s“I‘PB ‘“ed

verificati oﬁhabIs *H%I' q‘ 'ﬁrt?é ‘”’° ﬁP sP‘a?'I
} Cal en ens
of metal Sp %t@ ace ra spe em I%.l: a‘flterw arﬁ!i‘ge oom
term nati d’lg 39'9 30 E <yip Ptﬁ a'(T:'%se \/\/nere g go—
mode has “been m’deé % rIL, n&%e%' th.IsegeI,é?atw fosfHRfe A Qfdef a,pfameseomgme n
the previ 0U$Jn%s é,eﬁ;Péch? ﬂof:UrII Mé}kmpé{oaﬁrﬁteﬁé & pBibl RQdustiger eafter referred
to as FP nethod) and an anal yti cajcpcugmaydes hpd EQLszana- S EP 0 400 396
91 lysis of thewnghne aaﬂ.t.sdsumqaWaav‘énémat&ﬂ&chmmm&we&a% kdnakiors Breidged
met al speci ashdvs Bsen BhtistidtCURA heBdnvergence conditions of Equ. 3 are satisfied, the iterative determination of
. Cpfor each element | is repeated. The value of C for the nt" iteration when Equ. 3 is satisfied is used as the
final composition ratio Wi for element i.
in the present preferred embodiment, in the calculation process according to the above described funda-
mental parametric (FP) method, a supplemental routine is added as Iis shown in Fig. 7. Thus, in this routine,
55  when the primary composition ratios for the target elements are calculated from the intensities of the peaks _
from the spectrum of the sample, a judgement is made as to whether the calculated composition ratio has
reached a certain predetermined value or not, for example 1% by weight. In this case, subsequent fundamental’ .
parametric method calculations are carried out only for those target elements that have reached the predeter-
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= 25 T‘Zﬂ‘ﬁ t e ik Ate ko ridis "o

C12 for €ac ﬁ mat iy e ol
Eq u. 2 bel OYMeiapélerﬁ é iﬂL Qs«PJo le fo 8 llbl‘-a'u&&ufv@}nbfﬂ . AbweR LIRS Lalibration Qurve method .
is to be used for a wide varlety of sample materlals, it is necessary to have a great number oﬁﬂébiougmetal
n O n- 35 alloy reference samples extending abrods the dangeGRbdripleainatite Blpedtdiad b&hdsayal inddkto
| Nt ensi t 3eS phyara elchibatibrodurab. AcbrdidgyebstsRidtintlrealslll camsRiefablg. VIRIE HaGFP4kbthod can be
Subst i t ut i ngsedas detaRine thd 2orypositishrstids for étal Sarhpled chrtainimalonients ehnbivg frshhisodibmadws-c
| nt 0 an equalmgthe FRdalchiations tend to be quite complicated and time consuming, particularly with complex samples.
Attempts to remedy this situation by increasing the processing power of the computational circuits inevitably
¢ results in a considerable cost increase. For this reason, as has been described previously, in one method pro-
S 40  vided by the present invention, only those elements that are expected and sought after are selecﬁad as target
s elements, whereby processing time can be considerably compressed.
in the case when a large number of samples are to be assayed for which the component elements to be
appraised are known, after calibration of the apparatus has been carried out in the manuai mode using standard
samples (standardization), the routine mode can be selected. In this way, multiple assays can be carried out
45  using the FP parameter values determined during calibration in the manual mode, and the assays can be car-
ried out nearly automatically except for sample mounting and positioning, whereby the required manual labor
as well as time can be considerably reduced.
_in actual use of the method and apparatus of the present invention, the following benefits can be obtained:
1. Because the Fluorescence X-ray spectrometry method is nondestructive, an assay can be carried out
50 without diminishing the value or salabllity of the sample. Furthermore, by an operator with ordinary skills
and experience, a sample can easily and reliably be simultaneously assayed for a plurality of metal ele-
ments in a relatively short time period. Moreover, other than sample mounting and positioning, multiple
assays can be carried out automatically, thus considerably reducing manual labor and time consumption.
Thus, the method and apparatus of the present invention is quite applicable to the business sites for deal-
55 ers in jewelry, precious metals, coins and the like,
2. Both qualitative and quantitative analysis of unknown samples is possible. .
3. Because apertures from 0.1 to 5 mm are selectable for collimator 20, samples of many sizes and con= -
figurations can be assayed. Thus, samples having at least one surface that is flat and relatively broad can B
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ring theoretical peak intensities using.fundamental paraneters, theoretical
peak Intensities are determned, that |Is, the Intensities of the peaks that
woul §_be expected based on theoreti ERP40m3SiBAer ations. These theo- retical
intensities thus calculated are then conpared with the correspondi ng actual
neasured peak quigkydia béciiia@lybs suadyeld Bsiriah aper@ifbs bi 5.t REQMMEST 25; Wil ushig @R hpekt ied |
the nmetal sanke1mafdnan vdiipREhdviag tdniple) s@tfapésR¥h BERBIRDIZ S53M@d. Additionally] OfMpdshd dafs
C, 3 are obt ai rped conipigedabroare theheane ikinth Sfinelilsnt @ifips ¢an be bssayal atinuitipla wites @RI the fideion g
respective nl toralerto bypgssayed cantbe sdetad g tieioperatprett sultthe@ample andxttehreqtiremaits. Gar-
unti | the rel dhdrporelhy pssavingiire sempléefmultigle lncitions, the cermistendy otthie cofmBisition of @brsample
'YIC? i 10-3 Bytiace camhserifiet Moregyer bedausedherrssaydn carried eub orvasurfacsdaylreon the order of 30
satisfied, m iindartopidted ismnean bedlstnouithels are Judged 50 to have been
satisfied.. Unt“r YV"'PHEW@%?\WEQ" ’éﬁ’l'@@g%ﬂ'ﬁ F‘E’ f"ﬁ?l%"’l?i“ wbsasaﬁvedssémmn'msitmw

Iteratlve det &Vt ’f“e i~ |§é°of. |
Cu for ®he nt”'f‘ft sz? mt d o”"%’é \ "‘;":;
Che"cal cutat | G ""%""":e"é;";f" Kol A‘E “ gﬁ'“g‘g ?CP N
parametric (F z‘gﬁﬁ o8 ,;eg% " 'ed“,o ry g’e W fa'leff'

7. Thus, 4l n t Iy SechiRl Ib&fcula sare v%ds%“nt@ﬂ%%kﬁebﬁ@anﬁﬁ*éo r?téf@l: thgi'e
target -el eme ntréquﬁén%nﬁ%&,cw ca&ﬁdimtwahéehemhammab bariptes @hn Bells

spectrum of t hgrcaafghe, a j udgenent is nmade as to whether the cal cuI ated
conposi tion r &t TivougRbselobiné adhnRntaiPatameiic (FPEMGthES, SalySisiformdiph htal Biethentsdan be -
exanpl e 1% by casbdyut simbitandolishs evaA ReunkadwWiS ereipies) Furfherrd@@ers Bino el SR frédt Gumber
met hod cal cul af stavard aanaples as isittedainthemthk yalibationtcnye eethat igetplaybdnent s t hat
havé~f eached t&hey golecting puly thosg metal digiedtsAb0seIPBary Compositian ratios araanententhanapredeter-
conposi tion r Atited, valus, for et e'ynwaﬂev'am'%fmwhg\tp pRscathor iejemenip) presenh indrace
efficiency. | [AmewTSAsh plimingten thug rrdpsiterthe tmerand agmpiexiypf Bmethqd sapulationsyesavelay the
anal ysi s; det é’F"ﬁ?ﬁﬁ'&Q pPoyfgEreaiirements o caMPWRif- f or aM measurabl e el enent s
However,%in t BY(P&@%’"B? the ?'i‘é’g}‘rﬁ%f)'a"’aﬂﬁ “‘é P&‘Fﬁ%"eﬁf‘m‘t"‘f‘f@e ¥alyeg for ﬁ?/'@?fftF’G‘i'l
deter- i nati GHfEeR vcinc e il jff@gﬁngg[mm&? eed%&g@;t 'f'asamv'e
particul arly Seﬁﬁ%ﬁsld 1 mnoFumeté% lgmen rstgcané?q ina jd eve when occurl heo ‘rﬂr::sdspe
overly conple T processing can imineiedy SEe Whet £ ds hd

det er mi ngt i on 9feyt o Jraet&.ﬂﬁsataoaﬂosﬁ@& $af vt.mrvam%ioﬁeq (o35 B BRF g 2"
‘be rapidly ac hﬁe‘i‘aY §ifdys, &RV fatomali of YafnplePLanBb Ginfl e rtﬁ | fieR nore@Siiable’
shown In Fig. gfading® pBJ%GIe%W%He%n&I%{hQ& Jub asltélShstoRb ﬁ%&lﬁa‘n‘d b Grading is ac-
det er mi ned f orcomplisoaRMtRbuBHdringlof othdrWBe SIRLSHITAMRENhg @RIBAAMS.L | ON rati oS can be
conmpar ed W t h Tné Gescipibrodr Helpester@0 BiRESGInioh3 Iaf tha iethbd andlapjiidtiisl of the Pesdht RESNHBASN
‘et al  al 450y the pteosding sections bagiargely ceteredesnalyyis 6f pretipiiindtal eainpled howévief, the mbéntion io f
the type of inaiolway scclamitedd dn sdsiitiorcio preciows meted matatials, ¥idniples bfi athet gpplivaiitins ofl theoprecious

‘I dent i fi cat ingentigrioahde snalysis of sgpescondycting ariatedalé, Geramics, nd dil other tgpes phosital arcl aleytnast -
el enent s as leHgie Petaiirckf the smpidmentatia of he priassptinyeniionicanes connsecbie varied fnesult the tvnaofm-e
speci fi cal | {eriadladnessared apd the epnditions waslewhich|agsaypra oiba ganiedpit ver , etc.. As
‘exartpf e, “t he i Bligwing. the rawits e agipal grpfieptionsf the methed HHaPRErUsPEthe W@We'ﬁ‘amw%e
achi eved WI Pﬁp'f"r?éte?r’ét“ﬁ(fﬂ%ﬁﬂe"ﬁ}?bta'ﬁéf'%%“of the present ‘invention: 15 Au:
57.33 - [%en | Ex l{}< . 74.00 - 75.50 WAI't.
K-> 1clepmeBapiad \y s ko2 20

45 Using the apparatus shown in Figs. 1 through 4, the composition of metal ingots was assayed and the
obtained results were compared with results obtained through a conventional chemical analysis. For samples,
commercial gold ingots ranging from K14 to K18 were used and analysis was carried out under the conditions
shown directly below. The results of the above analysis are shown in Table 1 below.

X-ray tube voltage: 50 kv

50  X-ray tube current: 5mA
X-ray tube target: molybdenum
collimator aperture: 1.0mm
length of measurement: 100 sec.

55
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Pt : 84.00 - 85.50 wW. . --> Pt850 89. 00 - 90. 50 wt. i: --> Pt900 25
For any sanple judged not to fall within one of the above standards, the
sample is then judged as [outside standard range). Wien this type of
determination is carried out, the cEP@&OAeBI conposition ratio for each
target elenent, as well as the above grading information Is |isted on

di splay screen 4 and a printout of the sane is produced by printer 8.
Additionally, the data can be stored on a floppy disk on floppy disk drive
17 when di sk TTode has been serecred. 30 VWen t he appar atus or tne
present Invention is to be used for nERdeslanal ysis for sanple materials

ot her tlan precious netals and their alloys, by registering suitable data
for the type S#wpdet al s and Kdl4l oys ¥éught ¥t er, ¥8gradi¥if siniKB¥ to that
for precious e re—peet-ets—retatl—a- oy #8isRowd S e—pShe—
acconplished., In the foll ow,ng,sectd an, t hod ofc yge of e a tus of
the pregent Iaﬁven%jﬁaﬁ{w | %’égdesg%dl' ed. n%éltggre ussg ca %'tt??at.igﬁ'aé) t he
apparat us I's requiteedst howsBeBz caé.Brati®now | [7Sh@tdestr.i2bed TH.28 | at er
section. 35 | f**ffle case of unknown sanpl es, manual and neasurement node .
are sel ected.agThe:sanpl e i 2t hen maust- e .above smgvabl » sage d2with the -
surface to be assayed:xaci ;3 up, usi ng an agpropri ate mpunting jig for the
shape ofs t he saon:@jj:b‘ be séged.”wafh &S Pecul 206 netfsOte sa%’nﬂg%'s havi ng
a conplicated surface with bends, indentations, protuberances and the |ike,
strong scatt & ngezetest he generat ed-fl uorescence X-rays I's9ki kel9.19% to
occur, thereby inéy®asi'ng background in the obtained fl 4o gscggpeo%x-ray
spegtrum For thifeckdsdson, with 40 such sanples, the spof to b€ assayed
shoul d ®e to the extent possi bl e selected froman area on the surface of
the sanpl e wi%ch [%*¥tat and level - After "the sdfpP® haS been rounted and
al i gned on novabl g stage 12. a col Li mat or ~el enenp . pavi ng a suit- ably sized
aperture |Is sel eceeebat hr ough the operation of the collimtor selector
mechani gm of col-limtor 20. As described previously, for sanples having a
conplicated surface, It |Is desirable to select a collimtor elenent 45
having a sn@kiy b%,@g:waﬁe 129&3%%9;5&@%%9& %mg? arfd apardis MR breseiftinlefition
observing ardGRididse tlinbdRBRInGd thiclgh &' RRGENtchEchéfic Salybid) Sn2RRIuSh Aplidaliéh of the
di spl ay scrppgéht lenls relibtid 438 rapRirdsuls i dtRiRati®) Bhd dAbitichally, WillehoRBHAdeitO1Rb Biinphs as
the sanpl e vith a aflmicsl fdiybymemed. Ng the X - Y position of novabl e stage 12
usi ng keyboard 7 and/or nouse 6, thereby aligning the chosen area on the
sanpl e to lpexpaisedtsbExawiplel2] cCr 0SS hairs indicating the spot on the sanple to
be exposed to X-rays. Then, novable stage drive nmech- 50 anism13 is

acti vat ed andAsdwmaoplglatiepis weyfebrigatedlyy applyingaiptting ofsjiver ovex# nickplbase; fudhermonegeplying/
nmovabl e3st ageld pltingpaftes whighhe seripleoras Besayed yeieg thearparatus anstigethed of the prasentinveptiagy

t he spot ornndes @eﬂ%ﬁ’wi"ﬂﬂﬂfémdh Expe f Exarmple A It wastdsteppinaddpl the draysspenetrated

aut onat i caI“F‘yaﬁ'P'B epihyof o the pHUGEIdmI prsesufiv,ditained Aregs BHYSt he Z-axis in
rel ationshi df.o se 8’tco_nduct or detector 10. The sanple. having been thus
al i gned_an iﬁéf.Si ti (%tg . X-rays are directed from X-ray head 18 to the spot
55 to Be aSShed: ol Bl IO NGaind 3o MO sldob DR RIAS kRl RAENS. AL The
same time, the genera ed 1 uor escence -rays AP Fne exposed spot are

sanpl ed usigB@esfdittORHielspr detector 10 over a fixed time interval, hereby
a fluorescence X-ray specirumof the assay spot is obtained. Generally, to
the ext@nt t hadingavariedpdfabiidrtcsbsdibidf unkRwa Goriiidsifichlab sdipleS,eadhBrtikidab asshyd@ using
fi xed sanpliher@piratiBardiietiod aithel presk @ MWentidriunidFitileti¢a coridBorR @S foF 16 Expafimérii® Example
obt ai ned 1. Vhe obtained resuilts including judgement of metal type are shown in Figs. &ffrdighl80 396 | 1

spectrum the counting loss ratio for sem conductor detector 10 Is

determ ned, and on this basis, the current
50 Claims .

1. A metals assay method comprising the stepé of.
a) preparing a sample;
b) exposing said sample to an X-ray beam, whereby fluorescence X-ray radiation Is generated;
55 c) obtaining experimental spectral data by sampling said fluorescence X-ray radiation; characterized
by: .
d) establishing a group of registered elements and storing standard spectral data for the registered ele- o
ments; ’

-
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and voltage of the electrical power supplied to the X-ray tube within X-ray
head 18 Is controlled so that the counting loss ratio I's no greater than
16% After the fluorescence X-ray s[EP@t4003néiBds been obtained, the FP
spectral analysis nethod node is se- 5 | ected, and as has been previ ously
described, based on a programwithin conputer 9, elenents corresponding to
regi stered el ements are selected by determ ning which peaks In the obtained
spect rum have —enmergyvatues—whith—corresponmd—to the energy vatrues—for peaks
for registered el enents previously std@pkleiln conputer 9. Ad- ditlonally, a

correctien for spectral line overlap is carried out for the peaks
recogni zed as seaprespondi ngKto reg-x1$ st ereiB el emem S, amB backgmund is
subtracted from 2 d-- 0 i : SR ion

ratios for each el errent i de |,f|ed L Lhe, cedi sStep £ m ned by
com paring tRHY pedksiint ensi %I g of e i & 'nfl fi e§;g7peaks4a%\n %a’t[
correspoﬂdr ng to the:latensbsiss otep&akslsm t hés sane e egeent sslzw
previousl’y obtai nett-eél i bration spectra of pure sarrpl es of each of the
regi stered el ggents, Those heent i fhgeoh £l egpntss oy gahi cpgtdier cabcyy at ed
primary conmpositi onvd-gki 0S exceed a“certain predeterm ned; value are then
chosen ag target eheweats, AaFtZr wAdcit t hes Bnpost t9%n 284Q% of 5elfch target;
el enent I's deter- "5°mi ned t hr ough -application -of  the. FP -pethod. - .
Afterwards, based Q&eihe det-erm ned-sconposition ratios: of 9t%he targget
el enent s; judgrrent sreztigpde as to the type. of precr ous net gl %\g ci ous
net al all oy, after‘"@ﬁjﬁ’ch t he cal culated conposition rati o 19* as the
judQ/ mentaresults for type of precious netal alloy are output. In cases
wher® It is d&diratkent 0 make determinati ons at -B8r points omthe sanple
surface, the posit]Bi 8t nov: able stage 12 is agj ysted and the entire
above descri bed pr@ﬁﬁss is repeated. 20 As rrentl oned earlier, energy
calibration as well as calibration of paranmeters used in the FP met hod are
necessar¥ before the fi rstuse of' the apparat us of the present inventi on.
Addi tional | %I’I odr el nd calipr at| en e mse Ment . ontion
=C0nd| tions égeq%ﬁe c?ose toci ro é@gﬁe %:%}: %ﬁ% s thro %on of the
cal i bration ho pa'g Ié‘ ampleas
smovabl e taﬁ,ﬁh the pr evi ou escrl be
cal i br at| onre er ence sarrp e pr ovi ded at one end of novabl e stage 25 12 is
‘brought | nt g.@ataNaitaahiis §n- The energy calibration reference sanple is
made froma material having a known conposition in which the peak energy
val ue for eachsaQsfN)abs pit BaskdbBvad bf spplyiRgeiathGof siér oddr b Aivke(Basd) Qrttlermdielapptying
and coppsr, agble pletng, dRE etidlitia@mple arks e38ay5dushg the RprattuBhdinsthal of thi plasent inantion
spect r um camendeeidergical toraitiorisrad fat terEx pdriaentsl Exangpiect it avey deteiaiitied thatnizd X-5ays impetratadng
.an ener gy céieisbmgl¢ foaniepth biomaireacedes ofi3p k. The resulisiobthinddage axdolioesi - tion ratio of -
-each conpon&dd: i s k@d@%n, byreference to the determined peak Intensities In
n oht ai ned S#eFi br a#8%k 30  spectrum the various paraneters enployed in
t he "EP n® hdekekan b&7-8%4l i brated as necessary.. Wiile the FP nethod has '
primrily beenThdf §6ﬂs‘s°e$6°’f‘5‘?t“lfé‘f"é?"ﬁ'i"??af?’i"ﬂﬂ"”Eﬁ""&ﬁ’r?ﬂé%?"tq'ﬂi’ﬂ“fsaﬂ os of
conponent \ﬁé s1 Is al so possible to use a calibration curve
met hod. Ho 8?"'"3"? pEglllbratl on curve nethod is to be used for a wide

variety of sanple Uate Blrin adobesbifos HESG Ao NodsRot 1B Y Gnfes Ml bl Glon b usin
pr eci ous  Metyaaphy 'rf evanﬁ L ER6E p.%ggmﬁg ffé’ﬁﬁjs nﬁﬁﬁtﬂaﬁ?as ﬁre@ﬁmﬁ)eﬂfl%&a:tplg

sanpl es thaty ﬁfe%btﬁm&herﬁiuﬁ inkiGditRGu d@é«ﬁeﬂ/&t lelty (¥ detfdhodnPin Figs. SRIGUBRHAE T
calibration curves. Accordingly, costs are | ncreased consi derably. V\hl |l e

'the FP nethod can be used to determ ne the conposition ratios for netal
sanpl es eontorimsng el enents ranging fromsodiumto ura- nium the FP
calculations tend to be quite conplicated and tine consum ng, particularly
‘Wit h conpl eX. samplasassafiviethioid tanptisgng themtapg ot hi S si tuati on by I ncreasing the
processi ng powera)ofeparingasambrit at i onal circuits Inevitably results in a
consi der abl e cosh) exnesingseidsample fo anXi-ray eamcvdnrebyfivolescendecenay tdigtionjidgederated;
previ ousf, in onebtapinnhexgermental spectral datacy serpelingraidfiuerassence Xrioxradiation; chayagterized
t hose el enents t'?Yat are expected and souqht after are selected as target

el ements, where hijhing 2oy prirepisterad slemente. 3y storng stansiass spesifpldate s the 'ﬁgﬁt"f‘ﬂ é‘e' U

case when a | ar g8 Wimber of sanples are to be assayed for which the

conponent el enents to be 1 l'!l‘“!ml‘!“ll‘“ILI“‘!“ :.



apprai sed are known, after calibration of the apparatus has been carried
out In the manual node using standard sanpl es (standardization), the
routkne node can be selected. In thiEPO4ag396m1l ti pl e assays can be carried
out 45 wusing the FP paraneter values determ ned during calibration in the

manual node, andy ldBRinARHWAIEE ofSaE regBtele@ blamérk e awiﬂeaﬁ%kyenaumwsa}&mmng
except for sanplgidERpérstlspabiehl @eHiithisaia blsard¥pediBiital Ne requi red manual

| abor as wel | as) detdiinihgih ilBnskP oS cobdspdikiiig peul gt @akh identifRa blembnt dtdEcofparing)Gach
met hod and appardatetninedfinténsiey vith@sspéttivel stanaand datifor ddeh of saldlidewiified elemores, thefobgE 6tn
be obtai med: 1. tBeiogaiyimatyrvempdsitionretofaradh oksaididentifiebderentss ry net hod i s
nondestructi ve, qrelaistinga tomretitabpesicintpasiiyifonesch &@aid identifieqd Qlem;uls usligsald pdrheryieont- he
val ue or sal abi |positjon@gdtiog;he sanpl e. Furthernore, by an erator with '

ordi nary skills hesinpatngendhofsgid determina bln@ea#'eeeﬁﬂiﬂ §‘°‘!i' Wmamﬂyimmﬂding

si mul t aneausl y a‘ﬁ%’aﬂwpﬂﬁbfﬂ“’aﬂwaﬂi‘ datermiping fespstive| higher order gompasitipnratiosy o| at i vel y
short tiffe’ peri dlfa"’%mbWé?"e“"ﬂf?ﬂ‘}F"‘ﬂ“ﬂ for eagigf saidpisiimate v@saﬂﬁhmemerwwo

mul tiple assays aut orrat | C I thu i de a
reduci ng manual gﬁ ‘8(; ﬂgs }8%“%9 “ﬁ‘f (r;z‘%'g'gs
of the present |
deal - 55’ Xg ab&éﬁ%’ete¥ 80 Aeg site ooTposéuo{:h
qualitative and quantltatlve ana y3| S oT un novvn sa 1S pOSSI bI e.. 3.
Because aperzt Uneatalsagstly Method i adordaticatiith ciaith ecmdaéuesafmpc@m) towptiser 20,

sanpl es of many si Z&alatigEaid frimary dompasitian tatisfer eactiof Bed idantifisdatbmenth LiBing ha fouea
having at |east one surface that Is flatcamdx¥el atively broad cah 9 EP O
400&96 Bl qui whdrgin Ghid ssid primasyt @inposliien mtic il idmiifing elementh &y is the deferminedintensity or
col Mmat or 20, otevesidonsaid identified clgmentiand X, iagin inensitynipaideak fromsafiugresasndediray Rgec-
conpl ex surfacwefa@ﬁ'dm"‘ff@'l’ plemany! ipuseforyl.  Addi ti onal | conposite sam pies
conpri sed of nore tAdAtingAE %eh@%?s"'ﬁéfaﬁ?@'@?%ﬂf%‘iﬂge'@éw iaments Lusing ¢he formula:
multiple sites and the size of the area to be assayed can be sel ected by
the oper&or to suit the sanple and othereraquirements. Fur- 5

thernore, by assaying the sanple_at, nulti pl"e | ocations, the consistency of
the conposition of the sanple suFIiace canbe-verified. Mireover, because
the assay is carried out on a surface Iayermon the order of 30 inmlIn

«epth, plated itens can be distinguished. hihLg viewi ng a magnified

I mage of the surface of the sarrpl e to be yéd usi ng sanpl e position ver-
if ication monitor 11, the X - Y position &Flnovabl e stage 12 can be
‘accurately adjusted using nouse 6 to NoO sel ect the desired spot to be

assayed. Aft er whérein i is thé/huberi of saittiddntitiedleements Radded, then the sanple Is auto
mati cal | ys br ought detdrining 6 ayiaid finalcEassitidneatiosdr ead of altl idendfiedielemimtoingian:t he
‘action of Z-axis position sensor 14. (Ghu&y- Hige «<sWfpl e can rapi dly and
-reliably be bou'%E into t e opt i rmm p05|t|on for assay nce the entire -

bl AasgY M infmo o ls.cqMP ¥ MR
~apparat us i rﬁWF‘bW"ﬂ‘&'"f’?l'@mofp aylytda r zig%gﬁ ﬁ@gﬁpeﬁgﬁgﬁ\,eﬁﬂs mal |- 'S

‘can be re- -

bUS' ness#l ogat lA%&lsals'iyaeoordm@tocﬁﬁ?ﬂ%&f&r&epéhﬁ}ﬁeéihbgﬂﬁofare directed only
towards .el enents t habtemdifhgRiBateh GFwiliN@f Lid ideAlniEloembhts bre plobdiPabbiiiirddeidiMed
can be consi deembuny béseal uic&al preliasry qlattiativel dataSREIRbyIe LAY taffot Aéitents hd kidreafter
rel atively shopérfopsig sab (@fonlly binEaid sélectddtargetglemente. of t he fundament al
paranetric (FP) nethod, analysis for nultiple netal el enments can be carried
out simu aﬁeodﬂe?'saé%ﬁ‘eﬁ'e? in gereidanen wihsigimdvherminspir eagjsigred eleppnits are pelected fraBed
for a great nuffS@foupipcluding goldsilves %EP&W&F"@&W&IP@@""&E palladiyy, ghodiyrm ookl diqn.(cpdnium,
‘calibration cufRP8uRdedigy chremivp,iidypagd lea

6. Afluorescence X-ray spectrometry metals assay apparatus for assaying the metal content of a sample
50 at an exposure spot located on a surface of sald sample, said exposure spot being an area at which it is
desired to carry out said assay and at which an X-ray beam wiil be directed during said assay, said sample
defining an X - Y plane which is substantially parallel to the surface of said sample at said exposure spot,
and a Z-axis which is perpendicular to said X - Y plane, said fluorescence X-ray spectrometry metals as-
say apparatus including:
55 a) a movable stage (12) on which a sample is capable of being temporarily mounted, the position of
said movable stage being adjustable in three dimensions; .
b) an X - ¥ axis diive mechanism whereby the position of said movable stage can be adjusted in said _.~
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8. By selecting only those netal elenents whose primary conposition ratios
are greater than a predeter- mned value for target elenents, calculations
for gontam nants and ot her el ements EP0A@3R8BIIn trace anounts are
elimnated, thus reducing the tinme and conplexity of FP nethod

cal cul ations, ax-Widne;as the processing power requirenents for conputer 9.
25 9." By Ceypaakidivb fRctanisrh Glierstythegsifon lof Riaidvatiestdgh eantiatadjuitédialong said
spectrumwi th erzeadgy val ues forthe registered elements previously stored in
conput-er 9, the dpa@esiatcaneradis eninenior (11cgidiéiedsipd cahesae4) pesitionedso satvab@ainaan
rapi dly be veri fimugs of dleast inpartionlofa suiface tfisaidisairiple, sald gi atieast emrtioh ofiseid swfatednduding
t hose ‘el enent s tshidexpasuee spofi ARk tapiifreddmage heing displayed i salgdniopiter sefthatibe refatierishinofisaid
can be el i m nat egpos¥rg anet aod amX-s3yibpamthataillibe gengrater is dispiever. yberekysald sxpopuyse spatran
10. By conpari nd‘%@f”e‘?ﬁ?‘?ﬁ!’&“@b WPW*F’&V""GSGWH"v\/aI ues stor ed | n :

conputer 9 for ﬂ%ﬁdﬂ?@s jorEtener 4

of sanpl & %an (78 defR (?y"'P?JP '°“ %e ’%"’ha'
possi bl e t Han vm:'flsﬁa:@;(') &%:?déﬁéym el a 1’1'°V§ tﬁ%eh §'f'%d

th di I 3 r

af fGeg{?nlgntghess rfﬁ‘f& e B&\ @39% ?Waig sfgd% %?Of{rﬁ"é
net hod apd appargy Lhq Q;te fﬁgor@fo? yh %Wm Rd nuﬁ\l'aﬁlsggn% ?eqlamw%ﬁﬁ;sﬁrg ns
has. | argely cenfssate,ﬂe.%.a%%afssp%ta@taxpeée%au&.raﬁe%cﬁm fapled; ver,
invention i's in pp@citeP@) by which@tbans taseaWH el daiuticPsaR s8fid SR seREdr #10), 'Kﬁdeﬁhbrﬁéls

exanpl-es of 0t hekoradephck Xahy PBeraDiatd irGaid ckpledtbi sald \6RIdbUr@sbot daf bel GiRairddahy sine
of super conduct ipagd Wi sanda&rti data,cer am cs, and all other types of netal and

al I'@Q mazo t eri al s.wheebpsdidcomputér(g) dbﬂp{immnba&rg'youusfoom‘&sﬂonphgm@aéh denk/ie sid @A
can Of course prmeatelflegiescenceXirdy spdgtral gt efte vhiciesaid bamputat compayestseid anesgyyraidesantttl
t he condi ti onspredetheminedrineray vatusa fos registered glerhents; thenebycd¢teguiting if said ppgks in said experhe
fol | owi ng, themenial aectal dta eqrreppond i iesisterad elemants wherphy eipments presantiin apithsamplethet of
the pr esent i ngeielpdsd ampnapaidraaiziprad dements afe identiiiad, pidar whish said sempufer(f) tagn determines
exanpl es? [ Exple inasity of said, i s °’2$’5“‘“°“t"' s"@%‘fah “t'ﬁﬂ EH"QM§9'§‘P|‘8‘3\H°‘P?F‘S'
Figs. | t hr ou Werﬂby 'ﬁ%“' 8 "ﬁ' gpres-

obt ai ned resul T"%hana {:f‘earese 'E;g“ag g P‘p‘i! i Qr‘ﬁg hal
Chem ol anal Vel ol eakq.s? i é" '”%i%e gl%m Gy
K18 wer e, used &&g ggi iden-
directly b el OV\ﬁﬁe @mﬁrﬁ§ H&c0 spB Ia;B Xtﬁﬂsﬁy, Qﬁd?de }M} réslae i i&\ order
bel ow. X-ray tgHapositdh tAEE after which, 34d go}(' o (9)&!&@1&5 ofiddl ge@Vhtensit for eacﬁof%d
X-ray tube targéhents using saambnébéa&%whéd rBtRk, Qhd SdREdobnplite (9) repeatl shld 5P br¥8es-h
-of measUr ement iining Rightp conRidsitidn Tatib® using thenddt reEkthAQRulRbd thadibtRal bedk iNEHEIRY &nd sald
K14 35 K16 step of calcuafifly a theoretitih Beak intensity Liftll 8ach of said rdépettive\iftiefoRdes bétwedn eadh) of
{ Pi nk] said peak intensities of said identified elements and a corresponding of said theoretical peak intensities
calculated from said higher order composition ratios reaches a predetermined threshold, thereby obtain-
ing a final composition ratlo. -

Nt 40 7. Useofthemethod of any of claims 1 to 5 and or the apparatus of claim 6 for appralsing the precious metal
- content or composition or an article fabricated at least partially from precious metal.

8. Use according to claim 7 wherein said article is an article of jewelry.

Patentanspriiche

1. Metallpriifverfahren mit den Schritten:
a) Vorbereiten einer Probe;
50 b) Aussetzen der Probe einem Rdntgenstrahlungsbiindel, wodurch eine Fluoreszenzrﬁntgenstrahlung
erzeugt wird;

¢) Erhalten experimenteller Spektraldaten durch Erfassen der Fluoreszenzrntgenstrahiung;
gekennzeichnet durch:
d) Erstellen einer Gruppe registrierter Elemente und Speichern von Standardspektraldaten fir die re-
56 gistrierten Elemente;
o) ldentifizieren welche registrierten Elemente in signifikantem Umfang in der Probe vorhanden sind,
indem die experimentellen Spektraldaten mit den Standardspektraldaten verglichen werden; :
f) Bestimmen einer Intensitét eines entsprechenden Peaks fiir jedes identifizierte Element und Ver- - =~

13 _—

N



Au P:esen: 57.71 66. 2% 75. 6t 75.7% 574.8% - 74.6% Chem

cal 58. 3% 66. ?7 75. 0% 75. 2 75. 2% 75. 2% Ag

nr esen: 42. 3% 33.83 - 22.6P400396B1 4. 8% 19. 9% 5 4% :
nve -n cner-icai 41. 2% 33. 3% 25. 0% 4. 9% 20. 0%

5.0% Met -. d %Ieichelﬁgfeﬁfegﬂmmten Intensitat mit jeweiligen Sfandatddaten fiir jedes identifizierte Element, wo-

9% - 19. 9% | NV&ith e Brifa&les/ZuSshmensetzungsverhaitnis fiir jedes identifizierte Element erhalten wird;
5. 3% 20. 0% M}B&@&n&@l@ﬂhsotaﬂﬁh&%ﬂﬁr\mnsiﬁtfurjedes identlfizmteElementunﬁerVerwendung der
19. 5% - - | npHmaten Z@AmmBREIz6habverhaitisse; - 20. 0%
s - Me; WoskgiditheARder asstiinmted edkintensitiiadet igenfifidoter Elpméritamit i@t Bntsprechenden
obt ai ned usi ng ttheretisthanRbakintehsitit pod Bebtinsmenfewbliiger Puseswertsetizungevethiiolss ihererOrd- ©
cl ose to those odngii ned t hrough a.conventional chem cal analysis. Thus, -
t hr ough appl i cati) Rarechienieiner tiporetisshen Pealintensitabiiir jedes E|ea\bdlt@ntem@rweatpinﬁidaréminmq1-”
are attainable, %M"Q&!ﬂﬂ'ﬁtﬁ%awewomqﬂﬂ- no darmage to the sanple as 30 with
a chenic# affal be@dm%dﬂss @PWHP%"@R%%F@‘EF'FQ‘“&"S tischen;Peakinterp| N
was fabricatéd g EF e: “as 1"&"(11’ ’BFe '%'ff?'V‘l;rsz@f‘ eder Pegliniansiibdag identifizierten -
I

furth UpgEv hgref,Ordrung be-
furthernore app ”;E Tﬁ% ?egf?f’@e 8?‘8’? %m?ﬁR% w'ﬁ%ﬂ" eralioes Zu-
identi cal condl t 528" "?QS‘FG"I t%'? ntal Exanple 1. It was determ ned

assayed using t
that. the'X- 22y Melfigtiier@itrSithabins jaml , oot AMRL M - @funidsdnne order of 30 Aim
The resul ts obt ai Ngghedhhéh deSprinfal Qﬂﬁmmﬁﬁélaﬁungsverhiluﬁssggfﬁﬁbdﬁﬂéntiﬂzuerte%ﬂmﬁﬂﬁ dier
‘Ni ckel : 57. ¥86wehdubg derEoran be seen that the fact that the sanple was

pl ated coul d be distinguished. [Experinenfa xfgxanple 31 45 Using a
variety af faswolnCitdss pdraips Zusgmnunsatzaukgeverhains Ay das identifiziegts Eigmendl, X gie bestiminte In-
article was astasitdteines Peays {Undas idoptiiiciatte feraanti uneYilelnd intensititrdes feaks austeinem Flgores-on
under i dent i cakenz@nidénsirahlvogsgrekinegm deslidentfizistien Eiemenieh i i am it The obt ai ned
resul ts I ncludi ng Peregashent Zepmmensetrungsypbdalisjseendtienfifdnuno tf igdes idgntifipiprn Riamend
50 O ains 1. upSrieruerdngdyfgmrbt hod conprising the steps of: a) preparing
a sanpl e® b) exposing said sanple to an X-ray beam whereby fl uorescence

X-ray radiation is generated; 55 C)c.abt ai ni ng experimental spectral
data by sanpling said fl uorescencec on; characterized by: d)
establishing a group of registered ‘el ementsn and storing standard spectral
data for _the registered ele- nents; X cyn -l

' i=1

wobei m die Anzahl der identifizierten Elemente i ist; und '
Bestimmen von Cp als das endgiiltige Zusammensetzungsverhéltnis fiir jedes identiﬁzierte Ele-
35 ment i, wenn gilt:

(CP - CP- 1)ICP & 10,

3. Metallpriifverfahren nach Anspmch 1, wobei' das endgiitige Zusammensetzungsverhditnis mit vorgege-
Co benen Zusammensetzungsverhdlinissen vergiichen wird, wodurch der Legierungstyp der Probe be- .
= e stimmt wird.

4. Metallpriifverfahren nach Anspruch 1, welches ferner den Schritt aufweist:
k) Bestimmen nach dem Schritt (f), welches identifizierte Element {iber elnem vorgegebenen Anteil
vorliegt, auf der Basis der vorldufigen quantitativen Daten, wodurch die Zieleelemente ausgewahit wer-
den und danach Ausfithren des Schrittes (g) nur an den ausgewahiten Zielelementen.

5. Metallpriifverfahren nach Anspruch 1, wobei die registrierten Elemente aus der Gold, Siber, Kupfer,
Nickel, Zink, Platin, Paltadium, Rhodium, Kobalt, Eisen, Cadmium, Rhenium, Indium, Chrom, lridium, und
Blel umfassenden Gruppe gew#hit werden.

50 6. Metallprifvorrichtung auf Basis der Fluoreszenzrdnigenstrahlungsspektrometrie zum Priifen des Metall-
gehalts einer Probe an einem Aussetzungspunkt auf einer Oberfléiche der Probe, wobei der
Ausssetzungspunkt eine Fisiche ist, auf der die Priifung ausgefiihrt werden soll und auf die ein Rntgen-
strahlungsbiindel wahrend der Priifung gerichtet wird, die Probe eine X-Y-Ebene definiert, welche im we-
sentlichen parallel zu der Oberfiéche der Probe an dem Ausssetzungspunkt veriduft, und eine Z-Achse,

85 welche senkrecht zu der X-Y-Ebene liegt, und die Fluoreszenzréntgenstrahlungsspektrometrie-Metall-

’ prifvorrichtung umfaRt; .
a) eine bewegliche Stufe (12), auf welcher eine Probe zeitweuse montiert werden kann, wobei dle Po— S

O IH!II
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11  EP 0 400 396 Bl Table 1 5 Sample . K14 K16

K(18 K(18 K(18 K18 fwhite) Ily'xllow) Alink . Au rr~e-;
n o of. t 66.2 % 75.6k EPG400300B1 T74.8% 74.6% Cheri cal -
58. 3% 66. 7v 75.0 pl5.2 % 5.2% 75.2% Me: - ;d;. Ag

Present 4 Gitioh ‘er bewsatichen Stufé in drdFDifiensionen einstdibarey  19. 9% 3. 4%

cnenti cai 41 pPdhen X-Y-Athseh Antriebstdcliibmus, wodurch did Bosttion 46 bB¥égiichen Stufe’h &% 9<-lr5
Met nod Cu Pr 65¢a8 bingestellt werden kann;

19. 9-- | nvent c)efidn ZAEHHEA-AHebsmechanismus, wodurch die Position der baweglichen Stufe dntlang der Z-
5.3% 20. 0% MaéHse eingtitelitderden Kahms ent -
19-5% - - | d)yetretFoxmsehiimezng 24)lund einen Monitor (11), wobel-die Fernsehkamera so positiontert (bt Afy

- Met kiogAlDBdusg zumindeds einescAbschnitts dipdyOberflachdxder Brobe dnimitereeitd] desmintidstensied

usi ng t he net hodinaakbcinibder Qbarfidché denwssetaungspunkt ainsehiiefit, ond die erfats Ab@ildslha)muf 0

those obt ai ned dém Morjlar apgezgigh wird: Palidie Beziehyria des W@P@WW’"QW
appl i catPon of " lungsbiindels.alas erpegbwird, angezeighwird, Wpdureh) der Aussspiaunoepsipht mit deyn &ontgen-
attai nabl e, and%ﬂf‘ﬂ#"ﬁﬁ?ﬂ4°§°’ZW93Y1""(%6‘"88?FH P’B""EY‘I%"%‘ &Pt e as 30 with a
chemi cal anal ysP inep 'I‘I‘G'Efe“’ BE?SP’WB‘H d A'&*% Plé“kteémﬂﬁ“éz

was fabricated F tﬁg Ff;a‘ tfegseqe?, }lsg an s g ltlons::e or
furthernpre app g dr kﬁ' Au arndggmng | chtw‘rd.
|n

assayed usi ng t %fnRant-

se n
i denti cal condi ,"1;. @ 5;;,
that the X—raysbp '&Bn@ sarrpetoa epth of ont eor er of 30 pm

The results Obt &%ﬁ'l l’l’dilﬁ’ent@l§erlfs&| O Woodurebi6l FiuoreszenzRntgefistRiHunE, 'weiche auf derft Kugtet-
Nickel : 2 amerzéu‘gtm.ameh@dés&@eetmaépuﬁktuamfmﬁtgen&mrungsbmaaﬂagbﬁtﬁ\aﬁd
pl at€d coul d beeﬂa@%mﬁheﬁa [ Experinental Exanple 3] 45 Using a

vari ety of fashhjdinea Coagsdd (d) Atttelsider BlfdeBasIS A¥MASdaligssiinald SesSiNdiiditeSensara ¢10) ex-

article was ass aytiz@éntatis Mgrdskepzrappmstatinsgsspektidbtnoitr did Protiecrop deans Ausbetzungspablt on

under | denti cal edielfed ubd inStamigrdiizten vefglicheix werdenkbmem| Exanpl e

25 : wodurch der Computer (9) die jedem Peak entsprechenden Energiedaten in den experimentelien

" Fluoreszenzrntgenstrahlungs-Spektraldaten bestimmt, worauf dann der Computer die Energiewerte mit

vorgegebenen Energiewerten von registrierten Elementen vergleicht, dadurch bestimmt, ob die Peaks in

" den experimentellen Spektraldaten registrierten Elementen entsprechen, wodurch in der Probe vorhan-

dene Elemente, die sich unter den registrierten Elementen befinden, identifiziert werden, worauf der Com-

30 puter (9) dann die Intensit&t der Peaks in den experimentellen Spektraldaten bestimmt, die den registrier-

ten Elementen entsprechen, dadurch ein priméres Zusammensetzungsverhdiinis fiir jedes. registrierte

Element, von dem das Vorhandensein in der Probe festgestellt ist, bestimmt, worauf diejenigen Elemente,

fiir die das bestimmte priméire Zusammensetzungsverhiltnis groBer als ein vorgegebener Wert ist aus-

gewdhit werden, wodurch Zielelemente gewdhit werden, worauf der Computer (9) eine theoretische Pe-

35 akintensitat fir jedes identifizierte Element unter Verwendung des priméren Zusammensetzungsverh&it-

: - nisses berechnet, worauf der Computer (9) jede bestimmte Peakintensitit der identifizierten Elemente

mit einer entsprechenden theoretischen Peakintensitit vergleicht und jeweils Zusammensetzungsver-

. hiltnisse hbherer Ordnung bestimmt, worauf der Computer (9) eine theoretische Peakintensitt fir jedes
s Element unter Verwendung der Zusammensetzungsverhitnisse hbherer Ordnung berechnet, und der
~ 40 Computer (9) den Schritt der Bestimmung von Zusammensetzungsverhéitnissen héherer Ordnung unter
Verwendung der zuletzt berechneten theoretischen Peakintensitit und den Schritt der Berechnung einer

theoretischen Peakintensitéit wiederholt, bis jede der jeweiligen Differenzen zwischen jeder Peakintensi-

tat der identifizierten Elemente und einer entsprechenden aus den Zusammensetzungsverhéltnissen hb-

herer Ordnung berechneten Peakintensitét eine vorgegebene Schwelle erreicht, und dadurch ein endgil-

45 tiges Zusammensetzungsverhéltnis erhalten wird.

7. DerEinsatz des Verfahrens nach einem der Anspriiche 1 bis 5 und oder der Vorrichtung des Anspruches
6 zum Bewerten des Edeimetallgehalts oder der Zusammensetzung oder eines zumindest aus teiiweise
aus Edeimetallen hergestellten Gegenstandes.

8. Der Einsatz nach Anspruch 7, wobel der Gegenstand ein Schmuckgegenstand ist.

Revendications

1. Procédé d'analyse de métaux comprenant les étapes consistant 4 :
a) préparer un échantillon;

b) exposer ledit échantillon & un faisceau de rayons X, d’ots il résulte la production d'un rayonnement -

15
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1. The obtained results induding judgenent of netal type are shown In Figs.
8 through 16. 50 Clains 1. A netals assay nethod conprising the steps of.

a) preparing a sanple; b) exposing spichesdssdie t0 an X-ray beam whereby

fluorescence X-ray radi atlon i s generated; 55 c) obtaining

experi nment al spe&tﬂ;alﬂsg %;) sarrpl I ng said fluorescence X-ray radiation,;
characterized by g;;;g,p]

storing standar f&rm%t %‘g%g%@%tegﬁegﬁﬁlﬁé@&Iﬁdétnts L@i"@ﬁ"ﬁ“ﬁ
L1 T 11111111&&&&5 arleg(ﬁapesconsiatanté EP O
400 396 Bi de ra&’@ﬁﬁllr%« pe UBIER istrés)et S Ued d&ﬁ&sdmlmwmﬁbﬁ@

exp6ri nment al es e,nemm,ésl onnant |edit rayonnenent de rayons X A
fluorescence; cag)aehtiiet cotx guadits bRMerits aripastrEOquPdoRt silficativerent présents dansblit échan-
6tablir un gr oupslonkriefpardt BsdRaidomised spittrales expéramiiales siaeites donnEapechilexstanddr® S
st andar d. pour |:efedéiehineriintetsité o giecosrbspbsiant@durichiang élément identitiéket daarairet ehaque in-

6i dnment s reenr egiistenstiédétpmninéscirdes doingdes Stansiaidireseertives ppur chmeunidesdita flémdntsddentif@s,fwon - -
tillon en conparliebentiondur rapnort deepmpesition pmrpaweshwm slitgdldmenteidentiligstli t es
donnbs spect r al @ cdedantiptengité de piofhéarique pavr shapun|deddis dsnagntsddentifisy epgiiisant 'esd'fs rap-
cor r espondant pcﬁ?F‘séh%ﬂ!ﬂHés“@BPmﬁs | dentifl' et conparer. chaque In

tensit6 ddterm rBEomRagpEehacygppsdites infensitesde pic determ @ﬁsldﬁgojiﬂﬁﬁmsmﬁf@ﬁﬁ ‘ﬂ'@g‘fﬂ‘i“é
6e6ment s dent i 1§ _thﬂ’"ﬂﬂf cpespAndate: ghfegrminer FWT‘S wﬂ%‘lﬁ’g respestifs gPidtreRe
pour chacun desd?'¥ 6l b

t h6ori que pour ¢ e §§.§' Pﬁ"ﬁdegﬂ?cqh’%e"ﬂ?"g "f"ﬂg'sﬁ 4 %Mgg'rém?mf s"gpﬂa"ﬁeggi%ﬁpg("félﬁ

ports de corrposi} >

Tl gty i

pi c \"ﬁt eLm nbes &
pkc Thiori que c e&@éﬁ@u‘ﬂdﬁ‘é‘iﬁ&uﬂﬁétet B infehdis @&Fes&ﬁ&n{e%%@k&ﬁte Rersiéil Eﬂia?égﬂq:zé
n

respectffs d' or dfaRuibdsléSpaliic @4éits rdpbortddl coipoBkion-ddRdrk BbRAEbIbRNER sblipreb

pour chacun desdiobtentloR &GEapport @lcoripbdition Bwdll. | esdits rapports de corrp05|t|on

d ordre plus 6lev6; j) repiter ladite 6tape (h) en utillsant |'intensit6 de

pi c th6oes qide BMﬂe@'wemé@Bx selen larewendicatin 1} cagactériad e Cp que lesdites étqpeg (N;(hiennsis-A

ce quo chacuneteitddites differences respectives entre chacune desdites

| ntenal tbs de picClietipdisanpprbdanempositignepiimaire epyr ehacun desdits, flempntsiidentifiés 1 en utilisant

correspondant e paWﬁ"“F%sdl tes | nten5| t65 de |c t héori ques cal cul ees a

partir desdits ra ev6 att ne

pr6dét er i n6, d' off g‘é ?89 n@ﬁ'? p‘ﬁ’ %Fﬁi‘iﬁ? on :E} L%é? °s e
nﬁi

rmnée n pic dit de éie du icdunse re
Procede d' anal yse (90 & p ° re' " ' sheen €8

| esdites etapes ( deQQJB dell "?ﬂ ﬂl

ﬁ@ du n“ ch 'dL t?‘?%ﬁs idgﬁtlflésl en ut-
.conposi tion pri rrai,gammmu,ec acun desdits 6l rrents | |6$ I en utilisant
35

" Cin = ——L————C.n_l

bt 40 | E Cin-1
' i=1

dans laquelle m est ie nombre desdits éléments identifiés i; et
- déterminer Cr comme ledit rapport de composition final pour chacun desdits éléments identifiés i
45 lorsque :
(Cq - Co- 1)ICPh & 103

3. Procédé d'analyse de métaux selontarevendication 1, danslequel leditrapport de composition final est comparé
& des rapports de composition prédéterminés, d'olr la détermination du type d'alliage pour ledit échantilion.

4. Procédé d’analyse de métaux selon la revendication 1, qui comprend en outre ['étape consistant & :
k) déterminer aprés I'étape (f) coux desdits éléments identifiés qui sont présents au-dessus d'une
quantité prédéterminde, surla base desdites données quantitatives préliminaires, d’ot la sélection d'élé-
ments-cibles, et ensuite exécuter I'étape (g) seulement sur lesdits éléments-cibles sélectionnés.

Procédé d'analyse de métaux selon la revendication 1, dans lequel lesdits dléments enregistrés sont chol- .
sis dans le groupe constitué de ['or, de {'argent, du cuivre, du nickel, du zinc, du platine, du palladium, du - -
rhodium, du cobalt, du fer, du cadmium, du rhénium, de Iindium, du chrome, de l'iridium et du plomb. _ _ -~

-

—________________________:_——-———

A

16



la formule: C1 = W/Y 30 dans laquelle C 1 eat ledit rapport de
conposition primalre pour ledit el6nent identiflb 1, Al est |I'In- tensitA

d6t erai n6e d' un pic pour |edit 6ehnigptosoelsgstetfi d 1, et Y1 eat une intensltd
dudit pic d un spectre de rayons X A fluorescence dudit 6l 6nment identif 16

i en forns Bur o PP otStriS Sux hdoRacedY, i Bran "
‘ahaf‘i“ 48950“ USe ﬁ{g ach R ;xuln%inf d'exposl Aslt%fygﬁq% Jﬁgf%ﬁm‘%‘g p(:in@d Ca

| aquel | e m est ptl,s(;t?.m égbz‘ime W? kS le?ﬁ?:ﬁggt :f:( ﬁtﬁﬁmﬁiﬁ}agﬁ:ﬂ ﬁ&nx-v L&E aua
comre |edit raghakba uﬁm&ﬁt'ét:ﬂaﬁﬂlo hmbomt&pog Cotiin S8THui e3t dolpaendiddia ﬁeaudn

i dentiflbs 1 4ganX.Y,ledit appare®d Sidiy&s delniBtax pargbctrorﬂé{r@aﬁ( rijyore X ioresoencelebmpditant :
d“anal ysede nbtt &)Jv)he%hﬁlndbﬂe (12)\seiNauelfelua @Bhakudfpeut 4tRGHHAI temporairement, la position de
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ladite platine mobile, ce qui a pour effet de mettre ledit point d'exposutlon dans une posmon optimum
pour exécuter ladite analyse;
f) une source de rayons X (18) équipée d'un collimateur (20}, d'oii il résulte qu'un faisceau de rayons
25 X d’'un diamétre de 0,1 - 5 mm peut étre dirigé vers ledit point d’exposition sur ledit échantillon;
g) un capteur & semi-conducteur (10}, d'ot1 il résulte que le rayonnement de rayons X a fluorescence
qui est produit audit point d'exposition lorsque ledit point d'exposition est exposé audit faisceau de
rayons X peut étre échantilionné; et
h) un ordinateur (9), moyen gréce auquel sur la base de la sortie dudit capteur & semi-conducteur (10),
30 des données spectrales expérimentales de rayons X & fluorescence pour lesdits échantillons prove-
nant dudit point d’exposition peuvent 8tre obtenues et comparées & des données standard;
d’ott il résuite que ledit ordinateur (9) détermine les valeurs de I'énergie correspondant & chaque
pic dans lesdites données spectrales expérimentales des rayons-X & fluorescence, aprés quoiledit ordi-
nateur compare Jesdites valeurs de I'énergie & des valeurs d'énergie prédéterminées pour des éiéments
35 enregistrés, d’oii la détermination du fait que lesdits pics dans lesdites données spectrales expérimen-
tales correspondent aux éléments enregistrés, 4 la suite de quoiles éléments présents dans ledit échan-
tilion qui sont inclus parmi lesdits éléments enregistrés sont identifiés, aprés quoi ledit ordinateur (9) dé-
. termine alors I'intensité desdits pics dans lesdites données spectrales expérimentales qui correspondent
\oF aux éléments enregistrés, d’ou la détermination d’un rapport de composition primaire pour chaque élé-
40 . ment enregistré dont il est déterminé qu'll est présent dans ledit échantiilon, aprés quoi les éléments pour
lesquels le rapport de composition primaire déterminé est supérieur 4 une vateur prédéterminée sont choi-
sis, d’od la sélection d’éléments-cibles, aprés quoi, ledit ordinateur (3) calcule une intensité de pic théo-
rique pour chacun desdits éléments identifiés en utilisant ledit rapport de composition primaire, aprés
quoi, ledit oardinateur (8) compare chacune desdites intensités de pic déterminées desdits éléments iden-
45 tifiés & une intensité de pic théorique correspondante, et détermine des rapports de composition respec-
tifs d’ordre élevé, aprés quol, ledit ordinateur (9) calcule une intensité de pic théorique pour chacun des-
dits éléments en utilisant lesdits rapports de composition d’ordre élevé, et ledit ordinateur (9) répéte ladite
étape de détermination de rapports de composition élevés en utilisant l'intensité de pic théorique calculée
le plus récemment, etladite étape de calcul de l'intensité de pic théorique jusqu’a ce que chacune desdites
50 différences.respectives entre chacune desdites intensités de pic desdits éléments identifiés et une in-
tensité correspondante desdites intensités de pic théoriques calculées & partir desdits rapports de compo-
sition d’ordre élevé atteigne un seull prédéterminé, d'ot I'obtention d'un rapport de composition final.

7. Utilisation du procédé de I'une quelconque des revendications 1 & 5, et/ou de I"appareil de la revendication
55 6, pour analyser [a teneur en métaux précieux ou une composition ou un article fabriqué au moins par-
tiellement avec des métaux précieux.

8. Utilisation selon la revendication 7, dans laquelle ledit article est un article de bijouterie.
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