; [\ e3ee\ e\ r 6NT; > WO 02/ 50521 PCT/ NLO1/00909 1 A nethod and apparatus for @
analysing and sorting a flow of material The present invention relates to a
net hod ang P,@Qparatus for analysing and sorting a f|OMlg§Tﬂﬁh9&bﬁl The

i nventi on re ates in particular to a nethod and apparatus for anal ysing and

sorting a flow of material by neans of X-ray. 5 T, he met hod
conprises the steps as nentioned in the preanble @w MEM@M Such a net hod

is known in the art. For this purpose batteries a vvlth the aid
of X-rays having two | evels of energy. The total tran$t%sion of the two
radiation 10 levels is determ ned separately. On the basis of the neasured
_total trarsmisstdiash and iappdweat posiiblanaly dete mmiche orite ntoy pe fafowbatt ery. A
met hod of fghis-kind has very limted possibilities. As only the total
transm ssion Is nmeasured, it is not possible to analyse parts of the
battery separately. 15 Nor is it possible to analyse small, separate

obj ects simul taneousHey .pdsdist tﬂﬁré}bdﬁﬁ{ zce‘latt*é% o @ b e aPylde an

i nproved net hod,, whe eby t he above- ntlo ed drawbacks are ellnlnated A
parti cul ar*RoH) et Sof Ctrhear? r}%na Stocftz’é’gpramﬁll@é’ &% PRFegiad -ndhkod by
whi ch obj ectvertarorber ednet /s eich qnd:tdlﬁilﬂﬁxetiosap&fe&h@ciYanblt appadht@saF o ect

of the |nv an i oved ich it ossible to
anal yse. ang{é&é&i&goéaﬁ]ép &Up;{ P¥s Spa gr\}g?il E{‘}sm&ﬁf‘écf’ REEYdi f f er
from orfe ditotthdrs x5l 'Itdlet hnesthmd Ctdn@ﬁimee;nttlh@n spepsi desmantebhed in
charact er igfd 4.0 LAY @c&hﬂé& h claim1l. On the basis of the neasured

transm ssion values th according to the invention makes it possible
to at |east estinatBiGh edeathnddls tiewhiiekfdss arthe Fads shpsi purpose

coef fi ci eatard ke arﬂ%arra%ﬁaeﬂ‘é‘oe%lt\fﬁ tf&feowl@ BWR%a?E hA% i t%ba'
Separatlo occur_aut omat j cal as nanual % based on.the
i nf or mat i ﬁ?jof\/ e Ihre é:r‘%t trans‘wléséﬁ}‘sééz hpctrR Eefiardgeoo9 2

Acgor diong erltwedlaorle;f e:lrert@tmn’idedSMrattell@' senscuhec@ag&sses ehe} Méalsb&%df)f
substanti i,near ar.i ent sensor_ pi xe material is
conduct ed%l r{f%éo a %re'y Sis&r?nathﬁ elffs?C PSR’ ﬁ’%ti@l §°ng§§ﬁHFBGI EPFygﬁ’Bet he
row 5 of ofelrsdritepiyeells mattidde afhehtisarkdmids feenvesyneasited substantially
cont i nuou fd 0 fs el JiS1f  LaygUs h the
appar at us%lo)ésj'tl?flltﬁreﬁread \gitsloon eﬁ:rrllg tOt%l ‘g‘}aﬁgfﬁ&%Q t{ IJs“gd};en ogH?ﬁe fﬁ%w of
materi al &fd ke POSFIBE e ﬁ@aéIYo’?@e@aa'ftsa0§eébﬁdb§t§erYaS§PeaatEﬂmge of

the 1lQsmater als a&p@beedxﬂﬁyt@ea@huﬁeeegma@@peaepagaea bheedtst ance between
adj acent sensar gé%g , the resol ution may be increased of reduced.

It is the object of the invention to provide an
improved method, whereby the above-mentioned drawbacks are
eliminated. A particular object of the invention is to

20 provide an improved method by which objects can be analysed
and detected separately. It is also an object of the
invention to provide an improved method by which it is
possible to analyse and detect and optionally to separate
various objects that differ from one another.

25 To this end the invention provides a method
characterized in accordance with claim 1. On the basis of the
measured transmission values the method according to the
invention makes it possible to at least estimate in each
pixel the thickness, the adsorption coefficient and the mean

30 effective atomic number of the material. Separation may occur
automatically as well as manually, based on the information

T
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According to a further preferred enbodi nent, the transm ssion neasurenent
may be carried out at a previously 15 chosen frequency. This frequency nay,

for exanplgy At least 20 Hz, but is typically 200 Hz anghii@h6see Thi s
frequency |s a so dependent on the supply rate of the flow of material.
Preferably, the horizontal (i.e. substantially parallel to the row of

sensor pixels) resolution is 20 approxi mately equal to the vertical (

in the direction of novepent of the fl ow of rial sol uti on. Accordlng

to a further prefeQ?%QFé;Eﬁmﬁ?mﬁnpﬁ?éﬁ?ﬁﬁ dﬂH§§f %m ?z%ﬁpﬁQFthat t he

i nf or mat i @dn@Ebosks tAhep T WLNBITE B S OMsukad tteent el 1 slmtnaarmcbﬁmntemh pi xel is
fed to 25. an im Proces th w.th t ald f € [rocessor

"at |east I e?%é@s ¥n %Ibc?rp %?t%%w O%r{rbatt% part O%d oerqugﬁ:d) | mensi on

of vari oudipactich estiheasie éppwmxﬁmauﬁky|RﬂrpQﬂdﬁQHﬁ&¥lmrﬂnithﬁnﬁpwnIoms

Pr oper o ange AL AL Sk aps] Teatd AL O AN RAULI &l O dadired OF exanpl e, 30

possi ble to provide a separa I'ng apparatus |ocated upstreamin the materi al

flow s prodestimglphth eynhipReustY wht EH-hnet ot idlmaspesa bilei®dial may
be renoved,as: gesh s tl'?!@&@cﬁl‘i“ﬂget@pﬁh%w§f 8f B4 &shd head Iwmerdd weirsy
characterized in tha é e traQ%%1e€_§$ i n. each_se sor er %ﬁgh
deternlneﬁmﬂﬁr?ﬂganﬁs LEEF VR ¢ S Hq ts can be
carried osdn®drsheeihovpDicoat gf |@Is@@br&¢eﬂtden 4 hel@la:r eiotid g @ trma/errent .
V1' O U2/ Sl1S21, P N 1/1,1 (19119 Accor no her ref g the

i nvent? o3¢S tha %‘ﬂ%ﬁgﬁ%%‘ér rf‘%ytlkﬁ%t ?}ftr%ll?ef(gwn@?pen |ﬂs3 rmcge over a
conveyor satrvece, adhatent heehsow pixedms ertlad I$$¢lwﬁnquma$tb%lde of that
sur face |Iﬁ@€%§ggg Qy ?@d&ﬁ%&y source and the 5 radiation transm ssion is

det ect ed at e opposite side of that surface. According to one preferred

enbodi ment, the neffedrderer8Pny Foriher|prveferoedi #reler vitt® one or
nore fur t@@én&ﬁﬂééﬁ&nfﬁ@&sgﬁéﬁgﬁt Ofla § S50 NESkESed f Ot exanpl grewitddl ¢ he
basi s of radiation selected n% rou conS|s%|ng of : nfrared radi ati on,
vi si bte |<F1@rr%eraaéreﬁrleﬂcyuﬁ%%. FeqUenaly 3 0n 97 PR bimdietd &

radi ati onleé@t eaanp| epuonis heypaeaslpfzeenmrmd hat glogrer afieisv th | ow
frequency_el ect r onagnet 15 fields, (1 Thi e S t he
advantageffﬁ%Feﬂﬁ¥e Fa? omﬁ?%ﬁn%ft% r%s%%%tg%%ggffe eﬁepa d%1€%%%os#tlon
differ vemgtérieale Prefieeabhyot biee | hoyzortahal ysed wpbstrnbbsisy of ot her
properti es,LApto2r eodeher phReds vlifisdfoppher f péiTugebeciion techni ques.

20 According to yet anot preferred enbodinent, the materjal flowis
chose%ofréﬁP§PﬁiméFehﬁt@HPaﬂstPhEPedV$¥E%C@% EbnPosi®ibhe FoFeeharmi el the

mat eri al xﬁayeﬁ@marb&etﬁéfE%@nbfkm@@lér%lgl§§§olati<5erent kinds of netal,
di fferent kinds of org?ELc sggsta ani,c _subst ances drfferent

kinds 25 of solid f6§8FPPHelS, 2d ?Fi?%ﬁtpﬁ?ﬁa IS¢ SURPALEPRS, A xt ures of
i nci ner atinebhodsiduesapactestebtaneotBaprbdect sfoavanjom abu@te&he

COMpOS {1 OB bh kS BhoQoRAESLRLE LDabLEREFLhoks, g i XpUeN 1D pLherotypes

of poIIutan sed very conveni éen means o
nethol530aac¢maéengrpeesherunaedttbﬁt W@thstQESGléoeﬁrbh@ %@a@%tect

pol Iutingy, @6@@%53&tQ%nl€a§tnghgf9§éﬁbégeln|th?@si@ioﬁxéﬁghg , tRessi ble to
accurately differentiate between solid ssil ;Tuels and S. In t he

met hod acBBrliRgSEo CREW AREnfiBANERen of various particles in
flow of material, are determined. This allows proper and

accurate classification of the particles. It is, for example,

30 possible to provide a separating apparatus located upstream
in the material flow’s processing path by means of which the
various types of material may be removed as desired.

According to one preference, the invention is

characterized in that the transmission in each sensor pixel

35 is determined during consecutive units of time such that
measurements can be carried out on the flow of material
adjacent in the direction of movement.



35 radiation is X-ray radiation. It is in particular preferred that at
| east two radiation | evels are used having an average energy difference of

at | east %,B#glyﬂ]preferably at | east 20 keV, nore preferabloymalih@ast 40
keV and still 'nmore WO 112./S0S2l PCT/N LO 1 /1109119 -4 preferably at

| east 70 keV. In accordance with a further preferred enbodi nent the
radiation is X-ray radiation wherein the level of the first part has an

energy | evel betmeen(%g roximately .10 and 100 KeV, nd.%pe(¥fgg_£§rt has
an 5 energy |evel A& Apb? REH T P UV B D00 Ke vV T H Ko
appl i cat ignsrddtesci 1avels eyt behadf ust edf imm teeociordarec enawadh avequia enment s.

As nentioned, the inventjon .als t t. ysiing a
" flow of FEVBITHT iHH 1 a"lﬂg:lb% 1[1%45 %mt%%&%ﬁfalﬁaégé%??&n%ﬁses at
| east onesigippdy themnssiofacevinpaldtei iy amteriay sReRgRIhEppar at us
1N afdrsiy "%;@51{ Oy o b &FH S { O 88 fdi e dmans {1 s i g ide dmterial,

and sensors neasuring the radiation transmtted through the material,
and whi ch-hpat#it&®s characterized in 15 that the radiation-emitting

means emt radi atigecofdahgl €8SbnéWorener gyd | ened Simaid, ttiee vsisosd neasur e
the radiation of the various ener | evels,..th sors. conmprising a
& RSP

SE
pl ural i t PYFORUHL ar? i GifF yP REFRLERT heas ecgo"i”rﬁ Thatarept aced
subst ant i 2ltthémn contacisubséandeadtyiperipechtoghes, tHot hex@@ i r ewti on of

nove t .of the teri . a t es.. | i ; Iy
accur eIE/ %Iekfae%@s(g%a%?le%%jg%c esf?(g@%&f f%\)/v o ir%(%&el? Pg(ﬁ%éfétﬁi& o
parti cul arnfrpred eradl ation, suthilahe apbal it vadiat Eomprikerawegeehr ocessi ng

means, - al oy ngi &b $f2§ieé@ﬁoﬁ@&ﬁ@tﬁ@dr£@ﬂ§@§éﬁﬁ phr difdmppar @bjweds in

the 25 flow of materi t o be detern ned, PoIIutflnts within a particle can
al so be deaehs et IHeSAPPaFBRbsOPPERES abt §P cbMPr L IFRANs by which the
flow of n@tetst sbmEgebecanal ysed with the aid of one or nore further

contact-free det i on hpj.ques, for. exanmpl based on_in
radia%?on,l%}g?bf£6g0—l#gﬁtgbgdﬁélro ?lﬁlfgggf%?e%nrgﬁ?a??¥éﬁ§%§%jthat

el ect romagiesitals el disicAheithveaspeot wid| ehHéeet e daten behpvs iidn
reference,tp-a r a S p r di ing to
the | nvertBheE (TEr et Roiar Lot parn SEASE] g P e S ML ORI

measuri ngoa kst efnshihiesi pnoperikiay thdt atrendatermbned f¥etnthgedidrehs and

at a resoluhdPnyof c@PPHAXEBBERE YudsX 2 MM This neans that the
centre-tocentre distance between the sensor E%gels isﬁﬁggroxinate{% 2 WO
02/ S(2921 PCT/ NLf | AF02168{i129 hfh Y¢he2PQFReH PHBYBHERT AEmeRter FAF to be

anal ysed matéheapl abew! osatkdshat veen sheiladi mhtenisbsrthaandifher sénsor
mont i oned U Er Chi CPes6Pht PORTELF! NG el BF Lot o 8 cCaBrF bie A EEer ot
t ransm sskbndssofiegdased. diffenent kéndayoframerfdl detwesanthbindgi afi on
source ang,{hg; SeRaBLeahBESEASUL D bad) 8l LaBsVahUes | bl rberloueriadan said
maxi mum vaf ue. i gure P scﬁenatlcalfy shows an apparatus wth
25 of solid fossil fuels, different kinds of synthetics,
mixtures of incineration residues or miscellaneous products
having a complex composition. It is also possible that
materials are mixed with other types of pollutants, which may
be analysed very conveniently by means of the method
30 according to the invention. It is also possible to detect
polluting areas within a single particle. It is, for example,
possible to accurately differentiate between solid fossil
fuels and rocks.
In the method according to the invention the
35 radiation is X-ray radiation. It is in particular preferred
that at least two radiation levels are used having an average
energy difference of at least 10 keV, preferably at least 20

keV, more preferably at least 40 keV and still more



10 which the nethod according to the invention can be perfornmed. In the
enbodi nent illustrated, the apparatus conprises two so-called |line sensors
5 and 5' |ver, as well as radiation sources 2 angcg/nLoiBfRectively
| ocat ed a?eﬁﬁgﬁgﬁance therefrom As shown, there are two separate 15
radi ati on sources 2 and 2', respectively, which emt radiation in the
direction of the sensors 5 and 5', respectively. The radiation sources 2,
2' emt radlatlon of differe energy | evel s. Both of_.the sensors 5,
5 are o3P LRFRRLY \RF tiﬁ n%q £ elerdfyF ?%%e aWslte'hatt T he 20
radi ati orps9fs£esd Zemi@odiments higve, é(ﬁt&atmdrerisalx-&at}o Jim:ilaartalqrserd';eﬁesm
~supplied jint e for artlcle 0 TSt qsl tions,

i ndi cat ed % 1% kb‘?f#JerrSe tP a o nger eey Jte%e paretl cles, in one

directi onappudmxmadeby 1 heamd r bR I@eV,wh@r@lﬁrhe’e bt har thact el et ed bet ween
. the 25 '&ﬁsf@ﬂsi)ééef‘r&gewg%ﬁa%?ﬁ Ll sos Fesod AdS @l ngst] o oforddre

arrows 7 |ne sensors are pl aced proxi mat el y
per pendi c@@@ﬂ?a’ﬂﬁfﬂ%et]aﬁ%ci?w D@ RPredd ‘b?ft?%e“beﬁ’ciCEQﬁCgsncerH“elq Bne
Sensors neyq@ sémdre: | aced at an angle to the direction of nmovenent of the
fl ow of naterlal 30 The fartlcles ma b tmee the sensors and the

emitter in a hori ZontAEnt %ﬂ%ﬁor?hﬁlé%%enrﬁﬁne 1S %W%?'E cBhveyer belt.
However, i}bpéﬁaﬁb§0f@:0$§i1é)lysi1®c§ dhelparof cheiset e bevippihiedial 1 ng,

t II t I I
bossi e tenbabiofe BBEsE: atefu R, OR0H U8 ol PR P 80 ET 203 s
known. Thee&mnanfor ssovnngad uésoweas um@’debyal hrehmmn siémompzsra*eas ate fed
to an '”agef9£8fe§§9écélo§h'§a did %% §ﬁ§ﬁ§%&g395£$@0é&9(9éﬁ¥561n@r@w@sslng

unit, fo e a conputer Ity of determnlngt e ;f?(g and
si ze of trhetfpéi@lcle@dbﬁeasééﬁbfﬁﬁtl‘lﬂ%@ls‘éﬂlﬂ‘ﬁeb}f*‘? SERGTRYL O tHRA ARESEF@ment s
and the tfﬁﬁée@ﬁttﬁétﬁaeériae p&ﬁalﬁh@éhlQpp@ﬂ@t@@lisﬂbwufibﬁémniéd in

resol uti on obtajn separ at ﬁnsors |n t he i%neé 5 and

(ool gLl on, OBt B0l BY L L0GDLUTEL Ly SLoSeParsl o seneols, 0 Lhe
storing tbgodehargpt beneds, Thﬁdvehecselysofstﬂmamre|trhe:sra1®ya1cmroﬁ wi de
| ty of at 5
Accor di ngt2s égrﬁﬁrﬁeegsrﬁreﬁgiﬁiamﬁﬁbpgérgg’?ﬁgg?%?re}?lﬁ ot BLEFRLE Y per
second, nofespbetentbhylyt atpasend. meaeuernﬁeposet@nﬁhaev@he nd+aced ef er abl y

at | east §u8é9§£t§§§9§dlﬁng 98§t595§E55695119t é?ﬁéﬁdgcaﬁéereopeﬁesecond

Dependi ng on the resofution .e. the nunb glxe on the 15 |line
senso?8 Sdaﬁ§0510ns@f|@0ﬁSW?Pél@§ EQ@lﬁ@tﬁrsP%e FChigh BRAPFEYSnore than

1 nm can ﬁskéete@tedsséeleh@wnve@ythecﬁrguéEy tbeesensopsrate shbagtosary

dth ticl th th t Ho,
Sgsslbfep?%ogﬁﬁgéw?%g g8 §5Féguggtob$|§%g€ra rﬁal§0¥$% eﬁ?ﬁ%lsggﬁrcgghover
a stationanyappetatesonowkboprtibe pmagecpeecaselpgemealns,Thelwcln@ af the
T calpabE FHE SRabUERATLLALAS LR bhPatErUPLAR 66 eopaiiiEthent o Lod

is at |eaSt as large to be ana e era ly the 25
wi dt h2Bs éﬂoWea§tmatﬁmnaﬂpr@ bﬁ ﬁﬁéemwapﬁd@fP@héubanrﬁcwbshlmfathe

particlespyareited e&%raqseoaéeﬁe&ee%EH OTh@VQ parskeslﬁgeﬁefae@9 this
shoul d be at least partly_ and re erab

g eggﬁrneabetoghe
radi at i onCQERSLSPH f“ﬁénéa§§ U\hlﬁ r &per £4PY: PonmaERELRhefE) PRVEPELYSEHe
radi ati ony3@hpraterabdl vfr angesrf m@melﬁukeh(etmcappaoxf-ﬁaea sleR80tkeN.

| nstead of 't nt w.th.two rate n [
IS pOSSIbF& BlSSSSOngellﬁéamg%sdrbggggrgélﬁhk?grg? §85§a%285 §l Pﬁggbelng
sensi Biove liightheadékatione| ylteavéwdegy rlael\léltlonheroﬁheﬂtrpmégb@i:hg

sensiti Veflelds.

The invention will be elucidated below with
reference to a number of examples of preferred embodiments.
According to the invention, the method of a first
35 embodiment is performed by measuring the transmission of X-
ray radiation at two different keV areas and at a resolution
of approximately 2 x 2 mm. This means that the centre-to-

centre distance between the sensor pixels is approximately 2



35 to the relatively high energy level. A sensor nmay al so be alternately
sensitive to |l ow and high energy levels. Such a sensor is known in the art.
Accor di ngyhQaRehyrther enbodiment it is possible to use spasisibhdgs are
sensitive to a WO 02/;11;21 PCT/NL@QL/ 00909 7 particul ar range of

radi ati on energy, or that are sensitive to nore than one range of radiation
energy. The various respectlve part areas should then be preferably clearly

SeParat og el L ARLIE AN AP iNG Q1L hTBAC BT GR350 grbe used.

it is th&f F ansm Ssi ons - at er second (20
Hz) . Accd:r}th g atree d quredfest rkmtvambdnhmmadlial’hl@m songge and &hst SEOGOX per

. second, tq{@gfﬁeq%?er{%tahcer wr & ‘?t‘[efapsqlﬁ q_'sn%'ét 1fo§§n§|de%l%tte?c91qn>ésper

second. means I nvention ossible to detect differences
in the pamhe ceaeclsla:rormsﬁ:tqrcﬁﬁ vaftakrcﬁlt |1”(ﬁ$0tl(§1t\mrbh Tift nios MeGediipile itto

det er rg ney e SDAPG 3k Shae Harddp Hardd Ci'se%ea%fi‘ﬁ:e'dt IIF ROSYIDIS Loy
determ ne the internal structure of theéfartlcles wel | as l%@@
Ssi ng

di f f er encet g5 als Reissd thivh W@4aHh e SR Tpr

system 1 rien abted i dlieftelon nea Tde wei e, bd hlfbwtehj ahrees $a itchenaciimeum ' er ence,
the texture, etc. of the particles supplied. Structures of part areas
within a st %ﬁe particle can optionally al so be detected. 20 The

transm SSI on val ugmals@rlecls@'eepemﬁscaﬁ]ly rehawadiaat iappanatarsivtithof a source

(10),q 2 hﬂ’iéer d&écﬁ&ﬁtﬁ i&‘ecl{@rtdxfér&l(dh M e ipe & draet. on of

t he wave ness of the materlal to beldentlfled
(d) . Thi¥n rieraterdr Jgn%@tfbulbwsraheds |te ragrarptuss GNRHSSH TP at t wo

radi ati ongenes gyed eVals 4OEorevelad 4 ghe \écadldrélrye, lavele1af dsow keV),

it is possible to approxim erﬁgé] t he thICkneSlryﬁﬁ hcceégaterlal d, and the
absor pt i OfPEHRE ¥R HRECES hi KRR .t the sane, it is
possi bl e dstahedll Bierd oot atA® sthowh/ utlodle SGrenttiveh sepaa:ate

t hi ckpess-i ndependent char terls;;c yal ue of t the materia
{ %Je gél;’l ¥ %P i's oss?elb

movesT n ¢ tETh WPeEET Whi el % neoc\:/\%lve e to calcul ate

t he shaperaiathen efmrtméledsrg@tmnlmﬂlwezjmnm&|5claésivﬁ t/h the aid of
successi Vg, eé@f@%;[efmfﬁé Pé&?gti&? éé\?‘#e cSENSors a4 he knawnb{ esol uti on.

It is possi ermne relative erences in thickness of the
particl e @vEFETENt RNLBEPOLFYE bR 0FOEReCHFRG clidh§ SEHChtIr 'y are

honpgeneogis: rsé@@ﬁﬁ@é td> noﬁélaéf thd' E 24Pl 185231 PCIY Mn(lltlde(dltl%( h8 Case
t he neasure intensity V? pend on the thickness, q%:§q§ Qgrtlcle By

usi ng 9her%3%%5%?%rsQHFﬁﬁ? 23 YW G
t hi cknessmmﬂy@@@ﬂem sapeliad ﬂnftlee efices oh stdnleus mparticles. afhe £

det erm nedy aLag eLLabLeD, 2085/ °ohal 8LEDy iy TEADS of Y gmans in the
ge proce an ti'stical process ng these can_be recall ed
directly blyatdbe of grey of the particles, in one direction indicated
by the arrows 6, wherein the particles are fed between the
25 line sensors and the radiation sources in the direction of
the arrows 7. As shown in Fig. 1, the line sensors are placed
approximately perpendicularly to the direction of movement of
the particles. The line sensors may also be placed at an
angle to the direction of movement of the flow of material.
30 The particles may be fed between the sensors and
the emitter in a horizontal transport plane, for example,
over a conveyer belt. However, it is also possible for the
particles to be supplied falling, vertically or at an angle,
but a movement over a sloping plane is also possible. Pre-
35 ferably the velocity of the particles to be analysed is
known.
The transmission values measured by the line

sensors 5, 5’ are fed to an image processor 1. This




user and/or they can be used to control an actuator 10 nechani sm which
is capabl e of separating the flow of particles into at |east two flow
parts. Thig ARG ?nisn1nay be conprised of, for exanple, cogpNgSEEBoRI I
sources, which blow the particles intg a desired direction. Such techni ques
are known in the art. 15 This systemi's suitable for the inspection of all
the material that is present |n the formof solid particles, and which has

a mnimmsize aof ap r The s stem i arti. itable
for the FHSSERTY %%qp?nofa 57 rf/ardrlhsas %P%. atgb.lG'L%Lt%ir r?%J or of
secondar yjeafennr:irgjmg (mm ealraep:é l@nod@am@stqmmeo@aa?ﬂhdleﬂ &y, asuch as for
exanpl e, depul L Sﬂf?%:tfller}ﬂ}eq{cf %J@Heo%ea%'hr%%ern%%' 4R thlcow from
const r uction processes suc exanpl e processi ng?hof mat eri al ,
product | drrastSREtdsr Rl Qorfdte AT el i tqoé%J)lna\Wblwﬁtt 8% ni mum

particle fészoeid@brp%bﬁﬁne?eﬁ afﬂé SLuk MY JRIEaraft® pamle,in
approxi mately at | east S sten1accord|ng_to tq%aﬁﬁyentlon has been

shown to B esp&d o Iaﬁ‘%lﬁtatﬁk}s@f A4 P FBI RN g Sa S s: 30 1. The
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i nci ner athpt ptees Haseprosenat a 20 obtai ned by means of the described
detection system f'f‘ﬁ)én &rggtﬁuggl{:ﬁg é 9%8@ Eatg\;éﬁlwhlch the
particles in the illustrated embodiment are fed, is at least
as large as the particles to be analysed. Preferably the
25 width is at least a multiple of the width of the particles.
If the particles are fed over a conveyor belt or
over a sloping surface, this should be at least partly and
preferably completely permeable to the radiation used. In the
case of X~ray radiation, the energy level of the radiation
30 preferably ranges from 10 keV to approximately 200 keV.
Instead of the embodiment with two separate line
sensors that is shown, it is possible to use one line sensor
comprising two lines: the one line being sensitive to the
relatively low energy level, the other line being sensitive
35 to the relatively high energy level. A sensor may also be
alternately sensitive to low and high energy levels. Such a
sensor is known in the art. According to a further embodiment

it is possible to use sensors that are sensitive to a
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of the particles slUpplied. Structures of part areas within a
single particle can optionally also be detected.

20 The transmission value measured depends on the
radiation intensity of a source (Iu), the absorption
coefficient of the particle (u, which is a function of the
wave-length ), and the thickness of the material to be
identified (d). This relation is as follows: I = Igre™?.d,

25 By measuring at two radiation energy levels (one level of
high keV and one level of low keV), it is possible to
approximate both the thickness of the material d, and the
absorption coefficient p. As the thickness is in both cases
the same, it is possible to calculate the ratio pPnign/Piows

30 which is a thickness-independent characteristic value of the
material.

As the material moves in a certain direction, which
is known, it is possible to calculate the shape and therefor
the size of individual particles with the aid of successive

35 measurements using the line sensors and the known resolution.

It is possible to determine relative differences in
thickness of the particle even if the composition of the
particle is not entirely homogeneous or constant. In that



35 ray source froma first side of that surface and the WO 02/ S(1S21
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of that syiof@&gs25- A nethod according to one of the precegipAdogh@®ners,
characterlzed in that the nethod is pgrformed in 5 conmbination with a
contact-free detection technique, for exanple, on basis of infrared
radiation, visible light radiation, ultraviolet radiation or

el ectromagnetic fields, and. referabl n e
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cont ai ni Nge o | oif emémrprméazmnm nhe¢ uimeaqd prockedor df, @D addmet ex

t t hod di i l.akvs,
char act erf PGS HEVRE DT RS S T T S 8, 1R SR PP
| east tV\mseaJdlanndiMrl’elveﬂ/ scémavise ameedletcgycmfﬂf@r eameaqﬁueeﬁon east 10 keV,
pref o §01le Sakedy, MRA 1%51@@5%&@% Yot O 56 0th S lNd M@ g ef erably at
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system is in particular suitable for the inspection of raw
materials of primary origin (e.g. mining) or of secondary
20 origin (obtained by deconstruction activities, such as for
example, demolition, dismantling or reduction, or as residual
flow from construction processes such as, for example, the
processing of material, production of goods and construction
activities), wherein the minimum particle size may be, for
25 example, 1 mm or larger, for example, approximately at least
5 mm.
The system according to the invention has been
shown to be especially suitable for the following
applications:
30 1. The identification and optional separation of non-ferrous
metal alloys from a mixture into particular separate
metals and alloys, for example the non-magnetic fraction
from shredded cars, electronic and other discarded user
goods. The system is particularly suitable for separating
35 various aluminium alloys from magnesium alloys.
2. The identification and optional separation of certain
types of glass that are detrimental to the remelting
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'10@&C&f3&'1&%®&d@bﬁ 1Qtitpsum, asbestos, synthetic materials, metals
15 and other pollutants from flows of material originating
from construction and demolition activities.

6. The identification and optional separation of pollutants,
in particular shale and other minerals from mined coal.

7. The control of a thermal incineration plant based on data

20 obtained by means of the described detection system from
the supplied flow of material.

8. The identification and optional separation of lumps of
ore having a low or high content of metal-containing
minerals.

25 9., The identification and optional separation of organic
substances, for example wood, from sand and gravel.

10. The identification and optional separation of different
qualities and types of industrial textile and leather.

It will be obvious that the apparatus according to
30 the invention is not limited to the above-mentioned
separation processes, nor is it limited to the embodiment
illustrated in the figure.
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oqlg y51ng the con

previously determlned materlal in a heterogeneous flow of
material with the aid of radiation to allow the content of
the material to be determined in the flow of material to be
altered, comprising:

a) radiating the material with X rays having at least two
energy levels and

b) measuring the transmission of radiation through the
material for each energy level separately

c) measuring the radiation transmission by means of a
sensor, and

d) on the basis of the measured transmission values in the
sensor determining at least the thickness and effective
atomic composition of the material, characterized in that the
sensor comprises a plurality of substantially adjacent
pixels, to allow the size and shape of individual elements in
the flow of material to be determined, and wherein on the
basis of the determinations the material to be determined may
be separated from the flow of material by means of sorting
means.

2. A method according to claim 1, characterized by
e) feeding the data obtained for each pixel in d) to an
image processor, and
f) determining with the aid of the image processor at least
the shape and size of individual particles in the flow of
material.

3. A method according to claim 1 or 2,
characterized in that during consecutive units of time the
transmission is determined in each sensor pixel such that
adjacent measurements are taken on the flow of material in
the direction of movement

4. A method according to claim 1 - 3, characterized
in that the flow of material is moved over a first conveyor
surface, wherein the flow of material is irradiated by an X-
ray source from a first side of that surface and the
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from similar materlals of different compositions.

7. A method according to one of the preceding
claims, characterized in that the flow of material is chosen
from the group consisting of mixtures of: different kinds of

15 glass, different kinds of metal, different kinds of organic
substances and inorganic substances, different kinds of solid
fossil fuels, different kinds of ores, different kinds of
synthetics, or incineration residues; or from such mixtures
containing pollutants; or from a mixture of products of a

20 complex composition.

8. A method according to one of the preceding
claims, characterized in that the radiation is X-ray
radiation, of which the at least two radiation levels have an
energy difference of at least 10 keV, preferably 20 keV, more

25 preferably 40 keV and still more preferably at least 70 keV.

9. A method according to claim 8, characterized in
that the radiation comprises a part having an energy level
between approximately 10 and 100 KeV, and a part having an
energy level between approximately 100 and 200 keV.

30 10. A method according to one of the preceding
claims, characterized in that the sensor is oriented
substantially perpendicular to the direction of movement of
the flow of material and substantially perpendicular to the
radiation source, and wherein the same comprises at least 25,

35 preferably at least 100, more preferably at least 500, and
even more preferably at least 2500 pixels.

11. An apparatus for analysing a flow of material,
comprising a supply means for moving a flow of material
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measuring the radiation transmitted through the material,
characterized in that the radiation emitting means emit
5 radiation of at least two energy levels, and the sensors
measure the radiation of the various energy levels, the
sensors comprising a plurality of substantially adjacent
measuring points, that are placed substantially in a row
substantially perpendicular to the direction of movement of
10 the material.

12. An apparatus according to claim 11,
characterized in that the same also comprises sorting means
to allow the selective removal of material detected in the
flow of material with the aid of the sensors.

15



