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PRODUCTI ON QF AROVATI C HYDROCARBONS FROM METHANE Fi el d

[0001] This invention relates to a process for
w@er@dosidzg ar omati ¢ hydrocarbons from nmet hane pOUS:006/043427

particul ar, fromnatural gas. Background [0002]

A OR %@ﬁ ESTRVIS FATEA ¢ ﬁ %%—&TﬁWIVE
et

I TN R A DN G0ODs
aromatics are nostly frequently produced from
petrol eum based feedstocks by a varlet of processes,
i ncl udi ng BREERENCEAG IREﬁ&EED:At LICATIQNS ng.

However, as the world suEflles of petroleun1feedstocks
- decr Bais epplidatiow clagngthe righi efgprivsigyto .S PmlwrtaéAmahcvaten

10 @f—ﬁ‘s ?g g ?eggqa\}egl%g{i g%@ﬁg F](?H Wg Al %rﬁgra e@%erem |by reference.

net hane, which is the najor constituent of natural gas

and bi ogas. VBAGKGROVAND OF'EHE INVENPION
constantly bei ng upgraded and nore natural gas is

currently being discovered than oil. Because of the
Fﬁﬁf A0 33 iated with transportation of |arge
nmes o ural gas, nost of the natural gas

bl ookt ?%@'ﬂﬁ?@?@y cip Vil B bl ot B v TR Gregnaiptrusive
spRbANR STy Hon 81 veR fibaion/Floaigdandiof 866dsy to hi gher

hydr ocarbons, such as aromatics, is a particularly

attractive nethod of upgrading nat ur al gas, providing
Beclgreundelfarmatioschni cal difficulties can be overcone.

[0004] A large majority of the processes for

convieniiagtupst geads rew mateials enh}anmn‘raptmmonsnwphes, and a variety

off qtﬁe% dteﬁ}s%g{ozlh Ql&énpgl&f %%%%tﬂgﬁtetge wg tbﬁlggl} alé,a Sea zgl% even space.

Oftapéuchliteaisthre Etﬁp%ﬂ ih BéAdiBdontiindri| el & @rgdtineindrlaThélBeed for
not. requi re synthesis_gas % neratlon are preferred.

eff@ee@e Peﬁp%méewfmg and/er yertlyipg thy ebadeel ek eonjaiagrs is of impor-
e e e SR B R ?%%‘E 0o, el ofHhEbrts or handle
th@nt@@tmwmmdeupllng of nethane to ol efins follomed by

the catalytic conversion of the olefins to liquid

hy dr ©c @ustass, andNgw eafoR@nshOMaY st defe fétd0RterdiEiQontraband,

exanple, U S. Patent No. 5, 336,825 discloses a

t wo- st 8585 HIETOF Greatstiuch a5 erplosives onvEGlea haterial.

nmet hane to gasoline range hydrocarbons conpri sing

ar onmt B@cmﬁmfanmmdlsb muayrieish ko gerify tle themetiecrgoids are bemg

convert.e ﬁ et hyl ene and m nor amobunts of C3 and C4

oIeflng' Y e presence of free oxygen using a rare

earth t pronoted al kaline earth netal oxide

cataly gﬁﬂ@@rsam%wg R ERFIES BRAdatsrangpretesnd stanestsafoty @nd cor-

et hyl epgignd higher olefins formed in the first step

are then converted to gasoline range liquid

i S Pricss R kel o) 2ifh Bande SRR e TRt e wha
oxi dat itivs e sposl 0Bk A soisdsuhEfeftr om the probl ens
that they involve highly exotherm c and potentially

haz apgey sistRESIA VLA TaMRIA @Rk Qﬁﬂ'érﬁﬁﬁtlﬁpgf $438E 1) BY¥ paramount
gener ate | arge uantities of environnmental y sensitive

bbeor@hdlbx#esegnzq hipsenkilied o theawit Y favstoidenifioation ambverifica-
I b
tl%ir @%%g%gerggfgggﬁﬁte%{h% i %'é:[ d)rg}%}bﬁgg B% lmd&% ?‘b Stﬁlvgﬁglf}s factors,

sublrds:ocar bons, part|cularly et hyl ene, benzene and
napht hal ene. Thus, for exanple, U S. Patent No.
4,727,206 di scl oses a process for producing |iquids
rich in aromati c hydrocarbons by contacting nethane at
a tenperature between 6000C and 800C in the absence of
oxygen with a catal yst conposition conprising an
alum nosilicate having a silica to alumna nolar ratio
of at | east 5:1 sald alun1n03|llcate belng Ioaded

E

i




10

15

20

25

30

exchange, in which the effluent from an upstream

reaction zone is passed through a heat exchanger
whedoanss4bei ng fed to a subsequent reacti on zonkCT/URM06/043427

hi gh tenperature fluid enployed in this indirect heat

exchange . d high tenperature stea e :
con‘g. us?}i% 8;15@59‘(202‘ e%@éteﬁl g}fﬁ’ "?ng %glp eﬁﬁén W33’8§§@§¥P@Bﬁﬁ"8 gnd intro-
any ot bece ibgaskiticybladalaledl tke iphetitsfpenad. ur e 1 uid.

This method of interstage heating does not dilute the

r eacd anfesifibationdfeestriRRR et cLMEPRYlfe kfng oﬁ‘ BEstruction of
system and can e€xpose the reactants to undesiradably

hi gh t grepentainer sy fodbd Blactiaableexanpl e, Russi an Pat ent

No. 2,135, 441 discloses a process for converting

et han€ohnirtteamagbe Mnthedpryofonsiheiwisalifféuli AeuieRsRR to open.
is mxed with at |east 5wt % of a C + hydrocarbon, such

as henzgegeodTer fvh{%ﬁ veRntAhedddMbl ndytRIRLLE g?ep within a con-

conprising netallic platinumhaving a“degree

oxi dat tagrer gt eretadherwiigerdifiepld tateach.net hane parti al

pressure of at least 0.05 MPa and a tenperature of at

| east FAOBG:irohnesnpmag s danger@s od otHeewise Dnsvitabletfbr ind@inspec-

react or, system using i nterstage reheating by indirect

heat e?@’ﬁange. Hydr ogen generated in the process may

be contacted with oxides of carbon to generate o

addilpitaiovasesnaries ap el ag pthers theimplldie Tegognived by those skilled in

t ] et h feed. ..

R R nofi MR AR oF eh Bl A8 | EfRation of the
cogrsBaia cohager arny be de&itablld. qui d phase but, according

the Exanples, there is little (less than 5w % or no

net Ihnay @ascofl gdods, dheat isGehérallp a 86prlP ORAh tht Wiak/ indli® an origin

feed. [0016] Another nmethod of interstage heating is
(eghé PEYJUgsH AR A HIES: SIHRRSEGY thlike); airamsiigguie{which may include

. r ] . . 1 .

poBL S R RIRL O MBS, L BRIy i e

byghaagcapiaded of dehigerbyrmitctipant, suclpasac@stomshingeotionigite, @ purchaser,
i s acconplished i.n the esence of a_catal yst tha )

or &8 PR LB B BeRHUC LS FOAN OF Srfliehe Wen at multple

poR@ETRIBAE thid SuppREcHABS t Chiednkly efof RERME el a@fho@ééliﬁ&i 4e Qhere may

the nore valuable feed and product hydrocarbons.
bepewpsacsicable feyrie asacrtem theprging @wlitt, eadrothhncharantertstics of goods at

ri I ization catalyst .and can
6l B B 2 Balyoft B, 7 R ER-CE R A0 or ot curen
methaisaf daalydib hexguet be biyle tsdisithaisheeonstnS@hei@k al@ counterfeit goods.
oxi dation catal yst, this nethod suffers from added
conpl exity and cost.[0017] An alternative approach to
suppl yi ng_heat SUMPBERIYCOF THEEINVENTIGNC Oup! i ng
the cataly

process makes use of the fact that st

gen e aragmati zation reaction, pr.aceeds.

Tt SVERER: GO p el U TR &R o BRS E Bl oA R Gror
vetifieativatodlslipbedrysdds hieat de potiegaiy 01156?1@@ YBE ab@elinkd phEIBY, &nclosure,

the coke and reactivate the catalyst. The

WIRRRIBRG X Qthes NClQHnE Maferiab| Thesystems #BY meghads dessaibed heyein may in-
. ’ L e _ Cher _
it Sy G500 30RO S0k ALY LI e o
tranfestionssinzblvingrtbe slipmeBudlgoadspr ocess i s discl osed in
I nternati onal Patent Publication No WD 03/000826, in
whi ¢in aivelntageloDite apsiemz aid @Bthedd @b Yiste delobbd ¢l thdtekey may allow

etween a_reactor system and a regenerator system
Pa&ﬁé 12 gypply.chaty insqnshies thaf heyare shipping apd/pr rseelying genuine and cor-
redt @86MC TREHER S8R ms' 208 hitdlJag dgg%o é_(?ma? RE%Qosdbie fo doso
different tines’to regenerate di Peren portions o
catal yst. The percentage of catal yst contacting each
regeneration gas is controlled to maintain the reactor
system and regeneration syste2m under a heat bal ance
regi me. The reactor systemincludes a fluidized bed of
catalyst in a riser reactor, and the regeneration
system i ncl udes a second fluidized bed of catalyst

e ~NA N
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bel ow the tenperature of the reaction zone. [0028] In
a further aspect, the invention resides in a process
wo eoo7o8me@rt i ng et hane to hi gher hydr ocar bonsPCT/US2006/043427
i ncludi ng aromati ¢ hydrocarbons, the process
risi-ng:
i RobEiARcor B BPLARhR, Bnlch A ARIARL ATy HERD MHow of
gaodd end moredsd rasactedif et andeinh@ "Elmnyetemssaad thetimdds alescribed herein

aronat ¢ hydrocar bons nsferring.a fir
alspmey ahowa%ﬁgﬁ 33 t&ﬂatssm}x@ﬁgm 3 Prata it g hz'la?tsert }p tgmpering
[ n
wlﬁﬁ %%‘ E@g%eagt@to thé ):01“@1%5 b%c&rﬁﬁlofn dfShe %’cﬁfgf : E’fg cBHfair cP "tfhe systems

ng zone irect contac catalys .
ang methbdst desmiﬂwdshe’ram egabysingplongandel etgnb@amtlnamamgdaltlfy or provide

R TR RpeT s Bodine s it o Ttk it g pRARE signatre

mfa% 88 afhereht twha cSE6RBarAdTtiis @Bntehts S 1dnﬁ§\balay§1tedfdrcaaaed to the
e reaction zone to a regener at ion zone separate from

caydinerion ds Porfents during manefaeites: vPeppacking, exagriater peiat indhe supply
RQItion with a regeneration gas in said regeneration
zorie under conditions effective to at least partially

renmove coke from said se on ca aI )
ot oliroRe St Py A SRR Blo BB ihoR i Gfoy b Bhrty in the
sipp8 dlﬁﬁptblceﬂlfy ;z[(ﬁ?%% @mb afd hot m6@iied in any y Way, without
an
t

transferring said returning (d

disejpsiag Eleépﬂ@@tS@é m&s@@ﬂw PFHO 3T cxBARlensUs fvr:yﬁcatlon with-
o gtt]{é o:r sﬁl%"qg'ﬂgé‘ -df g&'{fso 1;}1?% '[é!;; gﬁmgag&glsﬁh ?@ a¥1¥ %pi&?]%ﬁcd ‘or other confi-

damabcbxm'enaﬁv@mtuaﬁants tHoe tl’%s eased, at Hcussat ﬁmheﬂheiotvhm elemental

heated first t al ion and t ener at
Slg@é‘brﬁ&naé’d’ted’rsﬁ‘iﬁl glt‘{ lém?’@’tat}?%%{}ﬁ? §OHREK rdts cgptents
wRthoWt@REestdy E&Bé ‘Elfesarﬁbﬁvé SAGE Rbntelts BY SIMWRE |1d/en§iﬁb£tlon of the con-

first and second catal yst portions are remnoved (b)
tefitsoSuch atoelemental $ipgeatireseaydfe tshé tor identifyrthe @mtmm'n aadtlﬂsyzpntents as

ar bons are rec vered
o Sl BT bt AF2RRER oS <BSp REDRYHE ek Rtra i siggatores may
presiid ahefieiand ettgent Safto 6@ Barehiognethi éﬁiﬁohﬁéﬁt Batadiye&l as ihi®nded,
i ntended to_ include not only the active conponent(s)
angkhas et eegn hgnged mgtarweﬁdwﬁg inert solids which may be
present in addition to the active conponent(s) to
enhalica expppity smbgdmmlb pe ﬁteltr@gtabslgnﬁerec@ftaaqaygﬂ coafrdiagor its con-

tepfd él%iygbes ?adaxtfél%t éff?st 11? g 515)% &‘f élba nfh? aemgrrﬁgl signature may be

dlgﬁhly;dms&é& alﬂatan@mlttdaata taqmeraptdntqatﬂai mplyr@aﬁlat\vhen the container
according to a first enbodi nent of the invention.

arriesa thedatss paing the elsmenighvignatisr meydheryersseaspinangd gampared to
s SREA bR OBl NG, 200, Byl proviae away
tol veviéynthatthe chMdRé}’s Fogemte h@va ot Aegh tampeared ofittrormihdrividealtered in
fl%id bed dehydrocyclization reactor according to a
#hKi'r d enbodi ment of the invention. [0035] Figure 4 is
a diagramof a catalyst lift apparatus for_ uyse wt

the I agHer I BRIl trﬂ%ntmwect%@smn@hagtwrﬁdnay be pre-

dﬁﬁg%% E)g ttkg{ eé&rgg% ?ﬂ?’rg&g@ﬂ? ﬁ%ﬁgﬁ@ g‘gfstgté/l\n E&ﬁémﬁxodﬂae}fsec%ntents
artdéwrpmoatthfrwapalaﬁm'lb@lcm ofdhdseepmtatis mathimtheposiaidennBor example, the

i,n.,a catalys article havi di anet er. of
ool n A Btehe ey b pStgp i Bl e R biPpisg i estor ot
hﬁi-hgﬂif %l%i:o‘ﬁ}ﬁu’&&’fsrboﬁ&nfsu At ady pbideiPPhp PS} &taid, A d1bf6ital signature

37] Figure 6 conpares the terrpera ure proflle of
the que gas with the tenperature profiles at
different radial positions within a catalyst particle
havi ng a di aneter of 3650 mm when heated in a riser
Wi th the heat being supplied By burning fuel at spaced
positions along the length of the riser. Detail ed
Description O The Enbodi nents [0038] As used herein
the tern1 hlgher hydrocarbon(s) - means: hydrocarbon(s)

o o - o, o -
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publ i cati ons noted above. [0043] As used herein the
term"riser" reactor neans a zone or vessel (such as,

wa@ errios@bko cyl i ndri cal pipe) used for net upwarBGT/US2006/043427
transport of solids in fastfluidization or pneumatic

ofARO¥EHLAG: ztnldqfs%bﬁf%ﬁfs?{f‘dl}[ %@%ﬁred%ﬂﬁ%oﬁé&eg 'aéﬁhétcme &r})%cted ele-

pnéumati c conve idi'zation reglnes ar

meiﬂar sighaturez ﬁdthhywsy; e donedndd ofghs corgdinerirhayelse (djfied non-intrusively.
greater than the transport velocity (Ur) . Fast
f | ui Bi #hthed Bx eiiiflari) RtHIE I éht COMYEatkial Ik b Ziatro@ited to the ship-
reginmes are also described in the Kunii and Wl as

pipgsPitaimer giéoritscentents @b the nogtdof manpactyre paging. oy efter peint in the
SRR RO A5 BB S SRR rigin o

the ypnafdcturert @gepplier ofMhelzoblds. AXngrateopoifiGa the/\mpbl}acham an ele-
deh{\gdr ocycl i Zhetl on cat al ys% in a reaction_zone under
BALT gRadHE ofihedag Mpleripbmay AY Bieeswreth tiHsIFERANg the origin or manufac-

tﬂr%ﬁrﬁlﬁgxgﬁ@ﬁéﬁ%@tﬁlﬂ@ rogen. As discussed

above ehydr zation reaction is endothermc

and [

sup p]%l'%‘ﬁ%l%ﬁ&x@{]e)%eﬂb\fﬁgte Fn%gg e%\t/ r%lﬁﬁ%l% t{}%ﬁmgﬁgafs %ay be disposed in
thp cohtamer mfchtﬂlme a@alttaahyaehdlflbmmggbs dmeshifable dhfan@ in elemental signa-
hetln %% OI‘IOI’]IH eatin éonevvith
%‘c‘f’r rﬁ"g v CRIBPnEGE AT L

supplenental sour ce of fuel and then returning the

heat ed cat alIXlt portion_to the reaction _zone. 1\{0045]

I n addi ti oBRHHE DESERIBIION QHEHE PRANING

utilizing the hydrogen generated as a by-product of

t he tlehyacimion bekoad teders n@&xetaicmmpam@lﬂgrdrmngk aifvaticH: o a

proc ssf r conver%%% a (foart of _the h¥dro

@h%?l ngfita%al’b? F@ggf atlgﬁ goods using em-

bd&h&%@%r‘ﬁfe@%ﬁhﬁé Bl fageal g&%nﬁafhe?anused in the

process of the invention I'n general the present

process is intended for use with a natural gas

fREGSA BEED DBESCRIPTRON: OEIEdnESTRATINEFEMBODIMENTS

f eedst ocks i nclude those obtained from sources such as

coal T@?ﬂﬁ/ide' ﬁ'&%ﬁa’ll' u‘ildel%%ﬂfﬁ%' deifai i1195trdie 'eﬁibBéiméﬂ?sS\Rfﬂl now be
ferment ati on, /or refinery gas streans.

dewiibrdn Boweverdr Wilhbe ﬂl@b&wst%sonesqf@mdlaerym&ﬂmahe gashat the devices
t.h
anéiéﬁetﬁlg%gn&/ef%ﬁ{r%g { i % ngt%é %gg mt%ﬁfjﬁe% ??)gcﬁféc? %ewces and methods

ane. er a

fohythepaidtablznpplitwionsrand et @hasdditions atd@oligeatiGircafbe made with-
cour se bg_ converted to desired aromatics gr oducts in
P

oyt HePYHRY FPBDE psopsOf Bis systeps and mtiods descrihed hgrpin. pe
di scussed bel ow, carbon di oxi de can al so be converted
to udBless otbw@msp@@ﬁ@fi deridlustraied prapodiments chiy b pndesgood as pro-

v1gﬁ1%ye%1‘ﬂP%§L {' E&&ést mgﬁrt%l; Qfg aﬁfe en?fbnod%t}hgﬁ{%@gd therefore unless

othejwdsd specifisd, efmtuxl[e@,%ﬁipohbﬁtf log@ﬂnlanﬁﬂdwr ﬁplécfcmf the 111ustrat10ns can
uri.ties are alsg typic y ent In

b%‘%ﬁ%ﬂ%@ GoBtRB R PREG Tty Y Bigeh ?P E/P%%V@ageddvlﬂw@aée@&mg from

hb Qisk t

L

alsme}tmlmmdnm@ﬁe biheavisospesified, canriteailtasedlvetiout hffectib@he dis-

or exa | ess than 10 ppm such as less than 1

Clg%ﬁ:dgglgﬁs%rfm%ﬁ?‘fmen and sul fur compounds. [0049] In

additjion to ne : thefe to t

dehy %%Y§E?MS£5§ mihags EpSoRLS Sy sppioyabiciospBegmance Fluo-
rebOeHE O BRALInNNTEET), Iﬁ@éfsﬁl‘eﬁleﬂﬁr&)éﬁg@a@%rﬁﬁ rnl?lﬁﬂ) Al el 7)) X-ray

order to assist’in coke mtigation eseadltlves

can be introduced as separate co-feeds or can be

present in the nmethane stream such as, for exanple,

where the nethane streamis dérived from nat ural gas

cont ai ni ng carbon di oxi de. O her sources of carbon

di oxi de may include flue gases, LNG plants, hydrogen
pl ant s, anm)nl a pl ants, gI ycol pl ant s and pht hal i c

oy rr\r\l—r\1 o o o I Y 1




about 10 % by weight of the total catalyst.
Cenerally, the netal will be present in the catalyst
WO poovloss4b@or m of a carbi de. [0056] Suitabl e nmet BCT/US2006/043427
components for the catalyst include calcium
Hiﬁ@&%ﬂnqmagﬁgf tntiSurehlents Hide ﬁ}p&bgﬂéﬁ% nétﬁﬂ'gﬁilbf*'/g‘interro gation tech-
cerium tiTanl um zirconium ‘hafnium vanadi um
nohégits, ongorbinataing wf sudhrmoedsurements! ag idebasis fot nongitresive identification
nganes rhenium iron, ruthenium cobalt, rhodium
anH&r °U a%r‘?ﬁl@géf’r}talﬁﬁwo MSn copper, silver, gold,
zinc, _alumnum gallium, silicon, germanium i ndi

: um
ti n, NREbpeasyrameTman exelpih A faetihahs tramafphotgug Hiciisphen a target
I. .
o e a0 R Eoch r Saf VR Bloge e o, The cxcita-
tiqmmpb@rurp land fitei reexdtingaamai ssiery spvetre aysl wygelpdaereined bynthe particular
o GRRRR B  FhARhSBTH ) e e 5oy
caPaé 8f eblvidgAPaidl infbRn R R HesPRRW iFmORuRINEs the spa-
_anorphous or crystalline and in particular may be an
tiah distrebution obisgtopes cantaineddia the irtadiated veltmed Home exémpleryrsystems
r i Lum. . di.u chrom um .vanadi um. .
To O R e RSB AT e R hipoussed
U.Bt Patetto.2, T ISOH9LBXplodiodd Diétectivnl Ve R edBnandddiludFesdehdb of
bar i | ant hanum_ haf nium ceri ur?e t ant al uf:Hi )
Bremsgfetibime T Binel S PARSUNANT 616 &% Reieson phixdentvesid Other
S
N R R R R e o R, 88 iper Blestromag:
netiaPerdesdes with Bremdsthabhuag R aiiatiohcamch U1 BateytdNw@ Tsl 201286 Adaptive

t o .por avi.ng a diameter of less than 2 i ,
SR CT MLRHE Psthe Nuiloet BsrmenpcEoiegitod Taing, thepontents of
whieh 88 ihedtpdtated heied B} RiferBicel rOom 2 to 50 nanoneters.

[0058] Suitable microporous crystalline materials

| ncl AlR: b NRETEReasHThRAVh dhGAL LS A&i‘c LARREHsHE AGencies of

titanoal um nosi|icates, alum nop osﬁ) at es,

respueel] scaipiringih adeat {y iswopds edenhinrophpdpimatee sqan), analysis of the en-

o AT BB e A e v s i

infognibtich dtoRt ﬂk@«{fFW donipoREon MFbr é)@zng)le, aé-aMcibed 2 U.S. Patent Ap-
ca M 11), Wi(e.qg.,

TS-2 and sili ite), MEL (e.gQ., MTI
pligagigmy. 17,158, gl.cs)rpzawdzlzef?m%w j

z
efeeenge,, anZighis pERon-FERant scat-

trf Pk phofealspbicld el dthens 6P A Phras PSR piotiShiher o
fodhts) @Y thel Bmfrentagl portid d 24 geKFSudhena@-resofiintxpecttd3mhen detected
%&.c.,_%gollte b taéﬁ, | TH (e. .,R}TQl;%), MOR. (e. g.,
DYRYFHER Of £5'oCtRRT (giotfor aays|cAapaile s resolvingspaiial ifprmiation, can
yicld Bbeabtl STEERbaAr dibulbyidh fhthe SRR R )
AFI 4 ‘ . .
' afantaBl R AL A HFR E o BB g ining methods i
that Ve Bdation T2 achib@e®GuicHY Sndyghid3adke sufefAG-th#sit of goods is not
.%%&55- hO, SAPO- 17, SAPO 34 and SAPO- 35. Suitable
SIgRHLEREY deie

terials include MCM 41, MCM 48, MCM 50,

FSM 16 and, SBA- 15, [0059] Exanples of preferred

cat &1578¢E the ¢ prad eViBICY Bepsh eifkier pdVREL @l ofiseiiec#rseandlepends upon
théajl um nggﬁl[ 0060?9{%2%%%1% a a%%ergbonen? nggﬁzﬁbvé-%slcg%éeéraglgﬁ Hsed to
gengratehra “feleoregtuh signatupP of & tdygetamdenseans(AHdugk irothe ekémplary em-

he art such gs ca-precipitation, jncipient wetness, i
boySeafy S48 Lot o et IBhLIER R of B PRcTaley Jgupuid be appreci-

i on- exchange, chem cal vapor deposition, diffusion and

physical m xing. In addition, the inorganic support

can be nodi fied by known net hods, such as, for

exanpl e, steam ng, acid washing, caustic washi ng

and/or treatnent with silicon-containing conpounds,

phosphor uscont ai ni ng conpounds, and/or el enents or

conmpounds of Groups 1, 2, 3 and 13 of the Periodic

" o Y . e . - o
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[0067] Where the first catalyst portion is heated by
direct contact with the burning source of fuel in the

wheaviomdg2eone, gradual heating of the catal ystPCHISI966/043427
achi eved by supplying substantially all of the

atgd‘n Q% ﬁ‘gﬁéﬂggg%rft &? %r&’ ﬁﬁ& ReybRlelined %18% i‘d%]egggxglz&gliegl nARfrg air, sea,

e oxygen-conta
on'lamiwgntluggage,tgmodaﬂﬂpﬂadamantgt‘rmghleetat) said plurality
of spaced locations along the I ength of heating zone.

Al t eltt sleduld Be Moted s b 3iphaladblaingl by NRF{ ARy contain isotopic as well as
ox%‘% ontalnln as re U|redto burn sa

i d
eleny fo.,;BRuscthe soyealieq ppiemsatal slznaiure maytindged bgmn isotopic
p t 3 inven-
sip D S NRE y*’?%a?ﬁgnieii‘?sﬁg PR, Bl sl PR £ the fnven
tigpthe signbtocambphs a d[eﬁlﬁl@&]leab\!rememt dreprtbjlemstﬂ da&ﬁtylny@tobtamed by tra-

aifigha) i:‘i@?% 3??118132%@%@6%6(1' ¢ g Q%O(@ a% g‘edBYﬁ?ng dgsgribed herein
méﬁﬁ‘s%a ef&%ﬁ%@' s1 Alrbd) STRAL sfgﬂ@tufé@t &J Rh 3CAN tpflsﬁfsgfoﬁ‘é%ﬁatures or

by supplying the hof conbustion gases to said
2 gAnhinationyofeticls pignasures,de aommsmebn‘gerﬁh ¢hd contpnts ayforigin of any

i,n ne... [ 006 In one e
SR 906 R85l 9REh oy TRR A Bt SR e o
subﬁS@ﬁ@tutt@VWh&hé‘r dbtdinetRorh reefedstixseez NIRIFI, BgthlﬁF tfaBB8REbA theasure-
st ep. practjce, the heating zone_may include a

msmtaromﬁfom/a spmbingter ot wish apBrcmeNty 2 The jeam “elemental signature”

lﬁletge%% sal le%:lsaot aqggrtlﬁﬁ%(%gg 3{1 ypi caﬁnwﬁi' %ﬁ;ﬁ}[ g?l)( 3% scattered

fromtoa lrgsdmifted thromgh stagget to detnineathe leﬁnmfh’m boisbtop¥0Bniposition of

he
about 19 8&: on er| ng .t ngageatl n eé@gg}@%q%és a}rwgsurememof

dén@i@y Q%{dnw of %Bﬁ)plc-mﬁhﬂb@itloﬁmtok %laﬁz%ea%uﬁﬁaﬁme of one or more
typically at a tenperature of |ess than 13

elgneﬂdmmoyoplesmpmtsm a Irbx, @8- Ib,r@fﬁ)apat;al Idegﬁoutlhanf density,
elé’rggnqac i gtr&pﬁ lOSlth{l} 8Etoiaggg§%% {}%P‘&‘g : ggf ¢ nentfs throughout

thbeagdtnga poﬂﬁmvmﬂthe fafre0 PRAAE 88 adlibddiRsRy besuchelenRRrhl $gnatures
and 100 gS| (69 and 690 kPa), nore preferably between

arq gisghrgedsBiher belpwo3 and 414 kPa). Typically, the
average residence tine of catalyst particles in the
heat4Apxjclgmaatalsipnaters miast cpaespond 1o asthglaitens en:thn agr,go woRteiner, to

e 1

thg %g F:?Igclkﬁr{]l?f%l d%\grﬁgle1 onrtatg q t3£ 1r§be %8{11191%6 (VL))Qeqz 11 tha GOt alner Oand its con-

teqmts &fr&my bt}yer &flat&rnsm@%a?mn tteh Uihsohlecenfitslimh &g, Zaﬁrb&mdnm signa-
first.c ortion maépbe subj ect.ed to one or nore

tugﬂtfp?wﬁﬁ’&e ilispal isefongs Widhiderr fefak Qraﬂayv‘? ahdangeg,)as spagured by

NRFI t@@lﬁﬂg uddy 8% %ﬁé BRBSditdeRl AR gﬁé@d’a@ %?%1‘601{1 U Rle Aist of NRF
the surface of the catal yst an (s wat er” or oxygen

spedieal limesy i.haaner iesemdabisdnio ed rdistiversigrabirdngites tift agampnrag corre-
t 0. renove.coke or heav drocar bons i.s cqnven

el oGP S el g AL VPRt SO PA ELOL R Argen gt

InFhngiesPentbtbAIRGRY) b DikotohR abUWMRNEAST SVchaRRigMsgeltral line may be
rempve water or oxygen is conveniently effected

alltypirineaquirgd fa5dhe elﬁwn@bﬁlaia;m: Sondarbh elmnentaﬂreugn@tnés may include
efré%\éé;tzi ﬁ%ﬁﬁé ?tgcﬁ'f'corle ;?o%l %tg t}gege‘[jnlélitrcl% gﬁg% ? arﬂ%?n}ﬁg glcpntamer voxel, or

ana(pbrtwm crfehabommﬁen eontdni. Begbihsaboyh NRFa hnd:@ﬂf&ﬁtldei measurements

ajned. by the first catalyst portlon t he reheated
allpy ft&r {page- ~digh Hsiopal HIDINgs fhsj chemeielsignatuse P parge Aeptaipetfor of
aﬂ(%o poftfontd? SQ@ﬁIﬁgth@l%bﬂtIﬁWaeﬂréen&lﬂlehQSnefl ?&)‘ﬁ%ﬂfl@ Hlag alned at any
nveni ently, the carbBurization step is e
contacting the first catal yst portlon with H2, and CO
C®2, and/or a hydrocarbon, ggh as net hane, ethane, or -
propane, and can be conducted”sinultaneously with or
separately fromthe water/oxygen stripping step.
[0073] As well as being endothermc, the
dehydrocycllzatlon reactlon tends to dep03|t coke on

o o, o - ' g,
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[0077] Conveniently, the ratio of the weight of the
first catalyst portion transferred in a given tine to

W0 b@7los@ko ng zone to the weight of second cat aP@BEUS2006/043427
portion transferred in the same tinme to the

LABSIRLE8 SO P IE AR I BB e o

cafiofs/ 8frough NREI andﬁatctm@:lz reedsmaineBindf, the bargo container as a whole may be
dr.0G on step .i S,.conducte
aIfGA S detei il b8 e SheAcRHf ApBare dotaileg Spqgial flepatal signature

mgﬁg@lﬁ&gg_k entering the reactor at or near its base and
e heated first catalyst portion and the regenerated

sec t

at gﬁ;lg%lggrﬁ%% Aiks Bpﬂﬁ%ﬁ)égﬁg%f Q%u}?;ﬁ% ldfl%o gl%/gﬁfcén F&SE&;‘ %bodlments
offthe s;tstmmchmmmﬂsmmbpdtmagmretanqﬂsyedr Stas;emﬂreﬁermmhatongm of

ar, the bas f.the reactor .and, t he proces
thg FYTRRA AT @t POICABS 6 Fooh SHPRSR (FGh 25 fwg afsy mapufactured
gcfo@@‘“dr% oth@Pflerihl}) 82 Rhdudidnatd Xﬁ/&gﬁ%‘aﬂwﬁ% a cér?@ contalner

eyrocycllzatlon step 1's conducted in a pluraflity of

fiui

f codoy Sl CRR DI ang RRAFLEA dfhch L v RRannihd (el gmployed
totdeterihaetiglelemesthl mgmalhrjcsif thearat goorontantkr thdor #gemneems sdhe origin.

se at al ys rti.on bein ned to the fjnal ‘
THERar e el bR RSN bETEA B KR 44 by be deter-
miRE A shycHtselat wRl tions are renoved fromthe first

reactor. [0080] The nmjor conponents of the effluent

fronmt j ' _

Pz e R e Sl Ry Al R s, indiyidual con
taimarsgaicdthet s tsrod theT g(pitzimrl sycontehts aeé khayvemt Fmtﬂxamph@ thete may be
0/ 0

mpSH uBig P el Bl Heepii Pt Sy on SR of midtufacture or a
tha padkidd ditel l(ngthey Ry HehRtdr@gfd bhQ8hbn ThekRANZ &M RARN of the

napht hal ene are then recovered fromthe
gogdngtimateyialsito be Plyppek fHoyexampleoor mnﬁap@reduyewwmon elemen-
S REE HA G RE it f SR B0A:Gs o BURY Rl ptihtcation of
the itegapseethbisanciadividtiab elbmieiith Edgriatura el kot lba tnheasuisd €41, every unit.

before or after product recovery, to produce higher

val Wh%ﬂﬁreﬂ@h@tal%ig@latu@é‘s M@Mﬁmtmdh@a@ﬂmm@m are
[0082] Since hydrogen is a major conponent of t

kngsmy negibgrwith 4 QWné’ﬁ?IﬂG& lﬂcatl%’f denach wlixidya) S@bmweui@thm the con-

ta Etg IR, ﬁoﬂr Pgtﬂﬁ eRmdnlf s f:g%gtlufée é}tﬁé‘ Q{}]Iﬁgl gpcaﬁlooe‘%b{;amed For
rog &én refection stepto reduce rogen con

exramptm daeéﬁRFIuedelneﬂtelf smgrmtdrb ef a nraﬂafabmdedmm ang besneasured and re-

ycl ed to. the, dehyd llzatlon step. an
cofERERIo3 0 REBIPRIDS PR RORATIPPYIS SoRger, Raortjees gbhe distbution of
th{s%ﬁﬁl‘fdcﬁﬁecﬁ ft&ﬁ i£8 ﬁaﬁthﬁleﬁwﬁﬁa%&ém | g?édgét@@ﬁﬁe&@ﬁﬂen@i@n&l Rap of an
h/ro gen in the dehydrocycliZatio | uent

ggan of ttcantainey ispepiaditednpetialrdaditiputoD GNIROl sigEls, obtained
0 e _water and a second effluent stream having a
ﬂéﬁggcceog&% AT ogen content conpared with the first
drocycli ef fl.uent stream Suit.able
hyd%‘ﬁ%’ﬁ‘ °F lb8§ }}}6&{8@%@9 ClgPoniys Sepstiis (LY b dopted as
thé eleﬁiéﬁtapgg@mﬂerlqz REfeARRIH 6@thé 88odY0 In E’Eéiﬁé%ﬁ%%%&ﬁﬁ&ﬂ@ the
(Attorney Docket 2004B154), filed on Decenber 2,
elorpggal sggm@%q ey hvmﬁaéln@d Wpataﬁeéy bi/die oggin andj covtpiatnd te thegpredicied

/or e I,0n

el el TSP RED o A H4RE GRRAR R e kg gty manu-
:&ah&ﬂhm&%rpmﬂkﬁlcularly nethanol and ot her oxygenat es,

(iv) synthesis of |ight olefins, par af fi ns and/ or

aromatics by way of a nmethanol or dinethyl ether

internmedi ate and/or (v) selective hydrogen conbustion.

These steps may be enpl oyed sequentially to gain the
- greatest benefit; for exanple Fischer-Tropsch may

first be enployed to yield a C2+ enriched stream

follomed by nethanatlon to achleve hlgh conver3|on of

_____ ~Ns oA o
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wi th heat renoval between beds hi addition, the | ead

bed(s) may be operated at higher tenperatures to
woreoo7/56ae0 ki netic rates and the tail beds(s) nBGI/DE2006/043427

operated at |ower tenperatures to maxim ze

t her :

o RLHR LS bR gk 1 RGBT (B B B Bbing con
tamef may iba tiknowredreh eonsédena dnsma:tl lan gbmagcedl b esger the entire con-

er W nme unsat ur at ed Ca g
S PR s HRUPE 1 MePSGA SIgar AR s dPgipapey he meas-
ured af 8 oﬁgﬁmﬂ ugé@eél géﬁertae thé El‘%ﬁi&nﬁpﬁ Odeete 1113 i @ﬁﬁﬁ&ﬁﬂr container
After renoval of the water, the netRane, carbon
atfipmexgide, any unreacted carbon di oxi de and hi gher
hydr ocar bons can be fed directly to the
dehyAn otiginbi denheémal sgreypurt 012 eresuaedatdbiclon g gln od goods (or at any point
. omatic ucts. cher-Tropsch, Pr cicess
InZRGERErY %ﬁﬂ‘gn‘?rr?éﬁ‘?dlﬁ’? OhgemBYEh aREjosT Parn e Sé%‘a o af described
ab%%"FUah %@ %hgiﬁﬁ? tahé?ﬂe@fan@%raﬁs%ﬁﬁéd BabiheRtisd Hﬁnslﬁﬁﬁécp & Qn}* Rter point
ehydrocyclization effl uent W th carbon nonoxi d
lnath@ sirmibr@atro Fom eXanglch@rlllﬁrtrqwbh Figuse ésthe elsmentad axgeat@ee 112

091 T, . .
o bR PRl 31 85 b PO e stimenyy yhicp gam be any
infepie@iuRMPfiRal ddsEnatidal OthESnesns 3fBaR8RssCkioward, 0Bé4f ordinary
i.ncorporated herein b ref erence. The process typically

skilhifothg a8 mayderusadt Inaddisions hersyen aad methadgnay h%féﬁprqsléo use be-
t 1
foéepe X aEgBOc{as%%éut&o%hgil ?%?’1 asQ) gal}}t}ergﬂqgﬁ%&gg%r%g, and references to origin
ortdestpErtiah heltelmhasab@undeiétw tocnnabmpﬁss H0Eer tptied wmadbefore and after
habo%f{ égoc to about 2400C and a pressure of about 1 to
thg g8 BreRAfOREEHS W 10, 000 kPa), preferably about 10
to about 40 bar (1,000 to 4,000 KPaﬁ i.n the presence
of aMersEnlsy aﬁreemeﬁe%@t%sx}r@tl bygweret08, e caran goméinesds shipped.
Abthe ‘d@sctiﬁQﬁ&{,tagijetp%sgﬂth\t{ Is{eg 118" LE ﬂ?ﬁ’ir%ldlatéep&nt al8cond NRFI or
Ni, Ru, Co, W or w a’ pronoter,
effagtinedi sumnmg‘ﬂwtemns empﬂ(ryedmp detemdion thﬂzmlemertt@lrsngmture 118 at the

o SRR B . T ALt ol O 68 o

tha bﬁginﬁélcorﬁﬁar&l {vith 3id 418MBRtal dl@‘ra@lﬁ‘@ 128 0aeiBBd at thB@estination or
cat al yst corrErl ses a _non-shifting catalyst, e.g.
u

lnte@naqhﬁtemmm he porapgrisen atavrbeteyforpeshautometically biyermirogsssor lo-
ca‘Pe{1 ea%n F%e%?ééﬁﬁgpgﬁt%é g'rto nred, a}ttg %Om%r a{t ﬁ{rgpényotg %r%gﬂrén I%dconnected toa
prbédssor aﬁthe[d&&%hoh or anahiediatepdinciiseptintetae). nyﬂr;@m@m ay be

DrOYRPIR Vi Pzt fof RECTRRITE N PR grgire 118 atthe des-
ti2Rieh 8f BlerhRIBRIVIiRiBaShGthd él@ﬁ@ﬁtapéi%nﬁ'ﬂﬂe h¢5 aPtfhe pri §1na}]to within

single-ring aromati c hydrocarbons exanpl e of
somempewifisd talgantes dn abelglempia@t emlgpduhelﬁhjas taderandd for amedch is based

of Q-.7n0 and .Z
e FBRAHET PORC A0Sy St G o otk chtscalepsig fagp match may
thd96&£bdsee ﬁ}';bn dtﬂﬂ;nczﬁrhﬁalyﬁ@ emﬁ%méﬁﬁ%%%e 121 detdrddifed at the ori-
i ncor porated herein reference
giriand fsrelepenid signpiugul g@sdetrnmned mhadesanaémnenf dntereafliaiggoint. For
1.
e)galn%g tl%ﬂ'g'gcc‘e’s%o? ngaa/'r b eeLﬁs}é “h&r?e% C}Q %(c?eg%%?% gaall%ac%atc% 1#0%6 %?more
feltychsof #retxiasentdlivégnarey | B8 ddtyehinabithiongestiagidnh@rintemediate point
recovered as products_or fed to the dehydrocycllzatron

deyiales Bygnereranng sigen FPETAF coFsRaRdRS pReRTIBeS fegteiss 2f the cle-
f

L8 1P Qv ited S O RS it RS R P paRSERin his de
carbon nonoxi de present in or cofed with the
nmet hane- cont ai ni ng feed and ggnerated as a by- product
in the dehydrocyclization step. If required,

addi tional carbon nonoxi de can be generated by feeding
carbon di oxi de contai ned, for exanple, in natural gas,

to a shlft catalyst mhereby carbon nnnoxrde |s

o o o o, o s . o NN
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propyl ene. The conversion of nethanol to olefins is a

wel | -known process and is, for exanple, described in
wol@7/oRaeent No. 4, 499, 327, incorporated herei PCDHYS2006/043427

reference. Sel ective Hydrogen Conbustion [0099] In yet
R S B oS BRI RS, g or et
abpndoessof purtidilarhisdiyyshs og elenientsacstimeat] eﬁfﬁbﬁﬁfﬂlllﬁ tltee@mt@ctbntamer

vvith.ox ento ormwater or steamw th
Or A RACHAH %ﬂolf ijé)g &Ry WdOTRALPR &t B e eﬁ’“ﬁ‘ﬁ@i @ 9%%{ 3y $q3ttering
orRNBRRsioR éia%rdii‘tzﬁﬁédklﬁ%sw ¥defifer “ﬁ&rtﬁee? st MO error
oxygenat e ydrocar bons. "Genheral ly, se rogen

barsnbustion is carried out in the presence of an
oxygen-containing solid material, such as a m xed
met alin sogiedenbolimdntyiticke may éase necaptinedofah eldneenk yipgdature 112

oxygen to the hydrogen.. [00100] .One, suitabl e selective
ﬁ‘}%‘?’b@ st deg B 8% a1 3 Pri@H slenaEe MAY be eomputed and
trﬁ@ﬁﬁ&gd tD9he Postt §3910?130Q mtéﬁ?é?ﬁeﬁ’@gch?ﬂ)r @&hﬁéﬁhoi?)évlth the elemental sig-

reference, and onpri ses cont ting at reacti
natwndil§ detesnined atrtbt dettinetaon onferisdiaig pb;mi r Oc,dn lan lalternatlve em-

N BT TS 0 BB e At .

at@pdsin@wsg@ Op&OD §ppTh D ehaBFSE Soertiitate bRothal M fRARG@PRvided with the
conprlses a metal oxide selective for hydr ogen

hirgeent ot plesad ofHener de siedranrgbodinaent ﬂhpgelﬁymt@jgmature 118 determined
at %);%gﬁﬁétﬁﬁ o?rn?cglg&etdl él' E&n@%e c%ﬁ‘lé) edI \5’1&% %ﬁ@' Fe%lété(d Semental signa-

net al um an
tutehialokdent o aeriflydhiat thentditd s&bhtehtsGre Wahighéy e supposed to be.
5,527,979, incorporated herein by reference, describes
a priackssvehothat ihe eRelent@bighythitctmOxuAt118 }etermined at the destination
dehydégg[enat i on of al kanes to produce al kenes. The
or ol

P ROBE ests dhemriterimeloperavgl(whesher fisncomparison with a pre-
e YRR AR ALy s 3 SEISB DA O gt s

tutchmeasyred|at Hrei amigirdeftiel slopmaat),i as mepreseated dry sfdprmeﬂletsmpment may

belsaE i Guar Bl aiorrBme iR o thosent the ole-
méiIaighsturéd dPndtintaidh, Ee%?&‘e%d b3Retpt1ng, @E Ehlgl%eﬁt th dyﬂa: HB&ed for

first reactor, al ong wi th oxygen, is then passed into
retarms tocthe denden é¢-67anc st mmmaﬂa gnsaeqiionadr whérdetiomairgiate to the ap-

atalyze the c ustion
PN E AR B Bl bSO LA PNP Yo e s
pl}z Olmmli (@epleahiaprediand clehrn®ebigaithreandRitas@ed @Rmental signature)
ustion catal yst may contain bisnmuth, antinony,

1A%§ hfﬁh@w@mex hasrfeen ‘@&H’Wtﬂém {heizapdsopodified. In contrast, a

m%ﬁ%%%? I|S gﬁre?&ﬁe Ogl%ilg[ﬁ nggéur %I I'S gﬁw&ugus uggly %18514(0r be-
twaerda pmdmtquclanalialh@mtme byd @ afeeneetbﬁamehﬁsbsﬁgdaaﬁrepcan be consid-

el FaBALOTPE el G SFORERD, | The process enpl oys

tal yst s stem corrprl Si ng éél) at Ieast one solid
aci 41 Oné EXbR n@&hﬁbﬁb@ﬁfl BV swlx thypemay be a certified re-

898 S S U G55 OTNRE 00y ARG e i
cogisheandéd sbattahdistribugion v isotopss wutimghe:fshlpm):nmldlcea@arecthan

sl NS TP B b B R el BB
thik @S tit RPOsIIBIE 8 déte@iThéIneeBateRs T 1 cohtendPahd REL lék laGainst a

of the Elenents, and at |east one netal fromat | east
shippingdist of wapidest, if desirehd 4 of the Periodic Table of the
El enents; iii) at |east one netal from Goups 1-2, at
| east one netal from Goup 3, and at |east one rret al
from G oups 4-15 of the Perlo%llc Tabl e of the
El ements; andiv) two or nore netals from G oups 4-15
of the Periodic Table of the El ements and (b) at | east
one of oxygen and sulfur vvherel n the at Ieast one of

s o e 1. .




10

15

20

25

30

partial |iquid phase conditions using a catalyst

conprising at |east one of zeolite beta, zeolite Y,
wOBMrAR42°PSH- 3, SSZ-25, ERB-1, 1TQ I, 1TQ 2, |HCEUS2006/043427

ZSM5 MCM 36, MCM 49 and MCM 56. [00108] The benzene

et NYARELLAhIE %@tﬂ%ehsf BPAVALAE AT sikRFurs td Gerd; alBfpment pfgoodsisa

dehydrocycl 1 zat1 on/ hydr ogen rejection process-or the
scheamodn avigeinit iedeshred wectrifpa sinpiestr ofl constmearldecadnics. The elemental
SiCOﬂversion tg ethxlbenzene”.The resul t ant thXLben enﬁi

Pre s TR iisogRIE FORwOstigh 8E thegarticpr elgionissifheshipped

anumesd@ra@éwdckggm%feﬁﬁéﬁ/de@@m@ﬁ PP BPpdck R BYNREL ?ﬂ%is, or com-

wel | known in the art to m xed xylenes.” [00109] Li
Pudor préori Eppolgiovdedgeof thermommosition of frecadentronics lmd packaging. If the

| | tr ol or di methyl et her .
ool ¥ LRSI o TR DR Dot o S Pu 0l v Fosfh e entir con-
tainecousiitade b sipimfubewnieh yohoasiyeht wah kiRe 86itbMeNThiisdt may be con-
produce t ol uene,  xyl enes, nethyl napht hal enes and/ or
firmedet Fpnoup vt REERS thegraients weredpadedath the prower products. Fur-

| ¥ .t hi i.s i . .
o> RREH s (et SRDE hnird Ul e2oi BN kBB W iicarions have
taleamgllaces ZSM- 5, zeolite beta, | TQ 13, MCM 22, MCM 49,

ZSM I, ZSM 12, ZSM 22, ZSM 23, ZSM 35, and ZSM 48,

whi dh ahethebeampl® did dgsndy tebeedhifitgies taFTohRihaN&edgeneous

Di ffusi on Parameter for 2,2 dinethylbutane of about

gt B brighdar i AP e BN P eh oF Db dguch a sco-
naﬁo?ar?ef?écﬁ%—'?ﬁc%‘x‘ hﬁ?%e R e %ﬁzlg ogi%in(i& tBIQ %J&pé}?gtﬁﬁ) to detffhine an

a process Is selec ive to oduct
elgmagndalsignghiee afidie icentdiascc r Atoeldter poink ar the xapyly ehaiklSnother effective-

., Pat ent .No. 504, 272,. i.ncorporated hereip by .
2§ S er R i Yt b o et sl depdipning whether the con-
teitQ M Bkt R difidd Surind thafiyeni ently effected in the

presence of a catal yst conprising ZSM5, MM 22,

PSNQ\/;HI%Sm%?Zr 4 ag%?@%d&bﬁl ul%@ Ina MQ&[%J %gpélz%aéiw%@o&)’ Bhe non-

process ca

intgesiecingpestion prddoucasifRatdordofigebts | Axapbitivakeé aleovenihey san be obtained

described in, for ex | e Pat ent S.. 4,795,847 .
of SRR Bielpgiend e ST RL WholRetrabt oy A Ppis PAREEDS contaner. In
sutlOEHBE]iméhe] Bie FRITARD kighitut\arreSpdtds thedSotapic bit¥htRI i cargo
agent in the process of the invention, it can be
ang cotpimetmateriglsdberaselies. ftdealse possitde. fovisuerstaviead amd datect elemen-
I [ ' [ tho
S g B er AEn SR Sl b, BB Ut iR hese can
besttrethuoed by thpaninudactatt, shippérher ethéd paetids if €@Buppl§ chain, to ensure
hdeh ’g{oc cliéation steP.,In articular, the ) i
thae Wi By arREet Rd ik veliy ABgniity onyRlidiypHeit spgpific clemen-
, icBy 2 1
bR OIS RS of L P LPh P ampering
Alghiraptivd embodinagnts erplditthd additen ofsucli‘taganatetials’ tocr shipspéng con-

the carbon.myneoxide content of the effluent b .
eip g5 AR TR S b R0 P R en el SOt aptstarivfs qapld pro-
vidd doighiterodrildiadital 3ot LthanGh Ve spEGANIRBIRS, heshBdurr, origin,
reverse shift reactor to generate syngas which can
manyastuse date,os ghipping dateper anyethescharpeterssivyafitoe gantainess contents that

- of f : | 4 ti ired
iy oY bR P A R B8] D e 1y che

rev [ g or.contains a, cat t copprisi
e A AR BRSSP g or
feavive-ad soah Mieat identifieathe hrdstdcanif the @8 thaltéria REtha kRiPmeRd el'ag materials
cqondi tions jncluding a tenperature of about 5000C to
m ﬁ% FrxfureHeiknosiicsotRes b snews popartions ahoiag mpbaBd may ber com-
exanpl e about 7000C to about 9500C and a pressure of
about 1 IcPa to about 10,0001§Pa, such as about 2,000
kPa to about 10,000 kPa, for “exanple about 3000 kPa to
about 5,000 kPa. Gas hourly space velocities may vary
dependi ng upon the type of process used, but
general | yt he gas hourly space velocity of flow of gas

o g,

o o,
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conditions for the hydrogenation process include a

tenperature of about 300 to about 1, 0000F (150 to
w®400@56426uch as about 500 to about 7000F (260PCDUS2006/043427

3700C3 a pressure of about 50 to about 2,000 psig

A9 AR 8 HEeBS SRR o 004200480 ctemental

s@’ﬁmma isoidt lothetwiss ucﬂnnﬁm in teutartbulae catpoishiphld it a darticular applica-
i 00119] Partial hydrogenatjion to | ave 0 e or nore
» 8F i Q180 FHEA COBABISH: BoPRIKINS nqieréa %8@’& ey el psuch a
1n
t"‘% A R 1@%‘?‘2{;?#1%%@%&‘%2% Ho mltipte srong
NRBBstatassi on. Suitabl e partial hydrogenation processes
are well known in the art and typically enploy a
cat afurtier, aoamificsirag andBhyspliertmiwsiind it Iadva:lttztgenusum deeelop identify-
preferred supported on netal I% oxi des,. such

inga*z»‘a?n Bentibis GerbeiaaBie SHEh fe mapkaly SrayRpaddsdin bulk to
rfld, SRR YR gckl LigR, 1‘ﬂfzo atéd"ﬂue@ﬁ? BRQ ﬁﬁﬁﬁfa@fﬁred goods, or

rocesses are | scﬂ%(; In US atent Nos.
indf)rﬁamaﬂfiﬁto sbluisTs ﬁﬁdmulsl,oﬁﬂb breppli&] @abe Eﬂznomfdtems or containers,
973,218, the entire contents of which are
egrpé'oﬁpEgr%ﬁnetngher ein by reference. [00120] An

alternative hydroge i.on pro nvol ves | ow

pr es SAETBIRYYF 8% @%ﬁgregrrgawe?fwa%ﬁ rrtt?a‘reaﬁ@tea%tﬁ%r&e qf shipped
gd&i@ dH@e oﬁ%ﬂéx@@&ﬁﬁ%nﬁ%ﬂh&:@hﬁﬁkﬁt YEdr eXHE 31e§§1e%61nfpb§1€ign (or the

/Wor sulfided Ni "supported on an anor phous

NEFIJm effﬁsytlw Zale;n@ﬁalaslgwebm)toe a t@mhteasl aseariated with a particular
0zeoI |ft e i E{aer at i g’l‘ 1v ch At
SO £ Ssm% ‘?/‘v’”b?' eﬁ?%a W?&F 8&?% taﬁegp‘?lﬁ 0 ffgpRly chain.
thhteTEetiaAoH o8 iérnaagist pSile) tHeQshppekit mby $E@O4TmEd SAthtONRF] or effec-

540C), such as about 500 to about 700F g260 to 37000,
tive-% peasnipesyeiema sl the Dreserse a5 din tag nstryiah plgcted4Bhsythe origin of

B ab Rl TR R P M IR B g clemen:

tabsigdmtas islhwn; 2 it aoadeedsary(fohthe 1denfiB0d2h¢ gh@dsi omksven thelr isotopic

non-Jimting enbodinents . of the inyentio | no
CRGRaI iy BV TSR e Y BB AL Bt ¥ fafcaton is occur

r11§’§ COHIPARY bB desFB, ?&sexﬁﬁglet ﬁﬁnﬁ?ﬁaﬁf%*)ﬁ&auh@so 12 %hichiiBMaPbe useful
illustrates a sinplified design o
tOd’@hfbdﬁhO elsapmezbalpnmtheeamlm chain @t/lt@aonmeang}lglg ifseshmtgnigto parties in the

ﬁlocli‘lgl ngitdﬁl A A o intesf %Ee 1% dg@y%?“%%r m e%hgre\égn{)%e?er&lons to verify
smmﬁénuﬁeﬁela:tﬁoﬁrots o€ ahy ythei cives @€ scvedtteliipthdhewithe@etwaling their
i nto which heated catal yst flows through an inlet
COPEBHF%@M@S&H}I’&@BW lych@ing op” of the reactor 1 1 and
fromwhich cool ed catal yst flows by way of a val ved
out | lataligmative Qﬂb@ﬂlmflﬁc%;ﬂ Sysi¢ras mlgeetbpd& ¢rscrileasidiesgin mpy be used

oL S DR LY S S oo
chain iesudthan ¢rebatiment bnaort inofResBintteeialsimaaios disffs€Xin the shipment

[00123] Met hane, feedstock 14 is introduced into the
sur%t»t@t When & PAICHIAE RYON RECHYIONGFiseBITNEHQrage gfifgansit at any point in
thadeligty anat, tﬁ'@&l @ﬁt_apé:xgﬂ@%tja%@ﬂre% Safdrial 135541@1%(1 [Bg ddetectmg this
sup errenta fuel 1s Used to tr sport t he coo
chaaga(oy gte dbeerme @ésmm/asthangd!)@aa dater];ﬁ)mt'ﬁy thecsabply,chaingit can be de-

amunt . 0 than use s the s ntal fuel. i .
e i Slet o o S eSS BTG (1GBgesiE thg Gemental signa-
tufeeethd thetn@atédld it CHEhdeARdt iy B RERSS W @Basufnent of the

objectlve is to co-produce synthésis gas. Typically

t he amount of nethane used as supplenental fuel is

about 65 wt % of the anmpbunt of nethane used as the feed

14 to the dehydrocyclization grocess when the

obj ective is not to co-produ synt hesi s gas.[00124]

The catal yst reheater 16 is in the formof a

vertically disposed riser, with the cool ed catal yst

belng transported up through t he rlser by the nethane

R 1 L 1 .
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the catal yst thereby heating the catal yst. However,
the regenerator 33 is preferably controlled, for
we@mpb@2by | owering the tenperature of the  PCT/US2006/043427
oxygencontaining gas fed to the regenerator 33, soO
elbhiattatl ﬁ@aﬁ@@ﬁﬁélﬁ&tﬂ?%n%ﬁeﬂaﬁ E‘;%a f’éﬁ&lﬁﬁ%ﬁﬁo@ of élEl‘ﬂQntal and/or
exiting the regenerator is less t t enper at ur
isotbpiclrempesitionl amdoiadpptial digiributoom ehdensityy t he react or 21
Typically, the tenperature of the second catal yst
por t Inci examplersf stidtean exgbstiimaniothe3ds matetibbiy dipbsddGn a condltlon-
whereas on exiting the re or, 2.1 the second cataly
SeEPE [gYics & which tye FﬁSét%teaﬁ%}wne@éﬁtct glsesetal igbatyees % separated
b}%’v&l'vé‘ gnérﬁ'l?raﬁé) Br Bfhef D&ritCASNGIPRLchIR thd é@nﬁﬁé}&% ccﬁtdmon oc-
catal yst porti'on passes into a separator 34
cwo| Far qramplecthiedtariar ata) hest vabepanpted $o fm extetnabsensor such that the

v P G argctsfrs BTherRbelpt, Rpghimt o bot), -

mEBtyAeMISr quértlinﬁlt ,88whieRitf drdsul) ovibheon of hdé%k%tfoittﬁl‘e@t&ﬁ& etc.
tovver 32 0131] In the activator/stripper tower 32,

SquserSrfelg@tyewthﬁr@@paelatablwgndltlgn,u suth aslihp yrqs@nwaxf ta@drtwutdn gas (such
C m
as&ﬁg%glndg&gg&m ploglﬁe t?_é bgliadlﬁ ena&aqeqr %ﬁﬁg ca‘i oﬁ§l g’f’{} §r CXRosure to
ralliaviet, i@y besenfloyditotegget lthe dpRningR rbhatabhiag ottte bEetia@l on
the cat al yst since the regeneration step not only
I enofes exeipRELeBBERmMEhOME tdden saliaAb MﬁSf b lgas 8¢ B&uid emﬁhat they
to oxidize catal ytically active carbide species on
mieEemetingly HaoR bisachingokihe hpryist.. Irrrqther@atb@rlymnw,éhq mdltlon—

SSRGS T )

bldde) tiia gerersatié mhgqahtahyls tupoistriggeting ofithe Belected éé’msét’fbi‘)ndltton. In
reheated cat al the riser 26 and_t he conbi ned .
S RGPS BoVhist e tiagtmﬁtewiwﬁ YR suphcps powgderpd tag materials, a
i
weidd swix onlyowon theatriggemnged the bigzing oheixiegerwenat ed
catal yst portion in the recarburization section. The
conbTiredixizg o the tnuiltsple tegmmatertials aeakes o newdistdaaionrof2leinents, iso-

t hrough the | nIe r ef rabl all .the gas streans
topgiof Getsie L vEpnrs ﬁ CHEOBH PN FifR DR Higgering of the de-
vibEPPEEREEA& dmﬁe@&mm IWoné h1 gt élglfi'uﬁé‘is%e%h}ed at any

actions in a single vessel, it is understood that
paanfga thst sueplryytlmmﬂowfﬁmemmpaml|r@m>htttma tadetiedti uplke Qhamgys they can

begt?r%g gﬁ{ &et%? W?\g{hteﬁﬁleqlull §d cRn? glglg hg%%%ée gaﬂi@ é)tr%vm\}srpomt in the

supplyathain. dehydr ocycl i zat| on reactor conprises a
plurality, in this case 3, of verticallyspaced

seri nected fluid bed reactors, 4 in which hot
cat a/ﬁf}%qug tsnethedsind sysiems have peey d@mr&e%tlatl‘@rteépeqaﬁc em-

bcfd‘ﬂﬁ&n@ het‘tea} REY 86 9ol RLLMRRE r@PﬁBua\rﬂf@ghge oﬁlﬂcaﬁgﬁsl %ﬁl\«{%glattons

downwardly 'in“counter-current flo t hane
manbecoterdarehiriodight efithe abete téBhings.o t he .| ower most
reactor 41. Cool ed catalyst is renoved fromthe
S o t.h t al
hea e?‘hﬁﬁ?&%&gﬁ%a{nee}h%gﬁ §is¢ @56 hsrep g?"%ﬁ‘iﬁ“@’&ﬁ’uﬁﬂtyﬁhown and
de%dflﬁaeﬁl“dthire&&md@&i @RnPlark ie@bbinnt¥ahédof, Rlilldel ndBtood by those
as those shown jn Figure 2. It wll, however,

skﬂtedéﬁ gbeeet helewrrioHs phanges idfprm apd defaily may be mede therein without de-
PSR EAOURI-HI 0 ARG AR J8RLO O s o

of about 50 mmto about 500 mm than the particle S|ze
of the catalyst enployed with the settling bed design
of Figures 1 and 2, typlcallﬁzln t he range of about
1,000 mmto about 10,000 nm T00133] Figure 4
illustrates one suitable apparatus for controlling the
flow rate of the catalyst through the risers enpl oyed
in the catalyst reheater of Flgures 1 and 2 and/or t he

— e

o, o o o .



catal yst properties used in the nodel.Table 1: Mde

Paranmeters [00138] In addition to heat-transfer
wa@alociob@ko ons, the overall energy bal ance bet WB€TUS2006/043427

catal yst particle and flue gas needs to be satisfied:

- H.n.+ + = e t .n_.are
bR bt ot HE L 0 B G RA R R E sl P o e
exehmplarg anibodineats described Bpgcifiddtiiherdin. Sivh eguivalnfyare intended to be

change due_to reaction of x noles of nethane, and Qcat
encemppssed Bhthe seops of dheraesepbdistlaswat al yst during t he
time increnment. The enthal py of gas m xtures was
cal cul ated using: HH98 (kJ/nol) =At +Bt2/2 + Ct3/3
+Dt4/4 -Et +F - H (where t=T(K)/1000) where Ato H are
heat capacity constants for a particul ar species. The
ener gy bal ance equation allows cal culation of the flue
gas tenperature axially up the riser. [00139] The
heat -transfer partial differential equation was
nunmerically solved using explicit, finite-difference
met hod: METHODS AND SYSTEMS FORACTI VE NON- | NTRUSI VE
| NSPECTI ON AND VERI FI CATI ON OF CARGO AND GOODS
REFERENCE TO RELATED APPLI CATI ONS Thi s application
clainms the right of priority to U S. Provisiona
Application No. 60/734,915, filed Novenber 9, 2005,
whi ch is hereby incorporated herein by reference.
BACKGROUND OF THE | NVENTION Field of the Invention
This invention relates to systens and nethods for the
use of active non-intrusive in spection technol ogy for
the verification of cargo and/ or goods. Background
I nf ormati on Manuf actured goods, raw materi al s,
equi pnent, provisions, supplies, and a variety of
other itens are routinely shipped throughout the world
by land, air, sea, and even space. Oten such itens
are shipped in seal ed containers, such as cargo
contai ners. The need for effective nmeans of
identifying and/or verifying the contents of such
containers is of inportance to any concern, whether
governnment or private commerce, that transports or
handl es them For exanple: Custons and | aw
enforcenent may wi sh to detect and interdict
contraband, drugs, and terror threats such as
expl osives or nuclear material. Recipients of
mer chandi se may wi sh to verify that the correct goods
are being delivered. Shippers nay wish to ensure
goods are transported and stored safely and cor
rectly. Producers and buyers may wi sh to nake certain
that received goods are what they are supposed to be
and not counterfeit. OQher instances in which
identification and verification of goods may be
paramount will be readily recogni zed by those skilled
in the art. Yet such identification and verifica tion
may present difficulties that are cost-prohibitive or
i npractical due to various factors, such as:
Verification of contents by nmanual inspection may be
cost-prohibitive and intro duce inpracticable del ays
in the shipnment of goods. Verification by destructive
techni ques that require unpacking or destruction of
the container may not be practicable. Containers nay
be tanper-proof or otherwise difficult or cunbersone
to open. The goods for which verification is desired
may be buried deep within a con tainer or are
otherwise difficult to reach. The environnent may be
danger ous or otherw se unsuiﬁgble for human inspec
tion. In the above scenarios,“as well as others that
will be recognized by those skilled in the art,
non- destructive and non-intrusive neans of
identification and/or verification of the contents of

e - o . I L T T O I 1




arrives at the later point, the elemental signature

may be neasured again and conpared to the el enental
wa@k@nasaee neasured at the first point. Thus tPeT/US2006/043427

invention may provide a way to verify that the
CLADVESai ner' s contents have not been tanpered with or

otherwise altered in transit. In another exenplary

enb¥tatrie nlaimahisexpect ed el enental signature nmay be pre

di cted based upon the elenental or isotopic

conposi tA efetiRfd ﬁ)f‘@erﬁ?l babfiehts 3P chhtfineR bk ?I’ﬁm gand/ or
upon the spati al rirbution of those contents within

the cont 'nerobtfﬁ’ihéﬁmh enHT Eﬁ%&fﬁﬁlwt al

si gnat ur be conpute ase upon a shi ppl ng

mani f estyor qf nt ai I

At any p Cnt Ibﬁzﬁlgmé a%&%oﬂg ﬁefg?e:@ﬁ ?‘,%@at&f %gsmds qo%%rﬂ ﬁle said
si gnatu rsecrfndtdhﬁnﬁmﬂtsgnamre ity déterngifed £fdrshd@ntddter has been
nmeasur ed and co ared a%alnst the expected el e nental

si gnat urE#nspast ﬁP °ﬁ§9r the contents of the container
may b e verified non-intrusively. In another exenplary
enbodi nént , Fompagngribedirstalemaengsl signaturnandotie sesand elepieatal
ship pi er and/or its contents at the point

of nanugg%%ﬁgé%hgacklng, or ot her p0|nt in the supply
chai n. ch a ia ected .to q

i dentify’t he%pglfyhl?g %F S%lfi icrﬁm%ntg MPPRy ﬁne,fgmgaggqn[ﬁ’fgin gFSt Y-
suppl i emefaltshRa@eossl thédbecdny cleieffal Bighattre pasdifi€a predeter-
supply chain, an ele nental signature of the tag
naterlaﬂnﬁ%@kﬁte measured, thus verifying the origin

or manufac turer or suppller identified by the tag
material. In still another exenplary enbodi nment,

multiple tag materials may b e disposed in the

cogt ai ndhegugthod <bfatlaim h evhessdim tlremmdtentsanntpiriisg g eﬁgsmaenal and

nmeasur a taI na ture at e
used toQ%%?@E %ﬁ A %ﬁ”ﬂ%?eﬁ% fad gnmumSOf
BRI EF DE&QBEB%&&&&CF THE DRAW NGS The descri ption

bel ow refers to the acconpanyi ng draw ngs, of which:

Fig. 1 illustrates an exenplary procedure for the
verification of goods using enbodi nents of the systens

P T

under st annfdrmg;ormé)bmaannsotbﬂnu ot ehtnenml mtmﬁﬂhwdﬂtents de-
now be escr q it e.under st ood by
one of RGP eﬁorlaﬂée retsﬁeé’l"e {ReeB&vi ces and

met hods descrlbed herein can be adapted and nodified
to provide devices and nmethods for other suitable
applications and that other additions and

nodi fi cdtearpshedef dhpim 3yudherein the semndwéq;mmalrs@nawmlner
scope of,,

Unl ess ot Eﬁ\s/me%)s{%fogfgg% &{H%%P%Foﬁg enp?‘ gaé osmon of the
enbodi meotisnts datebmimed byl ﬁfeﬁilﬁradelas oPéffecyivel atdghie K@mpérar y
features of varying detail of certain enbodi nents, and
therefore, unless otherw se specified, features,
conmponents, nodul es, and/or aspects of the
illustrations can b e otherw se conbi ned, specified,

i nt erchanged, and/or rearranged w thout departing from
the di scl osed devices or nethods. Additionally, the
shapes and si zes of conmponents are al so exenplary, and
unl ess otherw se specified, can b e altered w thout
affecting the dis closed d§V|ces or nmethods. The
systens and net hods descri &d herein may enpl oy

Nucl ear Resonance Fl uorescence | magi ng ( TSERFI),
nmeasurenents of effective atom c nunber (effective 2),
X-raytransm ssion i magi ng, nmeasurenents nade by ot her
active non-intrusive interrogation tech nol ogies, or
conbi nati ons of such nmeasurenments as the basis for
non-intrusive identification and/or verification of
cont ai ner contents. NRFI nmeasur ements nay exploit the
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spectral lines, i.e. energies and absolute or relative
signal intensities that again may corre spond to the

W@ pao7/0se4e®nt ai ner, a contai ner voxel, or any pPCT/USW0€643427
the container's contents. In further enbodi nents, a
si gl e iI'Betmghed abelnigamoehedein ﬂ\ﬁesa:cmdSéIGtgbxﬁaB@muralfurther
line may be all that is required for. the eI nent a
si gnat urf@MPEsE infprmption phavb A spatial fighibutipa et ﬁﬁfom%tsaa@e
ef fecti v@nfpidaf ormati on corresponding to the entire
car go contalner a contai ner voxel, or any portion of
the container's contents. Because both NRFI and
ef fective-Z neasurenents allow for three-dinmensiona

(oo "2ty eod BRCIG & Rah tichuRiomi Ry SR A Hteou-

t hr ee- ditfgansithdedntériOls ORsed aiBefast iB RhRioReskaslirements of X-ray
anyresolutlon necessary for a particular application.

It will UPESHESI8Eci ated that for some appli cations, a
rough NRFI or effective-Z neasurenent of the cargo
container as a whole may be all that is desired, while
for other applications a nore detailed spatia

el éhent dlhesnethad of daimay, vdeereis eﬁa,decorﬁi @amental qjgnastnird dgther

iIlustration of
aboai T Phuayet B asetslRBiEeE FEGaRcARy the

be eanQ%gg&mgiep 102 represents the origin of the
supply chain, at which the itens to be shipped (such

as raw materials, manufactured goods, or any other

mat eri al s) are manufactured and/ or packed into a cargo
corg ai n 4 ' -1 T
ot et | vieAighsd 8Pty hch nSHARRAG FUSL B8 B st
the el ertmmtceﬂthsccgmmtws @asdd at haestaa ipgn oaaidaaumemeniad Xoray
its contents.at the origin. The el enmental signature at

t he orldVWNnF§5Wesented in Figure 1 by item 112, may

be deter mned in any of several ways. In one

exenpl ary nethod, elenental signatures of individua
itenms, individual con tainers, or other subunits of )
t hé- contBierpethed ebeleiant swherein iroseaondlpmentahperature gewprises
maybe )
rons ur ongngiof Soef folcior MeplatEbinkGiifon ot the cpntents de
t he packmmgnsdbenuﬁhumhaﬂyomaﬁmheedmhﬁ¢ﬁmnaﬂ.based

upon the known conposition of the goods or materials

to be shipped. For exanple, for manufactured itens an

a priori elenen tal signature may be provided, with a
cerfipal N THl BEROE BF cladn & WRDsh A decoitDelSSkthT diSdhiire Purer
the item so that an individual elenmental sighature

need notcopwrivesiwinragtipnrbay asyatishilistribption of the contents in the
elenentqt §H%patures of the subunits of the

cont ai ner"€¢ont ent s are known, together with a known
packi ng | ocation of each i ndi vi dual subunit within the
con tainer, an a priori spatial eIenentaI signature of
the enti e co t er. c e obtaln For exa

NRAIL ol drfgrngihod PE 8, [ ‘@Frean Hherinrozpetionshout SH%Rﬁl getn-
measur eqnu@i@ﬁl of theTBRHAH iPhALd {lgas‘? #Sé %sdrérﬁ th Bf X-ray
t he shi pping contal ner. Knomfe ge of the distri utlon

of this treemmdsamonured itemin a container would yield a
predi cted three-di nensional map of an NRFI scan of the
container; i.e. a predicted spatial distribution of

NRFI signals obtained fromthe container. In sone

enbodi nents, the predicted el enental signature itself

may be adopted as the ele al signature 112 at the
origin of the goods. In alternative enbodi nents, the

el enmental signature nmay be neasured separately at the
origin and conpared to the predicted el enental

signature, in order to provide an extra check that the
goods were correctly manu factured and/ or

packed. Alternatively, the elenental signatures of the
|nd|V|duaI itens |n the shlpplng con talner may be

I L, o T 1 o s I 1



can indicate that the container has been tanpered wth
or the goods nodified. In contrast, a match between

wo b@7ebaeent al signature neasured at two poi nt BCT/DS100€043427
supply chain (or be tween a predicted el enenta
signature and a neasured el enental signature) can be
consid ered verification of the integrity of the
shij2mentThehhetho®ofethiadi nelidrein diie fildeelementabdilat@® cdmprises in-
supply chain, there may be_a certified re ceipt

|i sti ng fPreationsalculated-iredieied Based pbleastiin par vpomthggotopic or

scan can skl toRBolillen bP@k 8BkEnts AR NGk HosSRAbE Bluo-
| P I pment “an

di stribution of otopes wthin the s

conpar e redvencedgmigingt médserchiRhts of ingpasrsmemta of effedtive hoomic
expected gi.ven.the cargo listed in the receipt. In

this wayuoer ef §§Wﬁ?g'to determi ne the contents of

the container and match them agai nst a shipping |ist

or manifest, if desired. An exanple of the use of an

el emental signature to verify a shipment of goods is a
scdifar i ohieangthodof ¢laim &, wihesein dhe first ¢lemptgl sigrating wemprises in-
of cons e ' Lgnat ur e-.ma

nel ude s Salsed i skt B B RoBloaP KA PBdscence
el ect r onmegingndasurshicpRed nrashrasans b Héfeettipaatoadt A@mber of the
either determ ned prior to packing by NRFI analysis,

or conde%@nﬁ-priori from knowl edge of the conposition

of the electronics and packaging. If the container is
known to be | oaded only with those el ectronics and

packagiggé the entire con tainer nust have a signature
whildh i onzthed efnalaing 1.hwheineis ¢heclinat andt sscorfhelementtalrsignatures

be con fj t. the point of origin that the c ent s
vere | oga{élg’% g\ne @ﬁ“i“hagmg raé%%rtgep?rg%e&g‘f %r.l&/%li}f‘ltqnﬁ@ (,’P eﬁl%ﬁrs{ one
scans | apevifiedispeb@aldineRifut i ione §Eudifikdrisotegnf i rm t hat

no nodi fications have taken place. In another exanple,
the shipnent to be confirmed may contain a

het er ogeneous m xture of materials for which no a

Prifgri  aidtidthel d@MaihS1, KRN Ble J&Eﬁgér&(e% a pké&e?egﬁtheﬁ envi-
sce nario, an effective-Z scan may be nade at the

ori gi n eénmémalnepgditipn éhdétertedbdesenson deingrirapkporeatdadr stor-

signature of .the contai ner. At | at er int .in the
supply RS aﬁfltbgﬁeéit‘f?gp?léef ‘?eé%clnlog 8 ?t}f § @éﬁg‘%ém’éed environmental
per f or meendifion @lilifg tritifok hBABétalagS tBE P EdidRBution of the
det erm ne whet her the con tents have been nodified

duri ng tPBi§EISHn the comtsines s diegadat ur es can be used in a

w de range of applications for the nonintrusive

i nspection and/or verification of goods. As nentioned
above, they can be obtained for a cargo container and

i t d6gooddeascthodwitllam b, whereimthy psedetarminedi enkironthéeal condi-
cont ai ner. .| uch enmbodi.nents, .the el enmenta .

¥ gnat ufien itfhe SERRRERE RO ORL e At atetermined value,
cargo and container materials thenselves. It is also
possi bl e, however, to read and detect el enen tal
signatures of other itens attached to the products,

carldo, dhemrthatbofcdzimnl hawhereih s predeterminedrenyisonraealppndi-
t he manuyfac I . .parti in.t
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certify its quality, quantity or validity. Their

speci fic el enental signatures can also be used to

produce certificates of authenticity or of

non-tanpering. Alternative %nbodinents exploit the

addi tion of such "tag mat erifal s” to a shi ppi ng con
tainer's contents (including goods and/or packing
material). Such tag materials could pro vide an

engi neered el enental signature that can be specific to
product, manufacturer, origin, manufacture date or

shi ppi ng date, or any other characteristic of the
containers contents that it may be desirable to verify
with a non-intrusive scan. Cargo packed with such a
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point in the supply chain with sufficient spatia

resolution to detect such changes, they can be used to
waledogoscsahet her the triggering condition has oPCL/US®A6/043427

at any previous point in the supply chain. Al though

t hel8ret Hiddanethod sfychianss, veheeeih derpred@sahiibeitenvabaikyigl condi-

to SpeCIfIC e bodinent t hereof, they are not so
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may become apparent in Ilght of the above teachings.

Wil e the systens and net hods di scl osed herein have

been particularly shown and described with references

to Exenpl Ianyetbm)oﬂwlmnt% wltwme tife, predetexiiihedomvironmental condi-

under st od .b QOse ski | | %@nart %hat vari ous

changes OH iy g’lbm ’e?r‘?d)r&g‘feé?rfltéowe PR BEdpiERmed value.

W t hout de parting fromthe spirit and scope of the

di scl osure. Those skilled in the art will recognize

orbe able to ascertain using . ng nore than routine

expr i merheansther okglain bamhﬁéﬁné Hepredstermaneshamyiypamgntal condi-
enbodl C
caui val aopas BRI scRB AR ANt el din it dotermined
scope ofvaluge present discl osure. CLAIMS What is clained
is: 1. Anethod for verifying contents of a container,
conprising: a) obtaining a first elenental signature
of said contents; b) obtaining a second el enent al

Si griat Urkheaficth@i 6F clit w%er&@&e%h@aﬁMh@h%ﬂeﬁh@hm
signature being determ ned after the container

been tr &I el thaagcond slesreatsl S@yatwfﬁﬁéﬁrrm@eﬁwf@thqr thetsaid
|
o) ot uf e8RS COABIL . SREB G RlRT blrermpa o

conpar i sloringfrahdpertfandst sekagenent al si gnature and t he
second el enental signature passing a predeter m ned
test. 2. The method of claim1l, wherein the contents
conprise a tag material, and the first and second

el egent athe shdiisd S8 @HnCORRHLSE 11 GIRdhRintsSdotst h§BriRhn of
the tag material. 3. The nethod of claim1, wheréin

t he sec&mﬁQNﬁﬁﬁﬁﬂﬁwc@ﬁyn@ture conpri ses information
about an isotopic or elenental conposition of the
contents de term ned by Nucl ear Resonance Fl uorescence
i magi ng. 4. The nethod of claim3, wherein the second
el enental signature further conprises informtion
about an isotopic or elenental conposition of the
contents determ ned by neasurenents of effective
atom ¢ nunber.5. The nethod of claim4, wherein the
second el enental signature further conprises

i nformati on about a spatial distribution of the
contents in the container. 6. The nethod of claimb5,
wherein the informati on about the spatial distribu
tion of the contents is based at least in part on
measurenents of X-ray transm ssion. 7. The nethod of
claim 3, wherein the second el enental signature
further conprises information about a spatia

di stribution of the contents in the container. 8. The
met hod of claim7, wherein the informati on about the
spatial distribu tion of the contents is based at

| east in part on neasurenents of X-ray transm ssion.
9. The nmethod of claim1, wherein the second el enental
signature conprises information about an isotopic or
el emental conposition of tﬂ? contents de term ned by
measurenents of effective om ¢ nunber. 10. The

met hod of claim9, wherein the second el enental
signature further conprises information about a
spatial distribution of the contents in the container.
11. The method of claim 10, wherein the information
about the spatial distri bution of the contents is
based at |east in part on neasurenments of X-ray
transn133|on 12. The nethod of cla|n11 mhereln the
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