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WO 2006/ 034072 PCT/ US2005/ 033247 METHOD OF ASSAYI NG
A HYDROCARBON- CONTAI NI NG FEEDSTOCK Thi s -i nventi on
clains the:benefit of U S. Provisional Patent

@8 Ilcatl on No. 601611,050 filed on Septenber
» WO (o

U.S. Provisional Patent Applicati orpq%uszo@msszﬂ
60/611, 002 filed on Septenber 17, 2004. BACKGROUND OF
THETHODEDF IAGS AYANS A WYDROCARBON M BANINGIHF REDST OIOK
generally relates to a nethod of obtaining a
‘determ native assay of a 10 hydrocarbon-contai ni ng
f epgls tipgdntisn dlain’s hicuienedit los U.Sy Pesvikiesal PaéninAp@ication No.

601t 0BT op Sopererr a0l 8RS ; BroviRel PRterEAvplcation No.

60/6R¢|0@Q3ﬂde(§{:Q@9ﬂeﬁgjérA7hZ@t§4)Car bon-cont ai ni ng feedstock
such as crude oil is a conplex mxture of 15

hydr ocar bons and het eroat om ¢ organic corrpounds

havi ng varyi ng é@'& ??! \_ﬁgé m@ﬁ &ol arity. Crude
oil seldomis ' E{;Hb D QHE froma well;
instead, it is typically converted into a wi de range
of usable fuels by a conbination of physical and
Fieldcofdhe Didclogwrocesses, col lectively known as refining.
Cr HeaiQiid e ré’fﬂ(] d8htts b biRG{ok of glgtéiﬂing% deesterminative assay of a

characteri st conmer ci al _val ue 5 i
hydreraghonicaniabing fa*?ﬂfﬁzq'féwta?r e eitss gYngtideh velininangteppediates, and
bio cBVEERGRY RANLAIRIM iRlofhdtien beld $d<askeac. sdsh as refinery

feedstocks can benefit fromtinmely and accurate

i nformati on concerning the chem cal conposition and

ariofpt e 8 KB R BRREEY Pirbrmet i on s <imply

unavgiioalrben-atnidihing feedsbockf sucheaspoudd adieisaaomplex mixture of

hydrétglft[ %g %F\g e dﬁ&z{t@rﬂﬁ %ﬁ;\%oédﬁﬁ:{?hﬂtgs ﬁ%&g%@ﬁrtbaﬁlglegu[arawet%hts and

I nery deci si
polarithe Qb"a:?e@' %f-ﬁdqiin & wyeidcia (the f@ﬁ@ﬂbﬁﬂeé rfrogb A valininpigad.Heis Agpically

convEREA P akwide 9r9rHHeC 6f alfbieoflicR LS ! tc@ﬁwbiﬁﬁtlcinh@ﬁ phyBRal and chemical

feedstock w || ossess subst anti al I
Processss:a CPlBFvely; oWy as, SfBingyr c(ﬂﬁgee ¢l g‘ggt ing fhsi, refining
charddi@isi@@hdsouineecibiofaluel Baled mepatigtiarns amﬂ mbﬁlcaMb¢6§$ing involving

hydr%cg‘i'mt%a\?g%n%{nﬁ]ngr% éocrI](fs U éé %ﬁngp g%%igt%n{;\% (gaflel%ﬁ%@ﬁﬁ)én fimely and

er gal ns
accupgie riermatiore cornsiing the eheavaal sermhpasition et dysical @nd | performance

prop@tﬁéé Gf criddie WP @ﬁeﬁﬁ?@é} hB\p@veP réﬁéw fortBfn BRI Uﬁé\)&ifab!e at the

woul expect to btain fromthe source and, thus,

time ggihe QPfCQ@SWOWPQf@eaa tder Regplating tompyreiasg of g ggfinery ‘eadstock
mustC ARRE GAbuieRagR08édidien oA NHe Fﬂﬁyéé 68 hisrichl nﬁtbfrﬁétlaiﬂﬁ&ﬁcemmg the

feedgtﬂgpsgé?téllg;gs faﬁltegc[e)%tﬁgr@tg :thallil meoff:%&?ch Wllld}?ggés%%ubs?antlaﬁ]y the same
charmﬁ@eﬂtﬂs tbose. pUrchasheé inntbe past fromtthees=end sntcet (basimildreegion of the

worlcg]e q@&tl{\ *?1? & Qi% f ﬁﬂatﬁ)ﬂnﬁohﬁgt%q‘%]édsh&r( ei?ﬂgve} Qhé Fgc’jer gains the -

uents or exa
beneﬁhqﬁg@wmg r\rgfq‘th% fﬂge f@p@@ggsundeqsaiewngg@gm@em (Wger or worse than

the d’ﬁ&’dcv%eﬂé/ngéﬁ’»ﬁnﬁqum &(pearts Bihehh 3R sLeshiaMB, can better

trader benefits fromfull and accurate
negatiate# pree) psed g de actual chemical composition and physu:ai and performance

properties of the particular product instead of on the bases of historical information and
expectations. Furthermore, to the exitent that there might be unexpecied constituents

present in the feedstock -— constituents that might, for example, damage a refinery process
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the feedstock at the tinme of the sal es negotiations.

Her et of ore, however, it has been inpractical to
~ obtain tinely.and accurate information at. the tine of

the negotiation and potential sale because nunerous
““b?%ﬁ%?gpes of the refinery feedstock nust be PCFUS2005/033247 «

determ ned 5 and conveyed to the trader.
or e @d‘!ehrlu@él ﬂhde)ﬁiratﬁélChtr@ﬁﬂidﬁﬁﬁ@efﬁqwrﬁ RillZnk AEARaE & tion about
the p %% oﬁt t3§1 ?g]tock and take one to two weeks to

o T e % ST PEHURYor Hﬁ@%‘ff?n@‘?‘&}e‘@f it has been

impFrasticit tto clbteiro tlmeiyparrdchaa:ueaﬂe Wormattbtaﬁeﬁhd?weﬂﬁ the negotlatton and
potbritiS L Sééaaug% guh@%‘ﬁ%?}@gﬁ \é‘ﬁ% Sine If?ﬁdln IQF‘; y’uustabe determined -

concerni ng t urc
andr @Pyeyef yo f*@e‘mebc W’@Q’QB@"‘.\’SW @Slysfrsuéeum & laegEsSyMpis volume. of

the k5RO AR Blke JNB 1Y MPwedi@ th Q@Epl@t@t T s, Sﬁ;?sr %lg{oﬁ%ry for a refinery

(?Sgcfcgre crue0|ls are refine ,
fee n@r he iurehaped ibyea a*faqeérf@émauwm@e (@i firfidetesminative) assay
infoamatide cmdeﬁur(g’:lﬁd pbiceadd fediricef ), each of which may

differ in a nunber of inportant physical and

pe Sl e efiperp ferdsioels asdag sodit ad crude pinsdshy &'a@lﬁmportant analysis

thatq'hlﬁ}tt 'bla lp@];fgm%ﬁtbefcfrg rchdng][l;l Gfe #:T t ur or %f&epgfyo\@u refine a

gal n, nunerous prop ertires O
[argﬁu%'fnheb@f diffarept, é@dbeﬂm@ rand blendsemr@ﬁg Ieafmenfswmem may differ in a

nunfef & &@ar& BRysRR} AdBSRoRhhRe o cfﬁre 0% tésbbi]aﬁl %g%lﬁférocps%lllate cut

each feedstock an

for fraﬁ‘eeé mal"aF ACR% UcTASe {1971 BWHEOHR RoRgies paberefineny lieedstock must
be medlyzedr hefo@urdient cbtgingbrs @Ar BOSHAIRG tﬁ@%ﬁhﬁ#ﬂo?ef inery process

ol R RS ol LIS M B cogrion
havéyjost thei cﬁher@fat}wlpmr@f feld. ngotrdsipne adepbsifiane redic. )3 OITRBE Ndrigineers
detedfifle Fﬂ{eolﬁ%ﬁﬁéuia? %leﬂﬁm& &fds CarnH %ﬁwp h ocQ@s?h% \%E; based an. historical data

source. constrtuent
Pfof@%ﬁ'?SlCP“ﬁ%ﬁb?wwe@ﬁﬁ ang @'QPPG’G% 06 Pﬁichdmwlec:m ehag@l G0their source.

The umsdtitueRecobPan Sits, Howb drBar e Q\lfgrhlﬂﬂoﬁérﬁé%%@ @He terdde W LR Change
refiner

urce t f he r i.ne
oot B A g T B Syt oty Gt Yo, when o
refinprySsedstock rmmstae thesrermy iti rhdyesfasnt pd‘sﬁeasmm&s’aasﬁsucs different from

thosgeée@érmrﬂ-:@d W%l’ﬁ@hé Q?u ‘F%\Iﬂ%l Leﬁ‘@ 6{3 'nmsa{) fnc %Icggurce mfhese

he source. ese erences
d'ﬁeﬁ‘f;%sc‘iantqﬁ%r“@ilcéwcﬁ‘ff?@t ﬂ’*ﬁtbiletﬂﬂmﬂ cdtios sigeassary todiitain B dasired distillate

cut. dﬁémr[geﬁurahésbtﬂd Afifery GHbdstdd® Ha08d BH rl%ﬁﬁ‘)@% ﬂfc{n%fafld}]le Xcessary
eedst ock sed on inconpl ete infornmation, nece
analyseS st BS peiie PR (aPHOr iy riomunatis sasgiomnaton. As

noted labaien thded enmmtrqu'e&sﬁﬁgé daffply ﬁﬁﬂim@& thé\ﬁrodﬂtﬁtaﬁg take one to

two %F%éeto c%%g%gc?ng %esf mg xnt u}egathF &I&% gﬁgetqga?{rses the refinery
feed@@%ld@e% ngtf 90$esserth¢1a®¢paq%b¢lwmmﬂ doh'@()ﬁ[ﬁﬁubh& pHysical and

perfdrMEnRNRbYSES, ke ﬁ%‘@ fn¥ersfn‘flﬁ;g§ﬁ0% k%h% oces% accordlng{y, thus,

ossess the expecte nlca conpos
resu P@/@l%ﬁ‘ﬁ“‘hﬁhtﬂ’eﬁﬁ@f@% mance properties, the refinery
n i neers nust nodify the process accordlngly t hus,

FREEIcEl Sh@"%"?P’%a%fMﬁf% Rt ek a5, doriaraple, products from Spiral
Sof{v@mmm qUa:tddyKiagcmnh)ab%ee cqRbleV& Brolding defefmindhe fbs% data for a

refi n%r%rfeei%gﬁ%bgﬁe Ejmig n&o&ﬁln'kcrngo o%erj‘?%gfo&e?ﬁ%g true boiling profile,

sulfugeantenti nﬁmgen@orgsaager@&y arddoct yields, efd )md v chepahbesle database
contdndfhneth | rglagF' of orfninﬁtl\%r) g@éﬁy? B¢ R&nd‘“%@ A{arg%ga%bo& uéaen'dg)' df known

true boili ur-con
ni trogen- content density, product yields, etc.) and

“a conprehensi ve dat abase 35_contai ning conplete (or
determ native) assays of hundreds (preferably,
t housands) of known
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2 WO 2006/ 034072 PCT/ US2005/ 033247 crude oils,
syncrudes, refining internediates, bio-conponents. To
make proper use of such software products, the

dat abase nust be of a high quality and have

« WORHPBHMPAt i on on a variety of crude oils and RFHE2005/033247

refinery feedstocks based on type and source. These

- cruds ofld, Wi udeal Muﬁgsnt@rafédtawsebabh&nbméhﬁse%l rhdiRr pﬁf@Jelr 8% of such

o o R B i on vy

of ciurdé wilsrenil ofert refindre fasismpksobasad kmotype and c%eurcel IThese software
prodhﬁéé A9 t&kgethénﬁﬁﬁteé 'En?ljlng{ onaéerrﬁeprIﬁ %%méfl % ycal Yperations to

ts can t

se sof tmar;ﬂp
matdiipferastrenbarey grethe Smiteciaewn énformatiore mcathe @a$ay of a known crude

oil h@@rﬁij’ el MHS éirﬁilé?‘ﬁiﬁbuté‘é?t AREmERERNEES Cdtwae products can take the
rnlnat|Ve SSa an Unknomﬂ crude 0|P

!zmit%vﬁfgfrﬁ%ﬂgn ainHtpg ﬂ%%/o&igpgew%them?}gglec&:eaqoqqg@ construct or reconstruct
a detenhientivel adsbp 06 bi pskafvnt d’iede\/c&r |s¢muq@r membdn@t@ e@(ﬂdbéé@d on the

mtentelgiﬁoﬁ/s%rr?s% M}eqanglgsop\)/\@%é:rﬂ ude d on r’d—é éS\éarr%g oﬁ Hq eafﬂ%t Ssgt_‘acrudes,
refining, @_ﬁ@*“@éfafaﬁaﬁ’@ Aressoitiptthe dathbase rTbgss smaaawpnompm trak, require
an inblitBrlifflefaSAY lﬁf%ﬁ%ﬁﬂ@%}bﬁl oPRb 'ans%%ﬁ 5r\f3>mn?e dcf%rl:ﬁtlr n%gf feedstock,

vol ume of a ref |nerly st oc a conprehe
and gqmpyghensive databarrl clterspdens af e useitines of Bie sofware products are

the sﬁ@éd SRS &cpfaedutthe t@eﬁ@runttb ShiaReRs hrﬁf&@ a%@&yu hfdfMatRh ah8 Siso the
i nformati on an

bt {
v, BE 4% od, 200 VTR I fReuipishl S Spe e ossay

inforrpatoorditiel rgfipretbedstorky t he determ nat ive assay 15

informati on of the refinery feedstock. Wether the
r eVheiberythegeliono dedsiocth i rringeovaliuateded the poineosiinbr bés just

ecdaja ol I { | r
arriv tea é)g h@%d ztbeeregg éc}é@éilj gt féé%@ 43 %ogipgt‘%n Tﬁa%'eiterﬁﬁ}ﬁﬂ\?e) assay .

mforrggtg)gfs squfaa rRPgeiPlse g@kg Sesiniag ”b%%“%!“@ and prRgREsing decisions.
Compleianbn gfetdrmmat' \&h assdyg infoithaiinO ¢8% Shdllgied REdrMbIAS concerning the

e BBl S5 BN e Bl B e
propegigspibsieot. o Basgsop peirc wChrmlagpehQW@er (qtuck laed defeimiestive assay
mfonﬁ&%ﬁsﬁfoép kefﬁgl@ ﬁ@&g’tc%kr@%ﬁcult% YRR | %I% @gﬁ?&fe ex lf’%s’%dpr(—zdlct

known technol o however, qui ck erm nat |

deteringhiye SpHHOIRTRUN B1o°d O firivet ol deltori nd fime-intensive

proce!éblflé lafitl bhaljssQlpé ?éq’llured/\hi dHBair® Bt ivine® a%&%ﬁé de@eé%ﬁﬁqb @be the
lnfor@gl on, based on limted

softug S, oEPerEal s 17 Shaliihgi fHES] AferecosanpoteB Ly Aftumre one
needs fratliytiictbe aneleraidoto madifiofradtibed and then bhmzbeﬁcﬁﬁ&akbn to obtain

v tk f
N e X
for %@ff'lt)'@\a ithose ofaclosede His Intesnaflonali PublicationciMad W@ PO/3956t @1, teach
methéﬂél 6f|dﬁkcf?’neftif:§"§rtdnﬁﬂ§1n§ Bedb %ﬁg‘wﬁ{‘ﬂe\%@sc‘ﬁﬁp Bud r‘é@ﬁlte' sganﬁtcgnbsaze

tarLn dat a’f or "nuner ous Slca| prop ertl
quaﬂ‘t‘ﬁé Of fiecedee elnancLRPAPIGEAl RN S ibTEeRt hMggeover; gich methods
still r@ﬁ&ﬁ'@beut ﬂ'Nh QRgs b serhated Otier ldalsicBalil e alt, &idhldsCRF bRdnple,

oo B9 IOl B TR PR Y S Gl e

data @i gmdredsarﬁmaeanﬁéers (Det}teamﬂetbmm&tmé a$dae can bel gemurdztecanmus, the
meth&c@rl?:cﬁg&' &“@hinﬁ{kt%s'srls Akl eret IQ m@g&ratlw{hggxx%h?set yeh refinery

require a
feedsiock @t itp gowne @ then rqfln%v @ﬂﬂ!ﬂeesufawnébe retﬁoery feedatwspk errives at the
refinekfnose di sclosed in International Publication No. WO.

03/ 048759 Al , requi re obtai ning assay

-3



data on hundreds of paraneters before a determ native
assay can be generated. Thus, the nethods do not
beneficially assist the trader that is negotiating

the purchase of a refinery 35 feedstock at its source

or the refinery engi neer when the refinery feedstock

ar r ltvesuld tbetdesirabie fio ldeve;lop t<8tsl tapablel of mmktyeeﬁta:albg dirfited assay

mfgﬁ?{aeﬁlof? prnﬁﬁ'lﬁor%aﬁa:«mo WB%IIHCBéI &églﬁﬁblgl% Q:Iemrﬁ%e \{v@.bﬂ Z)popertles of a

hya@gar amc@nttaramle‘e@sﬁﬁch@rwmqﬂwdwmwe@f@n ggeurate, determinative
asBHﬁbpfhéfoQib’t&RnBaééa agsuaﬁéi%@ﬁimnam &5 BESr Y with the method

edi ctive an acc ive

B Bl BB i b S BB B Sseale procicive o
a dateronidzativeasway heddie begidnocmedi scl osed herein only

those tests that are capable of providing results

especially predictive of a determ native assay need

to be perfornmed. SENMKRRYCPF THEINVEYENINON Di scl osed

herein is a nmethod of assayi ng hydrocarbon-cont ai ni ng

f eeBisclpskrd hergirhis aavethed phasspyiheg dddoorrken-tenteining fepdsierks such

asr}@ﬁnérj/ ’F&éo%ﬂ)ckéj i lUdARShut PENTiRE o Sfudds- Shlndtic crude—ons partially
retfr@r i al y refined internediate fractjons such as

dinteraedBinriicns 1) 2@ ReRkEe cAPRRIENLY R EAEeH stock meo“e“"
bidatammpwepienembiendy tHaresidand petrelofim axpibratdinr pregiidduction test well
sa @%%or ation pre-production test well sanples. ‘
cording to a first aspect, the present invention
pr oWcdersing toratfing caspéct, atbe awasant imvention provides a method of assaying a

hy@%@&%ﬁg ggﬂm‘{n%?e%dgt'o&g £ ?rge%cf%‘:g&mé%ﬁﬁ } rggﬁeammg beiling profile

I hig pro
an@ mﬂasbm mhbrewropemp@rthg h@@rotmmydntemawbeﬂdstock with at least two
I erent
ffe?% ; a or 5 nf ﬁ’\gg% l?ﬁ \{\é thpsz ?s%s ‘%%zé%%?%f*% agr{e Pg ggat al ieast two
éuf@wtd&bdrh@mmdémnt mmmﬁéé é&r eslected to be predictive of the boiling
rat e t_.t.echni S, I
oo, 8 oo FREDEET I HEE", BH L, BllRapGcepencent
teditihees of saldmedito H}@am ictivip eﬁﬁ%}éfaéimt one other property; (b) transmitting
n e 0 .

o SRR IHSIETE00, PO WSS, SSLE0LES |9 Rlirctns o

detarmmmf& Besay oft ihxe hwmr Emernszinegl éeddsiak dprf de treasurements;
anfl @ BR3RL ARG RILAGO0SEL U W0 sgﬂ%ﬁrggrﬁa DBk Ements.

the neasurenents; and, (c) reconstructing
det &CRPTHRY F%S%@%?SWFE theePreseatiavestion PFP\ﬂ‘FﬁstEh@eth@d of assaying a

criRASHr W%ﬁhod“%ﬁ{p%‘%g t %e§§g@@&9 a’%sﬁggtt twd NBchniques with =
present invention provi es assayi

e e iapgneneng ﬁﬁ'ﬁ%dwaﬁﬁmutm@ n@Ch’(‘%‘)@spéW o‘i"%‘?fg@“ ao each be
pré&;‘étﬁk 48 LRCRAI HGseri bl ane 8BRS Yrel e&s&@m% the group

devi ce wherein the techniques are selective to each
CGB%S‘“W& &l efravigiebf Vsl ffBrdist %ﬁséﬁ@“f’? sirRfirepeopy, infrared (IR)

an&&%ﬁﬂ%&ugﬁe&&ﬁa&ﬁ) e@\ﬁdﬂ&éz@&drﬁé %ﬁé@ﬁos&%&"s' Sid-Agab (MIR)
ultraviolet- visi'ble (UV-Vis) absorbance

2bgQjERT T STHFY PSGORY r a’?@é (¥Ryec bRt LEIFOEeSpR c BPREBERPY. X-ray

fubMsbd QI R REeREE 1SRG %§%Q&yma§ﬂéﬂm'rﬂafdr@h§éj nG MoRsciliation, micro-
absor bance spectroscopy, near infrared

disfhEiorpariee-spEc EPYS Ty, Riigrgyon mobility spect;ometry and micro-gas

chromatography; (b} corrsiating daiz obtained from the technique to obtain at least two

properties of the crude ofl, where one of the properties is the boiling profile; (c)
fransmitting the properiies fo a processor capable of reconstructing a determinative
assay of the cruds oil from the measuremenis; and, (d) reconstructing a determinative

assay of the crude oil.
L}



fluorescence (XRF) spectroscopy, nuclear nmagnetic
resonance, mcro-oscillation, mcro- distillation,

m cro-mass spectronetry, mcro-ion nmobility

spectronetry, and mcro-gas chromatography; (b)
correlating data obtained fromthe technique to

obt Actordibg Itceaﬂtlrdtaspectpmemmsentsavamhon pevidesidenaihdd of assaying a

CFL\,(’XE;%[;G ri?egrﬁg {%EC?)% f’;ﬂg {@5 léneealsyﬁ%igfiggsql zlg:ggog%é)ersrg%s! clyfetﬁe crude oil

wr%bapwals*etv.@ﬂamceammsmep:etndegt achlegesniviratineach essaiguefs predictive

of GBS TTHN (R et G RL Ve EaboRs 6t Prbe il Profle:

traassdmi%mgéthé\msdlen‘@ntmaéé tni steb %ﬁe&pzoaﬁh@maa@mm reconstructing
nvent i.on provides a net od
= defRRA R aSES IR g R i Bl BRRAN AR ] Y Rimstrcting =

depropatitd esapbf tm&r@dma‘rm the mebdurahehteast two
| abor at ory-i ndependent techni ques wherein each

t eC ARkHYE § oe?td?%@&* thd H¥Bospé n%?%cérﬁé @Sﬁdr%ﬁf%o Blog® §K|ﬁéd in the art

wher e one roperties 1S
froptg review ghbafaliewing d@‘ﬁ@d@é@'ﬁﬁ'@h@?ﬁ Tée ﬁafeféldﬁ‘%d@ﬂ@p (a)
to a processor capable of reconstructing a
determ native assay of the crude oil fromthe
measur enent s; DENAILEDOESORIPTISONIOFE THB INVENTION
deternminative assay of the crude oil fromthe
nea¥he prasehisinvéudion trelateal tof 2 ataliness ofoéssalieg di bydrosavam-containing

fed % PRER 'Eeip"fhtgﬁ %‘H‘?ﬁu[—u df Q«a#l] gﬂ%gméé( Whigﬁ eitibal |n§uc%§tmea%{u‘m§‘ at least

a review o escrlptlon an

twe RepPaipe ABE hydrapareon-eamtanping-foepiptariryiratdpgstiwordifferent laboratory-
inde { 1Bkslififg @cﬁﬁ@ﬁs W%Vﬁﬂéémnéﬁuﬁﬁgi‘@cﬁtﬁq@ lﬁg@@ﬁle of one of

theapropﬁ&l?% ragﬁ%lm{%/gd%g L o n i og-ar tl%: aglgrn s]:?ﬁ% reconmtructlng a

determInahiesassa;asﬂmrtyd_ataﬂbeasontamm ferdsipek fromsthe imdaberements, and
recg%gt? @gigo t%or a%\grr@'y%@%??qﬁé ‘P\ggro%rbgh %ntélﬁﬁ&tfeéd%ck from the
mqaéurﬁzme@tﬁe@ atpesTered @abwlmﬁ@smeu gth%mwdawqa§urmg boiling profile

anBrﬁdi'eﬁét' Mg SthePNogdrty Whe tﬁbodﬁﬁérbhteﬁaboﬁdi béhdi@t measuring
ur enents to a

teqth@lga %rgrlnl t chn@él? é$ ﬁgﬁ Sé\of{; tlgéﬁoglwggo tlehgnd the other technique
is medm@arfbmmhemrapmyngaﬁsaaﬁisg thekméasomemdmes to a processor capable of

reégfﬂgﬁ‘bgtﬂ %rﬁﬂ"?atlvé QoS Uﬁflé | Dad o? :ﬁéﬁé {ﬂa %é(s%rements and

assay rocar on containin
reqqmétruqtfewmeé@rem%we pRsay ¢itks erde @l Wﬂbﬂ!ﬁr@@ﬁsw@tﬂw@ts Preferably,

théTB’IhE?Qrdpﬁﬁi( tﬁé‘ﬁ@éeé@@ﬁﬂﬁﬁt the dﬂﬂlpl bdi@lsﬂrﬁﬁf H@ﬁstlt@né{be@mc gravity, total
east one ot her pr.oper nt. .

acrlir R Yo TR e AR L. et APides NigRasTL paptent, and
combmati@shingrepfePreteraiheitie obiingeprofile tsitise tnge bailimg ppofief i | e

and the other technique is predictive of the other
pr opbe mpasurirarﬂen preferrpht ineludrsararioaniog et lepe two techniques selected

frof ﬁ’i%eg?&?b’ ctﬁ% B ugf eraV|6l§t‘3\ﬁ§":§Iérl9’91V|§7 %b@oﬂﬁﬁ@e@ﬂe@@%écéﬁﬁy infrared

assay e ol fromt measur enents, an
(IRe @WP?’U—‘& SRSFIsaRYer HY nglfqrgicegg% a%PeﬁFoﬁcﬁ’Qy’c Migrdnfergd (MIR)
abﬁér@éﬁdel'b@eﬁﬁﬂ%b’ye A8 tirSFrardd (‘B»ﬂFe)l’ a&abibancd Qjéc@ctsheﬁy, X—ray fluorescence

oBEREREsoRe RPER Grahe Peoftndl i Priatat ide Felption. micro-
mmlspewometwom;drq-;onsubtﬁﬂuy spatrometry, arﬂtrmbromastcmrumatography (GC).

in % 8&8” hgwia%[]ﬁ%q %%lq&%c@tth 9 &Jﬂ\%& %{B the ll'nethod of assay is

er ab true boi
thqgteginmq;@ most prediciive of the property in questlon By making such a selection, the




The neasuring step preferably includes perform ng at
| east two techniques selected fromthe group
consisting of ultraviolet-visible (UV-Vis) absorbance
spectroscopy, infrared (IR) absorbance spectroscopy,
WV fluorescence spectroscopy, md-infrared (MR
absor bance spectroscopy, near infrared (NI R)
meRR O RRLS LSRR ARG P Yol A BHER TR BethyckotEbbn sample by
spectroscopy, nuclear nagnetic resonance, _
megswing-coc limited namberndl keyoerapastias, teatdt (sast tw ofopertiems s
spectronetry, mcro-ion nnbilitg_sPectronetry, and
m cHbay F4rBRVE P RAGIBE Ty the drgthod jnsludes RerfosmBg atHeast two of the
afdiGBSMiched presdMyi pricER! eshaiduddwal CodRRES Y MdbPeridaft device,
met hod of assay is the techni que nost predictive of
the property in question. By nmaking such a sel ection,
the -5 nethod of assay disclosed herein permts the
reconstruction of the hydrocarbon sanple by
measuring only a limted nunber of key properties,
i.e., at least two properties. In an alternative
enbodi ment, the nethod includes perfornmng at |east
two of the aforenentioned property predictive
techni ques with a | aboratory-independent device, -5a
WD 2006/ 034072 PCT/ US2005/ 033247 correlating data
obtained fromthe techniques to obtain at |east two
properties of crude oil, transmtting the properties
to a processor capable of reconstructing a
determ native assay of the crude oil fromthe
nmeasurenents, and reconstructing a determinative
assay of the crude oil. Preferably, the nethod
i ncludes performng at |east two of the
af orenenti oned 5 techniques with a
| abor at ory-i ndependent device, correlating data
obtained fromthe techniques to obtain boiling
profile and at | east one other property of the crude
oil, transmtting the boiling profile and ot her
property to a processor capable of reconstructing a
determi native assay of the crude oil fromthe
measurenents, and reconstructing a determ native
assay of the crude oil. 10 In a preferred enbodi nent,
t he neasuring technique includes neasuring the
boiling profile of the sanple with at | east one of
m d-infrared (MR) absorbance spectroscopy, near
infrared (NIR) absorbance spectroscopy, nuclear
magneti ¢ resonance, micro-oscillation,
m cro-distillation, and m cro-gas chromat ography
(G0). The spectral data obtained via these
spectroscopi ¢ techniques or the data obtained by the
nucl ear magneti c resonance, mcro 15 oscillation,
mcro-distillation, and m cro-gas chromatography (GC)
techni ques can be correlated to the boiling profile
of the sanpl e using chenonetric anal yses known by
those having ordinary skill in the art. These
techni ques can be perfornmed on the crude oil sanple
itself or, alternatively, on distilled fractions of
the crude oil sanple. For exanple, the sanple nay be
subject to separation into various fractions by
m cro-gas chromat ography (GC) or
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20 mcro-distillation and, subsequently, each
fraction can.be irradiated with md-infrared (MR
and/or near infrared (NNR) |light. The spectral data
obtained fromthe irradiation can be correlated
WO 20302 henonet ri ¢ anal yses to the boiling pPETIUSes(s033247 |
a reference material whose spectral data are stored
correiatmgidéiatoﬂﬁﬁl%ﬁ froh® theB¥eHRuBs td BbtANQt ReLt tQJBg:T cﬁ crude oil,

o T oL BRI i ey e

the crmje all framitid measumeents, pod req@ostnicting/4 G@taﬁwﬁétwe abshy of the crude

oil. Wé?@?aﬁ@t 'tl%‘%néﬂho%’ G L{deégb%rfg QPE ?51 Iéqﬂf;St e ! n%:r{%ne?n%oned

nmeasur i ng the proper
techniggesh ivithu & @P@m%mdﬁp@wmhde\meou@rretamg statangbefined from the

technkkhésf Qd( | Dk -oliag Yrsrite (AFN o =) ta@{%OBfﬂ@p%?o&eEt{{ of the crude oil,

TJ%' troscopy, Infrared (I R) absorbance’s
frans ng |ﬂﬁﬁy?<§§'@e‘ﬁ€fée agd) gther @ge%yto ArpreRep AT capaide Qﬂvpﬂ)nstructmg a
deterraibstiivebaseg speed repsROPY , frddeake lrﬂédsﬂlreﬁ‘@nfsl\“a'?’t)i rec?nstrlésctmg a

deterrﬁlpgtﬂfe a%gé:e Qs %Ct{oscopy X-ray fluorescence
CtrOS ar nagnet|C resonance, mcro-

gﬁl‘r:a‘(l) hae!?ér}erggemﬁgd%t qh%}de]@ Lﬁ%h?@cﬁnﬁﬁe m??éxg gﬁ.cémng thegpoiling
profile) of dhe sayple @ypth @t aptdneof ed- (nMalR}i (&) @bberharee spectroscopy, near
infrareRPD IRY %Q&Byncen%ctrb%b@rﬁ@!e@an@gnet@:b%%EPzﬂﬁg n'|rcm oscuiat;on

neti_c resonance

d I
Tt LT oL

'spectrpmmpterteghmcﬁjes ek ¢ied esta fobiet g (88 Auddear 315&1{}?1@{1? te3bhdtde olfmcrc)»

t t al
osciei Hicr SR8, . JRk e PPt ot cBbcraminges can be
correiep@rfq@g(jmwng) BB/ of thestmpie usisy chgmanetric andiy9eatinGls by those

halvmgt &@hﬁ@fs’klll‘%‘i‘gletd?? ﬂ%@é Ltgc'hﬁ]i étc%H beg)%h& metﬁs urL0 Qi sample

pr.op ert UoreSC nce
itself C§ ;?éf@f'}aa‘é,%lb By d'SIt'F?daffﬂﬁ'ﬂ'?,ﬁr Ofﬂpeetfr@dq elsagpiso dfqmmmpie Hbe sample

may bﬁrsmﬁ,%btm Se@ail’mbtﬁhnt@ QM@Qtfra(:ﬁmtg by r{ﬁbr‘él%%ls &t%ﬁé&mphy (GC) or
ent, etc

ent ron.con
miro SR T Qe e B REUSLFE FiRbiismopiermiinfrared (MIR)
and/or phear atwrrand:cetNlRD dighl eTid)vbadiral) daah sbtbhad dom the 1rrad:atlon can be

v,
comolRE G SRDmetf oflsEC 10 B R pind MRS ebileti igralmose
SPeC“?'é'ﬁ&%ar?ﬁBf‘?ﬂr%ﬁé’ﬁfqbé%e gqn,epqara@et he boiling profile and
ﬂt | east one ot her property of the
s Ft%?feré%?mbﬁﬁﬂw&ntﬁ é*@jgthse Rropeibh isa seleqted o the group

consisfiiy ®f | dnaityc aspetiiic hpabitpy tcﬁ@r éd(dh@ Chumbe® UbouRt pdirft; a%itscdéﬂ? and
he- crude

re ne asurln s ont
combid@i TR ) b hEPo L. MRS i Propery by
perfonnfe@mmiwe ons tewhwigys ssletted frenh the gl@ipeconieng Heultraviolet-visible
t t her
(UV- V'g{) érbr%g{bg%ﬁi:éngd)eb OQEB énf%é%d((@ tég\ﬁ?rbgi{cﬁ és.g%%roF lg\? hlﬁ?qe%cence
spectrogrepy: id-ifped (W?b@@ﬂb?ﬂ%?m&gﬁm@mnﬁrnmfwr@@'@ﬁmorbance

specirdedepy) Xy fBSre Schay '(W)pr@btﬂﬁ&/pys Kudléar Héﬁhélﬁ r@gdnan%gq Snicro-

| at t | ud t b
cscile @R GHF P, SR 955 MHOBBRPRRY. PIorehl he techique

is at [easpens yofofmd-“niiaf@dUMRpldbs@ﬁﬁhdéesMc@éBcﬁbyedmk&( ﬁ]ﬁ'&'ed (NIR)
Iatln al so 15 can incl ude

absorbﬁlgp%‘:%p ?‘ylsﬁ? " ﬁ'i ércﬁﬁrﬁ‘?‘ '5(%%5?1% “det gr mi ni ng which
gﬁ QRS dotheP lord R %!Hg(ﬁilrﬂ%lh tﬁ@%thepgrrog% fggﬁte eﬁ%qom.jgug group

. The corr al’so
conSIstﬁxgtcg gy qoﬁ@nbgmchmqa@dj content (e.g., nickel content, vanadium content, iron
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spectrumor data to the property of a reference
mat eri al whose known spectrumor data are stored in
a dat abasei or using chenonetric anal yses to

‘ ““)g@&&QPLne the property of the sanple. 20 Fgﬁgﬂpmw@mxn47

exanp to correlate the density of a crud

an NI R spectrum one should select a calibration set
contepf, @ahphfésombimeﬁdmgh@h@‘. who e maaﬁg:e'ng)fstdphecimespeeetsmng the
propér@%ﬁth')@ra&'?lh@:’%g@& e&SI t%péﬁéﬁwp? l’i l@?ﬁnfe!r&r%d %mtbodm]gmt the

correl atlon e dens

propetty s, Mg ! %rwm(sfgd nisks! |CB”J?'§dV3@é{"W§éﬁ“'f¢0©WW m@anam@: ypend the

measQtil) StepRicRbled k@hsBhg #prdddHy W@l uBavioket. Qﬁblet(hqf\ﬁs) absorbance
| es, the NIR spectra and the density can

qmdﬁ?%%ﬂred usi ng conventi onal ASTNI25 nethodology

(?\sgncﬁaﬁ%w%w@é gs%aJugq{ n{g J%daadq Q: %ged{ g:rgn qﬁgleﬁiy include
obtaiggetdeast Mocpraperlissash as thetboling pafoﬁie aeard alriehst one other property of

the h bédrﬂdn%ﬁfamu@fe%@ét@ék' sQ:@h Ak GRIdk IR MBrhlgl K %c&)?ﬁeéhél?ﬁd by carrying .

east square, P I near regression,
out atr{%&t%km%mea}e"ﬂfgj@ﬁié'ﬁaéurgﬂg@%ﬁmlqﬁ?%on e prudh efrearrla fo obtain data

wherelio tHeeinaiduaing REdHIRE8 i§ Bvad Eelécﬂ&ﬁfd ﬂ’éﬂ?m B rGRAG 1 ¥ most
Thi rrelatlonthen

t erm ned
preci oy B, Aol e P e OB 9% b1 55 GO PR ol and he oer
pmpesmngheshrﬁmmmn @nalydds Rnepe by tase Sp\ﬁng bidihagr & ihMthe art. The

correléﬁ%ﬁl Qteﬁ’ﬁncyags %’%?ﬁ#gﬁ? Q)E@ ?’SIgﬁtg %E @é %1 fx%%ln?ﬁ; gﬁq 8?terminin'g
which prepsrty ﬁf Beiredecell eon begredidedby th@ap@cdrmh Tl dormkiativgnstep also

can inldd GRAGIHiInG theStaifid doa Al d@m@n@g;oom g 3@ oftht "crude oil can

le 1 St andar d
v pou i B GaePreis i g PSP EsE € e gBigined

T spectiimus datd foithg pldpofty bl wEFMcB2RRtal &ﬁﬂ&%ﬁﬁﬁp&cﬁhﬁ@ bata are

20

25

30

, storedcﬁ)ln% en%ablage 4%7usu%u tcﬁ%ggenﬁ g@g%ﬁ%)ﬁes tg,%%%mmﬂqﬁ%lqtgpeﬁgﬁmme

samplip664  Pour Point ASTM D97 Vi scosity ASTM D445 As
not ed above, the properties to be neasured or

o rexempleqta ?Pr%?&% Heeasity af @rerydecoil tgiasdyIBseactivet, woel should

selectar calisali@CicR &f barnprd bRe@iOUp \Aﬁh@ﬁ&bﬁdé c;’fgftlepﬁm}g@ﬂsthéﬂa intended
(0]

to be ﬁ)@%ﬁ%ﬂéd %tt%e% §1¥ur8 a &e""ﬁﬁ%%%"bgﬂ}s'%ﬁ‘ﬁm mc!vg%@séifsp%;ty of samples

evenlysdistfiovted batvwent 7001 kikgrbms per cubic meter (kg/m®) and 1100 kg/m®. From
those samples, the NIR spectra and the density can be measured using conventional ASTM
methodology (e.g., ASTM 1655-00 for NIR, and [P 365 for density) or other well-known
standard methodologies. Using chemometric analyses, such as, for exa\mp'le, multilinear
correfation algorithms like partial least square, multiple linear regression, neural networks, or
genetic algorithms, a mathematical correlation between the NIR spectrum and the density
can be determined. This mathematical correlation then can be used to derive the density of
unknown samples from their NIR spectra. Specific gravity (AP1) of the sample can be
calculated from the density. Similar calibrations can be performed for other praperties of

crude oil based on well-known standards as set forth in the following Table 1:

Table 1
Property Standard
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5 content, vanadi um content, and nitrogen content.

Addi ti onal properties can be neasured, _however, it
has been found'that information on the sel:ected

ies is all that should be necessary_to obtain

wozgﬁs%@?@fzm native assay of the hydrocarbon- coRtHURFg033247 .

feedst ock under consideration. Chem cal properties

of a crude oi lprepérty ncl ude, bgtandari Nnot limted to,

- el ement al and—Bﬁ%k\?eeH—a-heemers.——Physi cal
properties of & ¢tude oil can'iAtl ude, but 10 are,
not |imted t o uelBoirigiRrofilei scoSTWWD2892el d structure,
snmoke point and cold flow prop&iMiE236such as pour
poi nt, cl oud pPHsket Codentt reeze!pdiht. Performance
properties of sughdcenaitbon- gomtzai ni ng feedstock can
i ncl ude, but e not |imted ct ane nunber and
cet ane nunber %’aﬂ 'H'grdog{%%m cafF?%gﬁysi cal, and
per f or mance phdp@eniCestest crute3@ | are generally
known by thoggidapvi ng ordi nap¥T@itidsh in the field of
crude oil refi ing.. ,(15 The asagﬁ :@%hod of the
present invent i°6h ?"% able to & uct the
hydr ocar bon- d&sepsilyni ng f eedsBBEM 44dm dat a on

limted key properties 1T part—by ustmg-the optinmum
| RdGBRAUBBYe, WRASUPAAL: {o8RMARURITP SbrdikiSd hf:ééc\éfuaﬂée with the
the property in question. In this connection for

i y i !
disclosekgiheds 2isvelegisd|fem ibe ofaye crysRling etiAngle spesific gravity, boiling
proﬁle? &&tﬁlf i nfgmbéﬂa Itc':tag)_a_@é Pliinbr ﬁ:{}ﬁlpoﬂﬁ mﬁcgéfﬂy, Sifir %Bhent, nickel

ecnni gue r eter.mnin |1 C ... vanadadl um or
conter FallAdTE ey et HOGRN CPBeS RARBP TR e gsured,
howevenyrit it lezemi fnumithal Bbosation cartite télectebpdpeaties/istall that should be
i 4 I .
sk 048, § O 1 Bt 08154t ) Kk
considgfrtion. dahemisaldpropertipt ef @ ¢rude @ibtcen ritigke e} are not limited to,
elemeiiéll BAE AoRRDIRE BAthSdsiioRY PRAUSE BKerfSSaYa Sakia og @bn include, but

reference such _as refinery feedstocks includin _
are. n%trlmpgg 4% %e:n‘sg%, AESCRsiR s yleia r?f’é?tﬂﬁ?d ppke poighand cold ﬂgw propérties
such &8 pout EolpY ket podh, artiesze putp Ceifbinenca PPPIES bf 8 hydbearbon-

ner f - ti VE . evi ousl| -8 WO
contafBf (ARRE SarBhARt 5B Rp0 8L B0 T BLHY pffind ohS number.
Other _@I‘TQ‘F‘@@’G ehysicall.and pedfereanae nepppries ot erude obiare aermslyitmown by
those hii Qalg%kﬂi‘ﬁ{ﬁé fib@ oRSudCQIMRERigE | nformation as '

m ght be desirably necessary for a trader or engineer

t?Dhélml y@netﬂit?dﬁdaﬂﬁ& ?pr&Fanﬁh%ﬁ&S !sﬂﬂ)léjté‘ocﬂe%r%ﬁuct the hydrgcarbon—
contafipp JSediaed o Bl op Trifeq G achpagBs dn Pachy using ihe  optimum
indepargienteinetswing | tectadiquecmosti prediicitte, off the eomnp| i@, quERRRL r dh this

. - ] s j . rfar,
comeBbys i, BIE T ONFR 2R BELLTL RS e an
densitgieihe b eleghminiuednr determingng oitkehevepadiuml arsuiphuachnéent.étie micro
rhealoBRENETRIE Fr ERINARHS vistadhy SRI B bRILRLS ié&ﬂighé ¥F determining
..assay information for hydiocarbon-containin

acidity eedst ocks such as crude oils, including accurate

re-cutting and flexible data exchange w th other

i Blipri Bihey, Bikecn “elet BN Rotiee (ot tardste and
complete dbrateddininativg) iy drocdrbdrhentdfiigiaedstach mstey dbth ot rdféras such

t > tQ Ldent| ' tween t he.

=s refiey (PORIRE TR AR bk ReARYMES ol Bio-components
whoseh gPMgPsigpna 204 uphysishl and dedriowpansh praperties Uewel baen previously

reconstruct conplete
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characteristics fromavail abl e i nformati on. Even when
based on only a few key neasured paraneters, these
reconstructions span the entire range ‘of physical and

: j.cal properties. FError estimtes on all
. Wo 5&38@%4‘6‘?2{3 g the trRGLUS20451033247

val ues allow a user (e.gqg.
reflnery engi neer, 15 etc.) to assess any risk in
meagigeh e tatediRizpheds' ‘dgleamipeiiee seida @il desdwsisdrigndetife gefer to as

comﬁ!&\é@ﬁf@%horﬁa@trﬁ@ﬂt' HeiesiFBb QQ&SQQ'V chgreeij tr%érrbrtehgneer to make a

linmited assay information specif herein m
busingss of B[%essmg decisinst Y IRAOBH dota 5?'%‘&? & tesareiorgnee crude oils

also htsud edictan end4ianisal rgust cheedsinackatd eamirciuge tfeadexampie spectral

catey A0, VR I R L BN GOMEAY Ky o GT DR, Fpaabl o
accegsizg thm&:@dabase gd aontatelastsottwe riengr advgndedohathepuaial methods
can &%Fa[t éﬂﬁétﬁvh rbs%%piéﬁcl?ﬁna%%}] FlﬁdJO(%ﬂ;O -c%ﬂ{émpﬁ feedstocks such

orre at e ata existl or one or
as Gyl r Beletias cresurale gereiing eangd é’l.‘”é'? niigat PXPéaWS agth other

appn@éuoh@ gzlxmh@maﬂ@u@m ReB10aS ek ! L BIBY a ;Salﬁf&ﬁﬁé)%?fwaﬁz can be
UtIIIZ?Cr byn%q: grlog%sé&g{ R@B?ﬁgﬁ get%%e?n( &)g:n(g)?rrﬂ%bgn % li%;/%{g! g parttcular
prop&iyn gicldidihg Suértidd| o madebmmns chmceldeed bﬂdt rexbestiiel compiete

charédtéﬁs{lc%dfrotn'? avﬁl%ig mfgﬁrﬂa%[) tEgose ? egés%ld cf) ;cg yg%I Eedv I(W measured

processor ypi cal
paramafécssthe&atecormvm gp@Y tbe eplire sanga lof piiysisaltand sheraind properties.

Errorp@slhﬁgfé@lon dnPrddidied sttt Al { RPle. &emectﬁa%er ARy ref' finery r?n?meer

tivariate techni Ue na be used as a correl
etc.) f‘é@ﬁ’ﬁ?ﬁﬁﬂy r(qk 1) assop@tegd}@@p%ﬁ and progessiag, derdensy dhgsepdvgnced
statrdélbéf nAHHas sbdgiearwiti ttle lkhilcﬁj &by mm?nﬂahfspémq%r@i ABRS bdssible
ataelstl own r erence). .
the DRGNS PE Y, derinbliv RSB g, Reristock) rom tmited

measmmﬁaewelmtr&nak@blmrew a Aseomgihgly, ofhennére uplgtown fiydrocarbon-

sure or eac
the @eaﬁsltﬂd gatp oAt Be gierrakaied wﬁn ey Kater e4sina sies ope ca ma!fsaoknown

refer&eP |6 ge‘ﬁae;%téné| Hét‘éﬁﬁlhéifl@ AERAS bf AR Ninknovle hﬁﬁ&%&tﬂintdbmammg
enpnetri cs

, conteﬁl'i ll;be{ee (5 %3 em \ikﬁ_t% ri‘%_?ﬁ s ilﬁ%sﬁr [@QGa{Wldégé Hgé?:ﬁﬁed ﬁ‘er ein,
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Softvezos Ll dinited MingdesiniSyiiade aroeesspear ndudigtbat treaion iliohited o, both

genefsp %ﬁ? @E&Eél Cpuhfo%@ ’]J[u%ﬁ%cﬁééﬁga r@&c}he Ee? Ehs?sg 4@& g)? fodt?\arsa n%ustnal
comuites® rpratsnn@ corawdeiﬁe@mwer@@aMIm%@tanW@é\) devigesdat a
obtained with nultivariate techniques is
e SAHEVRERP taphrigye R PR Hsed dstacogisiational ferlitiquedi. @ plorcoyelate

the n@thsirb@ daa mﬁmddMOh@olmlﬂCbWﬁcdl RhOpdTRhaite pRiPaity ke emstmg
2 PCT/ US2005/ 03324

erty 2006/ 0
for B KB RS eoth SRRl (R P We A PE P dnich Multle
meadurdngmés ary nefdetdnea sanaple ofhiaterest —t meotimwlveeds, atore than one variable

or re%Joh&?its 'n&%%;ré@ o ’eHEH %%Hlee Tllu's kfgr %@g{ﬂo 3 gﬂ%gﬁo g%ﬁgr araayttﬁ obtain

ntr O en-
multiﬂe r@egmsss orrﬁefa@@rrmlmy aﬁwg@ﬁnqtsmqyas&w@@mtpﬁe@ geliriallysBeebe

et al2CBerhyBbiRg: Ay PlasRiHGulier 6N éﬂnLWﬂ«i?_q( @gsr?ﬁé %nh@a) '5Fhe preferred

ounds. D fferent t pes of .
corregalngt%éttchmq%ﬁs %ﬁ épp:@e teshrgqqeﬁ,l @eﬁva}eg@égmﬂges such as, for
exarr@t&@éblai legbxt S{ﬂhrdjlrﬁﬁlﬁﬂemhea?hﬁgl%@ﬁ@f i fehbi algorithms, and neural

network S R 8 Sere TR i Ficte' PR s o RfastRa qeetted
with aa‘ntphm prépartyeff ﬁreecompesmlbrﬁosppﬂtuw informoalionpaboutiticepraperty.
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conposition. This fingerprint can be enpirically

correlated to.the intrinsic properties of the

sarrpl e. 10 NIRispectroscopy has certain advant ages

ver other analytical nethods in refineries and can

O LYoz | arge number of repetitive applicat iPSifUS2005/033247

accurately and qui ckly. The NMR region between 800

nahoneeopk, Ntppaivd 2500 used BoMEMURShE h:ﬁeﬂis% af ieYovdfiones of
the TRILGIAL AfipraddAb o![]ngt }nglgcdl e Lor Fh{{c{r%qﬁag %(gg@aénl lr?yrgi?ogen and

and_overtones from pol yat'om ¢ Vi B
nitrogie-hsliegen ends archiie qurlaculer eTreeesleh-ydrogtn (G2 abérBtion bands

are wmééwrmémpﬁr Mréé)oﬁ&bﬁﬁi@rﬁpéﬁﬁs dﬁgﬂgée‘ﬁ{jg%%saf Ghbbonds, e.g.,

aronpﬁ nF EC Pat ent
RHG 8T 6?.'? ofgfaic 4 MkegERR® s aborb \light fat diféerérr elmracteristic
frequiencies. pOicatneghifiye bethe EaBsEtﬁ;ﬁmn dREE [ d?&)d’ﬂﬂ)ﬁall%é %@ém&ln@ of the C-

[ 0 ds and
H bob @ n P, P Bl TP Pt vl Bgstriokof the sample
mm%@[yaﬁ atfhigrfi npqercwdssn bereompiraatyl gBicktaniotthe ink@eRSprbferties of the
samgidlat process, and yields and/or properties of a
product of a blending operation again from anal yS| S

0 WIRI‘@e&&%GoﬁyhﬁEs @bRain dvaNlR8s bbé? Qﬁhe\s taﬁ%lshﬁgi rﬁetf'l?cfs i refineries

and Qhenorrena rraéy occur.
C"%“ C‘i"ﬁ IR URRST Paopeliive ee@'aatm@ ﬁp@tmieis @nfl ammy The NIR

reglowrhdtwemnammaanmmténsqnnw dnbd msrttrh nc%dﬁtaﬁﬁ%ﬁthtal tUia‘ﬁty %ihﬁwlecular
into the fluid

f
mforn‘?&foh' mntpg fantthr S35 E a§]§+ ave(gtpn%qjgp@cgcg@tqr@c vibrations, but

' mathgrgattcpbiem‘gq@ﬁ amosendpd it® ntlllzéftm:e ifarmesion @ld tonelchi&%Sﬂe desn'ed

paran‘mg;h},an USSTEPé{‘éHt INGRC § 4o DEATUS & 2,352 h%b% 5 437@%%2 i dlsclosures of

- ght absorbed at a ‘gi'ven Wa
w 'C“ MEEePY incetppratesk by Trierenge despitne tlzcsuwwfduanowmmuﬁﬁgeoctane

.numblef yidldst zinﬁﬂﬂpﬁope%h loe atgpgiubi &MY cﬁe'?rﬁéai bﬁc@&s& é%ﬁgrati?n Biocess

ctI neasur ed, energ
from %ﬁﬁe‘% g“"d‘%ﬁ RS a“ﬂé"%ldsr %’%‘Prtpf@?eﬁ%ﬁrmpmdmt of a
blending @pe'ﬁtlmdiyﬁm andlysés cartes fedhekdtght Wi || be reduced
or "attenuated.” The ampunt that |ight may be
- atfhendightesdrikep Grituigh gevgral gheroorepe siayi coourwiFot exsaviple, &Spaition of
the Ilgfhtlﬁﬁfr b@ FRefREted FromWRY §lr208 kit EMﬁer pfoﬂfon %Ip&a\ég F%%&lé”ﬂ%% The

ot ﬂg‘ e trum  eval uatin e Intensit
P '°'d8 84‘ Rasgrg Pigsing S gray e|tragﬁmrﬁa@ ﬂg@g@dheemd 80subjected to
scatteyiny eF @bgirh&)npromelﬁﬁ?w ﬂl:j or fg@&% %cﬁé?ﬁb%sl el Seeur simultaneously.
| wi a al so _causes
The ampﬁi’alﬁhg %b% hdl ? Ig&rﬁzﬂ waH sérﬁéq {8 pﬁmggléqnc affies substance
throughywhigh the fight traseisa Woikuthe light tia smqaonbem cmusmdlf@h@ﬁnbé{s%red

the- Ilgﬁh%ﬁg 'fr%rﬁ he il QQ'Lbé %S%lﬁ‘%c} th\]sg% reé;uit ?] nct I E%HE |Bt‘en3|ty of

the en[:q{gmg) }u@—gd\g%eglﬂp@gtqr (Aitenuated. &y lbataﬂ‘@nntdium ligigt rbdyebe attenuated
for ang ga&:ﬁ eémﬁtg;:ﬂeﬁ WII"' \&W asl 8 bl JF 88 va &’%ﬂld ®Hus oi%r gﬁ;en source

light sRE: th @ 35 it has a sl nonot o
8“38%8#8%8 B Minbeneiyifihe soverogents péﬁemgnemmm h@‘it at selected
waveldrigtjistprovides lirgbratation aboliDth¥EbmRSHIoR 3HHE Auid.

PCT/ US2005/ 033247 results in a drop in the |ight

i Predindia wlsat calsks watteelatiogt fs treo ligitaintenbiyaNYHEIMER whereas

aﬁenu&‘@ﬁ%@ AOeBuit Bihﬁbsofd%fr‘ Rahd tﬂ% {%ﬁ\fee o gshgpgugt fight intensity as a

(grrem aba% relative to
funclioof avaglensls. Leofhers jsia ghangsiia th‘i)@bémesmfahe éroagihshd spectrum,

attenuatmaiiul tb tl’@fﬁcattetrhg oﬂﬁi}ht fs%whtfeés%ebgﬁ%nile%enﬁt ébgglﬂghwz}vre]%ngth

he col

it has ?&ﬁ&’t H"‘SP'C %ﬁ?@%@?@t% yaveleggthotThy ﬁpat%ng/ of @eagigdﬂmafore
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 chomihpameasiign. (e

5 chemi cal conposition, the relative light intensity

as a function of wavelength is related.to the

chem cal conposition. Because different wavel engths
ht may behave differently, nultiple neasurin

f li
: WO?Oé)é'JIQﬁ%EUeS are preferred according to the ad¥gyUS2005/033247

met hods di scl osed herein. The nethods di scl osed
resulteein @i dio@inahghk drteratly alsilingaverragths sieaeal #Qieh Wayelerild?h the

e P SRE0T AR A s B b, Tkl hinoms. o
ﬂUIfdsr whigh Hothcditari andsalshd livhk dh oett rmbilieis ahat, evpn difcaplaltitey absolute

magri@Bé oh Q’ledcolig&é& hghtay § fur§:'ﬂ8lh ofl GMLGER S AAY gy Br%quely related to
capab Eq%ato per at ed oné person." Thus

ive é%*e&em a&atﬁéﬁcﬁ@n vfemeg'ﬁlen@h i felpded to the
chenﬁ&aartoaab@smtonf | Beciskogfasnt aaﬁblénaﬂ@ 8 RIreTARY YelR8 Sdifferently,

motip g eesR oG o ofreor cleordle Buihe PR Bags digciosed

hereiput 15 the measuring step can include one or nore of
a mcro-distillation unit, a mcro-oscillator unit,
a Thecrethges distlasatt rjeiaptre( perfprimed, using one or more laboratory-

mdep@h@ér@‘dgméﬂsneﬂt? h@é@herﬁﬁ&o%émﬁ@%@p‘aew@% thé ‘?erm “laboratory-
| traviolet-visible spect r onet
indepgndsrp. fe%ﬁ i gy Fﬁﬁ‘atsﬂf%c??ﬁ%‘ﬂ%@@g Prafeibly Bangkneld. Furthermore

such fdeviogseshoale a2 @pamb o BEhE bpefatem wr&mm&kdnnfmg 88eicMolp) each
ectropeter
doio 358 o BREEone & 1557 Fap B A FiraBr abi sk pitayy foss than

abouisip!ed@ivgma‘é ePne wr crae frbestdBindgeentienteviess suithisle Goric@Rying out
the mdBirhd s¥pSRE %ﬁ:@%h@ BP mére Q)? Etrrﬂtgh—% isBtEbE B, TRIOE L5 hator unit,

resonance spec onet er,
a migrg9as Chramatsgrap &%91; é}w@écra@ﬂim@@Ionﬁi ga® chisgwlagepbala micro-

ultravWJv@lbﬁe @ndi é)%@hf‘ﬁ)ecﬁ'&ﬁéfers ﬁ?ﬁ&ﬁ%fraﬁeos(m)tség&%meter a micro-UV

abor at or dependent
fooresEHGT HAPTBAR & PHTOAG Mored: (YR GoREC eSS & elsfpunsme rared
{NIR)obpgubofeter ag pontebleorX-rayr Guaksdehte aXRE) edpesticdididre micro-mass

spectﬁo%"tev' %’)ICFQ-%IO ?fﬁ%: spé%&&%%?sg oor blk: nlEuc%ra? dma(glnetf%) resonance

absor bance spec escence
spectegfieiary GiYe syndumn@vfz@acﬁanca dedcgsiniRyo dissloglainlewdces and funing-

fork sSR&FRL. I RSGRING Iaﬁﬁﬁfory iRbeRAEht GNiED a8Ps s@ﬂlﬁﬁfunctlonal 1n that a
fl'uorescence (XRF) ectroscop

ersff?gm [ 0SCO %
single 18 &5 CARRUIE B PorTar @GR O O1R GG SIS VR G-Vt e pagbarncs
spectiabssipy] infrtuied I’(lR) rﬂb@bmam@eﬁmbﬁyow Mb.resﬁbr@‘deospb&ifbscopy mid-

mfrar%ll’% % e sg %F¥68£$e%r$f%e% &lﬁ‘ﬁ) alasorb:s\rtct op%cta gsc%py X-

ray flunpeacencei (&RF}/SWHN&C&DY auglnal kagwtic Bpondnos enhavistiiatiod Omicro-
distlllé%ﬁ“ Wr&n%&l i:pécﬁoﬁllg\]?y f ik dioRf nﬁﬁigﬁggsgércgo&&w, NLAB micro-gas

For exan& m cro- NI'R spect r onet
chromagarann¢ (&) y- avai | 'abl e from Axsun Technol ogi es I nc.

(Ag[a chusetts USAg under. the name AXSUN NI R-APS
AR FReHPERISIR 258 coMBIRTRlyRplRbicapad known by frose having
ordina®y BXil ircihal fleyd (&I’Vt&udi@bﬂ &fining O NFobiegampIS, l(nld:FtdﬁlR §RetAASErs are

ech ay
Comm%%?"g aval\{%?l?)rnrfg e ér Qdeg%rf%&f@?e& W%ﬁ?ﬁ? %lfse Qﬁ%ﬁgnﬁder the
name @()f%.ﬂ\éj NIiRdPBumaitzst. ( Bliero-gds Iéhmg’d?b.‘rg)‘aphs Sr&uommbically-avaitable
t b
rom SR 884 R RERS Yy JESREEP o
XRF spegiansiers syo sanarpreialy gudilghla femoPxiars iepiryraents (United Kingdom).

Suitabld GRGEOERRA MRE &ird gBNerbf 85RAGR inSYist Paledt NMINERE7 952 the
. fork sensors are
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generally described in U S. Patent No. 6,393,895, the
di scl osure of.-which is incorporated herein by
ref erence. Wil e any one of these units :or
.. Spectroneters is capable of providing data that can
“K)@Rg%”g&rrelated with nmultiple properties, i PCHAS2098035247 .
found that, oftentines, certain paraneters m ght be
discloberet af rwilet sonmbdmgte@ hereiml’b;t refarersqee CHuitaBR tHERind YK sensors are

.gener%ﬂpagh%ﬁbed: u %Xia’l;arpen? N %3931595 0% ef gék%szjge S{T\gﬁl]cdll% %giplgdrporated

roper t be defected 1¢ sel &¢
hereirgipoig, r@Wﬁmstlng of denS|ty specific gravity, total
aci di c nunber, pour_ point, and viscosity, and the

i V{hiigiagy ioRg of Qﬂf-‘éfb uifscar FRTOMelos is:qepalie phesowding Hata that can
be cohyieiea @&hbﬁﬂhﬁ@ﬁb@brﬂéﬁ (ji Has Bkt BGHd Wt BitdHinles asttal 'b%géﬂfeters

red m d-infrared (M
i % A8 shBLEA L5 St s P rs R s one
prefert@lva;rul@dmmﬁ,uﬂeswdmme td beadeterted Bfseldbied &bar lﬁmgﬁiuinﬁﬁQstlng of

S RFELLTELE ekt by P g e ot
step @%@@r'@ﬂ%@t@gsth@ls@mglmWﬁr@eﬂb%con@wm feedstock with at least one of
near ﬂfrérfeﬁrm) ﬁﬁr@%BtMEﬁnﬂa?éd RS 'h@ﬁ‘tedTﬁtEO\f)?eferﬁslgt @lbnlaboratory-

suring techni ques are nore aCClJraey
indepqjident; GV ipelfdes p'ﬁefs dhan s Vi dremeiead Wik rspﬁijfomefefs
(e.g., theadenicq iemuitiFlvetiasosucheidn aifsreti Giiils @ SsbctrBRERN are utilized to

, [ d | ecting a nmeasuring technique that is
obtain (ﬂ% l’tia’ ﬁergf% &rop{eﬁt £ be neasur e d

& property sought to

FR§ H@ﬁmld Gbo: G5 Velqle&?]ﬂt %{éﬁ{g%ilfelssa% l%%Fel z—?c%g%@: Y pre L of

techni que pre
certairy REPREIES (e afe Ager BeRsHrga deginsepet |T\he asfsa)anwmmds disclosed

heremﬂﬁéhﬂ%tééie@ﬁngf Aeheali Qé@thﬁ@é‘ 1@ Y Fbdibing IOF ﬁ@dﬁ&%ﬁb 'sought to

b such a Eb ecific aVItX total ac

© meREiigL, Forsmp ﬁ'aﬁp fipd cag insfigs sl *'"gd'l*qaavmtsdﬂ@@ﬁve predictive
of therbetiag pomh e hinotbeydnedstir irgpechréquet prodictive AEB abStast MSERly bF the
hydroc.taﬂ%n—c%h@m ‘%cg&o% 's\ﬁgh §§en aéur eﬁ%\?ﬂg t%{tgf :Tc:cw rH:ﬁqﬁer pour

nmpass tes WhoSe
point, H?POSEK; Gulfir &@Iﬁ@mr @ﬂ@bcqufené @ng nitedemcopten.aAes dsddtherein the term

“predicil@N§ HedhtZ R e} {boéilﬁo&lﬁaﬁ techﬁ%ﬁé@ wﬁgs? n%@&rlé& ﬁg fei)ﬂﬁthm an

\?E‘F propert accept abl e ran erro
accep hﬁffgasofp %e‘HFe" CB'F'E?%G’ 48| sfargardiged Teihp@r &@m ASTH of
measuning ehqosaﬁerpa&ﬁeytyS Arebeptabl rah@s of @xfrortlh&/ valwifin 15 percent,

B R R SR s e ihgporore

standaeq‘izagtrmetho@((eﬁs%m\n)l the,rwmnet o maassitian@ahrdiuedths a range of
error ﬂ%&é&g dof r@er{; F I%r‘ét%rd%wﬂetﬂ&f 9'{ actg&snﬁgxgrweﬁg élfjr(z)ot be

cti property sough |
consﬂ?fﬁd éerﬁer prslictivgnelr @e @m éﬁOU@iﬁ dehei mepaueash ningemtrasts where

anothef 3hEBufiy ﬁichﬁﬂ&ué)ﬁ'nasl% RALE NlendF of 98 %eréeh? Br RME hth?n such a
t echni onsidered to be predictive o

e
technidlEHAIT D2 TRHEroR & 8 HrEGkaUF Gl tsBiopR okt foobe measared.
Criterissiel selédting aanemmasing ﬂeﬂguduem’fmldq UiR st iafeCrhatl hitedrg ] h@{ eEIQBn (as

dlscusééd@bé&gt 3. SPQéhdg%l ﬂh d:éie &an %Eé: 21?\% ah O\ég gléq_s bemg
pfeferrp@c Hisi iglade eamiensp mm@‘bemngetjye tecfhmuee{ina:tpeuﬁveeiepmmsmﬁmg

prefen@@rfhgre%ké‘gf BeliBrr Jﬁ&h\@t%ﬁlq@é ﬂ@;ﬁﬂi‘d&@ or m&ﬁ&lﬁ sﬂﬂeedstechmmans

being preferre ease
being th%fewi')q@f@ q l?@'twrﬁeaﬂ%v AtA tepfermHertp alangks inla@d)lent conditions.
technicians being preferred), and a |ack of
sensitivity of a technique to changes in anbient
conditions. -12
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WD 2006/ 034072 PCTI US2005/ 033247 Preferably, each
| abor at ory-irndependent devi ce has a weji-ght of about
five kilogranms or less, and nore preferably about two

or |ess. FurthernDre preferably, each
: ‘Voﬁéﬁﬁgéﬁfsy i ndependent device requires only BET/US2005033247

smal | -size quantity of crude oil to performthe
- di Frefeosbivd eaait IhbatatoAeiodeenayit Yeviesaltds a weight of about five kilograms

or Ie's@ba‘?lﬁ%&gﬁréf&qsgegbgﬁpﬁuodﬁll\ﬁgr%ﬁns L& 2Bl 4 ehﬁ{x’rg' g%ﬁirésoly each

Iters or SS O a Cru
laborgiopyingrrendans BEYjcamrauires g swalksias quangiydf crisistol o perform the

disclieaf menbd. y AecBildirly, |a8i$ lé?fordt&lﬁ-wﬁi@!%ﬂd@nt Mk BMERably requires

% uantlt equi renent s, smal | “ si ze "‘and

abou] AT s e i A O ST e AaeTatie gbeus 1Orthaor Iess, and

mostdmfera_hls 1oainoessnaf e sapmid. ablttesawhdniablsies qh@Ttm%quuements and
el s - I e, 0l I

smal, 958 h8 hefiht bf BaiP b BIRANER, SE g dqvipef g be made

portaglefant daigh tthe dosetion of A vettabe asralsd crisdscailisesuoh as,Har example,

to thé ghab oY el ol fd tﬁg%lfflloaﬂlr@e\!e%elt %@v&ﬁ@é&gwtb%cﬁrse P %he relahvely‘

| abor at ory-i ndependent “devi ce Pomer requi rene

small 28 o o gARpoBETs &f e lwrvowedemﬂ% davie. theviower eHTements
also kre;umnﬁrataﬁ\demwh Taus thd a@h@ daa bl @Ip¥rafldGlith ASuitabR'battery such

o, S8R o SRR SRS, it S over

devicgypi cal | y, the device or deV| ces used to carry out
the present nmethod provides an 15 analysis in |less
t Hapicalyothgolgvise ofvigvipesopsadalp| opmpogl thdemesant aretiofdgirsvides an
anaiybi@ it RSStHbR 8b @Quénarr\Htp?é@rab@ BRRidES ah Qnelﬂfs?ssmtl&ér{h% 30 minutes,
ytes, Where the portable device or .devices are
S“°“H§l§‘destsdh?f'a?r'f“$?”t5’t§t the met hod disclosed herein for
S product of.a refin rocess, th .
pr 0 u%tthe )ft aglg NP SToMISET AtEeuse ttgé%m’ iOH{Q‘?}?emS@%‘?’ gisflosed
herein &frianelyyis pf 8 peskict of didfinempro@spribe poduétrroag bden intermediate
I
streaﬁ’Mﬁfh% dvenraﬂc%] e%&c r?dr ? dtgl ocﬁ"@bfénudt S@ﬁhg %gé‘}glﬁ?ﬁ{ery process

used as a ¢ a pro

whichyigesulpgauertly; yedas mca@%gl fRAISoski 3 psedvst fromrine yoversl definery

proce@§ whlich l{beéubg’équbhltbf usféa% a faél o@ﬁxbﬂcé?ﬁ EH?@'&; %gsié‘rﬂﬂﬁ%ﬁfﬂ&nent for a
| ubri cant for exanple

fol ot (b oSl oo B aiobl. S, siopBlar e fu i horcant
itself.l ubricant itself. The anal ytical devices present in
the portabl e apparatus can suitably be 25
. mtee ofeditice adedcesarmdesenly inetlien potiablé oapnacitus erspossitably  be
microtoféRER BRI GRY BE i e BRS oPLRSHISY Mi&SHab %ﬁﬂleﬁ’&eé he deyices in

cruci al _anal yti cal part or detector o evi ce

whichy the rGreciat epaliseh gart & rﬁ?ﬁe@@ésof toey Heyice Erebrigalad ¥ghg techniques

consistet fv\lmﬁ hlhelpmicit‘ddhiﬁfdd(lstrﬁ ld pr@d&&%sp%m 615 & 'dmpﬁ-:r ei&tncal signal,
e electri.c | onse 0.CO

in resgpigy § Puf il ol BPIce; /0l Beciheal glone] gtate o an

assodipted eal ¢foelentronias ydinihagither sem\zedﬁ tied énput sighalsSintoha ehlue for the

propegg%gﬁ% n&é%&)f@%ttﬁ f&lj(}%r gl%eégs nai {]]%]@r &eyr%n%?nc 8¢ n es A

perty el ng ne sure processes
spectaiy rmy 08 ysgd c%@%rﬂrrm@fhel@@imlhq dir@gted Abefsrpebemsm reuhjegted to

" chembifietis @ELhALACH YieBthERENRER DR Y%r %F&)@H%g HRTRh&G | gse, the

bei n sutyP gt d to chenonetric techniques to yiel
value BF.gp Bée S%ﬁ&e% Fpde) gepgraise fomdbe relatiopphip betweens ealues or
spectltahﬁeasu&ldlmd Gtie RROGLdoHPosiach Hieprbftidsdf udiPshples determined by

prewo%gaﬁaﬁcgldmé‘ag&r&#egs rel ati onshi p between val ues or
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spectra neasured and the known conposition or
properties of-such sanples determ ned by 35 previous
anal ytical nmeasurenents. -13 WD 2006/ 034072

: 005/ 033247 \Were present, the
Wor%%{r)% istillation or nmicro-fractionation d&GiTéER(P33247 .

be any suitable device which can be utilized to
di\&iere | presentr Het miniadistiltation rmp| wicrefragtiowsatibn adsvicenmay be any

swta@]é Hbvu,aé WhiE@cgm&lleo%{ﬁﬂ opﬁa&i‘aﬂéf@ BtsLQPRlto give fractlons similar
distillation. For exa mcro-distil Palo or

to theRecgehieved B%P?Wﬁﬁ?qnéhd'g@'ﬂ'% ﬁ‘H;P"éT“Q'let fhe gpicrordigditiation £F enicro-

fractiﬂ'!aﬁblhl devied maprdistit &eﬂradhaﬁat@ ardtudecsidst @R refhedl) fé.%dgtock to give
S.SIm t hose .ac convent i

fractpsy S ROSE (AT BYIeERY PAAVEN R TS A TS Byf Crih gisietion
unit (CODY) Thelherarlistilatiol devidel nedyi adso lsbea indoeo amynclesioddviee aompnsmg

a mm?& ﬂée@gefgl?{llé}%ﬁﬁﬁ? H@eéle{nﬁgpef geo Hd%' cﬁ? dﬂut%l? Qanlﬂglatfoq example a

capiligny; ﬁh%‘gé “’@ﬁhﬁ’?fevﬂpﬂfl%ﬁd Wﬁﬂaés%ﬁ toeapipvd @vqpor iscrwcbwgaramn a
suntaM@ 'csrﬁHehHﬁg Y aRo (ti/&t%ﬂy PR RASSHR IR ARTHEMEriferHEPBh which

separ ation, sui t abl e condensi ng zone
vapor(zlea pqa@mq eé l}%op@ae% &Wemesﬂ@ﬁn%{scogdenses and a micro-sensor to

measmecth@ cdszefehs@en af sampleat m!elce;hdeh@iny apey i Eﬁd’nt&ﬁfﬂéhﬁar R@toe an
ass condenses.

h
ovticql: pB0 Pl ot e RS BN ERAE e of P spbrcatp peperaton
devicat fot legarome denms |sﬂ|gorz vater. Tihe micordistilation alevinmyndyeheadisposable.
Whergrt’llié ﬁ@#o—&i@tmﬁﬁ{n delcB? ‘?M}%E%’ gﬁélseofrﬁa%&s Q!m?%nl ! tﬁése%?hleved by

device 1s mcro-fapricate separation
convesyignah P‘é““aé‘?ﬂ ihesithesedrrclipsean byraalyred by otk 8o Atrthenanalysis
devicBeVvi ce may be di sposable. \Were the
mcro-distillation device provides a seri es of
f mae mioossdiatr davick oMidngseseat; I Wﬁﬁbbbjyanl&oustsc optical device or

senscg'olﬂl\é%ncfgcmgtgl %évlc%g 'al’el ?ésea U réeggé}ﬁer ana!]e %Eér%gs J 8%cﬂlgt:on of
the d?Wéern\thlﬁfb J:b@regesl witho m%ewfdeateuaiecm ﬁleegmllator i sThus, if material

evapdthief ef é&idlénsﬁé% AR Siblife, R fr&ﬂenﬂﬁ&iaﬁ&eso IAs. \ﬁ(ﬁlnz%oiﬁfonn tion on
M cro-oscillator devices are based oh neasurenent ?

TBP, taqeuste cpticah dpvigss BE¥iRrpas BIPrBRtion: 9l vigeasite eoldfigwe properties,
volatile tantgmmanistdnd repssits formaticy. SaitabRmiciteosomatbisland @scribed in U.S.

‘patengﬁgg 5é6f1t#§t fe.idgqugég%/evaporat esAgr\Aélolndenses on the

evice changes as information

cra_ ﬁﬁ% iR éée?lt Qﬁay E@ﬁsege?& ‘éﬁ‘nﬁ@% gper {a(i“ﬁormatlon on TBP

or mat'i on n Vi scosity,

and t‘? @Wﬁtq simuigtnet distilation: einen @s aep esite §r‘lﬂ’l§fﬁ rigfeqmation on density and

amouﬁtél df%@iueatéa Qﬁd)ar%%héé Al §arﬁ1516 a@%ﬁﬁﬁd@ sﬁhfmn Ls}aé‘ons obfalned
Nos. 233 and 52. Mcro-N whe

from %P'@?Bﬁtsei’ﬂféﬁif"b%%s‘séah % 6("'%5%&#{5‘?3@0" gy’ ‘Br &‘r‘lpaéf &ndior Gold flow
propetiel Ofutth tais @foud ipoihBBhd ﬁéeza'l?gct)dirﬁ @Idﬂe (Bﬂ\Ns)L Rﬁéeatdhcbctane Number
on oh Sy oNGHOLE L RRy " Gyines BB o i, Bl Y i e
meastifed. %lawpleema@vamlyeeranrdiwe thmAmacNiRm W}aelnﬂ'dduced by
Axsunﬁél:ﬂhadgﬁé% &ebmsé‘%ﬂlgl{evgl on step, such as a

mcro-distilfation I ce. Sul phur and/or cold flow
PR @é\fﬂb&?ﬁ)r rﬁéé%hn@sdéﬂsiﬂd BarP Bk Bh ABflathh 884N garﬂoth@tdev:ce for

acl TAl search Qct ane Number (RON),

meas@fﬁga ?@S\‘H?Q" ‘Wgﬂf enieq! Se¥%hunber and snoke p0| nt
may al so be 30 neasured. Suitable mcro-NR analyzers
i nclude the Axsun NI R-APS Anal yser produced by

A4
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15

Axsun Technol ogi es Inc., Massachusetts. The device
for measuri-ng density can be an oscillating sensor,
and the device for neasuring TAN can tbe an

. Wogﬂ&g&%ﬁ%hem cal sensor. -14 WD 2006/ 034072 W/U82005/033u7

05/ 033247 M cro-GC, when present,
provide a sinulated distillation curve and can
pridivriodeC, hwiabin aeesebh may reeiidet # eimulasadcdistélgtionfcu@e- L@ can provide

hydfd%¥l%'69 %g&%ﬁsgﬁ‘ gék’/:ag de?f" C@hg%%cé%:org %@%ﬁ%erlgl%t(gg ewfes include

cro rocess
Sh‘m@? MicfaSANoRrpengs @@cﬁ ity /MirorteehapieswBCiobi | ity

ctronetr¥ when _present, may be used to 5 provide
‘Pt MeRyHifgRalal T i pesctipmpts y{FE8 pipRgnt, may be used to

prowq!mrr#drmuilcaf bry s;ﬁumfbohcﬂécumbltﬁiwlaﬁa pafticliagy oS aBRF enoldctles in the
as_or i c..chl or

samp?e afﬁlple%zrr(::ﬁ ntc%maﬁ%]%%ﬁs sSLH:ﬁl psmoaggs ﬁ'&f’”ﬁﬁ ©5 d:é%gano? as well as
sulphisigrpenh detrodear torepaungs.cr d=urtber, moloid-ie yindbifity/diflerentiall mobility
spectFH?ﬁBtrly' Elipled P&t 5ORRHS }5){{5 é’é}l egh Wivk Nerfhandd Cﬁlﬂf%ew and sulphur

ser, can ?IVG en nltro en ant

a"alva*ﬁm igrg-fonymablty/ diferenyel |mqbg}llyd|3f><f0é"p@ﬁw ds tmb.*mpleyrented in
combﬁ'@aﬁ&{ mmneﬁm:m i Qﬁ&/br ipreRtr 8B RAtRE predcohBer@@id RBLEON Suitable

microlioh PP f&%ﬁ%{t“ﬁﬁﬁ?%%ﬁﬁ?&ﬁ%@ﬁﬂ%@ﬁ'%ﬁ g miekoPMp | ¢

m

55 Bie oPeTaSent bl o LR o oeliB, o e amrgpositin 7 ingte
portabli eapppredisnt Th@tﬂmeera’afsnmﬁbmcitmiﬁ eleledsi €3 difiyerbeanalysis devices,
prefe@lbfy%rﬂ R8¢ 5 Mrde A Ss d@f?d'etsaQJcﬁ aQQQ s@ﬁH%affe;Q?\?a a;/ysss devices,

paratus may i nclude at T east ferent ana

a"oma%@.f@e@er ofmf%ér@a 5 § sarPedeaist! figclinns theresf to deaisgertained using
the aflRIYAtGS Snd PHSAtingSa Sinili@ns bmdlht & BhEfethe ARAYSS ickher directly or

- viaa SRR B o e e IR PP Fo "B ascer t ai ned

20

25

30

u \/ I n
SEAD% 4 0B85 081 0V, B, PP Dl
locatigy) gf E‘esﬁﬁﬁp@b@@%m%8®@méﬁpich§"%§&f Itb%éamdﬁtmm(f For

examﬁ@' @Wcm@la' Q)llta@laly§1§ (@a@é}t)amd agp¥satlsNBa 2B 85 165 “MS6tib? rapid
d_can be taken to the |ocation of

e
assespign "éﬁ‘ﬁ o et o 2l <2AMPIneN 3 uslsi o Enkar ity agpnd-based
crudetdilestaangiaek, @bhmmedexpléwtlon 2A0lisx sitephiewirfgdthe 0slUE ef ik lcrude oil

to a @ﬂ&lﬂ%ﬁ%&gl‘a@gr‘s & Q)% seﬁ% kg ?ga\%utg#i é%[%nglg?)éﬁ?:olr%%%o%ﬁmpg site, the

apparfige céii@mplreeerd rinventioruthey diel used rit dire Hrellihead! o - drilgcsite to
provndérrﬂgl‘i‘lﬁ aQé!{rsusS&f‘%{ cfi‘gc?e St exé?ﬁpl@tto Roviak frap?tﬁféla%a%é opﬁ\e propertles

site, allow ng the value o e cru
of a cjuge il ﬁﬁ f@ﬁttweéﬂa“%f‘%ﬁ‘é"’i*@“mi! 6f 358 el y ascer t ai ned
exploratjon drilling.s t he ar at us

oPrefttatl ineAiRer St R b et et ek Metirsart ssay meihod & at feas

compdtibie Ivithh ewicdless ncohineantbatidds) Bocs bt @ wieel@S pegv heleorkaphd more
| visi | nrovi de _

prefer@ﬂlg %ﬁ:frérggtg c@wﬂuﬁ%ﬁo?@ mregflé;r %mkﬁhea—ﬁgsre! al‘é%é Gofmynication,
such thalsthe qralYsisalesudiginRy twaad!mcormumfzats@mh@ poletiabpurchaser, again
reduciil Ml it drewiRdARE Bhakpsid &@é isGRAIRE e %o\‘@nﬁgi pEllEﬁaser

present assay nethod is at |east conpatib

VWESScRES whaBRURIGEhic Govicey ek @st aﬂadﬂblé%@%ﬁpé@%@ that can be

et k d ef
v RERAR S SRR S SO AR SRS s s oo

analyseoanparticalaty thnse yielding elemental data, such as portable X-Ray Fiuorescence
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30 such that the analysis results may be readily
communi cated -to the potential purchaser, .again
reduc:| ng the:tirne-scale on which the analysis data is

WO%}? I e to the potential purchaser. Especially
&g sw tabl e micro-devices are not avai | afit@U2pMS/633247

apparatus that can be used to carry out the present
(XRFrgpdubdsompy dre Lesed iﬁduc@beiﬁahdﬁWmSpwhtobcdpfl r[enBsp@cs iAhtb& the

breaa@pg\:lag§é§; particularly those yielding el emental
uch as portable X-Ray Fluorescence -15 WO

2686/ %@zraplgqamag@éé R su(pasﬁf; @gég.) SRERPY 209 e,

Laser | nduced Break trosco
for E)ﬁaH]B[,eEdI{f érqq@eoﬂ ffﬂcg%r&t ﬁuﬁbleagglg})ie erg )(rg:mgp dhosg amailable
from QKBYROénstpakyisi s of sul phur and met aI s content of a _
sanple, for exanple of crude oil fractions.

Sgﬁenflabllye ihemnp?aiutse;sed(ﬁFcDaam abiyhe assdyidtihidiens 'tl{'thﬁ@sent mventaon
nt S r.al

optton%}é@gir ngci?ilbtgnal}rgg J{;r@inén%%? %Hl?pé%r%e s%eger%ﬁeeg %tf Ieﬁﬁéwo and

preferﬁ légverﬁﬁpqcmfeaiﬂaa@mo keyprapsriigh pthi ﬁampiﬁm pagrialyaed t h

ot her anal ysers, will generate data in at |east
FaliFR Of HiedPaiF Applysis ﬁbﬁab@%@@v Usingdhe pesay tmeti®diadthe present

mventimnp@@lyfsBQSarDiﬁe blﬁém&&lgib}eaaﬂeﬁ ah@‘gm Bézl%@? ﬁo@%?cﬁgé‘.eop@fhsatlon
i is o | e usi n e assa
For eia“li’ eog’Pe '?' iR “%’.V Bt 39 "el o aPe sraulen RAplyseE s e pegtormed
on blegs af iefiderydecsisobke sucinay blendsaot cheleusie Cbr(ﬁcﬁi:ecp (fREE&D or more
t
sourcEPhlaRniéy étotﬂe éefll: Ft‘&( %@ﬁg l’o&érg'gm gcghp gg.léatlBgl%]f g}en@gne% ?or the

a refinéery
blend.;, Fari{gs ﬂw@fm@t@w may pe ﬁ%@t\@d‘k sonsistritey asd/ty qialitg obfedstocks on

arrivalCdt Ut fefifblySor NEREME SiEltidr érQﬂ&rtM‘a'&( 86 JIRY %o prRIME Co(?\shne or at line

| ahl the refipnery, ensure o t|
detem?f’b%‘f’ fg%"i’sg‘?{’k ﬁ”aﬂ'Wea’}dePﬁoﬁ%ﬁ% d?farfof fput Qh’ﬂdmﬁFlﬁlﬂﬂ tpsgoess
refinery loptimisdtivndnadels. be used to verify consi stency and/ or
&Vllty of feedstocks on 15 arrival at a refinery or
bergitgymsthed |06me@m$,emr!n\rmy0rbe usskat thed'wpll-bwadd én a drifling site,

a nunider Iof BEpRGtuST mbj R oflfliEd r% 'aﬁlte}é?@ \A{éﬁluhge? d@ﬁ%? Kse 2. gpmmon

ua [ t and property data
transp isnft,efp[ ﬁ@rypl% BtGommas nlwngotggqr@wdew(@[y@s toh ¢he crude oil

from eaeh hre!d @.f'nal?shﬁ oPthe SRiNiddan¥and b%d@aﬁﬁﬁiﬁa@tscﬁ&ﬁhng may allow

| h
more oot SERosT LGl b Shbou 7 apdhien e fonesied asaiveis of
the crupjmodhfrqge:hf&er@'tb meihhead®) ciangesipding indeidha I&hﬁlmolii ®ith time can be

used t@)ﬁ‘&}?éﬁhfl ff@om eachq)%q Pgd |1i|8 %@ ﬁ)\s{én§$ of‘ ﬁ %r\aﬂ élﬁ%c’j ing to

crude ol
ma'“taé‘r%"é%‘sﬁﬂt%uaém@ﬂﬂ?pﬂ"@fﬂnﬁat e schedul ing may aI | ow nmore

aﬁ'ﬂj numw%onposnl on of the final crude oil blend. In
Harly o Whetgy ine Jpetedds 43pd (P agalysis of repredunt obinable from a

refiner§ pmmﬁl fhkbanandd mai/ be bR chédRABAOSehd) ohld g?ég%vjdf‘(ﬂéjﬂ@&uct at

I t
the refiHE %y 3t sbsthlchs et Buithan 46 heriba s fropaiase b ek
bfendlﬂgﬁernbﬁzﬂ:m di mlg‘ueleconﬁﬁunmmtsaswchaascm I3 melqwalstatmaaw 368 at
airp‘orté)'dla I@Eﬁl@%r?l$ggﬂ‘él§{ i on?%gﬁr% the method is used for

ana ySis O pro tarnable froma refinery

Mk @Q@&ﬁer dsbé‘ct gk I}Qé’seﬂ?%v@ﬁioh‘ Sd%g Brides ke O T SIERSY of a

P qg(l ay of the product
refinery feedslo product of a ref nery process said method comprising analyzing the

refinery feedstock or product of a refinery process using the portable apparatus previously

“described.
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also ‘f?ﬁg’ﬁu“ﬁ‘é‘g eletpipe taiy EGCAP SHah

the refinery, or at subsequent |ocations, such as at
chem cal pl-ants thensel ves, at fuels blending
termnals orsin fuel-containing tanks,t such as in

] kers or stationary tanks at 30 airports,
woé@%)&);&;fg?%s or on petrol station forecourts. [PQTAIS2005/033247

further aspect, the present invention also provides a
neftheodethod ey adiscs canmbe analysd bhibeyrefiread Sdedstsclobr product of a

refi n% gf&ﬂggs \Wh rrﬁfrﬁé}g FHnRF ? glé anglgée(#s 'Egltn%ggn %ﬁo@gf itﬁc'ei Qfgalysis

I nery stoc
resulisdp ﬁrpetey !fﬁ p@@é@%ermdf@g C@W@!"%‘QF PhibP @ﬂ%{rﬁmmmrushon obtained with

a datBbRY¥ Inasl 34 pr _yldggg,begﬁ WD 2006/ 034072 _
PCT/ US2005/ 03324 The nmet hod may al so conprise

an@atbmtl\&lyoﬁr adugtiongllyl ehet ahalgtaliosk, s@éh 8 Qﬂé%&—sﬁ%@fﬁ sensors,
ortapl e

ada LGSR gess LR on yr t

plefin{ Sl 2GR tenborsn i el i P tanf st Ss. gmicro-

rheo!egupabn'em!nmeasl cqumeahmmratexamw the laboratonriadependaft deliee used in the
.0 W t t | _

meth&d) amd—éoddu%tﬁﬁgg@g?if%g%%gn%t% alaaptéd~ﬁﬁ s%R&%g ca ge? used to

revi ous y ernative
defef‘ﬁ'wal the GaidIY 9f a samplee for gHATRIE-| é/bﬁro-flwloglcavsmmhsrmg and acoustic

sensSHI €& BS uSas idklcPmme MONistositydH ARERPIPIGr SRMKAL. SAcoustic sensors
sors,., m cro-conducti vi ty/ capaci t ance

ZAFRIS- be

OB 5 e ST S 50
remommmam raekRst suthpd s@aﬂ@em@e@ datalyeruematation, such that the
resuttd &F ﬁfe@n%@séé“@arﬁtgé[ fi’e‘a&% Qnnflng kS theltlief %ﬁ&ﬁée? or user of the

M cro-rheol o machi nes and acoustic’ 1o senso

laborgiony-iKlependent dayicget er mi ne the viscosity of a sanpl e
al.so can be used to

anmpl cous sensor
o b PR Befiods SRHTbRESIEN oo Ge i eut o arigh sotons, such
as, fdPregheplaphtya tche!el mlbmlkabn ray erudeel oip driitrenplatten \ﬂl&are crude oit from

multldlep ‘Q“Jehléj Gy {Jé’ig%isbsf’errnggd ! ﬁaﬁﬁeh AL Sa?n%ﬁ:é%éte baagréj Ootgte (gr biends

nmuni ca SUC
fhere%ﬁmmoaat!p@aﬁons@cﬁnqﬁm at Wee lqadisgloffdoagingt hert anfad ysate oil

vessclRAkeI CatlAdsled 1 af QITAINLSG 2drGtlart ﬁnt&hﬁed‘a’i@é*?é'ams%] WJ&ﬁ@t_Pgeams

L gser of the 15 |aboratory-independent device
in an gLelEYet hods described herein can be carried out at

"a variety of |ocations, S%MEEH’ for exanple, at a
crude oil well, on a crud rilling platform
L S eaemo'ns e MethsPbPndahleRd STRENI spectrum of o

I hes comuni ca
Cmde(% |53'BP’§ HE8g atﬁ?@i@@bmiﬁrsaﬁﬁ’t@ﬁ@fqr Wéapbt@rned d‘ﬂ@ﬁmqtv'ewver@taken

in thel fit6t dveaehd Boinl (B0 HE700 WROEAuntersy, &rélgﬁhQéAgtl?Qf 1 mm and a
essel/é@ ker, at an inlet to an oil refinery, or in

tempe&?f&”elc’rﬁf* di ate streanms-or product streans in an

e A GRRke FTGN R etn W PRSP AR b on

forth&)mhasslmpﬂr@ usi ng. a Bonem FTNI R spectroneter was
obtai ned. NIR spectra were taken 25 in the first
obrelibfaline pedslso for( 6B olates ppd) deasiynwesebuly using aboph#h to 60

calibrdt®R @afpRE. IrhEB @Bfbration samples were chosen, such that they displayed a
variety in crude properties in the desirable ranges. Reference data for the calibration crudes
were measured using the corresponding ASTM methods and other appropriate methods as
listed in Table 1. Modeis were built using the partial least squares method (*PL.S*) method.
The models were built using a GRAMS/A1 desktop specfroscopy data precessing and
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20

tenperature of 40 C. The 1st derivatives of the
spectra were.-used for building the calibration nodels
and for the.neasurenents. Calibration nodels for TBP
a and density were built using about 40 to 60 30
wo 28%"935?@“ on sanpl es. These calibration sanplPéd/4{@pe/ 033247 .
chosen, such that they displayed a variety in crude
manaﬁé’n@ﬁfoﬁai Saildile fro@ the Theadd Blett@ngBsSporkpine r/enc@cy st the models

for t i brati d d th
was vl 8%@%%@5”@53%% ReEONDER hB=5: ner appropr i ate

”ﬁtﬁ“gﬁﬁiﬁé%r ngﬁﬂﬁ)! ?@ln?eagureyqﬁﬁl Stg@%a ﬁééﬁneﬁers The
o)

eas squar es ITEt
spectry lpbtaingd evese \mﬂefeé ditpting §ﬁi|bgahan ErsiRts/ md gata and density

catcuiaﬁ@c? CHAAS 6 BBNWIRILORNS RSt 1RTBP add dé’?@it% 21y @ét@%ﬁ#@&?by the
CT/ US2005/ 033247 managenent tool avail able fromthe
rlrlc’de{”(her no El ectron Corporation. Accur acy of the nodels

O M R T g e
determiss thg stipburs eintel padampbdiurs cofftbrs ofihe ctuda sebplai i 6id dakerig also

the calibration nodels and the TBP data
Se{for{mﬁqa&gglbltemv% cal cul ated. Table 2 bel ow sets out the

)5 Sééb&r&arﬂ:% \Mﬂeihé_ ﬁ%t@lﬂoﬂﬁé‘ ﬁ'l'v&%oﬁﬁhéjﬁgie T d8n88A shivur tfidket, and

- nmodel s. Additionally ag | uor escence spectroscop

Va“ad’t'F‘Pd?F%t“Fﬂf’dg'eﬂW”&ﬁ‘EF%?%‘g Yeaaod SotaEeFYRIRRIS (e gp"a'

Softwél |Lﬁh W geﬂ’él’eﬁéi al recaﬁtiuctw atbtiin 208 bedHy s Tabxet:mew Bete out the
reconsglg?{%% asi@l ?r?{i g@%%?“a%ﬁ oc?rﬁalq ﬁdgﬁéibﬁ%ﬂ V;I-E?esi A% determmed hy
conventionarassanaralybcal BRhnidees | Ayis readly apparerit leshethethdf the invention
r
providE DR P UIGRLAITD SEMIERLE Mol G R, APl YT RARE" assay
mformgmr ate a reconstructed determ native assay. Table 3

PSP Pk i RSSO e
propertied) yieopkeitien af mamﬂagi catsadf it dnadal oilf echiull guuds assy, frem a set of key
crude E!gtgd Ll'ke{u: gﬂﬁlrs %@{ oft«%?a ﬂ@lhg&dﬂ%r deséjé] tgnéi HH&%%:&%& 5I'he add?ﬁonal

rel/ative

accura rmnative ass
data ctambe (humg@ougﬁrmg by dﬁn{s@d sg{gly;ymclqeh Pbysratiugn For reconstruotron of

crude Qaféd&'\@frms Q6 Ed@ 504 fr&.ﬁ acmhifédl RlnSoek 0 §91AS bma%an)anéger has

defi ned set. of whol e crude erties, proper of

previoushybeandyained withsdale frgm-a |fege Qﬁt |of ryfe gsqam | {t(zﬁ,@pd;gable that this

calibrafio 8t colidr @8 aris§tof 6fudks Yhat afiudaecmbiycteypi cal |y, this
set of data includes TBP data and additional data.
The additional 20 data can be, but is not limted to,
density, sul phur, nickel, or vanadium For
reconstruction of crude data or of the full crude
assay froma |limted nunber of data, CrudeManager has
previously been trained with data froma | arge set of
crude assays. It is desirable, that this calibration
set cover the variety of crudes, that will be
reconstruct ed.
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-18 WD 2006/ 034072 PCT/ US2005/ 033247 Table 2 TBP

DATA FROM NILR Yield %w Wole Crude I'BP-95 8.91

Li ght naphtha (95 -149C 8.03 Kerosene 149 - 232C

12 Gas Ol 232 - 342 C 19.28 Heavy Gas O | (342 _
- W02°“§8@0@4 67 Vac. Gas O | ( Waxy Dist. (36FCT/ERoPSE33247

21.64 Vac. Gas Q! wWa Dist. (509 - 550 C5.73

Density From NIR g/cc  Wplez Crude Density 0.8652

Whol e Crude El enental by XRF Sul phur 9%wt 1.59 Ni ckel

T8P DATA FEBm penadi um ppm 55 Crude OT Reg| on Rysdd anwt
9 WO 20067 034072 PCT/ US200S/ 033247 Table 3 Yields
Wholg, (epudp, h——Crtide—CH--Fracti-ons
BP-9®et er mi ned Actual Determ ned Actual_ Determ ned 8¢t ual
8 867 1,58 1.59 Crude Gas}1.9 1. %

Light l\“/gh%b}a“(gﬁ‘ ﬁ?&c‘} 15C)—Gasottne—7. 0674067340 “'"03
Kerosgéa%mgsymr@ht 7.9 7 5 0.7434 0.03 Naphtha ( 9512 0349
Gas Oil (232 -342°C) 19.28

| Heavy Gas Oil (342 — 369 °C) _ " 4.67
Vac. Gas Oil / Waxy Dist. (369 — 509 °C) 21.64
Vac. Gas Oil / Waxy Dist. (509 —550 °C) 573

| Density From NIR : _ glec
Whole Crude Density _ _ 0.8652
Whole Crude Elemental by XRF
Sulphur %wt _ 1.59
Nickel ppm wi | 18
VaﬁadMnappn}mn _ 55
Crude Qil Region _ Russian
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C) Kerosene 12.2 13.0 0.7936 0.23 (149 - 232 O Gas
Ol 19.2 19.3-0.8493 0.98 (232 - 342 C) - Heavy Gas
4 7 4 7 0.8831:1.67 O (342 369 C) Vac. Gas 21.7
0,915 1.7.5 Ol / Waxy Dist (369 - 509 C) Vac.
wo ’@%ﬁé‘”’é‘”é 5.4 0.9447 2.18 O / Waxy Dist. (BG8/US2005/033247 .
550-C) Atnospheric 47.1 47.9 0.9555 0.966 2.72 2.64

Resi due (>369 C) VacuumzhBle® 21.5 1.0075 1.023 3.92
2.1 asiduyae - (>550_C) ')ﬂ WO 2006/-034072

O LT

PCT/ USé\Baf%%)iﬂgvavﬂal e 3 (eﬂfiﬁtq cr‘fued) Car boRRRE Pt

Crudeoﬂ wti Ni ckel ppm Vanadijum ppm Crude QO 1| Fracti ons

Fr'actio\ t efﬁét&fﬁfnéﬁct ueb!ctuget ¢ rlﬁleﬂﬁqecﬁ’t ufi’r!tuapet eﬁ&&.ﬂﬁ&-a’“ ct l}-@ﬂual

MNolle Crude IGas _<15C

Whole . 0.8652 0.867 1.58 . 1.59
Crude .

Gas 1.9 1.5 0.5561 0.01
{<15°C)

' Gasoline 7.0 6.4 0.6734 0.02
{15-95) '

Light : 7.9 7.5 0.7434 0.03
Naphtha
{95 - 149
I)C)

{ Kerosene 12,2 13.0 0.7936 ' 0.23
(149 - 232 ' :

Gas Oil 19.2 19.3 0.8493 - 0.98
(232 - 342
ﬂC}

Heavy Gas 4.7 47 - 0.8831 1.67
Oif (342 — - [
369 °C)

Vac. Gas 21.7 21.0 0.915 _ 1.75
Qil } Waxy -

Dist. (369 —
509 °C)

Vac. Gas 5.6 ' 54 0.9447 o 2.18
Oit / Waxy
Dist. (509 —
550-°C)

Atmospheric 47.1 _ 47.9 0.9555 0.966 2.72 2.64
Residue ~
{>369 °C)

Vacuum 19.9 21.5 1.0075 1.023 3.02 3.17
Residue .
(>550 °C)
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Gasoline (15-95) Light Naphtha (95 - 149 C
Kerosene (-149 - 232 CGas Ol (232-342 C Heavy
: (342- 369 C Vac. Gas Ql/\Maxy D st
09 Vac. Gas A J Waxy Dist (509 -
- W‘)%ﬂ%ﬁ’@?g 22“ c 8.4 8.7 38 40 117 115 Resi due (P§§6‘©32@°/°33247
Vacuum 19.7 19.2 90 89 277 257 Residue (>550 C The
foregoi ng description is given for clearness of

under st andi ng only, ﬁ EE & ecessary limtations
shoul d_be under st ood® i "é"”ela s nodifications

Wi t h| n Calten Resipae Biwt tihe dlfs;cikebme rmyl be sppdiuenipm
to—tposehavipg—ordi-ngry—skitHirnathe —}

CrudePE CJained is

Fractions Determined Actoal Determined Actual Determined Actual

- Whole
| Crude

Gas
{<15°C)

Gasoline
{15-95)

Light
Naphtha
{95- 149
OC)
Kerosene
{149 - 232
] oc).

Gas Oil
(232 - 342
00)

Heavy Gas.
Qil (342 -
| 368 °C)

Vac. Gas
Qil / Waxy
Dist. {369 ~
509 °C)

Vac. Gas
Oil ] Waxy
Dist. (6509 —
550 °C) .
Atmospheric 8.4 8.7 _ 3t 40 117 115
Residue
{=369 °C) : . .
Vacuum 19.7 19.2 90 89 277 257

Residue
{>550 "C)

The foregoing description is given for cleamess of understanding only, and no
unnecessary limitations should be understood therefrom, as modifications within the scope of

the .disc!osure may be apparent to those having ordinary skill in the art.
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1. A nethod of assaying a hydrocarbon-contai ni ng
feedst ock, the nethod conprising: (a) neasuring
boiling profile and at | east one other property of
t he hydrocarbon containing feedstock with at |east
two_different |aboratory-independent techni ques
Whalisr8iMESE: | east one of the at |east two different
| abor at ory-i ndependent techniques is selected to be
predi ct ipvendtfiod & BOIdiRY aPHOdobarbandoRbiniRASEeRBRK, the method
ot her of the at least two different
COMpPEEBY:at or y- i ndependent techniques is selected to be
predictive of the at |least one other property; (b)
transmi t4y SYLRIRM R A48 bs SEEPoARbH} 8 Be hydrocars
pr ocessg%) rﬁ%ﬁ'@ﬁ%%? él%econstructl ng a det 2&%)%%% g yarosarmon
as saytaping F@éﬁgw@k oditir Bbresso ﬁ\«@ud’éﬁaﬁ@ﬂtf @@@'ﬁ%wdﬁp@mﬁem techniques
t e HIRAS H{ RIEMR oARd 2 it (St ﬁ&%@i’f@&%‘lg&%&rgﬁn 3alﬁiiep6ﬂd“ﬂf techrigues is

determ nati1ve assay the crude oil tfromt
rre@gi@p@#émbg pr@dlc‘twneef theet bRiincot o BE gnehal leasiwie @her ¢fiies at lzast two

er&{ingat)ﬂg'wsﬁ?éﬁén%gﬁﬁgcﬁﬂt@@s D8 BERHR HE YRS NS the at least
of ensity, cific gravity, total acidic nunber,
pomﬁ‘*pﬁkaﬁpmﬁi@%co& ty, sulfur content, netal
content, nitrogen content, and conbi nati ons thereof.
3. The | t
per f or ritg g i fedey EARRE riadt Bkt ey P Brb AR Tor capable o
ar @enq:bmtmsmgta nigteominative aes&;d et thel kicht@ripanvedritaiping feedstock from
ab%g g%ggﬁemgg%vgﬁoscopy, infrared (I R) absorbance
spec r osScopy, uor escence spectroscopy, m d-
infrared (M R) absorbance spectroscopy, near infrared
(NI'R) absorieasresrusiprect & ossiepyinate rayaf | ooriascencie oil from the
(XR%a Eeggt[goscopy, nucl ear magneti c resonance,

SHECT9 5t i on, micro- distillation, nicro-nmass

spectronmetry, mcro-ion mobility spectronetry, and

M cf 0- gayhe rB&HOARE @i@[s‘@ﬁ hYiwHeEin théethEhSrc;?Eatt\h RBseMcted from the group
claim1, wherein ste? FFgé furt her con‘grls
5 e a

car§|§§zr}geq>fé;{epﬁx§( gegcliic B FH YRR o PO SO Jvisgosity, sulfur content,

methBfptert Warddichfonemt, dnakemdiraiiynd theéeendent techni ques
with the boi | i ng proflle and the other property. 5.

The method of claim1l , wherein step (a) conprises
measur i niget Methesi 4fi gm breRerER $iEP K2ECoMRIESE ReRlerBing at ieast one

zecimi fel @élé&é& dfr&rM AL 8RRL" BANRGEEING PRCLIEATERRYis] bfée%uv Vis} absorbance

rared absor bance spectroscopy, nuclear
speﬁﬁ@a@py onfwgar{%c@b%ﬁwﬁ@ PSYPICPRYi W luarrgcaicer SRaghgscopy, mid-

mfsfé}g-ﬁ QR O%Mcé%éctr@%%;}@ nebP 8niREH ) Fgf atEbAlaice Sﬁﬂcims"cpy X-

erein ste rther conprises correlating wt
ray ﬂh@eswcﬁu(ﬁg% BBEGLICECHTY. ﬂﬁ@egfaﬁﬁ{;%ef@ FEREIaNCE) Migpeesdligtion, micro-
siﬁ%Qt'iaﬁ‘f n%@cr& IRt BBe SRPGEROSHRPYIAN mdtiity dgicdiroRRERI R8E micro-gas

fromthe mcro-distillation, or mcro-gas
chrerhglegieeBy (@phy (GO) .

4, The method of claim 1, wherein siep (g8) further comprises correlating data
obtained from the aforesaid at ieast two differant iaboratory-independent techniques with the
boiling profile and the other property.

5. The method of claim 1 , wherein siep (a) comprises measuring the boiling
profite with at least one of mid-infrared (MIR) absorbance spectroscopy, near infrared (NiR})
absorbance spectroscopy, nuclear magnelic resonance, micro-distillation, and micro-gas
chromatography (GC).
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7. The nmethod of claim1l, wherein the other property
is selected fromthe group consisting of density,
specific gravity, total acidic nunber, pour point,
viscosity, and conbinations thereof, and step (a)

conprrses measuring the other pro rt y perform
D! caShe e eniebg. Sor e BES S e oRoLsY Ehting win e

borr;ﬁgrb%rﬁé ionGhdkamble’ aiicp! Btspebss RbaidddVirdfhsthe spectroscopy or (i) data
sor bance s ectrOSCOpy, |nfrarcgﬁyééé{ R%j’ abso 8ance
ebt%fﬁ*@éf%s’@dp&@mwr it B SEeREs tPYEedh ;95
md-infrared (MR) absorbance spectroscopy, near
| nfr ar edfh%h‘!‘&%a%k&? ekchﬁheéﬁﬁﬁ%r&%(’&%e% it Q¥lected from the group
fl uorescence spectroscopy, nuclear nagnetic
consiglingn o ceensity. cs?@em‘?@seraw'ﬁt @A 2aidier GUMCSE | PPt PeRL viscosity, and
cem@r&ﬁ@nm%iﬁ%‘@ QH‘?:S F dompFis6E Brda@iirdoRE Ididar pr%%erty bé: performing at
spectronetry (} m'cr o-gas chronmatogr aph ( ,
e&STh@'ierré@W&@f se seﬁeﬁh fromwifer &irpies CEpSIFtENg f@urtrlvi@ﬁclet -visible (UV-Vis)
abs&r‘?)ﬁ‘ﬁéé Sﬁ%eﬁ@éé@%bat rbﬂSregat Ry Hpbahasst f%p@arbﬁ%p% UV fluorescence
es he oth er property . The method of
SP@*@’CF@»MJYZ migitiefrased (MHD abserangs epediogeonye 488" Bfieregf(NIR) absorbance
spe{ﬂ* chiy, J@F%df o@%} ?ﬁi@?ﬁ%&;ﬁ'{)%?t ﬁ%é‘é?%agd&@rresonance micro-
rare R sor ance spectroscopy, and nucl ear
mcr’ratgwerm@"ow&@m EnicTpgNaShePasE OHEHY.oficed-ignnmigbility spectrometry, and
;/()41%{ groperty is selected fromthe group
micc ssr%sr??'héﬁ sgl’q?ug content, netal content, and
conbi nations thereof, and step (a) conprises .
medasur i ridet Meir@ﬁoqs‘ewiaign Vi whiengirr algpf (e durthes exvowrigoRFyrrelating data
$60 | ai m 10, wherein
Oma%'peegcﬁﬁg t%%é?rﬁééesc%g}?trh:g?gs % or rglgati ng data obtained
fromt he X-ray fluorescence (XRF) spectroscopy with
t hes. ot hefhepnetped by clait?27, Witeeindhdedhrifiueisat madDone of mid-infrared
wherein the netal is sel ect ed fromthe group
consi sting of nickel, van u
(VI ABTCHRATICR R HRACEBY. oS ik %y@ﬁégé%ga'&? SPRFCYoscopy, and nucisar
mayMeBE edddnbRee. property is netal content and step (a)
corrprl ses neasuring the aforesaid at |east one other
%frty with ultraviolet-visible (U/-Vis) . s
abs bande Bpbet bsEbpy. . Wiereirie hBPPEFY & 3gightgdirom the group

con@@@r@§éﬂ‘s&&ﬁ@or&éﬁt fridtdi BERi=FOBRE c806inEMHsehadeb) @nbated (a) comprises
tained fromthe ultraviolet-visible (U-Vi

m’""%@ﬁ@ Banverepevith S8 pyorarence RN r#e%ﬂ&P?ffa%?ﬁ%n% - 23

15. The nethod of claim 13, wherein the netal is

sel gct edpfy &mﬁsla fgél%H'Pm CoRstR g {é}ffuﬂp&k&le@p; ses correlating data

vanadi um 1 ron, conbi nat 1 ons thereof
obtaipehbamdite tray ﬁnsqr,eswee Xt spechesrPnith rﬁ'@ﬁ @ther @F@W’%

true boiling profile. 17. A nethod of assaying a

cr (o] tho OnRr i : ) for

Ceadt b’ SRR HEn el (h8ImBRl (€ 58kl from he group
condietimg ef nigiee venaditineiree @hdicqubiations theteett i ve t o each

be predictive of a different property and the

LF? {/?g%g? %P%ﬁ? @Eg ed fr 051 rte!r]zethgrpgg [ O;rs]srlng’zta nghtent and step (&)
comprises meaasuring the aforesaid at least one other property with ultraviolet-visible (UV-Vis)

absorbance spectroscopy.

14. The method of claim 13, wherein siep (a) further comprises comelating data

obtained from the ultraviolet-visibie (UV-Vis) absorbance spectroscopy with the metal content.
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absor bance spectroscopy, infrared (I R) absorbance
spectroscopy, WV fluorescence spectroscopy,

m d-infrared (MR) absorbance spectroscopy, near
infrared (NIR) absorbance spectroscopy, X-ray

fl ugrescence %XRF) S e_ctroscog%%,g%nuc ear

I magnet i c
r esGnancE® M 96 G@imar FoMNSIRIE Moz dPSRl 19 %Fhesw,d from the group

cond 0 RSS!, SARIUNONRIN ¥nd PdrBKiAatcPe thared | ity
spectronetry, and m cro-gas chromatography; (b)

correlating data obtained fromthe technique to ]
obt'&i n athelreriBed eieinpt.operein & FFingHECE® ixdBs divp bolling profile.
where one of the properties is the boiling profile;

chtra LLLI pr oL SQr..
candol o STerRl et rB A0t bEIE DA AREREAG , o
the crude oil fromthe neasurenents; and, (d)

r econst r{Echémgmnglet Bepi mat tecbnigssawitofa taberatorydedependent device

%L\fﬁ@é&l% 6%/_\510 rltn% Oe_ds %%s%i% i%/% Fqg%%chgt%eug%gg:%hllg i‘/’\f)g Qifterent property and

pr apetddnagued atehesiectaddroni thengrbbp atndigimgt oft wibaviclet- visible (UV-Vis)

| abor at ory-i ndependent .t echni-ques erei_n_each

| oemro At SPOTRRRIS Inft e e HERoHREE sPedRRhony, Y, fucrescence

whespeciosteopd, triteinfracpenMiRds absorbhesebapkctngeppiof néa; infrared (NIR)
nsmtti t rement s [

gbl)[ﬁb%ér 205 SR Bri:ogc%o -z%§ 388%’8&??!’{?83?\ g} égec%iteggséy?)nu&gar magnetic

detregarianed | micraesalatoh, tervedistiietion, | microomatd espectrometry, micro-ion
measur.enent s; and, % .reconstr i.ng.a determnative
assa '%? P g\’e%ge@ qcll)mcrr?"ggﬁ %ﬁg%%g?@é%l? enents. -24
(b) correlating data obtained from the technigue to obtain at least two
properties of the crude oil, where one of the properiies is the boiling profile;

{c} transmitting the properiies to a processor capable of reconstructing a

determinaiive assay of the crude oif from the measurements; and,
(d) reconstructing a determinative assay of the crude oil.
18. A method of assaying a crude oil, the method comprising:

(a) measuring at least two properties of the crude oil with at least two
laboratory-independent technigues wherein each technique is predictive of sach

respective property, where one of the properties is the boiling profile;

{b) transmitting the measurements made in step (2} to a processor capable of

reconstructing a determinative assay of the cruds ol from the measurements; and,

(c) reconstructing a determinative assay of the crude oil from the

maasurements,
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