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Field of the Invention

[0002] The present invention relates to a method and system for rapid
determination of composition, of crude oils and fractions thereof, as well as other
substances and obtaining the information necessary to assess the yield of
commercially valuable fuel and lube oil fractions, for example, in a single process.
in particular, the present invention is directed to a method and system for
determining yields and compositions in terms of a simultaneous boiling point
distributions and hydrocarbon types breakdown, across the boiling range of
interest, and determining the changes in chemical composition and yields in
upgrading and/or conversion processes, compiling a preliminary evaluation of a
variety of geochemical parameters or biomarkers for the correlation to fingerprint

identification, maturity, origins, etc., and compiling experimental data to chemical

and physical properties.



WD 2008/ 005335 PCT/ US2007/015131 Background of the
Technol ogy [0003] Gas Chromatography is a chemi cal
w@b@keszss i nstrunent for separating cheni cal speTU82007/015131
conpl ex sanple. A gas chromatograph uses a narrow
tube, known as a colum, through which different
chem cal constituents of a sanple pass in a gas
stream The gas streamis also called the carrier gas
q}%%il 2ol Li qui d Chromat ography (G.C), or
aphy (GC) is.a type of
omat o b| qs
(08u3] %’a%ph@h}o?néﬁ@@%%m%hl "8 'hS J},\ %nb@g% giﬂgtrunﬁgﬁt for

m cal constTitu € Sanpl e passS throu

A ke S S NSRBI ok o
tuf)é]t ﬁﬁé}ﬁﬁ'g}a %I‘Jn\ ' Bﬁf@hf whic ﬁohm&*@]}%mﬂé‘b tituents of a
e e s

cdl um phase I's ca atronary ase

|
B8RRI, Sl T T e S g o
mbbify ;ﬂ‘&aéet Ga% ISl Chremafsyrapiy ?GE@) BFQmTﬁ]? G @%rﬁa?ography

often flexible so that a“very long colum’ can be woun
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contained in an oven, the tenperature of which is

ch@hﬁ@dl%ShytltGQﬁFsrvﬂ{HIﬁme(ﬁarﬂple p%b@iﬁrb@%]h &l totlimn R QiffetbAt rates,
at which a sanple passes through the colum is

deplengingl oh PeMPedridudneHentitalt 4 ployERRd Propertied ahBaheir interaction
colum. The higher the colum tenperature, the faster

witthe spasifit eolumie phake OUuDts cbldrcphasy.is cavey the, statievarg phase
sanpl e noves quickly through the colum, it interacts

arldeis sa midrbstdpic $dyetr iobtiquid gphas énertisdlid sepporainythescau@n. If the
| ess separated. [0005] As the chemi cal constituents

phasetis bbeded diredtiyt toche dbhing jt is baedha eapitlatyecdleminalte: column is
identified electronically by a detector.. The

oftendtexinhersg thutas\ery fangaeahiires cahbedvdiingt iotat a sovap coibnt s,
causi ng each one to exit the colum at a different

time, which is called the retention tinme. O her
[0004] anet ed§eccoiHman(s) ima GC are contained in an oven, the temperature of

which is precisely controlled (e.g., electronically). The rate at which a sample
passes through the column is directly proportional to fhe temperature of the
column. The higher the column temperature, the faster the sample moves through
the column. However, when a sample moves quickly through the column, it

interacts less with the stationary phase, and the analytes are less separated.

[0005] As the chemical constituents exit the end of the column, they are
detected and identified electronically by a detector.. The stationary phase
separates the different components, causing each one to exit the column at a

different time, which is called the retention time. Other parameters can also be
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order or tine of the retention, such as the carrier

w@amshbes rate and the tenperature as well asp¢1€s2007/015131
chem cal nature of the phase.. [00061 However,
conventional GC may require high resolution techniques
in order to provide a satisfactory analysis of the
chem cal constituents of a conplex sanple. SUMVARY OF

s ﬁ"t:o E%ﬁggb%r[ﬁe%ﬂ%%ﬂth@rr&ehﬁorﬁ dUER 3sithe Eg'ﬁile?bks flow rate and

erefor s and systens for analyZing

thE RIMPFAUPE BB MRH d43th8 Shemicat RARIEbPGeaiaXel hat do not
require high resolution techniques. The present

i nvention solves the above-identified needs, as well
[000%] ot her Bolwgver, conviemipnakeGlotiay aeguisysigk nesdlation @ghdiques in
determ nation of conposition of crude oils and
orderaotprovide taheatisfdctoysanvalydis ab thet tesmisalbsdrstitents ahd domplex
a single process obtaining the information necessary
satmpleassess the yield of commercially val uable
petrol eum fuel and |ube oil fractions using Gas

Chr omat ogr aphy - FI D/ Mass Spectronetry. Variations of

the present inveWiﬂEJﬂM%ﬂﬁQﬂ sanpl er

features, a wall coated capillary colum, a
[000hper at There 'ﬁr%@‘ﬁﬁﬁﬁﬁt}hé grhyjthe '?afﬂi 'Hﬁ’('“&%r%@e%%ﬁtﬂgs for
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i nf or.nat j h i D i cal .
oot beShf o el s ractola &8P A el s Dot anain
a Irsn@g tp?océsgoggﬁ%gﬁﬁ@ r}ﬂeoﬁﬂﬂnaﬁigh nlgécesggr? B GR88Ls the yield of

ent’l on" ena
commercially valuable petroleum fuel and Ilube oil fractions using Gas

Chromatography — FID/Mass Spectrometry. Variations of the present invention
also include auto sampler features, a wall coated capillary bolumn, a temperature
programmable injector and data processing features for compiling and processing
experimental data. Embodiments of the present invention further include a
computer system with application software and a communication network. The
present invention, in one embodiment, provides a graphical user interface for the
entry of data, and for displaying information, such as in a graphical manner, to

show the relationship of various determined outputs and results.

[0008] Among other things, the present invention enables

multidimensionality with simple hardware, wherein a low resolution column is

-3-



mul tidinensionality with sinple hardware, wherein a
| ow resolution colum is -3 WO 2008/ 005335

woeibkE38907/ 015131 sufficient for anal yses angct/us2007/015131
addi ti onal highly resolving techni ques are not
required. In addition, the present invention provides
hydr ocarbon type analysis and Sinulated D stillation
("SinmDi s") data, including providing such analysis and

sufftieht ifr afalpdd3thrid BAAGSS higHhP ASbiviy tddraRfiles are. not t rex uired.

advant ages and novel features o the I nvention W |

In Sﬁédmér@”tﬁb' ﬁ}eﬁéﬁtt inventiBs BRVidesPihyamchlitn ft%é Oéﬁalyss and

in part wll become nore apparént to those
s.ﬁumdté@ob.sunaﬁ&iﬁ( SfrﬁDié?)%t@iﬁéTMiﬁ? ipPVidihg [slheh fa%lyewa?ﬂ: data in
or upon learning by practice of the invention.

a dih§ielprdtddseN OF THE FI GURES 1000101 For a nore corrpl ete
under st andi ng of the present invention, the needs
satisfied thereby, and the objects, features, and

(0009 ant agédditiopalcadvantagesandnuavel featares i dbe inventien will be set
follow ng description taken in connection with the

fordly iro pp iry they description $hat[foliBvs] Bnli ig pagt Willdrenesneamore apparent
di agram of an exenplary Gas Chromat ography- FI D/ Mass

to dhese siilied iry thep patrunansexapinatian REihea fatlonitingr upoarearning by
enbodi nent of the present invention. 1000121 Figure 2

pragticgnf the wentianN.ock di agram of various exenpl ary
conmputer system conponents for use in accordance with

Fi gure 3 shows—en : S
[0@& g:neieg]tt = gr\ljg S}Iér%ncgn?;gle%ést?ncygrstand%% gfo t%ugrggent invention,
the needs satisfied thereby, and the objects, features, and advantages thereof,

reference is now made to the following description taken in connection with the

accompanying drawings.

[00011] Figure 1 shows a diagram of an exemplary Gas Chromatography—
FID/Mass Spectrometry apparatus (GC-FID/MS) according to an embodiment of

the present invention.

[00012) Figure 2 illustrates a block diagram of various exemplary computer
system components for use in accordance with one embodiment of the present

invention

[00013] Figure 3 shows an exemplary communication system of the present

invention for use with the computer system 1 of Figure 2.



-4 WD 2008/ 005335 PCT/ US2007/015131 [00014] Figure 3B
shows a flow chart of an exenplary nethod according to
w@mosbssgs ment of the present invention. [0001B¢T/E5m07/€15131
4 shows the results of a sanple analyzed in accordance

with a nethod and system of an enbodi nent of the
present invention. [00016] Figure 5 shows results for
three injections of a simlar nmaterial analyzed
[ocagpr di nBigufe 3BnEHdwada FoW &yt Bﬂhﬁfex@ﬁ!pﬁfp‘?ﬁétﬁ@ﬂtac@f)rdmg to
the present invention. [00017] Figure 6 shows results
anfembddimeant ofithe présems imventiorsi M | ar material anal yzed
according to a nmethod and system of an enbodi nent of
the present invention. [00018] Figure 7 shows a
[00035knt i ohigurerd showsdhe deswis iSThaDPIR1DHIREASN adcORbek with
Figure 8 shows a crude oil boiling point calibration
‘?‘9@ andzysten) ofam embodinegnd\of thehpreseatsovendionesul t s of
a reference material. [00021] Fi gure 10 shows t he

asured_results for a crude oil sanp [ 00022]
l"":r-gj@ure 171941\ SHPYS fesHits f%ﬁhrgneom&qvegs afda similar material

at es. 02 re 12 sho roup
angtesd AeESiine 5 soleto g HalPrdt o BPORIHt ofchegeresent
inv%* [00024] Figure 13 shows a retention tine
9 ?rbr ation standard useable in accordance with
enbodi ments of the present invention. -5 WD

[00%9‘9]8/ 005I3i§§rep %T/ F Qolysgﬂé]fgul thé?og@loﬁé B § glﬁnlgp%tenal

whol e cfude oil analysis useab accor dance
analyzed according to a method and system of an embodiment of the present

invention.

[00018] Figure 7 shows a retention time standard for ASTM D 7169-2005.
[00019] Figure 8 shows a crude oil boiling point calibration curve.

[00020] Figure 9 shows the measured results of a reference material.

[00021] Figure 10 shows the measured results for a crude oil sample.

[00022] Figure 11 shows algorithms for aromatics and saturates.

[00023]) Figure 12 shows a group type analysis of compounds that may be

found within crude oil.

[00024] Figure 13 shows a retention time calibration standard useable in

accordance with embodiments of the present invention.



wi th enbodi nents of the present invention. [00026]
Figure 15 shows experinental results of a neasured

w0 t@dghiess anal yzed in accordance with net hodsp@ids2007/015131
systens of enbodi nents of the present invention.
1000271 Figure 16 shows the signal overlapping from
fractions, along with crude oil, produced using
anal ysis in accordance with methods and systens of

[mﬁiibpdl e pigar® 14t Sifowd §SADIe IcRYSS bl %aljsgoggéjblé:hrg dESordance

17 shows an anal ysis of Fraction #1, as anal yzed

wihCaRbedit@ntof the PRéJERE invBALIGH/ St em of an enbodi ment of
the present invention. [00029] Figure 18 shows an

anal ysis of Fraction #1 cut in whole crude, as
[0a026] yzedFgguear th nshdws aexpetimattalnecesiftst ofn of maasured fraction
enbodi nent of the present invention. [00030] Figure
anayzed anacedrdanas with snethods gdpystems qf anstiddiments| of gie present
crude oil, as analyzed according to a nmethod and
inggntibem of an enbodi nent of the present invention.
[ 00031] Figure 20 shows the results of a sanple of
araffinic crude oil, as _analyzed according to a

0¢27hod aﬁlﬂ”ﬁ?s‘@eﬁ'ﬂ%‘f’s dhe Signalioverarripg tfram Hf"é’é‘@ﬂ% along with
vention 0032] Figure 21 shows the results
"éfgﬁ-uﬁl -eBr%‘PCL‘E "l& analysis (1n gesordance W’éh"é& 8 Bf dvstpms of
stem of an enbodi nent of the present

rreth and S
emtspineris %P%eéb'aé?'&b’@sss PCT/ US2007/ 015131
[ 00033] Figure 22 shows a hydrocarbon type analysis

[0662%“ a V"F—‘iﬂu?e %%ﬂgws an analysis of Fraction #1, as analyzed according to

a method and system of an embodiment of the present invention.

[00029] Figure 18 shows an analysis of Fraction #1 cut in whole crude, as
analyzed according to a method and system of an embodiment of the present

invention.

[00030] Figure 19 shows the resuits of a sample of paraffinic light crude oil,
as analyzed according to a method and system of an embodiment of the present

invention.

[00031] Figure 20 shows the results of a sample of paraffinic crude oil, as
analyzed according to a method and system of an embodiment of the present

invention.

[00032] Figure 21 shows the results for samples of lube oil fractions, as
analyzed according to a method and system of an embodiment of the present

invention.
-6-



sanpl e, as analyzed according to a nethod and system

of an enbodi nent of the present invention. [00034]
wob@enes:d3 shows a hydrocarbon type anal ysis fpomuse007/015131

whol e crude sanple, produced in accordance with a

met hod and system of an enbodi nent of the present

i nvention. [00035] Figure 24 shows a conparative study

of m ddl e hydrocarbon sanples, as anal yzed accordi ng

[06033PR et ARRiréend ShisisLm ﬁfdr@éh_rBHﬁ’Qﬁ'béTEHblf@fs #r&® a whole crude
present invention. [00036] Figures 25-51 contain

sanple, @ssarnkyredactonding ito ianvhethdat drisyatad Lsfeth em®boighent of the
systens and net hods of the present invention. DETAILED

préde[ECRvERtieN [ 00037] Referring now to Figure 1, therein
shown is the general architecture of an exenplary Gas
Chr onat og_r aphy-FlI D) Mass Spectronetry apparatus (GC

[00034} V) , Figure 23dshows aclayaecarbonitype analysisofiomna whole crude
system of the present invention. [00038] The

sampler|Irpqusest inFcsgrdance with adeethad gad systesnef @grempbodiment of
(100), _ which includes an injector (200), a colum

the pregent igMentiam- oven (400); a mass spectroneter (M)
(600); a flame ion detector (FID) (500); a divider

P80 B 2B SPGB h D B MR
a5 U285 RS Lo BN AR BB e

' 0N, such as i-n a graphical manner, to show
pr%ﬁ%&%&?é"%nshi p of various determ ned outputs and

results.
[00036] Figures 25-51 contain various data and other information produced

using systems and methods of the present invention.

DETAILED DESCRIPTION
[00037] Referring now to Figure 1, therein shown is the general architecture
of an exemplary Gas Chromatography—FID/Mass Spectrometry apparatus (GC-
FID/MS), as used in accordance with a method and system of the present

invention.

[00038] The GC-FID/MS of Figure 1 includes a gas chromatograph (100),
which includes an injector (200), a column (300), and an oven (400); a mass
spectrometer (MS) (600); a flame ion detector (FID) (500); a divider (700); and a
data processing system for acquiring and processing the data. One variation

provides a graphical user interface for the entry of data and for displaying

-7-



[00039] In certain enbodinents, the GC-FID M5 may al so

include an automatic liquid sanpler (ALS). In
watdshesess the colum nmay be a wall coated cami¥/Uspoy7/015131

colum, and the inlet may be a tenperature

programmabl e i njector. [00040] In operation, the gas

chromat ograph (100) utilizes the difference in

chenical properties between different chem cal

inﬂ‘)ﬂﬂﬁ{i&i NS Saé RISQ ﬁr%gg‘c? ‘rpanmcé?pt% ﬁo%v t“tgg r&lg s‘@;n of various

consti er ent em cal COﬂS

de@éﬂﬁ,@&gu ggsa lreg ograph at different tlmes t he
nass spec rorre iich is |ocated downstreamin the

gas flow, eval uat es the chem cal constituents

[06030RT at el }h aeftains endiddimbAts! ARET GLYFIDIMSC Ry 1dIseNhElude an
[ 00041] The nmss spectroneter (600) identifies the

autérhatic iqeidesanagier (ADSRT ilh WRditon! e cBRfh hdyobg@ha Walladoated
a flow D2 by breaking each constituent into ionized

cablilagyedlimnpand thetl iaktt My Bd@ sanpérafuire pregrasinigblé fedids s
to charge ratio of the fragnents. [00042] The FID
(500) is, for exanple, an ion detector that uses an
[00040] hydigperativanther gap chrmaograpb. (10Q) utiizesHbeidifg¢rence in
constituents in the sanple exit the gas chromatograph
chemicalf propeties bebyegreshifferanto ghrmicaé ¢onsiitvenind iara sample to
bur ned, oducing ions. The ions then produce an
seppeate the: C&HT‘\Céh@OHSMHQE‘#ﬁ i As (Rediffegent chemiral conglituents gxit the
out put of the FID. The FID of sone enbodi nents can
gaénffgroa@ﬁ%@ph @ Hiterent imesathe gﬂ?%esmﬁﬁtrﬁaafterarvm?*hés located
FI D destroxs t he coneonents durin det ecti gn.
doystreamyiB the gas fiowe fvalyategdhe zﬂ‘?@\?cat' Rangitgents ﬁﬁP%’taé%Y and is
rocessj 008/ 005335 PCT/ US2007/ 015131
t¥ Wﬁgﬁ"&gﬂ%GWs"Y%"%houl d be noted that the nature
and anount of constituents that flow through the mass

m&pﬁftron%gr n?&% %@c&gﬁng@h(é&ﬁ E&&tﬁ_‘igg the various chemical

constituents that pass through it at a flow D2 by breaking each constituent into
ionized fragments and detecting these fragments using the mass to charge ratio of

the fragments.

[00042] The FID (500) is, for example, an ion detector that uses an air-
hydrogen flame to produce ions. As the chemical constituents in the sample exit
the gas chromatograph at a flow D1, they pass through the flame and are burned,
producing ions. The ions then produce an electric current, which is used to provide
the signal output of the FID. The FID of some embodiments can only detect
components that can be burned, and the FID destroys the components during

detection. Thus, no further detection is made after the FID completes processing.



may be simlar in order to conbine the results
obt ai ned by the M5 600 and by the FID 500. For this
WO 28005333 he apparatus of this enbodi ment of tker/us2007/015131
present invention also includes a divider (700) that
di vides the exiting chem cal constituent between the
FID and the M5, so that portions of the exiting
chem cal constituent are analyzable by both the FID

[00¥39] VB SHEWelaneRUshduld TBE Abledd®hat’ Ytk Shatld! Afy dbént of

to prevent nolecule discrimnation in the constituents

coAdtfluéhis thatIowethré@gh HRNMRAdd SiittdniAerdd0/ ane tBEGh tHEFID 500
flow DL and the flow D2, which is achieved by eati ng

méWEe SPMRdriinh WRddrIo TonbidePtHaGeabIty SbtaReATHAhE MS EUTEARE by the
that no nol ecular discrimnation occurs. Furthernore,

FIDNSO0YRL F6r @8 treabomDethel appdiatds BR\thieCemBbEImeNt dfithe present
GC-FID Ms, that controls the pressure of the sanple as

invehntion afRSintinges ahdivilBe(7oy tid dividesothdeadxitirg EhdrhicaVeonafituent
equal ratio of constituents flow ng through D1, and

betwedrhthe PIDVahd ahe MBIt s tHat iportigns asfthe exitingt dheensisaipdtanstituent
as it passes through the divider in order to preserve

ar@analgmate bytbobio thecBibsand MEhsimultansousty. t The diyideDZ 00should be
that the anobunt of constituents that pass through D1

ables talpraventqowlequie tdiscrimmimation inofthe mosstituestst and hdistribute the
pass through D2. In one enbodi nent, the divider nmay be

copstituents| equaliy between thef flow Ril @nddhe flow BRe wiidboisi aghigved by
the di vision between the portion of the exiting

hegtirgrthe congfituents @it temparatuse sepessany thensse( thal narrolecular
the portion of the exiting chem cal constituent that

discgminrationteroure  Furthgrmoye pneuspaticoentrat erogulegiRtM) may be part
t hat approximately D2/D1 = 1. The influx of chem cal

of dam GGFIUMS, b opnteals dag presaute oihe; sATBPIEHR I glasses through
manner W t hout conprom sing the sanple integrity. The

the: divides|in Qgdey; te; Reserveran aeal ratie oh comstityrnts g‘PM’l‘ﬁQ through D1,
t.owar ds trfgh% t WO dertéeﬁgéjors is prevented from bei nﬂ

angdjafofheriRfMdhat cont epreggush of heRAMRIA @S ibpassesqyigh the

divcl;é)rrpone ts, for the sanpl es .under

er in order to preserve an equal ratioo congh %thsi f?o'wil_'lg through D2, so
that the amount of constituents that pass through D1 is about equal to the amount
of constituents that pass through D2. In one embodiment, the divider may be or
include a micro influx divider. In one embodiment, the division between the portion
of the exiting chemical constituent that is sent to the MS (D2) and the portion of the
exiting chemical constituent that is sent to the FID (D1) are approximately equal,
so that approximately D2/D1 = 1. The influx of chemical constituents are precisely
divided in a controlled manner without compromising the sample integrity. The
controlled division of the elution of the column towards the two detectors is

prevented from being discriminatory, either of light components or of heavy

components, for the samples under analysis.
-9-



WD 2008/ 005335 PCT/ US2007/ 015131 (00044] An exenpl ary

enbodi nent, of the present invention uses a negabore
wezpshdsasy hi gh t hroughput col utm and a t enpermtLUS2007/015131

programmabl e injector. In one enbodi nent, the col um

includes a capillary colum elenment that 1is about 5 m

by 0.53 mmi.d. by about 0.1 }gym the FID detector is

an FID 440 Celsius; the carrier gas is Heliumat a

rodo@is t ant pfl %&eﬁ\?gaﬁ( ObnkAithent2 &ltﬁéinbrésgﬁt iAVEMidnS uses a

programmed to s at about 40 Ce us, to raise

mébté%HLeeﬁ:Qpﬁ%I'ys intsH mrﬂu?ﬁﬁmi tol@RRUANd 3P 1€mberatisrel grzogrammable

reac tomaintain The tenperature for about

inj@&tBHt RSendVekbodimétUine! dlhMMindINEesCh cabitily doMmn element that
m nutes; the injection volune is about 0.2 NL; and

is BBSutds I tHy00.5B3SmAP pYL by ¥bblt 632um); the IFID | détéonat &4l FID 440
that hydrogen could be used instead of heliumas the

Celslis; the Anfer d40i849¢liunk abacconsbon iR Thteodf Attaut pr2emesrhin; the
invention, the GC-FID M5 may be used to analyze the

ovBRYS bfcramitbdCitestaftalt aboat a0t Selshay, itomaisé gheut ¢0T Celsius/min
fractions. Using the GC-FID M5, a rapid determ nation
untiBgbbet 480 Celsitisés ceaqhes) tto anaiafain theidempetaturef for about 12
exanpl e. This apparatus and nethod nmay al so be applied
mihotesf mitht am reguitibriomutime cdfl abaut teohminuwes) theariojection volume is
I nformati on necessary to access the yield of
abootm@e2 giLaldnd theaidilatinne is/ abaab R& finPS2indit |shosldobe noted that
fractions can also be obtained in a single process.
hydeigen apuithbé tsed insteadfaf\hetiomes tbelearrigsigasessi ng, t he
mass spectral data may be converted to wei ght and

odehs DR GRbenReRes o5 Asart bVBous K EIBAS may o
I R R Y B N
U, s 2 raR Fgtesnalof iy hihe s of fiEEpositon of
crgé)en%‘ﬂlsj.ngosf e)(Sa\Or'rr1T;‘)ale. This apparatus and method may also be applied to
fractions of crude oil, or other substance. Information necessary to access the
yield of commercially available valuable fuel and lube oil fractions can also be
obtained in a single process. Using quantitative software or other prdcessing, the
mass spectral data may be converted to weight and volume percent chemical
composition. The system and method provide the boiling point distribution and

chemical composition of the analyzed substance based on saturate and aromatic

group types.

[00046] Crude oil, for example, may contain a mixture of chemical
compounds from a family of several hundred chemical compounds. Some

chemicals that may be found in crude oil include hexane, jet fuels fraction, diesel
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chem cals that may be found in crude oil include

hexane, jet fuels fraction, diesel -10 WO 2008/005335
woEshsAIB3807/ 015131 fracti ons, benzene, tol uensgT/US2007/015131

xyl enes, napht hal ene, and fluorine, in addition to

ot her petrol eum products such as heavy diesel,

at nospheric residues, vacuumresidues and gasoline

naphtha to be used in gasolines.. The characterization

frabfiors) BBh£he, télashe, yfends dné/;ﬂftﬁéléhé | dAd-fRicRinb I éa’cﬁﬁbrﬂb other
conbi ni ng the si gnal s of the FID detector and the

peffBieEmSHroalER Richasdfs Ry diésel, NatthoBpREiE redidUess %élﬂJm residues
apparatus. In an exenplary enbodi nent, the signal

and rgasblidenapiihd @b ebé ased $n igAsdliessi THe @hathcterization of complex
distillation node and the MD detector is in a single

fraetiorist arvdresrsatility ayeimprioséd oy canttening fige bigndrtsfaheFID detector
provi des ion fragnentation at continuous tine
and nthermass spdctrometer fdetedtort inoa sifgle hsrosesyimg dppaciitis.t hen an
col um [00047] The present invention thus is able to
exegmplary eerabgutinvenf, utheasighgit froml thdé ddD défeoturnig nhé¢he simulated
si mul t aneous physi cal and chem cal characterization of
distitation modedanditihe Middetectands trhai singleaenvimonsenti dof synergistic
the need to performthe physical separation of the
mdded TheaMbb defectartprovides [ig0 ragmentation atxcontinmoys time intervals
enbodi ment, the FID detector is in a sinulated
dugng;thel ¢ldtiorvef thegampie though die eelsminl | ation (SinDis) is
a gas chromat ography techni que that separates
ingdivid dro arbonc onen n thejr order of .
00981} ng T AfSeh inatod dhbs & abieut °a_PT§"’f a powerful analytical
tooé)la@‘é gongum nr@;{ag&%?pig&p%ﬁ%@&%pﬁ' prd]qthl:ttsa;lzlzalttlo%t ofO whole
IIat ro r aph, equi
St %'Lsﬁmg & 2f 3boF ifhctas, SIRLIHE AR 10" BErBEr dnsraysical
- i.on and nmeasurenent of the
se;ﬂé}gﬁérPo# @eﬁ‘af’o%@g@&%

ydrocar & result of SinDis anal ysi s
provides a distillation curve which is a

{00048] In an exemplary embodiment, the FID detector is in a simulated
distillation mode. Simulated distillation (SimDis) is a gas chromatography
technique that separates individual hydrocarbon components in their order of
boiling points and is used to simulate the time-consuming laboratory-scale physical
distillation procedure referred to as true boiling point distillation. Using a gas
chromatograph equipped with an oven and inlet that can be temperature
programmed, an FID is used for detection and measurement of the hydrocarbon
analytes. The result of SimDis analysis provides a distillation curve which is a
quantitative percent mass yield as a function of boiling point of the hydrocarbon

components of the sample.
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quantitative percent mass yield as a function of
boi Il ing point of the hydrocarbon conponents of the
wo aghes33s 11 WO 2008/ 005335 PCT/ US2007/ 015131 p¢ 008497015131
In some enbodi nents, the present invention conforns
with the ASTM (Anerican Society for Testing and
Mat eri al s) standards for stinulated distillation:
D- 2887, D-6352, and D-7169. Sinulated distillation is

[0@04p] OVenlrmsdme eneiiditiehRC tAe Opreséht’ ilvation conforms with the
physi ochem cal characterization of crude and fractions

ASTM ofAmeriete Sotiety ASIT WeBlindh ciwip Weilerfalsle stamdhldyd féroktimulated
the analysis of fractions wth a final boiling point

distiflatésrt O-2B87 UD-§3ER2, tand BTN 69 Se SirAGIEM DdidhllationSis a proven and
[ 000501 The quantitative nethods of mass spectronetry

accepiedltechriqure, fordse physipthdmitalotharactetizetionhafrarade and fractions
characterization of products with a vast range of

of ipdi | Reepntiyi ASTM IR&s scegpied aomsy myetheg dort theaanalysis of fractions
conposition in the basis of five principal groups:

withza tial ibeiling peintaf 618 Celsiantls to CEQ). See ASIFM D 7213-05.
non-identified. All of the ASTM nethods, with the

exception of thgse appl %i ng to napthal enes, require a
100930 nat ofPe yeRtitative metheds of mass spealiomely e#p also serve as

requi res high resol ution

romat [ cs. .Such separation . _
efpifh als” {0 CPeG AL P ErGL AT o GIRAIER With 2 et enge of

N St A e
o AR e Sk R o
T e O R T e R
R TR BT, S grain
reqUiRIPhigh YreSSBEGTFRLALAL" 19hh FeBRUFST e &GRS 3nd costly
equipment. New multidimensional analytical mechanisms, such as GC x GC and

GC-MS-TOF, also require complex instruments and procedures, even for the

gasoline range.

[00051] The present invention enables spectrometric analysis within fractions

at a low resolution. Thus, it allows simple and quick analysis.

[00052) Figure 2 illustrates a block diagram of various computer system
components useable with an exemplary implementation of a physical and chemical
characterization of petroleum fractions by GC/SIMDIS/MS, in accordance with

embodiments of the present invention.
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characterization of petroleumfractions by

GC/ SIMDI S/ M5, in accordance with enbodi nents of the
wW@L0es/ess333 nvention. -12 WO 2008/ 005335 PCT/US2007/015131

PCT/ US2007/ 015131 [000531 As shown in Figure 2, the

controller of the present invention may be

i npl emrent ed usi ng hardware, software or a conbination

thereof and may be inplenented in one or nore

[0008SPUL er A§ ¥RERHTN FiguPh e thd EOMIPSIRF 108 tiSe/ BicR@Rt invBntidHfhay be
enmbodi nent, the invention is directed toward one or

implRifnECUTRISING hadtW=EE sofRaRDbE &icofingtiondthaiiéoft BRd may be
unctionality described herein. [00054] Figure 2 shows

implefMH RY ofe oF ¢hord ddmbutbnsysieRs dImher progessing systems. In
processors, such as processor 4. The processor 4 is

oné @Missdient, hél invenion! il ditddted towdrdastie oicindre c6mpetey.systems
a comuni cati ons bus, cross-over bar, or network).

capatile @f sasyihy vat thecfahctibnaiitytdesaribedibeein.bed in terns of
this exenplary conputer system After reading this
description, it wll becone apparent to a erson

[00954) | ed Figuren@ sows #nicomputes) systant b thabpl eng or more
i nvention using other conputer systens and/or '

pregesEPrse csute 23S [RTO0ESSOr ChnpulBe BIRSEESR™ 4 df CRRTestRd olo a
display interface 2 that forwards _graphics, text, and

copymanicationainfrastivctuee BdierlinAcERMBWNICHIPRS P c ClRSS-qye[ bar. or
froma frame buffer not shown) for di siola on, the

netyark)- ayatipHs seftyaresmradipeatyare degcapedin ‘P\FITE? Qhthis gxemplary
main menory 8, preferably random.access

°°5}Pb‘t%§/y5t%{%{‘soAf‘EE Ferfing, tlis deReap °fheﬁd'v'§} %%%%Meht toa
secondary.menory 10 may §pnclude, for aml e...a hard

pefad),skiied in 1%ty AL Rgy-E nregeat b ventdgy USing other
representing a, flo disk drive, a magnetic tape

co u&fé,sygﬁnb%wq{gqar&ﬁ@{ctarﬁs‘/e, etc. The renovabl e
storage drive 14 reads fromand/or wites to a

[00038PV ab! EoRiRRIK st 11 £8n lifktiGdeVa! display interface 2 that forwards
graphics, text, and other data from the communication infrastructure 6 (or from a
frame buffer not shown) for display on the display unit 30. Computer system 1 also
includes a main memory 8, preferably random access memory (RAM), and may
also include a secondary memory 10. The secondary memory 10 may include, for
example, a hard disk drive 12 and/or a removable storage drive 14, representing a
floppy disk drive, a magnetic tape drive, an optical disk drive, etc. The removable
storage drive 14 reads from and/or writes to a removable storage unit 18 in a well
known manner. Removable storage unit 18, represents a floppy disk, magnetic
tape, optical disk, etc., which is read by and written to removable storage drive 14.
As will be appreciated, the removable storage unit 18 includes a computer usable

storage medium having stored therein computer software and/or data.
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known manner. Renovabl e storage unit 18, represents a
floppy disk, magnetic tape, optical disk, etc., which
wo S008@as330y and witten to renovabl e storage dpiwesidrnisisi

As wi |l be appreciated, the renovable storage unit 18
i ncludes a conputer usable storage nedi um havi ng
stored therein conputer software and/or data. -13 WO
2008/ 005335 PCT/ US2007/ 015131 [000561 In alternative

[003BPdi Te SiterRSHRNERBIIFRNY, ¥edthd B nidibryd® MbY ‘r'?t{clude other

simlar devices for allow ng conputer prograrrs

sirffildt&levidest foH allowing ddnfilted HRGRsMs 'oFb%é?QHﬁHIdﬁbn§ X tb%"ibaded
1. Such devices may include, for exanple, a renovab

int6 taohgisifer By dted? 1aNSuét delitss inddL indfldeDfemakasplef aSi:éiﬁovable
may include a program cartridge and cartridge

storage unit 22 @adcdh Rterfavet 20.0 Examples ofleacty aay ewidees )program
a renovable nmenory chip (such as an erasable

cafridgs anmdedartridgeaidterfacy (sedwray thGERRDY) in video game devices), a
programmabl e read only nenory (PROV)) and associ at ed

reraovdtié memody ohipefsucie aBVarh erasably pRgramiviable? rearnBnly memory
interfaces 20, which allow software and data to be

(EPRONMY, ©r pedgrianunable aead omyabyieenary (PROM)) rartd 38sdoiated socket,
conmputer system 1. [000571 Conputer system 1l may al so

and mtherdemoveablenstaraget units 22 anccintertaze8 420, whichaliuve abitware and
interface 24 allows software and data to be

data tgrie sansferred fragcihe remepablestarage anit 2240 gomputarisystem 1.
devi ces. Exan'pl es of comuni cat i ons interface 24 may

ude a. networ k |nter such .as_a
(0483711 ot CoMPiET syStems D elsb IS8 comTSMGHicaH dpterface 24
tional ASSOCIat i on

R o B Sl SR A3 L brored botween

comﬁ?ﬁ S 4TSRSl Sy b S ipifond merice

245hBR. PRUBEDS hoag s, A5bRAEe TG PR SRR el o
co&'n%?ﬁézﬁio%g p%ﬁ?a$e9¥6r%? %o'inopu‘feorrmgr?\h?ya&éPcﬂ?\ternational Association
(PCMCIA) slot and card, etc. Software and data transferred via communications
interface 24 are in the form of signals 28, which may be electronic,
electromagnetic, optical or other signals capable of being received by
communications interface 24. These signals 28 are provided to communications
interface 24 via a communications path (e.g., channel) 26. This path 26 carries
signals 28 and may be implemented using wire or cable, fiber optics, a telephone
line, a cellular link, a radio frequency (RF) link and/or other communications
channels. In this document, the terms “computer program medium” and “computer
usable medium” are used to refer generally to media such as a removable storage

drive 14, a hard disk installed in hard disk drive 12, and signals 28. These
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interface 24 via a comunications path (e.g., channel)
26. This path 26 carries signals 28 and may be
wo pqobessss ed using wire or cable, fiber opticsecEUS2007/015131
tel ephone 1line, a cellular link, a radio frequency
(RF) l'ink and/ or other communications channels. In
this docunent, the terns "conputer program nedi unf and
"“conputer wusable nediuni are used to refer generally

cofrputér dprdgfaif praguéts 'Rovida bsstwdrer Bdthe &Bmﬁﬁteldsysﬁan’i'af d The
disk installed in hard disk drive 12, and signals .

invERBS®is didettd026UB/ ORfpiter &6&#&&3%&&15131 Corrput er
program products provide software to the conputer :
system 1. The invention is directed to such conputer

[00668)gr am Gomputer prodad s GisaCrefpued to msogmapmer adstool logic) are
referred to as conputer control logic) are stored in

stared in mainmen®na Bdingi/orssapondanymemony §0.1 Conguutpupeagrams may
progranms may al so be received via conmunications

alsonberregeiveqd Aia Seprmunieptiansr interfapeads., Suglercopymdert pthgrams,
enabl e the conputer system 1l to performthe features

when expcutest; e%r@g? e ithgy €empoiter systernst tospetfaiey then fegtures of the
particul ar, the conputer prograns, when executed,

presesb inventienpas clisaussed heseiger fimmartiowart dae womputer pragrams,
present jnvention. Accordingly, such conputer

d. anablesfe pErRessPn 4rte RerfarAL the: fﬁ?é't!ﬂeérOfsS,h@t igsent

(|[> g[%(a'd F r%odl nment where the invention is
'“"FH{S e ARGV FUOFORRHIE RIRBraES (TRRIesShgoRkoliers of the
ed |n a, conput er program product and | oaded into
CO'PB 5%V Lt em 1 using renovabl e storage drive 14,
har d dr|ve 12, or comunications interface 24 The

[00‘69 trol Ilno%'n e%o‘iﬁl’@{.}te)whé’}@e%ee’ﬂﬁ%‘:ﬁt%ﬂ

cessor causes rocessor erfor

JaTo 'usmgcrar@& er Y@éfﬂ&e in% coffBdfel 'd?ﬁgrﬁnﬁg?@gt bAd loaded

SO another e inventlo
int®'ddMRputEY system 1 using removable storage drive 14, hard drive 12, or

erpﬁnted using

communications interface 24. The control logic (software), when executed by the
processor 4, causes the processor 4 to perform the functions of the invention as
described herein. In another embodiment, the invention is implemented primarily
in hardware using, for example, hardware components, such as application
specific integrated circuits (ASICs). Implementation of the hardware state machine
so as to perform the functions described herein will be apparent to persons skilled

in the relevant art(s).

[00060] In yet another embodiment, the invention is implemented using a

combination of both hardware and software.
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i n hardware using, for exanple, hardware conponents,
such as application specific integrated circuits
w@ AfkOsB3s | Npl enent ati on of the hardware stat epoBOB009015131
so as to performthe functions described herein wll
be apparent to persons skilled in the relevant
art(s). [00060] In yet another enbodi nent, the
invention is inplenented using a conbination of both
[006atldwar eFigore 8 shbwaraecominuinléBtidn 8Pteb33 of the present invention
PCT/ US2007/ 015131 1000611 Figure 3 shows a
forausenwith dbe icompmyert systed0 106f FigarepResEme comneutiication $ystem 30
use with the conputer system 1l of Figure 2. The
inchisiesman acoessor 31 (alsonetdred todhietichangeablydeseinras3 “yser'sand a
referred to interchangeably herein as a "user") and a
terminati3Zal I8 2ne| embediment aititaden useldn thed compuiteri systeme 1 is, for
conputer systeml1l is, for exanple, input and/or
exapples nnyt Bpdion @aceesseddnr thg mogessartdd viathe termisdl 32 sueh as a
as a personal conputer (PC), m niconputer, mainfrane
PerseRplcOMPUtgrc (Bednpiitiepmputes| aptinfranae dexnpeter.omicrocomputer,
W rel ess device, such as a hand-held wi rel ess device
teleplinmicedeviee, of wWiksigss deyice, suehag d handdieldiwiretasssiavice coupled
mai nf rame conputer, mcroconputer, or other device
to A 56ve 33 ﬁ\‘%@% adrCaminicompiers Mainijame computers MiFrgFomputer,
rprocessor and/or re ositor\é for data,

or c%nngct_i on to a . k

okhgr pype Saving aprogesrar \ﬁBF@ repositqfy forLata pgd/or FPRRefdton to a
e 3 o i TP U A o e
DB o B B, 8 O B 3 e, o
oA B B’ BE R el 2, A BRkFpen. o metnoo
and S B0 BB PSRBT s Bgpmap.such s
on SHTYIE tdhik&. anal yzed ,

[00062] Figure 3B shows a flow chart according to a method in accordance
with an embodiment of the present invention. In step S1, a sample to be analyzed
is injected into a column of a gas chromatograph along with a flowing gas via an
injector. In step S2, the constituents of the sample are separated within the
column of the gas chromatograph. In step S3, the constituents are moved through
and out of the column with the flowing gas. In step S4, the constituents of the
sample are divided as the constituents exit the column. The divided constituents
are supplied to a flame ion detector and a mass spectrometer. According to
various exemplary embodiments, the sample is divided via a divider, and the

constituents are heated at a temperature necessary to ensure that there is no
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is injected into a colum of a gas chromatograph al ong
wth a flowng gas via an injector. In step S2, the
weonshisents of the sanple are separated w t hpar/ub®o7/015131
colum of the gas chromatograph. In step S3, the
constituents are noved through and out of the columm
wth the flowng gas. In step S4, the constituents of
the sanple are divided as the constituents exit the
maletulen disChmirditiohd detwenst theuaupply afe congtithértd t® the mass
flame ion detector and a mass spectroneter. According
spectrorueter and tbe esupplyr of comisttlientsntosthet fleene iorpdetector. Thus, the
divided via a divider, and the constituents are
portiont afdhetcoastitaente thatlis sentlodbe angsst spectrometert arat thehportion of
Is no -16 WO 2008/ 005335 PCT/ US2007/ 015131 nol ecul e
thelcenstitugntaithadiis sentite dine flamedom detectdr ate appraxiraatety equal, and
the mass spectroneter and the supply of constituents
the integrity of theeconstituestsist preservads In step Shdheicharasteristies of the
constituents that is sent to the mass spectroneter and
copgitueristaf dre sampleraredatested vienthe flame iongelegier. ¢ b stee S6, the
flame ion detector are approxi mately equal, and the
characteyisties off then sopgiitdents yehthe sanmple sareyvdetecled ¥jaethe mass
S5, the characteristics of the constituents of the
spegifpmetes; Jt gbpuld: ke nated diat althaveh; YaPge0-20¢S6 describe the
step S6, .the characterjstics of the constituents o
defagdBa 4515 H1asS GOPELPDRIS i oNREo RS URAKUPEIR Bp the flame

o B o 2, b RO AW 550 S v
soB5 L85 V5. B Bl S o Sl P o
ol 30 5 . T S oA e o
pr(glgettsgﬁ\beg%stépl?.‘l%t %céi?r}éﬂ]lgﬁefﬁ?jgtﬁ ) gfeg%{?géegb&}'ne% from

a ~processing sy € accunulate a from

co@ﬁr}&blﬁeégﬁ%loﬁrﬁe %P&é‘éﬁélgsdéﬁsgér‘ibr b Eﬂ't!r@dxﬁeﬁ%l:eééirg&i

ce analysis I's stor subsequent” processi ng.

[060063] Yields and compositions, in terms of the boiling point distributions
and hydrocarbon type breakdowns across the boiling range of interest, may be
determined. In addition, changes in chemical compositions and yields in upgrading

and/or conversion processes may be analyzed and studied.

[00064] Among other things, the present invention may be used to establish a
preliminary evaluation of a variety of geochemical parameters or biomarkers for the
correlation to fingerprint identification, maturity, origins, etc., of crude oil or fraction
theredf that is analyzed. Experimental data may be correlated to chemical and

physical properties. This enables refining strategies to be planned to maximize
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[ 00063] Yields and conpositions, in ternms of the
boi ling point distributions and hydrocarbon type
whteskahyns across the boiling range of interestr/usmyr/015131
be determ ned. In addition, changes in chem ca
conpositions and yields in upgrading and/or
conversi on processes may be anal yzed and st udi ed.
[ 00064] Anpbng ot her things, the present invention may
yields of edquiced: prahicts lwithoupaffectingnttreir qualityat Feedstbcks can be
vari ety of geochem cal paraneters or biomarkers for
rapidily tested byl catretatingdhé composgitiomof prevdnctisito qaalityn,
maturity, origins, etc., of crude oil or fraction
t hereof that is anal zed Experi mental data may be
100065k e| at by adgitioReihe aﬁ'sﬁﬁﬂtw'ﬂ)h?sq dype p?foﬁlé'rpﬂ‘i“ésc""‘ﬂ?ﬁ%‘ds in
enabl es refining strategies to be planned to maxim z
d'silwewmo@3/%5@@56%@/'@9%96*?/wsﬁlsant'twe?forset%fpcompounds in
. ui red products w thout affecting their
cistlalas FEKbe SHIGSEDY SRUDD oetits BEIORIPTE i ine BARRHRILE he
conposi tion of products to quality [000651 In

AR, el S BORERS, LR, Soph e, o resen

m\«%ﬁg{)ﬁ kc? a UdE oﬁflgisrlbé%ﬁﬁ g?%:crlg %;G‘r!c, ﬁ%{?%@g‘gs; t6HCenr];nultld|mensxonallty

of gfet ‘Quc i loh hdtfa nga%é}éd F%QE@ Qa5 gﬂ@v@'&ﬂe Fepsﬂ& E@tected

usi ng ap tion o e present I nvent
bytfe #d!Re Pééultb%legw&@b the By Eaﬁd the Ebrﬂan%d‘}nﬁhﬂEﬁobﬁ he
MUt t 1 di mens; onal ity the information that may

gat hered. Figure 4 also shovvs the results detected. by

[0006%] VS, The presenttinvélttionCisefashywitthaiidH kepetabilitye as shown in
conbi ned information. [000671 The present invention is

Figures 5 abid 61 Figuhe 5epewsahe rdsiits fars3 ijsntions Nwith-bgelaris showing
and 6. Figure 5 shows the results for 3 injections,
the\sighabimteresity sarehibiei other $Hiowisg dined. Thée dhrsiet resaltsl nbbdy overlap
ot her showing tinme. The three results nearly overlap
eachothert Mde.aclied valties dor thea lthree ijectiansere Ishowniin thecboitings point
are shown in the boiling point
table. Figure 6 shows another set of results for three injections of paraffinic crude
oil, produced using a method and system in accordance with an embodiment of the
present invention. Thus, the present invention can serve as an excellent screening
technique to study the efficiency of physical distillations and refining processes and
can rapidly establish the main compositional characteristics of crude oils, so that
their quality for decision making purposes can be quickly established. Further, the
present invention can serve as part of a quick exploration tool to establish the
principle characteristics of crude oil quality allowing for decisions on refinement

planning and commercialization.
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table. Figure 6 shows another set of results for three
i njections of paraffinic crude oil, produced using a
worsloskzand systemin accordance with an enbodea®os200f015131
the present invention. Thus, the present invention
can serve as an excellent screening technique to
study the efficiency of physical distillations and
refining processes and can rapidly establish the main
[00068]POS| tFigUAS 7 CSHUWAL hartetitioAStingé stdridaed dord ASTM O I7a69-2005.
their quality for decision making purposes can be
Figiwe @&k klyows tzabiudeheit] boffing tguint, cdlibeatiopr @reat Figuenbi shows the
can serve as-part of a quick exploration tool to
measucdd reshits be a rpferencephmatariahr &Fidure 119t showsothecedsured|results
quality allowi ng for decisions on refinenent planning
foraan drudenuib sampld. z Eigune .1 1- SIOWADa OO0 68Sb for analyzing for each
PCT/ US2007/ 015131 [000681 Figure 7 shows a retention
timej stisedbacantridutions aEestDicn Ggaractebistic ¢ therhyd8ocsnbor geoup of
crude oil boiling point calibration curve. Figure 9
aramhatios antk satursatesr ebithoughl ftiguref 1h refefences aigorithmsi disclosed in
Fi gure 10 shows the neasured results for a crude oi
Robigspn dAnglytical Ehemistio W 43¢d 1 19, theeeialogrithramareexagplary
for each tinme slice the contributions of each ion
onlyhand, ethari s1qre refined @lgpfidhrae Andomulirit yadant equatiens dvay be
and saturates. Although Figure 11 references
usegd &b?%“ﬁﬁ?éh%l Néﬂ?%ﬁ‘ampﬂs'“%?fn@srYa('ﬂH%nPW?‘t!la*P"ts of the sample
mstry, Vo. 43, 11, 1971 these algorithns are
be'é‘ﬁe‘ﬁ-ﬁ}e&r Thess plagsithras pllpw r%‘%&f‘]ﬂ?é%% YorPEfits ahMarious

t'"\?aawtsﬁ'é?sc%%” %%53%%8%“ ohepen cotfurt Jiave la shows a
oo e 8 S e A e 1
sndfs Sfi@ion mﬁg c%fﬁppag.ghgsggﬁ,@agdg B DS LG Yol o FhHES an
b B3, R A of e . JEOHE o
crdd h SRINGS #Bfuced according to a method and system of an embodlment
of the present invention. Figure 15 éhows experimental results of a measured
fraction. Figure 16 shows the signal overlapping from fractions, along with crude
oil. Figure 17 shows an analysis of Fraction #1. Figure 18 shows an analysis of
fraction #1 cut in whole crude. Figure 19 shows the results of a sample of
paraffinic light crude oil. Figure 20 shows the results of a sample of paraffinic
crude oil. Figure 21 shows the results for samples of lube oil fractions. Figures 22

and 23 show a hydrocarbon type analysis from a whole crude sample. Figure 24

shows a comparative study of middle hydrocarbon samples.
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system of an enbodi nent of the present invention.
Figure 14 shows a whole crude oil analysis, produced
WwW@ELONEEssy to a nethod and system of an enbodiweEnts2o00fo015131
the present invention. Figure 15 shows experi nent al
results of a nmeasured fraction. Figure 16 shows the
signal overlapping fromfractions, along with crude
oil. Figure 17 shows an anal ysis of Fraction #1.
[00B6Ur € 1RBigalssV@5-3n cuntdil Siasioné datd aati stRerfihf@viation produced
whol e crude. Figure 19 shows the results of a sanple
usiaf) syptenas andimethodghdf tiee pabseot inveltiopur e 20 shows t he
results of a sanple of paraffinic crude oil. Figure
21 shows the results for sanples of | ube oil ‘
[00078]ct i onExarpplgueEbodiments (of2 thes psesent Hyverdm iheme t ggwe been
analysis froma whol e crude sanpl e. ure 24 shows a
desgcsinesr it aceerdanceywith the abpee WU?'M@Q?%O t wilhpe &apprecigted that
WD 2008/ 005335 PCT/ US2007/ 015131 [00069] Fi gures
thesg. exarppigs 2ig (erely ilusieative fdths: inventiem.or Many oyariations and
produced _using systens and net hods of the present
mqq‘ﬂF@H?“%W‘" beyaeparpnttedheteskiiasbnitheatts of the present
i nvention have now been described in accordance with
the above advantages. It will be appreciated that
these exanples are nerely illustrative of the
i nvention. Many variations and nodifications will be
apparent to those skilled in the art. -20 WO
2008/ 005335 PCT/ US2007/ 015131 dainms 1. A systemfor
anal yzi ng conpl ex sanples, the system conprising: a
gas chromat ograph including an injector and a col um,
wherein the injector is configured to insert a sanple
along with a flowing gas into the col um;
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a flanme ion detector; a mass spectroneter; and a
di vider configured to divide constituents of the
woe aphessshat are exiting the colum for deliveeyusmornisii
the flame ion detector and the mass spectroneter. 2.
The system according to claim1l, wherein the system
further conprises: a data processor for acquiring and
processi ng data. 3. The system according to claim1,
wherein the injector is aClaimgerature progranmable
injector. 4. The system according to claim1, wherein
the colum is a wall coated capillary colum. 5. The
system according to claim1l1, wherein the FIDis in a
1. si nfyIsxstem fatiapalykzingt Gopmplex sampies, fiiesystest eomadsiogdi ng
to claiml1, wherein the divider is configured to
equA PRy chramategrapd induding @ndnjestopand lrecabsmpl whedeirt ther e
_.exiting the colum. -21 WD 2008/ 005335
injqatar/isisontigyred ta mserta sample alengwithya dlowinggas iote the ealamn;
wherein the data processor is configured to process
t he? flamg igg detqekArni ng det ection i nformation fromthe
flame ion detector and the nass spectronmeter. 8. The

sys? BIASESPEFHIPME® 0a”d ai m 1, wherein the gas used in
the_qgas, chromatqgraph. is Helium and wherein the gas
c hr s Eapfioed do Aide constiusnts efi e sPRPle:hay e witing the
constant. flu f .about 1 m nute. 9. The stem

<ol RRTPERSIiyer e S opsEiiaT HHLhE fass Tecgmeter
configured to inject a sanple of crude oil.

2. The system according to claim 1, wherein the system further comprises:

a data processor for acquiring and processing data.

3. The system according to claim 1, wherein the injector is a temperature

programmable injector.

4, The system according to claim 1, wherein the column is a wall coated

capillary column.

5. The system according to claim 1, wherein the FID is in a simulated

distillation mode.

6. The system according to claim 1, wherein the divider is configured to

equally divide the constituents of the sample that are exiting the column.
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10. The system according to claim1, wherein the
injector- is configured to inject a sanple of a

w0 tdghesass of crude oil. 11. A nethod of anal yzrawuseoo7/015131
conpl ex sanple, the nethod including: injecting a
sanple with an injector into a colum of a gas
chromat ograph along with a flow ng gas; separating
constituents of the sanple within the colum of the

7. gasThe lsysteat agpoaging torchainm @, whereimtiet data pnocessbr islvenfigured
sanpl e out of the colum with the flow ng gas;

to piogess the ddta by wesibiniog detection irfernsatiopl feorn ithe flame ion detector
exiting the columm for delivery to a flanme ion

and theemass spectrametess spectroneter; detecting
characteristics of the constituents of the sanple via
the flame ion detector; and -22- TECH 522181.1 WO
2008/ 005335 PCT/ US2007/015131 detecting

8. chafhe s¥steBt 3¢oording telamd A swhergimthe gas ysed 'Qé'h?ogés via
the nmass ectronmeter. 12. The nethod of claim11,

Chmqtﬁ@f@pbd%glﬁll'émngnd w@qmw theggamehrprateaaphis enti gureddm
the detected characteristics obtained fromthe flane

maiAIndbe Sas Gt agonstankfiwpekabgt dgmalyetivyte. 13, The net hod
of claim1ll, wherein the sanple is injected with a
tenperature prograrmabl e inj ector. 14. The nethod of

glogj{g]ﬁ %%éte%aecrc%rél ing to Pe lgﬁl'n \%h(larseu% eelr(':ule?:gor Iisntt:gnf%u\p(’eacj !o inject

a sample of crude oil. .

10. The system according to claim 1, wherein the injector-is configured to inject

a sample of a fraction of crude oil.

11. A method of analyzing a complex sample, the method including:
| injecting a sample with an injector into a column of a gas chromatograph

along with a flowing gas;

separating constituents of the sample within the column of the gas
chromatograph;

moving the constituents of the sample out of the column with the flowing
gas;

dividing the constituents of the sample that are exiting the column for
delivery to a flame ion detector and a mass spectrometer;

detecting characteristics of the constituents of the sample via the flame ion

detector; and
-22-

TECH/522181.1



capillary colum. 15. The nethod of claim 11, wherein
detecting characteristics of the constituents of the
woeDmRhes3ys a the flame ion detector occurs in aCT/US2007/015131
simulated distillation node. 16. The nethod of claim
11, wherein the divider approxi mtely equally divides
the constituents of the sanple that are exiting the
colum. 17. The nethod of claim 11, wherein the ,
f | cétectirgpehdractbfstiosrof tiee doristituditd 60Me shripld @a the mass
conprising: configuring the gas chromatograph to
speutrionmiedem the fl owing gas at a constant flux of about
12nl/ m nute. -23 WO 2008/ 005335 PCT/ US2007/ 015131 18.
The nmet hod of claim 12, wherein acquiring and
processing the data includes: conbining detection
12.i nf therenethod ofralaim ht faftberecomprisigt ect or and t he nass
spectroneter. 19. The method of claim 11, wherein the
sanprauirigg @nd geogsissingXiata from thetdetatted characteristics obtained
wherein the sanple is a fraction of crude oil. 21. The
fromthe 8aMmeden detasteriandctheimass spage@etert he di vi der is
configured to prevent nol ecular discrimnation within
the constituents of the sanple. 22. The system
accordi ng to claim21, wherein a controller controls a
3.pr et methask of glaims Lhyvherein the sample indnigetad ayith a temperature
discrimnation within the constituents of the sanple.
programmaRledDiectn according to claim21, wherein the

sanple is heated to an

14. The method of claim 11, wherein the sample is injected into a wall coated

capillary column.

15. The method of claim 11, wherein detecting characteristics of the
constituents of the sample via the flame ion detector occurs in a simulated

distillation mode.

16. The method of claim 11, wherein the divider approximately equally divides

the constituents of the sample that are exiting the column.

17. The method of claim 11, wherein the flowing gas is helium, and the method
further comprising:
configuring the gas chromatograph to maintain the flowing gas at a

constant flux of about 12mU/minute.
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appropriate tenperature to prevent nol ecul ar

di scrimnation. 24. The system according to claim 2,
wob@seis33s he data processor processes the dateclys2007/015131

conmbi ning detection information fromthe flame ion

detector and the mass spectroneter via algorithns

that allow the superinposition of masses at various

intervals to extract a conposition of the sanple. -24

18\\0 ?Qgﬁ{e@ﬁ’o‘iﬁéﬁﬁlﬁﬂ 123000 éinCeeliitihg vt prEE@sded tHedata

according to claim 11, wherein dividing the
incfiflest i tuents of the sanple is performed in way that

prevents nol ecul ar discrimnation within the

COoNgbhibitfng detictibm Mfsramalion.frod® thelflEmewim@steator and thitmass

to claim?25, wherein a controller controls a pressure
spé&dtrdmétesanpl e to prevent nol ecul ar discrimnation

within the constituents of the sanple. 27. The nethod

according to claim?25, wherein the sanple is heated to

an appropriate tenperature to prevent nol ecul ar
19di sTheé metiadd ofrclaidB11, Tivberain thedsamplerisicrugletail. cl ai m 12,

wherei n acquiring and processing data is perforned

via algorithnms that allow the superinposition of

masses at various intervals to extract a conposition
200f The medingd of claitn Thewhsgreindthe saowlelisrayfraction ofiamde oil.

wherein the gas used in the gas chronmatograph is

hydr ogen, and wherein the gas chromatograph is

configured to maintain the gas at a constant flux of
21abolibe 18ystam nagegrding 30, claime ﬁeWh%@"bﬂh%lchY'ﬁ?'l is configured to

wherein the flowi ng gas_is hydrogen, and the nethod
prevgnt meteceiansiscsimieatianomithip the erpstituentuef tha sami®gr aph

to mintain the flowing gas at a
22. The system according to claim 21, wherein a controller controls a pressure

of the sample to prevent molecular discrimination within the constituents of the

sample.

23. The system according to claim 21, wherein the sample is heated to an

appropriate temperature to prevent molecular discrimination.

24. The system according to claim 2, wherein the data processor processes the
data by combining detection information from the flame ion detector and the mass
spectrometer via algorithms that allow the superimposition of masses at various

intervals to extract a composition of the sample.
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constant flux of about 12nlL/m nute. -25

WO 2008/005335 PCT/US2007/015131

25. The method according to claim 11, wherein dividing the constituents of the
sample is performed in way that prevents molecular discrimination within the

constituents of the sample.

26. The method according to claim 25, wherein a controller controls a pressure
of the sample to prevent molecular discrimination within the constituents of the

sample.

27. The method according to claim 25, wherein the sample is heated to an

appropriate temperature to prevent molecular discrimination.

28. The method according to claim 12, wherein acquiring and processing data is
performed via algorithms that allow the superimposition of masses at various
intervals to extract a composition of the sample.
29 The system according to claim 1, wherein the gas used in the gas
chromatograph is hydrogen, and wherein the gas chromatograph is configured to
maintain the gas at a constant flux of about 12 mL/minute.
30. The method of claim 11, wherein the flowing gas is hydrogen, and the
method further comprising:

configuring the gas chromatograph to maintain the flowing gas at a

constant flux of about 12mL/minute.
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