TI TLE OF THE | NVENTI ON METHOD AND SYSTEM FOR CHEM CAL
AND PHYSI CAL CHARACTERI ZATI ON OF COWPLEX SAMPLES

- -BACKGROUND OF THE | NVENTI ON [0001] Thi s application
clainms the benefit of U S. Provisional Patent
Application No. 60/817,076. filed on June 29, 2006.
This application is also related to U S. Patent
Application No. 11/582,558, filed October 18, 2006,

entitled METHODS W CAL AND PHYSI CAL
CHARACTERI ZATI ON - The entire
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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 ol fractions, for exampie, in a single process.
In particular, the present invention is directed to a method and system for
determining vields 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.



Background of the Technol ogy [0003] Gas Chr omat ogr aphy
is a chem cal analysis instrunent for separating
chemi cals in a conplex sanple. A gas chromatograph
uses a narrow tube, known as a col umm, through which
di fferent chem cal constituents of a sanple pass in a
gas stream The gas streamis also called the carrier
gas or nobile phase. Gas Liquid Chronmatography (G.C),

BaB#grﬁhﬁ%ﬂh@%cﬁﬂ&S%? ography (GO is a type of
| ich the nobile phase is a gas. The
m cal Ngkai Lt n,t Srclyao] tiRERMHE
[00? e col u(i;rﬁgat@hg?’? e?%ﬁp&rﬁﬁeg, IEg'cteapendi %Bagﬁgt hllgéi:’r St for

seaé}éwién&h%msqa'ha BAFpIBR $irphd. firé%ﬁ;eéﬁrbﬁr%téﬁ?ﬂ i B8k¢ a narow

Interaction with a specific col um phase . I's colum

tubeha¢ewnS a§ 3 |BRintMetrd N ARRKY dPBAIR dthita Sonstituents of a

m croscopic layer of liquid on an inert solid support
samplel PEssCRl 4Has dtfeantle TRBARR tfedi@idletbodidiRatthy dPridhgas or
tubing it is called a capillary colum The colum is
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into a small coil. [0004] The colum(s) in a GC are

(GCYP a Bpd bN chidndtegraphinen hvitiigteniaé uhevirf phdials iasgas. The
precisely controlled (e.g., electronically). The rate

ch@&hicah¢ s tifleRtWitisin s SARpleIpass diroLfle tieotelommni &t different rates,
directly proportional to the tenperature of the

deperidinn on Their Raddes chdnsicaloandphysicad gragerties ahtdhéiagiteraction
the sanpl e noves through the colum. However, when a

with anypeziffoccdemophake y This colyinr hleaseolisicalled thel stetivrscy phase
less with the stationary phase, and the anal ytes are

andl és 8 miepmicapiedayqgrof0Gidson hp indreslich supmart in theeeiymn. If the
exit the end of the colum, they are detected and

phasteisthicnded direeity taothiedubing ity callatba eapdary, coiwan The column is
stationary phase separates the different conponents,

ofterafiexiblg sodbat @ verytlongsalvmpicen el wenndintoa gmall €obnt
time, which is called the retention tinme. O her

araneters can al be . .
100%4} eIr'he ccﬁumn(s%?n a 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 tima, which is called the retention time. Other parameters can also be
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used to alter the order or tinme of the retention, such
as the carrier gas flow rate and the tenperature as
wel |l as the chem cal nature of the phase..
100061However, conventional GC may require high
resol ution techniques in order to provide a
satisfactory analysis of the chem cal constituents of
a conpl ex sanple. SUMVARY OF THE | NVENTI ON
usddOBQiftbl R StdbSortinhe BfthietefefBordsuch B %@E&hér gé@ﬂow rate and
nmet hods and systens for analy2|ng conpl ex sanpl es '
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resol ution techni ques. The present invention solves
t he above-identified needs, as well as others by
[00pGlovi di Mpweyehodaventibnal SComay frequiredpihl reksiwion tealtmigues in
of conposition of crude oils and fractions thereof, as
ordeetd pawidst dertisfatiotynanalysis ahthe chemisaieginstieotsegfsa complex
obtai ning the information necessary to assess the
samplel d of commercially val uabl e petrol eum fuel and | ube
oil fractions using Gas Chronmat ography - FID Mass

‘Spectronetry. Variations of the \9 %e t invention al so
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wo?ﬂloces& §"% c%{\%m%g akﬂi ?%‘E’%ﬁ“ﬂgsysttems for

an g PO &Lﬁ%ﬁé@slﬁﬁt’q‘iﬁ'ﬁ“ agapﬁg%?éﬁ?m jeauire high

rosg e KR RO iR e Saf Al eien f pr%sv?%%@rfsd nbds, as
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S an resu

a M%@Eﬂgns' oﬁ?ﬁ:fx?'tﬂgs ?&ﬁ%@ﬁ ﬁ%e%%gvt {PnReal e yield of

y W t sinple wherein
g’rcﬁéifgo'\)éi%éﬁ%%émwns fusiufdddi BBE ToRr ﬂ%%%r){éeﬁsuﬁad Gas
I't1onal

|y resol ving techni ques are not

Chfo%?é%b{;n%ﬁhy Lnmeass cgbectr%emesvaﬁaﬂo&ge&t th@MpREEMH We8ntion
hydr oCcar bon type analysis and Sinmulated Distillation

a;s& reiidd SltoRibler falusk, NOWRN @¥hRUNEhpRiASh call/iny 9 tenifature
data in a single process.

programimable 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 oulfputs and resulls.

[0008] Among other things, the present invention  enables

multidimensionality with simpie hardware, wherein a low resclution column is
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100091Addi ti onal advantages and novel features of the
invention will be set forth in part in the description
that follows, and in part will becone nore apparent to
those skilled in the art upon exam nation of the
foll ow ng or upon learning by practice of the
i nvention. BRI EF DESCRI PTI ON OF THE FI GURES
1000101For a nore conpl ete understandi ng of the
sufficieatfur analyses and additional dighdy sexahving edhhilnmes@ye nahdequired.
the objects, features, and advantages thereof,
In raafditiopnctbei present nadentioo phwides! Ihgdiongricbes dypept arelysis and
taken in cannection with the acconpanyi ng draw ngs.
SiM@getetllifiiptios (‘Binb&isdatadnadydiagpodviding sxehphalyyis @g data in
Chr omat ogr aphy- FI DY Mass Spectronetry appar at us
a s{rg® pctesss) according to an enbodi nent of the present
i nvention. 1000121Figure 2 illustrates a bl ock di agram
of vari ous exenpl ar){ conput er system conﬁonents or
0008k in AddlienshedvantagesHnd ReMsbipatwEe bt ?HB’EBF%%‘H{ be set

|nvent| on 1000131Fi gure 3 shows an exenpl a }{n
forthyiRrRaARt iRdh p&gsg%pg%p%tffoycﬁ@s fnelsia part will become more apparent

to those skilled in the art upon examination of the following or upon learning by

practice of the invention.

BRIEF DESCRIPTION OF THE FIGURES

[00610] For a more complete understanding of the present 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 Chroma@ography—-—
FID/Mass Spectromelry apparatus (GC-FID/MS) according to an embodiment of

the present invention.

[60912] Figure 2 illustrates a block diagram of various exemplary computer
system components for use in accordance with one embodiment of the present

invention

[88613) Figure 3 shows an exemplary communication system of the present

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



invention for use with the conputer system1 of Figure
2. [00014]Figure 36 shows a flow chart of an
exenpl ary nethod according to an enbodi ment of the
present invention. 100015] Figure 4 shows the results
of a sanple analyzed in accordance with a nethod and
system of an enbodi nent of the present invention.
1000161Figure 5 shows results for three injections of
1008243 i | dniguret38 shawsaadloywzehbrhotan exegptaoy anetieddadcadihg to
system of an enbodi nent of the present invention.
an gembodin|emt glithe MesaAmdimventisul ts for three injections of
a simlar material analyzed according to a nethod and

system of an enbodi ment of the present invention. .
[00015] Figure 4 shows the results of a sample analyzed in accordance with

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

j00016] Figure 5 shows results for three injections of a similar material
analyzed according to a method and system of an embodiment of the present

invention.

[00017] Figure 6 shows results for three injections of a similar material

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.

[06020] Figure 9 shows the measured results of a reference material.

[D0021] Figure 10 shows the measured resuits for a crude oil sample.

[00622] 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.

[806024) Figure 13 shows a retention time calibration standard useable in

accerdance with embodiments of the present invention.



[00018] Figure 7 shows a retention tinme standard for
ASTM D 7169-2005. [00019] Figure 8 shows a crude oi
boiling point calibration curve. [00020] Figure 9 shows
the nmeasured results of a reference material.

[ 00021] Figure 10 shows the neasured results for a
crude oil sanple. [00022] Figure 11 shows al gorithns
for aromatics and saturates. [00023] Figure 12 shows a

(00B25KP t yiRgun# Lhbws o whABNIUGS %utmﬁysrsims&mé G Becordance
in crude oil. [00024]Figure 13 shows a retention

withi b thERE A i pretatdavatigseabl e in accor dance with
enbodi ments of the present invention.

[000286] Figure 15 shows experimental results of a measured fraction

analyzed in accordance with methods and systems of embodiments of the present

invention.

[00027} Figure 16 shows the signal overlapping from fractions, along with
crude oil, produced using analysis in accordance with methods and systems of

embodiments of the present invention.

[00028] Figure 17 shows 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,

[60030] Figure 18 shows the results of a sample of paraffinic light crude oil,
as analyzed according to a method and system of an embodiment of the present

invention,

[90031] Figure 20 shows the results of a sample of paraffinic crude oii, as
analyzed according to a methed and system of an embodiment of the present

invention.

[00032] Figure 21 shows the resulis for samples of lube oil fractions, as
analyzed accerding to a methed and system of an embodiment of the present

invention.
-5 -



wi th enbodi nents of the present invention.
[ 00026] Fi gure 15 shows experinental results of a
nmeasured fraction anal yzed in accordance with nethods
and systens of enbodi ments of the present invention.
[ 00027} Figure 16 shows the signal overlapping from
fractions, along with crude oil, produced using
anal ysis in accordance with methods and systens of
[o0e8310di MEFiGEre0P2 tshewpree bgdrocamua ntype® analy8R028MFa gMice Icfude
shows an anal ysis of Fraction #1, as anal yzed
sarapleo adianglyked acoerdingdtoamn theshyglt &md §fstan afrdyoelinbedimentt of the
the present invention. [00029] Figure 18 shows an
preseal ipgertionf Fraction #1 cut in whole crude, as
anal yzed according to a nmethod and system of an
enbodi ment of the present invention. [00030]Figure 19
[0083ws t Hdgyres2s shows ahydieparbonftypm eanlyisi somj ghwhole crude
crude oil,
sample, produced in accordance with a method and system of an embodiment of

the present invention.

[00035] Figure 24 shows a comparative study of middle hydrocarbon
samples, as analyzed according to a method and system of an embodiment of the

present invention.

[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
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as anal yzed according to a nethod and system of an
enbodi nent of the present invention. [00031]Figure 20
shows the results of a sanple of paraffinic crude oil
as anal yzed according to a nethod and system of an
enbodi nent of the present invention. 1000321Fi gure 21
shows the results for sanples of lube oil fractions,
as anal yzed according to a nethod and system of an

o GERE TS, 58 A IS B R s

ydroca

d é?ﬁﬂ?‘l Q) gﬁ@ according to a nethod and system
eo ar? eor%g@élglrg?@é}%{ 0 St he present invention.
(00034i Figure 23 shows a hydrocarbon type anal ysis

[odosgm a Whel erfdini Gembadivleits, Hhe dGCREID/MSAGES e endlidd) an
a method and system of an enbodi ment of the present
autonvidt iUy sampler (ALS). In addition, the column may be a wall coated

capitlary column, and the inlet may be a temperature programmabile injector.

[00040] In operation, the gas chromatograph (100) utilizes the difference in
chemical properties between different chemical constituents in a -samp!e to
separate the chemical constituents. As the different chemical constituents exit the
gas chromatograph at different times, the mass spectrometer, which is located
downstream in the gas flow, evaluates the chemical constitﬁents separately and is

able to identify the constituents.

[00041} The mass spectrometer (600) identifies the various chemical
constituents that pass through it at a flow D2 by breaking each constituent into
jonized fragments and detecting these fragments using the mass to charge ratio of

the fragments.

[80042) 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.



1000351Fi gure 24 shows a conparative study of mddle

hydr ocar bon sanpl es, as anal yzed according to a nethod
..and system of an enbodi nent of the present invention.

(00036] Fi gures 25-51 contain various data and ot her

i nformati on produced using systens and met hods of the

present invention. DETAILED DESCRI PTI ON

100037] Referring now to Figure 1, therein shown is the

[pogeer al Hgwidver e @t wheuldf banneeaMmar \weAsature and amount of
Chr omat ogr aphy- FI D/ Mass Spectronetry appar atus

corlsfidehty i) flova thruagidl tHemass sstaoarRtav 600 anditirbagh hed10D 500
system of the present invention. 1000381The GC-FI D/ M5

ma@befHiBiacinbrd@clolsdatbite GrRsreslitxooBtp@d dythe IM8)600vdHdChyY the
I ncludes an injector (200), a colum (300), and an
FIDOG00. ( 400)thisarem®es, tHeeappaatiscbf (D) erabOdijrient dfl theepresent
ion detector (FID) (500); a divider (700); and a data
invertionesso irgluslestaedivider (700)) that idhideanttie pxitingschengjcallmnstituent
data. One variation provides a graphical user
betiveer thed¢D fand thadV8nso thadfpodimina oirtte feaitingi chelmsgal rapnstituent
are analyzable by both the FID and MS simultaneously. The divider 700 should be
able to prevent molecule discrimination in the constituents and distribute the
constituents equally between the flow D1 and the flow D2, which is achieved by
heating the constituents at a temperature necessary to ensure that no molecular
discrimination occurs. Furthermore, pneumatic control module (PCM) may be part
of the GC-FID/MS, that controls the pressure of the sample as it passes through
the divider in order to preserve an equal ratio of constituents flowing through D1,
and another PCM that controls the pressure of the sample as it passes through the
divider in order to preserve an equal ratioof constituents flowing 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,
50 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.
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i nformati on, such as in a graphical manner, to show

the rel ationship of various determ ned out puts and
._results. [00039]In certain enbodi nents, the GC- FlI D M5

may al so include an automatic |iquid sanpler (ALS). In

addition, the colum may be a wall coated capillary

columm, and the inlet nay be a tenperature

programmabl e i njector. 1000401l n operation, the gas

[00644) 0t Gy aBln{pldl) epitcdiriat, tére thé f prRiseACEnténtion uses a
chém cal propertiés between different chem cal

me§8BSrel EAIS ﬂiQAhS ah@afRp@ tSumaPand e térhpeahesl pegrammable
constituents. the di fferent chem cal constituents

inje@Xdr! 1k BRe RSbHithemetHRyEsNN diclddds £ capitiaryi ookann elanent that
mass spectroneter, which is | ocated downstreamin the

is abvut 9 Aoy ©vsE b €8, blabebediicpn; tensiD tdetedtsr is an FID 440
separately and is able to identify the constituents.
CelsRRO M dfienBss isSHeNIM qitat @ms(h Mlx iralendfi diced 12heL/min; the
vari ous chem cal constituents that pass through it at
oveh sl fregfRaznriyd by etk atgatemit K0T Qetdiud, de naise mbout $97 Sel$ius/min
fragnents and detecting these fragnments using the nass
untll catiuh rA3e° rGélsias o rebeheld; dgmeaingain [tioe GarpEiaturel or (e 12
is, for exanple, an ion detector that uses an air- )
midutels, ogithn ahl equilitrionp timgucfeah@n dwoAminutes; dhe rinjeglion volume is
constituents in the sanple exit the gas chronmat ograph
abait @2f pignamy the diytiogmds abhob @l in KeSZ.| dvesharld Beenoted that
burned, producing ions. The ions then produce an
hydrbgen cowd berusedinstead efiheliym asdifiecaTifr @8 de t he si gnal
out put of the FID. The FID of sone enbodi nents can

oofE e GRRAR RN B b BB e RIS Rl oo
us%ﬁJ fgggi}éy%gt_ gcp iy(s)irc]:ali asn c de%igafaltc%raréc griz%'tic[))n o %BlrSFeﬁﬁa fractions.
Using the GC-FID/MS, a rapid determination may be made of the composition of
crude oils, for example. 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 oll 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.

000456} 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, diessl
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1000431However, it should be noted that the nature and
anount of constituents that flow through the nass
spectronmeter 600 and through the FID 500 may be
simlar in order to conbine the results obtained by
the M5 600 and by the FID 500. For this reason, the
apparatus of this enbodi nent of the present invention
al so includes a divider (700) that divides the exiting
fractions] baizene®hichecxflerts] naphthilase, Fdd-nrginehin ddgitichoto other
that portions of the exiting chem cal constituent are
petecielny Zabdietd yudinad hedey dibsl aashdephericrdsidusspustuum Tewidues
di vider 700 should be able to prevent nol ecul e
andl gssytnel naghthentol betyseddo gasolinesnt Thardthachcidrizakion ef cheplex
constituents equally between the flow D1 and the fl ow
fradd®@ps windofersadilitycare dmprbviey tyeattriging hise signsalsi dfubatFdD aletactor
tenperature necessary to ensure that no nol ecul ar
andlitter masisnspactometerudalectbuin hesingleepropessing @ippacatug.r olin an
nodule (PCM may be part of the GC-FI D M5, that
exarapianyo emboengnte $hausignef fioime tharfiDedatectar ipaigs e simulated
through the divider in order to preserve an equa
distiliatipo roede @ndt the Uit detetioniis én Bhsioglghemirongrant of civinergistic
PCM that controls the pressure of the sanple as it
mogastee MR datemion pevites ige fragmentation abcontwiers dim intervals
equal ratioof constituents flow ng through D2, so that
d“rtﬂﬂéhﬁﬁﬁlﬁﬁf‘ cbthecsiapiedhighdhe gaiiMPass t hrough D1 is

about equal to the amount of constituents that pass
(00pfA7 L TR RER RYFISRGNOF E%F'b @ %iﬁoé\}*cﬂa‘i%oé?%&rﬁﬁ,a"q%wca'
toof glg IR it gcu8 @leb 2pfl crplFe Ao ffien 8 whote
o i 96 0 HOETI AT AT v e
=Rty T ftoro ol aclone, "G, 'v.”B'eSX. " a control I ed

manner W t hout conprom sing the sanple integrity. The

[0o64¥t 1 Ol e GndkxdrApiaRy @mbolifndHtUtie FIDf ddtBerof & UAMa simulated
towards the two detectors is prevented from being

distfliaton | moBal OrSimukitéd edis@fatibh 9[BimDEIP o et GasdcHRbmBRYYAphy
conponents, for the sanples under analysis 1000441An
teclenigud [ thaty sepdrattisnipdividual Hybldarmse @bmipovientsi N thewe drder of
megabore capillary high throughput colum and a
boilirgpentatandds psed)tcasimaldie thenfireeconsurhimgdateoretdrpdcate mthysical
the colum includes a capillary colum elenent that is
disiillation Bogrduye GefeBredntoi asl.iruey baibiogitpoint 1digtifatiohe BEing a gas
detector is an RD 440 Celsius; the carrier gas is
chrefpiograpit eguinpedt avith Bhurveat endfintgbolinet 1emile tempheature
oven is programed to start at about 40 Celsius, to
PfOE@me%b%UF?QGﬁ ge%& fargdeteqioprand mepsutenerd ofdhe ihiydracgrbon
reached, to mamintain the tenperature for about 12
anaiiegt é@‘e Tastlh An>iathiis [anBYYFSRrOVIRES of d%ﬂﬁﬁo"t VMVE which is a
m nutes; the injection volune is about and the
quagtiative giercent st Yiols a5 adupction; ofshpling F’BElt r%t“é‘?;l hyfcarbon
dro eq coul d pe used instead of heliumas the
’%%P@ 0l4Re SamM§e4511 n one enbodi nent of the present
invention, the GC-FID M5 may be used to anal yze the
physi cal and chenical characterization of pet rol eum
fractions. Using the GC-FIP{M5, a rapid determnation
may be nmade of the conposition of crude oils, for
exanpl e. This apparatus and nethod may al so be applied
to fractions of crude oil, or other substance.
I nformati on necessary to access the yield of
commerci ally avail abl e val uabl e fuel and | ube oi
fractions can al so be obtained in a single process.
Usi ng quantitative software or other processing, the
mass spectral data may be converted to wei ght and
vol une percent chem cal conposition. The system and



-10- fractions, benzene, toluene, xylenes,
napht hal ene, and-fluerine, in addition to other
pet rol eum products such as heavy di esel, atnospheric
resi dues, vacuum resi dues and gasoline naphtha to be
used in gasolines . The characterization of conplex
fractions and versatility are inproved by conbi ning
the signals of the FID detector and the mass
[006¢ct r onpt some e¢rebodiments, athei pgisentpirveation npnforms  with the
apparatus. In an exenplary enbodi nent, the signal from
ASIThe (Rir@ridan ddaaietyi for i Testing aridniMaterals distndatdst fam stimdiated
and the MD detector is in a single environnment of
distiNationy Ps2887, 6252, Tane MY 168t e Simulated distidationdis a proven and
fragnmentation at continuous tinme intervals during the
acegptad pehoinue lier harpblysiochruighl chasactelization @Yy Fhe fractions
present invention thus is able to provide a powerful
of gihalReceady, ADW 32 lBeosnted @heew imethed derothe andlysie of fragtions
chem cal characterization of whole crude oil sanples
with gdinahleiling pejat ¢fdHS, Calpivs 6ub 1o REOR &g AT & ?éi?rrpfihe
physi cal separation of the hydrocarbon fractions.
t he ND detec IS

l"“gw% 24?? e e MEERe Y oA Ephrliomdly can aiso serve as
i S

heiphul xhors ' B 4 ei;a”%’@sé}aéict%?@r’c PRRYR OB o ivast range of
ool B3PS ”ts,f’w'a?-zé Rehatb e fons & chiBoRfal if 6 sl of five
ot g Bles Rt 2@%3%’?'5%‘5&9%53%55%%2%&0h&'i‘% BEEE i of
the%ﬂﬁﬁ&h%é %ﬁﬁth@’&e fﬁ‘w% gleg%? n3Ftha alenes, require a

enperature” progranne ajeres

chr@%tcﬁ?é’aﬁé %@E%{at%ﬁ c;fr}ﬂerya‘iuﬁ@f gﬂa sﬁgﬁﬁ%{:ﬁ ' Smﬁ separation

resu s anal YSI'S proviaes a

reqﬁh‘éé’ %@W#&f&adtén%%%& It ﬁfghvl%sﬁféﬁﬁﬁ B’E%Car bcé’rhﬁﬂeq &h Bostly

function of 1 ng poi nt

equiBBRNENER rﬁulnélrh'%n%%ﬂﬁ‘ §naiw&pgﬁ%ﬁéﬂsﬁ§”§um9@@§%é and
the present i1 nvention conforns wt
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.

[60052) Figure 2 illustrates a block diagram of various computer system
compenents useable with an exempiary implementation of a physical and chemical
characterization of petroieum fractions by GC/SIMDIS/MS, in accordance with

embodiments of the present invention.
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ASTM (Anerican Society for Testing and Material s)
standards for stinulated distillation: D 2887, D 6352,
and D-7169. Sinulated distillation is a proven and
accepted techni que for the physi ochem cal
characterization of crude and fractions of oil.
Recently, ASTM D2 accepted a new nethod for the
anal ysis of fractions with a final boiling point of
(00045 Cel sAdisndviirl PigtiaD2, th&@entsilev!dP i breddht invention may be
1000501The quantitative nethods of nass spectronetry
im@lamedlesiousifg ViGarawaRe | gofitWard avl & dombikgtiorhéereal and may be
characterization of products with a vast range of
impiemehitd iRy 6r MBS sompaet sosteirsyor sther peocessing systems. In
conposition in the basis of five principal groups:
ond @hafddimentn et inadtion, is Airecmtitowasiubiel br mamel computer systems
non-identified. Al of the ASTM nethods, with the
capatte pt caryinf ottithe &uretiphatitndedcoibed petedh.enes, require a
chromat ogr aphi ¢ separation of the saturated and
aromati cs. Such separation requires high resolution
{00884}hods . Figiirgh2 rehomisua | eamputesu sygemc d nihak inclyesc gae | §f more
equi prment. New rul ti di mensi gnal anal ytical nechani sns’
praceesoris Suchx aECPEIRESEX: M5 TORe Hraespeigt ris corpedisd to a
i nstrunments and {Jrocedures, even for the gasoline
comgiipication gafrastmetuse & he-. i GemImENcalings s, cross-over bar, or

voSRE0) e Avar bl S el el okl i

coBHIFE (P (edy s AR ERHEHEISS SRERIRIPE: i ¥11-BEFES APPAFY To @

Pt SR 1, i vant BT e i MoiBhedh 3%, jovention using other
C;‘C/él I\/DItS/ MS, in_a cor@ance W th errbpdi ment s of the

compuUier SYSPIG AR ArChtERERS3 1As shown in Figure 2, the

controller of the present invention may be inplenented

[0d6§§/1“9 h?é&?%{n%r sZQEH’\@f&nOihcladé AThispYy iferfabE £ tfat 38fvards
may be i npl enent

d in one or nore conputer systens or

graHQ! 1l OSRP 81HRE dalSHEMBthe |cANARENIEAIRAINIARSFuUctlReS (or from a
invention is directed toward one or nore conputer

frafESHLATEF n6EERING & digRay ¥h 0@ dbblay DaK BOnQdrenabi §ystem 1 also
descri bed herein.
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 weli
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 stered therein computer software and/or data.
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1000541Fi gure 2 shows a conputer system 1 that

i ncl udes one or nore processors, such as processor 4.

The processor 4 is connected to a communi cation

infrastructure 6 (e.g., a comuni cations bus,

cross-over bar, or network). Various software

enbodi nents are described in terns of this exenplary

conmput er system After reading this description, it
[0006d}| beannrmemppas @ﬁboﬂ@eﬁtﬂ?%@&&iﬁzﬁt ilen@tsly 110 rhBginclude other

rel evant art(s) how to inplenment the invention using
simiiah devicesTfurt aiowings tamputanpograrAs oh btrae tingtektions to be loaded

1000551Conput er system 1 can include a display
intd nomplikeesydteiheat Sochakedises magphinciide! ¢t exaanplepbhemovable

data fromthe conmunication infrastructure 6 (or from
stosager amit 2B uHridean nerfade @) Hamples pf ayclo mayhiecblidepd pyogram

unit 30. Conputer system 1l also includes a main nmenory
carBidgpr aridce catitigger anterfavealsuels sasntbab foundRaMideagdmmadewices), a

i nclude a secondary nenory 10. The secondary nenory 10
remvblentieostey chir (ssixhrasl @ emadabledprabigsdmnhableereb®l amy/roemory

a renovabl e storage drive 14, representing a fl oppy
(ERRG@M).deri pregrammablectead anip mednary PRM)) mnidcagsodiadéd socket,

drive, etc. The renovabl e storage drive 14 reads from
anchafes Ferpyabies stosage Wit indertaceg & 0w which1d)law, seftwarnel and

known manner. Renpvable storage unit 18, represents a
datp iq)bp yragpierred e He remoxplle siprage Hnit 4R 4 computer syppEh1-

Is read by and witten to renovabl e storage drive 14.
00f5 e S RBRE SR Gunt BRI SRR BTGt 20
cobREEHPAS ieacraet ohSin SBbatEr e Saadb o §end peeren
corfien, PE e b Beeelod el Sebliee b @t Rrgns yertace

o0 APV e i U GTRY 4T B
i f i i s an
confln SRR, ik, i el TR MEfofy EpRHRAAITe, hbiaton

(PCIAER) A8 SRBard@ el BRI Atd t%s%rﬁe@*&&%ﬁ@?nimﬁons

erasabl e programmabl e read only nenory

intePfa@8" 28TRRL € SR 9By HETIgNalé mehi%dr@s%‘é a¢igetronic,
socket, and other renovabl e storage units 22 and
eled:tftilﬁéérﬁ‘ﬁ@? @dticaVNbe hothbt O¥igharkt Wapapienhrd aieang Orel@ived by
transterred fromthe renovabl e storage unit 22 to
contaopivatRinsSyiRiee 4. 1DReke/digaalp o areSyrot ey ko eyn @liSieations
i nclude a conmuni cations interface 24. Comuni cati ons
interfate fade £ d4omhupivitiond pathr &.@ndhatated) 28 Dthis path 26 carries
transferred between conputer system 1l and externa
sigidy L8 emd Bawn bplieplarferdetmsingoritd onsatiiat filver aptic4a hdgphone
i nclude a nodem a network interface (such as an
lineEteheethsar dak.dy, redia fevuenaya(Rioh §nlp aird/oractPer smmanunications
Conmput er Menory Card International Association
chappelRClimjhis Heeuraert, hertarmeteomsien magwmamediansand “computer
transferred via communications interface 24 are in the
usapte Megiuny g aped Kerefahgererattoseedin syeh @giacremovable storage
_electromagnetic, optical or other signals capabl e of
driveihgarrdi dighy ipsia ﬁﬁ@’a@i%ngn‘fﬁwﬂgr Badesignals s eThese
signals 28 are provided to comuni cations interface 24
via a comuni cations path {g.g., channel) 26. This
path 26 carries signals 28 and may be i npl enented
using wire or cable, fiber optics, a tel ephone line, a
cellular Iink, a radio frequency (RF) |ink and/or
ot her comuni cations channels. In this docunent, the
ternms "conputer program nedi um and "conputer usabl e
medi um' are used to refer generally to nedia such as a
renovabl e storage drive 14, a hard disk installed in
hard di sk drive 12, and signals 28. These



conmput er program products provide software to the

conputer systeml1l. The invention is directed to such

comput er program products. 1000581Conput er prograns

(al so referred to as conputer control logic) are

stored in main nenory 8 and/or secondary nenory 10.

Conputer prograns may al so be received via

communi cations interface 24. Such conputer prograns,
cormpEier rapainegrodadgbprevidbessrargretor they séraputkr tsysteed 1o Mhe

the features of the present invention, as discussed
invértioni is dirkcte@ & Suchdontiputénsrogemp piciuctd ogr ans, when

execut ed, enable the processor 4 to performthe

features of the present invention. Accordingly, such
[0083iput e Coprpderaprograsps (aisnrefenad tolab crompiter bentrol logic) are

conputer system 1. [00059]In an enbodi nent where the
stofaghieriogio merotyrihardfenseapndeiyngesery W8 Eompidesprograms may

may be stored in a conputer program product and | oaded
alse ritep recshedt W epmmunications inderfasgod4bl Bueh sompartelr prpgrams,

14, hard drive 12, or conmmuni cations interface 24. The
when xeeited ognable dbe tapamater frdemelk depastprmy then features of the

processor 4, causes the processor 4 to performthe
Prepefifcinventiong st Hiacyssee Nersin. adn drastiguase dhe Sompyiter| programs,

anot her ;nbodinent, the invention is inplenented

Whef} BXEFYIPG PRANIR HRREFRFegEPY, tor RRTTLg teatyrgs Riathe Present

R A SRR SRS b B Y e

machi ne, so,as to performthe functions described
w%ﬁ%ﬁwrﬁ'p'be apparent to persons skilled in the
relevant art(s). [00060]1n yet another enbodi nent, the

0BT 9 4% CLATSH! S5 08 AR B o

dwar e gure 3 sh

SOffRRAPETURE GBI M5 R Lt3R P 4 REMPLES PrbgraRY BRIdLR and toaded
into computer system 1 using removable storage drive 14, hard drive 12, or
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 ari{s).

[60059] In yet another embodiment, the invention is implemented using a

combination of both hardware and software.
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for use with the conputer system1 of Figure 2. The
comruni cation system 30 includes an accessor 31 (al so
referred to interchangeably herein as a "user") and a
term nal 32. In one enbodi nent, data for use in the
conputer system1l is, for exanple, input and/or
accessed by the accessor 31 via the termnal 32, such
as a personal conputer (PC), mniconmputer, mainframe
[008GHput eFigurect shmwspa cemmunigaliph spstenmdad iof &he present invention
wirel ess device, such as a hand-held w rel ess device
for @@apvlﬁutheocws@ewvs!gs 1 sliEiguss 2a @ cammuniealionesystem 30
~ mai nframe conputer, mcroconputer, or other device
inciyges AR asCeTsoE 83 {alFo fiared faipteschanopablyrhessinAssh¢ssr’) and a
connectlon to a processor and/or repository for data,
terpingl 320 Inegngpmbodinent: dala doryse &n dhe gampyEer systam e is, for
or an intranet, and couplings 35, 36. The couplings
exagepie 3‘Bpﬁﬂn%ﬂqféfeacc1e§$ecb%é | RECORRAT e'ﬂ vigjthe terginal g2, SUCh asa
fiberoptic |links. In another enbodi nent, the nethod
persenpl s 9‘5?@'1’1‘?6“'3@%9 rwf@e@ﬁtﬂer.nm'efmne oEfé'F'a'l‘t@"l ﬁ“'%fommpmer
and- al one envi ron such as ingle termna
te'qpﬁasws GupEvilesh GG, s Bhane- i sibless dayic coupled
t hod % cordg ce wth n enhodi nent of .t he $rese
tog ﬁ%ﬁ‘c? rF“C i §1'"'°%{“% A IMeAIRARE COMAUSe iFocomputer,

or b rbacm%r?sg%ggosces% i %@%4039 LS n o
pro&%}»%hﬁkﬂ rﬁgosdltg c%%t g g rp ﬁx erﬁﬂ % t\\émg}kh#‘g sucﬁ as the
Inte\?mlq%}h r‘t%@‘?@f&e@&&%&ﬂmﬁgugﬁsiﬂ% Egupi ﬁs: .’fboknléma]g for

ow n € Co ‘uen

exa esﬁi %:f’%lgsvs:j é)\e‘ é@@ ?l'{.‘uen Qﬁ&th&l“‘gmb%dﬁ'@édt {I'I% method

are su
anJ éo)% o?(he%‘e@&rﬁt%ve@&\gn 3 %%?émsa"%m%eeénwé%%‘i‘! €ifh as
various ‘exenpl ary Iments, e sanple 1s
ongbﬁgﬁﬁ%nﬁhﬁLa d|V|der and the constituents are heated
tenperature necessary, to ensure that there is no
nol ecul e di scrimnation between the supply of
[0oma2pst | t EFRjuiré 3B0sHdws aHlow SRECACMIRG o anfhelliel Buadardance
of constituents to the flame ion detector. Thus, the
wittpan embodivhierit o tlieopesehtiavdrsiohhan siep SEMHM séaplelte beeawmlyzed
spectroneter and the portion of the constituents that
is injected imtotap colbmrf dfaargas chrodetiegraph adorg wiipraoflowiageaias via an
equal, and the integrity of the constituents is
injeplogselnveigp £&, theegodBituartie of lhe ssmeple sarec sepsrateldewithin the
constituents of the sanple are detected via the flane
colyram chithecgasoehromatogranh. 96, sterh 83 ctharceosidupnls are napvedibrough
constituents of the sanple are detected via the nass
ands it ofy hgetqdymn | withs i floving aast e $tBRtSHI thEgWwEtitesissof the
S5 and 36 describe the detection via the mass
sampie @fe gividest ad e sonsirepts efktherfoliyBhe ctheofivifdes qangtituents
fla I on detector, the order could be reversed
ar etw"E%q det3 g'ﬁ‘“lﬁ ?%S?ﬁcioﬁé‘ﬂ?aésm@ix%éi?fﬂ‘atﬁ%‘f‘%’ieranﬁcﬁ‘:ﬁ@‘"g to

ace at..the .sane

varigy§ Exelier e aedmer Gy the S ads it R E gapidiapa the
conlfi B8 Lo 08 T LTEABEANRY ol o 8RR Mol URE R no

conti nuous equal tlne slice analysis is stored for
subsequent processing. (000®H31Yi el ds and conpositions,
in ternms of the boiling point distributions and

hydr ocar bon type breakdowns across the boiling range
of interest, may be determ ned. In addition, changes
in chem cal conpositions and yields in upgrading
and/ or conversi on processes may be anal yzed and

st udi ed. [00064] Anong ot her things, the present

i nvention may be used to establish a prelimnary
eval uation of a variety of geochem cal paraneters or
blonarkers for t he correlatlon to flngerprlnt

I T L L . e N .



yi el ds of required products without affecting their

guality. Feedstocks can be rapidly tested by

correlating the conposition of products to quality.

1000651l n addition, the distribution and type of

sul phur conpounds in distillates may be determ ned.

The profile and quantities of heteroconpounds in

distillates may be studied by coupling specific
molpsulec t Gpeimipatione kglyaent the JUPEY6BY ExeRPitedns r & thes mass

produced using application of the present invention to
spegtigmetey; and thessigily phoeenstitieatsito thedianee ipnsgeigstorhdhus, the

mul ti di nensionality of the information that nay be
POIaR 96 MEICOTStipEnts ALBSTILIRNE THE SRAHPIEIRTAEUingPaglon of

the M5, the results detected by the FID, and the
theccanstivents thelds et Grihe flamsaen fhieckr e APPIaXRRIENRAY, and

o s G BB LSED Sl 8 BBt BBl or o

cop b e Sk 5 AL AT el 5. e

eniREBaRiah o 10 iR BBt B 58 Pl e PE R VB bl s
; : ot ! _

soGRPANTEr T Rl 33164 85 M0, 6AE Se0Big s, s e

oo Tl e A SRR e e Blolit: 06358 Tome

iongg&s#oﬁ%é&gsﬁ%pfa ps%oé.ga&‘ bO il Whedibh vid floth 8RE Ymass
P Istirlla nd

ysi cal rons and refining processes a

sp%ﬂe@?ﬂ HNnETLAR ibA I?Jegég Orquig ’rialgé)ﬁmﬁé L h@3me time. After the

eristics of cru so that their quality

chére&eﬂﬁfdéérerhé@&w,gzhwawm 6@ achGirétl bfK lpYocessed by a data

estab hed. Further, the present 'invention can serve

prcR8sdiRg lsydlenf Tibé ClecBril6d dapd PP bdilp R¥AbIs Bbtalddd from
principl’e characteristics of crude oil quality

corinuBus NEhubP tinfdaslics iaAlysilis R RBIbsdudnthdgessing.
comercialization. [00068]Figure 7 shows a retention
time standard for ASTM D 7169-2005. Figure 8 shows a
[00063]de oiYieldsidndngomppesitiorsalin berats of theeu boiing Raiatr disBibutions
shows the neasured results of a reference material .
andrihgdraeatii®nstypacbrebiddavessagross thes bbiiipg frangen of rintgeesdi nay be
sanple. Figure 11 shows al gorithns used for anal yzing
detegninedc fin adiditors [chebgesie dhemical sampesigorst ardyigldsgn upgrading
characteristic of the hydrocarbon group of aromatics
and{receertien BrcestesHpay e pnglized and phdigdences
al gorithnms di sclosed in Robinson (Analytical ]
mstr Vo. ,43,.11, 1971 these al gorithos, are .
00t o AR G AR TSR e P PR TRR A b PR Satpisn o
prerlrz}#ir%é legai}.ljgtrlclma&t a Sg}éﬁ;flf) g ocﬂ%xﬂ&? Bg%%té& (ﬁ)gitgfs%keg]%r the
vari otus conpositi ons e variots constituents o

cortreg Sti&f‘{r%% ngeﬁlﬁ‘igﬁ %oe%nﬂﬁéaqgm mﬁﬁﬁgaélr%%é 'émxsof?érlfzﬁ’é‘v ot %? fraction

super masses at various tinme interval's to

iheg'%%‘rtﬂgf iol BGaIRP OB kb herdbi Sé\%hgggpfb%t bdrHeRed {6 Shénficaand

WS a gro type analysis o ounds that may be

ph{&@éﬁi‘%ﬂq}érﬁéﬁ ahidenaibs réfiritY StrddcHR0MSHA plfin@B toMaximize
Ime call bration standard, useabl & according to a

nmet hod and system of an enbodi nent of the present

i nvention. Figure 14 shows a whole crude oil analysis,
produced according to a netlded and system of an

enbodi nent of the present invention. Figure 15 shows
experinmental results of a neasured fraction. Figure 16
shows the signal overlapping fromfractions, along
with crude oil. Figure 17 shows an anal ysis of
Fraction #1. Figure 18 shows an analysis of fraction
#1 cut in whole crude. Figure 19 shows the results of
a sanple of paraffinic light crude oil. Figure 20
shows the results of a sanple of paraffinic crude oil
Figure 21 shows the results for sanples of |ube oi

. S ~ o s o o



usi ng systens and net hods of the present invention.
1000701Exanpl e enbodi nents of the present invention
have now been described in accordance with the above
advantages. It will be appreciated that these exanpl es

are nerely illustrative of the invention. Muny
variations and nodifications will be apparent to those
skilled in the art. Cains 1. A systemfor

yielisabfy réquired oprosts swithplub ssffecting diyeit analitynp Feedstgcksacan be
gas chromatograph including an injector and a col um,

rapiiy tesited b eorreipling e composiipn gl peaglucis thmseliy. a sanpl e
along with a flowing gas into the columm; a flane ion
detector; a nmmss spectroneter;

e t ter; and di vi der .
00863+ i gwl.@dagq;tlgﬂ,vpr@e disthytiep u@'_i‘l‘i?l stype ¢ éugngwb?/@r?%nds in
disgl e%sgf)%:}.yl tg&%&g[:%@%%gg %8@&3%@% g]:;],gnttltl%st cr)}ehétlal%régmlpgﬂnds in

distillates may be studied by coupling specific detectors to the apparatus.

[00066] Exemplary results produced using application of the present
invention to crude oil is shown in Figure 4. Figure 4 shows the multidimensionality
of the information that may be gathered. Figure 4 also shows the results detected

by the MS, the results detected by the FID, and the combined information.

[00067} The present invention is fast, with high repeatability, as 'shown in
Figures 5 and 6. Figure 5 shows the resuits for 3 injections, with one axis showing
the signal intensity and the other showing time. The three results nearly overlap
each other. The actual values for the three injections 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 composifional 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 tocl to establish the
principle characteristics of crude oil quality allowing for decisions on refinement

planning and commercialization.
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wherein the divider is configured to prevent nol ecul ar
discrimnation within the constituents of the sanple.
2. The system according to claim 1, wherein the system
further conprises: a data processor for acquiring and

processi ng dat a. 3. The system according to
claiml1, wherein the injector is a tenperature
programabl e i nj ector. 4. The system accordi ng
[00868]c| ai Figyrewhehews a redergiohutime idarsdand Ifor A83AMEE 7169-2005.
capil lary col um. 5. The system according to
Figytea Brahbwswa aareden oil HillrgDpdist calibeatiinnelrsie.edFigure 9 shows the
di stillation node. 6. The system according to

megsurechresultshefrarefenence materdrlr Rigure 519 shpwsether measured rgsuits
divide the constituents of the sanple that are exiting
for eherude |ailngpmple.  Figurg, 11rpleows, etgsrthmes used iy anplyding feroeach
_ wherein the data processor is configured to process
time pdicey teaconfripuions rf @ch dere ehgrapteripiophihe; biresashon geoup of
flame i on detector and the nmass sfoect rometer. ) .
arognatieh @ngysatéiptose cOrRyal Figuw Al referengge algntbme ¢gdosed in
used in the s chrongt ogr aph, | liu and wherein
R°'P'H§°'bé&“ﬁ*)ﬁ&°8 ?%Bﬁ%ﬁ?-é‘g%gﬁf?%‘r)e e Arg geemplary
|g_as at_a const ?ﬁr}_t fl yx OE‘, abou %nUm nutte. . 9. b
onl Ands9Pe nate BRA P19 thms; aRCy MUltiply SPHaRthAyHicRs By be
use!c!s tocec;(rt]rfalctgtwee\garitogs Icg %%E‘.itignss gmleeva%%ug rc%QsetitSérlmts of the sample
being tested. These algorithms allow the superimposition of masses at various
time intervals to extract the composition of each constituent. Figure 12 shows a
group type analysis of compounds that may be found within crude oil. Figure 13
shows a retention time calibration standard, useable according to a method and
system of an embodiment of the present invention. Figure 14 shows a whole
crude oil analysis, produced according to a method and system of an embodiment
of the present invention. Figure 15 shows 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 resuits of a sample of
paraffinic light crude cil. Figure 20 shows the resuits 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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10. The system according to claim1, wherein the

injector is configured to inject a sanple of a

fraction of crude oil. 11. A nethod of

anal yzing a conpl ex sanpl e, the nethod incl uding:

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
[00e@lumm diigures 256! contaimatasipuasiata and mikemigfarination produced

constituents of the sanple out of the colum with the
using sygtems gad methodwipiibe prasepbinventianent s of the sanpl e

that are exiting the col umm for deIivery to a flane

n det or .and a pass spectroneter etectin
Iﬂﬂe act gtnecsenatrodefneméoﬁ%emq S e BRYE QN peen
fl.ame ign dete

d‘*%ﬁa?%dfe TErardnads withihe abaNE evARABES ofit WLDe appresied thal

he mass spectro

di
thef B e, BES SRStV el FEERi%H. o Mahf iatations and
mofiSttis 3 6o 3BbarEnt BhRe dhldl B b B el 1 T £ et her

conpri si ng: acquiring and processing data from

the detected characteristics obtained fromthe fl ane
ion detector and the nass spectroneter.
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13. The nmethod of claim 11, wherein the sanple is

injected wwth a tenperature programmbl e injector.

14. The method of claim 11, wherein the sanple is

injected into a wall coated capillary col um.

15. The nmethod of claim 11, wherein detecting

characteristics of the c Estituents of the sanmple via

the flanme ion detector 0 M€ in a sinulated

di stillation npd 16. net hod of claim11,

vih & SEENR Y Elﬂ‘iabfzﬂ’@rc‘)&'b?l%%@fﬁﬁ'@él esyaian GoaPUsiaes t he

constituents of the sanple that are exiting the

ogamenromatographinclutiing areiniestprandd eelunnl wheredn Bieninjestor is

flowing gas is helium and the nethod further
configorexigoiissente sample alorgpwith guioming gareintatheatalwnat ogr aph

to maintain the flowing gas at a constant flux of

abitnihe banddtaitoyt e. 18. The nethod of claim 12,
wherein acquiring and processing the data includes:

GOomRENEREL1dRt6t bag i nformation fromthe flame ion
detector and the mass spectroneter. 19. The

%ﬁub@%e&’énrg@kgééﬁgf ?é"@@ﬁﬁi{ﬁbr&ﬁ@fﬁé@ & $nai” H@%x@hé{he

aim1 ereln esan‘pel

columﬁ ?&C&élig&y% te ﬁ’aﬂﬁe ?dn detector and the mass spectrometer;

wherein the divider is configured to prevent molecular discrimination within the
constituents of the sample.

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 distiliation
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.

7. The system according to claim 2, wherein the data processor is configured to
process the data by combining detection information from the flame ion detector and the

mass spectrometer.
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21. The system according to claim1l1, wherein a
controller controls a pressure of the sanple to
prevent nol ecular discrimnation within the
constituents of the sanple. 22. The system
according to claim1l1, wherein the sanple is heated to

ppropriate erature ent nol ec
o BB AestrdiRE RS CBin Y wheeh (Rerdn GRBs et o
claim?2, wherein the data processor processes t he data
Chf@mﬁ&”%@fﬁbﬁﬁ"@i@”ﬁ andchesainithe anaRIoBIRtPYTERD iherrfigdmRd ﬁodﬁamtaln
detector and the mass spectroneter via algorithns
the gasisda conbiant Hineokalaeit | Apddininude of masses at vari ous
intervals to extract a conposition of the sanple.
2B Thelsystvat Aorbrdiog de diamg 1t whetein thelibjecton éy ednfigared to inject a
controller controls a pressure of the sanple to
sampl@lo@¥file diol ecul ar di scrimnation within the
constituents of the sanple. 25. The net hod

L ThE ishStehPacdorify id claihner ﬁh@reﬁmﬁ]eﬁﬁj@@ioﬁ id éorﬁ]@@?e@ﬂtoﬁﬁject a

an appropriate tenperature to prevent nmol ecul ar

samplg'o?ﬁrﬂld%g&‘?%&ﬂdeo 26. The nethod according to

n acquiring and processing data is

e %89\6#?8@%‘?‘5%‘20@5’5?&0&@ ﬂlvﬁésf‘“?ﬁkogr'osvg'%
SeE T 2 SaBR b TeoriD 2 GRBPS of 4 o az{g"l?é%apha along

t he gas chromatograph is hydr ogen, and wherein the gas
with a figyiigedasgr aph is configured to maintain the gas at a

constant flux of about 12 nl/m nute. 28. The

reephAwding fconglitaenis mf I1E, sanhple avithin the dolusan abthgaaasi s

hydr ogen, and the nethod further conprising:
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

detecting characteristics of the constituents of the sample via the mass
spectrometer;

wherein dividing the constituents of the sample comprises preventing molecular
discrimination within the constituenis of the sample.

12. The method of claim 11, further comprising:

acquiring and processing data from the detected characteristics obtained from

the flame ion detector and the mass spectrometer.
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configuring the gas chromatograph to maintain the
flow ng gas at a constant flux of about 12nl/m nute.
29. The systemof claim 1, wherein nolecul ar
discrimnation is prevented by: a first portion
of the constituents that is sent to the nass
spectroneter and. a,second. portion of the constituents
CRar hednEbit of B aTr v arei R SaatRiG (s PISBiEC g & tinperature
approxi mately equal; and an integrity of the
prograrpmabletiiesios i s preserved. 30. The nethod of
claim1l, wherein preventing nol ecul ar discrimnation
wi4. Aihe ro¢tbod ohsiein Génwbersin hesagupisaniesiggrintsez wall coated
having a first portion of the constituents that is
capillaenblubrm. t he mass spectroneter and a second portion of
the constituents that is sent to the flane ion

di. ahkGhethed ap Blamx H MRl BbitiregRtattingddithr Eteasticdi o heédBonstituents
integrity 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 12mL/minute.
18. The method of claim 12, wherein acquiring and processing the data includes:
combining detection information from the flame ion detector and the mass
spectrometer.
19. The method of claim 11, wherein the sample is crude oil.
20. The method of claim 11, wherein the sample is a fraction of crude oil.
21. The system according to claim 1, wherein a controller controls a pressure of
the sample to prevent molecular discrimination within the constituents of the sample.
22. The system according to claim 1, wherein the sample is heated to an
appropriate temperature to prevent molecular discrimination.

23. 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
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spectrometer via algorithms that allow the superimposition of masses at various
intervals to extract a composition of the sample.

24. The method according to claim 11, wherein a controller controls a pressure of
the sample to prevent molecular discrimination within the constituents of the sample.

25. The method according to claim 11, wherein the sample is heated to an
appropriate temperature to prevent molecular discrimination.

26. 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.

27. 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.

28. The method of to 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 12mbL/minute.

29. The system of claim 1, wherein molecular discrimination is prevented by:

a first portion of the constituents that is sent to the mass spectrometer and a
second portion of the constituents that is sent to the flame ion detector being
approximately equal; and

an integrity of the constituents is preserved.

30. The method of claim 11, wherein preventing molecular discrimination within

the constituents of the sample comprises:
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having a first portion of the constituents that is sent to the mass spectrometer
and a second portion of the constituents that is sent to the flame ion detector be
approximately equal; and

preserving an integrity of the constituents.
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