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FI ELD OF THE | NVENTI ON This invention relates to t{ppsyse
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This invention relates to the use of gas chromatographic
distillation/mass spectrometry for the determination of the weight and liquid
volume percent true boiling point curves for crude oils and fractions thereof, and

correlation thereof with molecular information.
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Determination of the true boiling point curve for crude oil is an
important measurement used for decisions concerning control of refinery
processes. Small variations in the true boiling point curve may have a significant
impact on process control and overall profitability. Therefore, utilization of
reliable standard methods able to provide accurate and precise true boiling point

(tBP) curves is very important to the petroleum industry.

Standard distillation methods are specified by the American
Society for Testing and Materials (ASTM). ASTM methods D-2892 and D-5236
cover physical distillation procedures for crude oils and heavy hydrocarbon
fractions. These physical distillation methods can generate tBP curves as well as -
individual boiling point fractions which can be used for further chemical and
physical testing (crude assay). These physical methods require more than 0.5L
of sample, take up to 2 or more days for experimental completion and are subject
to variables such as operator skill. Upon acquisition of a crude oil % yield as a
function of boiling point, further mathematical treatment is required to generate a

single tBP curve.

Another approach to obtain tBP information is Gas
Chromatographic Simulated Distillation (GC SIMDIS or GCD). The use of gas
chromatography to simulate physical distillation of petroleum samples is well

known in the art, e.g., Butler, Chromatography in Petroleum Analysis, Altgelt
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This invention relates to a process for determining weight and
volume percent true boiling point curves for crude oils and fractions thereof
using molecular composition information obtained from a mass spectrometer

which comprises:

(1) introducing the crude oil or fraction thereof into a gas
chromatograph or other means for separating the crude oil or fraction thereof
based on boiling points thereby causing at least a partial separation of the crude
oil or fraction thereof into constituent chemical components as a function of

retention time;

(2) introducing the constituent chemical components into a

mass spectrometer;
(3) obtaining a series of time resolved mass chromatograms;
(4) selecting a series of retention time windows;

(5)  converting the retention time windows to their
corresponding boiling points by comparing retention time windows to boiling

curves derived from standard hydrocarbon mixtures;



Chr omat ographic Sinulated Distillation (GC SIMDIS or GCD). The use of gas
chromat ography to sinulate physical distillation of petroleumsanples is
wel | known in the art, e.g., Butler, Chromatography in Petrol eum
Anal ysis, Altgelt -2 - and
Gouw eds, Marcel Dekker, NY 1979, pp. 75-99. ASTM net hods have been

devel oped whi ch descri be the procedures3f-or GC SIMD S gasoline (D 3710),
petrol eunsfracti ons (D 2887) and whol e crudes (D 5307). I t
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sanpl es whil e sinultaneously obfal ning 1 ntormati on about
accumulated signal of the mass spectra of the crude oil or fraction thereof for the

selected time windows;

(7)  converting the total ion current for the selected time
windows to wei ght % true boiling point by comparison with a corresponding
true boiling point amount for the selected time windows obtained from a

standard crude oil or fraction thereof;

(8) selecting characteristic mass ions within the selected
retention time windows, said characteristic mass ions identifying chemical

composition within the selected retention time windows; and

(9) converting the weight % true boiling point to volume % true
boiling point based on the known densities for chemical constituents of the

chemical composition for the selected retention time windows.
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Figure 1 is a graph showing a plot the retention times of known

alkanes vs. boiling point.

Figure 2 is a graph showing ion abundance as a function of

retention time for a Pecan Island crude oil.

Figure 3 is a graph of hydrocarbon type analysis as a function of

retention time for a Pecan Island crude oil.

Figure 4 is a graph of hydrocarbon type analysis as a function of

retention time for a Duc crude oil.



nmol ecul ar Corrposi tion at different boiling range intervals.
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| nvénti on This invention relates to a process for determ ning
wei ght and vol une percent true boiling point curves for crude oils and
fractions thereof using nolecular conmposition information obtained froma
mass spectrdneter which conpri ses: (1) introducing the crude
oil or fraction thereof into a gas chrongtograph or other neans for
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Figure 6 is a graph showing cumulative volume % vs. boiling

pdint for a Pecan Island crude oil obtained by actual physical distillation and by

GCD/MS.

ED D IPT ENT

This invention provides a method for obtaining both weight and

volume percent true boiling point (tBP) curves for crude oils and fractions

thereof together with information on the chemical composition of the crude oils

and fractions as a function of boiling point. This method has the advantage of

providing the above-noted information in a single measurement in a short period

of time as compared to conventional methods for obtaining this information.

These advantages are obtained by using a combination of gas chromatographic

distillation coupled with a mass spectrometer. The method can be fully

automated and can yield wt.% and vol.% tBP curves within 1 hour or less.

While a gas chromatograph is the preferred means for separating

crude oils or fractions thereof into constituent chemical components, other means

. for accomplishing the same purpose may be used, such as direct insertion probe,

heated inlet, supercritical fluid chromatography, liquid chromatography, size

exclusion chromatography, distillation and the like may be used. The use of

gas chromatographs for such purposes is well known in the art. Capillary gas

chromatographs are especially preferred.

In the mass spectrometer, sample molecules are bombarded with

high energy electrons thereby creating molecular ions which fragment in a

pattern characteristic of the molecular species involved. A continuous series of



(4) ,selecting a series of retention tinme w ndows; _ - (9) _
converting the retention tinme w ndows to their corresponding boiling points
by conparing retention tine wi ndows to boiling curves derived from standard
hydr ocar bon mni xt ures; _ -3 -
(6) obtaining a total ion current froma summtion of the accunul ated
signal of the mass spectra of the crude-@gidl or fraction thereof for the

sel ected tiFrne w ndows;

mass spectra are obtained over a scan range of about 10 to 800 Daltons. The
mass spectral data may also be acquired in selected ion monitoring mode. In this
mode, care must be taken to select ions representative of the components of
interest and to operate under repeatable conditions. A variety of mass
spectrometers may be used including low resolution, high resolution, MS/MS,
ion cyclotron resonance and time of flight. Any ionization technique may be
used such as electron ionization, chemical ionization, multiphotonionization,
field desorpion, field ionization and the like, provided that the technique
provides either molecular or fragment ions which are suitable for use in the

present method.

The sample to be analyzed is first injected into a GC where the
sample components are separated as a function of retention time and boiling
point. Only partial chromatographic resolution of sample components is
necessary. Components may also be identified by a detector such as a flame
ionization detector, thermal conductivity detector, atomic emission detector or

electron capture detector.

The separated or partially separated components are then
transferred to a mass spectrometer (MS). The transfer may be accomplished
with a mass spectrometer which is directly interfaced with the gas
chromatograph or may be accomplished indirectly by injecting the compbnents
separately. If the mass spectrometer is interfaced with the gas chromatograph,
the transfer will normally take place under dynamic flow conditions. A series of
mass spectra are obtained for the separated or partially separated components

based on their differing retention times.

The conversion of the gas chromatographic retention time seale to
the boiling point scale can be accomplished using standard mixtures of n-alkanes
as designated by ASTM D-2887 or D-5307. An analysis of n-alkylaromatic



(7), converting the total ion current for the selected tine w ndows to

wei ght % true boiling point by conparison with a corresponding true boiling
poi nt anmount for the selected tine wi ndows obtained froma standard crude
oil or fraction thereof, (8) selecting characteristic nass
ions within‘the selected retention time wi ndows, said characteristic nmass
ions identifying chem cal conposition w&-in the selected retention tine

wi ndows; and (9) converting the weight %true boiling point
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constituents of the chemcal conposition for the selectéd retention tine
wi ndows.  Hffhfefat BiSSdthETdtOls GFalkaliesDREN M result in slight diffekérgiesén 1 is a
graph showing a plot the retention times of known alkanes vs. boiling
poi nt . assigned boiling points for material boiling within a given retention time interval

depending on whether one uses the n-alkane or n-alkylaromatic with the same
carbon numbers. However, the overall approach using gas chromatographic

distillation (GCD) is acceptable.

Based on the retention time windows selected, one obtains a total
ion current (TIC) which is a summation of the accumulated signal of the mass
spectra within the selected time windows. One TIC is generated for each crude
mass chromatogram (spectra). The complete mass spectral array may typically
consist of 6,000 or more individual mass spectra. This data set is reduced by an
order of magnitude by the summation of mass spectra which are characteristic of
the hydrocarbon types expected within any given retention time window. Thus
6,000 mass spectra can be reduced to about 600 mass spectra. In order to
convert the TIC to a weight % tBP curve for the set of retention time windows,
a comparison is made with a similar TIC analysis for a standard crude, e.g., Arab
light. The standard crude has a known weight percent boiling point distribution
as a function of retention time. By comparing the known boiling point (BP)
distribution with the TIC, one obtains a series of coefficients for the selected B
time windows. These coefficients are then used to calculate the weight percenf
for the unknown sample based on the corresponding TIC’s for the standard crude

vs. the unknown crude as shown in the following equation.

TIC of crude for BP window
wt. % of BP window = x wt. % of standard crude for BP window
TIC of standard crude for BP window

4
For each selected retention time window, one selects mass ions

which are characteristic of compounds expected within that retention time



Figure 2 is a graph show ng ion abundance as a function of retention time
for a Pecan Island crude oil. Figure 3 is a graph of
hydr ocarbon type analysis as a function of retention tine for a Pecan
| sl and crude oil. Figure 4 is a graph of hydrocarbon type
anal ysis as a function of retention tinme for a Duc crude oil.
-4 - . Figure 5 is a graph shkow ng cunul ati ve wei ght % vs.
boi | i ng pofFnt

window. A typical crude analysis may yield 6,000 or more mass spectra each of

which creates a data point in the overall mass chromatogram. By employing an
averaging procedure, the number of mass spectra can be reduced about 10 fold
which results in about 600 mass spectra. These individual mass spectra provide

a unique molecular diagnostic for chemical composition of the crude.

Because of the complexity of hydrocarbon compounds within any
given crude, it is preferred to use hydrocarbon type analysis in order to reduce
the data to a manageable set. While the selection of appropriate hydrocarbon
types may vary according to the sample under investigation, a typical set might
include, paraffins, 1- to 3- ring cycloparaffins, alkylbenzenes, mono- and
dinaphthenebenzenes, naphthalenes, acenaphthenes/dibenzofurans, fluorenes,

~ phenanthrenes, naphthenephenanthrenes, pyrenes, chrysenes, perylenes,
dibenzanthracenes, benzo- and dibenzothiophenes, naphtobenzothiophenes and
the like. Each of the hydrocarbon types produces characteristic mass ions which
can be used as diagnostics for the hydrocarbon type. Thus for each retention
time window, a set of diagnostic mass ions is selected for the hydrocarbon types
expected within that retention time window. This then provides data on the
actual chemical composition within the selected time window. Once the -
compositional data are known, the densities of the different chemical compounds
can be readily determined. These densities are then applied to the weight percent

tBP curve obtained above to yield a volume percent tBP curve.

Thus by using the method according to the invention, one can
determine the wt.% tBP, the vol.% tBP together with compositional information
on the crude or fraction thereof in a single experiment. Since the GC and MS
utilize computer software for data acquisition and data reduction, the process can

’

be fully automated.



for,a Pecan Island crude oil obtained by actual physical distillation and
by GCD/ MB. Figure 6 is a graph show ng cunul ative vol unme %
vs. boiling point for a Pecan Island crude oil obtained by actual physical
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This invention provides a nethod for obtaining both weight and vol une
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advant age of providing the above-noted information in a single nmeasurenent
in a short examipdes.of tinme as conpared to conventional nethods for obtaining
this informati on. These advant ages are obtai ned by using a conbination of
gas chr orratlggr aphic distillation coupled with a mass spectroneter. The
met hod can BXAMPLE dut omat ed and can yield wt. % and vol . %t BP curves
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The experimental procedure is described in this example. The

sample to be analyzed is injected into a GC through a cold, vacuum-tight non-

discriminating injector that can he heated at a rapid, controllable rate. Such

injection systems may be obtained e.g., from Gerstel (Germany). It is important

to introduce the entire sample without discrimination and simultaneously

maintain vacuum-tight seals. Otherwise, an incorrect analysis may result. The

samples may be diluted with solvent and are typically introduced using an

autosampler.

A Hewlett-Packard 5890 Series IT gas chromatograph containing a
short, non-polar capillary column is used for the GC analysis. Typical
parameters include: 15 m fused silica capillary column with 0.25 mm i.d. and

0.1 pm film thickness; programmed oven from -40°C to 380°C at 10°C/min.

The mass spectrometer which is interfaced with the GC is a
Hewlett-Packard 5970 quadrupole mass spectrometer. The interface temperature
is 300°C. The mass spectrometer is operated in the full scan mode from 10 to
800 Daltons at a scanning rate of 1 sec/scan and is tuned in the Electron

Ionization mode using perfluorotertbutylamine as a marker.

EXAMPLE 2

This example demonstrates the use of a calibration curve obtained
from a standard hydrocarbon mixture. The boiling points for the known

hydrocarbons in the mixture is plotted against retention times obtained by GCD

analysis using the procedure from example 1. The results are shown in Fig. 1



Whil e a gas chromatograph is the preferred neans for separating crude oils
or fractions thereof into constituent chenical conponents, other means for
acconpl i shing the same purpose may be used, such as direct insertion probe,
heated inlet, supercritical fluid chromatography, |iquid chronmatography,

si ze excl usi‘on chromat ography, distillation and the |ike may be used. The
use of gas chromat ographs for such purpases is well known in the art.
Capi |l | ary gas chronmat ographs are especially preferred. In the
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times are converted to their corresponding boiling points by correlation with the
calibration curve. A 5th order polynomial equation is used for curve fitting of
the data points in the boiling point calibration curve. The experimental data are
used to determine the coefficients of the equation. Boiling point assignment for
unknowns is then done for unknown samples using the 5th order equation. A
different order polynomial equation can also be used. Other mathematical curve-

fitting or interpolation routines can be used for the calibration.

EXAMPLE 3

The total ion current (TIC) for crudes -are demonstrated in this
example. Five crudes are examined by GCD/MS technology with Arab light as
the external calibrant. Fig. 2 is a graph of the raw TIC for Pecan Island crude.

- The x-axis is the retention time axis in minutes and the y-axis is the ion
abundance scale in area counts. Each data point in the chromatogram is
reconstructed from the summation of the ion signal of all masses in the scan.
About 6,000 data points are included in the chromatogram. The mass
chromatogram for this particular crude is contained in a 6,000 X 790 data array.
In order to reduce the total amount of data, a summation procedure is performed
which results in about 600 mass spectra. These mass spectra provide unique

molecular fingerprints of the chemical composition of the analyzed crude.

EXAMPLE 4

The use of hydrocarbon chemical type analysis to reduce the data
set is illustrated in this example. As shown in example 3, there are a large
number of raw mass spectra generated which would require several hours of

computer time for analysis. In order to reduce the data to a manageable set, the



-5-  nmass spectra are obtained over a scan range of about 10 to 800

Dal tons. The mass spectral data may al so be acquired in selected ion
nonitoring node. In this node, care nust be taken to select ions
representative of the conponents of interest and to operate under

repeat able conditions. A variety of mass spectroneters may be used

i ncluding | ow resol ution, high resoluti-df,- M5/ M5, ion cyclotron resonance
and time of flight. Any ionization technique may be used such as electron
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The separated or partially separated conponents are then transferred to a
mass spectroneter (MS). The transfer may be acconplished with a mass
spectronmeter which is directly interfaced with the gas chromatograph or may
be acconplished indirectly by injecting the conponents separately. If the
mass spectroireter is interfaced with the gas chromatograph, the transfer

w il normally take place under dynam c flow conditions. A series of nmass
spectra are obtained for the separated or partially separated conponents
based on their differing retention tines. The conversion of
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- 6-, conpounds of the sanme carbon nunbers showed that the n-al kyl aromatics
do not elute at the same rate as n-al kanes. This nmay result in slight

di fferences in assigned boiling points for material boiling within a given
retention tinme interval depending on whet her one uses the n-al kane or

n-al kyl aromatic with the sanme carbon nunbers. However, the overall approach
usi ng gas chromatographic distillation{lGD) is acceptable. .

Based on the retention tinme w ndows selected, one obtains a total ion

current (Tl ChisMabldpresert tﬁ&mﬁt@ﬂ_cﬂggagﬁt%l&ﬁtgﬁpgdgg% gp-g{l%tg’éq bpe mass

spectra within the selected tihe win or each

crude nass bbilimgapaigtsarTHeseiraiical)typdsdats ar@pRidaced by stipdatd asgl ray nmay
typically consist of 6,000 or nore individual mass spectra. This data set

i s reduced Bpecirenaetrietecimiquegihatallovbthe: demvsrsiomof the ratv dataso spect ra whi ch
Fetent | ont RHECRAFRIMYDH &6 100 Fomsryps saethodsarethused dndasiquanitboee 600
mass spectr gnal'ly?lé %rf(ilr%iv}&al components in the complex mixture using known linear
algebraic mathematical methods. This type of GCD/MS chemical types analysis
provides the total amounts of compounds in the same chemical class. Further
breakdowns within any given class can be obtained using external or internal
calibration procedures with known amounts of standard compounds. The results
of a hydrocarbon chemical types analysis is shown in Figures 3 and 4 which are
graphs of Pecan Island Crude and Duc crude. These figures show the differences
in chemical composition between the two crudes. A total of ten different

hydrocarbon types are shown for purposes of simplicity of illustration.

EXAMPLE 5

This example shows the wt.% and vol.% tBP curves for Pecan
Island Crude obtained from the GCD/MS analysis. The wt.% tBP curve for
Pecan Island Crude is determined by comparison of the TIC obtained from the
GCD/MS analysis with physical distillation data (as a function of retention time)
for a known standard such as Arab Light. Table 2 is a calibration summary for
Arab Light.



convert the TICto a weight % tBP curve for the set of retention tine

w ndows, a conparison is made with a simlar TIC analysis for a standard
crude, e.g., Arab light. The standard crude has a known wei ght percent
boiling point distribution as a function of retention time. By conparing

t he known boiling point (BP) distribution wwth the TIC, one obtains a
series of coefficients for the sel ected-13ne w ndows. These coefficients
are then used to calculate the wei ght percent for the unknown sanpl e based
on the corresponding TIC s for the standard crude vs. the unknown crude as
shown in the foll ow ng equati on. TI C of crude for
BP wi ndow wt. % of BP window = TIC of crude for BP window x wt. % of
standard crude for BP w ndow ' TIC of standard crude for
BP wi ndow For each se@g&zr etention tinme w ndow, one

sel ects mass ions which are characteristic of conpounds expected within

that retention tine XTERNAL STANDARD CALIB ONSUMMARY

CUT TEMP (°C) PHYS. DIST. WT.% OF STANDARD CRUDE (ARAB LT)

B BP ITIAL YIELD W T YIELD NA LD
37 70 1.10 2.47 3.57
71 100 3.63 3.24 6.87
101 125 6.94 3.14 10.08
126 150 10.16 3.60 13.76
151 175 13.85 4.07 17.92
176 205 18.02 5.26 23.28
206 220 23.38 2.62 26.00
221 235 26.11 2.66 28.77
236 265 28.87 5.51 34.39
266 295 34.49 5.59 40.08
296 319 40.18 4.27 44.45
319 343 44.55 4.17 48.72
344 399 48.81 8.58 57.39
399 427 57.47 3.87 61.34
427 454 61.42 3.74 65.16
455 482 65.23 3.61 68.84
483 510 68.91 3.55 72.47
511 538 72.54 3.48 76.02
538 565 76.09 . 3.39 79.48

Figure 5 is a graph showing cumulative weight % vs. boiling point
obtained from actual physical distillation and GCD/MS analysis. Figure 6 is a
graph showing cumulative vol.% vS. boiling point obtained from actual physical
distillation and GCD/MS analysis. The GCD/MS volume points were _
determined from knowing the hydrocarbon types as a function of retention time.
By using the densities of the known hydrocarbon types (which can be obtained
from standard reference tables) and the wt.% as a function of boiling point (see

Fig. 5), one can convert to vol.% using the following equations: .



-7- window. A typical crude analysis may yield 6,000 or nore nass spectra
each of which creates a data point in the overall nmass chromatogram By
enpl oyi ng an averagi ng procedure, the nunber of mass spectra can be reduced
about 10 fold which results in about 600 nmass spectra. These individual
mass spectra provide a uni que nol ecul ar diagnostic for chem cal conposition
of the crude. Because of- 1g4he conplexity of hydrocarbon
conmpounds wi thin any given crude, it is preferred to use hydrocarbon type
analysis in order to reduce the data to a nmanageable set. Wile the

sel ection of appropriate hydrocarbon types ymﬁ W%Lg according to the sanple
under | nVeS&dlW&b}ﬂﬂuca@oﬁuﬂdﬂbrﬁﬁhp&ﬁﬁdom g | Rgensky ofiwho- 1 NQ
cycl opar af fermde, al kyl benzenes, nono- and

density of chemical component (fraction)
in BP window

Total vol.% in BP window = Sum of vol.% of individual chemical components in BP window

As can be seen from Figures 5 and 6, there is good agreement between actual

physical distillation data and the results obtained from GCD/MS analysis.
EXAMPLE 6

The procedure of EMple 5 was repeated for five other crudes.
Tables 3 and 4 show the physical distillation and GCD/MS wt. and vol. % for

Brunei, Murban, Medanitos, Cabinda and Miandoum crudes.



di napht henebenzenes, napht hal enes, acenapht henes/ di benzofurans, fl uorenes,
phenant hr enes, napht henephenant hrenes, pyrenes, chrysenes, peryl enes,

di benzant hr acenes, benzo- and di benzot hi ophenes, napht obenzot hi ophenes and
the like. Each of the hydrocarbon types produces characteristic nmass ions
whi ch can be used as diagnostics for the hydrocarbon type. Thus for each
retention tine window, a set of diagnostic mass ions is selected for the
hydr ocar ben types expected within that retention tine wi ndow. This then
provi des data on the actual chemi cal conposition within the selected tine
wi ndow. Once the conpositional data are known, the densities of the
different chem cal coppounds can be readily determ ned. These densities are
then applied to the weijght| percent tBP curve obtai ned above to yield a

vol une percent tBP cufVig, Thus_ Qy_usj e t hod accordi ng
to the invention, #het@RRBIHE ﬁ}t%f%tg-.BP,m. E&“rlhg ;{/%I% t BP t oget her

wi th conpositional gn i Ghodr T RN oY B ~or R rasty onbthiar eof in a singl e
experinment. Since
acqui sition and da
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ion, the process can be fully autonated.
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2
9
2
6
9
3
7

0.33
0.56
0.86
1.20
1.65
2,95
4.1
5.6
9.1

13

16.9

20.8

30.4

34

40

44

49

55

59

3.41
6.17

9.09
11.87
14.79
18.53
20.63
37.36
41.34

49.78
58.79

63.13
67.33
71.41

23.17
28.21
33.05
54.16
75.18

3.99
6.89
9.56
12.45
15.61
19.77
22.00
24.30
29.07
33.93
38.00
42.09
50.87
54.70
59.20
62.84
67.13
71.30
74.72

3.33

7.51

12.09
16.00
19.70
25.26
28.06
31.13
37.49
43.56
48.54
52.96
61.59
65.53
69.29
72.88
76.48
79.94
83.18
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2.88
7.18
11.28
15.53
19.92
26.34

28.11
36.57

42.26
51.64
61.22

65.18
72.96

30.91
69.57
76.76
80.29
82.97

CUMULATIVE AMOUNT WEIGHT %
46.99

5.97
10.93
16.87

20.99
58.00

62.67
71.76

75.78
" 79.49
83.02
86.28
89.26
91.96

26.40
33.10
36.37
39.91
.46.53
63.07

MURBAN

6.30
10.79
16.28
20.51
26.28
33.06
36.37
39.69
46.31

52.53
61.75

57.33
70.21
73.62
77.49
80.54
84.06
87.42
90.18

433
10.06
20.82
33.37
41.40

27.08
45.35
61.46

70.55
80.76

92.89
95.92

49.99
77.53
82.20
97.63
98.43
98.99
99.48

BRUNEI LT
PHYSDIST GCDMS PHYSDIST GCD

427
10.05
18.77
26.41
33.15
41.04
45.46
50.34
60.14
69.81
75.92
80.70
88.36
91.16
94.18
96.00
97.44
98.48
99.04

70
100
125
150
175
205
220
235
265
295
319
343
399
427
510
538
565

BOILING
POINT (°C)
454
48




procedure

il lustrated by
The experi nent al
The

is further
The sanple to be analyzed is injected into a
Is inportant to introduce the

It

Such injection systens may be

I nvention
an incorrect analysis may result.

EXAMPLE 1
(Ger many) .
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vacuumtight non- discrimnating injector that can he
O herw se,

The nmet hod of the
controllable rate.

the foll ow ng exanpl es.

from Gerstel
entire sanple wthout discrimnation and sinultaneously maintain

is described in this exanple.
GC through a col d,
a rapid,

heat ed at
vacuumti ght seal s.

obt ai ned e. g.,

-8 -




sanples may be diluted with solvent and are typically introduced using an
aut'osanpl er. A Hew ett-Packard 5890 Series Il gas

chromat ograph contai ning a short, non-polar capillary colum is used for

the GC anal ysis. Typical paraneters include: 15 mfused silica capillary

colum with 0.25 mmi.d. and 0.1 pmfilmthickness; programed oven from :
-40[err]Cto 380[err]C at 10[err]C/ m ny7- The mass spectroneter

which is interfaced with the GCis a Hew ett-Packard 5970 quadrupol e nmass

spectroneter. The int re‘aﬁc& §e%Hg%|ﬁttHésgféﬁl{:§q%% %Jg%eli@?l‘fc fitiopect ronet er

is operated in the f scan no rom ons a scanning rate
of 1 sec/ > befy Ph %hkki@ﬁpdxkﬁlléthin Eéts%a% G@DMS idafh GRG% Mﬁg@ of
perfluorote utylam he as a mar Thi s exanpl e
denonst r at différent eimde®f a calibrati on curve obt ained froma standard

hydr ocarbon m xture. The boiling points for the known hydrocarbons in the
m xture is plotted against retention tines obtained by GCD



anal ysis using the Brocedure fromexanple |. The results are shown in Fig.

.b0| | i ng point VU“‘“ lﬂr‘“luu“ Hl‘L When an unknown gs)anglmeclhsl ngmplngtj g{/ t he

procedure of exarrple to oEtaln retention tines, the r %5 5;!

converted to their corresponding boiling points by corfe
calibration curve. A 5th order polynom.gg-equation is
fitting of the data points in the boiling point callbratlon curve. The
experlnentqh %§®§ are used to determne the coefficients of the equation.
Boi I'i ng poi P‘ §gnnent for unknowns is then done for unknown sanples
using the 5th order equation. A different order polynom al equation can
al so be used. O her mathematical curve-

L. A process for determining weight and volume perceﬁt true
boiling point curves for crude oils and fractions thereof using molecular

composition information obtained from a mass spectrometer which comprises:

(1) introducing the crude oil or fraction thereof into a gas
chromatograph or other means for separating the crude oil or fraction thereof
based on boiling points thereby causing at least a partial separation of the crude
oil or fraction thereof into constituent chemical components as a function of

retention time;

(2) introducing the constituent chemical components into a

mass spectrometer,
(3)  obtaining a series of time resolved mass chromatograms;
(4)  selecting a series of retention time windows;

(5) converting the retention time windows to their
corresponding boiling points by comparing retention time windows to boiling

curves derived from standard hydrocarbon mixtures;

(6) obtaining a total ion current from a summation of the
accumulated signal of the mass spectra of the crude oil or fraction thereof for the

selected time windows;

(7)  converting the total ion current for the selected time
windows to weight % true boiling point by comparison with a corresponding
true boiling point amount for the selected time windows obtained from a

- standard crude oil or fraction thereof;

Sheet Has Been Re laced
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fitting or interpolation routines can be used for the calibration. EXAMPLE
ﬁ total ion current (TIC) for crudes are denonstrated in

Fig. 2 is a graph of the raw T C|f4HS SHEET HAg BEEN
I'sland crude. The x-axis is the retention time axis in mnutes anRBERIAEED
~y-axis is the ion abundance scale in areg.counts. Each data pornt Tmt+he
chromatogrramis reconstructed fromthe sunmati on of the ion signal of all

[ h . 6,.000 d i. .incl ' h
gﬁfzﬁ;t IC)grfétme isl'(rzlgnrras Q)gthrﬁ‘#ﬁ%'bg gtt‘ﬁar?gt%“?ﬁtil‘?@%%gféq%g‘ﬁﬁgﬂ%d@%Sﬁtscfég cont ai ned
[ 6, 000 | : f data,
sumat] on proscior ki #lidSts, sdlq Rl S Sohd Rkt RBRaI 0 (B

These mass é@ﬁ@bﬁiﬁoﬁr\ﬁl‘fﬁiﬂﬁthb'Bél‘&HﬁédrfEieﬂﬁHhQirmé‘Wih&ﬁiv%;i55& of the chemi cal
conposition of "the anal yzed crude. EXAMPLE 4 The use of
hydr ocarbon chem cal type analysis to reduce the data

(9) converting the weight % true boiling point to volume % true

fm”llllll;““@l“""lll crudes are exanm ned by GCD/ M5 technol ogy puth--Arah 1] ght
as t'he“exterhal® cdlibrant. l

boiling point based on the known densities for chemical components of the

chemical composition for the selected retention time windows.

2. The process of claim 1 wherein the means for separating the

crude oil or fraction thereof is a gas chromatograph.

3. The process of claim 1 wherein the summation is based on
hydrocarbon type analysis
4. The process of claim 1 wherein the gas chromatograph is

directly interfaced with the mass spectrometer.

5. The process of claim 4 wherein the introduction of step (2)

occurs under dynamic flow conditions.

This Sheet Has Been Reilaced
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set is illustrated in this exanple. As shown in exanple 3, there are a
| ar'ge nunber of raw mass spectra generated which would require several
hours of conputer tine for analysis. In order to reduce the data to a

manageabl e set, the 10 data
Is correlated to conventional hydrocarbon chem ¢ el ﬁ A ctlon of
boiling point. This type of data presenRgtion re¢ aneé %é& axfs in the
data matrix from 790 to 25. Furthernore, the 600 boiR&H Lot ta set
wer e reduced ABSTRACT
F 1 POI
FOR CRUDE OILS

This invention relates to a method for rapidly determining weight
and volume percent true boiling point curves for crude oils and fractions thereof.
The method involves at least a partial separation of the crude oil or fraction into
constituent chemical components, obtaining mass spectra of the chemical
components, correlating retention time windows with boiling points for standard
hydrocarbon mixtures, and converting the total ion current obtained from the
mass spectra for selected components to weight and volume percent true boiling
points by comparison with data obtained from a standard crude oil or fraction
thereof.

his Sheet Has Been Reﬂlaced
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to {he standard crude assays boiling point fractions (20). An exanple of
the chem cal types for Pecan Island Crude is shown in Table 1.

THIS SHEET HAS BEEN
REPLACED
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[err] -12- This table present
t he wei ght % chem cal types distribution as a functi or[‘fﬂ';—bﬂi-l-i-ﬁg-_—pai_n.r_s.
The chenical types data are produced by standard nass IS SHEET HAS BEEN
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spectronetric techniques that allow the conversion of the raw data to
hydr ocar bon types data. These conversion nethods are based on the
guantitative analysis of individual conponents in th ﬂﬂ-x-t—u-r-ej USi ng
known |inear al gebrai c mat hematical nethods. This typdHbs SHEES ASCBREN Fal
types anal ysis provides the total ampunts of conpounds i n RERLACERe chefr cal

class. Further breakdowns within any given class can be obtal ned using
external or internal calibration procedures wth known amounts of standard

conpounds. The _re of 2 drocarbo heni ca pes_anal ygig i shown in
Figures 3 and [ T ch are grapns or _Pgcan |Island Crude and Dygjct®de. These
figures show tlhe differences in chem qal conposition between X e 4wo
crudes. Atotgl of ten different hydrﬁcarbon types are shown ¥ Qurposes
of sinplicity jof i, Ips,raiion. EXAWMPYE 5 Thi s ‘ anpl e shows
the wt.% and Mol . % tBREc&® ves for Pecgn Island Crude obt ai ng r@hnthe
GCD/ M5 anal ysils. ﬁhéﬁv@ gt(BP curve fdr Pecan |sland Crude jet@r m ned by
conpari son of {the I@ b i@eﬁ from lgwe GCD/ M5 anal ysis W } /1 y%h cal
distillation datag( & @ @ngtﬁod_’,’og tention time) for afknpi gfandard
such as Arab Ligh af| & si § & cgl iGrati on summary for //
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'EXTERNAL STANDARD CALI BRATI ON SUMVARY
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CUT .TEMP ([err] QO PHYS DIST W % OF STANDARD CRUDE ( ARAB LT) | BP
FBP | Nl TI AL YI ELD VEI GHT YI ELD FI NAL 70
1. 10 2. 47 3.57 71 SHEET HAS BEENB{ 63
3.24 6.87 101 125 6. 94 REPLACED 3} 14
10. 08 126 150 10. 16 3.60 13.76
151 175 13. 85 . 4.07 17. 92 176
205 ; 18.02 5,26 23.28 206 8 220
23. 38 26. 00 421 23b T 26.11
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455 . 482 65. 23 3.61 68. 84 483

510 68. 91 3.55 72. 47 511 538
72.54 3.48 76. 02 538 S 09
3. 39 79. 48 Figure 5 is a grhpHISsSigEGTngAS BEEN
curmul ative weight %vs. boiling point obtained from actpal pHREPLAGED
distillation and GCD/ M5 analysis. Figure 6 is a graph Showmg—cunulative

vol . % vs. boili ng poi nt obt al ned from act ual phy5| cal distillatiog and
GCD/ M5 anal ysi g~ geter ee—Fomkn@w ng t he

.
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Fig. 5), one can convert to vol.%using the foll owi ng equat j-ans:

-14- Wt . % of BP i RERLACEMENPASHEET

chem cal cqnmponent in BP wi ndow = wt % qf BP wi hdow x densi |y ref—wnhote

crude ~ ° _ ' density of chemcgl W
“(fraction) _ I n Bvané@)ﬁE‘t\’n

METHOD FOR DETERMINING TRUE BOILING POINT FOR CRUDE OILS
FIELD OF THE INVENTION

This invention relates to the use of gas chromatographic
distillation/mass spectrometry for the determination of the weight and liquid
volume percent true boiling point curves for crude oils and fractions thereof, and

correlation thereof with molecular information.
DESQRRIIQMIFJEHE_RELAIED_ARI

Determination of the true boiling point curve for crude oil is an
important measurement used for decisions concerning control of refinery
processes. Small variations in the true boiling point curve may have a significant
impact on process control and overall proﬁtability. Therefore, utilization of

reliable standard methods able to provide accurate and precise true boiling point

(tBP) curves is very important to the petroleum industry.

Standard distillation methods are specified by the American

- Society for Testing and Materials (ASTM). ASTM methods D-2892 and D-5236
cover physical distillation procedures for crude oils and heavy hydrocarbon
fractions. These physical distillation methods can generate tBP curves as well as
individual boiling point fractions which can be used for further chemical and
physical testing (crude assay). These physical methods require more than 0.5L
of sample, take up to 2 or more days for experimental completion and are subject
to variables such as operator skill. Upon acquisition of a crude oil % yield as a
function of boiling poirit, further mathematical treatment is required to generate a

single tBP curve.

Another approach to obtain tBP information is Gas
Chromatographic Simulated Distillation (GC SIMDIS or GCD). The use of gas
chromatography to simulate physical distillation of petroleum samples is well

known in the art, e.g., Butler, Chromatography in Petroleum Analysis, Altgelt



Total vol.%in BP window = Sum of vol. % of individual chem cal conponents
i_n BP wi ndow As can be seen fromFigures 5 and 6, there is good
agreenent between actual physical distillation data and the results

obt ai ned*from GCD/ M5 anal ysi s. EXAMPLE 6 : The procedure of
Exanpl.e 5 was repeated for five other crudes. Tables 3 and 4 show the
physical distillation and GCD/ M5 wt. and-2ml. %for Brunei, Mirban,

Medani t os, Cabi nda and M andoum crudes.

ABSTRACT

METHOD FOR DETERMINING TRUE BOILING POINT
FOR CRUDE OILS

This invention relates to a method for rapidly determining weight
and volume percent true boiling point curves for crude oils and fractions thereof.
The method involves at least a partial separation of the crude oil or fraction into
constituent chemical components, obtaining mass spectra of the chemical
components, correlating retention time windows with boiling points for standard
hydrocarbon mixtures, and converting the total ion current obtained from the
mass spectra for selected components to weight and volume percent true boiling

~ points by comparison with data obtained from a standard crude oil or fraction

thereof.

Figure 5
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As can be seen fromthese tables, there is excellent correlation between
the physical distillation data and the GCD/ M5 data over a range of

tdi fferent crudes. -18- CLAI ME:

1. A process for determ ning wei ght and vol une percent true boiling point
curves for crude oils and fractions thergeof using nolecular conposition

I nformati on obtained froma mass spectr-efret er which conpri ses:
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(1) introducing a sanple of crude oil or fraction thereof into a gas
chromat ograph or other neans for separating the crude oil or fraction
thereof based on boiling points through a cold, vacuumti ght

non-di scrimnating injector that can be heated at a rapid, controllable
rate whereby the entire sanple is intr_og_g_ced si mul t aneousl y under

vacuumti ght seals S lon thereby cansing at Beast a
partial separation }of e krude oijll or frpction tfhergofy] nto corsfituent
chemi cal conponentg as a ction]of retention tijme; 5 (2)
I nt roduci ng the coLstitue _ mi ¢al conponents | ntc’_aé Ss spedtroneter;
(3) obtaining a geries ti esol ved nass clir orfet ans_over _a scan
range of about 10 §o 800 [Qal t on¥\ gg &
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(4) selecting a series of retention tinme w ndows; (5)
converting the retention tinme w ndows to their corresponding boiling points
By comparing retention tinme wi ndows to boiling curves derived from standard

hydr ocar bon ni xt ur es; : (6) obtaining a total ion current
froma summation of the accunul ated signg of the mass spectra of the crude
oil or fraction thereof for the selected™Tine w ndows; '8
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convert.i ng{ the total ion current for the selected tinme wi ndows @3773/%,

’m IMﬂﬁmm,egyt ?(r)remp\?\nr In?Ig\r/]vsvwotait]afi 1eREF_fL|AOEMENEt§|§BBr g E(rjluljleng

. X7)

~ el ght %t r“ﬂll

-p0| nt amou

oil or fraction ther&ofs * (8) sele
lons within the selected retention tinme wndows, {sai
ions identifying chemi cal conposition within thejs I

wi ndows; and (9)

converting the}

|

c e iBti c nass
hr t{c nass
glg‘g' ent op tine
[

i ng

point to vol umeCUAIMS: hoiling point based on thd known denS|t|es for

chem cal conposition f

time wi ndows. 1.

conponents of the chem cal

L~ e

tHre—setected retenti on

A process for determining weight and volume percent true

boiling point curves for crude oils and fractions thereof using molecular

composition information obtained from a mass spectrometer which comprises:

(1) introducing a sample of crude oil or fraction thereof into a

gas chromatograph or other means for separating the crude oil or fraction
thereof based on boiling points through a cold,'vacuum-tight non-discriminating

injector that can be heated at a rapid, controllable rate whereby the entire

U, sample is introduced simultaneously under vacuum-tight seals and without

discrimination thereby causing at least a partial separation of the crude oil

or fraction thereof into constituent chemical components as a function of

retention time;

(2) introducing the constituent chemical components into a mass

spectrometer;

(3) obtaining a series of time resolved mass chromatograms over

a scan range of about 10 to 800 Daltons;

(4) selecting a series of retention time windows;

(5) converting the retention time windows to their
corresponding boiling points by comparing retention time windows to boiling

curves derived from standard hydrocarbon mixtures;

(6) obtaining a total ion current from a summation of the
accumulated signal of the mass spectra of the crude oil or fraction thereof for the

selected time windows;



Thie process of claim I wrerein the nmeans for separating the crude oil

e BRI T S22 ryosscin v ardtels """

4, The process &f &l atmsl wherein the gas chro ﬂE@LAﬂEWIFNi qﬁ |y
interfaced with the nass spectroneter he ofess of
claim4 wherein the introduction of S’[{e% (2) occyrs W?ULd%gam | ow

condi ti ons.

(7)  converting the total ion current for the selected time
windows to weight % true boiling point by comparison with a corresponding
true boiling point amount for the selected time windows obtained from a

standard crude oil or fraction thereof;

(8) selecting characteristic mass ions within the selected
retention time windows, said characteristic mass ions identifying chemical

composition within the selected retention time windows; and

- (9)  converting the weight % true boiling point to volume % true
boiling point based on the known densities for chemical components of the

chemical composition for the selected retention time windows.

2. The process of claim 1 wherein the means for separating the

crude oil or fraction thereof is a gas chromatograph.

3. The process of claim 1 wherein the summation is based on

I\ hydrocarbon type analysis.

4, The process of claim 1 wherein the gas chromatograph is

directly interfaced with the mass spectrometer.

5. The process of claim 4 wherein the introduction of step (2)

occurs under dynamic flow conditions.



