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Petrol. Inst., Vol. 27, No. 3,269 (1984)). The Ono method comprises the
same proce- TECHNICAL FIELD                                   dures as IP
method except for omitting the toluene extraction, and the time required
for analysis and This invention relates to a method of rapid   5   measured
values are substantially equal to those of determination of asphaltene
content in heavy hy-  the UOP method. drocarbon oils, such as long residue,
short residue,  The hydrogen flame ionization detection thin- hydrocracked
oil, thermally cracked oil, shale oil,  layer chromatographic method by
Yamamoto et al. tar sand oil, etc., and to a device for automatically
comprises spotting a sample solution on a silica carrying out such
determination.             10  gel thin layer rod, developing the sample
with a solvent, e.g., toluene, to separate asphaltene, and BACKGROUND ART
determining the asphaltene content by means of a flame ionization detector.
Although this mehtod An asphaltene content in heavy hydrocarbon
succeeded to furnish measured values in correla- oils is not only an
indication of combustibility and   15  tion with IP values and to reduce
the time required storage stability of heavy hydrocarbon oils but also  for
analysis to 30 to 60 minutes per 10 samples, it an important factor greatly
influencing catalytic ac-  has disadvantages in that an analyst should
always tivity in a direct disulfurization process. Therefore,  scan the
system throughout measurement and that it is required to carry out
determination of asphal-  analysis precision greatly depends on development
tene content in heavy hydrocarbon oils rapidly and   20  conditions,
resulting in poor reproducibility. precisely from consideration of product
control and  The absorptiometric method by Kaibara et al. process control.
comprises dissolving a sample in n-heptane, mea- Determination of
asphaltene content has been  suring absorbance of the solution at a
wavelength commonly carried out based on a method of The     of 700 nm by
means of a spectrophotometer, fur- Institute of Petroleum (IP 143,
hereinafter referred   25  ther measuring absorbance of a filtrate obtained
by to as IP method). IP method comprises dissolving  filtration, of the
solution at a wavelength of 700 nm, a sample in a prescribed amount of warm
n-hep-    and obtaining an asphaltene concentration from a tane, filtering
the resulting mixture using a filter  difference in absorbance of the
solution between paper, washing an insoluble matter collected by   before
and after the filtration. According to this filtration with heptane at
reflux in a Soxhlet's ex-  30   method, the time required for analysis is
reduced tractor, extracting the insoluble matter with toluene  to about 30
minutes. However, the operation of in the extractor, and determining the
extracted  filtration is complicated, and the measured values, soluble
matter. However, since the IP method in-  though correlating with IP
values, has a coefficient volves complicated operations and requires much
of correlation of 0.979, that is lower than a gen- time as long as 9 hours
for analysis, it has been   35  erally acceptable coefficient of
correlation, i.e., not partly replaced by a method of Universal Oil Prod-
less than 0.99. uct Co. (UOP 614/80, hereinafter referred to as      What
is more problems is that the upper limit UOP method), in which a sample
dissolved in a     of determination range is 3% by the conventional
prescribed amount of warm n-heptane is filtered   methods. Incidentally, an
asphaltene content in through a membrance filter and the insoluble mat-  40
heavy hydrocarbon oils, which depends on a kind ter collected on the filter
is determined as an   of crude oil and cut fraction, is generally 1 to 5%
in asphaltene content. The UOP method, however,     long residue and 5 to
30% in short residue. In still requires about 4 hours for analysis, and the
addition, tar sand oil contains such a large amount measured values do not
agree with those obtained  of asphaltene content as 15 to 20%. In Japan, a
by IP method. Accordingly, it has been demanded   45  research and
development relating to techniques to develop a simple and rapid method of
asphal-  for lightening a heavy hydrocarbon oil has widely tone
determination which gives measured values in  advanced from a view point of
recent oil supplying good agreement with IP values.
circumstances. Thus, it has been desired to pro- Methods of rapid
determination of asphaltene  vide a method for rapid determination of
asphal- content so far proposed include (1) Ono method   50  tene content
as wide as possible. (Tastuo Ono, J. of Japan Petrol. Inst., Vol. 14, No.
A method and device of the present invention 9, 504  (1971)), (2)
absorptiometric methods      is developed to resolve various problems of
the (Tsutomu Kaibara et al., J. of Japan Petrol. Inst.,  conventional
asphaltene  content determination Vol. 23, No. 3, 178 (1980)), and (3)
hydrogen flame  means. The method of the present invention can ionization
detection  thin-layer chromatographic  56  determine asphaltene content at
a wider range con- methods (FID-TLC) (Marc-Andre Poirier et al., J. of
centration and more rapidly as compared with the Chromatographic Science,
Vol. 21, No. 7,331       conventional methods by combining a means of
(1983) and Yojiro Yamamotlo et al., J. of Japan   sample preparation for
precipitation of asphaltene 3 



3                 EP 0  245 512 B1                   4 and a method for
two-wavelength absorbance de-    contents between 0.1 to 30% by weight
correlate tection connected thereto. The device of the      with IP and UOP
values with a coefficient of cor- present invention provide a determination
device  relation of 0.99 or more and, in addition, with a composed of a
two-wavelength absorbance detec-    coefficient of variation of 5% or less,
which in- tor to determine asphaltene content by the afore-   5   dicates
excellent analytical precision as compared mentioned means, an automatic
sample feeder       with IP method having a coefficient of variation of
connected thereto, and a microcomputer and make   10% or less. Time
required for a cycle of analysis it possible asphaltene determination by
which a   is about 40 minutes. However, since a large num- number of
samples can be analyzed surely and      ber of samples may be subjected to
analysis all at rapidly without requiring much labor.        10  once, the
requisite time per sample is markedly reduced when compared with
conventionally pro- DESCLOSURE OF INVENTION                           posed
rapoid determination methods. For example, when ten samples are analyzed
all at once, the The determination method according to the     requisite
time per sample is 10 minutes at the present invention for the asphaltene
content in a   15  longest. heavy hydrocarbon oil comprising the steps of:
The methods and the device of the present a) measuring the absorbances K3
and K4 at two  invention are described in more detail in the follow-
wavelengths selected from the range of from     ing: 500 to 1,000 nm of a
sample solution having        According to a preferred embodiment of the
dispersed therein asphaltene particles which is  20  above described method
the sample solution is prepared from a sample of the oil,
prepared by adding an aromatic hydrocarbon to a b) inserting the measured
values of K3 and K4  sample oil to dissolve in each other, adding a warm in
a predetermined relationship between the ra-  aliphatic hydrocarbon to the
solution to precipitate tio of K4/K3 and the ratio g/K3, wherein g is the
asphaltene particles, and cooling the solution or weight of asphaltene in
said sample solution,  25  allowing the solution to cool. and
Preferably the two wavelengths selected for c) converting the weight of
asphaltene g into the  absorbance measurement are at least 50 nm dis-
asphaltene content of said sample solution.    tant. The asphaltene content
is obtained by using       Furthermore, a device for determining an as- one
calibration curve from absorbances [err] and [err].  30  phaltene content
in a heavy hydrocarbon oil is In this case, such a calibration curve is
based on a  provided, which comprises a dip probe or flow cell first-order
correlation between an absorbance ratio  for sampling a sample solution
having dispersed [err] and a ratio of gram of asphaltene (g) in a  therein
asphaltene particles which is prepared from sample solution to absorbance
[err].The as-   a sample oil to be determined, said dip prove or phaltene
gram in the sample solution can be ob-  36  flow cell being set so as to
face with the sample tained by using a centrifugal separation technique:
solution and being movable with up-and-down An appropriate amount (G) of a
sample oil is   strokes so as to be in contact with or apart from weighed,
and a prescribed amount of a solvent is  the sample solution, a
two-wavelength absorbance added thereto, followed by stirring. The solution
is  detector including a light source, passages for light then placed under
prescribed conditions hereinafter  40  to allow the light from the light
source to pass desscribed so as to provide and precipitate asphal-  through
a sample solution of a given thickness tone particles in particle size
distribution as narrow  introduced in the dip probe or flow cell, two
inter- as possible to prepare a sample solution having   ference filters
each capable of transmitting the light dispersed therein the asphaltene
particles.       having transmitted through the sample solution
Accordingly, if a relationship between the ratio  45  having a different
wavelength selected from a [err] and the ratio [err] for a known sample is
range of from 500 to 1,000 nm, and phototubes or once established,
subsequent asphaltene determi-  photocells each capable of converting the
intensity nations can be effected simply by measuring ab-   of each of
incident light and transmitted light hav- sorbances [err] and [err],
obtaining an asphaltene     ing two different wavelengths into an
electrical cur- weight g from a previously prepared calibration   50  rent,
and a computing means capable of converting curve, and calculating an
asphaltene content from  the electrical current values into an asphaltene
con- the equation:                                    tent. In the above
device for determining an asphal- Asphaltene Content = g x 100/G (wt%)
tone content in a heavy hydrocarbon oil the two 55  wavelengths selected
for absorbance measurement In accordance with the above-described meth-
are preferably at least 50 nm distant. 



od of determination, determined values of about 50   According to a
preferred embodiment of the kinds of heavy hydrocarbon oils having
asphaltene  device for determining an asphaltene content in a 4    5
EP 0 245 512 B1                   6 heavy hydrocarbon oil the dip probe or
flow cell is  puter having a prescribed program thereby to print provided
with a washing means for removing the    out an asphaltene content in the
sample oil. sample solution for determination attached to or     The
above-mentioned two-wavelength absorb- remained on the dip probe or flow
cell by passing  ance detection can be carried out by either a dip a
washing solution every time absorbances of the   5   probe system or a flow
cell system. In the former sample are determined.
system, a dip probe quipped with an opening and a Furthermore the device
for determining an as-  reflector at the end is dipped in a sample
solution, phaltene content in a heavy hydrocarbon oil may   and incident
light and transmitted light are led include a means for controlling the
washing means,  through optical fibers incorporated in the probe. In every
time the determination of one sample is  10  the latter system, a sample
solution is introduced completed, provided to the dip probe or flow cell
by suction in a flow cell, with optical fibers for with the successive
determination of each absor-  leading incident light and those for leading
trans- bances of the sample contained the sample con-    mitted light being
fixed on opposite sides of the tainers by moving with the dip probe or flow
cell.  flow cell. In either case, once a plurality of different 15  sample
solutions are prepared in advance, asphal- BRIEF EXPLANATION OF THE
DRAWINGS                 tone contents of sample oils can be determined
efficiently in a successive manner. It should be Figure 1 is a synoptical
drawing to determinate  noted, however, that it is necessary to wash the
dip asphaltene contents in heavy hydrocarbon oil.     probe or flow cell
with a washing solvent after Figure 2 is a schematic view of the automatic
20  every measurement to remove any remaining sam- determination device
according to a dip probe sys-  ple solution attached thereto. tem used in
an example of the present invention.     The above-described operation can
be con- Figure 3 is an enlarged view of the two-      trolled under a
computer program at a great saving wavelength absorbance detector used in
the device  of labor. of Figure 2.                                 25
The process for preparing samples which can Figure 4 is a schematic view of
the automatic  be analyzed in the present invention comprises determination
device according to a flow cell sys-  placing an appropriate amount (e.g.,
from 0.3 to 5.0 tern used in an example of the present invention.  g) of a
sample oil in a beaker having a prescribed volume (e.g., 100 ml), adding a
small amount (e.g., BEST MODE FOR CARRYING OUT THE INVEN-  30  from 0.3 to
5.0 ml, and preferably 1.0 ml) of an TION
aromatic hydrocarbon solvent (e.g., toluene) to the beaker to dissolve the
content, further adding a (1) Method for Determination
prescribed amount (e.g., 100 ml) of an aliphatic hydrocarbon solvent (e.g.,
n-heptane) to the solu- In the preparation of a sample solution to be   35
tion while stirring to precipitate asphaltene. The analyzed, asphaltene
particles present in a sample  aliphatic hydrocarbon solvent used above may
be oil can be precipitated as fine particles with a  heated to atemperature
of from about 40 to about narrow size distribution by following specific
proce-  [err] and preferably [err]. dures hereinafter described. The
particle size and   Then, the contents of the beaker is allowed to its
distribution of precipitated asphaltene particles  40  cool at room
temprature, preferably at a tempera- have great influences upon the
measurable range   ture of from 15 to [err], for about 30 minutes to of
asphaltene contents and precision of measure-  prepare the samples of the
present invention. The ments in the subsequent two-wavelength absorp-
aromatic hydrocarbon solvent to be used includes tiometry. The sample
solution should be stirred   benzene, toluene, and xylene. The aliphatic
hy- throughout the measurement so as to prevent sedi-  45  drocarbon
solvent to be used includes those having mentation of asphaltene particles
in the solution  from 5 to 12 carbon atoms, such as pentane, thereby to
stably maintain the state of uniform   hexane, heptane, octane, etc.
dispersion. Light from a light source is led by       In order to ensure
dispersion stability of the optical fibers to the sample solution as
incident  asphaltene particles by preventing a tendency of light and then
transmitted through the solution hav-  so  sedimentation, the sample
solution may further ing a given thickness. Absorbances (optical den-
contain a surface active agent, a dispersant for sities) of the sample
solution at two different   engine oil, etc. wavelengths within a range of
from 500 to 1,000      By the above-described process of preparing a 



nm are measured.                                  sample solution,
asphaltene particles having a nar- Intensity of each of the two transmitted
light  55  row size distribution between about 1 [err] and 3 rays having
different wavelengths is converted into  [err] can be formed, which brings
about great ef- an electrical current value by means of a light-  fects to
widen the range of measurable asphaltene current transducer, which is then
put into a com-  contents and increase precision in the subsequent 5    7
EP 0 245 512 B1                        8 two-wevelength absorbance
detection.               or down whereby the end of the probe, i.e., the
The thus prepared sample solution having dis-   measurement part, is dipped
in the sample solution persed therein the asphaltene particles without re-
to a depth necessary and sufficient for absorbance moving the asphaltene
content is subjected to ab-  measurement. sorbance measurement, while being
stirred by   5       The dip probe contains therein optical fiber means of
a magnetic stirrer, and the like, at two   bundles leading incident light
and transmitted light, wavelengths being at a distance of at least about
respectively. Light having transmitted through the 50 nm, and preferably
from 50 to 150 nm, for       sample solution is passed through two
interference example, at an analytical wavelength of 800 nm     filters
differing in wavelength that are placed in and at a control wavelength of
675 nm. If the   10  parallel at the outlet of the optical fiber bundle for
distance between the two wavelengths is less than  transmitted light, where
optical densities (absorban- 50 nm, determination precision becomes poor.
ces) of the sample solution are determined at two Fig. 1 shows results of
determinations for as-  different wavelengths falling within a range of
from phaltene content in heavy hydrocarbon oils in ac-  500 to 1,000 nm.
cordance with the dip probe system of the present  is  The intensity of the
light having transmitted invention, which comprises the process for prepar-
through each filter is converted into elexctrical cur- ing sample solutions
for determination of light in-  rent by a light-current transducer, such as
a tensity to which a small of aromatic hydrocarbon is  phototube, a
photocell, etc., and the resulting cur- added and the two-wavelength
absorbance detec-     rent value is introduced into a computer having a
tion method, in comparison with values of the same   20  specified program
to perform an operation to print hydrocarbon oils obtained by
conventionally known  out the asphaltene content in the sample oil.
determination methods. It can be seen from Fig. 2      Upon completion of
asphaltene determination, that the method and device in accordance with the
the dip probe and the container are separated from present invention make
it possible to determine a  each other under instructions from the
computer, wide range of asphaltene contents at high precision   25  and an
electromagnetic valve of a washing means of analysis.
is opened also on instructions of the computer The measured values given in
Fig. 1 were       thereby to jet a washing solvent fed from the computed in
accordance with the inventive method   washing means against the probe to
wash away of calculation using the relationship between [err]  any sample
solution attached to the measurement and [err]. In this particular case,
there is estab-  30  part of the probe. The washing solvent is intro-
lished an equation:                                duced in the container
containing the sample solu- tion having been analyzed. After thorough
washing Asphaltene Content (wt%) = 0.0287 x (2.43 [err])   of the probe,
the electromagnetic valve is closed to x 100/G
stop washing, and the container is removed from 35  the location of
measurement, while a container The coefficent of variation in Fig. 1 was
cal-  containing another sample solution and a magnetic culated for 6
measurements from equation:          stirrer is successively placed on the
location of measurement. Coefficient of Variation (%) = (Standard Deviation
Through these procedures, one cycle of as- expressed in Square Root of
Unbiased Variance) x   40  phaltene determination is completed. 100/Mean
Figs. 2 and 3 shows schematic views of a divice which can be used for
performing dip probe When determinations are carried out on the      system
asphaltene determination. Fig. 3 represents same samples as used in Fig. 1
by a flow cell      an enlarged view of the dominant part of Fig. 2. In
system according to the present invention, the re-  45  these figures,
two-wavelength absorbance detector suits obtained are almost equal to those
of Fig. 1.  1 is composed of a photometry part comprising light source 2
(e.g., a tungsten lamp), interference (2) Device for Determination
filters 3 (e.g., 675 nm and 800 nm), phototube (or solar cell) 4, and
amplifier 5 and a measurement (i). Dip Probe System:
50  part (i.e., dip probe 7) contained in elevator 6, both 



parts being connected to each other via optical When a container containing
a stirrer of a mag-  fiber bundle 8 for incident light and optical fiber
netic stirrer and a smaple solution is carried to a  bundles 9 for
transmitted light. For details of the predetermined position where the
sample solution   photometry part Fig. 3 can be referred to. Dip and a dip
probe face to each other (location of  55  probe 7 has an opening (e.g., 3
mm in height and measurement), the magnetic stirrer is caused to    8 mm in
width) and reflector 10 at the lower end rotate to agitate the sample
solution and, at the  and is held by holder 11 of elevator 6 (shown in same
time, the probe and/or the container goes up  Fig. 2). Probe 7 goes down to
enter in a sample 6    9                 EP 0 245 512 B1
10 solution on measurement and goes up to stand       tromagnetic valve 15
is opened to let a washing apart from the sample solution during washing
and  solvent (e.g., n-heptane) spout from nozzles 13 to rotation of turn
table 12.                         clean dip probe 7. By reference to Fig.
2, elelvator 6 is equipped    Then, turn table 12 of automatic sample
feeder with nozzles 13 for washing the dip probe that are   5   17 again
starts to move to set the next sample aligned in a ring around the probe
and connected   solution to be analyzed on the location of measure- to
washing solvent-containing tank 16 equipped     ment, and the same
operations as described above with miniature compressor 14 and
electromagnetic   are automatically repeated. valve 15 via a Teflon tube.
Elelvator 6 is fixed to   In the case where measurements are made on
automatic sample feeder 17 having turn table 12   10  samples that are not
easily washed off by jetting a (e.g., setting 12 beakers) and a magnetic
stirrer at  solvent from nozzles, cleaning effects may be as- the location
of measurement. Starting and stopping  sured by feeding a sample
solution-containing of elevator 6, miniature compressor 14, and turn
beaker and a beaker containing a washing solvent table 12, and opening and
closing of electromag-   (e.g., toluene) alternatingly on the turn table
12. netic valve 15 are all controlled under instructions   15 from
microcomputer 18. The current output from     (ii). Flow Cell System:
two-wavelength absorbance detector 1 is intro- duced in the microcomputer,
where the current is      A flow cell system device wherein a flow cell is
converted into an asphaltene content which is then  used in place of the
dip probe works in the same printed out by printer 19.
20   manner as described for the dip probe system More specifically, the
magnetic stirrer of auto-  device except that the ends of optical fiber
bundles matic sample feeder 17 starts to rotate at a signal  guiding
incident light and transmitted light, respec- from microcomputer 18 to
agitate a sample solution  tively, are fixed to both sides of transparent
flow in a beaker set on a location of measurement. At   cell so as to face
to each other and that the the same time, elevator 6 starts to let probe
holder  25  washing means as used in the dip probe system is 11 down so
that the opening of the probe may be    replaced with a pumping means to
withdraw a dipped in the sample solution. Visible light rays  sample
solution having been analyzed. emitted from light source 2 of
two-wavelength ab-      According to the flow cell system, when the
sorbance detector 1 pass through optical fibers 8  end of a suction pipe
connected to a flow cell is for incident light to reach the dip probe and
trans-  30  dipped in a sample solution, the sample solution is mit through
the sample solution from the opening.  introduced in the suction pipe by
the action of a The light is partly absorbed in the sample solution  vacuum
pump and then made to flow in the flow and partly reflectled on reflector
10. The reflected  cell. Absorbances of the sample solution are mea- light
is again absorbed in the sample solution and  sured while the solution
stream passes between passes through optical fibers 9 for transmitted light
35  two ends of optical fiber bundles guiding incident to reach
interference filters 3, where transmitted  light and transmitted light,
respectively. The sam- light rays having two wavelengths are chosen by
ple solution is then withdrawn into an enclosed two interference filters 3
and each is converted into  waste liquor reservoir. The waste liquor
reservoir is elecrical current by respective phototube 4, am-   evacuated
by removing air with a vacuum pump so plified by respective amplifier 5,
and then intro-  40  as to permit the next sample solution be sucked duced
in microcomputer 18.                         into a suction pipe at a
predetermined flow rate. In microcomputer 18, the current input is con-
The evacuation is conducted via a cold trap so as verted into transmittance
T (ratio of transmitted  to prevent contamination of the pump due to the
light I/incident light [err]), which is then converted into  waste liquor
and gas. After every determination, absorbance K [err]. The resulting
absorbance   45  any remaining sample solution attached to the suc- values
are used to calculate an asphaltene content,  tion pipe, flow cell, etc.
can be washed away by which is then put in printer 19. At the same time,
replacing the beaker containing the sample solution 



the thus obtained asphaltene content is converted  with a container
containing a washing solvent. into an IP asphaltene content and an UOP
asphal-   Therefore, the flow cell system eliminates the need tene content
by using a previously incorporated   50  of an independent washing means as
required in correlationships between asphaltene content of the  the dip
probe system. invention and that of IP method and between as-        Other
operations are almost same as descroib- phaltene content of the invention
and that of UOP  ed in the above Item (i). method. Upon completion of
input, signals are is-      Fig. 4 illustrates a schematic view of a device
sued from  microcomputer 18 to start miniature  55  for determining
asphaltene contents according to compressor 14, whereby the inner pressure
of tank  the flow cell system. Elevator 6 starts to move at a 16 is
increased. Subsequently, elevator 6 starts to  signal from microcomputer
18, whereby flow cell move, and as probe holder 11 goes up, elec-        20
(e.g., a glass-made cell having a thickness of 3 7    11                EP
0 245 512 B1                    12 mm) held by flow cell holder 21 goes
down until    fixed to elevator 6 at a site near to the end thereof. the
end of suction pipe 22 (e.g., a Teflon pipe having an inner diameter of 2
mm) connected to     INDUSTRIAL APPLICABILITY the lower end of flow cell 20
reaches a sample solution while being stirred with a magnetic stirrer,   5
As described above, the present invention which is set on automatic sample
feeder 17 at a     eliminates disadvantages associated with the con-
location of measurement. Vacuum pump 23 is then    ventional methods of
determining asphaltene con- started to suck the sample solution at a
certain flow  tents in heavy hydrocarbon oils, such as time re- rate
(preferably from 10 to 30 ml/min) due to re-  quirement per sample,
complicated operations, la- duced pressure appropriately adjusted by means
of  10  bor requirement, narrow ranges of measurement, pressure control
valve 24. While the sample solu-  unsatisfactory precision in some cases,
and the tion passed through flow cell 20, light having trans-  like. In
other words, the present invention makes it mitted  through  the  sample
solution  at two     possible to automatically carry out asphaltene de-
wavelengths (e.g., 675 nm and 800 nm) is detected  termination on a large
number of samples in a by two-wavelength absorbance detector 1, where  15
reduced time per sample with high precision with- measured intensities of
transmitted light are con-  out requireing much labor. verted into
electrical current values. The resulting current outputs are inserted in
microcomputer 18,  Claims where they are converted into absorbances. The
input of current values in microcomputer 18 is  20  1. A method for
determining the asphaltene con- preferably conducted after about 20 seconds
from      tent in a heavy hydrocarbon oil comprising the the state of
vacuum pomp 23.                           steps of Upon completion of one
cycle of determination,        a) measuring the absorbances K3 and K4 at
elevator 6 goes up to lift suction pipe 22 and, after    two wavelengths
selected from the range of several seconds, vacuum pump 23 is stopped. The
25     from 500 to 1,000 nm of a sample solution driving time of vacuum
pump is preferably about          having dispersed therein asphaltene
parti- 60 seconds. Then, automatic sample feeder 17             cles which
is prepared from a sample of the starts to cause turn table 12 to rotate,
whereby a       oil, beaker containing a washing solvent (e.g., toluene)
b) inserting the measured values of K3 and is set on the location of
measurement, followed by   30  K4 in a predetermined relationship between
suction of the solvent with vacuum poump 23 to           the ratio of K4/K3
and the ratio g/K3, wash the inner walls of suction pipe 22 and flow
wherein g is the weight of asphaltene in cell 20. After completion of
washing, turn table 12      said sample solution, and again rotates to
carry the next sample solution to       c) converting the weight of
asphaltene g into the location of measurement.                  35
the asphaltene content of said sample solu- A series of the aforesaid
operations is all con-      tion. trolled by programmed microcomputer 18.
The re- suits of asphaltene determination are successively  2. A method for
determining an asphaltene con- printed out by printer 19 upon giving
instructions to  tent in a heavy hydrocarbon oil as in claim 1, computer
18.                                  40       wherein the sample solution
is prepared by The sample solution having been analyzed and       adding an
aromatic hydrocarbon to a sample the washing solvent are collected in waste
liquor      oil to dissolve in each other, adding a warm reservoir 25. In
order to prevent contamination of     aliphatic  hydrocarbon  to  the
solution  to vacuum poump 23, it is preferable to insert cold
precipitate asphaltene particles, and cooling 



trap 26 between reservoir 25 and pump 23.     45       the solution or
allowing the solution to cool. In Fig. 4, flow cell holder 21 to which flow
cell 20 is fixed and two-wavelength absorbance detec-   3.  A method for
determining an asphaltene con- tor 1 are connected to elevator 6. Flow cell
20 and    tent in a heavy hydrocarbon oil as in claim 1 or holder therefor
21 may be fitted at any position of    2, wherein the two wavelengths
selected from the pipeline in which a sample solution fed from   50
absorbance measurement are at least 50 nm suction pipe 22 flows and should
not be necessar-      distant. ily fixed to elevator 6. Two-wavelength
absorbance detector 1 also should not be necessarily fixed to  4. A device
for determining an asphaltene content elevator 6. What is required is that
the end of       in a heavy hydrocarbon oil, which comprises a suction pipe
22 moves with up-and-down strokes   55    dip probe or flow cell (7) for
sampling a sam- so as to be dipped in a sample solution and then       ple
solution having dispersed therein asphal- lifted. Therefofe, in cases where
flow cell holder 21  tene particles which is prepared from a sample is not
fixed to elevator 6, suction pipe 22 may be     oil to be determined, said
dip probe or flow 8    11                EP 0 245 512 B1
12 mm) held by flow cell holder 21 goes down until    fixed to elevator 6
at a site near to the end thereof. the end of suction pipe 22 (e.g., a
Teflon pipe having an inner diameter of 2 mm) connected to     INDUSTRIAL
APPLICABILITY the lower end of flow cell 20 reaches a sample solution while
being stirred with a magnetic stirrer,   5  As described above, the present
invention which is set on automatic sample feeder 17 at a    eliminates
disadvantages associated with the con- location of measurement. Vacuum pump
23 is then    ventional methods of determining asphaltene con- started to
suck the sample solution at a certain flow  tents in heavy hydrocarbon
oils, such as time re- rate (preferably from 10 to 30 ml/min) due to re-
quirement per sample, complicated operations, la- duced pressure
appropriately adjusted by means of  10  bor requirement, narrow ranges of
measurement, pressure control valve 24. While the sample solu-
unsatisfactory precision in some cases, and the tion passed through flow
cell 20, light having trans-  like. In other words, the present invention
makes it mitted  through  the  sample  solution  at two     possible to
automatically carry out asphaltene de- wavelengths (e.g., 675 nm and 800
nm) is detected  termination on a large number of samples in a by
two-wavelength absorbance detector 1, where  15  reduced time per sample
with high precision with- measured intensities of transmitted light are
con-  out requireing much labor. verted into electrical current values. The
resulting current outputs are inserted in microcomputer 18,  Claims where
they are converted into absorbances. The input of current values in
microcomputer 18 is  20  1. A method for determining the asphaltene con-
preferably conducted after about 20 seconds from       tent in a heavy
hydrocarbon oil comprising the the state of vacuum pomp 23.
steps of Upon completion of one cycle of determination,        a) measuring
the absorbances K3 and K4 at elevator 6 goes up to lift suction pipe 22
and, after    two wavelengths selected from the range of several seconds,
vacuum pump 23 is stopped. The   25     from 500 to 1,000 nm of a sample
solution driving time of vacuum pump is preferably about           having
dispersed therein asphaltene parti- 60 seconds. Then, automatic sample
feeder 17              cles which is prepared from a sample of the starts
to cause turn table 12 to rotate, whereby a        oil, beaker containing a
washing solvent (e.g., toluene)       b) inserting the measured values of
K3 and is set on the location of measurement, followed by   30   K4 in a
predetermined relationship between suction of the solvent with vacuum poump
23 to           the ratio of K4/K3 and the ratio g/K3, wash the inner walls
of suction pipe 22 and flow          wherein g is the weight of asphaltene
in cell 20. After completion of washing, turn table 12       said sample
solution, and again rotates to carry the next sample solution to       c)
converting the weight of asphaltene g into the location of measurement.
35         the asphaltene content of said sample solu- A series of the
aforesaid operations is all con-      tion. trolled by programmed
microcomputer 18. The re- sults of asphaltene determination are
successively    2. A method for determining an asphaltene con- printed out
by printer 19 upon giving instructions to  tent in a heavy hydrocarbon oil
as in claim 1, computer 18.                                  40
wherein the sample solution is prepared by The sample solution having been
analyzed and        adding an aromatic hydrocarbon to a sample 



the washing solvent are collected in waste liquor      oil to dissolve in
each other, adding a warm reservoir 25. In order to prevent contamination
of     aliphatic  hydrocarbon  to  the  solution  to vacuum poump 23, it is
preferable to insert cold       precipitate asphaltene particles, and
cooling trap 26 between reservoir 25 and pump 23.      45      the solution
or allowing the solution to cool. In Fig. 4, flow cell holder 21 to which
flow cell 20 is fixed and two-wavelength absorbance detec-   3. A method
for determining an asphaltene con- tor 1 are connected to elevator 6. Flow
cell 20 and    tent in a heavy hydrocarbon oil as in claim 1 or holder
therefor 21 may be fitted at any position of    2, wherein the two
wavelengths selected from the pipeline in which a sample solution fed from
50  absorbance measurement are at least 50 nm suction pipe 22 flows and
should not be necessar-      distant. - ily fixed to elevator 6.
Two-wavelength absorbance detector 1 also should not be necessarily fixed
to  4. A device for determining an asphaltene content elevator 6. What is
required is that the end of        in a heavy hydrocarbon oil, which
comprises a suction pipe 22 moves with up-and-down strokes   55    dip
probe or flow cell (7) for sampling a sam- so as to be dipped in a sample
solution and then       ple solution having dispersed therein asphal-
lifted. Therefofe, in cases where flow cell holder 21  tene particles which
is prepared from a sample is not fixed to elevator 6, suction pipe 22 may
be     oil to be determined, said dip probe or flow    13
EP0245512B1                        14 cell (7) being set so as to face with
the sample     Probe des Oles hergestellt wurde, solution and being movable
with up-and-down          b) Einsetzen der Melwerte von Kg und K4 strokes
so as to be in contact with or apart        in eine vorgegebene Beziehung
zwischen from the sample solution, a two-wavelength            dem
Verhaltnis von Ks/K3 und dem Verhalt- absorbance detector (1) including a
light   5        nis g/K3, worin g das Gewicht des Asphal- source (2),
passages for light to allow the light    tens in der Probenlosung ist, und
from the light source to pass through a sample       c) Umwandlung des
Gewichts des Asphal- solution of a given thickness introduced in the
tens g in den Asphaltengehalt der Probenl6- dip probe or flow cell (7), two
interference         sung. filters (3) each capable of transmitting the
light  io having transmitted through the sample solution  2. Verfahren zur
Bestimmung des Asphaltenge- having a different wavelength selected from a
haltes in einem schweren Kohlenwasserstoff6l range  of from  500  to  1,000
nm, and            nach Anspruch 1, worin die Probenlosung her- phototubes
or photocells (4) each capable of      gestellt wird durch Zugabe eines
aromatischen converting the intensity of each of incident  is
Kohlenwasserstoffs zu einem  Proben6l, um light and transmitted light
having two different  diese ineinander zu l6sen, Zugabe eines war-
wavelengths into an electrical current, and a      men aliphatischen
Kohlenwasserstoffs zu der computing means (18) capable of converting
Losung, um Asphaltenteilchen auszufillen, und the electrical current values
into the asphaltene  Abk~hlung der Losung oder Ermoglichen, daB content of
said sample solution in accordance   20  sich die L6sung abkOhit. with the
method of claim 1. 3. Verfahren zur Bestimmung des Asphaltenge- 5. A device
for determining an asphaltene content     haltes in einem schweren
Kohlenwasserstoffol in a heavy hydrocarbon oil as in claim 4,         nach
Anspruch 1 oder 2, worin die zwei Wel- wherein the two wavelengths selected
for ab-  28  lenlangen, die fOr die Absorptionsmessung sorbance measurement
are at least 50 nm           ausgewlhlt werden, wenigstens 50 nm vonein-
distant.                                          ander entfernt sind. 6. A
device for determining an asphaltene content  4. Vorrichtung zur Bestimmung
des Asphaltenge- in a heavy hydrocarbon oil as in claims 4 or 5,  so
haltes in einem schweren Kohlenwasserstoffdl, wherein the dip probe or flow
cell (7) is pro-     gekennzeichnet durch eine Tauchsonde oder vided with a
washing means for removing the        eine DurchfluBzelle (7) fOr die
Aufnahme einer sample solution for determination attached to      Probe
einer Probenlosung, die darin disper- or remained on the dip probe or flow
cell (7)     giert Asphaltenteilchen enthalt, die hergestellt by passing a
washing solution every time ab-  9s  wird aus einem zu bestimmenden
Proben6l, sorbances of the sample are determined.           wobei die
Tauchsonde oder die Durchflufzelle (7) so gegenlber der Probenlosung und
be- 7. A device for determining an asphaltene content     weglich mit
Hub-Takten ist, daBl sie sich in in a heavy hydrocarbon oil as in claim 6,
Kontakt mit der Probenl8sung oder getrennt wherein said device further
includes a means   40  davon befindet, einen Zwei-Wellenlangen-Ab- 



for controlling the washing means, every time      sorptionsdetektor (1),
der eine Lichtquelle (2), the determination of one sample is completed,
Durchlasse fOr Licht, um Licht von der Licht- provided to the dip probe or
flow cell (7) with   quelle durch eine Probenlosung einer gegebe- the
successive determination of each absor-        nen Dicke in der Tauchsonde
oder der Durch- bances of the sample contained in the sample  45  fluBzelle
(7) hindurchzuleiten unfalt, zwei Inter- containers by moving with the dip
probe or        ferenzfilter (3), die jeweils in der Lage sind flow cell
(7).                                     Licht durchzulassen, das durch die
Probenlo- sung hindurchgeleitet wurde, wobei die Filter PatentansprUche
eine unterschiedliche WellenlInge haben, aus- 50      gewlihit aus einem
Bereich von 500 bis 1000 1. Verfahren zur Bestimmung des Asphaltenge-
nm, und Fotozellen oder lichtelektrischen Zel- haltes in einem schweren
Kohlenwasserstoff6l,     len (4), die jeweils zur Umwandlung der Inten-
umfassend die Schritte                            sitlt des jeweiligen
Auflichtes und Durchlichtes a) Messung der Absorptionen K3 und K4 bei
mit zwei unterschiedlichen Wellenlangen in ei- zwei verschiedenen
WellenlIngen, ausge-  55     nen elektrischen Strom in der Lage sind, und
wihlt aus dem Bereich von 500 bis 1000          einer Recheneinrichtung
(18), die zur Umwand- nm, einer Probenlosung, die darin disper-      lung
der elektrischen Werte in den Asphalten- giert Asphaltenteilchen enthIlt,
die aus einer  gehalt der Probenlosung gemaB dem Vexfah- g~~~~III '
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16 ron von Anspruch 1 in der Lage ist.                tion d'un
hydrocarbure aliphatique tibde a la solution afin quo les particules
d'asphaltbne 5. Vorrichtung zur Bestimmung des Asphaltenge-
precipitent, at le refroidissement de la solution haltes in einem schweren
Kohlenwasserstoff8l       ou son refroidissement naturel. nach Anspruch 4,
worin die zwei WellenlIngen,   5 die fOr die Absorptionsmessung ausgewihit
3. Procede de determination de la toneur en as- sind, wenigstens 50 nm
auseinander liegen.         phaltenes d'une huile lourde d'hydrocarbures
solon la revendication 1 ou 2, dans lequel les 6. Vorrichtung zur
Bestimmung des Asphaltenge-         deux longuours d'onde choisies pour la
mesu- haltes in einem schweren Kohlonwasserstoffol  7o   re de coefficient
d'absorption sont s6pardes nach Anspruch 4 odor 5, worin die Tauchson-
d'au moins 50 nm. de oder die DurchfluBzelle (7) mit Waschein- richtungen
versehen ist zur Entfernung der fOr  4. Appareil de determination de la
teneur en as- die Bestimmung vorgesehenen Probenlosun-           phaltbnes
d'une huile lourde d'hydrocarbures, gen, die an der Tauchsonde odor der
Durch-  t5     comprenant une sonde immergee ou une cel- fluBzelle (7)
anhaften, durch Passieren einer      lule & circulation continue (7)
d'dchantillonnage Waschlbsung jedesmal, wenn die Absorptio-          d'une
solution echantillon dans laquelle sont nen der Probe bestimmt worden sind.
dispersaes des particules d'asphaltbne, la so- lution etant pr6parde a
partir d'une huile 7.  Vorrichtung zur Bestimmung eines Asphalten-  20
echantillon qui doit etre d6termin6e, la sonde gehaltes in oinem  schweren
Kohlenwasser-          immergee ou la collule & circulation continue
stoff6l nach Anspruch 6, worin die Vorrichtung     (7) 4tant disposoe en
face de la solution weiterhin Einrichtungen enthilt zur Steuerung
4chantillon et etant mobile dans des courses der Wascheinrichtungen
jedesmal, wenn die          verticales de manibre qu'elle soit au contact
de Bestimmung einer Probe beendet ist, vorgese-  25   la solution
echantillon ou soit sdparee de cette hen fOr die Tauchsonde oder die
DurchfluBzel-      solution, un detecteur (1) du coefficient d'ab- le (7)
mit der nachfolgenden Bestimmung jeder      sorption a deux longueurs
d'onde, comprenant Absorption der in don Probabehiltern enthalte-     une
source lumineuse (2), des passages desti- non Probe durch Mitbewegung der
Tauchson-          nes & permettre le passage de la lumiere de la de oder
der DurchfluBzelle (7).            30      source & travers une solution
4chantillon d'6paisseur donnee introduite dans la sonde RevendIcations
immergee ou la cellule A circulation continue (7), deux filtres
interferentiols (3) capables cha- 1. Procedd  de determination de la teneur
en as-       cun de transmettre la lumiere ayant traverse la phaltenes
d'une huile lourde d'hydrocarbures,  35  solution echantillon & une
longueur d'onde dif- comprenant les 4tapes suivantes:
ferente choisie dans la plage allant de 500 & 1 a) la mesure des
coefficients d'absorption       000 nm, et des tubes ou cellules
photosensi- 



K3 et K4 a deux longueurs d'onde, choisies       bles (4) capables chacun
de transformer l'in- dans la plage comprise entre 500 et 1 000
tensite de la lumibre incidente et de la lumiere nm, d'une solution
dchantillon dans laquelle  4o  transmise & deux longueurs d'onde
differentes des particules d'asphalthne sont dispersdes      en un courant
electrique, et un dispositif de et qui est preparee a partir d'un
echantillon    calcul (18) capable de transformer les valsurs de l'huilo,
des courants electriques en teneur en asphal- b) I'insertion des valeurs
mesur6es de K3 et    tenes de la solution echantillon par mise en K4 sur
une relation predeterminee entre le  45   oouvre du proc6de de la
revendication 1. rapport K4/K3 et le rapport g/K3, g etant le poids
d'asphaltenes dans la solution echan-  5. Appareil de determination de la
teneur en as- tillon, et                                       phaltbnes
d'une huile lourde d'hydrocarbures c) la transformation du poids g
d'asphalt&-      selon la revendication 4, dans lequel les deux nes en
teneur en asphaltbnes de la solution   5o  longueurs d'onde choisies pour
la mesure des d'echantillon.                                   coefficients
d'absorption sont separees d'au moins 50 nm. 2. Procedd  de determination
de la toneur en as- phaltbnes d'une huile lourde d'hydrocarbures    6.
Appareil de determination de la teneur en as- salon la revendication 1,
dans lsquel la solution   55  phaltbnes dans une huile lourde d'hydrocarbu-
echantillon est preparee par addition d'un hy-     res solon la
revendication 4 ou 5, dans lequel drocarbure aromatique a une huile
echantillon      la sonde immergde ou la cellule a circulation afin qu'ils
se dissolvent mutuellement, I'addi-    continue (7) comporte un dispositif
de lavage 10                     lll  ll 1l |||111    17                 EP
0 245 512 B1                     18 destind a retirer la solution
4chantillon a ddter- miner qui est fix6e & la sonde ou a la cellule (7) ou
reste sur la sonde ou la cellule, par circulation d'une solution
4chantillon chaque fois que des coefficients d'absorption  de   5
MI'chantillon sont ddtermines. 7. Appareil de ddtermination de la teneur en
as- phaltbnes d'une huile lourde d'hydrocarbures selon la revendication 6.
dans lequel I'appareil  10 comporte on outre un dispositif de commande du
dispositif de lavage chaque fois que la determination d'un dchantillon est
terminde, associd a la sonde ou a la cellule (7) pour les ddterminations
successives de chacun des   15 coefficients d'absorption de l'4chantillon
conte- nu dans des recipients d'tchantillon, par d6- placement avec la
sonde immerg6e ou la cel- lule & circulation continue (7). 20 25 30 35 K-
40 45 50 65 11          ,  llllllI~ll    


