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SPECIFICATION

DETERMINATION OF ASPHALTENE
CONTENT AND DEVICE THEREFOR

TECHNICAL FIELD

This invention relates to a method of rapid

determination of asphaltene content in heavy hydrocarbon

oils, such as long residue, short residue, hydrocracked

oil, thermally cracked oil, shale oil, tar sand oil, ete.,

and to a .device for automatically carrying out such

determination.

BACKGROUND ART

An asphaltene content in heavy hYdrocarbon oils is

not only an indication of combustibility and storage

stability of heavy hydrocarbon oils but also an 1nnorta1L_

- :faceor greatly 1nrluen01ng catalytic acL1v1ty in a direct

it is required to

disulfurization process. Therefore,

carry out determination of asphaltene content in heavy
hydrocarbon oils rapidly and precisely from consideration
of product control and procees'control.

content has Dbeen

Determination of asphaltene

commonly carried out based on a method of The InStitute of

Petroleum (IP 143, herelnafter referred to as IP method).

IP method comprlses dlssolv1ng a sample in. a ;mescrlbed

amount of warm n-heptane, filtering the resulting mixture
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JEKINY

oi'l s, “such as long residie, short residue, hydrocracked? oil, thernally
cracked oil, shale oil, tar sand oil, etg., and to a device for
automatically carrying out such deteéefnination. BACKGROUND ART

An asphal tene content in heavy hydrocarbon oils is not only an

i ndication of conbustibility and storage stability of heavy

hydr ocarbon oils but also an inportant factor greatly influencing
catal-ytic activity in a direct disulfurization process. Therefore, it
is required to carry out determ nation of asphaltene .content in heavy -

hydrocarbon, g ks, T 0! gl et RLESLEe! Y LLATEON 0 AL ProdiEL,
collected by . filtration with heptane at reflux in a
Soxhlet's_extractqr,.extracting the insoluble matter with
tolﬁene in the extractdf,.'and détefminiﬁg' the -extracted
soluble matter. However, since the IP method involveé-
complicated operations and requires much time as long as §
hours for analysis, it has been partly replaced by a
methoa of Universal 0il Product Co. (UOP 614/80,
hereinafter referred to as UOP method), in which a sample
dissolved in ‘a prescribed amount of warm n-heptane is
filtered through a ﬁembrance filter and the insoluble
matter collected on the : filter is Qetermined as an
asphaltene content. The UOP method, however, still
requires about 4 hours for analysis, and the measured
values do nbt agree with those obtained By IP method.
Accordingly, it has beéﬁ'demanded to develop a simple and
rapid method of asphaltene determination which gives
measured values in good agreement with IP values.
| Methods of rapid determination of asphaltene
content. so far proposed include (1) Ono method (Tastuo

Ono, J. of Japan _Petrol. Inst., Vol. 14, No. 9, 504

(1971)), (2) absorptiometric methods (Tsutomu Kaibara et

al., J. of Japan 'Petrol."'Inst.}: Vol. 23, No. 3, 175

(1980)), and (3) hydrogen flame ionization detection thih—

layer chromatographic methods (FID-TLC) (Marc-Andre
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Bet errii nati on of asphaltene content has been conﬁﬁﬁly carried out
based on a nethod of The Institute of Petroleum (IP 143, hereinafter
referred to as IP nmethod). |P nethod coﬁprises di ssolving a sanple in a
prescri bed amount of warm n-heptane, filtering the resulting m xture
-2-

Poirier et al., J. of'Chromatoqraghic Science, Vol. 21,

No. 7,331 (1983) and Yojiro Yamamotlo et al., J. of Japan

Petrol. Inst., Vol. 27, No. 3,269 (1984)).

The Oné method cémpiises the same procedures as IP
method except for omitting the toluene extréction, and the
time required for analysis and measured - values are
substanfially equal to those of the UOP method.

| The hydrogen flame ionization detection thin-layer
chromatographic' method by Yamamoto et al. comprises
épotting a sample solution on a siiica gel thin layer rod,
. developing the sample with a solvent, e.g., toluene, %o
separate asphaltene, and determining the asphaltene
content by means of a flame ionization detector. Although
this mehtod succeeded to furnish measured wvalues in
¢offe1a£ion with IP-values*énd;ﬁd reduce the'tiﬁe_required
for.anaiysis to 30 to 60 minﬁtes per 10 samples, ‘it has
disadvantages in that an analyst should always scan the
‘system throughout measurement and that analysis precision
greatly depends on developﬁent conditions, resulting in

; poor reproducibility.
| The absorptiométric method by Kaibara et al.
cémprises dissolving a -samplé_.in ‘n—heptane, measuring_
‘absorbance of thle' sdlufion: at. a wavel’ength-_.of 700 nm by
means of a spectrophotometer, further ﬁeasuring absorbance

of a filtrate obtained by filtration of the solution at a
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using™ a filter paper,”>washing an insoluble matter “-collected by

filtration wth heptane at reflux i a Soxhlet's extractor,
extracting the insoluble matter with toFFtdene in the extractor, and
determ ning the extracted soluble matter. However, since the IP nethod

i nvol ves conplicated operations and requires nmuch time as long as 9 hours
for analysis, it has been partly replaced by a nethod of Universal Gl
Product Co. (UCP 614/80, hereinafter referred to as UOP nethod), in which

a sample dissolved in a prescribed anmbunt of warm n-heptane is filtered:-
through a nenbrane filter . and the insoluble ,matter collected on the

filter is daasiediengts @f 28Bharfene anontiainiRge apopasphhbhene

however, still . : ) . : £
concentration from a -difference in absorbance of the

'solution between before  and aftgr the filtration.
According to this meth&d, the Eime required-for analysig‘
is_reduced to about 30 minutes. However, the operation of
filtration is complicated, and the measured values, though
correlating with IP values, has a coefficient of
éorrelation of 0.979, that is 1lower than a generally
acceptable coefficient of correlation, i.e., not less thap

0.99.

What is more problems is that the upper limit of
determination range is 3% by the conventional methods.
Incidentally, an asphaltene'content in heavy hydrocarbon
oils, which depends on a' kind of crude o0il and cut
fraction, is generéily 1 to 5% in long ;esidue and ‘5 to
30% in short residue. Iﬁ addition; tar sand oil contains
such a large amount of asphalteneé content as 15 to 20%.
In Japan, a research and development relating to.
techniques for lightening a heavy hydrocarbon o0il has

o widely advanced from a &iew point of recent oil supplying
circumstances. Thus, it has peen. desired to provide a
' method for rapid determination of asphaltene content as
wiae as poésiblé; |
| A method and dévice of the piesent invention is

25 developed to resolve various problems of the conventional
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réquires about 4 hours “for analysis, and the measur €d val ues do not
agree with those obtained by IP nethod._dﬁpcordlngly, It has been demanded
to develop a sinple and rapid nethod o asphal tene determ nation

whi ch gives neasured values in good agreenment with I P val ues.

Met hods of rapid determination of asphaltene content so far proposed

i nclude (1) Ono nmethod (Tastuo Ono, J. or Japan Petrol. Inst.
Vol . .14, No. 9, 504 (1971)), (2) absorptionetric methods (Tsutonu
Kai bara et al. . of Japan.Petrol. Inst. Vol. 23, No. 3, 178

gﬁ?ggézogragﬁ&ﬁ) Q%gao qﬁ“{l n%¥%%§lz%%w§ﬂ396t60tlon &Hé”ﬁethééeéf the
present invention can determine asphaltene content'at a
.wider range concentration and more rapidly as _comparea
.with. the cdnventional ﬁeﬁhods-'by doﬁbining a means of
sample preparation for precipitation of asphaltene and é
method for two-wavelength absorbance detection connected
thereto. The device of the present invention provide a
determination device composed of a two-wavelength
absorbance detector to determine asphaltene content by the
afore-mentioned means} an automatic sample feeder
connected thereto, and a microcomputer and make it.
possible asphaltene determination by which a number of
samples can be analyzed surely and 'rapidly " without

requiring much labor.

DESCLOSURE OF INVENTION

A basic techniéue 6f the determinatioﬁ method
according to the present invention is as follows.

(1) An appropriate amount (G) of a sample o0il is
weighed, and a prescribed amount of a solvent is added
thereto, followed by stirring. The solution is theﬁ
placed under prescribed conditions hereinafter described
so as to provide and pre01p1tate asphaltene parulcles 1n
part;cle size dlstrlbutlon__asf narrow ”as' p0551ble to
prepare: a sample solution having dispersed .thérein the

{ asphaltene particles. Light is transmitted through the
—_— . '
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4 J. of Chromatographic SC|en€g\ Vol . 21, No.

'-3- i Poirier et .a

* 7,331 (1983) and Yojiro Yamanotlo et al., J. of Japan Petrol. Inst., Vol.
27, No. 3,269 (1984)). The Ono -Bet hod conprises the sane
procedures as | P nethod except for onmitting the toluene extraction, and
t he

solution in a dispersion condition without removing the
asphaltene particies, and optical densities (hereinafter
referred to as absorbance(s)) of the sample solution at
.two ~differrent wa&éiehgths, -which are appropriately
aparted from each other within a wvisible light range of
from 500 to 1,000 nm. The visible absorption epectrum of
the above-described smaple solution having dispersed
therein asphaltene particles in the visible light region
of from 500 to 1,000 nm does not have its maximum and
shows a tendency of _eubstantially linear drop in
accordance as the wavelength becomes longer. Fig. 1
illustrates the principle of the determination method
according to the present invention, in which the x axis of
abscissa indicates a wavelength of llaht (nm) and the y
axis of ordlnate 1nd1cates an’ absorptlon spectrum of the
above—described sample solution and the solution (named as
"blank") having been rmoved the asphaltene particles from
the above-described solution by 'any means, such as
filtration. In Fig. 1, the solid line is the absorption
spectrum . of the sample solution ‘before removal of
:'asphaitene, wvhile the dotted 1line is an absorption
séectrum of the saﬁple selution_ after removal of
asphaltenef . . | o | | |

- Since the aspﬁaltehe paeticles do not

substantially transmit ligﬁt in a wavelength region of
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time required for analysis and neasured values are substantially
equal to those of the UOP net hod. = #The hydrogen flanme ionization
detection thin-layer chromatographic nmethod by Yamanoto et al.
conprises spotting a sanple solution on a silica gel thin layer rod,
devel oping the sanple with a solvent, e.g., toluene, to -separate
asphaltene, and determning the asphaltene content by neans of a flane
i oni zation detector. Although this nmethod succeeded to furnish
measured values 1in_ correlation with IP values and to reduce the tine
required forfEABI $8Psteol3@00o nen hihrutakserhance safpResampd enfplution
di sadvantages_in that an anal yst should al ways_scan the  system t hr qughout
measur enent aPECRh¥highalthe sagphaltenm particles have beén removed by

any means, such as filtration, is uniformly lower than
that bf a samblé solution before’ asphnltene_ removal -in
prqportion to the aéphaltené concentration. More

specifically, it has been confirmed through investigations

on various heavy hydrocarbon oils that there is a first-

order correlétion between a ratio of (a difference between

absorbance K4 of the sample solution before removal of

asphaltene particles at w%velength Az and absorbance K3 of
the same solution at wavelength A3) to absorbance Kj,

i.e.;l(K4—K3) X 100/K3, (hereinafter referred to as rate

of increase) and a ratio of absorbance K, of the sample

solution after removal of asphaltene particles at

wavelength A1 to absorbance K3, i.e., K; x 100/Ks,

(hereinafter referred to asnblank raté) even if the kind

or asphaltene content of o0il changes.

Therefore, absorbance K; of a maltene (soluble
matter) at analytical wavelength of light can be obtained
. by measuring absorbances of a sample solution as having

dispersed therein asphaltene pqrticles ‘at two different
wévelengths appropriately selected and inserting ~the
measured values in the correlation of rate Qf increase

with blank rate. Further, absorbance Ks of the asphaltene
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gfeatl'y depends on devef:dprment conditions, resulting -+#A poor

reproduci bility. The absorptionetric nethod by Kai bara et al
conprises dissolving a sanple in n-Beptane, neasuring absorbance of
the solution at a wavel ength of 700 nm by neans of a spectrophotoneter,
further neasuring absorbance of a filtrate obtained by filtration of the

solution at a

particles can be obtained frem a difference-between K3 and
Ky. -

| Thus, once a ealibration.curve is prebared from a.
standard asphaltene,. which is preferebly brepared in
accordance with IP method, a weight of asphaltene (q)
corresponding to absorbance Ks is first obtained from the
calibration curve, and an asphaltene content of a sample

oil is then obtained through equation:
Asphaltene content =.g x'lOO/G (wtg)

(2) The asphaltene content may also be obtained
by using one calibration curve from absorbances K3 and Kg.
In this case, such a callbratlon curve 1s based on a
;1rst—order correlatlon between an absorbance raelo K4/K3 =
and a ratio of gram of asphaltene (g) in a sample solution
to absorbanee K3, g/K3z. The asphaltene gram in the sample
solution can be obtained in the same manner. as described
above (e.g., by using a centrifugal separation technigue).

Accordingly, if alrelationship between the ratio
Kg/K3 and the .ratio g/K3 for a known 'sample is once
eetablished, subsequent asphaltene determlnatlons can be
effeéted 51mply by measurlng absorbances -K3 and Kg,
obtaining an asphaltene weight g from a previously
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of 700 nrj- and obtaining an.  asphaltene concentration

froma difference in absorbance of the solution between before and

filtration is conplicated, and the neasured val ues, though «correlating
IP values, has a coefficient of <correlation of 0.979, that
i

wavel-engt h
after the
anal ysi s
Wi th

is |ower
not Iess t
of

filtration. According to t+ffs nethod, the time required for

is reduced to about 30 m nutes. Eowever, the operation of

than 'a generally acceptable coefficient of correlation,

€,

han 0. 99. What is nore problens is that the upper limt

prepared calibration curve, and calculating an asphaltene

content from the equation:
Asphaltene Content = g x 100/G (wtg)

(3) In accordance with the above-described method
of determination, determined values of about 50 kinds of
heavy hydrocarbon oils having asphaltene contents between
0.1 to 30% by welght correlate w1th IP and UOP values with
a coefficient of- correlaulon of 0. 99 or more and, in'
addition, with a coefficient of varlatlon of 5% or less,
which indicates excellent analytical precision as compared
with IP method having a coefficient of variation of 10% or

less. Time required for a cycle of analysis is about 40

minutes. However, since a large number of samples may be

subjected to analysis all at once} the requisite time per
sample is markedly reduced when compared with
conventionally proposed rapoid determination methods. For

example, when ten samples .are analyzed all at once, the

. requisite time per sample is 10 minutes at the longest.

The method and device of the present invention is

to realize the above descrlbed processes They are

”composed of the follow1ng element of the 1nventlon

1. A method for determining an asphaltene content

in a heavy hydrocarbon o0il, which comprises measuring

This Sheet Has Been Rep laced
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dét er rii nati on range S 396by t he conventional nethods. :“Incidentally, an
asphaltene content in heavy hydrocarbon_oils, which depends on a kind
of crude oil and cut fraction, is*d@nerally 1to 5%in |long residue
and 5 to 30%in short residue. 1In addition, tar sand oil contains such a
| ar ge anount of asphaltene content as 15 to 20% In Japan, a research
and developnent relating to techniques for |ightening a heavy

hydr ocarbon oil has w dely advanced froma view point of recent oi
suppl’ying circunstances. Thus, it has been desired to provide a nethod

for rapid determ nation of asphaltene content as w de as possi bl e.
absorbances of a sample solution having dispersed therein

asphaltene particles which is prepared from a sample oil
to be determined at two wavelengths selected from a.
visible llght region . of from 500 to 1,000 nm, insérting_
the measured wvalues into a relationship betwe2en known
asphaltene contents and absorbances at two ‘wavelengths,
and performing an operation.

2. A method for determining an asphaltene content
in a heavy hydrocarbon oil as in the above Item 1, wherein
‘the sample solution is pfepafed by adding an aromatic

. hydrocarbon to a sample o0il to dissolve in each other,
adding a warm aliphatic hydrocarbon to the solution to
precipitate asphaltene particles, and cooling the solution
or allow1ng the solutlon to cool.

| 3. A method for determlnlng an asphalue“; content
in a heavy hydrocarbon 0il as in the above Items 1 or 2,
wherein the two wavelengths selected for absorbance
measurement are at least 50 nm distant.

4. A device for determining an asphaltene content

_in a heavy hydrocarbon oil, which comprises a dip probe or
flow cell for sémpling a sample,solutioﬁ héving dispersed .
therein asphaltené particles which is prepared from a -
samplé'oiiito Eé determihea, said dip'p£6Ve or flow cell
being set so as to face with the sample solution and being

movable with up-and-down strokes so as to be in contact
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A'method and devi ce of'ithe present invention is devel-@ped to resolve
-various problens of the conventional asphal t ene cont ent

det ermi nati on means. The nethod of t hell present invention can deternine
asphaltene content at a wder range .concentration and nore rapidly as
conmpared wth the conventional met hods by combining a neans of sanple
preparation for precipitation of asphaltene and a

with or apart from the sample solution, a two-wavelength
absorbance detector'including a light source, passages for
light to allow the light from. the light source to pass
through'a-sample solution of a given thickness introdﬁced_
in the dip probe or flow cell, two interference filters:
each capable of transmitting the light having transmitted
through the sample solution having a different wavelength
selected from a range of from 500 to 1,000 nm, and
phototubes or photocel;s each capable of. converting the
intensity of each of incident light and transmitted light-
having two -different wavelengths into an electricai
current, and a computing means capable of converting the
electrical current values into an asphaltene content.

5. A device'for-detérmining an asphaltene content
in a heaQy hYdrocarbon oil as in the aboVe.Item 4, wherein
the two wavelengths selected for absorbance measurement
are at least 50 .nm distant.

6. A devicé for determining an asphaltene content
in a heavy hydrocarbon oil as in the above Items 4 or S,
_wherein the dip probel or flow cell is provided with a
washing means for removing the sample solution for
determlnatlon attached to or remalned on the dlp probe or
'flow ~cell by pa551ng a wash;ng solution every tlme
absorbances of the sample are.determineé.

-
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mét hod. for two-wavel engt’h. absor bance detection connected- thereto. The
deyi ce of the present invention provides determ nation device conposed
of a two-wavel ength absorbance detect&%'to det erm ne asphal t ene content
by the afore-nentioned neans, an automatic sanple feeder connected
thereto, and a mcroconmputer and -nmake it possible asphaltene
determ nation by which a nunber of sanples can be analyzed surely and
rapidly w thout requiring much |abor. DI SCLOSURE OF | NVENTI ON
The deéterm nation nethod according to the present invention for the
asphal tene content in a heavy, hydrocarbon oil conprises the steps of: a)
measuri ng the absorbdnced KeVics foz) dgherraniner anl psphatlie nea\ceirdragiths

sel ected fromthe range of from 500 to 1,000 nm of a sanple
havPn§ heavy hydrocarbon oil as in the above Items 4 to 6,

sol ution :

wherein said device further includes a means for
controlling - the waghing means, every time the
determination of one sample is completed, provided to the
dip probe or flow cell with the successive determination
of each absorbances of Ehe sample contained the sample

containers by moving with the dip probe or flow cell.

BRIEF EXPLANATION OF THE DRAWINGS

Figure 1 is a spectrum liﬁe of én absorbance of
transmitted light with respect to a sample solution and a
sample solution having been filtered in a visible region.

Figure 2 is a synoptical drawing to determinate
asphaltene contents in heavy hydrocarbon oil.

| | Figure 3} is. a schematic view ;of the automatic
determinationlde§ice according to a dip probe system uéed
in an example of the present invention.

Figure 4 is an enlarged view of the two-wavelength
abscrbénce detector used in the device of Figure 3.

.20 Figure 5 is a schematic view of the automatic
determination device according ﬁo-a flow cell system used
in an”eiamplé of Ehe present invention.

 BEST MODE FOR CARRYING OUT THE INVENTION

(1) Method for Determination
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di spersed therein asphal.fene particles which is prepargd froma sanple of
the oil, b) neasuring the absorbance K1 ([err]1l) of the sanple solution
after renoval of the asphaltene particté8- c) inserting the neasured val ues
of K4 and K3 in a predetermned first order correlation between the ratio
(K4-K3) x 100/K3 and the ratio K1 x 100/ K3 and determ ning the wei ght of
the asphaltene g froma second predeterm ned correction between g and
K3-K1, and d) converting the weight of asphaltene g into the asphaltene
content of said sanple solution. _ - ba -
A Dbasic technique of the_ determnation mnmethod according to the
present invention i&nastiiel Ipneparation of a sample solution to be
analyzed, asphaltene particles present in a sample o0il can
be precipitated as fine particles .with a narrow size
- distribution by following specific procedures hereinafter.
- described. The particle size and its distribution of
precipitated asphaltene particles have great influences
upon the measurable range of 'asphaltene contents and
precision of measurements in the subsequent two-wavelength
absorptiometry. The sample solution should be stirred
throughout the measurément so as to prevent sedimentation
of asphaltene particles in the solution thereby to stably
maintain the state of uniform dispersion. Light from a
light source is 1led 'by optical fibers to the sample
solution as incident light and then transmitted through
_the'.solutign having a giveh thickness. . Absorbances_?
(optical densities) of the sample solution at two
different wavelengths within a range of from 500 to 1,000
nm are measured.
Intensity of éach of the two transmitted light
S rays having different wavelengths is converted into an
electrical current value by means of a light-current
transducer, which is then put into a computer having_""'a

presé;ibed ‘program thereby to j-print ‘out an asphaltene

content in the sample 0il.
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‘An appropriate anount (6§ of a sanple oil is melghed and a prescribed
arfrount of a solvent is added thereto, followed by stlrrlng The
solution is then placed under prescrilded conditions hereinafter
described so as to provide and precipitate asphaltene particles in
particle size distribution as narrow as possible to prepare a
sanpl e sol ution having dispersed therein the asphaltene particles.

Light is transmitted through the - . - 6-

The above-mentioned .two~wave1ength' absorbance
detection can be éarried-out by either a dip probe system
or a flow cell systém, In the former system, a dip probe.
quipped with an opening and 'a reflector at the ‘end is.
dipped in a sample solution, and incident 1light and
transmitted 1light are 1led through optical fibers
incorporated in the probe. In the latter system, a sample
solution is introduced by suction in a flow cell, with
optical fibers for leading incident 1light and those for

& -leading transmitted light being fixed on opposite sides of
the flow cell. In either case, once a plurality of
different sample solutions are prepared in advance,
asphaltene éontents of sample o0ils can be determined
efficiently in a succe551ve manner . It should be noted,
'however_, ‘that it is necessary to wash the dip probe or
flow cell with a washing solvent after every measurement
to remove any remaining sample.soldtion”attached thereto.

The above-described operation can be controlled
uﬁder a computer program at a gfeat saving of labor.

The ptoéess for preparing samples which can be

"

~ analyzed in the present inventién comprisés placing an
aﬁpropriate amount (e.g., froﬁ_o.j ?015-9 g) of a sample
oil in a Beaker having a preSCfibggfféIume (e;g;, 100 ml),
adding a small amount (e.g., from 0;3 to 5.0 ml, and

preferably 1.0 ml) of -an aromatic hydrocarbon solvent
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solution in a dispersioﬁﬁbondition wi t hout renoving tﬁg> asphal tene
particles, and optical densities (hereinafter referred to as
absor bance(s)) of the sanple solution atldtwo differrent wavel engths,
which are appropriately aparted fromeach other within a visible |ight
range of from500 to 1,000 nm The visible absorption spectrumof the
above-descri bed sanpl e sol ution having dispersed therein asphaltene
particles in the visible light region of from500 to 1,000 nm does not
have 4 ts nmaxi numand shows a tendency of substantially Iinear drop
" (e.g., toluene) to the beaker to dissolve the content,
further adding a'prescribed amount (e.g., 100 ml) of an
aliphatic hydrocarbon solvent (e.g., n—heptane) to _the
solution while stlrrlng to precipitate asphaltene The
aliphatic hydrocarbon solvent used above may be heated to
atemperature of from about 40 to about. 90°C, and
preferably 80°C.
Then, the contents of the beake.r 1s allowed to
cool at room temprature, preferably at a temperature of
. from 15 to 30°C, for about 30 minutes to prepare tbe
samples of the present invention. The aromatic
hydrocarbon solvent to be used includes benzene, toluene,
and xylene. The aliphatic hydrocarbon solvent to be used
1ncludes those hav1ng from 5 to 12 carbon atoms, such as
pentane, hexane, heptane, octane, etc
In order to ensure dispersion stability of the
asphaltene particles by preventing a tendency of
sedimentation, the sample solution may further. contain a
surface active agent, a dispersant for engine oil, etc.
oL By the above—described process of preparing a
sample solution, asphaltene particles having a narrow size
dlstrlbutlon between about 1 um and 3 um can be forned
whlch brlngs about great ELfECtS to ‘'widen the range of

measurable asphaltene contents and increase precision in

4 the subsequent two—wevelength-absorbance-detection;
—_—
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accor-dance as the mavéE%ngth beconmes | onger. Flg illustrates
the principle of the 'determnation nethod accordlng to t he present
invention, in which the x axis of absct36a indicates a wavel ength of |ight
(nm and the y axis of ordinate indicates an absorption spectrum of the
above-descri bed sanple solution and the solution (nanmed as "blank") after
renoval of the asphaltene particles from the above-described solution

by any neans, such as filtration. In Fig. 1, the solid line is the
absorption spectrum of the sanple solution before renoval of
asphaltene, while the dotted line is an absorption spectrum of

the sanple solutiofheathes prepavad safiplaspbabtéoa. having dispersed
therein the aspheltene .éarticles without removing the
asphaltene content is subjected to absorbance measurement,
while being stirred by means of a'magneﬁié stirrer, and
g the like, at two wavelengths being at a distance of at
least about 50 nm, and preferably from 50 to.150 nm, for
example, at an analytical wavelength of 800 nm and at a
control wavelength of 675 nm. If the distance between the
two wavelengths is less than 50 nm, deﬁermination
. ‘precision becomes -poor.

Referring to Fig. 1, when the absorbance of a
sample solution at an analytical wavelength of 800 nm (K3)
and that at a control wavelength of 675 nm (K4) are found
to be 1.10 and 1.98, respectively, then the equation for
rate of increase giﬁés (Kq—K3) X 100/Kj’= 80.0. .Ffoﬁ the
correlation between rate of increase and blank rate, one
may obtain a blank rate. of 29.1. It follows that Kj3
_(absorbance of a maltene after removal of asphaltene at
800 nm) = 0.32. Therefore, K3-K3y (absorbance of

Ks = 0.78. The weight of asphaltene can be-

]

. asphaltene)
. obtained from- a calibration curve of absorbance Ks and
'aephaltene weight ‘g. From this value, the asphaltene
contnet in the sample’ 011 can. be obtalned | |
Fig. 2 shows results_ of determinations for

25 asphaltene content in  heavy hydrocarbon oils in
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Since® the asphaltenéis particles do not substantially transmt
light in a wavel ength region of : -7-
from500 to 1,000 nm the absorbance of- 57sanple solution fromwhich the
asphal tene particles have been renoved by any neans, such as filtration,
Is uniformy lower than that of a sanple solution before asphal t ene

r enoval in

accordance with "the 5ip probe system of the present
invention, which.'comprises the process for 'preparing
sanple solutlons for determlnatlon of light 1nten51ty to
which a small of aromatlc hydrocarbon  is added and the
.i_ two-wavelength absorbance detection method, in comparison
with wvalues of the same hydrocarbon oils -obtained by
conventionally known determination methods. It can be
seen from Fig. 2 that the method and device in accordance
with the present invention make it possible to determine a
wide range of aephaltene conteets at high precision of
analysis.
The measured values given in Fig. 2 were computed
in accordance with the second method of calculation using
the relatlonshlp between K4/K3 and g/K3 In this

-_Darulcular case, there is establlshed an equatlon
Asphalteéene Content (wtg) = 0.0287 X (2.43 K3-K4) x 100/G

The coefficent of wvariation in Fig. 2 was

calculated for 6 measurements from equation:

' Coefficient of Variation (%) = (Standard Deviation

’ - . expressed in
Square Root of Unblased
Variance) x 100/Mean

____/
eet Has Been Replaced
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phoportion to the asﬁﬁéltene concentration. Nﬁﬁ% specifically,
it has been confirnmed through investigations on various heavy hydrocarbon
oils that there is a first- order correl@tion between a ratio of (a
di fference between absorbance Klerr] of the sanple solution before
renoval of asphaltene particles at wavel ength [err] and absorbance Kl err]
of the sanme solution at wavelength [err]) to absorbance Klerr], i.e.,
(K[err]-Klerr]) x 100/ Klerr], (hereinafter referred to as rate of
i ncrease) and 1 ratio of absorbance Klerr]. of the sanple solution after
renmoval of asphaltene particles .at wavelength [err] to absorbance
Klerr], i.e., K erghenx de%@(%\'ihﬁl‘tfibns (e ecazirtied '€ oyl £Re ag ANk
rate) even if the kind

samples as used in Fig. 2 by a flow cell system according

to. the present invention, the results obtained are almost

equal to those of Fig. 2.

N (2) Device for Determination

(i). Dip Probe System:

When a container containing a stirrer of a
magnetic stirrer and a smaple solution is carried to a
predetermlned position where the sample solution and a dlp
probe face to each other (locatlon of measurement), the
magnetic stirrer is caused to rotate to agitate the sample
solution and, at the same time, the probe and/or the
container goes up or down whereby the end of the probe,
‘i.e., the measurement ~part, is dipped in the sample
solution to a depth neceséary- and sufficient . for
absorbance measurement.

The dip probe contains therein optical fiber
bundles 1leading incident 1light and transmitted light,
respectively. Light having transmitted through the sample

& solution is passed through two interference filters
_differing in wavelength that are placed in parallel at the
outlet of ‘the Optlcal flber bundle for transmltted llght,
where optlcal den31t1es (absorbances). of .the sample

solution are determined at two different wavelengths

P falling within a range of from 500 to 1,000 nm.
_\
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of.. asphal t ene content of:bil changes. Ther ef ore; absorbance K[err]
of a maltene (soluble matter) at anal ytical wavelength of |ight can be
obtained by neasuring absorbances of a-sanple solution as having
di spersed therein asphaltene particles at two different wavel engths
appropriately selected and inserting the neasured values in the
correlation of rate of increase wth blank rate. Further, absorbance

Klerr] of the asphaltene - 8-

The inteﬁsity of the 1light having transmitted
through each filtér is cohverted into 'elexctrical current
- by a light-current transducer, such as a phototube, a
photocell ; etc., .and éhE'-resulting_.current value is_
= introduced into a computer having a specified program to
perform an operation to print out the asphaltene content
in the sample oil.
Upon completion of asphaltene determination, the
.dip probe and the container are separated from each other
under instructions from the computer, and an
electromagnetic valve of a washing means is opened also on
instructions of the computer thereby to jet a washing
solvent fed froﬁ the washing means against the probe to
. wash away any sample solutlon attached to the measurement
o part of the probe. ‘The washlng solvent is 1ntroduced in
the container containing the sample solution having been
analyzed. After thorough washing of tﬁe probe, the
glectromagnetig valve is closed to stop washing, and the
container is removed from the location of measurement,
while a container containing another sample solution and a
magnetic stirrer is successively placed on the location. of
méasurement. | |
Through thése proéedures}'one-cycle 6f'éspha1tehe
determination is completed.
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particles can be obtained froma difference between Kl efy{ and Klerr].
Thus, once a calibration curve is prepared froma standard asphaltene,
which is preferably prepared in ace@pdance with |IP nmethod, a weight of
asphaltene (g) corresponding to absorbance Klerr] is first obtained from
the calibration curve, and an asphaltene content of a sanple oil is then
obt ai ned t hrough equati on: Asphal tene content = g x 100/ G (W%

Figs. 3 épd 4 shows schematic views of a divice
which can be used fér performing dip probe system
aspha;tene determinatioy...Eié. 4 represents an enlarged
view of the doﬁinént part of Fig;'3. In these figures,.

: two-wavelength absorbance detector 1 is composed of -a
photometry part comprising 1light source 2 (e.g., a
tungsten lamp), interference filters 3 (e.g., 675 nm and
800 nm), phototube (or solar cell) 4, and amplifier 5 and
a measurement part (i.e., d&ip probe 7) contained in
elevator 6, both parts being connecfeé to each ‘other via
optical fiber bundle 8 fqr incident 1light and optical
fiber bundles 9 for transmitted light. For details of the
photometry part Fig. 4 can be referred to. Dip probe 7
has an opening (é.g., 3 mm in height and 8 mm in width)
and reflector 10 at the lower end and_ishheld by holder ‘11
of elevator 6 (shown in Fig. 3). Probe 7 goes down to
enter in a sample solution on measurement and goes up to
stand apart from the sample solution during wéshing and
rotation of turn table 12.

By referénce to Fig. 3, elelvator 6 is equipped
w;th nozzles 13 for washing the dip probe that are aligned
in a ring around .the._p;obe..and' connected to washing
solvent-containing aténk '16. equipped with miniafﬁré_
compressor 14 and electromagnetic valée 15 via a Teflon

25 tube. Elelvator 6 is fixed to automatic sample feeder 17
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aromati ¢ hydrocarbon to a sanple oil to dissolve in each other, adding a

-~
e

Lall

The nethod and device of the present .inventiion are  descri bed
in nore detail in the foll ow ng. According to a preferred enbodi nent
- of the above described nethodthe sanpl-€lsol ution is prepared by adding

war m al i phati ¢ hydrocarbon to the solution to precipitate asphaltene

particles,

and cooling the solution or allowing the solution to cool.

Preferably the two wavel engths sel ected for absorbance

having turn table 12 (e.g., setting 12 beakers) and a

magnetic stirrer at the location of measurement. Starting

~and stopping of elevator 6, miniature compressor 14, and

turn table 12, and opehing and closing of electromagnetic.
valve 15 are all controlled under instructions from
microcomputer 18. The current output from two-wavelength
absorbance detector 1 is introduced in the microcomputer,
where the current is converted into an asphaltene content
which is then printed out by printer 19.

More specifioallf, the magnetic stirrer of
automatic sample feeder 17 starts to rotate at a signal
from’ microcomputer 18 to agitate a sample solution in a

beaker set on a location of measurement. At the same

time, elevator 6'starts to let probe holder 11 down so

that'the opening of the probe'may be'dipped'ih'the sample .

solution. Visible light rays emitted from light source 2
of two-wavelength absorbance detector 1 pass through
optical fibers 8 for 1nc1dent light to reach the dip probe

and transmit through the sample solutlon from the opening.

. The light is partly absorbed in the sample solution and

partly reflectled on reflector 1Q. The reflected light is

agaln absorbed in the sample solutlon and passes through
optlcal fleIS 9 for ,transmltted llght -to reach
interference filters 3, where transmitted light rays

having two wavelengths are chosen by two interference
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measurenent are at |east 50 nmdistant. - Furthernore, a device for
determ ning an asphaltene content in a vy hydrocarbon oil is provided,
which conprises a dip probe or flow cel4”Tor sanpling a sanple solution
havi ng di spersed therein asphaltene particles which is prepared froma
sanple oil to be determ nded, said dip prove or flow cell being set so as
to face with the sanple sol ution and being novabl e with up-and down strokes

so as to be in contact - 10-

filters 3 and each is converted into elecrical current by .

respective phototobe 4, amplified by respective amplifier
5, and then introduced in microcomputer 18.

| inl microcompufor 18, the current :inpﬁt s
s converted into transmittance T (ratio of transmitted light
I/incident 1light 1Ig), which is then converted into
absorbance K (log;pl/T). The resulting absorbance values
are applied to a corrélation of rate of increase-blank
rate and a calibration curve of absorbance difference Kiz-
Ki vs. asphaltene content that have previously been put in
the computor to calculate an asphaltene content, which is
then- put in printer 19. At the same time, the thus
obtained asphaltene content is converted into an IP
asphaltene content and an UOP asphaltene content by using
a'.previously_ incorporated corielationships between
asphalfene content of the.ihvention and that of IP method
and between asphaltene content of the invention and that
of UOP method. Upon completion of input, signals are
issued from microcomputor 18 to start miniature compressor
P 14, whereby the inner pressure of'tank 16 is increased.
| Subsequently, elevator 6 starts to move, and as probe
holder 11 goes up, electronagnetlc valve 15 is opened to

let a- washlng ‘solvent (e g , n- -heptane) spout from nozzles o

13 to clean dip probe 7.
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with or apart fromthe §anple solution, a two-wavel engtti’ absorbance

detector including a light source, passages for |ight to allow the |ight
fromthe |light source to pass through-&3sanple solution of a given
t hi ckness introduced in the dip probe or flowcell, two interference

filters each capable of transmitting the |ight having transmtted through
the sanple solution having a different wavel ength selected froma range of
from500 to 1,000 nm and phototubes or photocells each capabl e of
converting the intensity of each of incident light and transmtted |ight
having two different wavelengths into an electrical current, and a
conputi ng neans cap@bks,oftucanvitliend 2 hef sheonattal sempilentfeedlewesl? nto
an asphal tene content b maki ng

again starts to move to set the next sample solution to be

analyzed on the location of measurement, and the same

_operations'as described above are ahtdmaticallyfrepéated;

In the case where measurements are made on samples
that are not easily washed off by jetting a solvent from
nozzles, cleaning effects may be assured by feeding a
sample solution-containing beaker and a beaker containing
a washing solvent (e.g., toluene) alternatingly on the
turn table 12.

(ii). Flow Cell System:

A flow cell system device wherein a flow cell is
used in place of the dip probe works in the same manner as
described for the dip probe system device except that the
ends of optical fiber bundles guiding incident ‘light and
transmitted light, respectively, are fixed to both sides
of transparent flow cell so as to face to each other and
that the washing means as used in the dip probe system is
replaced with a pumping means to withdraw a sample

solution having been analyzed.

According to the flow cell system, when thé™ér

a suction pipe connected to a flow cell is dipped 1n a
sémpleISOlutiQn, the sample sdiution.is.ihtroduced in the
suction pipe by the action of a vacuum pump and then made

to flow in the flow cell. Absorbances of. the sample
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use of a predeternined fitst order correlation between the ratio (K4-K3) x
100/ K3 and the ratio KL x 100/K3, and a second predeterm ned correl ation
bet ween the wei ght of the asphaltene g aB@-K3- K1, wherein K4 and K3
represent the absorbances at two wavelengths [err] and J[err],
respectively, selected fromthe range of from500 to 1,000 nmof a sanple
solution having dispersed therein asphaltene particles, which is

prepared froma sanmple of the oil, and Kl is the absorbance of the
sanple solution after renoval of the asphaltene particles neasured at
the wavel ength [err]. In. the above device for determ ning an

asphal t ene comiwton nagehemegshyddoothrbon dihe tﬁ@lﬂﬁéO%@tm@nh@m@t ed
for absorbance neasurenent are preferably at | east 50nm di stant.
Accor di ng t Petvaast divederd®odf n@lﬁtiéalt%ébéévbéédiéﬁ gededmioniime igtent
asphal tenecontent in _a heavy hydrocarbon oil, the dip_probe or flow cell is
provi ded wi th-ahtagpidngt readsifbedr ditghty CREPSEFPVELY0I ut i B f Gample
| solution is then withdgawn into an enclosed waste liquor
reservoir. The waste liquor reservoir is evacuated by
removing air with a vacuum pump so as to permit the next
sample solution be sucked into a suction pipe at a
predetermined flow rate. fhe evacuation is conducted viag
a cold trap so as to prevent contamination of the pump due
~to the waste liquor and gas.. After every'detefmination,
any remaining sample solution attached to the suction
pipe, flow cell, etc. can be washed away by replacing the
beaker containing the sample solution with a container
containing a washing'soiQént. Therefore, the £flow cell
e system.éliminates.the ﬁeed of_an independent wéshing meéné
. as required in the dip probe éystem.
Other operations are almost same as descroibed in
the above Item (i).
Fig. 5 illustrates a schematic view of a deviée
S e for determiniﬁg asphaltene contents éccording to the flow
 cell system. Elevator 6 starts to move at a signal from
microcomputer 18; whefeby flowipell 20 (e.g., a glasSfmade
cell'haViné_a_éhickness Qf_3 mm ) héld‘b} flow éeli'holde¥
21 goes down until the end of suctioh_pipe 22 (e.g., a

25 Teflon pipe having an inner diameter of 2 mm) connected
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déterrination attached to or remained.on the dip probe bt flow cell by
passi ng a washing solution every tine absorbances of the sanple are
deter m ned. Furthernore, the d2%ice for determ ning an asphal tene
content in a heavy hydrocarbon oil may include a neans for controlling the
washi ng neans, every tinme the determ nation of one sanple is conpleted,
provided to the dip probe or flowcell with the successive determ nation

of each absorbances of the sanple contained the sanple

to the lower end ef flow. cell 20 reaches a sample solution
while being stirred with- a magnetic-stirrer, which is set
on  automatic - sample _feeder 17 at a 1location of
measurement. Vacuum pumpT23 is then-started'to Suck.the
- sample solution at a eertain flow rate (preferably from 10
to 30 ml/min) due to reduced preseure appropriately
adjusted by means of pressure control valve 24. While the
sample solution passed through flow cell 20, light having
transmitted through the sample solution at two wavelengths
v%‘- (e.g., 675 nm and 800 nm) is detected by two-wavelength
absorbance detector 1, where measured intensities of
transmitted light are con?ertea into electrical current
values. The resultiﬁg current outputs are inserted in
microcomputer 18, where they are converted into
S absorbances. - The input ofTCUrrent_vaiues in microcoﬁputer o
18 is preferably conducted after about 20 seconds from the
state of vacuum pomp 23.
Upon completion of one cycle of determination,
elevator 6 goes up to 1lift suction pipe 22 and, after
e _several seconds, vacuum pump 23 is stopped. The driving
tlme of vacuum pump is prefemably about 60 seconds. Then,
auLomatlc sample feeder 17 starts to cause turn table 12
to rotate, whereby a beaker contalnlng a washlng solvent
(e.g., toluene) is set’ on the_.locatlon of measurement,

followed by suction of the solvent with vacuum poump 23 to
-______.___#_;___a__,
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contai*ners by noving w tAi-the dip probe or flow cell. "BRI EF EXPLANATI ON OF

THE DRAW NGS Figure 1 is a spectrumline of an absorbance of
transmitted light with respect to a sanppé-solution and a sanple solution
havi ng been filtered in a visible region. ' Figure 2 is a synopoica

drawi ng to determ nate asphaltene contents in heavy hydrocarbon oil.
Figure 3 is a schematic view of the automatic determ nation device

according to a dip probe systemused in an exaanple of the present
i nventi on. Figure 4 is an enlarged view of the two-wavel ength

absorbance detector used in the device of Figure 3.
wash the inner walls of suction pipe 22 and flow cell 20.

After completion of washing, turn table 12 again rotates
to carry the next - sample.-sélution to the location. of
measurement. | | |
'5. _ A series of thé aforesaid operations is all
controlled by programmed microcomputer 18. The results of
asphaltene determination are successively printed out by
printer 19 upon giving instructions to computer 18.
The sample solutlon having been analyzed and the
iy washing solvent are collected in waste 1liquor reservoir
25. In order to prevent contamination of vacuum poump 23,
it is preferable to insert cold trap 26 between reservoir
25 and pump 23.
In Fig. 5, flow cell holder 21 to which flow cell
L 20 is fixed and two—wavelenguh absorbance detector 1 are
connected to elevator 6. Flow cell 20 and holder therefor
21 may be fitted at any posiéién of the pipeline in which
a sample solution fed from suction pipe 22 flows and
should not be necessarily fixed to elevator &. Two—
C e N wavelength absorbance detector 1 also should not be
necessarily fixed to'élevator 6.. What is required is thét
the end of suction pipe 22 moves w1th up—and down strokes
 so as to be dlpped in a sample solutlon and then 1ifted.

Therefofe, in cases where flow cell holder 21 is not fixed.
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Figure 5 is a schemati:¢."'view of the automatic determ-nation device

i nventi on.

according to a flow cell system used. in an exanple of the present

BEST MODE FOR CARRYI NG OUT-4HE I NVENTION (1) Method for

Det er mi nati on -12-

L

N

to elevator 6, suction pipe 22 may be fixed to elevator 6

at a site near to the end-théreéf.

INDUSTRIAL APPLICABILITYl

| . As described .abévé( .the pfesent in?entiop_
eliminates disadvantagés associated with the conventional
methods of determining asphaltene contents in heavy
hydrocarbon oils, such as time requirement per sample,
complicated operations, labor reguirement, narrow ranges
of measurement, unsatisfactory precision in ~some cases,
and tﬁe like. 1In other words, the pfesent.invention nakes
it possible to automatically carrj out asphaltene
determination on a large nﬁmber of samples in a reduced
time per sample with high precision without requireing

much labor.
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Ih the preparation of a sanple solution to be analyzed, asphaltene
particles present in a sanple oil can: %ﬁaiwecipitated as fine particles
with a narrow size distribution by ol I owi ng specific procedures

herei nafter descri bed. The particle size and |t

preci pitated asphaltene particles have great ”mmmm;m

nmeasurable range of asphaltene contents and reCIS¢OW.OH nea enents
in the subsequent two-wavel ength absorptionetry. The sanpl e solutlon

should be stirred throughout the measurenment so as to prevent
sedi nentation of asphaltene particles in the solution thereby to stably

mai ntain the state of uniform dispersion Light froma light source is
led by optical fibers to -the sanple
' Claims

2 method for determining an asphaltene content in a

=

heavy' hydrocarbon oil comprising the steps of
a) measuring the absorbances K4 (A,z) and X3 (A.l)
two wavelengths selected from the range of from 500 to

m
ck
rl

00 nm of a sample solution having dispersed therein
a

0
asphaltene particles which is prepared from a sample of ths

serting the mneasured values of K4 and X3 in a
predetermined first order correlation betwsen the ratio
(K4-X3) x 100/X3 and the ratio K1 x 100/K3 and determining

of the asphaltene g irom a second predeternined
correlation between g and K3-K1, wherein X1 'is th
absorbance of the sample solution after removal of the
asphaltene particles at the wavelength A,, and

c) converting the weight of asphaltens g into the

asphaltene content of said sample solution.
2. % method for determining an asphaltens content in a

~

1eavy hydrocarbon oil as in claim 1, wherein the sample

solution is prepared by adding an aromat hydrocarbon to a
0il to dissolve in each other, ad ing a warnm

iphatic hydrocarbon to the solution to precipitate

haltene particles, and cooling the solution or allowing

the solution to cool.

.. 3. & method for determining an asphaltene content in a.

heavy hydrocarbon oil as in claim 1 or 2, wherein the two
g

. wavelengths selected from absorbance measurement are at
least 50 nm distant. -_—
.. 'This-Sheet Has Been R
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solutton as incident Ilght and then transmtted throu h the solution
having a given thickness. Absor bapces  (optli mlmmﬂmmu t" III t he
sanple solution at two different™ %eTength fron1500

g
to 1,000 nm are neasured. Intensity df éach of
transmtted light rays having di fferent mavelengths |s converted into
an electrlcal current val ue nmeans ght - current

transducer, “whi ch @§V%ﬁénfﬁﬁtd?ﬁ?ﬁ“&“ébﬁpéﬂePSWQ@MﬁfQ§ GRTESRRT iRy 2 _
program thepehyy h9aPbERYboAUbilaln asBBakbeRe M Me iMbdis: sefpl e oil.

claim 1, which comprises a dip probe or flow cell (7) for
sampling a sample'solufion having dispersed, therein
asphaltene particles which is prepared from a sample o0il to
be determined, said dip probe or flow cell (7)_being_set so
as.to_facé with the sample.solution-and being movable with
up-and-down strokes so as to be in contact with or apart'
from the sample solution, a two-wavelength absorbance
detector (1) including a light source (2), passages for
light to allow the light from the light source to pass
through a sample solution of a given thickness introduced
in the dip probe or flow cell (7), two interference filters
(3) each capable of transmitting the light having
transmitted through the sample solution having a different
wavelength selected from a range of from 500 to 1,000 nm,
and phototubes or photocells (4) =ach capable of converting
the intensity of each of incident light and transmitted
light having two different wavelengths into an electrical
current, and a computing means (18) capable of converting

. the electrical current values into an asphaltene con;onu

s

5. A device for determining an asphaltene content in a
heavy nyd*ocarbow 0il as in claim 4, wherein the two
wavelengths selected for absorbance measurement are at
least 50 nm distant '

6. A device for determining an asphaltene content in a
heavy hydrocarbon oil as . in claims 4 or 5, wherein the dip
probe or flow cell (7) is pfovided with a washihg means. for
removing the sannle’solutiqn for determination attached to -
‘or renalnsd on the dlp ‘probe or flow cell (7) by passing a 
washing solution every time absorbances of the sample are

determin

(D

d.
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-13- The above-nentioned two-wavel ength absorbance detection
can be carried out by either a dip probe system or al mu“ m In
the forner system a dip probe equi ppe%iovmth an openi IEH ﬁm
the end is dipped in a sanple solution, and. incident |I1gHt &nd* s
transmtted light are led through optical fibers
7. A device for determining an asphaltene content in a
- heavy hydrocarbon oil as in claim 6, wherein said device

further includes a means for controlling the washing means,
every time the deternmination of one samplé.is completed,
-provided to the dip probe or flow cell (7) with the
successive determination of each absorbances of the sample
contained in the sample containers by moving with the dlD
probe or flow cell (7).
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Fhcorporated in the probe In the Iatter system a sanp1e solution is

introduced by suction in a flow cel{’ "with optical fibers for |eading
incident |ight and those for |eading Pﬁdnsn1tted | i ght being fixed on
opposite sides of the flow cell. In either case, once a plurality of

different sanple solutions are prepared in advance, asphaltene

contents o o) ] beptly in a
.successi ve %alr‘]%gqumﬁop 6*#isF@ﬁ*@EN%?PEW@@m@%?ﬁ%@?? IS necessary to
wash~the dip probe or flow cell with a washing solvent after every
measurenent "~ to renove any remaining sanple solution attached thereto.
The above- dBBSTRAE®R OPeTHEI DESCROSBREcontrol | ed under a conputer program

at a great savi ng of | abor.
: A method for preclsely and effectively determining

an asphaltene content in a heavy hydrocarbon 0il which can
be applicable to a:wider.range of asphaltene content and a..
& deVice'therefor is disclosed:
(1) The method comprises measuring absorbances of
a sample solution having dispersed therein asphaltene
particles at two different wavelengths being at a distance '
of at least 50 nm selected from the visible light range of
RO from 500 to 1,000 nm and obteining an asphaltene content
from the two measured values utilizing a relationship
between known asphaltene contents and absorbances.
(2) The device for'determining asphaltene content
in a sample solutlon, whlch compr1ses dlpplng a means for
5 determinig " the absorbances at two dlfferent wavelengths
" into each probes which are standed in- a line, or
connecting the means into a flow cell and passing the
sample solution through the flow cell to determinate the

absorbances.
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¥he process for preparifig sanples Mt ch can be anatyzed in the present
‘invention conprises placing an "appropriate amount (e.g., from0.3 to 5.0
g) .of a sanple oil in a beaker having a prescribed valune (e.g., 100 m),
adding a small amount (e.g., from 0.3 to 5.0 mM, and preferably 1.0
m) of an aromatic hydrocarbon solvent

- 14 -
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Content (A) (Coefficient Content by Content by Conteat by Content by
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Shale 0Oil of : .
Ffushun, China 1.2 3.60 ) 0.79 1.0 0.78 1.0
C Heavy Fuel ' : '
. 0il 5.5 1.31 3.8 4.7 3.7 §.8
Iranian Esavy . . - .
Short Residue 12.8 4£.80 8.8 10.9 . 9.1 - 10.6
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Short Residue 17.9 o 4_.75- 12.3 15.3 - . 13.1 ) 15.7 .
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(Cold Brezk) 24.5 4.67 16.8 . 20.9 16.0 21.3
Thermally
Cracked
.- 0il 28.5 2.65 20,2 25.0 21.4 25.9
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‘prescri bed amount (e.g.
(erg., n-heptane) to t he

2§93

sol uti on whi

o

ée.gx; tdluene) to the '‘beaker to dissolve the content, further adding a
100 mM) of an

aliphatic hydrocarbon sol vent
le stirring to precipitate:

asphal t ene. The aliphatic hydrocarbon sol vent used above nay be heat ed
tto atenperature of from about 40 to about 90[err]C, and preferably
80C. Then, the contents of the beaker is allowed to cool at room

t enper at ur €, preferably at a t enper at uFégoef 3 from 15 to 30C, for about 30

m nutes to prepare the

sanpl es of

the present invention. The -

aromati c hydrocarbon sol vent. to be used |ncludes benzene, toluene,

- —— et

,»IO




.' 4 3/3 RS
_and_xyl ene. The allphatlc hydr ocar bon sol vent to be uégé i ncl udes those )

havi.ng from5 to 12 carbon atoms, such as pentane, hexane, - hept ane,

oct-ane, etc. In order to ensure dispersion stability of the .

asphaltene particles by preventing a tendency of sedinentation, the
sanple solution may further contain a surface active agent, a dispersant
for engine oil, etc. By the above-descri bed process of preparing a
sanpl e solution, asphaltene particles having a narrow size distribution
between about 1 J[errJmand 3 [err]mcan be forned, which brings about
great effects to widen the range of neasurable asphaltene contents and
increase precision in

23
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4 hé~subsecuent two-wevel ength absor bance det ecti on. Bogar?-b I
-15- The.Thhus prepared sanpl'e sol'ution -hg@ing di spersed
.therein the asphaltéhe particles wthout remving™ the asphaltene
content is subjected to absorbance neg%iﬂenent, whil e being stirred by
means of a magnetic stirrer, and the I'fke, at two wavel engths bei-ng at a
di stance of at ;

‘DETERMINATION OF ASPHALTENE CONTENT AND DEVICE THEREFOR

ABSTRACT OF THE DISCLOSURE

A method fér preaisely'and effectively determining
én asphaltene content in a heavy hydrocarbon o0il which can

be applicable to a wide;'range of asphaltene content and a

device therefor is disclosed:

(1) The method comprises measuring absorbances of
W a sample solution having dispersed therein asphaltene
particles at two different wavelengths being at a distance
of at least 50 nm selected frqm the visible light range of
ffom 500 to 1,000 ﬁm and obtéinihg an asphalteng content
from - the two measured wvalues utilizing a relatioﬁship
between known asphaltene céntents and absorbances.

(2) The device for determining asphaltene content
in a sample solution, whidh comprises dipping a means for
determinig the absorbances at “two different wavelengthé'
into each pfobes which are standed in a. line, or
connecting the means into a flow fcell and passing the
sample solution through the flow cell to determinate the

absorbances.

REPLACEMENT SHEET
09.0CT 199 of: |~ i
FIGURE 1 § s dm e YE)E

THIS SHEET HAS BEEN
REPLACED

heet Has Been Replaced

T



| east sabout 50 nm and preferably from50 to 150 nm for exanple, aiuers
arral ytical wavel ength of 800 nmand at a control wavel ength of 675 nm If
t he di stance between the two wavelengths is less than 50 nm

determ nation precision becones poor. Referring to Fig. 1, when
t he absorbance of a sanpl®e solution at Lan anal yti cal wavel ength of 800 nm
(Klerr]) and that -at a control wavel ength of 675 nm (Klerr]) are found to
~be 1.10 and 1.98, respectively, then the equation for rate of increase
gives (Klerr]-Klerr]) x 100/Klerr] = 80.0 From the correlation between
rate of increaDETERMINATARN SFc ASGHALTRNE SONLENT, AND REVILR of 20 1. | t
follows that Klerr] THEREFOR

RFPLACEMENT SHEETS SG
 Description : paged ... to paged .#.
T ® Claim{s) :paged Z..to paged.?.
# Drawing(s) : paged %%t0 paged ...
& Abstract  :paged .z to paged ..

TECENICAL FIELD .. | DATE OF RECEIPT .Me/.........

This invention relates to a method of rapid
determination of as?haltene content in heavy.hydrbcarbon
oils, such as long residue, short residue, hydrocracked
oil, tnermélly cracked_oii, shale oil, tar sand oil, etc.,

and to a device for automatically carrying out such

(a7

etermination.

BACKGROUND ART

An asphaltene content in heavy hydrocarbon oils is
not only an indication of combustibility and storags

stability of heavy hydrocarbon oils but also an important

carry out détermination of asphaltene content in heavy
hydrocarbon oils rapiély and precisely from consideration
of product control and process control.

Datermination of "ésphaltene content has geén
commonly carried out based on a method of The Institute of

Petroleum (IP 143, hereinafter referred to as I? method).
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(.absorsbance of a nmaltene after réanaI of aéphaltene at 800 nm = O

. 3F2.
0. 78.

of absorbance K[err] and asphaltene weight g.
asphaltene content in the sanple oil cafi-be obtai ngd
results of determnations for asphaltene
hydrocarbon oils in

shows

Therefore, Klerr]-Klerr] . (absorbance of asphaltene) = Klerr] = _
The wviei ght of asphaltene can be obtained fr¢ , ey =wary ITRVZ:

N%T

; F;g
orfl @DET 1997
- 16 -

using. a filter paper, washing an insoluble matter
collected by filtration with heptane at reflux in .a
Soxhlet'é extractor, extracting the iqsoluble matter with
toluene in the extractor, and determining the extract

soluble matter. Eowever, since the IP method involwvas
complicated operations and requires much time as long as 9

s fo; analysis, it has been partly replaced by =z

o
(o}

u

)

et

#l
o

od of Universal O0il Product Co. (UOP 614/80,

hereinafter referred to as UOP method), in which a samol

‘'dissolved in a prescribed amount of warm n-heptane is

filtered through a2 membrane . filter and the insoluble

matter collected on the filter is determined as 'an

asphaltenes content. The UOP method, however, still

requires about 4 hours for analysis, and ths measured
values do not agree with those obtained by IP method.
Accordingly, it has been demandad to develop a2 simple zand

rapid method of asphaltene determination which gives

HMethods of rapid determination of asphaltens

content so far proposad include (1) Ono mathod (Tas:uo

Ono, 4. of Japan Petrol. Inst., Vol. 14, No. 9, 504
(1871)), (2) absorptiometric methods (Tsutomu Xaibara et

al., J. of Jaoan Petrol. Inst., Vol. 23, No. 3, 178

(1980)), and (3) hydrogen flame ionization detection thin-

layer chromatographic methods (FID-TLC) (Marc-Ancdce



accordance with the dip probe system of the present invention,
WhICh conprises the process for preparing sanple solutlons for .. -
determination of light intensity to which a s prucii gatizchy dr ocar bon
is-added and the two-wavelength absorbance det onpari son
with values of the sang  hydrocarbag. oils gntional ly
known det erm nati on nethods. It can be seen he net hod
and device in accordance w th the present invef sible to
determine a w de range of asphaltene contents B :

anal ysi s.

Poirier et 2al., J. of Chromatographic Science, Vol. 21,
No. 7,331 (1983) and Yojiro Yamamotlo et 2l., J. of Japan

Petrol, Inst., Vol. 27, No. 3,269 (1984)).

The Ono method comprises the same procedures as

=]
method except for omitting the toluene extraction, and the
time required <for analysis and measured - values are
substantially equal to those of the UO? met hbd.

» .

The hydrogen flame ionization detection thin-layer
chromatographic method by Yamamoto et al; couprises
spotting a2 sample solution on a silica gel thin layer rog,
devaloping the sample with a solvent, e.g., toluene, to

separate asphaltene, and determining the asphalt

r
®
o
|\

content by means of a2 flame ionization detector:® BAlthough

this method succesedsd to furnish measured value in

for analysis to 30 to 60 minutes per 10 samples, it has
disadvantages in that an analyst should always scan thas
system throughout measurement and that analysis pracision

-

greatly depands on dsvelopmant conditions, resulting in
o)

.-4

comprises dissolving a sample in n-heptans, measuring

-

absorbance of the solution -at a wavelength of 700 nm by

mezans of a spectrophotometer, further measuring absorbance



-17- (2) Device for Determination (i). Dip Probe System When

& container containing a stirrer of a nma 1§§1ﬁ£imh§&§“' tia sanpl e
solution is carried to‘a predeterm ned positioni\ CLVE\- i {sol ution

and a dip probe face to each other (location f_neasurenéht),* flhe

-4 1 10DEE B97

wavelength of 700 nm, "and obtaining an  asphialtene
concentration £from a difference in absorbance of the
solution between before and after the filtration.
According to this method, the time reqguired for analysis’

is reduced to zbout 30 minutes. . Eowever, the operation of

[}

iltration is complicated, and the measurad valuas, though
correlating with IP wvalues, has a coefficient of-

correlation of 0.879, that is 1lower than a gensrally

acceptable coefficient of correlation, i.e., not less than

0.99.
What is more problems is that the upper limit of
datermination range is 3% by the conventional msthods.

Incidentally, an asphalteng'contént in heavy hydrocarbon
oils, which depshds on a kind of crude oil 2and cut
fraction, is generally l'to 5% in long residue and 5 to
30% in short residue. 1In ad@ition, tar sand oil contains

such a large amount of asphaltene content as 15 to 20s%.

ting &

N
o

In Japan, a resesarch and development rel
techniques £for lightening a heavy hydrocarbon oil has

widaly advanced from a

<

iew point of recent oil supplying
circumstances. Thus, it has been desired to provide a

matho
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wide as possible.
A method and device of the present invantion is

devaloped to resolve various problems of the conventional



magnetlc stirrer is caused to rotate to agitate RMENT&HEET

3t the sane tine, the probe and/or the con ner goes up of

wher eby the end of the probe, i.e., the nmeas r ETENQ DEENY97 | S
in the sanple solution to a depth necessary and suffic|e
absor bance neasur enent . ! The 3lip prob cont-armrs—tiver e

|

optical fiber bundles |eading incident Iight fnd transnmtted
réspectively. Light having transmtted t hrough € sanpl e

on

n
i pht

I on

-and,
down . - -
di pped
nt  for

i's

assed throl terference. filters differin _in | engt h t hat
gre pIac@&qréikﬁ%ﬁlﬁ?1g?"%h8° Eﬁﬂﬁﬂa%ﬁ°QFﬂfiﬁﬁrcak“%i %d?eg%'r

‘transn1tted ht .. ities sor bances
sanpl e é& 1nven 1on 8 xf ne asp:italtens ongen

of 24

t he
[

wider range .concentration and more rapidly as compared

with the conventional mesthods by combining a mezans of

sample preparation for precipitation of asphaltene and a

"l

b
T2

= o
(a7

te)

o
=

for two-wavalength absorbance dstection coansc

ted

erato. The dsvice of the present invention provides z

determination device composed of a2 two-wavelength

absorbance destector to dstermine asphalten e content by

afore-mentionsd means, . an automatic sample £feedar

connackted thereto, and a microgomputer and make

etermination by which a numbe

requiring much labor.

DISCLOSURZ OF INVENTIOM

é
sample can be analyzsd surely and rapidly without

The dstermination mesthod according to the presasnt
invention for the zasphaltens content in a2 heavy hydrocarbon
oil comprises the steps of: z) measuring the zabsorbances X4
(A2} and K3 (A1)} a2t two wavelengths selected from the rangs
of from 500 to 1,000 nm- of a sample solution having
dispersed therein asphaltene particles which is prepared
from a sample of the o0il, b) measuring the absorbance Xl
(A1) of thes sample solutlon_after removal of the asphaltens
particles, c) inseéting the measursed valuss of K4 and X3 in

K4-X3) x 100/K3 and ths ratio Kl x 100/KX3 and d
: o

d first order correlation bstwesen thes ra
n

et
£ the asphaltens g from a sescond predstermi

corraction betwesesn g and K3-Kl, and d) converting the waight

h

oI asphaltsne g into the asphaltsns cont

nt of said



solutjon are determned at two different wavelengths. falling within
"a; range of from 500 to 1,000 nm L - 18-
The intensity of the light transmtted through each filter is converted
into electrical current by a light-curfent transducer, such as a '

phot ot ube, a '

A basic technique of the determination mathod

according to the present invention is as foliows.
An #pp—ropriatef amount (G} of 2 sample oil is
: weighed, z2nd 2 prescribsd amount of a solvent is added
thereto, Eoilowed by s':ir:r:i.ng. The solution is then
placed under prescribed conditions hereinaftsr described
S0 as to provide and precipitate asphaltens particles in
particle si.ze distribution as narrow as possible to
prepare a sample solution having dispersed therein.the

asphaltene particles.. Light is transmitted through the

REPLACEMENT SHEET
10 DEC 1997




photocel |, etc. and the resulting current value is |ntroduced into
-.a coﬁputer haV|ng a speC|f|ed programto perfo'REP PRfrAnt @ _f? print_.out
{ he asphal tene content': in the sanple oil. Aatiie npiietid pn  of
asphal tene determ nation, the dip prohe and thejcontai ner arejsgparated
from each other under instructions fom the¢ |cohDDEQ W97 ahd] an
el ectromagnetic val ve of a washing neans is opeped al so on ' rpctions of
the conputer thereby to jet a washing solvent i hg neans
agai nst the probe to wash away any sanple solu tached to the

neasurenment part of the probe. The washing solvent is introduced in

solution in a dispersion condition without removing the
asphaltene particles, and optical densities (hereinafter
referred to as 'absorbance(s)) of the sample solution at

two differrent wavelengths, which are appropriate

-
I».<

aparted'from each othar within a visible.light range of
from 500 to 1,000 nm. The visible absorption épectrum of
the above-described sample solution having dispersed
therein asphaltens particles in the visible iight region
.0f from 500 Eo 1,000 nm coes not have its maximum and
shows 2 tendency of substantially linsar. drop in
accordance as the wavelength becomes longer. Fig. 1

-llTustga;es the principle of the determination method

present invention, in which the x axis of

according to th
abscissa indicates a wavelength of light (nm) and the ¥y

axis of ordinate indicates an absorption spectrum of ths

above-dascribed sample solution and the solution (named as

“blank")’ after_remoyal ©f the asphaltene particles from
the above-described solution .by any means, such as
filtration. In Fig. 1, the solid line is the absorption
spectrum;”of ~the sample solution before removal of
asphaltene, while the dotted 1line is an absorpt;on
spectrum of the sample solution after removal of
asphaltene.

Since the @asphaltene particles do not

substantially transmit light in a wavelength region of



t he contai ner containing the sanple solution haV|ng been analy;edl After

-.thorgugh washing of the probe, the electromagf
stop washing, and the.container is removed from tf

seg to

measurement, while a container containjng anot her i

[

. conpl et ed. _ -19- g

Isdpl e solutlonga-
i magnetic stirrer is successi vel y pl aced on the | oglat] oW OFECH897ul{e}
Through t hese procedures, one cycle of asphaltene jldgterm nation

from 500 to 1,000 nm, thefabsorbance of a2 sample solution

any means, such as filtration, is uniformly lower

from which the asphaltene part;cles have bessn remove

*

DYy

than

that of =z sample solution before asphaltens removal in

proportion to the asphaltene concentration.

More

specifically, it has been coanfirmed through investigations

on various heavy hydrocarbon oils that there is a £first-

order correlation betws=en 'a ratio of (a difference betwean

- absorbance X4 of the szample solution before removal of

aspnalfene particles at wavelength Az and absorbance K3 of

casmm o e

the saﬁe solution at wavelength A;) to absorbance Kj,

i.

(]

.7+ (Ks=K3) x 100/K3, (hereinafter referred to as

rate

of increase) and.a ratio of absorbance X; of the sample

solution after removal of asphaltene parti
wavelength Ay to absorbance K3, i.e., K; X
(hereinafter referred to as blank rate) even if

or asphaltene content of oil cna1g=s.-

Therefore, absorbance K3 of a maltens

the kind

(socluble

matter) at-analytical wavelength of light can be obtained

by measuring absorbances of a sample solution ‘as having
- .

dispersed therein asphaltene particles at two different

wavelengths appropriately selected and inserting

measured values in the correlation of rate of

m

with blank rate. Furthsr, absorbance Ks o

the

increase

the asphaltene



Figs. .3 and. 4 shows schematic views of a device which can be wused for
‘performing dip probe .system asphaltene deternination. Fig. 4 .
represents an enl arged- view of the dom nant part of Fig. 3. In these ~
figures, two-wavel ength absorbance detector. 1 is conposed of a
photonetry part conprising light _gpurce 2 (e.g., a tungsten |anp),
interference filters 3 (e.g., 675 nmand 800 nm, phototube (or solar
cell) 4, and anplifier 5 and a neasurenment part (i.e., dip probe 7)

contained in

particles can .be obtained from 2 difference between K3 and
Ki. . |
Thus, once a calibration curve is prepared from 2
standard asphaltene, which 1is preferably prepared in
accordance with IP method, a weight of asphaltesne (g)
corresponding to absorbance Ks is first obtainsd from the
calibration curve, and an asphaltens content of a sample

oil is then obtained through eguation:

Asphaltens content = g x 100/G (wtg)




el evator 6, both parts being connected to each other via ootical fiber
bundle 8 for incident |light and optical fiber bundles 9 for
transmtted light. For details of the photonetry part Fig. 4 can be
referred to. Dip probe 7 has an opgqjgg (e.g., 3 mmin height and 8 nm
in wdth) and reflector 10 at the |lower end and is held by holder 11 of
el evator 6 (shown in Fig. 3). Probe 7 goes down to enter in a sanple
sol ution on neéléhﬁ em;:hoc&m;h@oéevﬁpetof shangragent invanthensassl e

sol ution d mqghj q@gnd rotation of turn table 12. By

ref erence i W%I%Ftab éneﬁh?pﬁﬁhlov}ﬂﬁ-nozzles 13 for. washing
the dip probe that are aligned in a ring around the probe and
connected to washing =

According to a preferred embodiment of the above
described method,the-Sample solution is prepared by adding
an aromatic hydrocarbon to a sample oil to dissolve in each
other, adding a warm aliphatic hydrocarbon to the solution
to precipitate asphaltene particles, and éooling the

solution or allowing the solution to cool.

Preferably the two wavelengths selected for absorbance

measurement are at least 50 nm distant.

Fufﬁhermbre, a device for determining an asphaltgne
content in a heavy hydrocarbon oil is provided, which
comprises a dip probe or_flow cell for sampling a sample
solution having dispersed therein asphaltene particles which
is prepared from a sample 0il to be determinded, said dip
prove or flow cell being set so as to face with the sample
solution and being movable with up-and down strokes so as to

be in contact : .




sol vent-containing tank 16 eqU|pped Wi th mniatufe conpressor
-el ectromagnetic valve 15 via a Teflon tube. Elelvat U,61m;oEcxﬂw7t
automati ¢ sanpl e feeder 17 . : y

turn table 12 (e.g., setting 12 beakers) and a magneti 3L1ITET_HT
| ocation of neasurenment. Starting ~ 10 - -

with or apart from the sample solution, 2 two-wavaleagth
absorbance detector including a light source, passages for
light to allow the light from the 1light source to pass

hrough 2 sample solution of a2 given thickness introducsad

r

in the dip probs or flow cell, two interference filters
each capable of transmitting the light having transmitted
through the sample solution having a different wavelength

selected £from a range of £from 500 to 1,000 nm, and

’U

hototubss or photocells each capable of convarting the

ntensity of sach of incident light and transmittsed light

o

having two different wavelengths into an electrical
current, and =z computing means caoaa e of converting the

electrical currsnt values into an asphaltene contentpymzking
use of a predetermined first order correlation betwssn ths
) x 100/K3 and - the ratio K1 x 100/K3, and =
termined correlation betwsen ths wsight of the

s

nd K3-Kl, wherein K4 and K3 repre

m
w
o
p4
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two wavelengths A, and A;, res

o
- u
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o
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the range of from 500 to -,000 nm o

w n Mm
w

0
=
=

ion haVLng dispsrsed therein haltene particles,
prepared from &a sample of the oil, and K1 is the

N
D
'-‘
o
=
(1]

ance of the sample solution afi removal of the

o) te
asphaltene particles measured at the- wavaelength Aj.

In the above device for determining an asphaltene
content in a heavy hydrocarbon oil the two wavelengths
selected for absorbance measurement are preferably at least

50nm distant.

According to a preferred embodiment of the device for
determining an asphaltenecontent in a heavy hydrocarbcn oil,

the dip probe or flow cell is provided with a washing means

for removing the sample solution for -



and stopping-of el evator 6, mniature conpressor 14, and turn table 12,

-.and openi ng and cl osi ng of electronagnetic valve 15 are all controlled

under

t wo- wavel ength absorbance detector |§
where the current is converted into an asphaltene content which is then

instructions friem nlcroconputer The current output from - .
|ntroduced in the n1croconputer

printed out by printer 19. More specifically, the nmagnetic
stirrer deftermilramion agmpkaddcaterot? remmirsed conotatee Sip apsiogralos from
m croconputer 18 to agitate a sanple solution in a beaker set on a

| ocat i onfdbwreasteneny. padsibkhe samwashimg esSolatdiom® seuery t & lme
probe holder 11 down so that the opening of the probe may be dipped in the

sanpl e

ahsorbancas of the sample are determined.

Furthermore, the device for determining an asphaltene
content in a heavy hydrocarbon oil may include a means for

controlling the washing means, every time the

o
[
o
(]

detefmination of aona sample is completed. provided t
dip probe or flow cell with the successive dstermination
of each absorbances of the sample contained the szample

contziners by moving with the dip probs or f£low cell.

Figure 1 is a2 spactrum lins of an absorbance of

Figure 2 1is 2 synoptical drawing to dsterminate

asphaltene contesnts in he2avy hydrocarbon oil.

Figure 3 is 2 schematic view of the automatic

Figure 5 is ‘a2 schematic view o0f ths automatic
datarmination device according to a f£low c2ll system ussd

in an example of the pressnt invantion.

SZST MODEZ FOR CARRYIMG OUT TEZZ INVENTION

(1) Method for Dstermination 1 10DEC W%




solution. Visible light rays emtted fromlight source 2 of

-t'wo- wavel engt h absor bance detector 1 pass through optical fibers 8 for
incident light to reach*the dip probe and transmt thriough the sample”™ - ~
solution fromthe opening. The light is partly absorbed in the -sanple
solution and partly reflectled on reflector 10. The reflected light is
agai n absorbed in the sanple solution and passes through optical fibers
9 - for transmtted light to reach 12rterference filters 3, where
transmtted light rays having two wavel engths are chosen by two

I nterference : :

.

In the preparation of a sample solution- to be
analyzed, asphaltene particles present in a sample oil can

be precipitated as £fine particles with a2 narrow size.

described. The particle size and its distribution of
precipitated asphaltene particles have great influences
upon - the measurable range of asphaltene contents and

precision of mesasuremants in the subseguent two-wavelength

absorptiometry. The sample solution should be stirred
throughout the measurement so as to prevent sedimentation

maintain the state of uniform dispersion. Light from a
light source is led by optical £fibers to the sample
solution as incident light and then transmitted through

he solution having a given thickness. Absorbances

ot

g

(optical densities) of the sample solution at two

different wavelengths within a range of £rom 500 to 1,000

nm are measurad.

cr

Intensity of each of the two transmitted light
rays having different wavelengths is converted into an
electrical current wvalua by means of a light-current
transducer, which is then put into a computer having a

beéd program thereby to print out an asphaltene

e

prescr

content in the sample oil.

REPLACEMENT SHEET
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- 21 - filters 3 and each is converted into ,elecrical, .gurrent. by
..respective phototube 4, anplified by respectiver e

i ntroduced in mcroconputer 18. I n ni§ Lot

current i nput is converted into transmttan e'T(ratlo% afismtted
light I/incident light JI[err]), which is thdn 16DEC¥E {ikto
absorbance K (log[err]l/T). The resulting absorfbgnce -val ue {e applied

to a correlation of rate of increaseBlank

The. above-mentioned two-wavelength 2absorbance

detection can be carried:-out by either a2 dip probs system

{1

or a f£low cell system. In the fcrmer'system, & dip prob
eQUiPPed with an opening and a reflector at the end is
dipped in 2 sample solution,  and incident 1light and
transmitted iight are led through optiéal fibars
incorporated in the probe. In the latter system, a sample
solution is introduced by suction in a flow c2ll, with
optical fibers for leading incident light and those Zor
lezding transmitted light being fixed on opposite sides of
the £low cell,. In either case, once a plurality of

different sample solutions are prepared in advance,

asphaltene contents of sample o0ils can be destermined

fficiently in a successive manner. It should be noted,

M

however, that it is necessary to wash the dip probs or

flow cell with a washing solvent after every measuremsnt

-

lll

to remove any remaining sample solution attachad thersto.

The . above-described operation can be controllsd
unésr a computer program at a great saving of labor.

The process for preparing samples which can be
analyied in the present invention compriées placing an
appropriate amouﬁt (e.g., from 0.3 to 5.0 g) of a sample

in a b

0
oo
§—

(14

aker having a prescribed volume (e.g., 100 ml),
adéing 2 small amount (e.g., from 0.3 to 5.0 ml, and

prefsrably 1.0 ml) of an aromatic hydrocarbon solvant



rate and a calibration curve of absorbance dlfference Klerr]-
-asphal t ene content that have previously been pu"i '
cal cul ate an asphal tene"content, which is thed
the sane tinme, the thus obt ai ned asphal t ene
| P asphal tene content and-‘an UOP asphal t ene cqg
previously incorporated correlationships bet
the invention and that of IP nmethod -and betwed
i nvention and that of UOP nethod. .Upon co

are issued frommcroconputor 18 to start niniatuare cohbressor 14

mhefeby'the I nner pressure of tank 16 is increased.

(e.g., toluene) to the beaker to dissolve the

ic hydrocarbon solvent (e.g., n-heptane)

11
’—J
§=e
'g
F
[{1]
(5

solution while stirring to precipitate asphalten

atemperature of from about 40 +to about. 90

Then, the conteats of the beaker is al

cool at room temprature, preferably at a temper

_K[err] vs.

At

content,

further adding a prescribed amount (e.g., 100 ml) of an

to the

°C, =and

lowed to
ature of

£rom 15 to 30°C, £for about 30 minutes to prepare ths

samples o©of <the ©present invention. The  aromatic
hydrocarbon solvent to be ‘used includes benzene, toluene,

and xylena. Ths aliphatic hydrocarbon solvent to

includes thoss having £from 5 to 12 carbon atoms,

pentansa, hexane, haptane, octane, etc.

such as

In ordsr to ensure dispersion stability of the

asphaltene particles by preventing 'a tendency of

- »

sedimentation, the sample solution may further contain =z

surface active agent, a dispsrsant for engine oil,

By the above-cdescribed process of pr

ecc.

gparing ez

sample solution, asphaltens particles having a narrow size

2

which brings about great effects to widen the

istribution bstwesen about 1 uym and 3 um can be formed,

~range of

szasurable asphaltene contents and increase precision in

tha subseguent two-wevelength absorbance detection.



Subsequently, elevator 6 starts to r_'m\)e, and as probe hol der 11 goes

-up, electromagnetic valve 15 is opened to [IE 3¢ eyent (e.g.,
n- hept ane) spout from.nozzles 13 to clean T
-22- Then, turn table 12 of aht natlc'“mreeder 17

s - 10 DEC 197

The thus prepared sample solution having dispersed
. therein the asphaltene .particles without removing the
asphaltene content is subjected to absorbance mesasurement,

while being stirred by means of a magnetic stirrer, and

at

rn

the like, at two wavslengths being at a distancs o

least about 50 nm, and preferably from 50 to.150 nm, for
example, a2t an analytical wavelength of 800 nm and at a
control wavelength of 675 am. If the dis'ance betwsesn Ehe
two wavelengths is less than 50 am, determi“atioh
precision becomas poor |

r wh2n the absorbance of a

[

- . Referring to Fig.
sample solution at an analytical wavelength of 800 nm (K3}
and that at a control wavelength 65 675 nm (EQ) are found
to be 1.10 and 1.98, respsctively, th;.\n' the esguation for
.rate of increass gives (Ks-K3) x 100/X3 = 80.0 From tihe
_correlation betws2an rate of increass and blank rate, one
may obta.J:.n a blank rate of. 29.1. It follows that Kz
(absorbance of 2 maltens af_ter removal of asphaltens at
800 nm) = 0.32. Therefore, Kij-K; (absorbance of
a'sgahaltene”) = Ks ='a0.‘78. The.weign-.. of aspha ne can be
obtained from a calibration curve of absorbance X5 and
asphaltene wsignt g. From this wvalue, | the asphaltene
content in the iple 0il can be obtained.

Fig. 2 shows results of determinations for

asphaltene content in heavy hydrocarbon oils in

—~——



again starts to nove to set the next sanple solution to be analyzed on the

| ocation of neasurenent, and the same operatign
autonatlcally r epeat ed. In the case SHE)

above are

sanples that are not easily mashed of f by Jetf
cl eaning effects may be assured by feeding a g
beaker and a beaker containing a washi &g — sol \

alternatingly on the turn table 12. (ii). Fl
flow cell system device wherein a flowcell is
probe works in the same manner as described fc
devi ce except that the

accordance with the dip probe system of the

invention, which comprises the process for opreparing

sample solutions for determination of light intensity to

which a2 small of aromatic hydrocatrbon is added

anéd ths

two-wavalength absorbance detection method, in comparison

with wvaluss of the sams hydrccarbon oils -obtains

conventionally known determination methods. It

[ 1)

by

can bs

seen from Fig. 2 that the method a2nd device in accoréance

stermins a

wides range of asphaltene contents at high precision of

analysis.




ends of optical fiber bundles guiding incident light and transmtted

light, respectively, are fixed to both sides of transparent flow cell

as to face to each other and that the washing neans_as used in the dip
probe systemis replaced with. a punping neans 5y | :,ﬁaj.,. b anpl e
sol ution having been anal yzed. -~ 1Aceordi ng t ¢ TR FHORMY L

when the end of a suction pipe connected to a flowjcgl!l is dlpped'
sanpl e solution, the sanple solution is introduced fn}tHED DECMFH | pl pe by
the action of a vacuum punp and then nade to flow Ji

Absor bances of the sanple

Tptem
nf a

—
y
o
-
o
=
S
o

(2) Device for Destermination

(). Dip Probs System:
Whan & container containing a stirrer of =

magnetic stirrer and a2 sample solution is carried to a

‘g

predeterminad position where the sample solution and a di
probe f£ace to each other (logation of measuremant), ths

magnetic stirrer is caussd to rotate to agitate the sample

solution and, at the same time, the probs and/or the

solution to a depth necessary and sufficient for
absorbance measurement.

Tha dip probe contains therein optical E£iber

-

bundles leading incident 1light and transmitted 1light,

-

respectively. Light having transmitted through the sample

solution is® passed +through two interference filters

differing in wavelength that are placed in paralliesl at the

o
[
r
’—J
()
r
(o)
(]
cr
o
o
0
g
(4
[
0
]
|
m
[ A

iber bundle for transmitted lignt,

where optical d&ensities (absorbances) of the sample

falling within a2 rangs of from 500 to 1,000 nm.



- 23 -. solution are neasured while the solution stream passes
- bet ween two ends of optical fiber bundles guiding incident lightg
transnmitted light, respectively. The sanple -sf’_!‘ GEN&%HH&{;j;
wi t hdrawn into an encl osed waste |iquor reservoir, Prerarst

reservoir is evacuated by. renoving air with a vacluip ﬁﬁﬂt &ernit
the next sanple solution be sucked into a suction gife R§5a§§91

- 18 -

The ‘intenéity of. the. light transmitted
through each £filter is converted into elgétrical' current
by a 1light-current transducer, such as a phototubs, =
photocell, etc., and the resulting éurrent values is
introduced into a.computer having a specified program to
perform an operation to print out the asphaltensz content
in the sample oil.

Upon completion of asbhaltene determination, the

dip probe and ths container are separated from each-other

fote

rom the computer, ané an

h

under nstructions
electromagnetic valve of a washing means is openad also on
instructions of the computer thereby to jet a washing

solvent fed from the washing means against the probe to
wash away'any sample solution attached to the measursment
part of the probs. The washing solvent is introducad in
the-contéinér containing the sample solution having bezn
analyzed. After thorouéh washiﬁg of the probe, the
electromagnatic valve is closed to stop washing, and the
containerf.is removaed from the location of measurament,
while a container containing znother sample solution and a
magnetic stirrer is successibely placed on the location of
measurement.

Through these procedures, one cycle of asphaltene



predetermned flow rate. The evacuation is conducted via a_cql rap so

an i ndependent washing neans as required in the qi p—probe system
O her operations are al nost sane as .descroibed in{ the above lLicm{d#).

Fig. 5

-

illustrates a schematic view of a-device

Figs. 3 and 4 shoés schematic views of a device
which can be used £for performing dip probe system
asphaltene determination. Fig. 4 represents an enlarged
view of the dominant part of Fig. 3. In these figures,

two-wavelength absorbance detector 1 1is composed of -2

photometr

~

part comprising light source 2 (e.é.,_ a
tungsten lamp), interference filters 3 e.g., 675 nm and
800 nm), phototube (or solar cell) 4, and amplifier 5 and
2 measurement part i.e., dip probe 7) contazined in
elevator &6, both parts being connected to each other via
optical fiber bundle 8 for incident light and optical
fiber bundles 9 for transmitted light. For details of the
photometry part Fig. 4 can be referred to. Dip probs 7
has an opening (e.g.; 3 mm in. height and 8 mm in width)
and reflector 10 at the lower end and is held by holder 1l
©f elevator 6 (shown in Fig. 3). Probe 7 goes down to
enter in a sample solution on measurement and goes up to
stand apart from the sample solution during washing and
rotaﬁion of turn table 12.

By refersnee to Fi

}=e

g. 3, elelvator 6 is equipped
with nozzles 13 for washing the dip probe that are zligned
in a ring around the probe and connected to washing
éolVant—containing' tank 16 equipped with hiniatpre
compressor 14 and electromagnetic valve 15 via a Teflon

tubs=. Elelvator 6 is fixed to automatic sample £feedesr 17

- as to prevent contam nation of the punp due tot oy Jﬂf gas. .
After every determ natien, any remaining sanpl ached to
the suction pipe, flowcell, etc. cantBe washed}apay by re gl the .
beaker containing the sanrple solution with a coht n‘\aﬂDEfoWn np a
washi ng sol vent. Therefore, the flow cell syst n1eI|n1nates t eed of



for determ ning asphaltene contents according to the flow cell system

. Elevator 6 starts to nove at ‘a signal from nlcroconputer 18, whereby fl ow
cell 20 (e.g., a glass~fmde cell having a thicknefgopf-<2-am). held by flow
cell hol der 21 goes down until the end of sucti onj¥i 2

pi pe having an inner dianmeter of 2 nm) connected
-24-
- 20 -

having turn_ table 12 (e.g., setting 12 beakers) "and a
magnetic stirrer at the location of measurement. Starting

ané stopping of elevator 6, miniature compressor 14, an

0,

0

ti

n

turn table 12, and opening and closing of elesctromagn

4

"valve 15 are 2all controlled under

B

nstructions £from
microcomputer 18. The current output from two-wavelength
absorbance detector 1 is introduced in the'microccmputei,
where the current is convarted intoc an asphaltsne content

which

ey

s then printed out by printer 19.

0

More specifically, +thes magnetic stirrer of
7

automatic sample fegeder 17 starts to rotate at a signal

from® microcomputer 18 to agitate a2 sample solution

1.

n a

beaker s2t on a location of measurement. At thes sanme

that the opening of the probe may be dipped in the sample
ble light rays emitted from light source 2

of two-wavalength absorbance detector 1 pass through

and transmit through the szmple solution from the opening.
The light is partly absorbad in the sample solution and
partly reflectled on reflector 10. The reflected light is

again absorbed in the sample solution and passes through

O
o
cr
e
0
1]
n
 iad
o
(4]
[a}
n
D
rn

or transmitted 1light to reach
intecrference filters 3, where +transmitted 1light rays

‘having two wavalengths =zre chosen by two interference.



to the.lower end of flow cell 20 reaches a sanple solution "while being
-gtirred wwth a magnetic.stirrer, which is set on aytomatic

feeder 17 at. a |l|ocation of neasurenent. Vacu 3 LT
started to suck the sanple solution at a certain fj
from10 to 30 m/mn) due to reduced pressur
adj usted by neans or pressure control valve 24.

passed through flow cell 20, |ight havifig- transmi tf & hrough the
solution at two wavel engths (e.g., 675 nmand 800{nhm is detected b
t wo- wavel ength absorbance detector 1, where : e bkl Of

transmitted |ight are converted into electrical current
filters 3 and each is converted into elecrical currant by
] respective phototube 4, amplified by respective amplifie

S, and then introduced in microcomputer 18.

In microcemputor. 18, the curreat input is
convarted into transmi:tance T (ratio of transmitted light
I/incident 1light Ig), which is then converted into
absorbance K (lo0gi0l/T). The resulting absorbaﬁce values
are applied to =a correlation of rate of increass-blank

.rate and a czalibration curve of absorbance diffe

2]
®
o}
0O
(]

[
w
1

[
“r
|5
o]

K1 vs. asphaltene content that have previously besn p
the computor to calculate a2n asphaltene content, which is
then' put in printer 19. At the same time, the thus
obtained asphaltens content is converted into an IP
asphaltene content and an,UOP asphaltens content by using
a previously incorporated correlationships bstween
asphaltene content of the invéntion and that of IP mathod
and betw;en asphaltene contéﬁt of the inveﬁtion anéd that
of UO? method. Upon completion of input, signals are
issued from ﬁicrabomputor 18 to start miniature compressor
14, wherééy the inner pressure of tank 16 is increased.
Subsequantly, elevator § starts to move, and as probe
holder 1l goes up, electromagnetic valve 15 is opened to
let 2 washiﬁg solvent (e.g., n-heptane) spout £f£rom nozzles

13 to clean dip probe 7.



values.. The resulting current outputs are insertéd in mcroconputer
*18; where they are .converted into absorbances. _The-.t-npt fbflcurrent
val ues in mcroconputer: 18 is preferably conduct efd %@EWu~;" ‘=

fromthe state of vacuum punp 23. _ Upon wjisal 0 onk

of determination, elevator 6 goes up to Iift sugt oxawﬂﬂad
vin '

after several seconds, vacuum punp 23 st opped. e of
.vacuum punp i s preferably about 60 secoﬁgs Then, oaptt=e=FI e {f eeder
17 starts to cause turn table 12 to rotate, whereb aiding a
washi ng solvent (e.g., toluene) is.set on the | ogak feasur ement

Then., turn table iz of automatic samplé fesgder 17
aéain starts to move to sat the next sazple sdiution.to ba
analyzed on the location of measurement, and the same
operations as described above ara automatically repsated.

In the case where measurements are mads on samples
that are not easily washed off by jetting a solvent from
nozzles, cleaning effects may be assured by £fesding =2

sample solution-containing beaker and a beaker containing

a washing solvent (e.g., toluene) altsrnatingly on. the

A flow cell system device wherein a flow cell is

describad for the dip probs system devices except that the
ends of optical fiber bundles guiding incident light and

transmitted light, respectively, are fixed to both sides
of transparent f£low cell so as to face to each other and

that the washing mesans as used in the dip

'd

robe system is

£

replacad _with a pumping gans to withdraw a sample
solution.havingibeen analyzed.

According to the flowiceli systam, when the end of
a suction pipe connected to a flow cell is dipped in a
'sample solution, the sample solution is introduced in the

suction pipe by the action of a vacuum pump and then mads .

to flow in the f£flow cell. Absorbances of the sample



.- 2

fol |l oned by suction of the solvent with vacuun1punp 23 to
et

25 . wash the inmer walls of suction pipe.-22-a# W el 20.
conpletlon of washing;~-turn table 12 again rot - Ewﬁ%¥m'lﬁhw next
sanpl e solution to the location of measurenen

' 40 DEC W%
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solution are measured while the solutioa stream.-passég
between two ends of optical fiber bundles gulclng incident
light =and transmitted 1light, respectively. The sample
solution is then wiéhdrawn_into_an enclosed wéste liquor
reservoir. The waste liguor reservoir 1is evacuated by
femoving air with a vacuum pump SO as to p2rmit &the next

sample solution be sucked into a suction pipe at a2

predetermined flow rate. The evacuation is conducted via

a cold trap so as to prevent contamination of the pump due

to the waskte liguor and gas. féer every dstermination
any remaining sample solution attached to the suction
pipe, flow call,'etc. can b2 washsd away by replacing the
beaker containing ths sample solutioﬁ with a2 container
containing a wéshing solvent. Therefore, the flow cell
system eliminates the need of an independent washing means
as required in the dip probe systen.

Other opsrations are almost same as descroibsd in

the above Item (i).

(L]

Fig. S illustrates 2 schematic view of a devic

low

rn

or determining asphaltene conteats according to the

[}

=1

cell system. Elevator 6 starts to move at a signal £rom
microcomputer 18, whereby f£low cell 20 (e.g., 2 glass-mads
cell having a thickness of 3 mm) held by £low cell holder

-1 =

21 goes down until the end of suction pipe 22 (e.g.,

[{1]

Teflon pipe having an inner diamaster of 2 mm) connected

Nter-



A series

pr ogranmed m croconput er 18.

successively printed outiby printer 19 upon gi V7 1S E-tre 6184 1 0 .
conmput er 18. The sanpl e sol ution havi pys VSHEETNd t he
washi ng sol vent are collectéd in waste |iquor |r ' p order to
prevent contam nation of vacuum punp 23, it §s ifhsert cold

trap 26 between reservoir 25 and punp_%%;
hol der 21 to which flowcell 20 is fixéd and

det ect or

of the aforesaid operations is all controlled by

W

I
|
f
_ spr bance
1 are connected to elevator 6. Flow fell 20 and hol der

21 may be fitted at any position of the pipeline Tn wirch

to the lower end of flow cell 20 reaches a2 sampls sdlution
while being stirred with-a magnetic stirrer, which is set
on automatic sample feeder 17 ‘at a location of
measurement. Vacuum purp 23 is then started to suck ths
sample solution at é certain £low rate (preferably from 10
to 30 ml/min) due to reducad pressure appropriately
adjusted by means of pressure control valve 24. While the
sample solution passad through f£low cell 20, light having
transmitted through the sample solution at two waveiengths

(e.g., 675 nm and 800 nm) is detected by two-wavslength

Jbe

absorbance detector 1, where measured intensit

rh

es o
transmitted light are converted into electrical current

valuss. The resulting current outputs are inserted "in

0

microcomputer 18, ~ where they are converted int
absorbances. Thg input of current values in microcomputer
18 is preferably conducted after about 20 seconds from the
state of vacuum pump 23.

Upon completion of one cycie of determination,

elevator 6 goes up to lift suction pips 22 and, after

several seconds, vacuum pump 23 is stopped. The driving

r
'—l
2 )
({1
o)
rn

vacuum pump is preferably about 60 seconds. Then,
automatic sample fesder 17 starts to cause turn table 12

to rotate, whereby a bsaker containing a washing solvent

(2.g., tolusne) is seat on the location of mesasuremankt,.

followed by suction of the solvent with wvacuum pump 23 to

The results of- asphaltene determnation are

ow cel |

t her ef or



a sanple
-necessarily wavel-e nn ¥
1 al so should not be =rnecessarily fixed to eIevaKﬂﬂEKpE‘ﬂtg_i;m
' -down strokes
be dipped in a sanple solution and then lifted. { theyofpER 99D ¢apes where
flow cell :

sol uti on 22 floms- and

fixed to

fed from suction pipe
£l evator 6. Two-

PP

the end of suction pipe 22 noves wth up-gnd

-

holder 21 is not fixed

- 25 -

shoul d
BT ]

not be
det ect or

ibquired is

b0 as to

wash the inner walls of suction pipe 22 and

£low 811 20.

After completion of washing, turn table 12 again rotates
to carry the next sample solution to +the location of
measurement.

A series of the aforesaid operations is

controlled by programmed microcomputer 18.

3

he results of

aspnaltene determination are successively printed out by
printer 19'u§on giving instructions to computer 18.

The sample solution having been analyzed and the
washing solvent are collected in’waste liquof reservoir
25. In order to prevsnt contamination of wvacuum pump 23,
it rs_prgferable to insert cold trap 26 between reservoir
25 énd pump 23.

In Fig. 5, flow cell holder 21 to which

20 is fixed and two-wavelength absorbance detector
connecteq.to elevator 6. Floy cell 20 znd holder
2) may be fitted at any position of the pipelins
2 sample solution fed £from suction 2
should not be necessarily fixed to elevator
wavelengtﬁ absorbance dstector 1 zalso should
necessarily fixed to elevator 6; What is reguired
the end of suction pipe 22 moves with up-and-down
éo 2as to be dipped in a2 sample solution and then

Therefofe, in cases wheres f£low cz2ll holder 21



- 26 to el evator 6, suction pipe 22 may be fixed to el evator 6 at
stte near to the end thereof. | NDUSTRI AL APPL| CABlH-+IX:

descri bed above, the: present invention- ellﬂtHbA@HMENQQQHEEL ges
associated with the conventional nethods of Termmmy | t ene
contents in heavy hydrocarbon oils, such ap t] per
sanpl-e, conplicated operations, |abor requirefeht 0 a of
measurenent, unsatisfactory precision in song | i ke.
ot her words, the present invention nmakes26i+ possible to autdmtical

carry out asphaltene

to elevator 6, suction pipe 22 may be fixed to eleVator &

at a site near to

the end thereof.

INDUSTRIAL APPLICABILITY

BRs desc

elim

inates

mathods of

hydrocarbon oils,

complicated

of mesasursmant,

and the like.

it possible to

»

determi

ims pe

r

rr

sample

much labor.

determining

operations,

nation on z large number

ribed - a2bove,

such as time r

In other words, the presant invantion make

automatically

with high precision

the

asphaltene

labor requirement,

carry

present inveantion

disadvantages associated with the conventional

contents in hsavy

equirement per sample,

narrow xanges

unsatisfactory precision in some cases,

n

out -=zasphalte

of samples in 2 reducad

without

requiring

a

< S



determ nation on a |arge nunber of sanples in a reduced tinme per sanple

with high precision without requiring much labor. 77 ——+—

-27-

27 ] glalnsb 1:I A et hod f?L de:ern1n}ng an a "ﬂiﬂ”ﬁ”i Tontent in
v rocarbon oil conprisin e
¥ hyrocarbon ol compr iy e top i

Claims:

1. A method for determining an asphaltene content in a
nsavy hydrocarbon oil comprising the steps of

a) wmeasuring the absorbances K4 (i) and X3 (X;) at two
wavelengths selectad from the range of from 500 to 1, 000 nm
of a sample solution having dispersed therein asphaltens
particles which is preparsd from a sample of the oil,

b) measuring the absorbance K1 (Ay) of tha sample
solution after rsmoval of the asphaltene particles,

) sarting the measured valuss of K4 and K3 in a
predetermined first order correslation betwesn the ratio (XK4-
X3) x 100/X3 and the ratio K1 x 100/X3 and determining the

eight of the asphaltens g from a sescond p*ed=te inad
rrelation betwesn g and K3-XKl, and

d) converting the waight of asphaltene g into the
sphaltene content of said sampls solution.

2. A method for dstermining an asphaltene content in a
heavy hydrocarbon oil as in claim 1, wherein the sample
solution is preparad by adding an .aromatic hydrocarbon to a
sample o0il to dissolve in each other, adding a warm
aliphatic hydrocarbon to the solution to precipitate
asphaltsne particles, and cooling the solution or allowing

the solution to cool.

r
=
3
v

3 A mathod for dstermining an asphaltene conten
hsavy hvdrobar001 o0il as in claim 1 or 2, wherein ths two
lengths selesctad from absorbancs measurement are at

st 30 no cistant.

10 DEC W97
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a) neasuring the absorbances K4 ([err]) and K3 ([err]) at two wavel engths

*selected fromthe range.-of from500 to 1,000 nmof a sa
di spersed therein asphal'tene particles which is prepared froma sa

b) measuring the absorbance Ki ([errml‘“\“mt“mmu “ Ig th'
Mihg the

of the asphalténe particles,

the oil,

solution after renova

|l e so avi ng

| e, of

measur ed val ues of K4 and K3 in a predeter#$med first*orﬂer‘cd?r@lation
between the ratio (K4- K(3) x 100/K3 and the ratio K1 x 100/ K3 and
determ ning the weight of the asphaltene g froma second predeterm ned

correl ati o _bet wegyh g &

&3-KdeePRdning

asphaltene g into the asphal tene contént

an s HAVELLL NGahRE AT g, Of

sanpl e soO

utT on. A

met hod f or h@ater MYRGRFATPAR pRALt dRe 26emrdands wi teablye hpetdodr ldh oi | as
in claimlciwher ai,n Jicd adohsr $ekyt R0R iigS g%roed@r&g Pi/oédgb.'ﬂi a9 \kgffoc{gat Ic
od ther, adding a rm

hydrocarbon to _a sanple oi] t

I ssolve in"each o

d

sampling a2 sample solution having dispersed therein

asphaltene particles which is preparsd from a sample oil to
be determined, said dip probe or flow celi (7) being set so
as to face with the sample solution and being movable with

up-and-down strokes so as to be in contact with or apart

ne

Hh

ro

=
)
0

ample solution, a two-wavelength absorbance

o8

etector (1) including a light sources (2), passagss for
light to allow the light from the light source to pass
through a sample solution of a given thickness introduced

(7).,

transmitting the light having

in the dip probe or flow csall two interference filters

(3) edch capable of
transmitted through the sample solution having a different
wavelength selected from a range of from 500 to 1,000 nm,
and phototubes or phbtccells (4) each capable of converting
the intensity of each of incident light and transmitted
;iqht having two different wa&elengths into an electrical
current, and & computing means (18) capable of converting

electrical current values into an asphaltene content by

113

(K4-K3) x 100/K3 and the ratio X1 x 100/X3, and a
cond pradetermined correlation bstween the waight of the

- absorbancss at two wavelengths Ay and A;, raspectively,

“from the rangs of from 500 to 1,000 nm of a sample

solution having dispersed therein asphaltene particles, which
is praparsd from a sample of the oil, and K1 is ths absorbance
of ths sample solution aftsr removal of the asphaltans

100EC %97 | |

of a predsterminad first order corrslation betwsen



al i phati c hydrocarbon to the solution to precipitate asphaltene particles,
-and cooling the solution or allowing the solution to cool. 3. A nethod
for determ ning an asphaltene content in a heavy hydrocarbon oil as g
claiml1l or 2, wherein the two maveleng19§ sel ected ]

measurenent are at |east 50.nm di stant. |"ﬂmmmﬂﬂm or
determ ning an asphaltene content in a heavy hydrocarbdén &il ™i nsSactordance

with the nethod of claim1, which conprises a dip probe or flow cell (7)
Tor

5. A device for determining an asphaltene content in a

heavy hydrocarbon oil as in claim 4, wherein the two

wavelengths ‘'selected for absorbance measurement are at
- least 50 nm distant.

6. A devices for determining an asphaltene contant in a
heavy hydrocarbon oil as in claims 4 or S, wherein the dip
probe or flow cell (7) is provided with a washing means for
removing the sample solution for determination attached to
or remainad on the dip probe or flow cell (7) by passing a
washing solution every time absorbances of the samples are

determined. -

7. A device for determining an osphaltene contant in a
heavy Hydrocarbon oil as in claim 6, wherein said device
further includes a2 means for controlling the washing means,
every time the determination of one sample is completed,
provided to the dip probe or flow cell (7) with the
successive determination of each absorbances of the sample
contained in the sample containers by moving with ths dip
probe or flow call (7).
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sanpling a sanple solutlon havi ng dlspersed t herei n asphaltene particles
whi.ch is -prepared froma sanple oif tb:be deternined, said dip probe or
flow cell (7) being set so as to face_wgth the sanple sol ution and bei ng
novabl e with up-and-down strokes so as to be in contact with or apart from
t he sanpl e solution, a two-Wavel ength ‘absorbance detector (1) including a

|l i ght source (2), passages for light to allowthe light fromthe Iight
source to pass through a sanple solution of a given thickness introduced in

the dip probe or flowc ' (3) each capabl e
of transnPREERMENATIEN |Gy I‘W”ngﬁ)sﬂﬁ qu'a"ﬁg Apﬁgéf%?ﬁg 5#?‘#@ sanpl e sol ution
having a different wavel ength selected froma range of from500 to 1, 000
nm and phototubes or photocells (4) each capable of converting the

i ntensi t yagéTRACh of THE de8CLOSWRE and transmitted |ight having two
different—wavelengths 1nto an electrical current, and a conputing neans

(18) capable of canwetthiod fdie Fteciselnl aﬂﬂreEﬁEcuabuegr iq¥ e i @bwdpal t ene
content by naking use of a predetermined first order correlation between

the rati oafiKdsiBrlxeh8OckRht@nt tire a aieavKlhxdi6OaKBonard 1A weiectidecan
predeterm ned correl ati on between the weight of the asphaltene g and K3-K1,
wher ei n KbeaagpKRcabjeetena twiddeabsoamgecef asphabteaeclcamtdrst [&nd ]aand
[err], respectively,
device therefor is disclosed:
(1) The method éomprises measuring absorbances of
a sample solution having dispersed therein asphaltene
particles at two different wavelengths being at a distance
of at least 50 ﬁm selected from the visible light range of
from 500 to 1,000 ﬁm and cbtéininé an asphaltene content
from the two measured .va%ues utilizing a relationship
between known asphaltene contents and absbrbances.
(2) The devicé for determining asphaltene content
in a sample solution, which comprises dipping a means for
determinig the absorbances at -two different wavelengths
into each ﬁrobes which are standed in a 1line, or
connecting the means into a flow “cell and passing the

sample solution through the flow cell to determinate the

absorbances.

FIGURE 1
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sel ected fromthe range of from500 to 1,000 nmof a sanple solution having

di spersed therein asphal t ene parvicles

mhlch Is prepared froma sanpl e of

the oil, and Kl is the absorbance of the sanple solutlon after reanaI of
t he asphaltene particles measured aty4 he wavel engt he
- 29 - 5. A device for detern1n|ng an asphal t L33 |n=epheavy
hydrocarbon oil as in claim4; wherein the two wave] efigt hs selected f
absorbance nmeasurenment are at |east 50 nmdistant. 10\Deev 9w f
determ ning an asphaltene content in a
Fig. 1 Lscf
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heavy hydrocarbon oil as in cl ai'ns. 4.0r. 5, wherein the dip probe or flow

cel l (7) is provided with a mashlhb nmeansfor renoving the sanple sol ution
for determination attached to or renpfmed on the dip probe or flow cell (7)
by passing a washing solution every tine absorbances of the sanple are

det er m ned. 7. A device for determ ning an asphaltene content in a
~heavy hydrocarbon oil as in claim®6, wherein said device further includes a
means for controlling the washing neans, every tine the determ nation of

one sanple is conpleted, provided to the dip probe or flowcell (7) with
the successive determ nation of each absorbances of the sanple contained in
t he sanple containers by nmoving with the.dip probe or flow cell (7).
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