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invention is an automatic titration apparatus,

including software for titration control. In
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@f&ﬁ%&fﬁ@ﬁﬁ@@?ﬁﬂ%fﬂﬁw PARATUS
..... DETERMINING INGOMRATIBILEEY OF PETROLEUM OILS

transportatl on and storage of crude oils residua,
bl endi ng, and bl ends with process product strearns,

B%@KGR@%@ @quﬁg‘pﬁ@ﬁ@f\]e a test procedure i s
use : of petroleumoils are
inconmpatible and | ead to asphal tene aggregation. Cne

such test requires the measuring of inconpatibility
[ et elTbe presobinventior it 41y auttomttoetsuratmmmanams; mlcludmg

AR e B U b
{
BRI B3 BRSO TSP O3 S B R outng o

réﬂﬁdi*y PirbdeRs %qh ikt ARd rc@kl/plfcaﬁfmﬁ‘ Iﬂ‘ﬁﬁttﬁé‘rﬁpéﬂﬁtléﬂ bH&Bforage of
t he 1 nsol ubi i y nunb and solubility blending

crudetnals, reSidua, blending| and biends (witle ptdcBss prddet streams, e.g. cracked
5, 997 ﬁzs and 5, 871,634). These neasurenents require
stokkendheke %@wﬁrﬁeS&@mﬁdurenlSd%S@érto @@t%mm@r rniytaresiofipstroleum oils

lid t.h
{3 EohRuPlChRrEaR R iy BEgrBahnt URRte dSu FemRs the
1y tak t hr t
B ARl * 0 et hod, [ 0008]
Therefore, it is inportant to have an objective,

re rodu0|ble and nore
[0002] Currently, the test procedure for measuring the incompatibility parameters

consists of two tests: a heptane dilution test and; a toluene equivalence test. Based on
microscopic observations of asphaltene aggregates in mixtures of the petroleum oil
with different volume ratios of n-heptane and toluene, the insolubility number, I, and
solubility blending number, Sgy, are calculated (see U.S. patents 5,997,723 and
5,871,634). These measurements require intensive human action in order to perform
the mixing, make the microscope test slide, and observe whether or not asphaltene
aggregates are present. The measurement for single petroleum oils typically takes

three to four hours using the microscopic method.

[0003] Therefore, it is important to have an objective, reproducible, and more
sensitive method for measuring the incompatibility of crude oils in order to predict
whether or not asphaltene aggregates would form if two or more petroleum oils were
blended together. It would also be advantageous to have a fast automated method of

measuring the incompatibility with an instrument that would save hours of labor and
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automatically without user intervention to stop the titration. Moreover the present

invention offers least squares reduction of a user-definable number of titrations for
more accurate determination of the incompatibility parameters and instantaneous
reporting of these parameters on the computer screen. All the measurement results
are automatically stored on the computer's hard drive in spreadsheet-compatible
format and a logfile is generated so that all conditions during the measurement are
recorded as they occur. The present invention also offers a mechanical coupled
mixer. This permits us to test viscous oils. The present invention also has an
automated cleaning cycle so that the user can simply load an oil for testing into a
dispensing syringe, press the start button on the computer software, and walk away
from the apparatus, and the apparatus will measure the incompatibility parameters for
that oil and report them without the user's presence or the cumbersome manipulation

of raw spreadsheet data. The present invention also includes a closed mixing cell and
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systems of the apparatus are discussed in more detail below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 shows a schematic diagram of the computer-controlled /optical
transmission spectroscopy automated titration (OTAT) apparatus.

[0007] Figure 2(a) shows a flowchart of the main comiputer program that controls
the devices which comprise the automated titration apparatus, processes signals
obtained from the optical detector to detect the absence or presence of asphaltene
aggregates, and reports the results to the computer's video display and to the hard disk

drive.
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showing the titration curve for Souedie oil titrated using n-heptane. The wavelength
for the optical transmission spectroscopy was set at 750 nm.. The maximum in the
OT curve indicates that the transmission is dropping due to the scattering of light by

the asphaltene aggregates

[0012] Figure 3(d) shows the control screen which allows the operation of the
pumps and mixers and monitoring of status of all the individual components of the

system exclusive of the automated mode.

[0013] Figure 3(e) shows a plot of the data from the OTAT software showing the
measured incompatibility phase boundaries, corresponding to asphaltene aggregation
for Souedie oil, least squares fits to these data, and the incompatibility parameters, Iy

and Spy, determined from the fit, along with the statistical errors in these values from

the fit.
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Teflon® lines connected to the metal vial head assembly or to automatically refill by

O

withdrawing liquid from reservoir jars connected to the valve. The vial is connected
to the metal head assembly by the screw top of the vial and a Teflon® plate at the top
of the adapter seals the vial so that evaporation is minimized. In the middle of the
head assembly, there is a metal shaft with a propeller that is used to mix the contents
of the vial; this metal shaft is connected to a flexible rotational cable, and this cable is
connected to a mixing motor with a variable speed. The supply and return
recirculation lines are kept in place by two short pieces of stainless steel tubing which
keeps them clear of the mixing propeller. The recirculation subsystem consists of a
variable speed peristaltic recirculation pump with a low dead volume and short length
of hydrocarbon-resistant flexible tubing to facilitate the pumping action. The rest of
the recirculation loop tubing is Teflon®. A cleaning valve is located in the
recirculation loop, and, when it is switched on, permits the contents of the vial and the

loop to be shunted into a covered liquid waste container. The heating subsystem
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spectrometer using a grating. The compact spectrometer (supplied by Ocean Optics

Inc.) is connected to the computer through a proprietary card (also supplied by Ocean
Optics). The typical oil volume required for a given titration is about 3-4 ml; since
several titrations are needed to determine the incompatibility parameters of a
petroleum oil, the total oil volume required to obtain the desired parameters is

typically about 10 ml.

[0015] The general flowchart for the computer-controlled automated titration
apparatus is shown in Figure 2(a). This flowchart of the primary program provides the
details about how to write a program in any software language to perform the

computer controlled automated titration. The accompanying flowchart for the titration
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number of cleaning cycles, the titration aliquot dispense volume, and the initial

volumes of 0il and solvents loaded into the vial before the titration begins. The
performance of the spectrometer is monitored and recorded during the start-up of the
system and is used to confirm the operation of the spectrometer during titration
operation. Similarly, the software provides for calibration of the titration pump to
assure precise delivery of solvent. Moreover, the user can control the wavelength at
which the titration curve is made. The present invention keeps track of the volume of
liquid in the vial to prevent overfilling and will automatically stop a titration without
recording an endpoint before the vial overflows. This is an important safety feature
that allows the user to walk away from the instrument with confidence. The OT
titration endpoint is reached and the program stops the OT titration when the

transmission intensity passes through a maximum and decreases by a user-defined
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weights of the initial dilution of the oil that are desired. The user does not add any
solvents corresponding to the desired initial dilution into the vials since the program
will do this automatically using the solvent pumps. When the user runs the program,
the program prompts the user to screw each vial in turn into the head assembly. When '
a given vial is screwed in, the program commands the solvent pumps to dispense the
desired solvent volumes before it starts the titration. This second mode saves the user
time that would otherwise be required to manually add the initial dilution volumes of
the solvents. The third mode, called "manual without automatic pre-dilution" or
simply "manual", permits the user to load the test oil and any desired initial dilution
volumes of solvents into separate vials and to tell the program what the initial

volumes of the test oil and solvents are in each of the vials. When the user runs the

program, the program then prompts the user to screw each vial in turn into the metal
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byftht hetal valusme dhthelsdBlent. flﬁﬂaﬁ {0 Ogﬁhéﬁ@ﬁ%e ﬁ@ﬁ‘l‘gftﬁphase

the weights of the initial
bapadaty pr Souedipmildetermimed hyoall tditeatjorsdh ke tE1 Plane is shown for
the desired initial dilution into the

CgllQ Ldtfrﬂgg on Ié‘tna?lﬁeﬁgpgg}(g% A least squares fit of these points is used to
determine a straight line, from which the parameters Iy and Sgy are and displayed. If

sufficient reproducibility of the points is not obtained, the program alerts the user.

[0018] A typical measurement of the incompatibility parameters for a crude oil
requires about 1-2 hours with this instrument. We have successfully measured
incompatibility parameters for light crude oils, heavy crude oils, asphaltene-free crude

oils, self-incompatible oils, residua, and refinery products.

[0019] The advantages of this instrument over the prior technology include the

following:



will do this automatically using the solvent punps.
When the user runs the program the program pronpts

W0 b@s506364 t 0 screw each vial in turn into the PERUS2004/020089
assenbly. Wien a given vial is.,screwed in, the program
commands t he sol vent punps to“ééépense the desired
sol vent vol unes before it starts the titration. This

second e saves .the user ti t hat uld otherw se
be r equinf d l(§ %Stﬁﬁﬂb‘éfﬂi-yldsaemiﬁ ni‘%ﬁ?ql\g?mﬁaﬁ‘éﬁ“il%n
; ‘ﬁlﬂﬁ : ents. The third node, called
lﬂ%a aﬁ)lgm{}ié]%ﬁ?l%g% ‘omatic pre-dilution" or sinply
“manual ", permts the user to load the test oil and
any desi L . : :
separ at e(@? allﬂgégar %%Htcginth%t?pﬁﬁg%& rogr at%g \ﬁﬁgitp Y’?Efé& sl for
titrativh ainixviagyhemingf rédirulatin, oalibatidnsald/éstesti@i,e i n
each of the vials. Wien the user runs the program the
programthen pronpts the user to screw each vial in
turn int )t W¥leghanicdlanikends ensirg maixtirp dwohwogeneitiieeven for
“titrations. This node requires the presence of the
VISCRPS Qli%i ng the operation, and, although it is not as
convenient, it permts the neasurenent of the

suon e (las PR R 1S Forctriholn: deFiE A Prors
c&%ﬂélﬁ?.e?éoﬁ?ﬁfemfé@dwc%\’}iﬁ thettli‘l‘f'al?(% ﬁg&tﬁ?gf order to

facilitate e recirculation of t ture. [0017] An
exanpl e of the front panel of the software after a

measur en@)t Cémplieer basaogid Rl mbﬂitﬁﬁi%’:lﬂﬁtﬁrﬁ)ﬁrﬁhce of the
Souedi e crude orl (in autofill node with titrations)

spestromster $ystedn god der Glibrafion bf the Gtr@ia) pempws t he user

~and sanple information and the control settings; these
are all recorded in_the logfile. Figure 3(b) shows an
exanpl e tlpiscrote oid and psomatis selyient aléquatdispeasingt with

S s R T
phase boundary can be calculated; His defined as 100
vol ume. o)t KSR Qs iEnbion Shiaigfthente W 4 By poqurate

vdlbelevopiston pimphe aromatic |iquid divided

(h) Three modes of operation: autofill, manual with automatic pre-

dilution, and manual without automatic pre-dilution,

(i) Availability of pre-defined protocol for measuring

compatibility parameters for self-incompatible oils,
() User-defined number of titrations and initial titration volumes,

(k) Ability to add additional titration runs during the analysis

sequence without having to stop the analysis.

() Small test oil volumes (3-4 ml per titration),



by the total volunme of the solvent. Finally, the
asphaltene inconpatibility phase boundary for Souedie
wo@edosdex7es m ned by all the titrations in the HAT/pEzn€020089
is shown for OT detection data,in Figure 3(c). A least
squares fit of these points is used to determ ne a
straight line, fromwhich the paraneters /N and | SBN

are and di spla I f sufficient. [ LRI "
the ot ni)! E&KEfimsn:Seterh Ferlling SE AR 1Bt ubddheensities,
tHeflon &&O%sﬂanﬁ ih¥dth §t|,1b1 SRRy, t he _

I nconpatibi'lity par rreters for a crudé oil requires

about 1-2 hours with this instrunent. W have ,
successf yh) y Leefisdidechnhaahippdkicatire hﬁsm‘ﬁr@me @istruneent during
light crude oils, heavy crude oils, altene-free

the determinatjonsef tﬂ1eummnpat1b1hbepamnmters,93| dua, and

refinery products. [0019]- The advantages of this
i nstrument over the prior technol ogy include the

];Tg!alsg\r”: Eg }( &%@q‘f&nﬁnﬁﬁéw%ﬁi%g (geetgx%%%ﬁ%%i% eggt St sguares fit

tBQH@HIC%EanhQiBQI'it%l Halkse @b{mﬂaﬁ? AATepOREd,S used for

titratio heating; recirtculation,
cal i bration, and det ect | on, (c) Mechani cal mixer to
ensure m(g) umlt@maﬁgeéwrdm,g @ite thd bardvdrdeoobtheirhs, (d)
Conput er -based | ogic for endpoint detection and
rpemmemaiata,dltrz(twnecur&mndenwrapm&lw phaserkoundary, and
titration process), (e) Conputer based |ogic for
nmoni toring the performance of the spectroneter sy P]
and for € .M@maﬂc,&ommet-m%wgﬁ 1g (:y§le 1of
S\%scc{et e oi|l and aromatic solvent aliquot dispensing
Y RYIRES® accurate syringe punps (permits a wide
range of titration rates),

() A switched air source to minimize the amount of holdup

solvent between titrations.

[0020] Although optical spectroscopy has been used to detect asphaltene
aggregation (see Andersen, SI: "Flocculation Onset Titration of Petroleum
Asphaltenes." Energy & Fuels 1999 13:315-322), no existing commercial instrument

offers these capabilities.



(g) Continuous titrant solvent dispensing with a

hi ghly accurate val vel ess piston punp, (h) Three nodes
wo@Roospei7at i on: autofl |, manual w th automatic PCT/US2004/020089

predi lution, and manual wt hout1 automati c

pre-dilution, (i) Availability &f pre-defined protocol

for measuring conpatibility paraneters for

Ctsﬁ%‘h\-éjtsncorrpati ble oils, Q User-defined nunber of

i fons and initial titration volunes, (k) Ability

to add additional titration runs during the analysis

sequence w thout having to stop the analysis. (1)

Smal | test],oi Anvatam@ic ((Gadomrhpeeatulsiih waticloa)substrate is titrated

Real -ti me on-screen reporting of raw neasurenent

Wwith ens imadresolvent taaan endpaint/e@MPHBIBEI nconpati bility

phase boundary, (n) Logfile docunenting the entire

hi story of the instrument during the determ nation of

the inconmpatibility.par I : WoIR N ‘o
parameters a_r(g dgtﬁeﬁ}’rnn nggﬁg@ @82\'@?& %g@g‘?%ﬁ%{ %otr%ﬁ%%ung
shitEQIBRRhiind dard BIR&ftsPoundary and reported, (p)
Automatic recording onfo the hard drive of the raw
nmeasur enent data, titration curves, and

i nconpatibility phase boundary nd (qg) Autonpatic, )
conmpyt er - moni ®br aclelpresa pysiemdpe deliverens e Spbwrate and said

solvent syringes (r) ;A switched air source to mnimze
spﬂv ngsnI&ﬁqici B}IQW&{F&%GISOI vent between titrations.
[ 0020] Al though optical spectroscopy has been used to

det ect asphal tene
(c) atemperature control system for controlling the

temperature of said mixing vessel,

(d) a detection system that receives said substrate and

solvents from said mixing system,

(e) arecirculation system to move substrate and solvent

between said mixing vessel and said detection system,

(f) acomputer programmed to automatically operate and
monitor all systems from delivery of said substrate to said endpoint of one of

more titrations of said apparatus.

2. The apparatus of claim 1 wherein delivery system includes

pumps and transfer lines.

3. The apparatus of claim 2 wherein said pumps are syringe and

valveless piston type pumps.



aggregation (see Andersen, Sl: "Floccul ati on Onset

Titration of Petrol eum Asphal tenes." Energy &Fuels
wa2®9/048s5815- 322), no existing commercial i nstPCIENL004/020089

offers these capabilities. CLAINMG: 1. An automatic

titration apparatus in which a'substrate is titrated

with one nore solvent to an endpoi nt corrprl sing: (a) a

sa . Subsch ot AP o sl T 9neRa Said B Phy 9 further
ORI r&erfiGitd ﬁf‘rfsh soi%rﬁs 34 Bndt 5Bl dsyR ﬁ% A slevent s

tosald m xi ng vesse a tenperatur ntr ol

avyshetied]Br replunished Wit sbhent wipe saidysemps emptyd M Xi ng
vessel, (d) a detection systemthat receives said
substrate and sol vents from sal d m xi ng system (e) a
recircul atj stemto trate

ot ween ooi-d TROFAGHOES SECIal Shete o detochan Sy Skeanincludes

( &@, r programmed to automatically operate and
ané:g)ﬁlcﬁgg letezlysterrs fromdelivery of said substrate to

sai d endpoint of one of nore titrations of said
apparatus. 2. The apparatus of claim1 wherein

del i very <ystHim appAraite of plaimsS wiherdin aasf spectrosepy @Il is
The apparatus_of claim2 wherein sajd punps are
teppegacaontipled éwdﬁg tNReIgHIE ysatrahﬁsb §ystemyhe
apparatus of claim 3 wherein said delivery system
further

7. The apparatus of claim 1 wherein said recirculation system

includes a cleaning valve and a waste liquid receptacle.

8. The apparatus of claim 1 wherein said computer automatically
operates all systems from the delivery of said substrate to said endpoint of one or

more successive titrations.

9. An optical automatic titration apparatus comprising:
(a) reservoirs for oil and solvent,

(b) a mixing vessel at a predefined temperature, including a

liquid mixer,

(c) dispension system pumps and transfer lines for dispensing
oil and solvent from said reservoirs to said mixing vessel wherein oil and solvent

are mixed to form a mixture,

(d) an aggregate detector,



conprises reservoirs for said solvents so that said
syringe punps are automatically replenished with

waodogee7smhen sai d punps enpty. 5. The appar at BGT/052004/020089
claim1 where said detection sysfemincludes a
spectroscopy cell. 6. The appardatus of claim5 wherein
sai d spectroscopy cell is tenperature controlled by

t he terrperature) controlled system 7.. The apparatus
of claim 1 wh&PelFFIEHafnsysken PRm#NGanter lines ades

' yal - L e d r tacle. 8. The
Bl PAML U BN Ene B o ST TP RSB B Merbiand Botector,
automatically operates all systens fromthe delivery

of said subst tﬁcb&!ﬁﬁé (leTare f .
successi ve tit(i?ati ons. Qldplﬁg opt ?ggﬁogg{ﬁgengl{lieg@?ﬁ&ts of said
dpparatuson apparatus conprising: (a) reservoirs for oil
and sol vent, Eb) a m xing vessel at a predefined

tenperature, (Schgviished airisgure toi marimizethedispantsifaolvent
syste unps .and. transfer |lines for dispensing oil and
l},(ﬁai}]éﬁ’&wggﬁt%%&n?'eservoi rs to said mxing vessel

wherein oil and solvent are mxed to forma m xture,
(d) an aggregate detector,(e) recirculation system

unp and tI@NFhEBppAraRS dfelai il nfls BESFYY
punp ppd @laifl PR 6N SAH g%g?se WRIGIEE

to and fromthe mxing vessel to the aggr

syeingetand valveless pstopdypes ppmpsr anred to operate al |
el ements of said apparatus.

11. The apparatus of claim 1 wherein said pump of 9(e) is a

, peristaltic pump. '

12. The apparatus of claim 10 wherein the recirculation system

- further comprises a cleaning valve and a waste liquid container.

13. The apparatus of claim 9 wherein said liquid mixer includes a
mechanical mixer having a shaft extending into the mixing vessel with a

propeller on its end within the mixing vessel.

14. The apparatus of claim 9 wherein said computer will

automatically carry out a predetermined number of titrations.

15. The apparatus of claim 9 wherein said apparatus has a

predetermined titration rate.

16. The apparatus of claim 12 wherein said computer has been
programmed to dispose of said mixture, clean the system with aromatic solvent

and refill the dispensing pumps.



(g) a switched air source to mnimze the anmount of

sol vent hol d-up between titrations. 10. The apparatus
w@booshad7se 1 wherein said punps of 9(c) are syrPemESHNG020089

val vel ess piston type punps. 1 The appar at us of

claim1 wherein said punp of 'Q%Sej is a peristaltic

punp. ' 12. The apparatus of claim 10 wherein the

Cfilfivécglngtlio &@?%%S{%:éf et df’v{”ﬁi@%e?fﬁ%ig?ﬁcbgi‘g%%?“&f’bs
- . . . e . el ud
lo!%(#gﬁbggﬁpt\{r@zrc%n sai iquid m xer includes a

er having a shaft extending into the
m xi ng vessel with a propeller on its end within the
m Xi ng vessel. 14. The apparatus of claim9 wherein
sai d conpu8eTheidpparaiunafciatmlI7ywheteitysaidtopsical cell is between
-predeterm ned nunber of titrations. 15. The apparatus
20fmisrensargl JHLA¥EIONSai d appar at us has a predet er ni ned
titration rate. 16. The apparatus of claim 12 wherein
said conmputer has been programmed to di spose of said

m xture, Goegihel HRHasis Mirh ! Fherei sedonyRitér d@dftermines
refill thgbdiafshged@ ng %gﬁrr%stglr?g The appar at us orf claim

ifothstibilitysgdrdmerdrs ofib pdblmooili ncl udes thin opti cal
cell”. 18. 'Ilﬂg apparatus of claim 17 wherein said
optical cell is between 20 m crons and 200 m crons.

égt e:&engﬁw rﬁlteuaspp%;atﬁé o aa?mvxlfbe{vﬁier%iﬁ §ai c%%ﬁ)qﬂ&egtores said

incompatibility parameters for further reference.

21. The apparatus.of claim 9 wherein said computer determines

titration curves and asphaltene aggregate phase boundaries for real-time display.

22. The apparatus of claim 14 wherein said computer

automatically detects the titration endpoint.

23. The apparatus of claim 9 wherein said computer allows three
modes of operation, autofill, manual with automatic predilution and manual

without automatic predilution.

24. The apparatus of claim 19 wherein said computer determines

said incompatibility parameters using a least squares fit.

25. The apparatus of claim 9 wherein said computer provides real-

time display of all graphical data.



inconpatibility parameters of a petroleumoil. 20. The
apparatus of claim 19 wherein said conputer stores

W@ a00d/003160npat i bil ity paraneters for further re¢BUS200€020089
21. The apparatus of claim?9 rein said conputer
determines titration curves andt” asphal t ene aggregate
phase boundaries for real-tine display. 22. The

At omat i 230 ﬁx:%p&?e% ¢ RERIT A hERTE %%Biﬂ%?ﬂgﬁ%m%ns 2
G RELS W RoBligfiof Bhitotied B BpRPudbePRIE T L i

automatic predilution and manual w thout automatic

predi lution. 24. The apparatus of claim 19 wherein

sai d conp@feTitedppanitnesf shint 3 wherepsaid bomipuser is programmed
paraneters using a least squares fit. 25. The
t‘adp‘@mn%aﬁﬂuém%ﬁ:%@a}\%@?-ei n said conputer provides

real tine display of all graphical data.26. The

apparatus of claim9 wherein said conputer maintains a

log file ‘Qfggﬂ‘ﬂe Teﬁgy%?:ﬁhb BPe1aRRrd WhERIn BYidSeptital detector is a

appar at us. apparatus of claim9 where said

sﬁ@éﬁbﬁc@pid@etéﬂtegr ammed to determ ne a toluene
equi val ence. 28. The apparatus of claim9 wherein said
optical detector is a spectroscopic detector. 29. The

O L e e S A e B e
RS i HBLhPEE SHTERMINE WPGA NS be #hd Polirculation system

between titrations.



