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ASPHALT FROM CRUDE O L Technical Field This invention relates to a nethod

for the reduction, preferably, the prevention, of precipitation of asphalt
fromcrude oil. Background Art Primary produgtion of petrol eum hydrocarbons
fromoil bearing formations is usually acconplished by drilling into or
through the oil-bearing strata. Ol then flows into the bore hole, from
which it is recovered by punping to t In nmost formations,
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col l ectivel ypashhgeandaswigr enhanced oil recovery (EOR) techniques, these
met hods can 1 ncregse _pr.oducti.on substantially. In s cases, recovery as
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fluid such agp-u@bepi1sol vent or a gas is charged to these wells under

pressure sufficrent to force residual oil out of the
: Bac ound :

Primary production of petroleum hydrocarbons from oil
bearing formations is usually accomplished by drilling into
or through the oil-bearing strata. 0il then flows into the
bore hole, from which it is recovered by pumping to the
surface. In most formations, primary recovery or primary
production recovers no more than about 25 to 35% of the oil
in the formation. A number of techniques have been developed
whereby additional oil can be recovered from these
formations. Known collectively as secondary or enhanced oil
recovery (EOR) technigues, these methods can increase
production substantially. In some cases, recovery as-high as
60 to 65% has been achieved.

When EOR becomes necessary, a number of the wells in a
producing field are designed as injection wells, and a fluid
such as water, solvent or a gas is charged to these wells
under pressure sufficient to force residual oil out of the
formation into the remaining production wells, whence it is

- pumped to the surface. This method is referred to as’
"flooding."™ When a fluid such as liquid natural gas or
liquid co, is employéd in flooding, the method is referred to
as "miscible flooding." '

A serious problem, encountered with both primary and

" enhanced oil recovery, is the precipitation of asphaltenes
and  associated solid components (collectively referred to as
asphalt), either wijhin the oil~-bearing formations or in the
production borehole;w This problem is encountered in at least
one of its forms inj?irtually all oil ‘fields since virtually
all crude oil contaiﬁ% some amount of asphalt either in

solution or in a colloidally dispersed state.
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formation into the remaining production wells, whefice it is punped to the
surdacé. This nethod is referred to as "flooding." Wien a fluid such as
liquid natural gas or liquid CJerr] is enployed in flooding, the nethod is
referred to as "mscible flooding." A serious problem encountered with

~ both primary and enhanced oil recovery, i s"tThe preci pitation of asphaltenes
and associ ated solid conponents (collectively referred to as asphalt),
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wWth the m Scxznloree ffrle?;?zent ys,o plgécgglt%/glnonmggc&se%ueQ:hé/ borehole when
the oil is subjected to lower ambient temperature/pressure
conditions. Precipitation in either location can lead to
costly interruptions in production from the well while
cleanup takes place.

Precipitated asphalt cleanup is usually accompllshed by
mechanical or chemical cleaning or by manipulating reservoir
conditions (e.g. pressure or production rates). The approach
to.date has always been a remedial one and invariably

' requires the well or the formation to be out of production a
period of time. There is great need for a preventive
approach.

Disclosure of the Invention

It is the objective of this invention to provide a
method of preventing or at least reducing the precipitation
of asphalt from crude oil.

In accordance with this invention, there is provided a
method of reducing precipitation of asphalt from crude cil
wﬁen suﬁjected to conditions different from the conditions
found in its geological reservoir, which method comprises
contacting such crude oil-with an effective amount of at
least one compound of formula I

 RyC(0)=N(R;)(R,) (1)
wherein R, is a substituted or unsubstituted C,-C. alkyl
group; R2 is a substituted or unsubstituted c,-C 6 alkyl
group; and RBC(O)- is a substituted or unsubstituted
fatty acid residue of 8 to 22 carbon atoms.
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precipitation occurs in the borehole when the oil is subjected to | ower
anbi ent’” tenperature/ pressure conditions. Precipitation~in either |ocation
can lead to costly interruptions in production fromthe well while cleanup
takes place. Precipitated asphalt cleanup is usually acconplished by
mechani cal or chem cal cleaning or by mantPtl ating reservoir conditions
(e.g. pressure or production rates). The approach to date has al ways been a

renmedi al one and Jnvari abl e t he wel |l e fornation to .be out of
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the sol vent "contain ast_one conpoun fornmula I
Rerr]C(O-N(Rerr]) (R errg3C(0)=N(R;)(R;) (1) wherein(Berr] is a
substi t ut edwalereinlimg! ifsiteEihstifuti®rod wisybstituted C;-C, alkyl
group:; R, is a substituted or unsubstituted C,=C4 alkyl
group; and R,C(0}~ is a substituted or unsubstituted
fatty acid residue of 8 to 22 carbon atoms, in an amount
effective to increase the pressure at which asphalt from
crude oil begins to precipitate in the presence of the
flooding solvent to a point greater than the ambient
geological pressure in the formation.
In another aspect of this invention, a method of
reducing precipitation of asphalt from crude oil in a
producing borehole is.provided which method comprises adding
to the crude oil in the borehole, at a point where the
asphalt is still stably dissolved or suspended in the crude
0il, an amount of at least one coﬁpound of formula I
R,C(0)-N(R,)(Ry) {I)
wherein R,y is a substituted or unsubstituted C,-C¢ alkyl
group; R, is a substituted or unsubstituted Ql-cs algyl
group; and: R,C(0)- is a substituted or unsubstituted
fatty acid residue of 8 to 22 carbon atoms sufficient to
decrease the temperature at which asphalt begins to
precipitate from said crude oil to a temperature lower than
the temperature the crude oil will encounter at the well
head. . '
Brief Description of the Drawings
The invention will be described, in part, with respect

to the attached drawing, in which:
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group;, R2 is a substituted or unsubstituted Cferr]-Clerr] alkyl group; and
R3C("O)- is a substituted or unsubstituted fatty acid residue of 8 to 22
carbon atons, in an anount -3 - effective to increase the pressure at

whi ch asphalt fromcrude oil begins to precipitate in the presence of the
fl oodi ng solvent to a point greater than tda- anbi ent geol ogi cal pressure in
the formation. Viewed from anot her aspect the invention provides, a nethod
of reducing precigitation of asphalt fromcrude oil in a producing borehole
conpri si ng addi ngFiguERe Icigda schematife GFHWNT ©f APRATAKUR S@Bre the
asphalt is s@eterainbhy ¢hespréedute andpehéetdnpddituiid dt GihicRNasdpRENE

of at | east o] ar a_l O.- ) . . .
(1) wherein ﬁfg?gﬁg?§%§g§u%?%FPH§§8°8rggﬁéb65?%5%%%35é15§$%%ﬂ&ﬁ ?ﬁERﬁf B
i s a substitthedpresencebofi rurdgcdbles fioe@Aing: a@dventd ax3drOthe s a
substituted poredpspbstituted fatty acid residue of 8 to 22 carbon atons
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t he crude oiuseful dnctbetwethedthé this invention, are known N,N-
dialkylamides. The dialkyl components of the compounds of
formula I can be the same or different and are preferably 1
to 3 carbon alkyl groups, and more preferably are methyl.

The fatty acid residue, ch(O)-,.of compound I, defined
above, may be a substituted or unsubstituted residue of a
fatty acid which occurs in a vegetable oil. The vegetable
oil may be selected from tall oil, palm cil, soybean oil,
cottonseed oil, coconut oil, corn oil, peanut oil, canocla
oil, safflower oii, sunflower oil, babassu oil, castor oil,
linseed oil, oclive 0il, and tung ocil. In a preferred
embodiment, the vegetable oil may be selected from tall oil,
palm oil, and soybean oil. _ :

In general, the dialkylamides of any carboxylic acid
having 8 to 22 carbon atoms can be used in the methods of
this invention. It is preferred to use those based on fatty
acids having 18 carbon atoms such as stearic, oleic,
linoleic, linolenic and ricinolenic acid, more preferably
oleic acid. A particularly preferred dialkyl amide is N,N-
dimethyl oleamide. : )

- The amide of the vegetable oil, as defined above, is
prepared by reacting the vegetable @il with an appropriate
amine. For example, the dimeﬁhylamide of tall oil (DMATO) is
prepared by reacting the tall oil fatty acids (TOFA) with
dimethylamine (R1 =R, = methyl). Similarly, the
dimethylamides have been prepared for soybean oil (DMASO) and
for palm 0il (DMAPQO). In so doing, the dimethylamide of each
constituent fatty acid is prepared.

Generically, the compounds of formula I, defined above,
can be prepared by combining the fatty acid and the
appropriate amine under elevated temperature and pressure.




wel | head. It has al so been suiprisingly found that certain conpounds not
previously proposed for use in reducing asphalt precipitation outside
borehol es are effective in such precipitation reduction. Thus, viewed from
a further aspect, the invention provides a nethod of reducing precipitation
of asphalt fromcrude oil when subjected to conditions different fromthe
conditions found in its geol ogi cal reservd?PT, which nethod conprises
contacting such crude oil with an effective anount of at |east one conpound

of formula I ] - € . I
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whi ch asphaldil is mixed with 3.3 moles of the dimethylamine. These
mixtures are heated slowly in a closed vessel to 170°C at a
pressure not to exceed 100 p.s.i. The reaction is held at
this point for eight hours. Subsequent analyses have shown
that this process achieves at least 95 percent amidation of
the constituent fatty acids. In the case of DMATO, excess
amine is removed in the aqueous phase formed by the water
produced in the reaction. Where triglycerides are involved,
excess amine is present in the glycerol phase removed after
the reaction. '

Formulations of N,N-dialkylamides containing common
additives such as surfactants, emulsifiers or dispersants can
also be used in the methods of this invention. A preferred
formulation of a N,N-dialkylamide is MFE 2400 product; sold
by Buckman Laboratories of Canada, Ltd., Vaudreuil, Quebec,
Canada. MFE 2400 product is 90.1% DMATO and 9.9% TDET 99
prdauct, an ethoxylated dodecylphenol available from for
example Harcross Chemicals Incorporated, Memphis, Tennessee.

The liguid natural gas employed in miscible flooding is
a readily available, liquefied mixture of low molecular
weight gases comprised primarily of C, to C, hydrocarbons.
This material is highly miscible in most, if not all crude
oils. However, the asphalt present in crude o0il is not
soluble in the natural gas at reservoir conditions in most
0il bearing formations. As a result, when the natural gas
‘contacts the crude oil, asphalt is precipitated and it
flocculates, fregquently leading to plugging of the pores of
the ocil-bearing formations. Such precipitation and
flocculation can be reduced and even prevented from taking
Place by addition of an effective amount of the
ahove-~described N,N- dialkylamide compound of formula I.



precipitation takes place froma crude oil specinen either in the presence
of -a nscible flooding solvent or in the borehole. The conpounds of fornula
| defined above, which are useful in the nmethod.of this invention, are
known N, N- di al kyl am des. The di al kyl conponents of the conpounds of
formula- I can be the sane or different and-g~e preferably 1 to 3 carbon

al kyl groups, and nore preferably are nmethyl. The fatty acid residue,
R3C(O -, of conpound I, defined above, may be a_substituted or
unsubstituted resith@ 8Fharfaisgible ifipedingcElnidi foawhdght XS oi| . The
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presence of flooding fluid appears to be a pressure related
phenomenon. That is to say, when the asphalt-containing
crude oil is in contact with a miscible flooding fluid,
precipitation of asphalt is likely to occur at a felatively
low pressure. This pressure is frequently less than the
ambient geological pressure within the formation. In such
cases, precipitation and flocculation of asphalt can occur in
the formation, and this can result in plugging of the
formation between the injection well and the production well.

In accordance with the first aspect of this invention,
it has been found that incorporation of the N,N-dialkylamide
of formula I into the flooding solvent increases the pressure
at which asphalt precipitates and flocculates during miscible
flooding. An effective amount of N,N-dialkylamide of formula
I is defined as the amount regquired to increase the pressure
at which asphalt begins to precipitate to a pressure dgreater
than the ambient geological pressure within the crude oil-
bearing formation being treated. _

An effective amount of N,N-dialkylamide of formula I
will usually be about 1 to 5 and preferably about 1 to 3% by
volume based on the volume of the flooding solvent.

In addition to serving as a precipitation preventive,
the N,N-dialkylamide of formula I can also function as a
viscosifier when liquid co, is employed as a miscible
flooding solvent. The N,N-dialkylamide increases the
viscosity of liquid CO, by about 60% at 130°C and 4100 psig.
Such a viscosity increase can improve the mobility ratio of a



prepared by reacting the vegetable oil wth an appropriate am ne. For
exanpl &, the dinethylamde of tall oil (DVATO is prepared by reacting the
tall oil fatty acids (TOFA) with dinmethylamne (Rlerr] = Rlerr]= nethyl).
Simlarly, the dinmethylam des have been prepared for soybean oil (DVASO
and for palmoil (DVMAPO . In so doing, theZdimethylam de of each
constituent fatty acid is prepared. Generically, the conpounds of fornula
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amne is renpyed. Lp; L0P. a0LE0USRERSEuQ" BRE B ekBEriPbBhditions under
which they remain in a single phase. Source cylinders 1 and
2 afe pressured by a positive displacement pump 3, through
water-mercury plugs 1’/ and 2/, which act as pistons to
transfer the oil and solvent through a common transfer line 4
and manifold's, in predetermined ratio, to wvisual cylinder s.

In visual cylinder 6, the combined crude oil and solvent -
mixture is pressured, also via a mercury plug 6/, to the
saturation pressure (Psat) and visual observations can be
made of the degree of precipitation, if any, taking place at
Psat in the visual cylinder. Psat is determined by adjusting
the pressure in visual cylinder 6 to the point at which a
gaseous phase begins to develop.

From the visual cell 6, the oil/solvent mixture is
pumped through manifold 5 to laser cell 7 wherein
precipitation is detected by laser beam transmittance. The
laser cell can be shimmed to provide a flowpath from about
0.5 to 1.0 mm. This laser source is helium/neon, equipped
with a photodiode detector ofi’ the opposite side of the
flowpath. Laser transmittance is measured in millivolts.
Transmittance increases with increasing concentration of the
miscible flooding solvent as the clear solvent decreases the
optical density of the crude oil. When the pressuré of
incipient precipitation is reached, transmittance begins to
decrease as the oil/solvent mixture becomes cloudy due to
development of a solvent phase in the oil. ,

From laser cell 7, the mixture passes to collection cell
8 for storage or disposal.



produced in the reaction. Were triglycerides are involved, excess amne is
present in the glycerol phase renoved after the reaction. Fornul ations of
N, N- di al kyl am des contai ni ng conmon additives such as surfactants,

enul sifiers or dispersants can al so be used in the nethods of this

i nvention. A preferred fornmulation of a NJgdial kyl am de is MFE 2400
product; sold by Buckman Laboratories of Canada, Ltd., Vaudreuil, Quebec,
Canada. MFE 2400 product is 90.1% DVATO and 9. 9% TDET 99 product, an -
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formula |.  pressure of 3650 psig at 130°C. Using the apparatus
described above, the subject crude was contacted with various
mole percentages of a liguid natural gas flooding solvent
having the approximate composition shown in Table 1.

Iable 1

Component ole

N2~' 0.0106
methane 0.6724
ethane 0.0706
propane 0.0887
isobutane 0.0527
n-butane 0.1050
composite M.W. 26.28

To demonstrate the increase in the pressure at which
asphalt precipitation takes place, the reconstituted crude
oil was contacted with liquid natural gas flooding solvent
containing about 4.5 volume percent of MFE 2400 and also with
flooding solvent containing no MFE 2400. The results are
recorded in Table 2 along with results of a control in which
no MFE 2400 had been added to the flooding solvent.
Observations were also made of an oil that was not in contact
with a flooding solvent.

Precipitation of asphalt is deemed to have begun at the
point where laser transmittance stops increasing and actually
begins to decrease due to the appearance of solid matter in
the 0il. The solid matter is not always visible to the naked
eye, but is readily detected by the laser.



The other mscible flooding fluid to which this invention is applicable is
liquid carbon dioxide (CJerr]). Asphalt |ikew se precipitate fromthe
crude oil and flocculates in the presence of liquid CJerr]. The N N

di al kyl am des of formula | specified herein are also effective in reducing
or even preventing such precipitation and_glLoccul ation from taking place
when liquid CJerr] is enployed as the flooding fluid. Precipitation and
floccul ation of asphalt in the presence of flooding fluid appears to be a
pressure rel ated phenonmenon. That is tofabY¥e when the asphal t-cont.aining

crude oil is i Spngac -MM§E a mscible flooding fluid, pregkgh%g;ion of
asphalt is |ikgbyvh ajrepghtvely tﬂﬁéQrﬁﬁﬁﬂge'.Ihb%ﬁ&i?ﬁiﬁ%his
frequently I'€Ss I enf geol ogi ¢al pressure Wthin the fornatlon.
I n such cases, @recipi{atNnen anfl fdescul ati oniof3asphalt |cagleagur in the
formati on, andt8his can r¥eult [n P88Qgi hg of Lt WéSfor mat fon b#t ween the

i njection welI39nd the|pr¥ducti pn 482%. Best M@86Carryi hg Quf* t he
Invention In a&@eddancé wWeh the f438@ afpectleofO92his infentiBn, it has
been found that?tdcorppralifon of tHBOK Nf di al kyl AR de of (f ofREAES| into the
f1 oodi ng sol vepE*? ncrepse °;he breggyce mhig gisphal t prggégr at es and

fl occul ates d ng ms¢ib 4116 1.907 Clear
44.5 " 4820 l1.952 Clear
48.1 " 4390 1.870 Clear
857.6 .o 4466 2.016 Solids
64.1 w 4430 1.952 "
81.0 " 4180 1.800 "

" The data in the table show that when the MFE 2400 is
present, both the pressure and the flooding solvent
concentration at which precipitation takes place are
increased.

Example 2
Using the same crude o0il, an evaluation was performed

similar to that of Example I wherein liguid carbon dioxide
was employed as the flooding solvent both with and without
MFE 2400. In the runs with MFE 2400, MFE 2400 was employed
at the 3 volume percent level.

Results are recorded in Table 3.

Table 3 _ :
MFE Visual
ole olvent 2400 Psat ser s Observation
1] No 3335 1.569 Clear
20 No 3600 1.630 w
31.8 No 3725 1.659 u
46.3 No 3910 1.748 "
60.1 No 4030 1.330 Solids
68.1 No 4220 1.276 "
30 Yes 3810 1.509 Clear
47.5 Yes 3900 1.4%6 Clear
58.7 Yes 4010 1.481 Clear
70.0 Yes 4150 1.428 Clear
75.9 Yes 4800 - Some solids
90.5 Yes 4423 - Solids



flooding. An effective anobunt of N, N-dial kylam de of fornmula | is defined
as the'anount required to increase the pressure at which asphalt begins to
precipitate to a pressure greater than the anbi ent geol ogi cal pressure
within the crude oil- bearing formation being treated. An effective anount
~of N, N-dial kylam de of formula | wll usustdy be about 1 to 5 and
preferably about 1 to 3% by volune based on the volune of the flooding
solvent. .In addi tion,.to servin itatio reventive, the
N, N- di al kyt ani de&BftP CReERnd Aspests S frengPt veption W N ¥ er vhen
liquid CO edidlkylempkdeyds ampdoyestitd qpréevant mresipitatidiheof asphalt
N, N-di al kyl a1 gRel BorgRaga.t he viscosity of liquid Coerr] by about 60% at
130[err] C and 4100 Such a VISCOSIt |ncrease can i ove the nobility
ratio of a “IE&&gda H%éggﬁ¥?EF4%Pa nor e
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consequent | e OY @l ¥nhd er onsh
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of N, N-di al @adkent PQtU&Fﬂ|§Beo§FSHFW9%§ Q%ﬁ) Qﬁil dnnng 1. The

oil to be tesleémand the ambient t@&b&l&lﬁiﬂrd\ld‘&- the well head sufficient

to maintain the asphalt dissolved or suspended. Thﬁs, the
problem of precipitation in the borehole is an almost
universal problem. Most oil wells require to be taken out of
production on regular intervals, often as frequently as
weekly for cleaning. '

In treating to prevent asphalt precipitation in the
borehole, neatly, N,N-dialkylamide of formula I is preferably
'injected into the cil at the lower extremity of the borehole
at a point where the temberature is sufficient to prevent
precipitation. An effective amount of a N,N-dialkylamide of
formula I to reduce or even prevent precipitation in the
miscible flooding procedure is here defined as an amount
sufficient to reduce or even prevent precipitation of asphalt
at the well head temperature. In general, an effective
amount will be about 0.5 to 7 % by volume based on the volume
of oil being pumped.

The same N,N-dialkylamides of formula I- are employed in
this aspect of the invention. The preferred N,N-
dialkylamides are those based on fatty acids having 18 carbon
atoms such as stearic, oleic, linoleic, linclenic and
ricinolenic acids. A particularly preferred N,N-dialkyl
amide is N,N-dimethyl oleamide.



dialkyr\\\ae‘aFE‘Eﬁﬁtafned in source cylinders 1 and 2, respectively, at

tenperaa@w e conditions under which they remain in a single
phase. 1 and 2 are pressured by a positive displ acenent
punp 3, throudh wa

rcury plugs 1' and 2', which act as pistons to
transfer the oil and solvent through a cayjan transfer line 4 and manifold
5 1in predetermned ratio, to visual cylinder 6. In visual cylinder 6, the
conbi ned crude oil and solvent mxture is pressured, also via a nmercury
plug 6', tc ' essure (Psat) and visual observations can be

made of the degrfe of APpeehBAL 8F! Qadub& bréﬁ‘ﬁiﬂﬁhtﬁo%ﬁ&:ﬁtaﬁﬂ?élt ne+&8 -
vi sual cylinder I s,determ ned ust i t he essyre i.n yisual
cylinder 6 ?H“?ﬁe°fﬂ)| frbiechnrensych a\éé'&és‘ Br kf?é" %eﬁfe?%% €2 om

t he vi sual anﬁdiﬁmqnbedmffésehteﬁroultharsqndqnmqnajﬁdunﬂuﬂnrm#sfold 5to
| aser cel | %?%H@éﬂ:%l p&ﬁ&é%ﬁi‘{r Qniénd%%to@ éb\énp A%ds lb‘&fﬂéé ‘?gce-

The | aser Ide a flo b f.rom about :

nm This | &aide@itewishhap Eﬁf-ﬁﬁﬁh"%&ﬁ'f"ﬁﬁ’é’d qﬁ t“"ﬁ" FARh (ﬂﬂ%d’é’m%@or
on the oppast tfotmdEaock the fl owpath.- Laser transmttance is neasured in
mllivolts. Transmttance [n S ncreasi ng concentr at of the
m sci bl e fl oodi ng sol vent §seﬁﬁz ﬁ? sépvent decreases t he a%€?cal

density of whereimds, ois. aVHEhSFh§u§Fés§§r@n§Ph ttad Gy A¥HIon is
reached, tréiﬁﬁ%itﬂ”CESbSQsﬂ§s£Qtuted or unsubstituted C,-C. alkyl

group:; and R,C(0)- is a substituted or unsubstituted
fatty acid residue of 8 to 22 carbon ataoms.
2. An enhanced oil recovery method which comprises:
flooding into an oil-bearing formation through an
injection well a miscible flooding solvent selected from
liquid natural gas and liguid carbon dioxide, wherein the
solvent contains at least one compound of formula I

- R,C(0)-N(Ry)(Ry) (I)
wherein R, is a substituted or unsubstituted C,-C. alkyl
group; R, is a substituted or unsubstituted C,=Cg alkyl
group; and R,C(0)- is a substituted or unsubstituted

fatty acid residue of 8 to 22 carbon atoms, in an amount -
effective to increase the pressure at which asphalt from
crude oil begins to precipitate in the presence of the
flooding solvent to a point greater than the ambient
geological pressure in the formation. )

3. The method according to claim 2 wherein the amount
of sai& compound of formula I is about 1 to 5 volume percent
based on the volume of the flooding solvent.

4. The method according to claim 3 wherein said
compound of formula I is DMATO.

5. The method according to claim 3 wherein the
flooding solvent is liguid natural gas.

6. The method according to claim 5 wherein said
compound of formula I is DMATO.

7. The method according to claim 3 wherein the
flooding solvent is liquid carbon dioxide.

heet Has BeenRe laced
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sol vent® p he oil. Fromlaser cell 7, the m xture passes to
col l ecti o !”Iﬂ l ﬂl’age or disposal . This aspect of the invention
will be exe foll ow ng exanpl es, which are not intended to be

limting except as reqU|red by the clains-x®t forth below Exanple 1 A
crude oil, known to be subject to asphalt precipitation, recovered froma
formati on having a tenperature of 130[err]C and 4100 psig was reconstituted

by combi ni ng sep&rat orifadedP Hing;§o ﬁ?%%u@l@?ﬁ%@%eﬁéé
therefrom EbmgouhudefetmﬂmuxxinifﬁnQMEMOLWIpressure of 3650 psi g at

conk ot o3 wth S, SPHRE SEAAREPB e B SR e
sol vent havFrygdeheidpdros ra;t@%m) qnqmls% $5h mathed cmresgs
Conponent  adding to the diide ¥Wil @i lthe borehole, at a pdiRtOfhapkhane
0.6724 ethanephalt is still stably(% é%olved or suspended in the crude
0il, an amount of at least one compound of formula I
R,C(0)~N(R, ) (R,) " (I)

- wherein R, is a substituted or unsubstituted C,-Cg 'alkyl
group; R, is a substituted or unsubstituted C,-Cg alkyl
group; and R3C(O)- is a substituted or unsubstituted
fatty acid residue of 8 to 22 carbon atoms sufficient to
decrease the temperature at which asphalt begins to
precipitate from said crude oil to a temperature lower than
the temperature the crude o0il will encounter at the well
head. -

10. A method according to claim 9 wherein the amount of
said compound of formula I is about 0.5 to 7% by volume based
on the crude oil being produced.

1l1. The method according to claim 9 wherein said

compound of formula I is DMATO.

This Sheet Has Been Replace




pr opane 0. 0887 i sobut ane 0. 0527 n-but ane
0. 1050 conposite MW 26. 28 To denonstrate the increase in the
pressure at which asphalt precipitation takes place, the reconstituted
crude oil was contacted with liquid natural gas fl ooding sol vent contai ning
about 4.5 volunme percent of MFE 2400 and al so with fl oodi ng sol vent
containing no MFE 2400. The results are ngcorded in Table 2 along with
results of a control in which no MFE 2400 had been added to the fl oodi ng
solvent. Observations were also nade of an oil that was not in contact with
a flooding solvent. Precipitation of asphalt is deemed to have begun at the
point where | aser transm ttance stops increasing and actually begins to

decrease due to the appearance of solid nmatter in the oil. The solid matter
is not always visible to the naked eye, but is readily detected by the

| aser. -9- Table 2 Mol % MFE éqc; 1 : Vi sua
Sol vent 2400 Psat ‘Laser Tran *-" Cbservation

BYPASS

7LASERCELL
' MANIFOLD 44
RUSKA INJECTION PUMP | VALVESy] | COLLEC-
- - — TION
X CYLINDER
oMo LIVE SOL- \
HO1 8ol | ™OIL|  ZyVENT
BUFFER ol [ _
Hg 8 8 'y Hg 2'4) Hg
VISUAL] \ ¢ :
CELL :
34
[ ' ) ]
" RUSKA INJECTION PUMP Ho0
BUFFER
. Hg




0 . No 3650 1.730 Cl ear 15 No

3950° 1.745 35 No 4225 1.786 46.3 No

4300 1.803 57.9 No 4300 1.776 Solids 64.5
No 1.723 Solids 15 Yes 3935

1.881 Cl ear 25 4116 1.907 d ear
44.5 4820 1. 952 Clear 48.1

4390 1. 970 Clear 57.6 4466 2.016
Solids 64.1 4430 ABSTRANCE1 0 4180

1.800 The data in the table show that when the MFE 2400 is present, both
the pressure and the flooding sol vent concentration at which precipitation
t akes pl ace aAPRUIICASHION OFENDMIDIALKYUAMIDES TG REDUCE PRECIPITATION

eval uation was_perforned si lDFASPHALTEROM BRUDEEOIL Wherein |iquid carbon
di oxi de was enpl oyed as the flooding solvent both wth and w thout M-E
2400. In the runs wth MFE 2400, MFE 2400 was enpl oyed at the 3 vol une
percent level. Results are recorded in Table 3. Table 3

A method of reducing, preferably preventing, precipitation of asphait from

crude cil. In one aspect, crude oil is contacted in the borehole with_ at least one
N,N-dialkylamide of a fatty acid having 8 to 22 carbon atoms. In a second aspect,
precipitation is reduced during miscible flooding in an EOR process by adding to
the flooding solvent at least one N,N-dialkylamide of a fatty acid having 8 to 22

carbon atoms.
(No.- #fx)
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SEARCH REPORT | Ancation 636081052 2400 Psal
Cbservat lon:0- No - 3335 1.569 C ear

o/,

No 3600  1.630 31.8 . No 3725 1. 659 46.3
EXT QE'QHE ABSTRAGT. 1 "~ - No- 4030 1. 330 . Soltrds
No 4220 1-276— * 30 Yes 3810
1. 509 Clear 47.5 Yes 3900 1.496 Clear 58.7
Yes 4010 1.481 Clear 70.0 Yes 4150 1.428
Cle¢ar 75.9 Yes 4800 - Some solids 90.5
Yes$ 4423 - Sol i ds -10- In the second aspect of the

ention an N, N dialkylam de is enployed to prevent precipitation of

{brem | 2 AR OF AN DIAEKSAIIDES TR BE B TRITE [
P borehole as a result of _ .Q@ Y:.w. ent between the reservoir

j the well head. Very

A method of reducing, preferably preventing, precipitation of asphalt from crude oil. In one
aspect, crude oil is contacted in the borehole with at least one N, N-dlalkylamlde of a fatty acid
having 8 to 22 carbon atoms. In a second aspect,. precipitation is reduced during miscible
flooding in an EOR process by adding to the flooding solvent at least one N,N-dialkylamide of
a fatty acid havmg 8 to 22 carbon atoms.

_ (No fig. should apply)
®
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qpootrs-2 7o S
ature at the well head suff|C|ent to maintain
$pended. Thus, the problemof precipitation in
the borehdl 4 i ui versal problem Mst oil wells require to be
t aken out |off p

Adiudlt 2808 o) fegul ar i nterval s, gghiftirt@shééeqreiuly 2000eekl y
for cleanijng. In treatingitq prevent asphalt pTEETﬁTTETTBﬁ_Tﬁ—Tﬁ%—Ba?ehoIe
neatly, N N-diratRkytam de of {fornula | isspEeferably injected into the oi
at the lower extrenmty of tHe borehole at a point where the tenperature is
sufficient to prevent precipitation. An effective amount of a
N, N- di al kyl ani de of r t e p ven nin
the m scible roodlﬁég g%%ﬂ%%FePeﬁgﬁggedg 6P Sué &%& %?%%lent to
reduce or evercafe\inay b@ecﬁpll‘a@goﬂsoth%s%hl re!amnaesvbmeceee@ the

tenperature. |£hEEEﬁ%aéon&ﬁtf%ﬁgcféﬁﬁdaﬂﬁuﬂésWgéelgﬁlégpufege§v69r Yaby
vol ume based on the volune of oil e sanﬁﬁaahkdlal | am des

of fornula I zﬁ?ﬁ%ﬁ%lE?eﬂh?ﬁetﬂ?gdegb%g? gggVﬁ%anv%ﬁ? The PrERERLed

N, N;] di al kyl arp:cbs}pieatiimﬁe bEkes, opréeip:ytat:idﬁ daﬁvaieghé.Btsaibon at ons
ch a tearl 0l el LN I n

oarti ool oty prATERELY) SRREE %n?é LERLS BRR G ELPRs i ESkiRe tn

durlng EOR when the crude oil is contacted with the

seldomi s,
the asphaJ‘

miscible flooding solution. Even more frequently,
precipitation occurs in the borehole when the oil is
subjected to lower ambient temperature/pressure

W conditions. Precipitetion in either location can lead
to costly interruptions in production from the well
while cleanup takes place.

Precipitated asphalt cleanup is usually
accomplished by mechanical or chemical cleaning or by
manipulating reservoir conditions (e.g. pressure or
production rates). The approach to date has always been
a remedial one and invariably requires the well or the
formation to be out of production a period of time.
There is great need for a preventive approach.

Disclosure of the Invention

It is the objective of this invention to provide a

method of preventing or at least reducing the
U precipitation of asphalt from crude oil.

Viewed from one aspect the invention provides, an
improvement to an enhanced oil recovery method which
comprises:

flooding into an oil-bearing formation through an
injection well a miscible flooding solvent selected from
liquid natural gas and liquid carbon dioxide, wherein -
the solvent contains at least one compound of formula I

R3C(0) -N(R;) (Ry) ' (1)
wherein R, is a substituted or unsubstituted C,-C¢ alkyl
group; R, is a substituted or unsubstituted C;-C; alkyl
group; and R3;C(O)- is a substituted or unsubstituted
fatty acid residue of 8 to 22 carbon atoms, in an amount



-y _11'-\ -

conpri ses:-
a mscible flooding solvent selected fromliquid natural
carbon di oxi de, wherein the solvent contains ag,h&fdte SRECOTPIURD 200

T (1) whereim Rl err]

formula | Rerr]C(O-NRerr]) (Rerr])
a substituted or unsubstituted C[err]-Clerg]_alkyl group; R2 is a
substituted or unsubstituted Cl-C6 al kyl group; and RSC(C» is a

substi t uted ofe HASUPSYL! Lbetntabhueathd peakdlecOhes ] A2 ERHITN BLalp, 11
E ? I ch™as ﬁ

an anount effectlve to i ncrease

pres ure a

VWHAT IS CLAIMED | S: " 1. An enhanced oil recovery met hod whi ch
flooding into an oil-bearing formation through an injection well
gas and liquid

i's

romcrude

oi | begins to §¥ele p?-’t-ht’éeghnﬁh‘éOpP§§§hEét§Fet -] th@o@mgey@ev@rft the a

poi nt ‘greater ﬁisﬁui
The met hod as cl claim1 where

fornula | is °3?? 5P§%?ﬁﬂﬁepéPthF %8§@thﬁnrhe vol ume of the

f1 oodi ng sol vent. 3V1ewéaefn®mhmdoahetlaspadtlﬁhelEheéneﬁenobrébQHEE 1 and

?nwgﬁ;eggesg; claln€§€ Pfﬁégrere nﬁf%élgm@%§$ﬁa 88I933Pnﬁéh?%8ﬁ?80|

5.

gas.

The m@thodimsa @roducing beoyebote ofowpaising addi3ng to the

gai)veﬁt €60h0pbeAL greaseie thBnt Ree’ QmBRERRN-
mpunt of said conpound of

ned
ur al

crude oil in the borehole, at a point where the asphalt

is still stably dissolved or suspended in the crude oil,

an amount of at least one compound of formula I
R3C(0) -N(R;) (R,)

(I)

wherein R, is a substituted or unsubstituted C;-C¢ alkyl

group; R; is a substituted or unsubstituted C,;-C¢ alkyl

group; and R;C(0)- is a substituted or unsubstituted

fatty acid residue of 8 to 22 carbon atoms sufficient to

decrease the temperature at which asphalt begins to

precipitate from said crude oil to a temperature lower

than the temperature the crude oil will encounter at the

well head.

It has also been surprisingly found that certain
compounds not previously proposed for use in reducing
asphalt precipitation outside boreholes are effective

such precipitation reduction. Thus, viewed from a
further aspect, the invention provides a method of

reducing precipitation of asphalt from crude oil when
subjected to conditions different from the conditions

found in its geological reservoir, which method

comprises contacting such crude oil with an effective

amount of at least one compound of formula I
R;C(0) -N(R;) (R,;)

in

(1)

wherein R, is an unsubstituted C,;-C¢ alkyl group; R, is an

unsubstituted C;-Cg¢ alkyl group; and R,C(0)- is a

substituted or unsubstituted fatty acid residue of 8 to

22 carbon atoms.
Bri egscription of Drawin
The invention will be described, in part, with
respect to the attached drawing, in which:



wher ei nm I's liquid carbon dioxide. 6. A nethod of

redUC|ngJ of -asphalt fromcrude oil in a producing borehole,
whi ch ne ma,m‘pmlﬂyj ling to the crude oil in the borehole, at a point
wher e t he *faspha

stably dissolved or é@‘{ﬁ#%%tn— ZhauRy woEi |,
an anmount of at | east one corrpound of formi ag- = “‘

(Rlerr]) (n -12- wherein R err] is a substituted or

unsubsti t ut ed yHatoral dyArEpups: R2 is a substituted or unsubstituted Cl-C6
al kyl, group; and R3C(O)- is a substituted or unsubstituted fatty acid
residue of 8 to 22 carbon atons sufficient to decrease the tenperature at
whi ch asphal t begi thmmé@iom erécovresgai dethddannid:htcor&pfﬁﬁégEat ure

| ‘th the t t | head.
7?V\erTheanrret hgd 2 a| rre ﬁ%:(Irfal M ﬂ &%th ggg%ﬁ:h?n §3ﬁlé\ﬁc8ﬂpound
of formula I iislmwm Wﬁlb EY%IWCJJbl%m'élméenlgmlmbradbectédbérqg
produced. 8. 1 ifhei dEidad-a6 ﬁ@lm 1%151 hesrB8s @iokidd Mwhefdin’

wherein said compound of fornmula |
trg)solvent contalns at least one compound of formula I

R3C(O) -N(R,) (R;) (1)
wherein R, is a substituted or unsubstituted C,-Cg alkyl
group; R; is a substituted or unsubstituted C;-C¢ alkyl
group; and R;C(0)- is a substituted or unsubstituted
fatty acid residue of 8 to 22 carbon atoms, in an amount

“ effective to increase the pressure at which asphalt from
crude oil begins to precipitate in the presence of the
flooding solvent to a point greater than the ambient
geological pressure in the formation.

2. The method as claimed in claim 1 wherein the amount
of said compound of formula I is about 1 to 5 volume
percent based on the volume of the flooding solvent.

3. The method as claimed in either one of claims 1 and
2 wherein said compound of formula I is DMATO.

w 4. The method as claimed in any one of claims 1 to 3
wherein the flooding solvent is liquid natural gas.

5. The method as claimed in any one of claims 1 to 3
~wherein the flooding solvent is liquid carbon dioxide.

6. A method of reducing precipitation of asphalt from
 crude oil in a producing borehole, which method
comprises adding to the crude oil in the borehole, at a
point where the asphalt is still stably dissolved or
suspended in the crude oil, an amount of at least one
compound of formula I
R;C(0) -N(R;) (Ry) (I)



such precip ected to conditions different fromthe

condi tirons fou ogl cal reservoir, which nethod conprises
contacting such cr ‘ud® ofl W th an effective arg:uygtt,t&fe sHeet €33t Julge 2000pound
of formula | Rerr]C(O-NRerr]) (Rerr]) T (T)y wherern Rerr] 1s an
unsubstituted (Jerr]-Cerr] alkyl group;- R2i-s an unsubstituted
Cerr]-Cerr] alkyl group; and Rerr]C(O- is a substituted or

unsubsti tut ed WhAét¥iACRY e Gubsfithited B amidhibstal tused 16,-Cthelkgl hod as

¢l ai med i. n cl aém gp\,’\'h ;%.isn asasiu%sct uq:urgi OIt Jr?sr sltait‘!ut'lesd %VA-EO alkyl
group; and R;C(0)- is a substituted or unsubstituted
fatty acid residue of 8 to 22 carbon-atoms sufficient to
decrease the temperature at which asphalt begins to
precipitate from said crude oil to a temperature lower
than the temperature the crude oil will encounter at the

well head.

9. A net hod\”'—:"Wpi tation of asphalt fromcrude oil subject to

7. The method as claimed in claim 6 wherein the amount
_ of said compound of formula I is about 0.5 to 7% by
W, volume based on the crude oil being produced.

8. The method as claimed in either one of claims 6 and
7 wherein said compound of formula I is DMATO.

9. A method of reducing precipitation of asphalt from
crude oil subject to such precipitation when subjected
to conditions different from the conditions found in its
geological reservoir, which method comprises contacting
such crude oil with an effective amount of at least one
compound of formula I '

R3C(0) -N(R;) (Rp) (1)
wherein R; is an unsubstituted C,-Cg alkyl group; R, is an
— unsubstituted C;-Cg alkyl group; and R;C(0)- is a

substituted or unsubstituted fatty acid residue of 8 to
22 carbon atoms.

10. The method as claimed in claim 9 wherein said
compound of formula I is DMATO.



