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BACKGROUND OF THE INVENTION

[0002] The characteristics of petroleum crudes is typically dependent on the
geographical location of the reservoir and its geological origin and extent of
biodegradation. While it is more desirable to produce lighter, lower viscous, low
acidity sweet crudes, such crudes are becoming harder and harder to find. Many
crudes on the market today are heavy and sour crudes having high acidity and high
viscosity and have poor flow properties making them difficult to recover from
underground reservoirs, difficult to transport via pipeline. Also, in the refinery, the
residuum resulting from such crudes suffers from the same flow problems, as well as
having poor injection properties that can plug process equipment or render less

effective the processing of such crudes.

[0003] The conventional approach to crude upgrading has focused on viscosity
reduction. Viscosity reduction is important in the production, transportation and

refining operations of crude oil. Transporters and refiners of heavy crude oil have
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catalysts such as low acidity zeolite catalysts (U.S. Pat. No. 4,411,770) and

molybdenum catalysts, ammonium sulfide and water (U.S. Pat. No. 4,659,453). Other
references teach upgrading of petroleum resids and heavy oils (Murray R. Gray,
Marcel Dekker, 1994, pp. 239-243) and thermal decomposition of naphthenic acids
(U.S. Pat. No. 5,820,750).

[0004] Itis taught in U. S. Patent Application Number 20040035749 that the flow
properties of crude petroleum having an API gravity varying from 6 to 12 are
improved by heating the crude petroleum to a temperature of 35°C to 200°C and, in
the presence of a suitable viscosity reducing additive, shearing the heated crude
petroleum with a high shearing force sufficient to reduce the viscosity of the crude
petroleum to a rangé of 250 centipoise (cP) to 1000 cP. Suitable viscosity reducing
additives include gasoline, naphtha, butanol, petroleum ether, diesel fuel, citrus oil

based cleansers and degreasers, and mixtures thereof.
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impact on flow and particularly during injection of the heavy oil in process vessels.

The most commonly employed technology for upgrading heavy oil is coking.
Viscoelastic oils present unique challenges in feed injection to cokers due to the
formation of so-called “necks” or filaments during feed injection. Improvements in
feed injection by elimination of filaments or necks can improve heavy oil coking
efficiency. Therefore, there remains a need in the art to treat a crude oil with a

reagent that can desirably affect the elastic properties of crude oils.

SUMMARY OF THE INVENTION

[0007] Inaccordance with the present invention there is provided a method for
upgrading a heavy oil by lowering its elastic modulus, thereby improving the flow
properties of a heavy oil, which method comprises:

treating the feedstock with an effective amount of an elastic modulus lowering
agent selected from the group consisting of organic and inorganic acids and bases,

and metallo-porphyrins.



Vi scoel astic oils present unique challenges in feed
injection to cokers due to the formation of so-called
woOnesks37oor fil aments during feed injection. PCT/US2005/016706

| mprovenents in feed injection by elimnation of

filaments or necks can inprove heavy oil coking

efficiency. Therefore, there renmains a need in the art

to treat a crude oil with a reagent that can desirably

affect the elastic properties of crude oils. SUVMARY

OF THE I NVENTI ON [0007] I n &accordance with the present

invention there is provided a nethod for upgrading a

heavy oil by lowering its elastic nodul us, thereby

i mproving the flow properties of a heavy oil, which

net hod conprises: treating the feedstock w th an ) .
[00Q8]f ecln & predensech embodinent, ﬁrsetc?qastwo@eauﬁlsﬁewsrmsggaa%ﬁta mixture
of a5 s o aErtie GOl O B, 0AS A4 bRE oPbndte 438afio ephyrins

nmet al | o- porphyrins.[0008] In a preferred enbodi nent,

the elastic nodulus [owering agent is a m xture of

[0069]i dSIrPincRhél priefsreeddémbodinsnt nbe elasticdnoduids doveeing agent is a
more metal | o-porphyrins. [0009] In another preferrefl
mixerbedibases or a exeiraef pue apmare Hasesieih 1P C L4 dperemely lo-
m xture of ba e}iaor a mxture.of on

POTRiYHISy AiEt alne &Fﬁwﬁqe@a?qé%%q%rcearggfﬁgtes, and one
apht ha | acetyl acet onat es, netal
and%ﬁi%ﬁ%%%?heg%%g‘one and two ring netal phenates.

[0010] In a preferred enbodi nent, the elastic nodul us

| onering agent is a mneral acid selected fromthe )
[00D0Jouplice psefetred gmifodimehty theelasticimodylissdomesinigagsst i a mineral

an . . . .
acid selected from the group consisting of sulfuric acid, hydrochloric acid and

perchloric acid.

[0011] In another preferred embodiment, the elastic modulus lowering agent is an
organic acid selected from the group consisting of acetic, para-toluene sulfonic, alkyl
toluene sulfonic acids, mono di- and trialkyl phosphoric acids, organic mono or di
carboxylic acids, formic, Cs to C;6 organic carboxylic acids, succinic acid, and low

molecular weight petroleum naphthenic acid.
[0012] In yet another preferred embodiment of the present invention the elastic
modulus lowering agent is a base selected from alkali or alkaline earth hydroxides,

preferably selected from sodium hydroxide and potassium hydroxide.

[0013] Instill another preferred embodiment of the present invention the elastic

modulus lowering agent is a metallo-porphyrin.

[0014] In another preferred embodiment the feedstock is a vacuum residuum.
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introduced into the heavy oil feed along with an effective amount of steam.

BRIEF DESCRIPTION OF THE FIGURES

[0018] Figure 1 hereofis a “neck” length versus nozzle exit energy plots for four

representative heavy crude oils, Kome, Hoosier, Tulare and Celtic.

[0019] Figure 2 hereof is a correlation plot of elongation modulus versus elastic

modulus for five representative heavy crude oils of Examples 13-17 hereof.

[0020] Figure 3 shows side-by-side comparison photographs evidencing the
unexpected results obtained by reduction of elasticity when an elastic modulus
lowering agent is added to a heavy crude oil (left hand side frame) versus the

untreated heavy crude oil (right hand side frame).
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from 3.3 to 54 Pa and for resides it will typically range from 33 to 540 Pa. The

elastic modulus can be determined by oscillatory visometric measurements that are
known to those of ordinary skill in the art. The term “heavy oils” as used herein
refers to hydrocarbon oils having an API Gravity of less than 20 and includes both
petroleum crude oils as well as resids obtained from the atmospheric and vacuum

distillation of such crudes.

[0022] It will be understood that the present invention can be practiced on various
types of viscoelastic fluids, preferably heavy oil. For example, if the heavy oil is a
crude oil in an underground reservoir an effective amount of elastic modulus
lowering agent can be pumped into the reservoir to reduce the flow characteristic of
the crude so that it will more easily flow through the formation pores and into the
wellbore and brought to the surface. The elastic modulus lowering agent can also be
applied to the heavy oil at a surface facility thereby reducing the elasticity of the oil

so that it can be more easily transported via pipeline. The elastic modulus lowering
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thermal cracking tars. Typically, it is not formed by delayed coking of resid feeds.

[0024]  Sponge coke, a lower quality coke, is most often formed in refineries. Low
quality refinery coker feedstocks having significant amounts of asphaltenes,
heteroatoms and metals produce this lower quality coke. If the sulfur and metals
content is low enough, sponge coke can be used for the manufacture of electrodes for
the aluminum industry. If the sulfur and metals content is too high, then the coke can
be used as fuel. The name "sponge coke" comes from its porous, sponge-like
appearance. Conventional delayed coking processes, using the preferred vacuum
resid feedstock of the present invention, will typically produce sponge coke, which is
produced as an agglomerated mass that needs an extensive removal process including
drilling and water-jet technology. As discussed, this considerably complicates the

process by increasing the cycle time.
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Typically, the amount used will range from 0.01 to 10 wt.%, preferably from 0.1 to 5
wt.%, and more preferably from 0.1 to 1 wt.%. The wt.% is based on the weight of

the viscoelastic fluid.

[0027]  The temperature at which the elastic modulus lowering agent is used is an
effective temperature that will promote effective contacting of the agent with the
viscoelastic fluid. The temperature will typically range from 10°C to a temperature

up to, but not including, a temperature at which thermal cracking will occur, 370°C.

[0028]  In yet another embodiment, the elastic modulus lowering agent can be used

to treat a resid prior to coking so that it has improved feed injection.

[0029] Non-limiting examples of elastic modulus lowering agents that can be used

in the practice of the present invention include acids, bases, and phorphyrins. The
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mineral and organic acids may be used to produce the same effect. As used herein,

crude oil residuum is defined as residual crude oil obtained from atmospheric or

vacuum distillation.

[0030] If a base is used as the elastic modulus lowering agent it is preferred that
the base be a hydroxide of an alkali metal, preferably sodium or potassium, such s
sodium and potassium carbonate, or a an alkaline-earth metal analog thereof,
preferably calcium and magnesium. More preferred are sodium hydroxide and

potassium hydroxide.

[0031] Metallo-porphyrins are also suitable as elastic modulus lowering agents in
the present invention. Non-limiting examples of metal-porphyrins suitable for use
herein include those of a metal selected from the group consisting of vanadium,
nickel, chromium, manganese, iron, cobalt, copper, and zinc. Vanadium and nickel

are preferred and vanadium is more preferred.
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Hamaca crude oil. In example 1, Hamaca crude was solvent deasphalted using n-
heptane. The resulting deasphalted crude is designated HAMACA-ASPH. In
example 4, asphaltenes were added back to the deasphalted produce of example 1 and
is designated HAMACA DAO-+ASPH. In example 2 naphthenic acids were removed
from the crude and is designated HAMACA-NAP ACID. In example 3, the product
of example 2 was deasphalted with n-heptane and is designated HAMACA-NAP
ACID - ASPH. The elastic modulus and viscous modulus was measured for all

samples and the results are presented below in Table I.

TABLE 1
Elastic Viscous
Modulus Modulus
Example | Sample G’ (Pa) G”’ (Pa)
HAMACA Crude 3.33 54.69
1 HAMACA-ASPH 0.72 7.62
2 HAMACA-TAN 0.54 11.15
3 HAMACA-TAN-ASPH 0.17 2.07
4 HAMACA DAO + ASPH 2.94 29.05




[0031] Metallo-porphyrins are also suitable as elastic
nmodul us | owering agents in the present invention.
wolaoesiiisiot i ng exanpl es of netal - por phyrins sui pablus26061016706
use herein include those of a netal selected fromthe
group consi sting of vanadi um nickel, chrom um
manganese, iron, cobalt, copper, and zinc. Vanadi um
and nickel are preferred and vanadiumis nore
preferred. [ 0032] The present,.can be better understood
by reference to the follomﬁﬂd'exanples that are for
illustrative purposes only. EXAMPLES EXAMPLES 1-4
[ 0033] The influence of asphaltenes, naphthenic acids
[0034)d DEisé sbaviet dangevidencéssthaythei dlasticsmodilas can beylowgeed by
tested by generating a set of, heavy oil experinents
remowsinggsphalieies @nd@@pgthemq ?Plg&ﬁh%ﬁ%g‘fly Oillaraca crude was
sol vent deasphal t ed usi ng nheptane. The resulting
deasphal ted crude is designated HAMACA- ASPH. In
EX Smh@ ﬁ_,léasphal tenes were added back to the
produce of exanple 1 and is designated
HAMACA DAOC+ASPH. I n exanple 2 naphthenic acids were
renoved fromthe crude and is_desi gnated HAMACA- NAP
[003K}! D. Inl thedirHowing Sxamples.ghere/celdds ¢ eilsagples (a, b, and c)
deasphal t ed wi t h, n-hept ane, and is, desi gnat ed . ‘1
wer pIRTALSAL WP SRS DY GSHIS, PRUCEF a5k GBI (i Uggpgysutfoni acid in

e

bel'ow 1 n TABLE 1 ['0034]

mocgﬂﬁ? g@@)vﬁfeféaihéaﬁﬂé@l ghcaehishiplé bg uet af hivisovnekterim arposcillatory
e wer ed by

mode of operation. The results are presented in Table II below.

TABLE 11
Elastic
Modulus Elastic Viscous
Source of Lowering Temperature | Modulus Modulus
Crude Example Agent of Run °C G’ (Pa) G”’ (Pa)
a 5 None 40 2.84 40.10
a 6 1% aq. NaOH 40 1.26 40.78
a 7 None 60 0.69 8.52
a 8 1 % aq. H»SO4 60 0.31 14.80
b 9 None 45 3.64 51.37
b 10 1% p-toluene 45 2.00 51.30
sulfonic acid
c 11 None 60 2.70 27.06
c 12 0.1% Vanadyl 60 1.48 12.90
porphyrin

[0036] The data in the above table evidences the unexpected nature of the present
invention in that asphaltenes and naphthenic acids do not have to be removed from a
heavy oil in order to lower its” elastic modulus. This is contrary to the teachings in

the art, as shown in Table I above, that the elastic modulus can only be lowered by



renmovi ng asphal tenes and naphthenic acids in a heavy
oi | . EXAMPLES 5-12 [0035] In the foll owi ng exanpl es,
wohosa1€old Lake crude oil sanples (a, b, and eLTWSE®S/016706

treated with sodi um hydroxi de, sulfuric acid, and

par a-tol uene sulfonic acid in the concentrations shown

in Table Il below. The elastic nodulus (G ) and

vi scous nodulus (G') were neasured for each sanple by

use of a visconeter in an osgillatory node of

operation. The results are éﬁésented in Table I

bel ow. TABLE Il [0036] The data in the above table

evi dences the unexpected nature of the present
rembvingrasphalténestandmapbiiteaic zrids Ehd abayphtabénshovat thas thpouse of an

not have to be renmoved froma heavy.oil | orq r fo.
elastipeoduluslovegring a&em@gmfuemsqiﬁi 1VerIQIL AT QNPT ﬁe F‘fﬁiéuc modulus

iR b A R T e e
possgﬁ%mqgll%sﬁ %ﬁ%l?&fé HBRNLE¢5WEriRS hfent thAtisabREAvE & ®wering the

at the use of an elastrc nodul us | owering
clasfig @b dutis ithont estsstdntiatiyeritangimecthn viisnoms mddbiles.aBot example,
nodul us wi t hout renovi ng asphal t enes and napht heni

the asd @llﬁagdmts of the nrpeent inveationireduces) the efpstigimodulyy Olﬁﬁz& heavy oil
.8 .asti | uUs. j ' '

with fhe YigkeRaOHHS Deinst peLagaly nochitrg s TeSefiey §eng 10. T

exaligg g,'stﬂg fetlr{kﬁic\{hé&lﬁ% WRMbUSnt&I%y lcgifélgﬂ heherbin@ht S8scolis

e present T nvention reduced the elastic
modREsS sbsthigalieiiyeadbd. Wi th the viscous nodul us
bei ng substantially unchanged as in exanples 6 and 10.
In exanple 8, the elastic nodul us was substantially

| ower ed wher ei th i
EXAMPLES 137 | | '€ Viscous

[0037] A suite of heavy oils shown in Table III below were subjected to a feed
injection experiment. The feed injection set up involved a positive displacement
pump that pumped the heavy oil through a needle having an orifice of 0.25 cm in
diameter. The needle was placed in a cylindrical glass tube filled with water and the
resid flow rate through the orifice varied. The cylindrical glass tube was videotaped

to record the flow behavior of the heavy oil as it emerged through the orifice.

[0038] A representative frame for the Cold Lake crude oil is shown in Figure 3
hereof, A long “neck” is observed for the heavy oil as it emerges from the orifice as
seen in the right hand side frame of Figure 3 hereof. The observed “necking”
phenomenon is due to the high elastic modulus of the viscoelastic oil. The neck
length varied as a function of flow rate or nozzle exit energy. Neck length versus
nozzle exit energy plots for four representative heavy oils are shown in Figure 1
hereof. An elongation modulus (E) was calculated from the slope of the individual

plots and calculated values are shown in Table IIl hereof. The elongation modulus



nodul us was substantially increased. EXAMPLES 13-17
[0037] A suite of heavy oils shown in Table Il bel ow
woroE/13smjected to a feed injection experi ment PCTHS2005/016706
feed injection set up involved a positive displacenent
punp that punped the heavy oil through a needl e having
an orifice of 0.25 cmin dianeter. The needl e was
placed in a cylindrical glass tube filled with water
and the resid flowrate thraégh the orifice varied.
The cylindrical glass tube was vi deotaped to record
the fl ow behavior of the heavy oil as it energed
through the orifice. [0038] A representative frame for
(E) theeladdowth keitle thedsdastid mbdulsk ¢Gr) detefinineddyd okeilletiry A
_ long "neck" is observed for the heavy oi] as it
viscometigeand atgrahon@ isrthe cemelasionddet ointighee 2 hgrofhand
side frame of Figure 3 hereof. The observed "necking"
phenonmenon is due to the high elastic nodulus of the
[0039)5¢ O?ﬁé‘ﬁ&lt'rgla‘ﬁ'oh 'su-gfg«?sté”ﬁﬁlf a lrEAHdnViA the ‘éla}%ﬁc Fnd s wAN reduce
o flow rate or no e exlit energy. Neck length versus

“neéléilﬁg*.eTﬁﬁé the pesdice I ohé pfegent ianenti@peas €lsd dinpyevdiaviged

oils are shown in Figure 1 hereof. An elongation

injectoiu bfihe4 ) oits acakeubytreating tha hawrygibiserednce the elastic
moduley BIIpT fo GRS, (TERne RGSTiPBIP e BL¢ £ REhTaqck dpdocd, as

I 1, .wit h i C ' . .
s B S AR P s v v
an &&rtfcer*léaﬁl‘ﬁ@ redin® g St QU ZsUIRRRoid), $39Bseiethe complete

correlation suggests that a reduction in the elastic
disappdalause of the nievltuce "necki ng". Thus, the practice of
the present invention car;rgllgso i_nprove the feed

LE-111
EXAMPLE CRUDE OIL | SLOPE (E)
13 ‘ Maya (Mexico) 0.49
14 Talco (USA) 0.52
15 Hoosier (Canada) 17.6
16 Kome (Chad) 33.5
17 Tulare (USA) 11.8




injection of heavy oil to a coker by treating the
heavy oil to reduce the elastic modulus prior to
wonpesatison t hrough the distributor plates of arPcolsR005/016706
furnace. Indeed, as observed in Figure 3, left hand
side frame, when cold | ake crude oil was treated wth
an el astic nmodul us reducing agent (lwt% sulfuric
acid), we observe the conplete di sappearance of the
neck. TABLE-I11I1CLAIMS : 1. A nethod for inproving the
flow properties of a heavy1%1I feedstock by | owering
its elastic nodulus, which nethod conprises: treating
the feedstock with an effective amount of one or nore
CLARISsti ¢ nodul us | owering agent selected from acids,
—‘—“B§§e33 and porphyrins. 2. A delayed coking process
conprising: a) heating a petroleumresid, which is

- anehad st EShil o r BB el o Beddddtoy
towerhGRGAFHER4 Rl GARIGHBLEN {piisspuTpante | Haui ¢, )

VheiRiontht Feedresikedith egiedfoctivb eaiovdt bdone oehiare elastic modulus
coking tenperature; c) conducting said heated resid

lowerihgageatsadected Grod heids, bages, amd pasphydeki ng zone wher ei n
vapor products are collected overhead and coke is
forned; and

2. A delayed coking process comprising:

a)  heating a petroleum resid, which is essentially a solid at room
temperature, in a first heating zone, to a temperature below coking
temperatures for conversion into a plimpable liquid;

b)  conducting said heated resid to a second heating zone wherein the
heated resid is heated to an effective coking temperature;

c) conducting said heated resid from said second heating zone to a coking
zone wherein vapor products are collected overhead and coke is
formed; and

d)  introducing into said resid or heated resid at least one elastic modulus
lowering agents that are effective for lowering the elastic modulus of
the resid, wherein said at least one elastic modulus lowering agent is
introduced into said vacuum resid at a point upstream of the first

heating zone, upstream of the second heating zone, or both.

3. The method of claim 2 wherein the elastic modulus lowering agent is selected

from acids, bases, and porphyrins.



d) introducing into said resid or heated resid at

| east one elastic nodulus |owering agents that are
wehtmsatiswe for | owering the elastic nodul us of PCIAIS2005/016706

resid, wherein said at | east one elastic nodul us

| owering agent is introduced into said vacuumresid at

a point upstreamof the first heating zone, upstream

of the second heating zone, or both. 3. The nethod of

claim2 wherein the elastic nodulus |owering agent is

sel ected from aci ds, bases, .gnd porphyrins. 4. The

nmet hod of any preceding claimwherein the elastic

nodul us | owering agent is at | east one mneral acid

sel ected fr sul furic¢ acid, hydrechl oni G:aci .
4. perkhs Wi@dg i Y Br_ecerﬁgg r‘flatlﬂjo\yﬁglfe?%ﬂv %?é&%oﬁgﬁ%ﬁgwgnng
erei | i . i id and
agefl i i Pfie AP BRI REHGLADRASUIRAC M MO EhIRAE acid an
lgyi@a\em;rei n the acid is an organic acid sel ected
rom par a-tol uene sulfonic, alkyl toluene sulfonic

acids, nono di- and trial kyl phosphoric acids, organic
nmono or di carboxylic_acids,

formc,, C3.to Cl6 organic .
5. carBascreiiociel arS, DisheEnBCIM LM BT hen &y pelpei G Ao Sulfuric
.(getéﬁlg&urrbpafchth nic acid, and m xtures thereof. 7.
aclGr Ay 56 Bt° 4§ precedi ng clai mwherein the acid is
par a-tol uene sulfonic acid. 8. The nethod of any

preceding clai mwherein the elastic nodulus |owering
6. The method of any preceding claim wherein the acid is an organic acid

per

selected from para-toluene sulfonic, alkyl toluene sulfonic acids, mono di- and
trialkyl phosphoric acids, organic mono or di carboxylic acids, formic, C; to Cyg

organic carboxylic acids, succinic acid, low molecular weight petroleum naphthenic

acid, and mixtures thereof.

7. The method of any preceding claim wherein the acid is para-toluene sulfonic
acid.
8. The method of any preceding claim wherein the elastic modulus lowering

agent is as least one metallo-porphyrin selected from nickel and/or vanadium

porphyrin.

9. The method of ‘any preceding claim wherein the elastic modulus lowering

agent is at least one hydroxide of a metal selected from the alkali metals and/or

alkaline earth metals.

10.  The method of any preceding claim wherein the hydroxide is of one or more

metals selected from sodium, potassium, calcium and magnesium.



agent is as |east one netall o-porphyrin selected from
ni ckel and/or vanadi um porphyrin. 9. The nethod of any
wonesadsrg cl ai m wherein the el astic nodul us | PeEMUISWS/016706
agent is at |east one hydroxide of a netal selected
fromthe alkali netals and/or al kaline earth netals.
10. The nethod of any precedi ng clai mwherein the
hydroxi de is of one or nore netals selected from
sodi um potassium cal cium and magnesi um 11. The
met hod of any precedi ng cl aipggwherein the hydroxide is
of a netal selected from sodi um and/ or potassium 12.
The net hod of any preceding claimwherein the elastic

11T 5 L B BARRN b S ARE bl BIPRPA R W ABral

selected from sodium and/or potassium.

12.  The method of any preceding claim wherein the elastic modulus lowering

agent is used in combination with an effective amount of steam.



