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VISCOELASTIC UPGRADING OF HEAVY
OIL BY ALTERING ITS ELASTIC MODULUS

FIELD OF THE INVENTION

[0001] The present invention relates to a method for upgrading the viscoelastic
properties of a heavy oil by altering its elastic modulus. An effective amount of one
or more elastic modulus lowering agents are used, wherein preferred elastic modulus
lowering agents include mineral and organic acids and bases, preferably strong bases,

such as hydroxides of metals selected from the alkali and alkaline-earth metals .

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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developed different techniques to reduce the viscosity of heavy crude oils to improve
its pumpability. Commonly practiced methods include diluting the crude oil with gas
condensate and emulsification with caustic and water. Thermally treating crude oil to
reduce its viscosity is also well known in the art. Thermal techniques for visbreaking
and hydro-visbreaking (visbreaking with hydrogen addition) are practiced
commercially. The prior art in the area of thermal treatment or additive enhanced
visbreaking of hydrocarbons teach methods for improving the quality, or reducing the
viscosity, of crude oils, crude oil distillates or residuum by several different methods.
For example, several references teach the use of additives such as the use of free
radical initiators (U.S. Pat. No. 4,298,455), thiol compounds and aromatic hydrogen
donors (EP 175511), free radical acceptors (U.S. Pat. No. 3,707 459), and hydrogen
donor solvent (U.S. Pat. No. 4,592,830). Other art teaches the use of specific
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] It is 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, 1n
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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[0005]  Also, U. S. Patent Application Number 20030132139, which 1s
incorporated herein by reference, teaches decreasing the viscosity of crude oils and
residuum by utilizing a combination of acid and sonic treatment. Each one alone
does not substantially decrease viscosity and only when energy, in this case in the

form of sonic energy is used in combination with an acid will a substantial decrease

in viscosity result.

[0006] While there is much art in reducing viscosity to enhance the flow
properties of crude oils it has generally been overlooked that crude oils are also
viscoelastic fluids and thus, many of the heavy crude oils, those with high viscosities,
also have relatively high elasticity. The high elasticity heavy oils have adverse
impact on flow and particularly during injection of the heavy o1l 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 o1l with a

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

SUMMARY OF THE INVENTION

[0007] In accordance 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.
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[0008] In apreferred embodiment, the elastic modulus lowering agent 1s a mixture

of acids or a mixture of one or more acids and one or more metallo-porphyrins.

[0009] In another preferred embodiment, the elastic modulus lowering agent 1s a
mixture of bases or a mixture of one or more bases with one or more metallo-

porphyrins, metal naphthanates, metal acetylacetonates, metal carboxylates, and one

and two ring metal phenates.

[0010] In a preferred embodiment, the elastic modulus lowering agent is a mineral

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

perchloric acid.

[0011] In another preferred embodiment, the elastic modulus lowering agent 1s 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 d1
carboxylic acids, formic, C; to C;¢ 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] In still another preferred embodiment of the present invention the elastic

modulus lowering agent is a metallo-porphyrin.

[0014] In another preferred embodiment the feedstock 1s a vacuum residuum.
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[0015] In still another preferred embodiment there is provided a method to
improve injection of a heavy oil by treating said heavy oil with one or more elastic

modulus lowering agents as mentioned above.

[0016] In yet another preferred embodiment there is provided a method for
improved flow of viscoelastic fluids by treating the viscoelastic fluid with one or

more elastic modulus lowering agents as mentioned above.

[0017] In another preferred embodiment the elastic modulus lowering agent 1s

introduced into the heavy oil feed along with an effective amount of steam.

BRIEF DESCRIPTION OF THE FIGURES

[0018]  Figure 1 hereof is 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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DETAILED DESCRIPTION OF THE INVENTION

[0021]  The present invention relates to the use of various chemical agents to lower
the elastic modulus of a heavy petroleum oils, including petroleum crudes as well as
their respective residua. Heavy petroleum oil feedstocks that can be treated 1n
accordance with the present invention are those that have a high viscous modulus and
a high elastic modulus. Crudes from different geographic sources differ with respect
to their elastic modulus and viscous modulus. For example Maya crude from Mexico
and Talco crude from the U.S. have an elastic modulus of 0.090 Pa or less at 45°C,
while Hamaca crude from Venezuela has an elastic modulus greater than 5 Pa
(Pascal) at the same temperature. The elastic modulus for crudes will typically range
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 1s 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 mto 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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agent can also be delivered with use of a carrier fluid, such as steam, a light oil, or

distillate.

[0023] The elastic modulus lowering agents can also be added to resids that are
sent to a delayed coker. The modulus lowering agents are preferably added to the
resid sent to the delayed coker by use of feed injection. There are generally three
different types of solid delayed coker products that have different values, appearances
and properties, i.e., needle coke, sponge coke, and shot coke. Needle coke is the
highest quality of the three varieties. Needle coke, upon further thermal treatment,
has high electrical conductivity (and a low coefficient of thermal expansion) and 18
used in electric arc steel production. It is relatively low in sulfur and metals and 1s
frequently produced from some of the higher quality coker feedstocks that include
more aromatic feedstocks such as slurry and decant oils from catalytic crackers and

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 1s
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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[0025] Use of the elastic modulus lowering agents of the present invention, when
used with resids in delayed coking are capable of producing a greater quantity of shot
coke, preferably substantially free-flowing shot coke. While shot coke is one of the
lowest quality cokes made in delayed coking, it is favored, especially when
substantially free-flowing because it substantially reduces the time needed to empty
the coke from the coker drum. The addition of an elastic modulus lowering agent of
the present invention improves the injection of the resid into the coker furnace and

thus so-called “longnecks” are substantially reduced and in some cases eliminated.

[0026] The amount of elastic modulus lowering agent used in the practice of the
present invention will have a relatively wide range depending on the particular
viscoelastic fluid, the particular agent used, and the conditions under which it is used.
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 1s used 1S 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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acid can be a mineral acid or an organic acid. If a mineral acid the preferred acid 1s
selected from sulfuric acid, hydrochloric acid and perchloric acid, with sulfuric acid
and hydrochloric acid being more preferred. Although nitric acid will also lower the
elastic modulus of heavy petroleum oils, it should be avoided because it could
possible form an explosive mixture. Non-limiting examples of organic acids that can
be used in the practice of the present invention include para-toluene sulfonic, aikyl
toluene sulfonic acids, mono di- and trialkyl phosphoric acids, organic mono or d1
carboxylic acids, formic, C; to C;¢ organic carboxylic acids, succinic acid, and low
molecular weight petroleum naphthenic acid. Preferred organic acids include p-
toluene sulfonic acid. Acetic acid is the more preferred. Crude oil high in
naphthenic acid content (TAN) can be used as the source of petroleum naphthenic
acids. Mixtures of mineral acids, mixtures of organic acids or combinations of
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 1s 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 1n
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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[0032] The present can be better understood by reference to the following

examples that are for illustrative purposes only.

EXAMPLES
EXAMPLES 1-4

[0033] The influence of asphaltenes, naphthenic acids and basic nitrogen on heavy
oil viscoelasticity was tested by generating a set of heavy oil experiments using
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®a |G (@®a) |

| HAMACA Crude 1333|5469
1 |HAMACA-ASPH 072 7.62
2 | HAMACA-TAN _ 1054|1115
3 | HAMACA-TAN-ASPH - 1017 1207

4 | HAMACADAO-+ASPH ) 294  129.05
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removing asphaltenes and naphthenic acids in a heavy oil.

EXAMPLES 5-12

[0035]

were treated with sodium hydroxide, sulfuric acid, and para-toluene sulfonic acid n

The above data evidences that the elastic modulus can be lowered by

the concentrations shown in Table II below. The elastic modulus (G’) and viscous

In the following examples, three Cold Lake crude oil samples (a, b, and c)

modulus (G”) were measured for each sample by use of a viscometer in an oscillatory

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 | ofRun’C G’(Pa) | G”(Pa)
. a 5 | None 40 | 2384 40.10
 a | 6  11%aq.NaOH | 40 = | 126 |  40.78
- a 7  |None | 60 ~ 0.69 3852
a 8 1%aq.HoSO4 | 60 - 0.31 14830 |
b | 9  [None e 45 3.64 51.37
b 10 1% p-toluene 45 2.00 51.30
) ~_ |sulfomcacd | .
C 11 | Nome s 60 - 2.70 - 27.06
C 12 0.1% Vanadyl | 60 1.48 12.90
| _|porphyrin | _ _ l

(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
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removing asphaltenes and naphthenic acids. The above table shows that the use ot an
elastic modulus lowering agent of the present invention can lower the elastic modulus
without removing asphaltenes and naphthenic acids. It also shows that it is also
possible to use an elastic modulus lowering agent that is selective for lowering the
elastic modulus without substantially changing the viscous modulus. For example,
the use of agents of the present invention reduced the elastic modulus of the heavy oil
with the viscous modulus being substantially unchanged as in examples 6 and 10. In
example 8, the elastic modulus was substantially lowered wherein the viscous

modulus was substantially increased.

EXAMPLES 13-17

[0037] A suite of heavy oils shown in Table III below were subj ected 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 1n 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 III hereof. The elongation modulus
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viscometry and are shown in the correlation plot of Figure 2 hereof.

[0039]

“necking”. Thus, the practice of the present invention can also improve the feed
injection of heavy oil to a coker by treating the heavy oil to reduce the elastic
modulus prior to injection through the distributor plates of a coker furnace. Indeed, as
observed in Figure 3, left hand side frame, when cold lake crude oil was treated with

an elastic modulus reducing agent (1wt% sulfuric acid), we observe the complete

disappearance of the neck.

The correlation suggests that a reduction in the elastic modulus will reduce

TABLE-111
EXAMPLE "CRUDEOIL | ~ SLOPE (E)
T;’_a_ —____ ”__ ____May?_(_MexE_o) _r:_ __:__ ] 07}_9_
M4 Talco (USA) | - - 0.52 e
15 B - Hoosier (Canada) | B - 17.6
16 ~ Kome (Chad) ) 3 335
17 - Tulare (USA) | B 11.8
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CLAIMS:

1. A method for improving the flow properties of a heavy oil feedstock by

lowering its elastic modulus, which method comprises:

treating the feedstock with an effective amount of one or more elastic modulus

lowering agent selected from acids, bases, and porphyrins.

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 1nto a pumpable 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 1s
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.
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4. The method of any preceding claim wherein the elastic modulus lowering

agent is at least one mineral acid selected from sulturic acid, hydrochloric acid and

perchloric acid.

5. The method of any preceding claim wherein the acid is selected from sulfuric

acid and hydrochloric acid.

6. The method of any preceding claim wherein the acid is an organic acid

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

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.

0. 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.
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11.  The method of any preceding claim wherein the hydroxide is of a metal

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.
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