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(57) ABSTRACT 

Environmentally friendly solvents used to dissolve or 
remove residues and/or substances from substrates Wherein 
the residue and/or substance is contacted With a Generally 
Recognized As Safe solvent to dissolve the residue and/or 
substance in the solvent followed by the extraction of the 
residue and/or substance from the solvent such as by contact 
Wiht carbon dioxide. 

Bitumen Extraction as a Function of Tenperatune 
1 hrResidenoe TIIIB andPressln‘e(BatchExperinents) 

g 40 : | | | I | | I I I | N l | 1 T' 

‘5 35 % MO. 25°C : 
v e : 

30 :~ ~B~35 » 
5 g + 50 N ‘ 

E 25 5 are“: 30 i 
g 20 l ~Ei~100 ; 

I5 15 e i 

3 5 A 
Q 10’? _ 
C3 C i 

b 5 i 
>4 1 f 
a 0 i | | I 1 |‘__| 1 I 

i g S 5 3 3 



Patent Application Publication Nov. 20, 2003 Sheet 1 of 11 US 2003/0213747 A1 

80 - Fl l l I Ital I l I} l Vrl ITF T lfrT ]—l l l l l T l . 

A ‘ —Q— 35 C ' _ 3 

$709 u.--o+-4sc i 
5 E —A—— 55 c E 
= 60 '_" - ' '1 
g ; wt/vol Bitumen in solvent ,. I 

g 50 E ' 1:3 Bitulnen in solvent _ V 1 pq _ Solution : CO2 . 

c I _ ~ I 

3 - _ 

‘a f i 
'5 30 :5 i 

E : j 
20 ‘P —j 

1O _ l l l l- l F l ‘L I l J L I J ‘L L l I I l l J l L l L _ 

1 500 2000 2500 3000 ‘3500 4000 4500 
Pressure (psi) 

FIG. 1 



Patent Application Publication Nov. 20, 2003 Sheet 2 0f 11 US 2003/0213747 A1 

m : I I l I l l l‘ | I l I I l I | I‘ l I I l I I,‘ | 1 I I I 

E 705 --0-'-sw:%conc._ » .3 
g E @35°c . I i 
‘5 60 ;‘ 2hrResidenoeTnne 1 ; 

E I MxedwithaNhgne?cStiner I E 50 : I ' ‘,4 : 

m 3 I 
= 40 — __ 
o : _ 

a : I 
7.: 30 _- __ 
m I . _ I I 

20 ~ I I I I I I L I I I I I i i I I l | I I I I I l I I I J 

1500 2000 2500 3000 3500 I 4000 4500 

FIG. 2 



Patent Application Publication Nov. 20, 2003 Sheet 3 0f 11 US 2003/0213747 A1 

8 lllllllilllillllilllllllllllllillllll 

Precipitated Bitumen (wt %) 
'8 8 8 8 8 

l l I l I l l l_l I l i U l l I l l I I l I l ‘ l l I l I l l l lllllIllllllll‘lllllllllllll‘llllll 
l‘llllllll'illlllill‘Llll'll‘lllllllillll 

0.55 0.6 0.65 0.7 0.75 08 0.85 0.9 0.95 COzDensityQrjcma) 
.4 0 

FIG. 3 



Patent Application Publication Nov. 20, 2003 Sheet 4 0f 11 US 2003/0213747 A1 

1m I I I l I I I I I I I I l I I I I l I I I I I _I l I I ‘I 

: . I. 

f; w :- _ V ,/ -: 
if E ——<>—1-3soIvenI=c02Ra?o - - I, 5 

5 s01- --.'41:19SoIvent:CO‘2Ratio ,/ E 
--:s : ' _ l 
u - - 

E 70 .- l I 

"i. : __ 
'5 60 .- i 2 

E5‘ 2 q 
= 50 :- .’ V: 
O : . _ l 

E 40 I- E 
‘5i ; __ 

30 .- I 

_ I I‘ I I III I I I I I I I I I I I I I I I I I I I I I l I ' 

20 
1500 2000 2500 3000 3500 4000 4500 

Pressumqzsl) 

FIG. 4 



Patent Application Publication Nov. 20, 2003 Sheet 5 0f 11 US 2003/0213747 A1 

IIT[0ITT T_! I I ‘I I I llllrll 

@is°c 

3000 4000 5000 6000 
Pressure (psi) 

L 

TX. EC 5555 3393mm 

2000 1000 

FIG. 5 



Patent Application Publication Nov. 20, 2003 Sheet 6 0f 11 US 2003/0213747 A1 

I I I I l I I I I l I I I I 

@35 °(: 

—+— 35 S inglé I 

+ 35 Mul?ple 

l I I I I 1 AI‘ I I I l I l IIVIIIIILIIIII I 

10 

1000 2000 3000 4000 5000 6000 
Pressure (psi) 

FIG. 6 



Patent Application Publication Nov. 20, 2003 Sheet 7 0f 11 US 2003/0213747 A1 

20lullI||iI|v||lT||L|I|v<|l1rll>tlil 

I @s0°c - ~ - 

$15—r__*_50Sing‘e_ // ii 
5 - '+50Mlll?P1€ / 3 
= - - 

a 10: _ 
E‘: _ 
u - 

3 _ 

3 s 
b . 
K _ 

kl _ 

0 III 



Patent Application Publication Nov. 20, 2003 Sheet 8 0f 11 US 2003/0213747 A1 

vl I I I I I I 

@s0°<: - 

I I I I l I I I 
L 

100 

80 

60 

40 

20 

0 

315 .5555 1233a 

1000 2000 3W0 4000 5000 6000 
Pimurem) 
FIG. 8 



Patent Application Publication Nov. 20, 2003 Sheet 9 0f 11 US 2003/0213747 A1 

lm-l I I I l I l I I l l I I l I I I'FI I I I I I ' I I I I 

A ' I ' 0 ~ 

g _ _ _ _ . @1000 _ 

E 80- I ~ - 

v : '—r—100sing1e j 
g -,'+100M1ltiple d 
,5 60.‘ T 
E - - 

"8 ' _ 

1: 4°." i 
a I 

b - - 

>4 - - 

H 20_ - 

0 liilr ILL! I_l i I IQLJIIIIJ L1 1 I l I I] 

0 1000 2000 3000 4000 5000 6000 
Pmsswew) 

FIG. 9 



Patent Application Publication Nov. 20, 2003 Sheet 10 of 11 US 2003/0213747 A1 

Figure 10. Bitumen Extraction as a Function of Tenperatune 
and Pressure (Batch Experinents) 1 hr Residence Tum 
40 > I I I I I ' ' ' | ‘ ' ' ' ' I I \ 1 I i Ti 

i I ' ' ‘ | ' | /m 

T ~07 25°C / 
; aims ‘ 
5 +50 /N § 
F aeao Y 
i_ *N 100 / i 

Extracted Bitumen (Wt %) 
o 01 a‘ a‘ 8 $ 8 8i 



Patent Application Publication Nov. 20, 2003 Sheet 11 0f 11 

Figure 11. Multiple Batch Bitumen Extraction from Asphalt by C02 as a 
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METHODS AND COMPOSITIONS FOR 
REMOVING RESIDUES AND SUBSTANCES FROM 

SUBSTRATES USING ENVIRONMENTALLY 
FRIENDLY SOLVENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of, and incor 
porates herein by reference in their entireties, the following 
United States Provisional Applications: US. Provisional 
Application No. 60/359,935, ?led Feb. 27, 2002; US. Pro 
visional Application No. 60/359,826, ?led Feb. 27, 2002; 
US. Provisional Application No. 60/359,976, ?led Feb. 27, 
2002; and US. Provisional Application No. 60/359,975, 
?led Feb. 27, 2002. 

FIELD OF THE INVENTION 

[0002] This invention relates to methods and compositions 
for removing residues and substances from substrates and/or 
compounds. 

BACKGROUND OF THE INVENTION 

[0003] Various Wanted and unWanted substances or resi 
dues may be removed from objects or substrates using 
various methods. For instance, chemical solvents may be 
used to remove unWanted residues from machinery, 
unWanted particles from products, or otherWise. Solvents 
may also be used to extract residues or substances from 
chemical compositions, products, or materials. For instance, 
a solvent may be used to separate a particular chemical 
compound from a mixture of chemical compounds. HoW 
ever, many of the solvents typically used by industry are not 
environmentally friendly. In fact, many of the solvents are 
haZardous materials and are expensive to use, maintain, 
control, and dispose of. 

[0004] As one example, solvents are used to remove the 
build-up of solid and liquid petroleum residues and sub 
stances from substrates such as processing equipment. The 
build-up of oil residues such as asphalt and asphalt-related 
liquids (e.g., tar, pitch, and tack) on processing equipment 
utiliZed in petroleum and chemical processing, storage, and 
transport industries, as Well as equipment used in highWay 
and road construction, has long been problematic. After a 
certain level of build-up occurs, the equipment is often no 
longer capable of being used for its intended purpose. 
Accordingly, it is typically necessary to clean such equip 
ment. Diesel fuel or a similar type of fuel has been used in 
the past for cleaning construction equipment. HoWever, the 
use of these solvents has largely fallen into disfavor due to 
heightened environmental concerns. See e.g., Federal Water 
Pollution Control Act Amendments of 1972 (PL 92-500) 
Section 311(b)(1). 

[0005] Another alternative is to employ organic solvents. 
Such solvents also pose potential environmental concerns. 
For instance, chlorinated solvents such as 1,1,1-trichloroet 
hane or methylene chloride may be used to remove petro 
leum residues or substances from substrates. Moreover, 
notWithstanding any potential bene?ts associated thereWith, 
these solvents are typically less than fully effective in 
removing petroleum residue. More speci?cally, these sol 
vents are often not able to remove hard-to-dissolve petro 
leum residue fractions such as asphaltenes. Accordingly, 
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these fractions are typically removed by employing labor 
intensive efforts that are often time-consuming and expen 
sive. 

[0006] As another example, there is a current increasing 
interest in extracting Wanted tar sand oil from its naturally 
occurring ores. Such ores are substantial underutiliZed 
sources of fossil fuels, particularly, for example, in VeneZu 
ela, Canada, and the United States. As crude oil reserves 
become relatively heavier, the need and consequent demand 
for recovering bitumen fractions from inorganic substrates 
(e.g., tar sands) increases. 

[0007] Examples of methods currently employed in the 
extraction of tar sands involve the use of hot Water, organic 
solvents, or petroleum distillates. During hot Water extrac 
tion, emulsions are formed that are often dif?cult to break 
and to efficiently separate bitumen from Water. These pro 
cesses usually result in the generation of relatively high 
quantities of WasteWater, termed “extraction tailings”. Meth 
ods of WasteWater treatment are often needed to alloW a 
production site to attempt to comply With environmental 
regulations. Extractions With organic solvents or petroleum 
distillates often utiliZe materials of relatively high capital 
value to obtain bitumen of a loWer capital value. Moreover, 
solvent extraction typically requires signi?cant expenditures 
of equipment and energy to separate extracted bitumen from 
the organic solvent. As a result, it is extremely difficult on a 
commercial scale to employ extraction methods employing 
organic solvents. 

[0008] The treatment and remediation of asphaltenic 
deposits occurring in different places in the production, 
re?ning, and transportation of crude oil is also desirous. 
Many crude oils are prone to form asphaltenic deposits. 
These deposits are detrimental to the productivity of the 
reservoir (as they clog the porosity of the pay Zone), 
throughput of the pipeline, ef?ciency of the desalter and 
gas-liquid separator, and the storage capacity of a storage 
tank. Currently these asphaltenic deposits are either 
removed mechanically, or by employing expensive and 
environmentally irresponsible solvents. 

[0009] Therefore, it is desirous to develop and use com 
positions and methods for removing residues or substances 
from substrates Without the employment of expensive 
manual processes or expensive, and often environmentally 
haZardous, organic solvent extraction processes. 

SUMMARY OF THE INVENTION 

[0010] Embodiments of the present invention include 
compositions and methods for extracting or removing resi 
dues and/or substances from substrates. In certain embodi 
ments, the residues and/or substances are removed from a 
substrate using an environmentally responsible solvent, for 
example, a Generally Recognized As Safe (also knoWn as 
“GRAS”) solvent. Preferably the GRAS solvent is miscible 
With carbon dioxide. Once removed, the residues or sub 
stances may be removed from a GRAS solvent, such as by 
contacting the GRAS solvent With carbon dioxide to sepa 
rate any residue and/or substance from the GRAS solvent. 
For example, a petroleum residue may be removed from a 
substrate in the form of a tool by contacting the tool With a 
GRAS solvent composition, and the GRAS solvent compo 
sition could be separated from the dissolved or collected 
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petroleum residue by contacting the GRAS solvent With 
carbon dioxide and precipitating the petroleum residue. 

[0011] The methods and compositions of various embodi 
ments of the present invention may be used to remove or 
dissolve petroleum-based residues or substances from sub 
strates. In various embodiments, the invention comprises a 
method of removing petroleum residue from a substrate. The 
method comprises contacting the substrate With a solvent 
such that the petroleum residue separates from the substrate 
and is dissolved in the solvent. The solvent may include a 
GRAS solvent such as an ester-containing solvent. For 
example, a residue on a substrate may be separated from the 
substrate (e.g., a tool, tar sand, aqueous stream, etc.) by 
contacting the substrate With a benZoic acid ester-containing 
solvent such that the petroleum residue separates from the 
substrate and is dissolved in the benZoic acid ester-contain 
ing solvent. The solvent may be used to remove residues 
and/or substances from organic or inorganic substrates. 

[0012] In other embodiments of the invention, the quantity 
of bitumen present in a petroleum residue sample may be 
determined using the compositions and methods of the 
present invention. A petroleum sample may be contacted 
With a GRAS solvent to remove bitumen from the sample. 
The Weight of the bitumen extracted from the petroleum 
sample may be determined from Weight measurements of 
the sample before and after being contacted With the GRAS 
solvent. Alternatively, the bitumen extracted by the GRAS 
solvent from the sample may be extracted from the GRAS 
solvent by contact With carbon dioxide and Weighed or 
otherWise measured. 

BRIEF DESCRIPTION OF THE DRAWING FIGS 

[0013] The invention can be more readily ascertained from 
the folloWing description of the invention When read in 
conjunction With the accompanying draWings in Which: 

[0014] FIG. 1 compares precipitated bitumen (Weight 
percent) versus pressure at different temperatures, and cor 
responds to Example 8. 

[0015] FIG. 2 compares precipitated bitumen (Weight 
percent) versus preserve at different bitumen concentration, 
and corresponds to Example 9. 

[0016] FIG. 3 compares precipitated bitumen (Weight 
percent) versus carbon dioxide density, and corresponds to 
Example 10. 

[0017] FIG. 4 compares precipitated bitumen (Weight 
percent) versus pressure at different solvent to carbon diox 
ide ratios, and corresponds to Example 11. 

[0018] FIG. 5 compares precipitated bitumen (Weight 
percent) versus pressure using single batch extraction and 
multiple batch extraction at 25° C., and corresponds to 
Example 12. 

[0019] FIG. 6 compares precipitated bitumen (Weight 
percent) versus pressure using single batch extraction and 
multiple batch extraction at 35° C., and corresponds to 
Example 13. 

[0020] FIG. 7 compares precipitated bitumen (Weight 
percent) versus pressure using single batch extraction and 
multiple batch extraction at 50° C., and corresponds to 
Example 14. 
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[0021] FIG. 8 compares precipitated bitumen (Weight 
percent) versus pressure using single batch extraction and 
multiple batch extraction at 80° C., and corresponds to 
Example 15. 

[0022] FIG. 9 compares precipitated bitumen (Weight 
percent) versus pressure using single batch extraction and 
multiple batch extraction at 100° C., and corresponds to 
Example 16. 

[0023] FIG. 10 compares the amount of extracted bitumen 
as a function of both temperature and pressure, and corre 
sponds to Example 18. 

[0024] FIG. 11 compares the amount of extracted bitumen 
as a function of both temperature and pressure, and corre 
sponds to Example 19. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] This invention may, hoWever, be embodied in 
many different forms and should not be construed as limited 
to the embodiments set forth herein; rather, these embodi 
ments are provided so that this disclosure Will be thorough 
and complete, and Will fully convey the scope of the 
invention to those skilled in the art and optionally collected 
or removed. 

[0026] In general, the present invention provides a method 
of dissolving a petroleum-based substance. The petroleum 
based substance is contacted With a carbon dioxide miscible 
solvent and a portion of the petroleum-based substance is 
dissolved. The dissolved petroleum-based substance is sepa 
rated and contacted With carbon dioxide such that the 
petroleum-based substance is precipitated. 

[0027] For example, a substrate is contacted With a carbon 
dioxide miscible solvent to extract or remove a residue or 

desired substance from the substrate. Asubstrate may be fed 
to a ?rst reaction chamber to Which a solvent is also fed. The 
solvent contacts the substrate Within the reaction chamber 
and dissolves or otherWise separates a residue or desired 
substance from the substrate. Aproduct stream of the solvent 
With dissolved and/or suspended residue or substances 
removed from the substrate in the ?rst reaction chamber may 
then be fed to a second reaction chamber Where the solvent 
is contacted With carbon dioxide to remove any residue 
dissolved or otherWise suspended in the solvent from the 
solvent. 

[0028] In various embodiments, the invention provides a 
method of removing petroleum residue from a substrate. A 
substrate may be an organic substrate, an inorganic sub 
strate, or a combination thereof. The method comprises 
contacting the substrate With a solvent such that the petro 
leum residue separates from the substrate and is dissolved in 
the solvent. The solvent, in addition to being carbon dioxide 
miscible, is preferably an environmentally friendly solvent 
such as a solvent that is Generally RecogniZedAs Safe. Such 
solvents are also knoWn as “GRAS solvents” and such term 
is used throughout the description to represent such solvents. 
For instance, ester-containing solvents such as benZoic acid 
ester-containing solvents are representative GRAS solvents 
that may be used as compositions of various embodiments of 
the present invention or With the methods of various 
embodiments of the present invention. 
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[0029] The term “substrate” is to be construed broadly and 
refers to various liquid materials, solid materials, combina 
tions thereof, including, Without limitation, semi-liquid and/ 
or semi-solid materials, Which contain a substance or residue 
to be removed, dissolved or extracted. In various embodi 
ments, the residue may be “on” the surface of the substrate, 
may be embedded, entrained or contained Within the sub 
strate, or may be partially embedded, entrained or contained 
Within the substrate. Inorganic (e.g., metal and ceramic) and 
organic substrates, as Well as alloys and composites thereof, 
are Well Within the scope of the invention. In various 
embodiments, for example petroleum substance recovery 
processes, exemplary substrates may be present in and/or on 
articles of manufacture employed in the petroleum re?ning, 
storage, and transportation ?elds, including, Without limita 
tion, cleaning storage tanks, electrostatic desalters, API 
separators, slop oil tanks, electrostatic precipitators, crude 
oil storage tanks, gas separators, pipelines, reservoirs, and 
the like. 

[0030] The term “inorganic substrate” is to be construed 
broadly and refers to various materials that contain a petro 
leum residue. In particular, the petroleum residue may be 
“on” the surface of the substrate, may be embedded, 
entrained or contained Within the substrate, or may be 
partially embedded, entrained or contained Within the sub 
strate. Inorganic substrates include those formed from or 
containing inorganic compounds such as, Without limitation, 
mineral ores, mineral oxides, rock, clay, silica, as Well as 
combinations thereof. Preferred inorganic substrates are 
those that are tar or oil sands and oil shales. 

[0031] The term “dissolved in the solvent” is to be broadly 
construed to refer to residue being solubiliZed or entrained 
in a solvent. The term may refer to a one-phase solution or 
a multi-phasic, or biphasic, dispersion or suspension in the 
solvent. Accordingly, the term is intended to encompass all 
embodiments in Which a residue could be fully soluble, 
partially soluble, or insoluble in a solvent according to 
embodiments of the present invention. 

[0032] The term “tar or oil sands” is de?ned broadly as 
porous sandstone structures occurring on the surface and 
depths Well beloW the surface that are impregnated With 
heavy, viscous black crude oil that typically cannot be 
retrieved Well by conventional production techniques. For 
the purposes of the invention, the terms “bituminous sands” 
or “oil sands” may be used as an alternative to tar sands. Tar 
sands typically contain a siZeable proportion of bitumen, 
containing primarily asphaltenes and heavy loW volatility 
fractions of maltha, typically together With a substantial 
percentage of sulfur and heavy metals. 

[0033] The term “oil shale” is to be broadly construed and 
typically refers to extensive sedimentary rock deposits typi 
cally containing a relatively high percentage of kerogen. 

[0034] For the purposes of the invention the term “petro 
leum residue” is to be broadly construed and includes, 
Without limitation, material that is typically present in vari 
ous applications that are related to petroleum products (e.g., 
crude oils, asphaltic residues, coal tar, Waxes, resins, petro 
leum sludges, and tank bottoms), and any number of by 
products. For the purposes of the invention, “petroleum 
residue” encompasses heavy petroleum fractions preferably 
having a boiling point of at least 150° C. or 200° C., more 
preferably at least 340° C., Which includes a mixture of 
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paraffinic and aromatic hydrocarbons along With heterocy 
clic compounds containing sulfur, nitrogen, and oxygen. 
Asphalt, as Well as residues and related materials thereof, 
also are construed as being encompassed by the term “petro 
leum residue” for the purposes of the invention. The asphalt 
content varies considerably as knoWn by one skilled in the 
art. For example, in one embodiment, the asphalt content 
may vary from 3 to 8 percent. In another embodiment, the 
asphalt content may vary from 4 to 6 percent. The asphalt 
content may be higher or loWer. For example, in a roo?ng 
application, the asphalt content may be higher. 

[0035] As understood by one skilled in the art, asphalt is 
a product of crude oil re?ning. In an exemplary asphalt 
production process, crude oil is distilled in a primary ?ash 
distillation column, the residue of this process is introduced 
to an atmospheric distillation column. The residue of the 
atmospheric distillation process is typically distilled under 
reduced pressure (e.g., vacuum distillation), and the residue 
is termed asphalt. The asphalt produced from the vacuum 
distillation of crude oil typically has softening points rang 
ing from 25° C. to 55° C. Asphalts of intermediate softening 
points may be made, for example, by blending With higher 
and loWer softening point asphalts. If the asphalt has a loW 
softening point, it can be hardened by further distillation 
With steam or by oxidation (e.g., air bloWing). Furthermore, 
asphalt can be also produced by propane deasphalting in the 
production of lubricating oils from crude oil residual. The 
asphalt produced by propane deasphalting may have a 
softening point of about 90° C. Softer grades may be made 
by blending the hard asphalt With the extract obtained in the 
solvent treatment of lubricating oils. 

[0036] In general, “asphalt” may be de?ned as the residue 
of mixed-base and asphalt-base crude oils. For the most part, 
it is dif?cult to distill even under the highest vacuum, 
because such temperatures Which are often employed tend to 
promote formation of coke. For the most part, asphalts have 
complex chemical and physical compositions that usually 
vary With the source of the crude oil and are considered 
dispersions or solutions of particles or aggregates, called 
asphaltenes, in a high-boiling ?uid composed of oil and 
resins. Asphaltene content in petroleum residues vary Widely 
as knoWn. As appreciated in the art, the nature of the asphalt 
is often determined by such factors as the nature of the 
medium (e.g., paraf?nic or aromatic), as Well as the nature 
and proportion of the asphaltenes and of the resins. The polar 
and fused ring portions of the asphaltenes have been sug 
gested to be lyophobic; the resins are considered to be 
lyophilic, and the “interaction” of the resins With the asphalt 
enes is believed to be responsible for asphaltene solvation or 
dispersion, Which seems to exercise marked control on the 
quality of the asphalt. The asphaltenes vary in character, but 
typically are either of sufficiently high molecular Weight or 
aggregate siZe to require solvation or dispersion by the 
resins. Various asphaltic materials may be removed from 
substrates by the various embodiments of the present inven 
tion. As an example, cutbacks and emulsions compose liquid 
asphalts. Acutback may be de?ned as a cement that has been 
lique?ed With solvents such as, for example, naptha or 
gasoline or kerosene. Emulsi?ed asphalts are mixtures of 
asphalt cement, Water and an emulsifying agent. 

[0037] An important class of petroleum residue is bitu 
men. As knoWn in the art, “bitumen” is de?ned as a mixture 
of hydrocarbons occurring in the petroleum. Other compo 
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nents such as, for example, oils, Waxes, resins, pitch and tack 
are typically present in the petroleum residue. Bitumen is 
also Well understood to be the liquid fuel product obtained 
by extraction of petroleum from tar or oil sands. Another 
component of the petroleum residue is the asphaltene frac 
tion, Which is present as part of the bitumen. For the 
purposes of this invention, the term “asphaltenes” is de?ned 
to be components of the high boiling point fraction of the 
crude oil Which are composed of polynuclear aromatic 
hydrocarbons of molecular Weights ranging from 500 to 
2000 or greater and aggregate molecular Weights of up to 
20,000 joined by alkyl chains. See, e.g., HaWley’s Con 
densed Chemical Dictionary, 12th Ed., Richard J. LeWis, Sr., 
Editor, (1993), p. 101. 

[0038] As discussed above, a solvent according to an 
embodiment of the present invention may include an ester 
contained GRAS solvent, and for example a benZoic acid 
ester-containing solvent. The benZoic acid ester containing 
solvent comprises one or more benZoic acid esters. Exem 

plary benZoic acid esters include, Without limitation, methyl 
benZoic acid ester, ethyl benZoic acid ester, n-propylbenZoic 
acid ester, isobutylbenZoic acid ester, n-butyl benZoic acid 
ester, tert-butyl benZoic acid ester, isomers of pentylbenZoic 
acid ester, isopropylbenZoic acid ester, and mixtures thereof. 

[0039] An exemplary benZoic acid ester is isopropylben 
Zoic acid ester (“IPB”). Preferably, in various embodiments, 
the benZoic acid ester-containing solvent contains at least 
about 70, 80, 85, 90, 95, or 99 percent by Weight of the one 
or more benZoic acid esters. In one preferred embodiment, 
the benZoic acid ester-containing solvent contains from 
about 90 to about 95 percent by Weight of the one or more 
benZoic acid esters. The benZoic acid ester may contain 
other components, processing aids, and the like as deemed 
appropriate by one skilled in the art. 

[0040] The benZoic acid ester-containing solvent is poten 
tially environmentally-advantageous in that, in a preferred 
embodiment, it has a ?ash point (open cup) greater than 
about 98° C. (e.g., 98.9° C.). The benZoic acid ester 
containing solvent is potentially nontoxic, readily biode 
gradable, and has a UK OCNS rating category E Which is the 
least toxic category of this method of evaluating toxic 
chemicals, meanWhile category Abeing the most toxic. Any 
compound rated from C-E typically signi?es that the mate 
rial may be readily biodegradable and may be nonbioaccu 
mulative (Offshore Chemical Noti?cation Scheme). 

[0041] In one preferred embodiment, the benZoic acid 
ester-containing solvent is substantially avoid of surfactant; 
in any event, as an example, the benZoic acid ester-contain 
ing solvent may, in certain preferred embodiments, contain 
no more than about 0.01 Weight percent of surfactant. 
Accordingly, in embodiments Which employ little if any 
surfactant, the benZoic acid ester-containing solvent is non 
foaming. In other preferred embodiments, the benZoic acid 
ester-containing solvent is non-ionic. In other embodiments, 
the benZoic acid ester-containing solvents may be free or 
essentially free of phosphate-acids, halogen-containing 
compounds (e.g., chlorine-containing solvents such as meth 
ylene chloride and 1,1,1-trichloroethane), and/or petroleum 
distillates, as Well as combinations thereof, e.g., preferably 
1, 0.5, or 0.1 percent by Weight of such solvents. Advanta 
geously, after extraction in one embodiment, the concentra 
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tion of petroleum residue in the benZoic acid ester-contain 
ing solvent may range from about 5 to about 30 Weight/ 
volume (Wt/vol) percent. 

[0042] Other components may be used in the benZoic acid 
ester-containing solvent, the selection of Which is knoWn to 
one skilled in the art. For example, limonene, terpeneoids, 
alkyl phthalate esters, alkyl esters of cyclohexanoic acid, 
glycerol fatty acid esters (diglycerides and triglycerides), 
glycerol, ethylene glycol, polyethylene glycol, propylene 
glycol, alkanolamines, such as: ethanolamine, diethanola 
mine, triethanolamine, propanolamine, and butanolamine 
may be used. 

[0043] Other GRAS solvents may include other ester 
containing solvents. In a preferred embodiment, the ester is 
an “aromatic ester compound” Which may be de?ned as an 
ester-containing substituent attached to a substituted or an 
unsubstituted aromatic ring. Exemplary ester compounds 
include, Without limitation, salicylic acid esters, cinnamic 
acid esters, propionic acid esters, butyric acid esters, pen 
tanoic acid esters, and hexanoic acid esters. 

[0044] Exemplary salicylic acid esters include, Without 
limitation, methyl salicylate, ethyl salicylate, n-propyl sali 
cylate, isobutyl salicylate, n-butyl salicylate, tert-isomers 
salicylate, isomers of pentyl salicylate, isomers of hexyl 
salicylate, isomers of heptyl salicylate, isopropyl salicylate, 
and mixtures thereof. 

[0045] Exemplary cinnamic acid esters include, Without 
limitation, methyl cinnamate, ethyl cinnamate, n-propyl 
cinnamate, isobutyl cinnamate, n-butyl cinnamate, tert-butyl 
cinnamate, isomers of pentyl cinnamate, isomers of hexyl 
cinnamate, isomers of heptyl cinnamate, isopropyl cin 
namate, benZyl cinnamate, and mixtures thereof. 

[0046] Exemplary propionic acid esters include, Without 
limitation, phenyl propionate, benZyl propionate, hydrox 
yphenyl propionate, methyl phenyl propionate, isobutyl phe 
nyl propionate, n-butyl phenyl propionate, tert-butyl phenyl 
propionate, isomers of pentyl phenyl propionate, isomers of 
hexyl phenyl propionate, isomers of heptyl phenyl propi 
onate, isopropyl phenyl propionate, and mixtures thereof. 

[0047] Exemplary butyric acid esters include, Without 
limitation, phenyl butyrate, benZyl butyrate, hydroxyphenyl 
butyrate, methyl phenyl butyrate, isobutyl phenyl butyrate, 
n-butyl phenyl butyrate, tert-butyl phenyl butyrate, isomers 
of pentyl phenyl butyrate, isomers of hexyl phenyl butyrate, 
isomers of heptyl phenyl butyrate, isopropyl phenyl 
butyrate, and mixtures thereof. 

[0048] Exemplary pentanoic acid esters include, Without 
limitation, phenyl pentanoate, benZyl pentanoate, hydrox 
yphenyl pentanoate, methyl phenyl pentanoate, isobutyl 
phenyl pentanoate, n-butyl phenyl pentanoate, teit-butyl 
phenyl pentanoate, isomers of pentyl phenyl pentanoate, 
isomers of hexyl phenyl pentanoate, isomers of heptyl 
phenyl pentanoate, isopropyl phenyl pentanoate, and mix 
tures thereof. 

[0049] Exemplary hexanoic acid esters include, Without 
limitation, phenyl hexanoate, benZyl hexanoate, hydrox 
yphenyl hexanoate, methyl phenyl hexanoate, isobutyl phe 
nyl hexanoate, n-butyl phenyl hexanoate, tert-butyl phenyl 
hexanoate, isomers of pentyl phenyl hexanoate, isomers of 
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hexyl phenyl hexanoate, isomers of heptyl phenyl hex 
anoate, isopropyl phenyl hexanoate, and mixtures thereof. 

[0050] Preferably, the ester-containing solvent contains at 
least about 70, 85, 90, 95, or 99 percent by Weight of the one 
or more of the esters. In one preferred embodiment, the 
ester-containing solvent contains from about 70 to about 95 
percent by Weight of the ester. The ester-containing solvent 
may contain other components, processing aids, and the like 
as deemed appropriate by one skilled in the art. 

[0051] The method of removing petroleum residue from a 
substrate may encompass numerous steps. In one embodi 
ment, for example, the method further comprises the step of 
contacting the carbon dioxide miscible or GRAS solvent 
With a ?uid comprising carbon dioxide, Wherein the petro 
leum residue is recovered in the ?uid such that the carbon 
dioxide miscible or GRAS solvent is separated from the 
petroleum residue, e.g., at least 95 Weight percent of the 
carbon dioxide miscible or GRAS solvent is separated from 
the petroleum residue. Furthermore, the method of the 
invention may further comprise the step of recycling the 
carbon dioxide miscible or GRAS solvent for further use. 

Moreover, in another embodiment, the invention may 
encompass the step of subjecting the substrate to a ?uid or 
gas comprising carbon dioxide (“CO2”) or hydrocarbon gas 
to remove a portion of the petroleum residue from the 
substrate, With the subjecting step occurring prior to the step 
of contacting the substrate With the carbon dioxide miscible 
or GRAS solvent. 

[0052] In one embodiment, bitumen can be removed and 
recovered from a petroleum residue. The substance contain 
ing bitumen is contacted, preferably in a reaction vessel, 
With a GRAS solvent. At least a portion of the bitumen is 
dissolved in the solvent. The dissolved bitumen and solvent 
is contacted With CO2 to precipitate the bitumen from the 
solvent. The precipitated bitumen is then recovered. The 
Weight of bitumen extracted may be determined from Weight 
measurements of the sample before and after contacting With 
the GRAS solvent. The solvent may remove from about 5, 
10, 20, 30, or 40 to about 60, 70, 80, 90, or 100 percent by 
Weight of bitumen from a petroleum residue based on the 
Weight of bitumen that is present in the residue. In one 
embodiment, a petroleum residue comprises asphaltene. In a 
preferred embodiment, the contacting step comprises 
removing from about 60 or 70 to about 80, 90, or 100 percent 
by Weight of asphaltene based on the asphaltene present in 
the petroleum residue, although it should be appreciated that 
other amounts may be removed in accordance With the 
present invention. The asphaltene content of the petroleum 
residue ranges from about 1 to 30 percent by Weight, 
although it should be appreciated that other amounts may be 
removed in accordance With the present invention. 

[0053] For the purposes of the invention, carbon dioxide 
may be employed in the ?uid in a liquid, gaseous, or 
supercritical phase. Preferably, the ?uid comprises carbon 
dioxide in a continuous phase, and typically has a concen 
tration ranging from about 10, 20, 30, or 40 to about 60, 70, 
80, 90 or up to 100 percent by Weight of carbon dioxide. If 
liquid CO2 is used, the temperature employed during the 
process is preferably beloW 31° C. If gaseous CO2 is used, 
it is preferred that the phase be employed at high pressure. 
As used herein, the term “high pressure” generally refers to 
CO2 having a pressure from about 500 to about 5,000 psi. In 
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a preferred embodiment, the CO2 is utiliZed in a “supercriti 
cal” phase. As used herein, “supercritical” means that a ?uid 
medium is above its critical temperature and pressure, i.e., 
above about 31° C. and above about 71 bar (1,073 psi) for 
CO2. The thermodynamic properties of CO2 are reported in 
Hyatt, J. Org. Chem. 49: 5097-5101 (1984); therein, it is 
stated that the critical temperature of CO2 is about 31° C.; 
thus the method of the present invention may be carried out 
at a temperature above 31° C. A preferred pressure of the 
carbon dioxide containing ?uid ranges from about 1000 psi 
to 3000 psi. 

[0054] Other optional components may be used in the ?uid 
containing carbon dioxide, the selection of Which is knoWn 
to one skilled in the art. Examples of other components 
include, Without limitation, co-solvents, surfactants, co 
surfactants, buffers, rheology modi?ers, biological agents, 
and viscosity reduction modi?ers. Other components may be 
used in the carbon dioxide containing ?uid, the selection of 
Which may be determined by the skilled artisan. The com 
ponents that may be added to CO2 include but are not limited 
to gases such as, nitrogen, oxygen, argon, helium, nitrogen 
dioxide, methane, ethane, propane, butane, and hydrogen 
sul?de, alcohols such as, methanol, ethanol, isopropanol, 
n-propanol, and the like, ethers, such as, dimethyl ether, 
methyl-ethyl ether, methyl-isopropyl ether and the like, 
polymers, specially those that are soluble in CO2 such as 
polysiloxanes, ?uorinated polymers such as, poly(hexa?uo 
ropropylene oxide) poly(vinyledene?uoride), sugar-contain 
ing diblock ?uorocopolymers, Bis(per?uoro-2-N-pro 
poxypropionyl) peroxide and ?uorosurfactants such as, 
poly(1,1-dihydroper?uorooctyl acrylate), PS-b -poly(dim 
ethylsiloxane) and 1,1-dihydroper?uorooctyl acrylate-hex 
amethylcyclotrisiloxane diblock copolymer. It is also con 
templated that gases other than CO2 could be employed. For 
example, hydrocarbon gases such as methane, ethane or 
argon or mixtures thereof can be used. 

[0055] The removal of petroleum residue from the sub 
strate may be carried out by using knoWn equipment. The 
solvent, for example, may be applied to the substrate by 
using knoWn and accepted systems. In a preferred embodi 
ment, the application of the benZoic acid ester-containing 
solvent typically takes place from about 1 to about 20 min, 
at a temperature ranging from about 10° C. to about 50° C. 
With respect to asphalt cleaning for example, the solvent is 
typically sprayed under pressure on the residue-containing 
tools that are placed on a perforated grid capable of ?ltering 
the solvent from the inorganic solvent-insoluble contami 
nants. The ?ltered solvent is stored in containers for further 
treatment With CO2. 

[0056] Embodiments encompassing the use of the ?uid 
containing carbon dioxide may take place in a number of 
vessels, cells, or other delivery systems, the selection of 
Which is knoWn to one skilled in the art. For example, the 
extraction of the petroleum residue may be carried out either 
batchWise, continuously, or semi-continuously, in appropri 
ately designed reaction vessels or cells. Additional features 
may be employed such as, for example, agitation devices 
(e.g., a paddle stirrer or impeller stirrer) and heaters (e.g., a 
heating furnace or heating rods). These vessels or cells may 
be modi?ed in accordance With the scope of the present 
invention, particularly in vieW of the speci?c substrate. 

[0057] In general, the methods of the present invention 
may employ solvents for removing petroleum residue in a 
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number of varied applications. Examples of such applica 
tions include, Without limitation: 

[0058] Agricultural applications, such as: cattle sprays, 
dampproo?ng and Waterproo?ng buildings and structures, 
disinfectants, fence post coating, mulches, mulching paper, 
paved barn ?oors, barnyards, feed platforms, and the like, 
protecting tanks, vats, and the like, protection for concrete 
structures, tree paints, Water and moisture barriers (above & 
beloW ground), Wind and Water erosion control, and Weather 
modi?cation areas. Buildings and building applications, 
such as: ?oors, e.g., damp-proo?ng and Water-proo?ng 
building and structures, ?oor compositions, tiles and cover 
ings, insulating fabrics, papers, step treads; roo?ng, e.g., 
building papers, built-up roof adhesives, felts, primes, caulk 
ing compounds, cement Waterproo?ng compounds, cleats 
for roo?ng, glass Wool compositions, insulating fabrics, 
felts, papers, joint ?ller compounds, laminated roo?ng, 
shingles, liquid roof coatings, plastic cements, and shingles; 
Walls, siding, ceilings, e.g., acoustical blocks, compositions, 
felts, architectural decoration, bricks, brick siding, building 
blocks, papers, damp-proo?ng coatings, compositions, insu 
lating board, fabrics, felts, paper, joint ?ller compounds, 
masonry coatings, plaster boards, putty, asphalt, siding com 
positions, soundproo?ng, stucco base, and Wallboard; 
hydraulics and erosion control applications, e.g., canal lin 
ings, sealants, catchment areas, basins, dam groutings, dam 
linings, protection, dike protection, ditch linings drainage 
gutters, structures, embankment protection, groins, jetties, 
levee protection, mattresses for levee and bank protection, 
membrane linings, Waterproo?ng, ore leaching pads, reser 
voir linings, revetments, sand dune stabiliZation, seWage 
lagoons, oxidation ponds, sWimming pools, Waste ponds, 
and Water barriers; industrial applications, e.g., aluminum 
oil compositions using asphalt backed felts, conduit insula 
tion, lamination, insulating boards, paint compositions, 
papers, pipe Wrapping, roo?ng, shingles, automotive, acous 
tical compositions, felts, brake linings, clutch facings, ?oor 
sound deadeners, friction elements, insulating felts, panel 
boards, shim strips, tacking strips, underseal, electrical, 
armature carbons, Windings, battery boxes, carbons, electri 
cal insulating compounds, papers, tapes, Wire coatings, 
junction box compound, molded conduits, compositions, 
black grease, buf?ng compounds, cable splicing compound, 
embalming, etching compositions, extenders, rubber, other, 
explosives, ?re extinguisher compounds, joint ?llers, lap 
cement, lubricating grease, pipe coatings, dips, joint seals, 
plastic cements, plasticiZers, preservatives, printing inks, 
Well drilling ?uid, Wooden cask liners, impregnated, treated 
materials, armored bituminiZed fabrics, burlap impregna 
tion, canvas treating, carpeting medium, deck cloth impreg 
nation, fabrics, felts, mildeW prevention, packing papers, 
pipes and pipe Wrapping, planks, rugs, asphalt base, saW 
dust, cork, asphalt composition, textiles, Waterproo?ng, 
tiles, treated leather, Wrapping papers, paints, varnishes, etc, 
acid-proof enamels, mastics, varnishes, acid-resistant coat 
ings, air-drying paints, varnishes, anti-corrosive & anti 
fouling paints, anti-oxidants and solvents, base for solvent 
compositions, baking and heat resistant enamels, boat deck 
sealing compound, lacquers, japans, marine enamels, belt 
ing, blasting fuses, briquette binders, burial vaults, casting 
molds, clay articles, clay pigeons, depilatory, expansion 
joints, ?oWer pots, foundry cores, friction tape, gaskets, 
imitation leather, mirror backing, phonograph records, rub 
ber, molded compounds, shoe ?llers, soles, table tops, 
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airport runWays, taxiWays, aprons, etc., asphalt blocks, brick 
?llers, bridge deck surfacing, crack ?llers, curbs, gutters, 
drainage ditches, ?oors for buildings, Warehouses, garages, 
etc., highWays, roads, streets, shoulders, parking lots, drive 
Ways, pcc underseal, roof-deck parking, sideWalk, footpaths, 
soil stabiliZation, ballast-treatment, curve lubricant, dust 
laying, paved ballast, sub-ballast, paved crossings, freight 
yards, station platforms, rail ?llers, railroad ties, tie impreg 
nating, stabiliZation, paved surfaces for: dance pavilions, 
drive-in movies, gymnasiums, sports arenas, playgrounds, 
school yards, race tracks, running tracks, skating rinks, 
sWimming & Wading pools, tennis courts, handball courts, 
crude oil spills, Wildlife cleanup, and tar sand separation. 

[0059] In another embodiment, the invention relates to a 
method for determining the quantity of bitumen present in a 
petroleum residue sample comprising bitumen. The method 
comprises contacting the petroleum residue sample With a 
GRAS solvent to remove the bitumen therefrom. The Weight 
of the bitumen in the sample is determined by comparing the 
initial Weight of the petroleum residue and the Weight of the 
remaining portion of the petroleum residue. In a preferred 
embodiment, a remaining portion of the petroleum residue is 
present in the form of inorganic material. 

[0060] The method of determining the quantity of bitumen 
present in a petroleum residue sample may include other 
optional embodiments. As an example, the petroleum resi 
due comprises bitumen and inorganic material, and Wherein 
the inorganic material remains subsequent to the step of 
contacting the petroleum residue sample With a GRAS 
solvent, the method further comprising contacting the inor 
ganic material at least once With an organic solvent to 
remove GRAS solvent from the petroleum residue sample. 
Preferably, the inorganic material is contacted several times 
With the organic solvent. 

[0061] A number of organic solvents may be employed in 
the above method. Exemplary organic solvents include, 
Without limitation, C1-C4 alcohols. A preferred organic sol 
vent is ethanol. 

[0062] Optionally, the method of determining the quantity 
of bitumen present in a petroleum residue sample may also 
include various other steps set forth herein, including With 
out limitation, those involving carbon dioxide. As an 
example, in one embodiment, the method further comprising 
the step of contacting the benZoic acid ester-containing 
solvent comprising petroleum residue With a ?uid compris 
ing carbon dioxide, Wherein the petroleum residue is recov 
ered in the ?uid such that the benZoic acid ester-containing 
solvent is separated from the petroleum residue. 

[0063] The invention Will noW be described in greater 
detail With respect to the examples that folloW. It should be 
understood that these examples are set forth merely for 
illustrating the invention, and do not limit the scope of the 
invention as de?ned by the claims. 

EXAMPLE 1 

Experimental Protocol For Single-Batch Extraction 
Experiments of Tar Sand Samples Using C02 

[0064] A tar sand sample is placed in a high-pressure 20 
mL capacity reactor. The reactor is heated to the desired 
temperature, the system is pressuriZed With CO2 at 10 
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mL/min ?oW rate until the desired pressure is reached by 
means of a high-precision syringe pump. The system is left 
for 1 hr at the desired temperature and pressure after Which 
CO2 and the extracted bitumen is conveyed under pressure 
to another reactor supplied With sapphire WindoWs (vieW 
cell) at a rate of 10 mL/min. After cooling the extract to 
ambient temperature, CO2 is sloWly discharged from the 
system at a rate of 1 mL/min. The system is thereafter 
opened, the extracted bitumen is collected quantitatively by 
dissolving in MeCl2, and the solvent is evaporated in a 
vacuum oven at 50° C. for 24 hrs. 

[0065] The mass of the extracted bitumen is calculated and 
the percentage extraction is obtained. The total bitumen 
content of the sample is determined by MeCl2 extraction. 

EXAMPLE 2 

Experimental Protocol For Single-Batch Extraction 
Experiments of Asphalt Samples Using C02 

[0066] The procedure according to Example 1 is repeated 
except that an asphalt sample is employed instead of a tar 
sand sample. 

EXAMPLE 3 

Experimental Protocol For Single-Batch Extraction 
Experiments of Bitumen Samples Using C02 

[0067] The procedure according to Example 1 is repeated 
except that a bitumen sample is employed instead of a tar 
sand sample. 

EXAMPLE 4 

Extraction of Bitumen From Tar Sands Using 
Esters 

[0068] A bitumen sample, either subjected to extraction 
With CO2, or Without being subjected to CO2 extraction, is 
placed in a Buchner funnel. The ester solvent or solvent 
mixture is added continuously until the color of the liquid 
did not changed, indicating complete bitumen extraction. 
The solution of bitumen in the aromatic ester solvent, or 
solvent mixture, is then charged in a high-pressure vieW cell. 
C02 is pressuriZed at a speci?ed ?oW rate until the desired 
pressure is reached using a precision syringe pump. The 
temperature is maintained and controlled at the set tempera 
ture by means of a thermostated heating tape. The system is 
stirred by means of a magnetic stirrer. The system is left to 
equilibrate until there Was no more bitumen precipitation 
observed through the sapphire WindoWs of the vieW cell. 
When apparent complete precipitation of bitumen occurred, 
the compressed gas is alloWed to discharge into a series of 
cooled traps, Where CO2 is separated from the ester solvent. 
When the system Was completely depressuriZed from CO2, 
the precipitated bitumen is retrieved and quanti?ed. 

EXAMPLE 5 

Isopropyl Salicylate Miscibility in Carbon Dioxide 

[0069] The miscibility of isopropyl salicylate is evaluated 
in liquid, gaseous, or supercritical carbon dioxide under a 
number of conditions using high pressure equipment. Car 
bon dioxide is determined to be completely miscible With 
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isopropyl salicylate at the folling conditions: 1:1, 1:2, 1:3, 
1:4, 1:5, 2:1, 3:1, 4:1, and 5:1, CO2: isopropyl salicylate 
vol.:vol. ratios, at the folloWing temperatures: 25, 35, 45, 
and 60° C., and at the folloWing pressures: 500, 1000, 1500, 
2000, 2500, 3000, 3500, 4000, 4500, and 5000 psi. 

EXAMPLE 6 

Experimental Protocol For Multiple-Batch 
Extraction Experiments Using C02 

[0070] An asphalt sample is placed in a high-pressure 20 
mL capacity reactor. The reactor is heated to the desired 
temperature and then pressuriZed With CO2 to the desired 
pressure at 10 mL/min ?oW rate by means of a high 
precision syringe pump. The system is left for 1 hr at the 
desired temperature and pressure after Which CO2 and the 
extracted bitumen is conveyed under pressure to another 
reactor supplied With sapphire WindoWs (vieW-cell) at a rate 
of 10 mL/min folloWed by another transfer to a second vieW 
cell in the same manner. After cooling the extract to ambient 
temperature, CO2 is sloWly discharged from the system at a 
rate of 1 mL/min, the system is repressuriZed as described in 
the above steps. The process is repeated six times and the 
residence time for each step is ?xed at 15 min. At the end of 
the sixth extraction, the system is opened, and the extracted 
bitumen is collected from both of the tWo vieW cells quan 
titatively by dissolving in MeCl2. The solvent is then evapo 
rated in a vacuum oven at 50° C. for 24 hrs. The mass of the 
extracted bitumen is then calculated and the percentage 
extraction is obtained. 

[0071] The total bitumen content of asphalt is obtained by 
MeCl2 extraction. 

EXAMPLE 7 

Extraction of Bitumen From Tar Sands Using a 
BenZoic Acid Ester 

[0072] A bitumen sample, either subjected to extraction 
With CO2, or Without being subjected to CO2 extraction, is 
placed in a Buchner funnel. The benZoic acid ester solvent 
or solvent mixture is added continuously until the color of 
the liquid did not change, indicating complete bitumen 
extraction. The solution of bitumen in the solvent is then 
charged in a high-pressure vieW cell. CO2 is pressuriZed at 
a speci?ed ?oW rate until the desired pressure is reached 
using a precision syringe pump. The temperature is main 
tained and controlled at the set temperature by means of a 
thermostated heating tape. The system is stirred by means of 
a magnetic stirrer. The system is left to equilibrate until there 
is no more bitumen precipitation observed through the 
sapphire WindoWs of the vieW cell. When apparent complete 
precipitation of bitumen occurred, the compressed gas is 
alloWed to discharge into a series of cooled traps, Where CO2 
is separated from the aromatic ester solvent. When the 
system is completely depressuriZed from CO2, the precipi 
tated bitumen is retrieved and quanti?ed. 

EXAMPLE 8 

Effect of Temperature on Bitumen Precipitation 

[0073] The effect of temperature on the removal of bitu 
men from a benZoic acid ester-containing solvent by 
employing a carbon dioxide ?uid is measured. The bitumen 



US 2003/0213747 A1 

is present in the solvent in an amount of 4 Wt./vol/ percent. 
The bitumen is present in the solvent in a 1:3 ratio. As can 
be seen from FIG. 1, the amount of precipitated bitumen 
decreased With temperature for a given pressure value. 

EXAMPLE 9 

Effect of Concentration on Bitumen Precipitation 

[0074] The effect of bitumen concentration in a benZoic 
acid ester-containing solvent on subsequent precipitation in 
a carbon dioxide ?uid is evaluated. The precipitation runs 
are carried out at 35° C. for a 2 hr residence time Within a 
reactor that is mixed With a magnetic stirrer. 

[0075] As seen from FIG. 2, bitumen precipitation in the 
carbon dioxide ?uid increased as a function of solvent 
concentration. 

EXAMPLE 10 

Bitumen Precipitation from BenZoic Acid 
Ester-Containing Solvent as a Function of Carbon 

Dioxide Density 

[0076] The precipitation of bitumen is evaluated as a 
function of carbon dioxide density at various temperatures 
ranging from 35° C. to 55° C. and pressures ranging from 
2000 psi to 4000 psi. The residence time is 2 hr. 

[0077] As illustrated by FIG. 3, the amount of bitumen 
that is precipitated increases as a function of carbon dioxide 
density. 

EXAMPLE 11 

Effect of BenZoic Acid Ester-Containing 
Solvent-to-Carbon Dioxide Fluid Ratio On Bitumen 

Precipitation 

[0078] The effect of benZoic acid ester-containing solvent 
to-carbon dioxide ?uid ratio bitumen precipitation is evalu 
ated at 35° C. As seen from FIG. 4, the amount of precipi 
tated bitumen increased as the ratio of solvent to carbon 
dioxide ?uid decreased. 

EXAMPLE 12 

Comparison BetWeen Single and Multiple 
Extraction of Bitumen in Carbon Dioxide 

[0079] A comparison betWeen a single batch extraction 
and a multiple batch extracted of bitumen in carbon dioxide 
is illustrated in FIG. 5. The study is carried out at 25° C. As 
seen, the multiple batch extractions provided for higher 
yields of extracted bitumen. 

EXAMPLE 13 

Comparison BetWeen Single and Multiple 
Extraction of Bitumen in Carbon Dioxide 

[0080] The procedure according to Example 12 is repeated 
except that the temperature is set at 35° C. The results are 
shoWn in FIG. 6. In general, the yields are higher in 
comparison to Example 10. 
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EXAMPLE 14 

Comparison BetWeen Single and Multiple 
Extraction of Bitumen in Carbon Dioxide 

[0081] The procedure according to Example 12 is repeated 
except that the temperature is set at 50° C. The results are 
shoWn in FIG. 7. In general, the yields are higher in 
comparison to those set forth in Examples 12-13. 

EXAMPLE 15 

Comparison BetWeen Single and Multiple 
Extraction of Bitumen in Carbon Dioxide 

[0082] The procedure according to Example 12 is repeated 
except that the temperature is set at 80° C. The results are 
shoWn in FIG. 8. In general, the yields are higher in 
comparison to those set forth in Examples 12-14. 

EXAMPLE 16 

Comparison BetWeen Single and Multiple 
Extraction of Bitumen in Carbon Dioxide 

[0083] The procedure according to Example 12 is repeated 
except that the temperature is set at 100° C. The results are 
shoWn in FIG. 9. In general, the yields Were higher in 
comparison to those set forth in Examples 12-14. 

EXAMPLE 17 

BenZoic Acid Ester Solvent Cleaning Measurement 

[0084] 1 g bitumen Was Weighed in a 20 mL capacity 
transparent glass vial caped With PTFE caps. 5 mL of the 
solvent to be tested Was transferred to the vial, caped, and 
shaken by hand, With the amount of dissolved bitumen Was 
visually inspected every minute. The time at Which the last 
traces of bitumen disappeared Was recorded as the time 
taken for complete bitumen dissolution. If the entire bitumen 
sample dissolved, the concentration of the bitumen in the 
solution may reach 20 Wt/vol percent Which is a relatively 
high concentration. The results obtained from these experi 
ments are summariZed in Table 1: 

TABLE I 

Solubility 
No Sample Name in Minutes Remarks 

1 Pave Pro (Edgecombe 15 Complete Solubility 
County) Generated 

Appreciable A 
mount of Foam 

2 HTF-959-B (Wilson 22 Incomplete Solubili 
County) ty 

3 Orange asphalt Remover 17 Complete Solubility 
(Nash County) 

4 Big Orange E (Edge- 22 Incomplete Solubili 
combe County) ty 

5 Pure and Natural Orange 22 Incomplete Solubili 
Bean (Specially ty 
Formulated) 

6 Invention 12 Completely Soluble 
(IPB) No Foam Was 

Generated 

[0085] The solution employed in the method of the inven 
tion (No. 6) is the most e?icient solvent for bitumen as it Was 
















