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s ABSTRACT

A gas oil of low metal content for catalytic cracking is
produced by treating a topped crude oil with solvent in a
deasphalting zone to produce a bottoms stream comprising
asphalt and solvent, and an overhead stream which is essen.
tially free of asphalt and comprising gas oil and solvent, treat-
ing the overhead stream of gas oil and solvent without the ad-
dition of more solvent in a solvent extraction zone at a slightly
higher temperature than in the deasphalting zone so as to
produce a minor bottoms stream of heavy gas oil containing
most of the metal in the gas oil feed stream to the extraction
zone and a major overhead stream of solvent and essentially
asphalt-free light gas oil of substantially lower metal content
than that of said feed stream.

8 Claims, 1 Drawing Figure
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1

PRODUCTION OF LOW-METAL CONTEN‘I‘ GAS OIL
FROM TOPPED CRUDEOIL

This i1s a continuation-in-part of my applleatlon, Ser Ne
687,800, filed Dec. 4, 1967now abandoned. |

This invention relates to a process for treatmg a tepped
crude oil containing a substantial concentration of metal to
produce as essentially asphalt-free gas oil which is substan-
tially free of said metal for catalytic cracking to motor fuel,

The treatment of crude oil to produce asphalt and gas oil
which is essentially free of asphalt is a conventional procedure
in the petroleum industry. According to this conventional
procedure crude oil is generally subjected to atmospheric
distillation to recover separate streams of gases, gasoline,
kerosene, and gas oil. This atmospheric distillation also
produces a stream of residual material, referred to in the art as
topped crude oil, which amounts, for example, up to about 40
percent by volume of the original crude oil. This residual
material can then be treated with solvent or it can be sub-
Jected to vacuum distillation to recover additional quantities
of gas oil. This vacuum distillation also produces a residuum,

2
from the hght gas oil stream and reeevenng the resulting low
metal content light gas oil.

The solvent ‘generally used to treat topped crude oil to
produce a gas oil which is essentially, if not completely, free of

asphalt comprises hqutd C; to C, aliphatic hydrocarbons such
as propane, butane, pentane, hexane, isobutane, 1sepentane,

- isohexane, and mixtures thereof. Propane, alone, or in mixture
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with one or more of the above mentioned light hydrocarbon
solvents is frequently utilized in the deasphalting zone.
Temperatures in the range of about 90° to 400° F. and su-
peratmospheric pressures sufficient to maintain the solvent in
liquid phase are generally utilized in the deasphalting zone.
The invention is applicable to topped crude oil containing at
least 20 p.p.m. and up to about 8,500 p.p.m. of metal, usually
present as metallic compounds, such as organo-metallic com-

- pounds, principally nickel but also contalnmg iron and vanadi-
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which can be referred to as topped crude oil although perhaps

more specifically it is referred to in the art as vacuum reduced
crude oil, which amounts to about S to 10 percent by volume
of the original crude oil. For purposes of this application, the
term t0pped crude oil” shall refer to the materials above
defined as “‘residual material” and “residuum.” The topped
crude oil is then solvent treated (extracted) to produce as
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asphalt of low wax content which is suitable as an asphalt ce-

ment for road construction and similar applications and a gas
oil which is essentially free of asphalt. The essentially asphalt-

30

free gas oil recovered in this manner is frequently subjected to

catalytic cracking to preduce hghter hydrocarbens suitable
for motor fuel.

Usually, crude oil contains in the range of about 20 to 8 500
p.p-m. (parts per million by weight) metal contaminants such
as compounds of nickel, vanadium, and the like which are
retained principally in the topped crude oil, and which appear
in sufficient concentration in the gas oil, solvent extracted
from the topped crude, to interfere with the subsequent cata-
lytic cracking of the gas oil by ponsomng or greatly reducing
the life span of the catalyst.

This invention is concerned with a process for reducing the
metals content of a gas oil produced from a topped crude oil
so as to improve the catalytic cracking of the gas oil.
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Accordingly, it is an object of my invention to provide a

process for the treatment of topped crude oil to produce a gas
oil which is essentially asphalt-free and relatively free of con-
taminating metal present in the topped crude oil. |

Another object of my invention is to provide a process for
more efficiently producing an essentlally asphalt-free, low
metal content gas oil by solvent extraction of a metal-con-
taminated topped crude oil.

Other objects, aspects, and the several advantages of my in-
vention will become apparent to one skilled in the art upon
consideration of the accompanying disclosure.

A broad aspect of the invention comprises contacting a
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um. Generally, the metal concentration in topped crude oil

ranges from about 50 p.p.m. to 1,000 p.p.m.

The temperature in the second treating, i.e., secondary sol-
vent extraction, zone is in the range of 1° to S'”l F. higher than
the temperature of the extract phase gas oil-solvent stream
from the primary solvent deasphalting zone. Operating the
secondary solvent extraction zone at this slightly higher tem-
perature and without adding or removing solvent has the ef-
fect of producing a stream of heavy gas oil which amounts to
about 2-to 10 volume percent of the topped crude oil eharged-
to the primary solvent deasphalting zone. The slight rise in
temperature has the effect of rendering the heavy gas oil, or
heaviest portions of the gas oil, less soluble in the gas oil-sol-
vent solution. When the metal concentration in the gas oil-sol-

‘vent extract phase from the primary solvent deasphalting zone

is relatively low, the heavy gas oil bottom stream from the
secondary solvent extraction zone is maintained relatively low
in the range of 2 to 10 volume percent of the crude oil charge
This control is effected by maintaining: temperature control in
the secondary solvent extraction zone in the lower portion ef
the above mentioned 1°to 5° F. range.

- A temperature gradient is produced across both pnmary
and seeendary zones with the highest temperature being main-

tained in the upper pomon of each of the two zones. For ex-

ample, where the solvent is a 65 propane to 35 n-butane by
volume mixture, the temperature in the lower portion of the

_ primary solvent deasphalting zone is in the range of about

175° to 195° F. while the temperature in the upper portion of
the zone is in the range of about 25° to 40° F. higher (200° to
235° F.). Under these conditions the extract phase from the

primary solvent-deasphalting zone is at least essentially, 1f not

completely, free of asphalt.
A more complete understanding of the invention may be

- had by reference to the accompanying drawing which is an
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metal contaminated topped crude oil in a primary solvent

deasphalting zone with about 3 to 15 volumes of liquid
hydrocarbon solvent per volume of topped crude oil at an
clevated temperature below the critical temperature of the
solvent and at a pressure sufficient to maintain the solvent in

liquid phase to thus produce a stream comprising asphalt and -
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solvent and an extract phase comprising a solution of gas oil

and solvent which is essentially free of asphalt; treating the ex-
tract phase of gas oil and solvent in a secondary solvent ex-
traction zone by subjecting the extract phase in the secondary
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- elevation of .one arrangement of apparatus for effecting the

process of the invention.

Referring now to the drawmg, a first contactmg column 10
for solvent deasphalting is provided with a feed inlet line 12
for a topped crude oil, an overhead extract line 14 for an es-
sentially asphalt-free gas oil-solvent stream, and a bottoms ef-
fluent line 16 for an asphalt-solvent stream which can also
contain gas oil. Solvent supply line 18 connects with line 20
which in turn connects with line 12 for contacting the topped
crude oil feed with solvent. The major portion of the solvent
passes through line 22 from which a portion passes through
line 24 containing indirect heat exchanger 26 and another
portion passes through line 28 into line 30 which leads into the

~ lower section of contacting column 10. The flow of solvent

extraction zone to a slightly but effectively higher temperature

than the temperature in the primary solvent deasphalting zone
to produce a two-phase liquid system comprising a minor
stream of heavy gas oil and solvent containing most of the
metal in the feed to the secondary solvent extraction zone and
a major stream of solvent and light gas oil having a lower con-
centration of metal than the gas oil solvent feed to the secon-
dary solvent extraction zone; separating most of the solvent
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through lines 24 and 28 is proportioned so as to introduce the
solvent into column 10 from line 30 at the proper tempera-

ture, depending upon the temperature of operation of the

column. Steam coil 32 in the top of column 10 provides heat
for maintaining the proper temperature m the upper end of

~the column,

An intermediate inlet of a second contactmg eolumn 34 is
connected with extract line 14 of column 10 for feeding the
essentially asphalt—free gas ell-—solvem stream from column 10



into eelumn 34. Column 34 is also provided with a steam heat-

ing coil 36 or equwalent heating means. Effluent line 38 con-
‘nects with the top of column 34 for passing the low metal con-
tent essentially asphalt-free gas oil-solvent stream to solvent
removal apparatus (not shown). The resulting gas oil, which
contains less than 1 p.p.m. of metals, is suitable for cracking or
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hydrocracking in conventional manner in a catalytic cracking

or hydrocracking zone without rapid deterioration of the
eatalyst and at high conversion rates to hydroearbons borlmg
‘in the motor fuel range. | -

- Line 40 connects with the bottom of column 34 for passrng
the bottoms stream of essentially asphalt-free gas oil and sol-
 vent of relatively high metal content to solvent recovery ap-

paratus (not shown). The resulting gas oil 1s suitable for use as
. fuel oil in which the metal content is not deletermus or for

~ other desrrable uses.

The solvent recovered from the streams in llnes 38 and 40
as well as that recovered in the stream in lme 16 is recycled to

line 18 by means not shown.
Columns 10 and 34 can be any llqllld-llqllld contaetmg
columns known in the art such as rotating disc contactors. |

In order te tllustrate the invention without unduly restrict-.

ing the same, the following specific example is presented.

A mixture of crude oils including Rangely, Red Wash,
Patrick Draw, and Uintah is treated by atmospheric pressure
| drsttllatlon to produce a topped crude oil amounting to 17.1
percent by volume of the original crude oil mixture. This
topped crude oil has a metal content in the form of unknown
nickel and other metal compounds amounting to about 100

- p.p-m. expressed as nickel. The topped crude oil is processed-

in an arrangement of apparatus substantially as shown in the
drawing by feeding the topped crude oil at a temperature of

about :185° F. through line 12 into first contactor 10 which is
~ controlled at a pressure of 580 p.s.i.g., a bottom temperature 55

of 185° F., and a top temperature of 220° F. The feed rate is
- 3,000 barr_els per day. The solvent fed through lines 20 and 30

is a mixture of propane and n-butane in which the proportions
are 65 barrels of propane and 35 barrels of n-butane per 100

‘barrels of solvent. | |
The temperature in the bottom of the second contactor 34

is maintained at about 220° F. and the top- temperature in the
~ column at about 224° F. with a pressure of 575 p.s.i.g. Data
representing the operanon are presented in the table belew in
whtch all flow rates are in barrels per day
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30 solution of light gas oil and solvent in said secondary extrac-
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Certain modifications of the invention will become ap-
parent to those skilled in the art and the illustrative details dis-
closed are not to be construed as tmpesmg unnecessary limita-
tions on the invention.

That which is claimed is:

1. A liquid solvent extraction process for separatmg a low"

‘metal content gas oil from a metal contammated tepped crude
- oil which comprises: -

a. mtroducrng a metal contammated tepped crude oil com-

~ prising gas oil and asphalt into a primary solvent extrac-
tion zone wherein said topped crude oil is contacted with

- a solvent.to produce an extract phase comprising a solu-

tion of gas oil and solvent which is essentially free of
__asphalt and a raffinate phase eemprrsmg asphalt and sol--
vent; |

b. separating said extract phase into a solution of light gas
oil and solvent and a solution of heavy gas oil and solvent

by treatlng said extract phase in a secondary extraction
zone, said treatment comprising subjecting said extract
phase to a slightly higher temperature than that present in
said primary solvent extraction zone to produce a two-
phase liquid system; |

c. withdrawing from said seeondary extraction zone a minor
stream of high metal content heavy gas oil and solvent,
and a major stream of low metal centent light gas oil and
solvent; -

~ d. and, thereafter, reeevenng said light gas oil from satd |
-solution of light gas oil-and solvent.

2. The process of claim 1 wherein the temperature of said

tion zone is in the range of 1° to 5° F, higher than the tempera-
ture of said extract phase in said primary solvent extraction
zone. -‘

3. The process of claim 1 wherein the conditions in said
secondary extraction zone are controlled to produce an ulti-
mate heavy gas oil stream in the range of about 2 to 10 volume
percent of said topped crude oil stream, and a metal contentin
said light gas oil, after recovery, of less than 1 part per million.

40 4 The process of claim 1 wherein the metal content of said

tepped crude oil is no less than 20 parts per million.

‘5. The process of claim 4 wherein the temperature in said
prlmary solvent extraction zone is below the critical tempera-
- ture of said solvent and the pressure in said prlmary solvent

45 extractten zone is sufficient to maintain said solvent in quutd |

| | “API -
| - R . - N-bu- Metalas gravity Total

R o - (Gas 0il, Asphalt, Propanc, tane, - - nickel, - at 60° flow,
Line number Deseriptlon | B/Da - B/D - B/D B/D p.p.1. b . F.c B/D

| 5 S S Tepped crude oil plus selvent 20-___- (d) {d) 32 - 176 100 - 18 - 3,600
) 1 S Extract phase column 10_ . __. e 2,475 -0 25,009 13,466 b (4 - 40,950
16 ... Raffinate phase column10._.__.___. (d) 526 341 184 510 7.0 1, G50

20 Solvent. .. ... c———-- c—e 0 0 - 325 175 0 (dy 500
30 e e 0.5 1 T - 0 0 25,026 18,476 0 (d) 38, 500
38 ... Extract phase column 34, .. ____.___ 2,300 -0 24,960 13, 440 0.5 20. 8 40, 700
40 . Raflinate phase column 34_ ___.. e 175 0 490 i 17.2 250)

" aB/D means barre]s (42 gallons/barrel) per day.

bMetal compounds are reported as nickel in parts per m:llmn by weight on a selvent—free baszs

cMeasured with solvent removed..
dNot determined. |
~ ¢“Asphalt” can include gas 011 cempenents

e — w4 == -

TraEmoms s -

It should be neted that treatment of a topped crude oil con-

- tatmng 100 p.p.m. of metal calculated as nickel, in accordance

with the invention, produees as asphalt-free gas oil fraction 38
in whlch the metal content is only 0.5 p-p-m. This cempares

~ with a metal concentration of 5.0 p.p.m. in the asphalt-free gas-
oil stream 14 from the first contactor 10 which has heretofore

Mem—e - LEEN EL mLm AR

phase.

6. The process of claim 5 wherein. said solvent comprises 3

65 to 15 volumes of liquid aliphatic hydrocarbon per volume of

been treated to remove solvent. and fed directly to a eatalytle

~ -cracking zone to convert the gas oil to hydrocarbons boiling in
the motor fuel range. However, operating the catalytic

cracking zone with gas oil of 0.5 p.p.m. metal, as compared 10

with gas oil of 5.0 p.p.m. metal, reduces catalyst eonsumptton |

by apprextmately 50 percent by weight, and permits an in- -

“creased conversion of gas oil to motor fuel by approximately
15

16 percent by volume. Thus, the mven‘tren represents a sub-
stantial contribution to the art. -

topped crude oil ‘and is selected from the group of said

aliphatic hydrocarbons having from three to six carben atoms
per molecule. |

'7 'The process of elalrn 5 wherein the temperature in sald .
prrmary solvent extractlon zone is in the range of 90° te 400°

F.

8. The process of claim 2 wherein said solvent comprises
propane in at least major volume proportion, the temperature

- B e
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of said extract phase in said primary solvent extraction zone is

in the range of 25° to 40° F. hlgher than the temperature of
said raffinate phase which is in the range of 175° to 195° F.
and the pressure in said primary solvent extraction zone 1s suf-
ficient to maintain said solvent in liquid phase. 5

* ¥x %k %k Xk

10

15

20

25

30

35

40

45

50

35

60

65

- 70

75



	Front Page
	Drawings
	Specification
	Claims

