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- Delaware . . :
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14 Claims. (Cl 208—211) .

This invention relates to a new and better process for
hydrofining hydrocarbons boiling in-the gas-oil range to
improve their catalytic cracking characteristics and lower
sulfur content in the oil and relates more particularly to
a process in which aromatics in the hydrocarbon: feed
are separated from. naphthenes by extraction with a suit-
able solvent and the aromatic fraction is hydrofined to
convert a substantial portion of the aromatics to naph-
thenes. It is thus possible to greatly increase the total
conversion of aromatics to napthene ring compounds, a
very desirable conversion since much lower carbon and
dry gas yields are obtained in cracking napthene ring

able to treat kerosene, jet fuel or diesel fuel fractions in
this manner to lower the aromatics content and thus im-
prove their burning characteristics.

Hydrofining is defined as an operation in which petro-

leum hydrocarbons are contacted with hydrogen in the
presence of a catalyst usually cobalt molybdate on alu-
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compounds than in cracking aromatics: - It ‘is:also desir— -
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mina or molybdenum oxide on alumina. at pressure of __

less than about 1600 p.s.i.g. and: temperatures of less than
about 800° F. in order to improve their quality or to pre-~

30
pare them for further processing. The reactions taking - -
place under these conditions are desulfurization, removal

of nitrogen and/or oxygen and hydrogénation of wun-

saturated compounds. The combined results of all these
reactions and a characteristic of the hydrofining process
is the net consumption of hydrogen oceurring therein,
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-In.the hydrofining of hydrocarbon fractions ‘bojling in-
the gas oil boiling range it is known that one of the most -

important reactions that occurs is the conversion of aro- - -
matics to napthenes. As large ‘a conversion as possible”

is desirable because of the much lower carbon, and dry
gas yields obtained in the catalytic cracking of a low aro-
matic content gas oil. Unfortunately, the amount of aro-
matics conversion is quite low ‘with ‘most feedstocks.
Corsequently, conventional gas oil hydrofining frequently
resorts to- rather severe reaction conditions in order to
reach low product sulphur levels and thereby realize proc-
ess credits from lower sulphur. content of the products
from cracking the hydrofined gas oil. ~ In fact, with some
gas oil feeds regeneration of the catalyst every several
weeks, rather than not at all as is the case ordinarily in
hydrofining, is practiced to reach low sulphur levels. - If
it were possible to achieve a higher degree of aromatics
conversion, such anoperation would -not only have di-
rect process credits but in addition there would be. less
need to reach low sulphur levels and hence less severe
reaction conditions might be employed. R

According to the present invention it has been found
experimentally that -at. any given pressure the product
from hydrofining has the same naphthene/aromatic ratio
regardless of the naphthene/aromatic ratio of the feed
stock. The following table presents. laboratory data obs
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PRODUCT NR/AR REACHES EQUILIBRIUM -

’ [HDS pressure, p.s.l.g.}

400 | o0 | 1600

Feadstock Feed o

. NR/AR 5

Product NR/AR - :

Bachaquero...................__ 10| 0.68 {...._. i.04
West Texas Gas Oil._. 1,05 0,83 0,94 1.05
Hawkins Vir, Gas Oil..._.___._..__ . 0.84 0. 85 0.76 1,00
Hawkms Coker Q. O 0.30 0.69 0.86 1.07

It can thus be seen that the aromatic naphthene reac-
tion in hydrofining gas vils, which can be represented a$
Ar+Hp=NR, is reversible and that it reaches an equilib-
rium value détermined by the pressure on the system,
By the present invention the desirable hydrofining con-
version of aromatics to naphthenes is increased by mini-
mizing the concentration of naphthenes in the feed to the
hydrofining reactor. ““This is accomplished by extracting
the aromatics in the feed ‘with a suitable solvent such as

-+ phenol, furfural, propane, etc., and feeding only the aro-

matic extract after removal of the solvent, to the hydro-
fining step. The untreated raffinate may then be recom-

- - bined with the hydrofinate and the combined stream sub-

jected to catalytic cracking or the raffinate and the hydro-
finate can be separately-treated and/or used. The over-
all aromatics conversion' by this operation is substan-

-+ ~tially  highef than would be obtained by the conventional
- hydrofining of the entire gas oil feed. In one embodi-
.ment of this inventjon the combined stream is then passed
“.to a catalytic cracking process in which the heavy feed
‘felatively low in aromatics is converted into desirable
lighter components, i.e. high octane gasoline and fuel oils.

In another. embodimeént a relatively marrow boiling
range fraction, ie. 325°2550° F., 350°-650° F., 350-
675° F. or 350°-800° F. cut is treated with a suitable

“solvent to extract a major proportion of the aromatics to
‘give a low aromatics raffinate suitable, with or without
‘additional treatment such as the usual chemical treat-

ments or hydrofining, for use as a premium diesel or jet
fuel and an-aromatics-rich extract which is hydrofined .tg
convert a substantial proportion of the aromatics to
naphthenes. The hydrofinate may then be charged to a
catalytic cracking unit or, if desired, recycled in whole
or in part to the extraction step.

The invention will be more fully understood by refer-
ence to the accompanying drawing in which the extrac-
tive hydrofining process is illustrated diagrammatically,
Gas oil feed or a narrow boiling cut within the gas oil
boiling range is introduced through line 1 and phenol
through line 2 to extractive -column 3, valve 4 being

: closed. - From the top of column 3 the naphthene-rich
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tained with a small hydrofining unit operating at 725° F.

raffinate is passed through line 5, furnace 6 and line 7 to
distillation column 8. From column 8 the major part
of the phenol in the raffinate passes overhead through
line 9 to phenol recovery and the naphthene-rich gas oil
raffinate passes through line 18 to steam stripper 41. The
raffinate is discharged from stripper ‘11 via line 12 and
may be passed via line 41 to outlet line 42 and thence to
raffinate product storage (mot shown). If further treat-
ment of the raffinate is desired, it may be passed from
line 12 via valved connection 43 to raffinate treater 44
where it can be subjected to any desired chemical treat-
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ment such as further extraction with the same or 2 dif-
ferent solvent, acid or caustic-washing or to hydrofining.
The treated raffinate is discharged via line 45 to raffinate
outlet line 42. If treated or untreated raffinate is to be
combined with the hydrofined extract as described below,
outlet line 42 can be closed and the raffinate transferred
through line 46 to line 40.

From the bottom of extractive column 3 the aromatic-
rich extract passes through line 13 to separation column
14. A heavy reflux is maintained in the upper part of
the column and a heavy reboil is maintained on the lower
part of the column so that operating temperatures of
about 200° F. in the upper section and 600° F. in the
lower section of the column are obtained. Phenol passes
from the top of the column through line 15, condenser
16 and line 17 to phenol receiving drum 18 from which
reflux is maintained through line 19 and from which
pheriol is returned to line 2 through means not shown.
From the bottom of column 14 the aromatic-rich gas oil
passes through line 20 to furnace 21 from which part of
the stream is returned to column 14 through line 22
and the remainder is passed through line 23 to steam
stripper 24 where traces of phenol are stripped from the
oil and passed overhead and the stripped aromatics-rich
gas oil is passed from the bottom of the column through
line 25 to hydrofiner reactor 26. Hydrofiner reactor 26
contains a cobalt molybdate on alumina or a molyb-
denum oxide on alumina catalyst. The cobalt molyb-
‘date on alumina catalyst may contain about 1 to 8% co-
balt oxide, 5 to 20% molybdenum oxide, and the re-

Case 1~Conventional HD8:
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fined extract product storage. As indicated above, the
raffinate may be combined with the hydrofined extract
product in line 40 and the mixture then passed to prod-
uct storage or this combined stream may be passed to
conventional catalytic cracking where this heavy feed is
converted into desirable lighter components, ie. high
octane gasoline and fuel oils. If desired, hydrofinate
may be recycled through line 41, valves 39 and 4 being
partially opened, to gas oil feed line 1, thus securing
still higher aromatic conversion and, of course, lower
sulfur content of the hydrofinate. Ordinarily with or
without recycle, sulfur contents of the recombined prod-
uct will meet specifications required for feeds to cracking
especially in view of the lower coke and gas forming prop-
erties of this much higher naphthene content-product.
However, if it is necessary or desired to lower sulfur con-
tent further, this naphthene-rich fraction may be separate-
ly hydrofined in treater 44 as described above. The ad-
vantage of the ‘present process is not thus lost if it is
necessary to hydrofine the raffinate. Lower temperatures
and a milder treat are used so that the reversible aro-
matic conversion reaction does not proceed and force
conversion in the wrong direction.

The advantages of the present process can be illustrated
by the following comparison of results obtained with a
Bachaquero gas oil having an aromatic/naphthene ratio
of 21/18. Hydrofining is carried out at 650° F. and
800 p.s.i.g. under which conditions the equilibrium aro-
matic/naphthene ratio is 1.35. Extraction efficiency is
75%.

2 A% 288 A%, 2105 aromatios convenon
e - n 3
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mainder alumina. The hydrofining reaction is conducted
at temperatures of 600° F, to 900* F., preferably 650°
F. to 750° F., pressures. of from 200 psig to 1600
p.si.g., preferably 400 ps.i.g. to 800 psig., and in the
presence of recycle gas supplied at rates of from 200 to
6000 s.c.f./barrel of liguid oil feed, preferably 500 to
1500 s.c.f./barrel. If it is desired to also hydrofine the
raffinate the reaction can be carried out in treater. 44 un-
der the same general conditions outlined but at somewhat
lower temperatures, fe. as low as about 500° F., and
preferably at about 550° F~650° F.

- From hydrofiner reactor 26 the products are passed
through line 27, cooler 28 and line 29 to separator drum
30 where the hydrofiner tail gas is passed out from the
system through line 31. Through line 32 liquid hydro-
finate is passed to steam stripper 35. Hydroformer tail
gas or other hydrogen-rich treat gas is fed through line
33 to compressor 34 where it is raised to ‘hydrofiner re-
actor pressure and is then passed through line 36 to ‘the
hydrofiner. Liquid hydrofined gas oil leaves the bottom
of stripper column 35 and is passed through. line 38 past
closed valve 39 fo outlet line 40 and thence to hydro-
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Thus, it can be seen that aromatics conversion to naph-
thenes can be increased by the present process without
recycle 63% and with recycle 117.5%. It should fur-
ther be noted that the same increase in aromatics con-
version can also be obtained even if the raffinate is not
combined with the hydrofined extract product.

In order to more fully explain the invention, the fol-
lowing examples are set forth with the understanding
that they are merely illustrative of the invention and
that the invention is not restricted to the specific details
enumerated therein.

Example 1

A 13.4> API specific ‘gravity 870/1100° F. vapor tem-
perature normal cut range Bachaquero gas oil feed con-
taining 2.67 wt. percent sulfur is combined with 70 vol-
ume percent of phenol based on the gas oil feed, and
the mixture is sitpplied to an extractive distillation column
operating .at 150° F. and 10 p.sig. All of the towers
in the extraction system are maintained at a common 10
p.sig. pressure 75% of the gas oil feed tothe column
passes-overhead and 25% of the gas oil is separated or
removed with the phenol and, passes from: the bottom of
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the colums. By this separation 75% of the total aro-
matics in the gas oil feed are concentrated'in the extract.

The raffinate from columi 3 containing 1.49% sulfur
and baving a specific gravity of 20° API is passed to
column 8 at a temperature of 600° F. In column 8
phenol is separated overhead and the gas oil passes from
the bottom of the column, is steam stripped in column 11,
and then is passed through line 12 to rejoin the hydro-
finate. The extract from column 3 containing 5:65 wt.
percent sulfur and having a specific gravity of —3.3° API
is passed to separation tower 14 wherein reflux and reboil
ratios are maintained so that a temperature at the top of
the tower of 220° F. and a temperature at the bottom. of
the tower of 600° F. are obtained. Steam stripper 24
is operated at a temperature of 600° F., Hydrofining is
conducted at 650° F. and 800 p.s.i.g. with a cobalt oxide-
molybdenum oxide catalyst. This catalyst contains 3%
cobalt oxide and 12% molybdenum oxide supported on
granular gamma alumina in the form of 1" pills. A
0.5 volume of oil/volume of catalyst space velocity is
employed, and 770 s.cf. of hydroformer tail gas per
barrel of feed are supplied as treat gas. The steam
stripper 35 operates at a pressure of 100 psig., and a
temperature of 410° F. Leaving the steam stripper, the
hydrofined product contains 0.5 wt. percent sulfur, a
45.6% conversion of aromatics to naphthenes having been
obtained. The hydrofinate when recombined with the
naphthene-rich raffinate separated out in the extraction
column 3 contains 1.23 wt. percent sulfur and contains
only 13.8% aromatics.

Example 2

A 350°-550° F. boiling range kerosene fraction is com-
bined with 70 volume percent of phenol and supplied to
an extractive distillation column. The raffinate is taken
overhead and after steam stripping to remove residual
phenol is svitable for use directly as a low smoke point
fuel. The extract removed from the bottom of the
column is stripped of phenol and then hydrofined at about
650° F. and 800 p.s.i.g. in admixture with about 800 cu. ft.
of hydrogen-rich treat gas per barrel of aromatics-rich
extract and in contact with a cobalt oxide-molybdenum
oxide . (cobalt molybdate) catalyst at about 0.5 space
velocity to convert about 35-45% of the aromatics to
naphthenes,

Example 3

A lubricating oil stock is subjected to solvent extraction
under conventional conditions. The raffinate, freed of
residual amounts of solvent is blended to motor oil. The
extract is freed of solvent and subjected to hydrofining
under the conditions as described in Example 1. The
hydrofined extract is suitable for charging to a catalytic
cracking unit for conversion to high octane number gas-
oline and fuel oil without yielding excessive amounts of
coke and dry gas as would be the case if the untreated
extract was charged to the catalytic cracking unit.

This application is a continuation-in-part of my ap-
plication Serial No. 631,784, filed December 31, 1956, on
“Improved Treatment of Hydrocarbon Oils.”

It is to be understood this invention is not limited to
the specific examples above which have been offered
merely as an iHustration and that modifications may be
made without departing from the spirit of this invention.

What is claimed is:

1. An improved method for upgrading hydrocarbons
boiling in the gas oil boiling range which comprises ex-
tracting aromatics in the gas oil boiling range feed with a
suitable solvent, stripping residual solvent from-the raffin-
ate to produce a low aromatics content raffinate stream,
removing and recovering solvent from the aromatics-rich
extract, passing the solvent-free extract into a hydrofining
zone charged with an active hydrofining catalyst operating
under conditions so as to obtain substantial conversion
of aromatics to naphthenes of temperatures of from 600°
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6 o
to 900° F., pressures of from 200 ps.i.g. t0'1600 p.si.g,
and in the presence of hydrogen-rich treat:gas supplied at
rates of from 200 to 6000 s.c.f./barrel of liquid oil feed.

2. The process as defined in claim 1 in which the raffin:
ate is further treated to improve its characteristics by
acid washing. , o o

3. The process as defined in claim 1 in which the raffin-
ate is further treated to improve its characteristics by
caustic washing. : o

4. The process as defined in claim 1 in which the raffin-
ate is further treated to improve ' its characteristics by
treatment in contact with a hydrofining catalyst at tem-
peratures of about 500 to 650° F., pressures of from. 200
to 1600 p.s.i.g. and in the presence of hydrogen-rich treat
gas supplied at rates of from 200 to 6000 s.c.f./barrel of
lignid oil feed.

5. An improved method for upgrading hydrocarbons
boiling in the gas oil boiling range which comprises ex-
tracting aromatics in the gas oil boiling range feed with a
suitable solvent, stripping residual solvent from the raf-
finate to produce a low aromatics content raffinate stream,
removing and recovering solvent from the aromatics-rich
extract, passing the solvent-free extract into a hydrofining
zone charged with an active hydrofining catalyst operating
under conditions so as to obtain substantial conversion
of aromatics to naphthenes of temperatures of from 600°
to 900° F., pressures of from 200 p.si.g. to 1600 p.s.ig.
and in the presence of hydrogen-rich treat gas supplied at
rates of from 200 to 6000 s.c.f./barrel of liquid oil feed,
separating the liquid hydrofined material from the nor-
mally gaseous materials and recycling at least a portion
of the liquid hydrofined products to the soivent extraction
step. -

6. The process as defined in claim 5 in which the raf-
finate is further treated to improve its characteristics by
acid washing.

7. The process as defined in claim 5 in which the raf-
finate is further treated to improve its characteristics by
caustic washing,

8. The process as defined in claim 5 in which the raf-
finate is further treated to improve its characteristics by
treatment in contact with a hydrofining catalyst at tem-~
peratures of about 500 to 650° F., pressures of from 200
to 1600 p.sd.g. and in the presence of hydrogen-rich treat
gas supplied at rates of from 200 to 6000 s.c.f./barrel of
liquid oil feed.

9. An improved process for the hydrofining of hydro-
carbons boiling in the gas oil range which comprises ex-
tracting aromatics in the gas oil feed with a suitable
solvent, recovering the solvent from this extract, passing
this solvent free extract into a hydrofining zone charged
with an active hydrofining catalyst operating under con-
ditions so as to obtain substantial conversion of aromatics
to naphthenes of temperatures of from 600° to 900° F.,
pressures of from 200 p.s.i.g. to 1600 p.s.i.g., and in the
presence of treat gas supplied at rates of from 200 to
6000 s.c.f./barrel of liquid oil feed, and recombining the
raffinate from: solvent extraction with the hydrofined
solvent free extract thus obtaining an increased conver-
sion of aromatics to naphthenes for the total feed pro-
cessed.

10. An improved process for the hydrofining of hydro-
carbons boiling in the gas oil range which comprises ex-
tracting aromatics in the gas oil feed with a suitable
solvent, recovering the solvent from this extract, passing
this solvent free extract into a hydrofining zone charged
with an active hydrofining catalyst operating under con-
ditions so as to obtain substantial conversion of aromatics
to naphthenes of temperatures of from 650° to 750° F.,
pressures of from 400 p.sig. to 800 psig., and in the
presence of treat gas supplied at rates of from 500 to 1500
s.c.f./barrel of liquid oil feed, and recombining the raf-
finate from solvent extraction with the hydrofined solvent. .
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frap oxteast-thus obtaining an.inereased conversion of aro-
atios 4o.naphthenes for the total feed processed.

11. ‘Fhe process as-in-claim 9:in-which-the solvent nsed
for exiraction is phenol.

112, The progass as.in.claim 9 in which the solvent used
for extraction is furfural. g

13. The process.as in claim 9 in which the solvent used
for extraction:is:propane.

14, The process as in claim 9 in which the .gas ‘eil s
comtacted with about 70 volume percent-of phenol based
on the feed -at m temperature of about 150° F, and a
pressure .of -about 10 :ps.i.g. to produce a raffinate con-
taining -about 75% of the feed -and an extract fraction

10

' B8
containing about 25% of the feed in which about 75%
of the aromatics in the total feed are concentrated.
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