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9 Claims,
1

This. invention relates to. the purification of
naphthenic acids and more particularly is di-
rected to a, method for solvent extracting crude
naphithenie acids to-separate the acids frem the
contained Hydrocarbon oil.,

In the.refining of crude. oils. contamlng naph-
thenje aeids, the. acids are often recovered by
various techinigues in the form of a crude prod-
uct confaining a. relatively large amount of hy-
drocarhon gil. 'The. oil content of such products
may, for instance, range from 25% to 75%.. It
is generally desirable to subject the crude prod-
uct. to- further treatment for the purpose of re-
ducing the oil content and improving the market
value.

The treatment of crude naphfhenic acids by
means of selective solvents capable of preferen-
tially dissolving the naphthenic acids, and with~
out first converting the. acids into their corre-
sponding salts by means of an alkali, is known.
In order to achieve the desired degree of separa-
tion by this type of solvent extraction procedure,
it is usually necessary to.carry out the extraction
in countercurrent. fashion and to utilize reflux in
the operation. Simple batch. extraction or
countercurrent extraction without reflux: gener-
ally will not. effect sufficient, purification.

Aprocess for countercurrently extracting crude
naphthenic agids, utilizing reflux to achieve the
desired. degree of separation, has been described
and, claimed in  McCorquodale Patent No.
2,391,729, | In such process the crude naphthenic
acids are fed into a. countercurrent - extraction
zone, sueh, as a packed columnu, at an intermedi-
ate level. . The portion of the column below the
feed introduction constitutes a raffinate-enrich-
ing section while the portion ahove constitutes
an extract-enriching section, Solvent is fed into
the rafinate~enriching end at the hottom and
flows upwardly through the column countercur-
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withdrawn from the bottem and a portion of it
is, admixed with the incoming solvent and re-
turned to the colimn as reflux for the raffinate-
enriching - operation.. The  saturated . solvent
phase, which is withdrawn from the top, is sent
through a. vaporizer to remove part of the sol-
vent and yieid a naphthenic acids-rich extract
which is essentially saturated with solvent. A
portion ‘of this extract is then returned fo the
top of the column as reflux for the extract-en-
riching operation. Solvent is vaporized from the
remaining extract, as well as from that part of
the raffinate phase not returned as reflux; to ob-
tain the finished products and recover solvent
for re-use ‘
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For successfully practicing the foregeing proc-
ess the solvent employed should have the follow-
ing characteristics: first, it should have prefer-
ential solvency for the napthenic acids; and see-~
ondly, it should not be completely miscible with
naphthenie acids of the purity desired. The sol-
vents which possess these characteristics are ones
which are composed mainly of water-miscible
polar organic liquids. Specific. solvents hereto-
fore proposed for use in the process have been
mixtures of such polar organic compounds with
minecr amounts of water sufficient to render the
mixture incompletely miscible with the maph-
thenic acids, such as the following: (1) methanol
containing at least 12% water by volume; (2) a
mixture composed of 73.5% methanol; 22.7% an-
hydrous formie acid and 3.8% water by volume;
and (3) acetic acid confaining at least 5.7%
water by volume.

Practice of the process of Patent No. 2,391,722
when employing thése multicomponent solvents
is rendered difficult by reason of the fact that
changes in the composition of the solvent tend to
occur during its partial vaporization from the
solvent phase due to the different boiling points
of the components. Accordingly, in order to re-
flux extract material in which the residual sol-
vent has the desired composition, it generally will
not suffice merely to vaporize part of the solvent
from the solvent phase. Usually i} is necessary
first to remove all of the solvent from the extract
s0.that the solvent composition will remain uni-
form and then re-mix part of the recovered sol-
vent -with the extract which is to be refluzed.
This resulls in added expense in conducting the
operation.

The present invention p10v1des an improved
process for - countercurrently - extracting - crude
napthenic acids whereby the refluxing for the
extract-enriching operation. is accomplished in
simplified  manner. The improvement depends
upon the fact, as I have discovered, that the solu-
bility of naphthenic acids in solvents of the fore-
going kind varies considerably with temperature.
Accordingly, the refluxing can be effected inter-
nally of the extraction zone by cooling the sol-
vent phase as it passes through the extract-en-
riching section, thus -eliminating ‘any necessity
for returning reflux from outside the column.

According to the invention the crude naph-
thenic acid feed: and the solvent-are introduced
into the extraction zone in heated:condition so
that countercurrent treatment inthe raffiinate-
enriching section is' done at elevated tempera-
ture. The solvent phase flewing through the ex~
tract-enriching section is then eosled before it
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reaches the outlet to cause a portion of the con-
tained extract to precipitate. The precipitated
extract flows countercurrent to the solvent phase
as reflux for the extract-enriching operation.

The accompanying single sheet of drawings
constitutes a simplified schematic flowsheet iI-
lustrating the invention. Crude naphthenic
acids enter the system through line 10 and are
fed into countercurrent extraction column {1 at
an intermediate level. 'The portion of column
below the point of feed introduction constitutes
the raffinate-enriching section while the upper
part of the columan constitutes the extract-en-
riching section. An elevated temperature should
be maintained within the raffinate-enriching sec-
tion. For this purpose the feed may be passed
through heater 12 prior to entering the column
in order to raise its temperature to substantially
that at which the raffinate-enriching operation is
to be conducted.

Solvent for countercurrently extracting the
feed is withdrawn from storage tank 3 by means
of pump 14 and is sent through line 15 to heater
16. In fhe latter the solvent is heated suffi-
ciently to maintain  the temperature desired
within the raffinate-enriching section. The
heated solvent passes through line 17 and mixer
18 and then is introduced through line 19 into
the column near its bottom. Preferably the sol-
vent enters the columin somewhat above the bot-
tom to provide a zone below the point of intro-

duction for accumulating the raffinate phase and:

maintaining an interface between it and the sol-
vent.

Rafiinate phase, saturated. with solvent settles
to the bottom of column (1 and is continuously
withdrawn through line 28. A portion of it then
passes through line 21 and pump 22 info line
{1, where it meets the heated solvent stream and
is admixed therewith by means of mixer 18,
thence returning to the column. The portion of
raffinate phase recycled in this manner consti-
tutes reflux for the raffinate-enriching operation.
The amount thus refurned should be sufficient to
accomplish the desired enrichment of the raffi-
nate or in other words to reduce the naphthenic
acids content to the desired value.

The remainder of raffinate phase not utilized
as reflux passes through line 23 into vaporizer
24 for recovery of the solvent. From the vapor-
izer the distilled solvent issues overhead through
line 25 and passes through line 26 to condenser
21, from which it then returns to storage tank
13. Oil-rich raffinate is removed from the bot-
tom of the vaporizer by means of line 34.

The solvent phase which flows upwardly be-
yond the point of feed introduction in column
Il is cooled before it reaches the top in order
to produce reflux for the exfract-enriching op-
eration by precipitation of part of the contained
extract. For this purpose a cooling coil 28 may
be provided within the column near the top for
removing heat by means of water or other suit-
able cooling fluid. Alfernatively a plurality of
coolers spaced apart within the extract-enriching
section may be provided in order that heat may
be removed at several different levels. In this
manner a more or less even temperature gradient
between the point of feed introduction and the
top of the column may be maintained, if desired.
In the drawings two banks of cooling coils, 28
and 29, are shown for purposes of illustration but
it is to be understood that any desired number
of coolers may be employed. Also, in place of
having cooling coils within the column, the cool-
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ing may be done by withdrawing liquid from the
side of the column at one or more levels, pass-
ing it through suitable coolers and then introduc-
ing the cooled material back to the column.

The reduction in temperature of the solvent
phase resulting from the cooling causes part of
the contained extract to precipitate and flow back
down the column countercurrent to the upcom-
ing solvent. Sufficient cooling should be done so
that the amount of precipitated extract will pro-
vide the necessary reflux for achieving the de-
sired purification of the naphthenic acids.

The solvent phase leaving the top of column
I passes through line 30 {o vaporizer 31 wherein
solvent is distilled from the extract. The va-
porized solvent flows overhead through line 32
and then via line 2§ into condenser 21, from
which it returns to storage tank 13 for re-use.
Purified naphthenic acids are withdrawn through
line 33 at the bottom of vaporizer 31 as a prod-
uct of the process.

Solvents which may ke used in the above de-
scribed process are of the kind previously dis-
cussed, namely, those composed of at least a
major amount of water-miscible polar organic
liquid and which have selectivity for the naph-
thenic acids but incomplete miscibility with acids
of the purity desired. The most suitable solvents
usually are mixtures comprising a major amount
of such polar liquid with a minor amount of water
sufficient to cause the incomplete miscibility with
naphthenic acids.

In employing this type of solvent I have found
that the solvent phase before it leaves the ex-
traction column should be cooled to at least 25°
F. below the temperature in the raffinate-enrich-
ing section and preferably to a temperature at
least 35° F. lower. Further, the raffinate-enrich-
ing operation should be conducted at an elevated
temperature substantially above room tempera-
ture and preferably at a temperature above 150°
F. If the temperature in the lower part of the
column is maintained within the range 150-200°
., the desired differential temperature may readi-
1y be secured by using cooling water at normal
temperature. Still higher temperatures may be
employed if desired, provided sufficient pressure
is maintained to prevent boiling within the col-
um, but usually no advantage will be gained by
exceeding a temperature of 200° F. Recom-
mended temperature ranges are 150-200° F. for
the raffinate-enriching section and 115-160° F. at
the top of the column, with the temperature dif-
ferential being at least 35° P. As an illustrative
preferred embodiment, temperatures of about 175°
F. in the raffinate-enriching section and about
135° F'. at the top of the column may be used.

Among the various water-miscible polar or-
ganic liquids, methanol is one of the best with
respect to selectivity between the naphthenic
acids and hydrocarbon oil. However, methanol
alone is not suitable for use in the process
due to ifs complete miscibility with naphthenic
acids. The addition of minor amounts of water
to the methanol produces a solvent having both
good selectivity and incomplete miscibility with
the naphthenic acids but reduces the solvency
of the methanol. On the other hand, higher mo-
lecular weight alcohols, such as isopropyl or nor-
mal propyl, containing minor amounts of water
have higher solvency but are poorer with respect
to selectivity between the naphthenic acids and
oil. :

I have now found that mixtures composed of a
major amount of methanol and minor amounts of
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a propy! aleohol and water constitute particular-
ly useful solvents for conducting the process.
The addition of propyl aleohol in amounts not
exceeding about 40% permits a reduction in the
proportion of methanol required and causes the
solvency to increase without adversely affecting
the selectivity to any substantial extent.  As the
propyl aleohol, either isopropyl or n-propyl al-
cohol may be used, although isopropyl is pre-
ferred. Not only is the solvent power improved
but also the heat requirements for recovering the
solvent are decreased by virtue of the lower heat
of vaporization of propyl aleohol as compared to
methanol. Suitable concentrations of propyl al-
cohol and water for solvent mixtures of this type
are, respectively, 10-40%-and 10-25% by weight
of the mixture, the remainder being methanol
which is present in major amount. ' The solvent
mixture most recommended for use in the process
is one having a composition approximately as
follows: about 679% methanol, 23% isopropanol
and 10% water.

Iclaim:

1. In the purification of naphthenic acids by
solvent extraction in a countercurrent extraction
zone comprising an extract-enriching section at
one end and a raffinate-enriching section at the
other, the method which comprises feeding crude
naphthenic acids, containing hydrocarbon oil, in
heated condition to said zone intermediate said
sections, feeding into the raffinate-enriching end
a heated solvent selective for naphthenic acids
but having incomplete miseibility therewith and
composed mainly of a water-miscible polar or-
ganic liquid, flowing the solvent through said
raffinate-enriching section countercurrent to the
feed and thence through said extract-enriching
section, withdrawing from the raffinate-enrich-
ing section end a raffinate phase rich in hydro-
carbon -oil, cooling the solvent phase flowing in
said extract-enriching section to precipitate a
portion of the contained extract, said precipitated
extract flowing countercurrent to the solvent as
reflux for the extract-enriching operation, and
withdrawing solvent phase from the extract-
enriching section end of said zone.

2. In the purification of naphthenic acids by
solvent extraction in a countercurrent extraction
zone comprising an extract-enriching section at
one end and a raffinate-enriching section at the
other, the method which comprises feeding crude
naphthenic acids, containing hydrocarbon oil, in
heated condition to said zone intermediate said
sections, feeding into the raffinate-enriching end
2 heated solvent selective for naphthenic acids
and composed of a major amount of a water-
miscible polar organic liquid and a minor amount
of water at least sufficient to render the solvent
incompletely miscible with the naphthenic acids,
flowing the solvent through said raffinate-enrich-
ing section countercurrent to the feed and thence
through said extract-enriching section, withdraw-
ing from the raffinate-enriching section end a
vaffinate phase rich in hydrocarbon oil, cooling
the solvent phase flowing in said extract-enrich-
ing section to a temperature at least 25° F.
lower than the temperature in said raffinate-
enriching section to precipitate a portion of the
contained extract, said precipitated extract flow-
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ing countercurrent to the solvent as reflux for
the extract-enriching operation, and withdraw-
ing saturated solvent phase from the extract-
enriching section end of said zone.

3. Method according to: claim 2 wherein the
solvent is composed of a major amount of meth-
anol and minor amounts of a propyl alcohol and
water.

4. Method according to claim 3 wherein the .
propyl alcohol is isopropyl alcohol. :

5. Method according to:claim 2 wherein the
solvent is.composed of a major amount of meth-
anol, 10~40% isopropanol and 10-256% water by
weight. -

6. Method according to claim 2 wherein th
temperature in said raffinate-enriching section is
within the range 150-200° F. and the tempera-~ :
ture of the solvent phase after said cooling is
within the range 115-160° F.

7. In the purification of naphthenic acids by
solvent extraction in a countercurrent extraction
zone comprising an extract-enriching section at
one end and o raffinate-enriching section at the '
other, the method which comprises feeding crude
naphthenic acids containing hydrocarbon oil to
said zone intermediate said sections at a tem-
perature of 150-200° F., feeding into the rafliinate-
enriching end at a temperature of 150-200° F.
g solvent selective for naphthenic acids and com-
posed of a major amount of a water-miscible
polar organic liquid and a minor amount of water
at least sufficient to render the solvent incom-
pletely miscible with the naphthenic acids, flow-
ing the solvent through said raffinate-enriching
section countercurrent to the feed and thence
through said extract-enriching section, with-
drawing from the raffinate-enriching section end
a raffinate phase rich in hydrocarbon oil, cooling
the solvent phase flowing in said extract-enrich-
ing section to a temperature within the range of
115-160° F, and at least 35° F. below the tempera-
ture in said raffinate-enriching section to pre-
cipitate a portion of the contained extract, said
precipitated extract flowing countercurrent to
the solvent as reflux for the extract enriching
operation, and withdrawing solvent phase from
the extract-enriching section end of said zone.

8. Method according to claim 7 wherein the
solvent is composed of a major amount of meth-
anol, 10-40% isopropanol and 10-25% water by
weight.

9. Method according to claim 7 wherein the
solvent is composed of about 67 % methanol; 23%:
isopropanol and 10% water by weight, the tem-
perature in the raffinate-enriching zone is about
175° P. and the solvent phase is cooled to a tem-
perature of about 135° F. before leaving the ex-
tract-enriching section end. : ’

EARL M. HONEYCUTT.
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