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-This invention 1e1ates to a process for the
Tecovery and purlﬁcatmn of naphthenic ‘acids.

Crude naphthenic acids obta1 edvrrom alkaline
sludges arising during the refining of petroleum
fractions, shale oil fractions, coal tar and its frac-
tions or obtained by synthes1s such as by uhe
_oxidation of petroleum naphthenes, contam im-
purities which tend to detract from thelr com-~
mercial value. Therefore in order to produce
naphthenic acids of high market value it is neces-
sary to remove these: 1mpur1ties therefrom '

Processes are known. which, relate to the re-
moval of phenols from naphthemc acids after
,both have been hberated 51mu1taneously from the
various alkaline resuiues arising in_the reﬁmng

_esses no provisions are made for the 1emoval of
. the unpurtles hereinafter mentloned f1om the
. phenol -free naphtheme ac1ds
The impurities which are oftentimes associated
with the naphthenic acids and, whmh 1mpa1r their
value are unsaponifiable matenals such as; high
~molecular weight. hydrocarbon“o_rls, asphalt -like

substances such as bitumens, asphalt resins, wax
. and wazx-like bodles, and various other hydro-~

carbons contammates as well as h1gh molecular ’

,Welght fatty ‘acids and. hydroxy acids. Tt is
obvious that all of these 1mpur1t1es are not neces-
sarﬂy present in all naphthemc acids, however

in general hydrocarbon impurities are present. in,.¢
In any event, no matter

substantial: quantities.
,Wh1ch one or ones of the partlcular impuri 1t1es are
present they will unfavorably influence the com-

. mercial de51rab111ty of . the naphthenic ar*lds
The term “naphthenlc a01ds” as used he1 ein is

_intended to be genefic. and. not limited to ‘any’

. partlcular kind of naphthemc ac1ds derived from
any partlcular cmde 011 or. any spemﬁc methods
. of. isolation thelefrom

Naphthenic acids are . generally - considered o ¢
be mono-carboxyhc acids. contammv at least one’

cycloparaﬁin ring. . However, ‘the term as used
,hereln is meant to . mclude a1l of the naturally
occurring carboxylic acids. found in petroleum

“TThis broad interpretation is employed in order. 4
to include the ‘Tower molecular welght “naph—"

" ‘thenic acids” which are thought by some investi-
gators to be saturated open branched.chain car-
boxylic acids. The term “naphthemc aclds” is

also meant to include the synthetic oil- soluble,

acids produced by the. oxidation of naphthemc .

fractions.of petroletim. ‘Such’synthetic amds may
e readily. produoed by the’ 11qu1d phase oxida-
ne, 5. oil of like fractions of

- petroleum . wlth alt

. ,tlother oxygen-contammg__;,

oli-soluble carboxyhc
non with the naturally
s, the polyvalent metal

1 method of recovery. of
eum:- or- other . frac-

uon nthetlc naphthemo

10 acids, from hydrocarbou oxidates, the fraction or
idate rashed

1_5 met
_of petroleum- fractions, however, in these proc~

35 “tween about 19

3

b . aqueous alkali’ metal
) preferably sodium- hy-
bonate, solufion o extract
in the f form of their alkali
soap, aps- afe preferent1a11y
Soluble in the aqueous phase and are separated
_irom the extracted oil or. idate by decantation.
r1“‘he rude naphthenlc acids. may be- obtained

‘from hiese aust extracts by. ac1d1ﬁcat1on with

ulfurlc. acid, hydrochlorlc

ap! €.
and about 4% or more of hydro-
carbon oil. That theoil 1s firmly held by the soap

B celles _of the soap Further ewdence of the

: effect ‘of ”the naphthenate
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naphthenic acids. Solvents other than petroleum
solvents such as alcohols and the like have also
been employed, however by such means alone it
has not heen possible to ohitain a naphthenic acid
free of hydrocarbon oil. Other methods which
have been employed for the removal of the im-
purities described include steam distillation of
the caustic extract to vaporize the hydrocarbon
oil leaving an aqueous solution of soaps as a
residue. This process has many disadvantages
including the serious foaming of the still charge
and the tendency for the sodium naphthenates to
oxidize, decompose and/or polymerize during the
heating period, S :

Another method of purification of the naph-
thenic acids comprises the decomposition of the
soaps with & mineral acid to yield a water-sol-
uble alkali metal salt such as sodium sulphate,
sodium chloride or the like, depending upon the
mineral acid employed, and the free naphthenic

‘acids containing the above-mentioned impuri-

ties.. These crude naphthenic acids are subse-
quently treated by extraction with a suitahle
solvent to effect the separation of the impuri-

ties from the acids. Solvents for this extraction -

are not particularly efficient and, moreover, a
great deal of difficulty is generally encountered
in this method of treatment due to the formation
of comparatively stable emulsions in the various
stages of the process. Thus in the cracking-out
of the alkali soap with the mineral acid thorough
agitation is necessary which often gives rise to a
very stable emulsion.  ‘Similarly, the residual
water remaining in the acid during subsequent
stages of the treatment gives rise throughout to
emulsion difficulties.

Other refining- processes have included the
steps of acidification- of the caustic extracts,
dilution of the erude acids thus obtained with
light petroleum solvent, extraction of the diluted
solution with caustic, separation of the aqueous
soap solution, acidification of the soap solution
to release the naphthenic acids and distillation of
the released naphthenic acids, “This process al-
though apparently desirable in that it furnishes
a de-oiling step has notf been commercially feas-
ible because of the formation of extremely stable
jelly-like emulsions in the step of extracting the
diluted erude naphthenic acid solution with cau-
stic solution. Emulsions obtained in this man-
ner have not been successfully broken with the
various deemulsification agents available for such
burposes and in fact the emulsions have been ob-
served to remain stable over periods of several
weeks. o ’

It is therefore an object of this invention to
separate naphthenic acid from crude naphthenic
acld stocks containing any of the above named
impurities, and in doing so to obtain a naph-
thenic acid product bossessing improved char-
acteristics with respect to color, odor, viscosity
oil content and the like. :

More specifically it is an object of our invention
to accomplish. this purification of naphthenic
acids by a method which eliminates the normal
emulsion difficulties incurred in such purifica-
tion and at the same time effects a greater de-
gree of purification than normally accomplished.

Other objects and advantages of our invention
will become apparent to those skilled in the art
as the description thereof proceeds.

We are able, by means of the process of our
invention, to continuously recover and purify
naphthenic acids as a_result of the fact that we
have discovered a method whereby it is possible

1

4

to effect such purification in the absence of emul-
slon difficulties. The efficiency of our process
depends upon the essential elements thereof.
The first of these is the cracking of the naph-
thenate soaps, normally resulting from the treat-
ment of naphthenic acid-containing fractions

. with a caustic solution, by treatment of these
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soaps with a mineral acid sueh as sulfuric acid,
hydrochloric acid or the like to yield g naph-
thenic acid fraction. This is g necessary ele-
ment of our invention inasmuch as we have
found that the treatment of the alkali metal
soaps themselves by the methods described is
relatively ineffectual due to the retention in the
soaps of the various impurities as above pointed
out. The second and related element of our in-
vention comprises the purification of these free
acids under conditions of comparatively high
temperatures and pressures which has the effect
of preventing the formation of emulsions during
the course of the purification and at the same
time providing highly efficient removal of the
undesirable constituents. It is therefore, under-
stood that both of these elements are related and
in combination with each other constitute the
essence of our invention.

We have found that if purification of the
crude naphthenic acids is carried out at tem-
peratures in the range of from about 150° F. to
about 356° F. and at pressures in the range of
about 100 pounds per square inch to about 250
pounds per square inch that emulsions are not
formed in the various refining steps  set forth
hereinbelow. - In most cases these pressures may
be induced in closed systems by the temperatures
employed in the operation due to the vapor pres-
sures of water and other solvents employed but if
it is desired to employ pressures in excess of the
vapor pressure of the constifuents at the tem-
peratures of operation this added pressure may
be created by the use of a relatively inert gas
such as nitrogen or the like, or by the use of
feed pumps and back-pressure valves as would
ke understood by those skilled in the art.

Operating under the conditions as above de-
scribed we may purify the acids by various meth-
ods depending upon the degree of purity desired.
The first of these methods involves the treat-
ment of the acid fraction; obtained by acidifica-
tion of the soaps, with water at the high tem-
peratures and pressures mentioned to effect the
removal therefrom of the residual mineral acid
remaining after the acidification. The water
and naphthenic acid phases from this treatment
may be then separated by conventional means
such as settling or centrifuging to yield a crude
naphthenic acid containing an appreciable quan-
tity of residual impurities. If desired, this simple
water extraction may be repeated one Or more
times fo insure the complete removal of min-
eral acid without danger of emulsification. This
process does not effect the removal of the various
hydrocarbon contaminates but results in a naph-
thenic acid free of mineral acid and may be
simply accomplished, in the absence of emulsion
difficuities, by carryihg on the water extraction
under the condifions of temperature and pres-
sure disclosed. . . .

If more complete purification is desired, an-
other and more effective method may be employed
which involves the dilution of the acids, after
splitéing of the alkali metal soap, with a light
gasoline or naphtha. fraction boiling below the
Dboiling' range of the naphthenic acids. Caustic
eXxtraction of the gasoline solution of the crude



naphthenic acids resuifs in the yemoval of the
naphthenic acids in the form of soaps leaving a
gasoline solution of the 6il or unsaponifiable ma-
terial originally associated with the crude naph-
thenic acids. The soap phase contains smail
amounts of “dissolved” gasoline and extremely
small proportions of the unsaponifiables orig-
inally present. The ratioof zasoline to the higher
hoiling unsaponifiable in the soap phase is simi-
ldar to the corresponding ratio in the gasoline so-
Jution of crude acids. Acidification of these soaps
with mineral acid, separating the dgqueous phase
containing the alkali metal salt thus formed from
the released naphthenic acids and removing re-
sidual salts and mineral scids from- the naph-
thenic acids by water washing results in the pro-
duction of & naphthenic acid coritainifig low hoil-
ing hydrocarbon imputities (gasoline’ solvent)
which may be separated therefrom if desired by
means of simple fractional distillation.

It is important that the dilution and subse-
quent extraction steps outlined hereabove be car-
ried out at elevated temperatires and pressures
in order to obiain highest efficiencies and more
particularly to avoidthe formation of stable emul-
sions. These operations carried out at ordi-
nary temperatures and pressures invariably re-
sult in the formation of emulsions which fail tc
stratify even after long penods of ‘settling.

A third snd preferred method -of purifica-
tion embodies the elements of-the above described
method with the addition thereto of the added
step of acid-treating the gasoline diluerit=naph-~
thenic acid solution to remove therefrom the res-
inous or asphaltic imipurities<in the crude ngph-
thenic acid ‘thereby preveriting gny occlusion of
‘these impurities upon’ resaponification of the
naphthenic acid.

The wide flexibility of our invention wmay he
appreciated from the foregolng descrlptlon of
some of the-methods of ‘procedure- which may be
employed if the two primary elements of the in-
vention are adhered to, namely, the splitting of
the ‘alkaline naphthenate soaps piior to purifi-
cation and the operation of the subsequent puri-
‘ication at sufficiently ‘igh temperstures and
pressures to ‘prevent the formation of difficultly
separable emulsions 'in- the ‘process. Over and
-above the flexibility "permissiblein the purifica-
tion -according to ‘the present: method “other ad-
vantages ‘acerue “which serve to “emphasize the
novelty and effectiveness of olr invention. Pri-
mary among ‘these advantages is the ability, in
the absence of emulsion difficuities, to operate the
process on & continuocus’ basis which is consider-
ably ‘more ‘efficient than batch<wise methods of
purification. Further, wehave: found that we are
able to obtain acids of 2 highér degree of purity
than are ordinarily obtainable, by “the conven-
tional purification “methods.

The process of this invention may bemors fully
‘understood ‘by reference “to “the “accompanying
drawing which ‘niot .only:shows “the” “eleriients of
the invention but further illustrates the flexibility
of the process which is susceptible of considerable
modification depending .upon the desired grade
or purity of naphthenic acid.

In the drawing:-the naphthenic-acid-containing
-petroleum fraction’ is ‘withdrawn from storage
“tank 10 by means of line' l-eontr clled by-valve 12
and is pumped by pump ‘13 “into ‘manifeld 4.
-Simultaneously caustic’ such-as sodium hydroxide
.is withdrawn from storgge $aak 15 by means: of
line ' {6 controlled -by ‘valve :F1cand-is<pumbped-by
ipump {8:into line’ 4 wherein it dsintermingléd”
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with the petroleum fraction, the mixture passmg
through mixing valve 9 into settler 26. In this
manner the naphthenic acids in the petroleum
fraction are converted to their corresponding so-
dium soaps which settle to the bottom of settler
20 the hydrocarbon phases being removed from
the upper portion of settler 28 by means of line
21, It is understood that the method of extrac-
tion is not a critical feature of our invention inas-
much as any method of recovering the naph-
thenic acids from fractions in whieh they are con-
tained may be employed.

The crude sodium naphthenste is withdrawn
from the bottom of settler 20 by means of line 22.
Sulfuric acid is withdrawn from stordge tank 24
by means of line 25 controlled by valve 28 and is
pumped by pump 27 into line 22 wherein'it con-
tacts the crude sodium naphthenate solution, the
mixture passing therefrom through line 28 and
mixing valve 28 into heat interchanger 38. In
the interchanger 28 the mixture is heated by
means of steam or other vapor or liguids intro-
duced into the interchanger by line 3{ and rve-
moved therefrom by line 382, to a temperature in
the range of about 150° F, to 350° ¥

The entire operation both prior to and subse-
quent to the point of heating is carried out under
a pressure of from 100 to 250 pounds per sguare
inch. However, such a pressure in itself appears
to be insufficient to prevent the formation -of
emulsions in subsequent stages of the operation
but if such pressures of operation are combined
with the use of relative high temperatures, the
emulsion difficulties are overcome.

The mineral acid-naphthenate mixture which
at this point has atleast partially reacted to form
sodium sulfate, water and naphthenic -acids is
withdrawn from the interchanger 30 by means of
line 33 and is introduced into settler 34 wherein
the aqueous sodium sulfate settles to the bottom
and is drawn off by means of line 35 controlled
by valve 36. The naphthenic acid phase is with-
drawn from settler 34 by means of line 37 con-
trolled by valves 38 and 38.

In the preferred method of -operation valve 38
is .closed and the naphthenic acid passes from
line 37 through valve 38 into line 49. A light
gasoline fraction is withdrawn from storsge tank
42 by means of line 43 controlled by -valve 44
and is pumped by pump 45-into line 40 and is
injected together with crude naphthenic acids
into settler 46. This hydrocarbon diluent may
be any comparatively low boiling naphtha such
as one boiling below about 350° F. and prefer-
ably bélow about 300°F. This low boiling naph-
tha has the effect upon solution of the naphthenic
acids therein of diluting the impurities which are
contained in the naphthenic acids. Residual
water remaining with the naphthenic acids is
withdrawn from the bottom of setiler 4§ by means
of line 47 controlled by valve 48,

The naphthenic acid-light hydrocarbon solu-
tion is withdrawn from the top of settler 48 by
means of line 49 controlled by valve 58 passing
therethrough into line 5{ controlled” by valves
52 and '53. At this point alternative:methods of
procedure may again be followed, in-one method
the sulfuric acid refining of ‘the gasoline-naph-
thenic acid solution is employed and in the cther
method the sulfuric acid refining step is bypassed.
If-valve 52 is closed the-gasoline-naphthentic acid
solution is passed -through valve 53 into line 54.
Sulfuric acid is ‘withdrawn from storage tank 56
by -means-of line 51, controiled by valve 88 and
is‘pumpéd- by ‘pump~59-through line*60°into line
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54 and is passed together with the gasoline-
naphtenic acid solution into settler 62. The
sulfuric acid employed in the initial phase of the
Drocess to acidify the sodium naphthenate soaps
and the sulfuric acid employed at this point of
the operation may be of the same or different con-
centrations; that is, the refining process as car-
ried out on the light hydrocarbon-naphthenic
aeid solution requires an acid of high concentra-
tion such as approximately 75% or higher, where-
as, the acid employed in the cracking of the
soaps may even be less concentrated such as in
the range of 50% to 90% or higher.

In settler 62 a phase separation takes place
between the sulfuric acid sludge and the hydro-
carbon solution of naphthenic acids. - The acid
sludge phase will contain the resinous and asphal-
tic impurities originally contained in the naph-
thenic acid leaving in the gasoline solution only
the high boiling hydrocarbon impurities. The
acid sludge is removed from the bottom of set-
tler 82 by means of line 63 controlled by valve
§4. The acid-treated gasoline-naphthenic acid
solution is withdrawn from the top of settler
62 by means of line 65 controlled by valve 68
-and is passed via line 67 into centrifuge 68. In
centrifuge 68 the residual sludge is separated
from the hydrocarbon-naphthenic acid solution
and is removed from the centrifuge by means of
line 68.

The centrifuged naphthenic acid-hydrocarbon
solution is withdrawn from centrifuge 68 by
means of line 70 controlled by valve T{ and is
passed into Iine 72. It is at this point in the
process that the efluent from settler 48 may be
introduced if it is desired to bypass the sulfuric
acid refining step. This is accomplished by clos-
ing valve 53 and opening valve 52 allowing the
hydrocarbon-naphthenic acid solution from set-
tler 46 to pass via line 73 controlled by valve 14
into line 72. TIrrespective of which of these
streams is to be treated caustic is withdrawn
from tank {5 by means of line 15 controlled by
valve 76 and is pumped by pump 77 via line 18
and is commingled with the hydrocarbon-naph-
thenic acid solution in line 79 passing into settler
83. At this point the raphthenic acids are re-
saponified and the impurities retained in the soap
solution constitute essentially light hydroecarbons

which have replaced the major proportion of i

the heavier hydrocarbon impurities. The light
hydrocarbon phase containing the major propor-
tion of heavier hvdrecarbon impurities originally
present in the naphthentic acid ig withdrawn
from the top of settler 89 by means of line 81 con-
trolled by valve 82 and is passed via line 83 back
to the light gasoline storage tank 42. Because
of the relatively small amount of heavier hydro-
carbons in the naphthenic acid as compared to
the amount of diluent employed and consequently
the rslatively small amount in the light diluent
it may be reemployed in the process with only oc-
casional redistillation to effect the removal of ac-
cumulated heavy hydrocarhons,

The naphthenic soaps, containing as impurities
predominately light hydrocarbons are withdrawn
from the bottom of settler 80 by means of line
84 and are passed into line 89. Sulfuric acid is
withdrawn from storage fank 24 by - means of
line €8 controlled by valve 8% and is pumped by
pump 87 via line 88 into line 88 mixing therein
the naphthenate soaps from settler 80. This
mixture is passed into settler 839 wherein, as in
settler 84, the agueous sodium-suifate solution
separates from the naphtenic acid phase and is
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withdrawn from the bottem of the settlér by
means of line 91 controlled by valve 92.

The naphthenic acids are withdrawn from the
settler 98 by means of line 93 controlled by valves
94, 95 and $6. It is at this point in the process
that the crude naphthenic acids taken overhead
from settler 34 may be introduced, thereby by-
passing the treatment with light hydrocarbon,
sulfurie acid refining, resaponification, and acidi-
fication of the resaponified soaps. Of this by-
passing is employed the process is considerably
simplified but the purity of the final product is
reduced.

Two alternative procedures are again available
ab this stage of the operation. In the simplest of
these the naphthenic acids may be passed directly
through valve 96 via line 938 through valve 99 and
via line 160 into centrifuge 198. Alternstively the
aclds may be passed through valve 94 vis, line 104
into interchanger 102 to increase the temperature
thereof, from interchanger 102 into line 105
wherein water is introduced into the acids by
means of line 186. This water-acid mixture is
passed from line 185 through valve 107 into cen-
trifuge 108. The combination of the addition of
water to the acids and the heating thereof in the
interchanger may be substituted by the direct
addition of steam into the acid accomplishing
both purposes simultaneously. The water wash
ab this point is designed to insure the complete
removal of mineral acid employed in the resap-
onification.

In centrifuge (88 the acids are separated from
residual water and mineral acid which are re-
moved from the centrifuge by line 109,

The naphthenic acids are withdrawn from the
centrifuge 108 by means of line {10 and may be
passed directly through valve 112, line {{ 8, valve
114, and line 115 into storage tank t16. If this
procedure is employed the finished acids will con-
tain as impurities small amounts of light hydro-
carbons. However, still further purification may
be effected by passing the acids from line {10
through valve {1{ into preheater 117 from which
they are passed via line {18 into fractionator 120,
In fractionator 120 the light hydrocarbon impuri-
ties are distilled overhead being withdrawn from
the fractionator by means of line 21 controlled
by valve 122 and are passed into storage tank 124.
Naphthenic acids, freed of the light hydrocarbon
are obtained as a side cut in the distillation being
withdrawn from the column by means of line (25
controlled by valve 126 passing through line 115
into a finished acid storage tank 116. The bot-
toms from the distillation consisting of polymeric
substances and high molecular weight acidic frac-
tions are withdrawn by means of line {27 con-
trolled by valve 128. Alternatively this fractiona-
tion may be effected in such a manner that g2aso-~
line is obtained as the overhead distillate and the
naphthenic acids as the bottoms fraction.

The following specific examples are presented
to further illustrate our invention but are not to
be considered as limiting the broader aspects of
the invention:

Ezample I

A caustic extract obtained by extracting a
naphthenic pefroleum distillate boiling in the
range of about 350 to about 600° F. and having a
gravity of 31.3° API with an aqueous sodium hy-
droxide solution containing 2% by weight of so-
dium hydroxide was acidified with 80% sulfuric

- acid in a closed system at a pressure of 100 pounds

75

per square inch, the mixture was heated to about
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200> F. and passed into. a settler maintained at
the same pressure in which the crude naphthenic
acids were separated- from the. aqueous sodium
sulfate selution. - The naphthenie acid phase was
washed with water -to.remove mineral acid and
again settled to separate the water. The crude
acids thus produced had an acid number of aboub
175 mg. KOH/g:

In order to determine the quantity of oil or un-
saponifiable matter associated with. the naph-
thenic acids in the crude acid mixture, a 20-gram
sample of the crude acids was converted into
sodium seaps by neutralization to the phenol-
phthalein end point with 2% NaOH solution and
the dilute soap solution thus obtained was ex-
tracted with twe 50-ml. pertions of ethyl ether.
The ether extracted soap solution was acidified
with- sulfuric acid and the-resulting naphthenic
acids washed with water. These acids which
were substantially free from unsaponifiable ma-~
terial had an acid number of 235 mg. XOH/g.
The proportion of unsaponifiable material in the
original erude acids-calculated from the increace
in acid number after deoiling was 25.5%.

For purposes of comparisen a second 20-gram
sample. of the crude acids was neutralized with
29, caustic solution and the resulting dilute soap
solution was extracted with-two 50 ml. portions of
a petroleum naphtha boiling in the range of
about 150° F. to 250° F. and the extracted soap
solution was acidified to obtain the naphthenic
acids. These acids, after water washing to remove
mineral acid and water soluble salts, had an acid
number of 200 mg. KOH/g. Extraction of soap
solution with the petroleum naphtha removed ap-
proximately 12:5% by weight of-an unsaponifiable
madterial or about 49%- by weight of the unsaponi-
fiable material originally present as calculated
from the acid number increase obtained by ethyl
ether extraction.

Another sample of the crude acids was. distilled
to produce an overhead amounting to- 5% by
weight of the crude acids of an oil having an acid
number of 10 mg. KOH/g. and 2 bottoms fraction
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Example T

A portion of the crude naphthenic acids de-
ccnbed in Example I were diluted with six vol-
mes of a petroleum naphtha boiling in the
1ange of about, 150° F. to 250% ¥. and the diluted
acids, under a pressure of about 100 pounds per
square inch and at a temperature of about 180
., were contacted with 10% by weight, based on
the crude naphthenie acids, of 85% of H2SO04
and the mixture passed to a settler where the
acid sludge phase produced by the acid contact-
ing was separated from the treated gasoline solu-
tion of acids. The treated solution was passed
to a centrifuge where substantially all of the
remaining sludge was removed and the centri-
fuged gasoline solution of treated: acids at a
temperature of 200° F. and under a pressure of
100 pounds per square inch was contacted with
a dilute caustic solution containing about 29 by
weight of NaOH to convert the acids into their
sodium soaps. The resulting soap solution be-
ing maintained under a pressure of 100 pounds

~ per square inch was heated to 225° F. and acidi-
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fied with 80% sulfuric acid.to liberate naph-
thenic acids. The liberated naphthenic acids
were washed with hot water to remove mineral
acid and water-soluble salts and then centri-
fuged to remove substantially all of the water,
These naphthenic acids had an acid number of
185 mg. KOH/g. A portion of the acids fthus
produced was distilled to produce. as overhead
distillate a naphthenic fraction amounting to
21.0% by weight of the distillation charge hav-
ing an acid number of 2 mg. KQH/g. and a bot-
toms fraction having an acid numbher of 234 mag.
KOH/s.

In order to determine the proportion of un-
saponifiable material present. in the acids pro-
duced in the above process a.20-gram sample of
the refined acids having an acid number of 234
mg. KOH/g. was converted .into sodium naph-
thenate by neutralization to the phenolphthalein
end point with 2% NaOH.of solution and the

amounting to 95% by weight of the crude acids 48 dilute scap solution. thus obtained was extracted

having an acid number of 183.mg. KOH/zg.
Example IT

A portion of the erude naphthenic acids de-
scribed in Example I was diluted with six volumes
of a petroleum naphtha boiling in the range of
about 150° F. to about 250° . and the diluted
acids, under a pressure of about 100 pounds per
square inch and at a temperature of about 225°
., were contacted with a dilute caustic solution
containing about 2% by weight. of NaOH. The
resulting soap solution being maintained under a
pressure of 100 pounds per square inch was heat-

ed to 225° F., acidified with 80% sulfuric acid to gp

liberate the naphthenic acids-and the mixture al-
lowed to separate. The liberated naphthenic
acids were washed with hot water to remove min-
cral acid and centrifuged to remove substantially

all of the water. These acids had an acid number 65

of 180 mg. KOH/g. A porfion of the acids thus
produced was distilled to produce as overhead dis-
tillate a naphtha fraction amounting to 21.5%
by weight of the distillation charge having an

acid number of 1.5 mg. KOH/g. and a bottoms 70

fraction having an acid number of 229 msg.
KOH/g. Calculations based on acid number de-
terminations indicated that the naphthenic acids
produced in this manner contained approximate-
1y 2.5% by weight of unsaponifiable matter.

with two 50 ml. portions.of ethyl ether. The
ether extracted soap solution was acidified with
sulfuric acid and the resulting naphthenic acids
washed with water to remove mineral acid and

50 water soluble salts and finally dried,  'The puri-

fied acids had an acid number of 238.mg. KOH/g.
On the basis of acid number increase. the refined
acids were indicated to confain 1.75% by weight
of unsaponifiable material. -

Having described and illustrated the essential
elements of our: invention and realizing that
many modifications may occur to those skilled in
the art without .departing from the principal
elements thereof which comprise essentially the
recovery and purification of naphthenic acid
fractions at elevated temperatures and pressures,
we claim:

1. A method of recovering naphthenic acids
comprising the steps of (1) contacting a petro-
leum fraction containing said naphthenic acids
with an aqueous solution of a basic alkali metal
compound thereby forming the alkali metal soap
of said naphthenic acid, (2) separating the aque-
ous soap solution from said. petroleum fraction,
(3) acidifying -said: soap solution with a suffi-
cient quantity of a niineral acid to convert said
soap into naphthenic acids; (4) separating said
naphthenic acids from the aqueous salt solution
formed in the acidification step, (5) diluting said
naphthenic acids with a hydrocarbon solvent,
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(6) contacting said hydrocarbon solvent solution
of naphthenic acid with an aqueous solution of a
basic alkali metal compound thereby reforming
the alkali metal soap of said naphthenic acids,
(7) separating the aqueous soap solution from
said petroleum fraction, (8) acidifying said scap
solution with a sufficient quantity of a mineral
acid to convert said soaps into naphthenic acids
and (9) separating said naphthenic acids from
the aqueous salt solution formed in the acidifi-
cation step, said aforesaid steps 3 to 9 inclusive
being effected in a continuous manner at a pres-
sure greater than about 100 pounds per square
inch and at a temperature above about 150° F.

2. A method of recovering naphthenic acids
according to claim 1 in which steps 3 to 2 in-
clusive are carried out at a temperature in the
range of about 150° ¥, to about 350° F. and at a
bressure in the range of about 100 pounds to
about 250 pounds per square inch.

3. A method of recovering naphthenic acids
according to claim 1 in which the basic alkali
metal compounds is sodium hydroxide.

4. A method of recovering naphihenic acids

according to claim 1 in which the hydrocarbon :

solvent boils in the range of about 100° . to
about 400° .

5. A method of recovering naphthenic acids
comprising the steps of (1) contacting a petro-
leum fraction containing said naphthenic acids
with an aqueous solution of a basic alkali metal
compound thereby forming the alkali metal soap
of said naphthenic acids, (2) separating the
aqueous soap solution from said petroleum frac-
tion, (3) .acidifying said soap solution with a
sufficient quantity of a mineral acid to convert
said soaps into naphthenic acids, (4) separating
said naphthenic acids from the aqueous salt solu-
tion formed in the acidification step, (5) diluting
said separated naphthenic acids with a major
proportion of a hydrocarbon solvent, (6) treat-
ing the resultant hydrocarbon solvent solution
of naphthenic acid with sulfuric acid, (7) sepa-
rating the acid sludge from said solution of
naphthenic acid, (8) contacting said solution of
naphthenic acid with an aqueous solution of a
basic alkali metal compound thereby reforming
the alkali metal soap of said naphthenic acid,
(9) separating the aqueous soap solution from
the hydrocarbon solvent, (10) acidifying said
soap solution with a sufficient quantity of a min-
eral acid to convert said soaps into naphthenic
acids, and (11) separating said naphthenic acids
from the aqueous salt solution formed in the
acidification step, said aforesaid steps 3 to 11 in-
clusive being effected in g continuous manner
at a pressure greater than about 100 pounds per
igggz; inch and at a temperature above about

6. A method of recovering naphthenic acids
according to claim 5 in which steps 3 to 11 inclu-
sive are carried out at a temperature in the range
of about 150° F. to about 350° F. and at g pressure
in the range of about 100 pounds to about 250
pounds per square inch.

7. A method of recovering naphthenic acids
according to claim 5 in which the basic alkali
metal salt is sodium hydroxide.

8. A method of recovering naphthenic acids
according to claim 5 in which the hydrocarbon
solvent boils in the range of about 100° F. to about
400° . i
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9. A method of recovering naphthenic acids
comprising the steps of (1) contacting a petro-
leum fraction containing said napthenic acids
with an agueous solution of & basic alkali metal
compound thereby forming the alkali metal soap
of said naphthenic acids, (2) separating the aque-
ous soap solution from said petroleum fraction,
(3) acidifying said soap solution with a sufficient
quantity of a mineral acid to convert said soaps
into naphthenic acids, (4) separating said naph-
thenic acids from the agueous salt solution
formed in the acidification step, (5) diluting said
separated naphthenic acids with a hydrocarbon
solvent, (6) treating the resultant hydrocarbon
solvent-naphthenic acid solution with sulfuric
acid, (7) separating the acid sludge from said
hydrocarbon solvent-naphthenic acid solution,
(8) contacting said hydrocarbon solvent-naph-
thenic acid solution with an aqueous solution of
a basic alkali metal compound thereby reforming
the alkali metal soap of said naphthenic acid,
(9) separating the agqueous soap solution from
the hydrocarbon solvent, (10) acidifying said soap
solution with a sufficient quantity of a mineral
acid to convert said soaps into naphthenic acids,
(11) separating said naphthenic acids from the
agueous salt solution formed in the acidification
step, said aforesaid steps 3 to 11 inclusive being
effected in a continuous manner at a pressure

greater than about 100 pounds per square inch

and at a temperature above about 150° F. and
thereafter heating said naphthenic acids to re-
move therefrom residual light hydrocarbon sol-
vent.

10. A method of recovering naphthenic acids
according to claim 9 in which steps 3 to 11
inclusive are carried out at a temperature in the
range of about 150° F. to about 350° F. and at a
pressure in the range of about 100 pounds to
about 250 pounds per square inch.

11. A method of recovering naphthenic acids
according to claim 9 in which the basic alkali
metal salt is sodium hydroxide.

12. A method of recovering naphthenic acids
according to claim 9 in which the hydrocarbon
solvent boils in the range of about 100° F. to about
400° . .
HOOPER LINFORD.
WILLIAM J. BARAL.
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