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This invention relates to a methed and a new solvent
combination for the extraction of high molecular weight
naphthenic acids from hydrocarbon mixtures and, par-
ticularly, from light to residual lubricating stocks or soi-
vent extiracts from the solvent extraction of lubricating
oil. The acidic constituents extracted by means of this
invention are broadly classifiable as mnaphthenic acids
which, at least in part, are characterized as being high
molecular weight carboxylic acids which are liquid or
solids and being aliphatic acids and alicyclic acids hav-
ing above about 25 carbon atoms to the molecule, show-
ing little or no unsaturation and consisting essentially of
cyclic acids and polycyclic acids. These acidic materials
generally boil above about 600° . and because of their
high molecular weight offer difficulty in their removal
from lubricating oils for the purpose of producing finished
lubricating oils of low acid number.

It has been found that, contrary to the teachings of

the pricr art, there is a distinction between the extraction |

efficiencies to be gained by the use of varlous solvent com-
positions to extract naphthenic acids from lubricating
oil fractions. In accordance with this invention, it has
been found that althkough ammonia alone or methyl al-
cohol alone or their combination with water 1s not a
satisfactory solvent for naphthenic acids in lubricating
oils, a mixture consisting of methyl alcohol and from
about 5.0 to 7.0 wt. percent of ammonia in anhydrous

—

condition, or containing no more than about 0.4 wt. per-.

cent of water, is an efficient medium for this purpose.
This discovery is based on experience with a vast number
of solvent combinations used to treat various lubricating

oils containing naphthenic acids of different molecular

sizes and under varvinge conditions of extraction. In
addition, it has been found that the application of certain
extraction conditions of temperature and pressure using
anhydrous methyl alcohol and ammonia greatly increases
the degree of removal of all acidic compounds present
and classifiable as naphthenic acids whether the o1l being
treated contains a predominance of those naphthenic
acids which are difficult to extract or not. The concen-
tration of ammonia between the range of 5.0 to 7.0 wi.
percent is calculated to include sufficient ammonia to at
least neutralize the naphthenic acids present in the oils
being treated and provide for at ieast scme eXC28s OVer
stoichiometric requirements for this purpose. |

The invention, therefore, has as its primary purpose
that of providing a method and solvent composition for
extracting naphthenic acids frcm hydrocarbon mixtures,
particularly lubricating cil fractions and residuums.

Another vurpose of the invention is to provide a solvent
composition containing methyl alcohol and between about
5 to 7 wt. percent of ammonia with no more than about
0.4 wt. percent of water and preferably a solvent com-
position which is substantially anhydrous. Accordingly,
although the invention and the problem solved by it will
be described by reference to particular lubricating oil

fractions and the reduction of the acid number thereof, -

the illustrations given are not {o be construed as limita-
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related arts where the removal of naphthenic. acids or
simiiar materials from oleaginous materials, such as Iubri-
cating oils, is the main consideration.

These and other objects will become apparent as the
description thereof proceeds. - |

The drawing is a graph showing the efiect of water on
the exiraction efficiency of a solvent comprising 6% am-
monig in methanol used to treat a deasphalted oil.

In the preparation of lubricating oils from crude petro-
leum, it is the practice to subject both heavy and residual
fubricating oil stocks to chemical and physical treatments -
in order to improve the viscosity characteristics, low tem-
perature fiuidity, oxidation stability, and lower the car-
bon residue, sulfur content, and neutralization values in
order that the requirements of modern lubrication may
be mat by the lubricating oils. One problem that has
faced the refiner of lubricating oils is the removal of
acidic constitutents from the heavy or residual lubricating
oil stocks, as for example, preparing such lubricating oils
having low acid numbers as determined by ASTM D974
52T. As the refining operations of dewaxing, deasphalt-
ing, and solvent refining exert their mﬂuences upon the
lubricating oil fractions, the acidic constituents remaining
become much more difficult to remove. Refiners have in
the past applied various solvent extraction methods em-
pl Oyiﬂ dilute aqueous alkali solutions and various or-
ganic soivents in their effort to produce lubricating oils
having acceptable neutralization values. Aqueous and
anhydrous ammonia solutions have been used, followed
by alcohol extractions, to remove the deleterious naph-
thenic acids. Aqueous ammonia solutions in combina-
tion with emulsion breakers, such as methyl alcohol, ethyl
alcohal, or acetone, have been applied in various extrac-
tion processes in an effort to finish lubricating oils for
use with various additives that have become necessary to
meet the extreme conditions in modern lubrication. In
spite of the prior art efforts, in many instances the per-
sistence of acidic constituents or naphthenic acids in
finished lubricants has proved detrimental.

For instance, it is known that about 99 percent of the
lower boiling naphthemc acids may be removed from
light Jubricating oil distillates, which may have an acid
numoer in the range of 2 to 3, by treatment with rela-
tively dilute agueous alkali solutions. The treatment of
a light lube distillate having an acid number of 2.75 with
an equal volume of 5 percent aqueous potassium hvdrox-
ide removes about 99 percent of the naphthenic acids.
Treatment of the same distillate with 1.0 N ammonium
hydroxide will remove about 89 percent of the acids. The
heavier lubricating oil distillate and heavy bottoms or
residues aforementioned, after dewaxing or deasphalting,
containt certain. complex and/or high molecular weight
naphthenic acids which are increasingly difficult to re-
move. To illustrate, a deasphalted hydrocarbon oil hav-
ing an acid number of 1.75 on treatment with an equal
volume of 1.0 N ammonium hydroxide results in the re-
moval of only 23 percent of the acids. This same oil
treated with a solvent comprising one part of 5.0 percent
aqueous potassium hydroxide and one part of Formula
30 alcohol results in the removal of only 1.8 percent of
the naphthenic acids. Treatment of this same deasphalted
o1l with a solvent comprising 3 parts of 1.0 N ammonium
hydroxide, 2 parts of 1-butanol, and 2 parts of 2-propanol
accomplishes the removal of about 76 percent of the
naphthenic acids.

Proceeding further with the refining, it is found that
the acid numbers of some deasphalted products before
solvent extraction may be in the order of 1.0 to 2.5. Sub-
sequent removal of waxy hydrocarbons and resinous

materials in the final stages of refining to produce finished

Jubricating oil blending stocks, such as the bright stock
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aforementioned, has the effect of further reduction of
the acid number to values ranging from 0.3 to 1.0. Such
stocks as residues, dewaxed bright stock, solvent ex-
tracts, and heavy lubricating oil distillates contain naph-

thenic’ acids of higher molecular weight or complexity
which cannot be successfully removed by the application |
For example, treatment of a

of prior art solvents.. B
dewaxed bright stock with the ammoniacal butanol-

propanol solvent aforementioned results in the extraction.

of ouly 41 percent of the acidic constituents or naph-
thenic' acids. In many applications, heavier lubricating
oil' stocks -exhibit instability which is traceable to the
presence” of the high. ‘molecular weight naphthenic acid

therein and, accordingly, it is desirous that these acidic

materials be further removed The pnor art methods
and * solvent cemposmene are expensive, difficuit to
handle, and do not in all instances accomplish the de-
elred results Wlth the" assurance necessary fer modern

- temperature.

10
- yolumes of

was conducted which points to the fact that anhydreue-
ammonia-methanol solvent compositions are superior to
the use of either eemponent alone, whether or not water
is present, and also superior to the expected solvent action
from a combination of the two components with very
sinall amounts of water. Maost of the extractions in this
series were carried out in glass separatory funnels at recom
The two phases were mixed thorcughly

and then allowed to separate completely. The lower,
solvent-rich phase was carefully withdrawn and the
the two phases were noted. The naphthenic
acid content of each phase was

~ phases to vield the extracted cil and the recovered semi-

15

pure naphthenic acids. In experiment 2 the solvent was
anhydrous ammonia. This extraction was made in a
clesed Jerguson gauge at room temnereture at a shgntly.

veted pressure, - |

Table I |
NAPHTHENIC ACID SOLVENT EXTRAOTION DAT'A |
Solvent velume__l temperature - F]
- 0il volume
~ Solvent composition (volume percent) . Oil-
o . - - o recovery -
Oi} treated . S . : K1 (vol.
Ammo- | Water | Metha- | 2-propa- | Butanol percent)
nisa - nol nol | |
) Phenel extrect frem 85 distil- - o
late e meeecie e 100 (o f ] 0.61 04,8
(2) Phenol extract from 85 distil- . I L
| 1 - N 100 - oo PR USRS S -~ 0.16° 369 0
- (3)- Phenol extract from 85 distil- o | | .
late oo . 0.25- 0. 75 1217 R (RS 5. 46 93.2 -
(4) Phenol extract from 170 distil- - - :
o late L 0.5 1.5 98 .. 2. 16 05.7 .
- (5) Phenol extract frem 170 distil- | ' | |
oo Jaten L 1.5 4.5 04 oo e 1,07 98, 9
(6) Phenol extract from 170 distil- | | | ; .
late e e e 0.5 1.5 49 44 - L __ 4, GO 91.2
(7) Phenol extract from 170 distil- | | | - o
JE:) - TR 0.5 | O T 98 o ____._ 1..59 76. 0
(8) 170 distillate. .o ool femee e 100 0. 48 08.9
(8) 170 distillate. ..o __ 0.6 2.4 07 oo e 14.1 |- 06.6
(10) 170 distillate. .. _______... ————e - 0.6 2.4 |l 97 ool 3.09. - 85.7.
(11) 170 distillate__ .. .. o ___ 0.8 18.6 | ___.___. 80.6 (..o _o._ .. 10. 6 97.0
(12) 170 distillate____.. S 4,0 {omeoo_-o:. 96, 0 o 41.0 - 86.5
(13) 170 distillate._._____.___ 0.2 0.5 99.2 |-l 9.9 6.4 .
(A4 170 distillate .. . G.4 1.2 8.4 | o ___.. 13. 1 95, 2
(15) 170 distillate__ .. __________i -0, 6 1.8 97,0 |-c | __ 13.9
(16) DAO 3 __ . 0.8 2.4 96.8 |oco o |ee_. - 2,91 08.2
7)) DAO . 0.8 2.4 | ____ i 06.8 | ___. ... 2,10 04.4
(18 DAOCS . . - 0.8 2.4 | .__ 96. 8 .. 1.91 | 98. 5
(19 DAOS_____ o __.. - 0.8 2.4 e[ 96. 8 2.7 1 86. 3
- {(20) 80distillate__.__ i .__ 4.0 e 95,0 |-oo ol e 60.0 97.0

1 E_Ceneentretmn of acids in-exfract

Conceniration of acids in ra

2 Estimated.

nnete

o3 Deasphelted oil was diluted with eppree_metely 25% hexene by velume

 refining practice.
~ extraction be easﬂy mampulated produce the greatest
possible reduction in acid number, and allow the puri-
fication- of the naphthenic emds which in themselves
represent a valuable product. Since refining methods

‘but may induce other desirable changes in the hydrec-
carbon mixtures treated,

quirement are easily ceerdmated Wlth Lhe eetabhshed re-
fining methods, |

In order to demonstrate the eresent dleeovery of a 65

‘solvent composition which" strikes a balance between

selectivity and miscibility whereby both low and high
molecular weight naphtheric acids, the latter being 0rd1-'_

narily difficult to remove from. IHbE‘ICatIIl” oils, are ef-
-- fechvely removed, a series of batch, equilibrium, con-
tinuous and pilot plant experiments are described.

NAPHT HENIC ACID RECOVERY—-—-ONE STAGE
TREATME\JT

In order to demonstrate the effectiveness of this sol-

Vent a serles of ene-stage low temperature extractlens' :

Furthermefe 1t 1S deeﬁeble that the

differ greatly in their ability to remove naphtheme acids .

it is also essential that any
methods ‘applied to meet a.particular acid number re-

55

60

-tlllete or a-170 viscosity distillate is more dif

- In generel the selvent extre.ct from an 85 Vlecoelty dis- .
Tcult to.treat
than the distillate itself since the extracts contain.a much .
hlgher naphthenic acid content than the original distillates.
Even so, an examination of e}fperrnents 1 and 8 using
100% methanol shows that this solvent i 1S uneeusfectﬂry )

Ammonia alone (experiment 2) gives even more unsatis- -

factory results in comparison with methanol (experlmem )
1) on the same type of oil. Eﬂnemnent 3 shows that

0.25% ammonia, 0.75% water and 999% me:henel gives

an jncreased X ve.lee or extraction efficiency, but the cil
recovery 18 lowered and comsequently the purity of the
acids extracted is diminished. Comparison of experi-

- ments 4, 6 and 7 shows that replacement of part of the .

‘methanol in the solvent with 2-propanol increased the

- extraction- efficiency but again lowered the purity of the

acids, whereupon replacement of all of the methanol with
-2-pr0pen{}1 (experiment 7) redueed beﬂl the extraeuem
efficiency and acid purity. | SRR |

Considering next the experiments 8 through ]5 on the

.-treetment et 170 vis distillate lubricating o1l fractions, it

5

is seen that the highest extraction efficiency without ap-
preeleble sacrifice of naphthenic acid *eurity or oil loss

etermined by the ASTM
D974-527 method. The solvent was stripped from both

96.8 . -
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was obtained in experiment 12 using 4.0% ammonia
with 96.0% methanol. In experiment 10 the change
from methanci to 2-propanc! greatly reduced the extrac-
tion efficiency and lowered the naphthenic acid purity

from that obtained in experiment 9, using the same

amounts of water and ammonia in each case. Increasing
the ammonia and water content of the 2-propanol sclvent
in experiment 11 did not recover the lost efficiency but
did increase the product purity. According fo experi-
ments 13, 14, and 15, increase in water content with
increase in ammonia content, using methanol, had very
little effect on the naphthenic acid purity and seemed to
favorably influence the extraction efficiency; but, leaving
the water out entirely (experiment 12) gave a tremen-
dous increase in extraction efficiency with little or nc
loss in naphthenic acid purity. ~

The naphthenic acids present in lubricating oil frac-
tions of Mid-Continent origin will vary in molecular

weight from about 350 to 550. The ease of extraction

decreases with increase in molecular weight of the acids,
depending on the concentration of the naphthenic acids
in the oil being treated. This is demonstrated in part by
comparison of experiment 20 with experiment 12 (Table
1}. . The 80 vis. distillate contains naphthenic acids vary-
ing in molecular weight from 352 to 363. The 170 wis.
distillate contains naphthenic acids of molecular weight

10

15

6
equipped with supplementary heaters. All components
charged to and taken from the bombs were carefully
weighed both in the charge or product container used In
the transfer and in the bombs. The volumes were also
recorded to serve as another check on the weights. The
oil-acid mixture was charged first, after which the bomb
and solvent were chilled to prevent ammonia loss during
solvent addition. After the charge had been added, the
bomb was placed in the bath for an hour with vigorous
shaking each five minutes, after which it was inverted
and placed in the bath with the inlet valve and line sub-
merged for a half hour settling period. Following this
settling period, the lower oil phase was carefully with-
drawn, first into a beaker, and later as the interface ap-
proached, into a graduated cylinder. The bomb was then
returned to the bath for another half hour period to pre-

‘vent contamination of the acid phase with oil clinging

20

25

to the sides of the vessel. A small amount of acid phase
was then withdrawn into the graduated cylinder and the
remainder charged to a glass distillation flask. Weights
and volumes were recorded for each phase after which
the solvent was stripped from the samples in the beaker
and distillation flask. Neutralization values, in accord-
ance with ASTM Method D974-53T (1548 N. N.), were
used as a measure of acid content of the charge and
products. The results are shown in Table 1I.

Table 11

SUMMARY OF DATA FROM EQUILIBRIUM EXPERIMENTS

NAPHTHENIC ACID EXTRACTION FROM DEASPHALTED OIL
Charge oil 1 Solvent ‘. Oil phase Acid phase.
— - Treat- _ —
Exp. No. Weight|Weight|Weight{Weight| Total telrnﬂg Weight| 1948 {Weight] 1948 Weight
1948 | Weight |percentipercent|percent|percent, weight | (6 Fp)' percent| N. N. |percent; N, N, (em.)
N. N, (gm.) am- | meth- | water | 1-bu- | (grams) ' sol. |reec.oil| sol. | rec.acid acid
monia | anol tanol |
21 o 1.51 237.0 5.9 04,1 | e i 108.1 170 8.4 0.76 | 94.9 34. 2 4,
22 e 1.81 | 122.0 5.9 1 5 I S SO 212, 1 170 3.0 0. 46 97. 8 26,9 4,
. S 1.51 184, 2 5.9 57 1 (O TN S 166. 6 170 4.3 0.58 | 97.0 37.3 3.
.- S 1.48 184.0 081 912 | oo 157. 2 1701 3.6 0.65 | 96.9 36. 0 4,
25 el 1.52 187.7 2.1 07.9 [ e e 160. 0 170 2.3 0.66 | 97.1 35. 8 4,
20 - 1.52 188, 6 8.0 02.0 |ccomrme e 163. 4 195 6.0 0.67 | 97.3 38.4 4,
27 e 1.51 184, 8 5, 8 04, 2 | - 158.4 140 4.0 0.64 | 95.5 24. 0 6.
28 - 1.5 - 184.5 9.8 70.2 | fmmeam e 154, 8 140 2.9 0.81{ 96.7 27.0 4,
Pt D 0.20 i81.9 5.9 04 1 {__ o |eemeeeee 166. 1 170 2.4 0.18 | 96.3 0.83 5.
30 e 0. 30 116,7t 6.2 03,8 |ccomma e 119.2 170 6.5 0.20 | 97.3 2. 95 2,
3l . 0. 20 184. 4 9,8 01,2 || 167.0 170 2.6 0.18 § 98.5 - 8.01 2.
32 - 0. 20 182. 6 2.1 07.9 | 158. 8 - 170 2.5 0.18 | 97.4 2.69 4,
¥ S 0.201 183.5 8.0 02,0 o fammaaee 162.0 105 0.9 0.18 { 98.3 4, 66 2.
34_ . ______ 0.19 190.2 | 6.1 03,9 o eee e 160. 0 140) 4.0 0.19 | 96.8 2,23 4,
L1 S 0.19 183. 1 0.8 00,2 |oe e e 156. 2 140 7.0 0.19 | 97.3 2.6 3.
36 e 1.51 187. 3 5.9 91.1 3.0 |oacee e 162. 4 170 3.6 0.68 | 97.5 40.6 3.
5 Y S 1.b1 181.0 5.9 82.1 12,0 |occeeas 167.0 170 3.3 0.5 97.8 27,7 3.
38 e 1.52 284.9 5.7 94. 0 0.3 |ooaceee- 158. 1 170 2.8 0.60 | 97.8 46. 1 3.
39 . 0. 20 124. 9 4.8 70.0 [-occo.- 19. 6 16b. 4 170 | - 3.9 0.18 | 98.3 3. 90 2.
40 _ oo 1. 52 185. 2 5.8 18.8 j_eeeean 75. 4 161. 2 170 | 15.8 0.64 | 82.6 6. 49 25.
Y 35.8 104.6 8.0 ST I R I 162. 2 170 7.67 | 13.3 69, 12 78. 2 63.
42 _ .. 55. 4 188.3 5.9 04,1 | 157.7 170 ] 14.7 24.6 48.3 61,3 144,

He QIO MMM OO W -T =300 0O W O e =]

1 Charge oils with 1948 neut. nos. of about 1.5 were ordinary DAQ. Other charge oils were prepared by addition or substitution

of pilot plant naphthenic acids or extracied oils.

around 427. Substantially complete removal of naph-
thenic acids of low molecular weight is effected in one
stage treatment of the 80 vis distillate as compared with
the 170 vis. distillate. Experiments 16 through 19 repre-
sent the results obtained in treating a deasphalted oil (di-
luted with 25 vol. percent of hexane to reduce the vis-
cosity). K wvalues of about 2.0 to 3.0 are considered
excellent for this type of oil, but the phase separation
was slow and the neutralizaticn value of the finished cil
did not meet standard requirements. This was attributed
to the presence of the 2.4% of water in the solvent con-
position as will be demonstrated.

NAPHTHENIC ACID RECOVERY—EQUILIBRIUM
DATA

In this series of experiments, stainless steel bombs, ap-
proximately 2 inches in diameter and 1 ft. in length, and
having a capacity of 500 ml., were used. The bombs
were immersed in a 10-gallon Reid vapor pressure bath

60

70

75

In experiments 23, 22 and 21 at 170° F. the efiect of
varying the solvent/oil ratio was studied. It can be seen
that the neutralization number reduction of the oil was
directly proportional to the ratio, while the purity and
vield of the recoveredo acids were roughly inversely pro-
portional to the ratio. Experiments 23, 24 and 25 indi-
cate the =ffect of varying the ammonia concentration in
the solvent. The neutralization number reduction of the
oil was better with 5.9 wt. percent ammonia than with -
either 9.8 or 2.1 wt. percent. Yet it should be noted that
the extraction was quite efficient at all three ammonia
levels. Experiments 26, 27 and 28 show the effects of
carrying out the extractions at temperatures other than
170° F. The results at 140 and 195° F. were inferior to
those obtained at 170° F. A comparison of experiments
27 and 28 indicates that better results are obtained with -
5.89% ammonia in the solvent than with 9.8%. This
tends to bear out the results obtained at 170° F. in ex-
periments 23 and 24.




. Table II. These data are presented graphically in Fig-

. It' was found that the most efficient solvent is one com

7’.
I expenments 29. 30, 31, 32, 33, 34 and 35 the cherge
011 was a previously extracted deesphalted oil. The re-
sults: indicate that it is: quite difficult to reduce the neu--
 tralization' number of the oil below about 0.18 in-any
stage extraction regardless of the conditions used. The 5

effect of water upon the extraction of naphthenic acids is
clearly brought out by experiments 36, 37 and 38, of

ure I. Shall amounts of water up to about 0.4 wt. per-
cent can be tolerated. However, the extraction eﬁielency 10
- quickly drops off as the water content of the solvent is
‘Increased. Experiments 39 and 40 indicate that some
1-butanol can: be tolerated in the solvent. However, as
the amount increases the selectivity of the solvent de-
creases with a Iessemng in neutralization number reduc- 15
tion and a decrease in the purity of the recovered naph-
~thenic' acids. Experiments 41 and 42 indicate that ef-
fective extractions of deasphalted: oil can be made even
when excessive' amounts of acids are present.- o
- The equilibrium experiments were designed to study- 20
the effects of the following variables: temperature ‘am-
‘monia, concentration, solvent/oil ratio, water concen-
tration, and the use of alcohols other than methanel

posed of 6% by wt. of ammonia in methanol. Any' 25
increase or decrese in the ammonia percentage or addi-
tion of water or butanol to the solvent caused a marked
decrease in extraction efficiency. Using a weight rela-
~ tionship of about 42.1 gms. of deasphalted oil to 38.1
gms. of solvent, containing. 6.2% by wt. of ammonia and . 30
- 93.8% by wt. of methanol, at 170° F. produced the great- .
est reduction in naphthenic-acid content for deasphalted
o1l containing those acids most difficult to extract. Ob-
wously, the acid purity can be increased by re-extraction, . ,‘
using a continuous tower opera'tlon ACId puritles of 35
80% or higher are predictable; - .
Specific information as to the effect of VB.I’].OHS Vanables_ L
upon the extraction of- deasphalted oil is eontamed in

Table I1. | .
In erder te demonstrate the. supermrlty of the anhydreus 40

| ammema-methanel solvent in treating all types of dis- .
tillates, a series of equilibrium experments were con-
ducted like those shown. in Table II using various dis-.
‘tillate oils either in their pristine condition or with added -
quantities of naphthenic acids obtained from pilot plant ex- 45
- tractions of other distillates. These experiments were all”™
- conducted using a sclvent comprising 6.1% by wi. of am- .
monia and 93.9% by wt. of methanol. The results which
are shown in Table III indicate that this solvent.is highly
effective for the exiraction ef naphtheme e.czds fr(}m the 350
distillate oils. o |

Table III

2,850,435

| Table w o o
PROPERTIES ¢ OF NAPHTHENIC ACIDE (SEMI-PURE) =

Source Su'diSt. 170 dist.|350 dist. ;15’ntbr.-
API gravity...__. | 1m0 131 1206 | 13000
- Vis. at 210° F. (86C.) ccoceeeoooooo_._.| 103.5 | 148.2 | 280.1| 479.2
Neut. No. (1948) _____._.c.._.______._| 119.6 | 110.2 | 102.5|  65.3
. Percent unsaponifiable._____________. 22,71 16,1} 18.9 36. 8’
Percent nephtheme acids..._..__._...|. 77.3 | 83.9 8.1 1" 63,2
Neut. No. of pure aeids__.._. mim-mee|  1B5 0 131} 123 | 103
Mol, weizht ef**r:ue acids.___.._._...| 363 427 455 1 543-
 ASTM DISTILLATION
Source  |Initial| 5% | 10%:| 40% | 50%:|90%.| EP
80 dist.. ...________._.| 658'| 682 695 |..._.___| 709 | wer| 7E5
170 dist.___________..__| 690 720 730 |.._._...|. 7951 835 | 860:
350 dist_ . ______.._____ 70571 760 | 800 |..._..._| 885 | 925 945
150 br. st __.__________ (870 920 950 | 1,085 oo foemooifiun

It is preferable to carry out the: extractlens at tempera-.-'-"_ )

tures sufficiently elevated to’ preclude amy necessity for:

diluents, but if low treating temperatures (80-110° F.) are '
used, dilution of the oil: to. be treated with hexane or

carbon tetrachloride to reduce its viscosity gives improved
resuits. The lubricating oil: fractions used: in the experi--

-_ ments were of Mid-Continent origin. The term 80 Dist. -
means that the distillate oil has a viscosity of 80 SUS at

100° F. The same connotation applies to the terms 170
Dist. and-350 Dist. The viscosity of the bright stock is

 measured at 210° F., i, e., 150 SUS bright stock at 210° F.
- This brlght stock was derwed from the deasphalted oil used

in the previous experiments by dewaxing, which step is un-

- necessary before the naphthemc ac:lds can be fractlonated .

therefrom. -
The process and solvent composmen of thlS inven-

- tion is particularly applicable to ‘continuous extraction

techniques whereby the oil to be. treated is passed into the -
top of an extraction tower wherem it meets the stream
of upwardly flowing solvent. The extract solution is

“taken off at the top of the tower and the: raffinate solu- -
~ tion is drawn off from the bottom thereof. To demon- S
.. strate this aspect of the invention, a series of experiments

was conducted in a pilot plant designed to. carry out con-

tinuous counter-current’ solvent extraction. Since the

details of such processes are well known in the art, only
a general description. of the apparatus is necessary to

| deserlbe the experiments, the results of which are shewn..

in Table V.
In carrying out these continuous eounter—current ex-
traction experiments, a treating tower. consisting of twenty- -

SUMMARY OF DATA FROM EQUILIBRIUM EXPERIMENTS
' NAPHTHENIC ACID EXTRACTION FROM LUBE DISTILLATES

Charge 0il N 1+ Oil phase Acid phase
| | . - - Sol- 1 Treat- |_ : |
Exp. - | | - vent, ing . 1 L
No. - o I SR total | temp. [Weight{ 1948 - |Weight 1348 | Weight
- Stoek 1948 Welght | weight | (° ¥.) |percent] N.N. |[percent| N.N. (gm.)
S N. N. (gm.) |(grams) {solvent 1'1:3{34:3.*vi']e1:*et:1I solvent| reec. acid | acid - -
. 0 - ' ' :
43 __i 80 vis. dist___._. 2. 58 162.4 1 - 79.8 140 1.7 0.22 | -83.6 | 50.81 0 9.1
44 ____1 80 vis. dist__..__- 31. 9 196.8 | - 77.6 i40 3.8 5. 95 53.3 | 94, 8 - 58.0
45_.__| 80 wvis. dist__.___ 17.4 188. 5 78.9 140 | 2.5 2. 10 71.6 104, 0 | 27.8
46._.__| 170 vis. dist.._._. 2.91 193.8 | 80.4 | 180 1.9 0.44 | 89.2 55,91 87T
47 ___} 170 vis. dist__.__ 40.0 . 194, 9 79.9 150 5.5 10. 4 43.0 72.6 1 89.1
48___._1 170 vis, dist_____ 18. 4 - 191.6 78.9 150 3.0 3.32 68. 4 04.7 31.8
- 49-___{ 350 vis, dist.____ 2.91 191.3 | 80,4 160 4,1 1.02{ &8.6 47.0 8.2
S0._.-f 350 vis, dist____. 36.6 | . 1945 79.7 16D ¢ 4.0 16. 9 - 45,9 Ga.7 | 68,7
51.. .| 350 vis. dist__._._|  16.6 191. 8 &0, 0 160 3.9 6. 02 71.6 81.2 20, 4

The properties of the naphthenic acids in a semi-pure
state' obtained  from. these various distillates, and from -
150 vis. bright stock for comparison, are given in Table
IV. The values:for Neutralization Number and molecular
weight were obtained from the pure acids. . 75

three feet of three-inch, stainless’ steel .pipe packed With |

- one-half-inch Berl saddles was used.. The tower had

enlarged settling sections at the top and bottom. The -

tower was equipped with a extract solution-overflow: line:.
‘connected to the top, a charge oil line entering: just below-
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g.
the top settling section, a methanol-ammonia solvent line
entering about three feet from the bottom and a ratfinate
line leading from the boitom to a2 pump. A sight glass
was installed near the top of the lower settling zone for

|

10
recovered. methanol was returned through a cooler to .
methanol storage. Extracted acids from the solvent in the
methanol recovery fower wsre drained directly from the
drier rebciler. Sampling lines were provided for the

observation and conirol of the oil-solvent interface. Hot 5 - raffinate and extract phases and the recirculating methanol
water circulation through four jackets surrounding tne stream before and after ammonia addition. A record was
tower was used to contrcl the temperature. The tower kept of the oil feed rate, the solvent feed rate, the tempera-
pressure was maintained by a Grove regulator installed in ture and pressure, and an exact analysis of the products
the extract overflow line. A mnitrogen system was ar- made as seen in Table V.
NAPHTHENIC ACID EXTRACTION—PILOT PLANT
Charge oil Treating conditions Products
Run Oil | Solvent; Sol- Mols Acid
No. Acid | rate, rate, | vent/ | NHz | Temp.,| Pres- | Yield Acid No.
Stock No. ee./ ce.f oil DET ¢ ¥, sure, of oil No. naph.
min, min. | ratio mol p.s.i.¢g. 0il acids
aeid
52.n .. 80 dist...___. 2.7 150 | 30 0. 2 10 140 {1} I 0.03 64
53 - 80 dist..__.- 2.7 150 | 15 0.1 10 140 201 96.1 0. 06 72
54_.__|80dist___.__ 2.7 150 7.5 | 0.05 10 | 140 30| 97.0 0. 30 78
55 80 dist_____._ 2.7 200 7.5 | 0.038 10 140 30| 96.7 0. 45 78
56| 80 QiSt oo .- 2.7 200 | 100 0. 50 25 140 15| 96.3 0. 03 115
57 - 170 dist...-.| 3.0 150 | 15 0.1 g 140 30 | 96.0 0. 55 80
58 ____ 170 dist______ 3.0 150 { 30 0.2 9 140 30| 96.5 0. 40 76
50, - 170 dist....-. 2.9 150 | 38 0.25 15 150 40| 97.5 0. 14 110
60 oo 170 distoow-.| 2.9 150 | 100 0. 67 35 150 40 { 100.3 0.03 107
61 ____ 350 dist_..._.| 2.9 100 | 50 0. 50 30 145 401 97.0 0. 52 06
62 _| 350 diSto—.-.. 2.9 100 | 100 1.0 50 150 15| 99.5]  0.08 102
63._._.| 350 dist.___. 2.9 100 | 50 0. 50 30 160 40| 98.9 0.34 | _coaeem
64—~ 350 dist....... 2.9 100 | 100 1.0 100 160 40| 96.5 0.28 |ocmceen-
65 e 350 dist.-. - .. 2.9 75 | 150 2.0 180 | 160 40| 96.8 0.05 |ocmmummn
66 e 350 dist-—...] 2.9 125 | 125 1.0 80 160 40 | 0.03 {occon--.
67| 350 dist-..._. 2.9 125 | 125 1.0 50 160 40 |acem- _ 0.03 76
68| 350 dist_ ... 2.9 100 | 50 0. 50 30 175 40| 97.0 0.41 |oeoe
69..___| 350dist_..__| 2.9 100 | 100 1.0 65 175 40 | 968 0.13 |
(1 DAO__..._. 1.6 100 | 25 0.25 20 170 25| 97.8 0. 57 |omaemeeo
71| DAO_.c__.. 1.6 100 | 50 0.5 10 150 25| 97.9 0.70 |occeeee-
72| DAQ____.__ 1.6 100 | &0 0. 5 10 170 25| 97.2(  0.60 77
73cee-.| DAO_-..... 1.6 100 [ 50 0.5 30 170 25| 97.3 0. 48 74
74 | DAO_.___.. 1.6 160 | 80 0.5 30 180 30 [mmmmmom 0. 40 74
75 ... DAO_____.. 1.6 100 | 50 0.5 10 180 30 |- 0. 60 74
76m e eee DAO._____.| L8 100 | 50 0.5 10 180 25 |  99.7 0. 63 77
T | DAO oo 1.6 100 | 50 0.5 14 195 40 [mommmme 0.75 71
78— DAQ .- 1.6 100 | 50 0.5 23 195 7 3 0. 52 71
79 e DAO_ceen-. 1.6 100 | 100 1.0 30 170) 25 | - 97.8 0.38 |ocecme
80| DAO_cone- | 16 100 [ 100 1.0 80 170 25| 98.8 |ocomooo - 74
81— DAO.co._..| 1.6 100 { 100 1.0 120 170 40 foeoeeem 0. 39 70
82___..| DAO______. 1.6 50 50 1.0 160 170 40 oo 0.34 |__.._...
83 DAO__.___| 1.6 50 | 100 2.0 320 140 2 ] 0.23 | oo
84 ____| DAO...._..| 1.6 75 1 150 2.0 240 170 40| 97.3 0.20 {omoeom--
85 e - DAO.cu.. . 1.6 50 100 2.0 240 170 40 | 98.9 0.29 |_______.
86— DAO____._. 1.6 50 { 100 2.0 240 170 40 | 96.6 0.17 |emmeemme
87 o] DAO____... 1.5 50 | 100 2.0 40 170 40 | 97.0 0.50 |ocmeone-
88__.__| DAO_______| L5 50 | 100 2.0 100 170 40 | 98.3 0.23 |cconunn-
89 __.. DAO e 1.5 75 | 150 2.0 200 170 40 |- 99.8 [0.17-0.23 68
ranged to supply nitrogen to the overflow line, if needed, A portion of the treated deasphalted oil from experi--
to maintain tower pressure during transition periods. ment 74 was finished to a 0° F. pour, 90 VI bright stock
The oil to be treated was withdrawn from a charge tank by baich phencl extraction, dewaxing with methy ethyi -
and proceeded through a metering tank, a rotameter, an ketone, and clay contacting. A refined raffinate, 160
electrically heated line and a steam heater to the top 50 SUS at 210° F., 90 VI and having an acid number of
of the tower. After passing through the tower, the oil 0.22, a dewaxed bright stock, 160 SUS at 2106° F., 90
or raffinate was withdrawn from the botton, and pumped VI, and having an acid number of 0.28, and a finished
by a metering pump through a rotameter to a separate bright stock, 160 SUS at 210° F., 90 VI, treated with
heater and  stripper, consisting of a three-inch column 10# /bbl. of Filtrol X—466, and having an acid number
containing fifteen inches of open flash-zone above a five 55 of 0.16, were cbtained. The phenel extract from this
foot section packed with %5x%5 inch Raschig rings, where- treatment had an acid number of 0.85.
in traces of methanol were removed. The stripper was As shown in Table V, solvent/oir ratios as low as from
fully jacketed for 125-pound steam and equipped with ad- 0.1 to 0.2 can reduce the neutralization number of 30
ditional electrical heat to maintain a temperature of about distillate to well below 0.1. For the heavier oil stocks
320° F. Nitrogen was used as the stripping medium. 60 higher sol rent/oil ratios are required for maximum acid

Methanol was pumped through a metering tank and the
charge heater to the treating tower. The ammonia was
passed from a cylinder, through a pressure regulator,
rotameter and needle valve to enter the methanol line
between the methanol rotameter and heater. Adfter pass-
ing through the tower, the acid-containing solvent flowed
overhead through a Grove regulator and a steam heater
to an acid recovery tower which consisted of ten feet of
four-inch stainless pipe, packed with 2x% inch Raschig
rings, and a reboiler. Heat was supplied to the recovery

tower by steam in the feed heater and reboiler, and.

through one-half-inch tubing wound around the column.
A temperature of about 270° F. was maintained in the
reboiler and feed zone. Nitrogen was also used as the
stripping medium in the methanol recovery tower. The

65

70

76

removal. The ratics required range up to a value of
about 2.0 for deasphalted cil. The amount of ammonia
required for maximum acid removal depends upon the
oil stock being extracted. Runs Nos. 52, 60, 67 and 86
show that the amount in terms of mols NH; per mol
acid ranges from a low of 10 for 80 distiliate to a high
of 240 for deasphalted oil.

Several related advantages come from the application
of the instant process to lubricate oils. It is possible to
produce marketable naphthenic acids of relatively high
purity in amounts equal to about 2% of the oil treated.
There is a pronounced reduction in corrosion in the
phenol exfraction unit used in conjunction with the
naphthenic acid extraction. A sizable reduction in clay
treatment requirements for finishing the lubricating
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stocks: te the reqmred 'neutralvatlon number speclﬁca-

‘tions is- gained.

The experiments have shown that the process is par-
tlcularly applicable to continucus counter-current ex- =

tractzcu of naphthenic acids from -lubricating o1l frac-
tions.
when applied to distillate lubricating oils, the invention

In such counfer-current extraction precesses,

is- practiced' by treating the il with a solvent cemprlsmg |

substantially anhydrous methanol and ammonia at a
temperature of about 140 to 175° F. using from about 9

to 180 mols of ammonia per mol of naphthenic acid in

the oil and a solvent-to-oil ration of about 0.038 to 2.0

and continuously separating a raffinate oil having a re-

duced naphthenic acid content. In applying: the techni-
- que of continuous counter-current solvent extraction to

- deasphalted ocils from which bright stocks are obtained,

the invention is practiced by treating the oil with a sol-

vent COIIIpI‘ISlI]“ substantially anhydrous methanol and

~ammonia at a temperature of about 140° to 195° F.
using about 10 to 320 mols of ammonia in the solvent
- per mol of naphthenic acid in the oil and a solvent-to-oil
‘ratio of about 0.5 to 2.0. |
" What is clauned is:

10

15

20

1. The process for the extraction of high molecular

‘weight naphthenic acids boiling above about 600° F.
from- refined lubricating oils which comprises. treating
of .said. lubricating. oils with a solvent consisting of an-
hydrous 1 ethanol centammg between about 1 to 15%

by weight of ammonia, based on the amcunt of meth- '

‘to. 200°

anof; at -temperatures ranging from 80°

2. The process: for the extraction of high molecular

weight naphthenic. acids boiling above about 600° F. |

from refined lubricating oils which comprises ‘treating
said Iibricating. oils with. a solvent consisting of meth-
~anol with about 5% to 7% by weight of ammonia and
‘containing not more than about 0.40% by weight of

water, said amounts of ammonia and water being based

- on the amount of methanol, said treatment taking place

- at temperatures ranging from about 140° to 195° F.

F.
under. pressures of from about atmespherlc toc 150
pounds per square inch, and recovering as the oil phase -
- a lubricating oil substazmally devoid of naphthenic acids. .

30

12

acld in S&Id oil rangmg from about 9 to 180 and theﬂ

“solvent-to-oil ratios being from about 0.04 to 2.0, and

confinuously separating a raffinate 011 havmg a reduced |

- content of naphthemc acids.

6. The process in accordance with claim 5 in which

‘the cil being treated is a refined lubncatmg oil distil- -

late having a viscosity of about 80 SUS at 100“ F. and

an acid number of about 2.7.
7. The process in accordance with claim - 5 in Whlch

the oil being treated is a refined Iubncatmg oil distil-

- late having a viscosity of about 1‘70 SUS at 100° F. and -

an acid number of about 3.0.
- 8. The process in accordance with claim 5 in whlch

‘the oil being treated is a refined lubricating oil distil-
late having a viscosity of about 350 SUS at 100“ F.and

an acid number of about 2.9.
9. The process for the continuous counter—current ex-

| 'tractlcn of high molecular weight naphthenic acids boil- :

ing above about 600° F. from refined deasphalted lubri-

cating oils which comprises treating said oil with a sol-

vent compnsmg substantially anhydrous methanol and

ammonta at a temperature of about 140° to 195° F.,
the mols of ammonia in said solvent per mol of naph-
thenic acid in said oil ranging from about 10 to 320

%9 and the solvent-to-oil ratios being from about 0.5 to 2. 0
- and. continuously separating a raffinate oil havmg are -

~ duced content of naphthemc acids.

10.. The process in accordance with claim 9 in Wthh._

.~ the oil being treated is a refined deasphalied oil havmg :
- ar acid number of about 1.6,

woving high molecular Welght |

11. The process of- re

E naphthenic acids from refined lubricating oil distillates
~ having viscosities at 100° F. of from about 80 SUS to

170 SUS which comprises treating said distillates with

~a solvent consisting of anyhydrous methanol containing
- between about 5% to 7% by wt. of ammonia, at tem-

" peratures ranging from 140° to 150° F. using pressures

40

‘and under pressures ranﬂmg from about 15 to 40 pounds
per square inch, and recoving as the oil phase a lubricat-

.1ng oil substantially devoid of naphthenic acids.

3. In the process tor the extraction. of high me]ecular'.

weight naphthenic acids boiling above about 600° F.

from refined lubricating oils to obtain products sub-

stantlally devoid of naphthenic acids, the improvement
compmmg freating
traction _usmg low solvent to cil ratios in the order of
~about 0.2 to 2.0 at temperatures of from 140° to 195°

inch, and employing as the solvent a composition con-
sisting of methanol containing between about 5% to
7% of ammonia, based on the amount of said methanol.

4. Tn the process for the extraction of high molecular
weight naphthenic acids boiling above about 600° F.

said lubricating oils to solvent ex--

45

o0

 F. under pressures of from 15 to 40 pounds per square

55

of from 15 to 40 pounds per square inch and solvent—to—: -

oil ratio of between about 0.2 to 0.5.
12. In a continuous process for solvent extractmg hlgh

molecular weight naphthenic acids boiling above about
600° F. from refined lubricating oils which comprises
continuously passing a lubricating oil stream into coun-

“ter-current contact with a solvent stream to separate a

solvent phase and an cil phase, the improvement ccm-._--i_'
prising introducing as the solvent a mixture of anyhy-.
drous methanol and ammonia in prcpcrtlons such that

~ the total solvent—te-ell ratio does not exceed about 2.0

and the mols of ammonia per mol of naphthemc acid
present in said oil is below 240, said contact taking

- place at-about 140° F. to 190° F. and separating. an oil. -

phase having a substantrally reduced acid number and-. o
a solvent phase of naphthenic acids. S

13. In the process for the continuous ceunter-current o '

extraction of high molecular weight naphthenic. acids. -
boiling above about 600° F. from refined dlstﬂlate Tubri- - -

- cating oils having viscosities of about 80 SUS at 100° F. '

from refined lubricating oils, the improvement COMmPpris-

mg treating said lubncatrng oils to solvent extraction
using low solvent to oil ratios in the order of 0.2 to 2. 0,

60

- temperatures of from 140° to 195° F. under pressures -

of from 15 to 40 pounds per square 1nch, and employ-.
ing as the solvent a composition consisting of methanol
to 7% by weight of am-
monia, no more than about 0.40% by weight of water,

contmnmg between about 5%

sald amounts of ammonia and water bteing based on
the amount of methanol.

65

5. The process for the continuous counter-current ex-

traction of high molecular weight naphthenic acids boil-

70

mg above about 600° F. from refined distillate lubricat- -

ing oils which comprises treating said oil with a solvent

- comprising substantially anhydrcus methanol and am-

monia at a tempereture of about 140° to 175° F., the.

mols of ammonia in sa1d solvent per mol of naphthemc

wherein the o1l is contacted with a solvent and an extract |

inate oil phase are continuously separated, -

phase and ra

the improvement comprising treating said oil with a sol-

vent comprising a substantially anhydrous mixture of -
methanol and ammonia, using a -solvent-to-oil ratio” of
about 0. 20 at a temperature of about 140° F., and ad-

~justing the amount of ammonia in said sclvent so that -
~about 10 mols of ammonia per mol of naphthtenic acid =~
in said oil are present and recovering as the raffinate an. .
o1l having an acid number of about 003 |

14. In the process for the continuous counter—-current*; -

extraction of high molecular weight naphthenic acids®
boiling above-about 600° F. from refined distillate Iubri--

cating oils having viscosities-of about 170 SUS at. 100°
F. wherein the oil is contacted with a solvent and an
inate oil phase are centmucusly-__ -

extract phase and-a rai

- separated, the mprovement comprising treating said. oil

with a solvent comprising a substantially anhydrous mix-
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ture of methanol and ammonia, using a solvent—to—oﬂ
ratio of about 0.7, at a temperature of about 150° F.,
and adjusting the amount of ammonia in said solvent so
that about 35 mols of ammonia per mol of naphthenic
acid in said oil are present and recovering as the rafiinate
an oil having an acid number of about 0.03.
. 15. In the process for the continuous counter-current
extraction of high molecular weight naphthenic acids
boiling above about 600° F. from refined distillate lubri-
cating oils having viscosities of about 350 SUS at 100°
F. wherein the oil is contacted with a solvent and an
extract phase and raffinate oil phase are continuously
separated, the improvement comprising treating said oils
with a solvent comprising a substantially anyhydrous
mixture of methancl and ammonia, using a solvent-to-
oil ratio of about 1.0, at a temperature of about 160° F.,
and adjusting the amount of ammonia in said solvent so
that about 50 to 80 mols of ammonia per mol of naph-

10

15

thenic acid are present in said oil and recovering as the

raffinate an oil having an acid number of about 0.03.
16. In the process for the continuous counter-current

extraction of high molecular weight naphthenic acids
boiling above about 600° F. from refined deasphalted

20

14

lubricating oils having viscosities of about 150 SUS at
210° F. wherein the oil is contacted with a solvent and
an extract phase and a raffinate phase are contmuously
separated, the 1mprovement comprising treating said oils
with a solvent comprising a substantially anyhydrous
mixture of methanol and ammonia, using a solvent-to-
oil ratio of about 2.0, at a temperature of about 170° F.,
and adjusting the amount of ammonia in said solvent so
that about 200 mols of ammonia per mol of naphthenic
acid in said oil are present and recovering as the raffinate
an oil having an acid number of about 0.17 to 0.23.
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