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This invention relates to.the production of
succinic acid and succinic anhydride by the oxi-
dation of petroleum hydrocarbons and by the
oxidation of oxidized derivatives of petroleum
hydrocarbons. More particularly, this invention
relates to methods for the oxidation of petroleum
wax and other paraffin hydrocarbons whereby
succinic acid and genitors of succinic acid are
produced, to methods for the conversion of suc-
cinic acid genitors to succinic acid and to meth-
ods for the separation of succinic acid from oxi-
dized hydrocarbon fractions.

It is thus a primary object of this invention
to provide a method for the synthesis of suc-
cinic acid from paraffin wax and/or other par-
affinic hydrocarbons.

It is another object of this invention to pro-
vide a method for the synthesis of succinic acid
from oxidation products of paraffinic hydrocar-
bons, such as fatty acids.

It is another object of this invention to pro-
vide & process for the separation of succinic acid
from mixtures of oxidized paraffinic substances.

Briefly, my invention involves the synthesis of
succinic acid and genitors of succinic acid by
the oxidation of selected paraffin wax fractions.
The petroleum wax fraction is oxidized by blow-
ing the melted wax with an oxygen-containing
gas at moderate temperatures until a relatively
high acid number has been obtained. In the
preferred modification of my invention, the suc-
cinle acid precursors are converted to succinic
acid by the action of boiling water and together
with the succinic acid already present are si-
multaneously extracted from the oxidized wax
along with the other water-soluble constituents
" by the action of the boiling water. The hot,
agqueous extract containing the succinic acid is
then distilled, preferably under vacuum, to re-
move the more volatile acids and the water. The
succinie acid-containing residue from the distil-
lation is cooled and allowed to stand, whereupon
solid succinie acid is crystallized therefrom and
removed by filtration.

The process of the present invention, which
includes the individual operations of the com-
bined oxidation and separation method for the
production of succinic acid, may be more clearly
understood by reference to the accompanying
diagram which is a schematic diagram of the
overall process of the oxidation and s:zparation,
and depicts the individual steps of the process.

Referring particularly to. the diagram, the
preferred oxidation feed stock to step A is a
petroleum parafin wax which is predominantly
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composed of paraffinic hydrocarbons having be-
tween about 15 and 50 carbon atoms per mole-
cule, and more preferably between about 20 and
35 carbon atoms per molzcule. The wax is pref-
erably a higher melting wax such as those re-
fined waxes which melt at about 90° F. and pref-
erably above 120° F.

The wax should be substantially free of any
hydrocarbons containing aromatic rings since
these compounds will oxidize to form inhibitors
which repress further oxidation of the residual
hydrocarbons. The wax to be oxidized should
also be relatively free of hydrocarbons contain-
ing naphthene rings since these tend to form
reroxides in the product which, in some cases,
seem to decrease the yicld of desirable oxidation
products.

A very suitable wax for the production of suc-
cinic acid is one which has been prepared by
modern solvent refilning technique. Thus, a
topped petroleum residuum or lubricating oil
fraction thereof is extracted with liquefied pro-
pane to separate asphalt from the oil and the
thus de-asphalted oil in propane solution is sub-
sequently de-waxed by chilling to temperatures
in the neighborhood of —40° F. to crystallize wax
which is then separated, such as by filtration,
settling or centrifuging, from the propane-oil
solution. The thus separated wax from the de~-
waxing step contains oil and this oil is removed
by chilling it and then adding a cold solvent,
such as methyl ethyl ketone, to dissolve oil and
low melting wax and then filtering to separate
a high melting de-oiled wax. Such methods are
well known and are generally described in U. S.
Patent No. 2,229,658. The wax thus obtained
by this and other solvent refining processes is
relatively free of objectionable materials for wax
oxidation purposes. The melting point of the
refined wax is usually above 90° F. and may even
be as high as 165° F. or more. Such waxes are
substantially straight chain normal paraffins
and are only slightly isoparaffinic. Although
solvent refining gives a very decsirable oxidation
feed stock, waxes refined by other methods and
from other sources may also be used in the proe-
ess of this invention, such as refined tank bot-
toms wax and other petroleum-derived wax
fractions.

Although the paraffin waxes are the most de-
sirablz feed stocks for the production of succinic
acid, other hydrocarbons such as paraffins and
isoparaffins, which contain at least 10 carbon
atoms per molecule, may a!so be employed pro-
vided they comprise mostly molecules which con-
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3 .
tain an unsubstituted tetramethylene grouping
of the type illustrated by the following formula:

R—CHz—CHs—CH>—CH:—R’

wherein R and R’ are saturated aliphatic radi-
cals which contain at least 3 carbon atoms.

- The oxidation of the parafiin wax in step A is
carried out in the liquid phase by blowing the
melted wax with an oxygen-containing gas until
the desired acid number has been attained. The
yield of succinic acid and genitors of succinic
"acid obtained by the oxidation of wax is depend-
ent upon the temperature of the oxidation. High
temperatures promote the decomposition of suc-
cinic acid and/or its derivatives and at lower
temperatures the oxidation reaction is unduly
slow. The oxidation is carried out at a tem-
perature above the melting point of the wax and
below 160° C., or between about 100 and 160° C.
The preferred temperature range is from 120 to
140° C.

The oxidation of the paraffin wax is continued
until the acid number is between about 200 and
250 and preferably in the range of 235 to 250.
When the oxidation is discontinued at acid num-
bers below 200, little or no succinic acid is ob-
tained. When the oxidation is continued until
the acid number is in the range of 235 to 250,
the greatest yield of succinic acid is obtained and
also the succinic acid is more readily separated
from such oxidized products sccording to fthe
methods of this invention.

The term “acid number” represenis the nu-
merical value of the “acidity” which latter term
hsas the units. of mg. of KOKE per gram. The
method for the determination of acid numbers
is described in “A. 8. T. M. Standard on Petro-
leum Products and Lubricants,” Octcber 1947,
rage 639,

In step A, the oxidation feed stock is subjected
to liquid phase oxidation by contacting the
melted feed stock with & gas containing free oxy-
gen, such a&s air, oxygen-enriched air, oxygen
and the like. The oxidation is preferabiy car-
ried out under pressures which may vary be-
tween 20 and 20 atmospheres and preferably be-
{ween normal atmospheric pressure snd 10
atmospheres.
above the melting point of the wax being oxidized
and below 160° C. and is preferably in the range
of 120 to 140° C. The wax is melted and intro-
duced into a reaction vessel which is equipped
with means for both heating and cooling the
contents. The vessel is preferably in the form of
& vertical column provided with heating coils in
the lower section, and is only partially filled
with the molten wax in order to leave ample free
space above the liquid to provide for foaming
and vapor space. The melted wax is then heated
to between about 100 and 160° C. by means of
the heating coils and the gas containing free
oxygen, such as air, is passed into the bottom of
the vessel under pressure through a distributor
which insures adequate dispersion of the air in
the form of fine bubbles throughout the liquid.
This insures efficient air utilization in the oxi-
dation. The volumetric rate at which the air or
other oxidizing gas is introduced may vary be-
tween about 1 and 20 cubic feet per barrel of
hydrocarbon per minute. The barrel herein re-
ferred to is the 42-gallon barrel of the petroleum
industry. The preferred air rate is between
about 10 to 15 cubic feet per barrel per minute.
The oxidation is performed under pressure which
increases the oxidation rate and also limits ex-

15

20

26

30

38

40

45

The oxidation temperature is -

50

b5

80

a5

70

({]

4 .

cessive evaporation of the desired oxidation
products, while allowing the evaporation of some
of the lower molecular weight acidic cxidation
products. The effect of oxidizing under pressure
only increases the resction rate and does not
slier the product distribution or types of products
providing the pressure is in the range of %1, to 20
atmospheres. The volatilized lower molecular
weight compounds may be subsequently re-
covered and purified according to conventionel
processes. The removal of the lower molecular
weight acids appears to ald the oxidation. The
efluent gases leaving the oxidizing vessel may
be cooled so as to recover the lower moleculer
weight normally-liquid oxidation produects.
These products include formic, acetic, and pro-
pionic acids and other oxygenated materials.

The oxidation operation, above described as a
batch process conducted in a single vessel, may
be conducted on a continuous basis in a series of
smaller vertical reaction vessels, each equipped
for heating and cooling and provided with means
for introduction of the gas containing oxygen.
The paraffin wax may be passed successively
through the series of vessels to undergo oxidation.
The advantages offered by such a mode of oper-
ation include, among others, a steady flow of
product, & uniform product quality, and the ease
of control of the operation.

Foliowing the initiation of the oxidation re-
action, less heat is required to maintain the de-
sired temperature because of the heat developed
by the reaction. Thus, it is sometimes necessary
{o discontinue heating and remove heat by cool-
ing the reactor to maintain the desired temper-
ature. Whether the operation is carried out
exothermically or endothermically is largely
determined by the pressure of the operation, tem-
perature, and the amount of alr or other oxy-
gen-containing gas employed -in the reaction as
well as the size of the oxidation vessel.

During the oxidation step, a considerable
quantity of volatile low molecular weight oxida-
tion products are recovered by cooling and
separation from the accompanying water formed
by the oxidation process. A separation of these
materials is relatively simple and is carried out
by conventional methods.

The oxidized wax is then water washed in step
B which water washing serves to convert suc-
cinic acid genitors to succinic acid and to extract
the succinic acid from the oxidized wax along
with the other water-soluble components such

as lower molecular weight fatty acids, alpha-

hydroxy acids and the like. The water washing
process is most easily conducted at 50 to 130° C.
and preferably at 80 to 120° C. Under these con-
ditions, the cxidized wax is melted and the water
washing operation is facilitated by the fluidity
and increased mobility of the molten oxidate:
When the washing is carried out at temperatures
above about 100° C., it is necessary to employ a
suitable pressure on the system to prevent dis-
tillation of the water from the mixture. It is
generally desirable to use two or more washes
employing about 2 to 10 volumes of water per
volume of oxidized wax per wash. Any con-
venient apparatus may be used for the water
washing step such as a series of mixing and set-
tling vessels or a conventional extraction column.

The water washed, water-insoluble oxidized
wax fraction generally has an acid number of
about 100 to 175 when an oxidized wax having an
acid number of about 250 is washed. The water-
washed, oxidized wax contains oxygenated prod~

.
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ucts which generally range from about 6 to 50
or more carbon atoms per molecule. The com-
position usually approximates about 45 per cent
alpha-hydroxy acids and estolides, 35 per cent
fatty acids, 15 per cent neutral esters, and 5 per
cent by weight of unreacted wax.

The water-insoluble water washed oxidized wax
may be processed to recover its valuable constit-
" uents, Alternatively however, the fraction can
be rec¥cled to the oxidizer wherein more succinic
acid can be produced by its oxidation.

The aqueous extract from water washing step .

B is distilled in step C to remove the water and
the bulk of the oxidation products which are more
volatile than succinic acid. The distillation step
is most easily carried out by first distilling off
most of the water at atmospheric pressure where-
by a product containing about 10 to 30 per cent by
weight of water is obtained. The removal of the

residual water and volatile oxidation products is ¢

best accomplished by a distillation at reduced
pressure. Vacuum distillation permits lower tem-
peratures to be employed which factor prevents
extensive decomposition and reaction of the com-

ponents of the concentrate. It is generally de- .:

sirable to keep the distillation temperatures below
about 220° C. ,

The anhydrous concentrate produced in step C
is next cooled and allowed to stand undisturbed
in step D at about 10 to 35° C. Crude succinic
acid crystallizes from the concentrate in from 2
to 10 days. The crystallization of the succinic
acid may be accelerated by seeding the concen-
trate with a few crystals of pure succinic acid.

The mixture of crude succinic acid crystals and
the mother liquor from step D are separated in
step E by any suitable method such as filtration,
decantation, and the like and the separated crys-
tals are preferably washed with a solvent to re-
move the adhering mother liquor. Suitable sol-
vents which may be employed for this purpose
include benzene, toluene, xylene, methyl ethyl
ketone, methy! propyl ketone, methyl isobutyl
ketone, di-ethyl ketone, di-ethyl ether and the
like. Theé excess solvent may be removed from
the crude acid by evaporation in a vacuum.

The crude succinic acid obtained from step
E can be purified by any well known process such
as sublimation, recrystallization, and the like.

The mother liquor from step E logically should
contain the higher molecular weight, less volatile,
water-soluble oxidation products. However, the
mother liquor is in general not completely solu-
ble in water and it is believed that a part of the
original water-soluble compounds are converted
to water insoluble compounds during the distilla-
tion in step C. The mother liquor contains fatty
acids, alpha-hydroxy acids and estolides, and
unidentified decomposition products. This ma-
terial may be recycled to the oxidation step to
produce additional succinic acid or, alternatively,
it may be processed to recover its component ma-
terials.

The preferred method for the separation of
suceinic acid from oxidized wax is the one which
has just been described in detail. However, other
methods may also be employed to effect this
separation. The succinic acid concentrate which
is produced from the distillation step C can be
subjected to further distillationn to distil suc-
cinic acid and/or anhydride from the mixture.
The distillation is conducted at a reduced pres-
sure such as below 150 mm., and preferably be-
low 30 mm. At higher pressure, extensive decom-
position of the succinic acid and of the remain-
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ing components of the mixture takes place as a
result of the higher temperatures required. By
employing pressures in the range of 0.5 to 5 mm.,
the succinic acid and/or anhydride are volatilized -
by heating the mixture to about 150 to 220° C.

. The succinic acid and anhydride generally crys-

tallize out of the cooled distillate in fairly pure
form. It is desirable to first distil the concen-
trate to separate the compounds boiling below
the succinic acid and thence to distil the succinic
acid and/or anhydride overhead as a separate
and relatively rich fraction. A purer succinic
acid is obtained thereby.

The general process which has been described
in detail may be modifled by mixing the an-
hydrous non-volatile, residue from the distilla~
tion step C with a solvent in which the succinic
acid is less soluble than the remaining compo-
nents. In some instances, the addition of such
a solvent to the distillation residue induces more
rapild and complete separation of the succinic
acid from the mixture on standing. In other
cases purer succinic acid is produced than would
otherwise be obtained. The mixture of the resi-
due and solvent can also be chilled to crystallize
out the maximum yield of succinic acid since the
added solvent reduces the usual tendency of the
mixture to set to a viscous mass which, on further
cooling, sets up to a glass. Suitable solvents for
this purpose include diethyl ether, di-isopropyl
ether, methyl ethyl ketone, methyl propyl ketone,
methyl isopropyl ketone, diethyl ketone, propyl
alcohol, and the like.

The general process for the production of suc-
cinic acid by oxidation and separation can also
be carried out using raw materials other than
petroleum hydrocarbons, The oxidation of the
water-insoluble fraction of oxidized wax which
comprises mostly fatty aclds, alpha-hydroxy acids
and estolides of alpha-hydroxy acids also yields
succinic acid. Similarly,the oxidation of pure
fatty acids containing more than about 7 car-
bons per molecule also yields succinic acid. Mix-
tures of suitable fatty acids may be obtained by.
the oxidation of any suitable petroleum hydro-
carbons. Suitable fatty acids can also be ob-
tained from plant and animal sources. In the
oxidation of fatty acids, water-insoluble oxidized
wax fractions and the like substantially the same
methods and conditions of oxidization and of
separation of the succinic acid from the oxidized
product are employed as have been hereinbefore
described for the oxidation of wax and the sep-
aration of succinic acid from the oxidized wax.

Perhaps the process of this invention can best
be understood by reference to the following spe-
cific examples:

Example 1

About 100 parts by weight of a refined petrol-
eum wax having a melting point between 145 and
155° PF. was introduced into an.oxidation vessel
provided with heating and cooling coils. The
wax was melted and the temperature increased

83 to about 130° C. Air at a pressure of 150 pounds
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per square inch gauge was employed as the oxi-
dizing agent and was passed through the oxida-
tion vessel at a rate of about 5.5 cubic feet per
barrel per minute. At the end of about 24 hours,
the oxidation reaction had begun to progress sat-
isfactorily and the temperature was lowered to
120° C. At the end of 132 hours, the oxidation
was stopped. About 107 parts by weight of an
oxidized product having an acid number of 250
was obtained,
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The 107 parts by weight of oxidized wax was
melted, heated to 95° C., and washed four times
with water at about 95° C., employing about 215
parts by weight of water per wash. The com-
bined water washes comprised about 26.8 parts
by weight of water-soluble oxidation products in
about 860 parts by weight of water. The com-
bined water washings were distilled at atmos-
pheric pressure until the temperature of the still
bottoms was about 145° C. A succinic acid-con-
taining mixture was obtained as the bottoms
product which contained 17.1 parts by weight
of organic oxidation products and 4.3 parts by
weight of water. The succinic acid-containing
mixture was then heated to 150° C. under 1 mm.
of pressure to evaporate the residual water and
volatile oxidation whereupon a non-volatile con-
centrate amounting to 15.6 parts by weight was
obtained. The concentrate was cooled and al-
lowed to stand at room temperature for about
three weeks. Crude succinic acid crystallized

.from the concentrate and was removed by filter-
ing through a Biichner funnel. The crystals were
freed of adhering mother liquor by pouring ben-
zene through the funnel and evaporating the
adhering benzene. About 3.3 parts by weight of
crude succinic acid was thus obtained and was
estimated to contain about 80-95 per ccnt by
weight of succinic acid.

The crude succinic acid was partially purified
by recrystallization from ethyl alcohol. The
following data compare the “succinic acid from
oxidized wax” with the literature data for suc-
cinic acid:

*‘Suceinic
Acid from Agg"‘gﬁ’e
Orxidized , Litera-
Wax" ture Data
Melting point, ° C. oo 175-180 180-190
Equivatent Weight - -oo - ro.. 50.5 59.05
Elementnl Analysis Wt. Per cent:
Carbon_ .o 42.54 40.68
Hydrogen ......................... 4.72 5.12
OXygon.. .« . 52.74 54,20
TOtal. oo 100.00 100. 00
-Example 11

A sample of oxidized wax was prepared and
water washed according to the method described
in Example I. The four water washings were
combined and distilled at atmospheric pressure
until the temperature of the still bottoms was
about 145° C. The succinic acid-containing mix-
ture, which was obtained as the bottoms product,
contained 17.1 parts by weight of organic oxida-
tion products and 4.3 parts by weight of water
based on 107 parts of crude oxidate taken. The
mixture was then vacuum distilled at 1 mm.
pressure until the temperature of the distiliation
flask was 150°° C. The temperature of the dis-
tillation was raised to 220° C. and the distillate
volatilized from the mixture between 150 and
220° C. at 1 mm. pressure was collected and cooled.
Crude crystals of succinic acid and anhydride
separated from the cooled distillate and,. after
washing on a filter with benzene and subsequent-
ly drying, amounted to about 2.5 parts by weight.
The product was estimated to contain 85-95 per
cent by weight of succinic acid and anhydride.

Example III
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The water-insoluble fraction of the oxidized -

wax prepared in Example I amounted to about
80 parts by weight and had an acid number of

75

8
about 170. The water-insoluble fraction con-

tained the following components:

Component: Per cent by weight
Alpha-hydrozy aclds and estolides.. 45
Fatty acids 37
Neutral esters.. 14
Unreacted parafinwax._. ... 4

The water-insoluble fraction was melted, re-
turned to the oxidizer and reoxidized at a tem-
perature of about 121° C. About 5.5 cubic feet
of air per barrel of oxidizer feed per minute was
employed at a pressure of 150 pounds per square
inch. At the end of about 35 hours the acid num-
ber was 250. About 82 parts by weight of product
were obtained. The product was water washed
at 95° C. four times employing about 150 parts
by weight of water per wash. The water wash-
ings were combined and distilled at_atmospheric
pressure until the distillation bottoms was sbout
145° C. The non-volatile fraction was trans-
ferred to a vacuum distillation apparatus and
distilled at 1 mm, pressure until the distillation
bottoms was about 150° C. A part of the residue
was removed and cooled whereupon succinic acid
separated therefrom. The remainder of the
residue was distilled at 1 mm. pressure and the
150 to 220° C. fraction was collected and cooled,
whereupon succinic acid and anhydride sepa-
rated therefrom.

Ezxample IV

Example I was repeated with the exception

that pure n-hexadecane (CisH3¢) was employed
as the oxidsation feed stock in place of the peftro-
leum wax. The oxidation was cerried out at a
temperature of 132° C. and the oxidation was
stopped when the acid number of the oxidized
material was 235. The product was water washed
end the water washings were distilled, first at
atmospheric pressure and then at 1 mm. pressure
to remove the water and oxidized products boil-
ing below 145° C. at 1 mm. pressure. The distil-
lation residue was cooled and allowed to stand for
about 1 week. The succinic acid crystals were
separated, washed with benzene and dried. About
2.5 parts of succinic acid per 100 parts of the
original n-hexadecane were obtained therefrom.

Ezample V

Example I was repeafed with the exception
that pure stearic acid was substituted for the
petroleum wax as the oxidation feed stock. The
oxidation was carried out at 121° C. until an acid
number of 250 was attained. The product was
water washed and the water washings were dis-
tilled according to the procedure described in Ex-
ample I. Succinic acid crystallized from the dis-
tillation residue after cooling and standing.

‘The foregoing disclosure of my invention is

not to be considered as limiting since many vari-
ations may be made by those skilled in the art
without departing from the scope or spirit of
the following claims.

I claim:

1. A process for the production of succinic acid
which comprises oxidizing a paraffinic hydro-
carbon at a temperature between 100° C. and
160° C. by blowing with an oxygen-containing gas
until the acid number of the resulting oxidizing
mixture is between 200 and 250 mg. of KOH per
gram, discontinuing said oxidation, water wash-
ing said oxidized mixture at a temperature be-
tween about 50° C. and 130° C. to produce a
water-soluble extract, evaporating said water-
soluble extract to remove water and oxidation
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products more volatile than succinic acid and
thereby forming an evaporated water-soluble
extract, cooling said evaporated water-soluble
extract and thereby causing solid suceinie acid to
precipitate therefrom and removing said succinic
ecid.

2. A process according to claim 1 wherein said
paraflinic hydrocarbon is a petroleum wax hav-
ing a melting point between 90° F. and 165° F.

3. A process according to claim 1 wherein said
blowing with an oxygen-containing gas is con-
ducted at a pressure between about 1 and 10 at-
mospheres.

4. A process for the production of succinic acid
which comprises oxidizing a paraffinic hydro-
carbon in an oxidation step at a temperature be-
tween 100° C. and 160° C. by blowing with an
oxygen-containing gas until the acid number of
the resulting oxidized mixture is between 200 and
250 mg. of KOH per gram, discontinuing said
oxidation, water washing said oxidized mixture
at a temperature between about 50° C. and 130°
C. to produce a water-soluble extract, evaporating
sald water-soluble extract to remove water and
oxidation products more volatile than suceinic
acid thereby forming an evaporated water-solu-
ble extract, cooling said evaporated water-solyble
extract thereby causing solid succinic acid- to
precipitate therefrom, removing said solid suc-
cinic acid from its mother liquor and recycling
said mother liquor to said oxidation step.

5. A process for the production of succinic acid
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which comprises oxidizing a paraffinic hydro-
carbon in an oxidation step at a temperature be-
tween 100° C. and 160° C. by blowing with an
oxygen-containing gas until the acid number of
“kie resulting oxidized mixture is between 200 and
250 mg. of KOH per gram, discontinuing said
oxidation, water washing said oxidized mixture
at a temperature between about 50° C. and 130°
C. to produce a water-soluble extract and a mix-
ture of water-insoluble oxidation products, re-
cycling said mixture of water-insoluble oxidation
products to said oxidation step, evaporating said
water-soluble extract to remove water and oxi-
dation products more volatile than succinic acid
thereby forming an evaporated water-soluble ex-
tract, cooling said evaporated water-soluble ex-
tract thereby causing solid succinic acid to pre-
cipitate therefrom and removing said suceinic
acid,
ORVILLE L. POLLY.
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