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| 1
This invention relates to the production of sul-
fonic derivatives from hydrocarbons and is par-
ticularly directed to the preparation of water-
soluble petroleum hydrocarbon sulfonaies which
are highly active detergents.

“ proved method of sulfonation of a selected hydro-

'This invention fur-
ther relates to a method of producing a partlcular 3

fraction of petroleum sulfonic acids by an i< "~ active agents, ete. by using any one or a combina-

employed in the sulfonation of difficultly sulfonat-

able materials such as naphtha or paraffin hydro- o

carbons of mineral oil fractions, ete.
The sulfonation of the wide variety. of the ma- |

terlals listed above in the preparation of wetting
- agents, -detergents; -emulsifying agents, surface-

—-tion of the sulfonating agents also illustrated

carbon feed.stock to obtain sulfonic acids and to |

. & method of fractionating these sulfonic acids so

as to separate those which are highly detergent
as alkali metal salts and are both oil- and water-
soluble.

The preparation of organic sulfonic acids and
of organic sulfonates for use as detergents having
many of the desirable properties of soap is well
known in the art. The sulfonic acids as such find
wide usage in the textile, leather, paper, glue,
petroleum and other industries. The sulfona-
fion product obtained from sulfonating a phenol-
‘aldehyde condensation is used as an aid in leather
treating. The alkali metal salts of sulfonated
mineral oils are employed alone or in mixtures
with fatty acid soaps as efficient surface-active
agents. The sulfonation of tetrahydrobenzene,
propylene, trichloroethylene, butyl naphthalene,
or stearie, oleie, palmitie acids, produces sulfona-
tion products which are efficient wetting or emul-
sifying agents, Certain sulfonation products ob-
tained by sulfonating the higher molecular weight
aromatic hydrocarbons and other compounds are
employed in dyeing., The derivatives of isethi-
onic acid with oleic acid and its derivatives are
used as detergents. Certain sulfuric acid esters

such as esters of cetyl, stearyl, and palmityl al-.

cohols, which are related to sulfonic acids, are
used as detergents.
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above 1s nearly always a complex and expensive
operation. The expense of preparing such deter-
gents in general arises from the requirement that
the material being sulfonated must be a relatively
pure material and the sulfonating agent employed

~ is often costly. I have found that equally effec-
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- Preparation of these sulfonic acids may be ac-

complished by contacting the proper raw material
- with a sulfonating agent under proper conditions
for the formation of the desired product. The
variety of sulfonating agents is quite large and
includes sulfonating agents of widely differing
activity from the stronger sulfonating agents such.
as oleum to the milder sulfonation agents such as
sulfur dioxide. These sulfonating agents in-
- clude concentrated sulfurie acid, oleum, sulfur tri-
oxide, acid sulfates and polysulfates, chlorosul-
fonic acids, sulfur dioxide, sulfides and acid sul-
fites, hydrosulfides, N-pyridinium sulfonic acid,
aminosulfonic acids, and the like. Generally,
concentrated sulfuric acid, oleum, or chlorosul-
fonic acid are usually employed because of their
high reactivity, low cost and ready availability.
These sulfonating agents are also nearly always
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tive detergents, wetting agents, etc. may be pre-

- pared by the process of the present invention as

hereinafter more fully described by using a par-
ticular mineral oil fraction, an inexpensive sul-

fonating agent, and fractmnatmg the sulfonic
acids formed so as to recover the most desirable
types. The sulfonation of a mineral oil fraction
containing paraffin, naphthene, aromatic or con-
densed ring hydrocarbons found in such mineral
oils for the production of desirable petroleum sul-
fonic acids requires the stronger sulfonating
agents. Concentrated sulfuric acid as the strong
sulfonating agent is perhaps one of the least ex-
pensive of the reagents suitable to perform the

 sulfonation according to this invention. The sul-
30

fonation product thus obtained and particularly

‘the salts formed from the sulfonation product

have been found to be excellent emulsifying and
wetting agents and perform af least as well as

~those prepared from the more expensive relatively

pure raw material. It is to the improvement in
the method of production of petroleum sulfonates
and to the production of improved soluble petro--
leum sulfonates that this inventic . is directed.

It is a primary object of this invention to pro-

vide an improved process for the production of

petroleum sulfonic acids and of petroleum sul—
fonates.

A further obJect of this invention 1s to provide
a process for the sulfonation of selected mineral
oil fractions and thereby produce a particularly
desirable fraction of petroleum sulfonic acids. |

It is an additional object to provide a sulfona-
tion process whereby a selected fraction of oil-
and water-soluble sulfonic acids may be produced
from a selected hydrocarbon fraction with sub-
stantially no simultaneous formation of oil- or

water-insoluble sulfonic acids.

b6

A correlative object of this invention is to pro-
vide an economical process for the production of




2,543,885

3

surface-active agents from selected hydrocarbon |

fractions.

Another object of this invention is tc provide
an oil- and water-soluble sulfonate prepared from
selected peiroleum hydrocarbon {ractions, the
petroleum sulfonate being & highly active deter-
gent.

Other objects and advantages of this inven-
tion will become apparent to those skilled in the

art as the description thereof proceeds.

. Briefly, this invention comprises the sulfona-
tion of a selected hydrocarbon fraction with a
concentrated sulfonating agent so as to produce
a particular fraction of hydrocarbon sulfonic
acids which are both oil- and water-soluble and
which form metal salts which are highly deter-
gent. The crude sulfonation product is subse-
quently quenched and extracted with a first or-
ganic solvent in order to cool the crude product,
thereby stopping the sulfonation reaction and
to extraet from the sulfonation product tL# par-
ticularly desirable fraction of sulfonic acids of
this invention. This first extract phase thus
formed and which contains the oil- and water-
soluble sulfonic acids is thoroughly mixed with
a solution of a basically reacting compound
thereby forming the corresponding salts of the
sulfonic acids and forming simultaneously a stable
emulsion containing water, the first organic
solvent, the unsulfonated hydrocarbon and the
sulfonate salts. This emulsion is subsequently
distilled to effect recovery of the first organic
solvent which is reemployed in the process and
the distillation residue is freated with a water-
soluble aicohol to break the aforementioned emul-
sion. The distillation residue and aleohol is fur-
ther extracted with a second organic solvent in
order to effect separation of the sulfonate salis
from the unsulfonated hydrocarbon. The sec-
ond organic solvent dissolves the unsulfonated
hydrocarbon and removes this material as a sec-
ond extract phase which is subsequently distilled
to recover the second organic solvent. The raf-
finate phase which consists of an aqueous solu-
tion of the sulfonate salts is subsequently de-
hydrated and the sulfonates recovered in sub-
stantially pure form as a very light colored free
flowing powder.

The present invention may be more clearly
understood and the sequeuce of steps in the proc-
ess aceording to my invention may be more lucid-
ly described by reference to the accompanying
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continuously scrape the inside surface of the cy-
lindrical reactor. The continuous scraping of
the inside surface of the reactor by the blades
attached to the rotating shaft assures intimate
mixing of the hydrocarbon feed with the sulfonat-
ing agent and simultaneously assures good ftrans-
fer of heat from fhe sulfonation reaction through
the wall of the cylindrical reactor into a heat
transfer medium circulated through the outer
jacket. Proper selection of the heat transfer
medium permits virtually any sulfonation tem-
perature to be maintained within quite nar-
row limits. Such a reactor as just described and
which is well suited to the sulfonafion process
according to the present invention is commer-
cially available and known to the trade as a

- Votator manufactured by the Girdler Corpora-
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drawing. This drawing is a schematic flow dia-

egram of the improved hydrocarbon sulfonation
process and depicts and integrates the twelve es-
ential steps thereof. |

Referring now more particularly to the draw-
ing, the hydrocarbon feed introduced into step |
is thoroughly contacted under carefully con-
trolled temperature conditions with a sulfonating
agent also introduced into step {. The mixing
of these two materials may be carried out in any
form of a reactor in which thorough contact
of the sulfonating agent and the hydrocarbon
feed may be effected and in which simultaneously
the heat of reaction liberated may be removed
quickly so as to maintain the desired temperature.
I have found that these requirements may be
fulfilled by contacting the hydrocarbon feed with
the sulfonating agent in a horizontal cylindrical
reactor which is provided on the outside with a
jacket and on the inside with a horizontal rotata-~
. ble shaft on the same horizontal axis as the cylin-
drical reactor. The horizontal shaft is provided
wlth longitudinal blades affixed thereto which

b5
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tion of Louisville, Kentucky, and is generally de-
seribed in United States Patents Nos. 2,063,065
and 2,063,066, issued December 8, 1936.

The hydrocarbon feeds from which the soluble
petroleum sulfonates according to the present
invention are prepared are selected non-lubricat-
ing straight run non-cracked fractions of petro-
leum hydrocarbons, the major portion of which
boils at temperatures greater than 500° F., such
as between about 500° F. and 800° F'. Petroleum
distillates prepared during the course of crude
petroleum refining and which have a viscosity of
less than about 110 SUS (Saybolt Universal Sec-
onds) at 100° F. are suitable. Distillates in par-
ticular which have viscosities ranging between
about 40 and 110 SUS at 100° F. are applicable.
Preferably, distillates having viscosities of be-
tween 60 and 100 SUS at 100° F. are used as the
hydrocarbon feed employed in step § of the pres-
enti{ sulfonation process.

Such distillates often include such materials
as nitrogen bases, naphthenic acids, phenols, and
the like, constituents which lend no improvement.
to the desired sulfonate product. The hydro-
carbon feed may be pretreated to remove these
extraneous materials by acid treating eliminating
such constituents as nitrogen bases and olefinic
materials, if present, which increase the sul-
fonation acid consumption. Naphtheniec acids,
phenols, and the like, may be removed by caustic
washing, if desired.

Very often in petroleum refining, petroleum
extracts are available such as those produced in
the sulfur dioxide or sulfur dioxide-benzene
treatment of petroleum distillates or other frac-
tions according to the well known Edeleanu
process. 'These exiracts contain a higher con-
centration of aromatic type hydrocarbons and
therefore contain a higher percentage of sul-
fonatable materials. These particular petro-
leum fractions have been found to produce a
desirable water-soluble sulfonate product when
treated pccording to the improved process of
the present invention. Extracts suitable to the
sulfonation process according to this invention
are desirably those having viscosities between
about 950 and 180 SUS at 100° F.

In addition to distillates and extracts which
are both suitable as hydrocarbon feeds in the
present process, selected intermediate fractions
of hydrocarbons produced in refining opsrations
may also be employed. These intermediate frac-
tions are exemplified by those materials which
are produced during the repeated solvent extrac-
tion of a hydrocarbon stock or produced by the
addition of a nonsolvent to an extract phase
which serves to reject a portion of the extract.
Other methods are obviously available to produce
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such intermediate fractions but in general the
desirable intermediate fractions include those
constituents which lie between the extremes of
the insoluble and soluble constituents present.
The sulfonating agent employed in step { to
form the selected sulfonic acids from the pre-
ferred hydrocarbon distillates include the
stronger and more active sulfonating agents.
For certain hydrocarbon feeds the less active
agents may be employed. In order to obtain an
efficient yield of the dzsired sulfonic acids the
best suited sulfonating agents include strong
sulphuric acid, oleum, sulfur trioxide, either in
liquid or vapor phase, and chlorosulfonic acid.
Of these, strong sulfuric acids having a concen-
tration greater than 80% and preferably a con-

ot

10

centration of between about 85% and 999% have

been found to be the preferred sulfonating agent
for reasons of economy, sulfonation activity, and
ready availability.

The quantity of sulfonating agent employed
in step | in relation to the quantity of hydro-
carbon fesd to be sulfonated is an important
factor in obtaining good yields of satisfactory
sulfonic acids. I have found that the volumetric

20
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ratio of strong sulfuric acid to hydrocarbon feed

should, in general, be less than 0.5 which cor-
- responds to a ratio of one volume of sulphuric
acld for every two volumes of hydrocarbon feed.,
In the preparation of sulfonic acids from se-
lected petroleum distillates as hereinbefore de-

fined, the volumetric acid to feed ratio prefer-

ably ranges between about 0.1 and 0.3. Such a

volumetric ratio has been found to result in the

formation of very satisfactory sulfonic acids anq
soluble sulfonates. In the preparatmn of sul-

fonic acids from the extracts or intermediate - -

fractions previously described. which contain a

somewhat higher concentration of sulfonatable

constituents the desirable ratio of volumes of

- acld to volumes of feed 1s between about 0.2 and
0.5, and may under certain mrcumsnances run

as high as 0.8.

30...

40)

Another important consideration in obtaining |

satisfactory oil- and water-soluble sulfonates
from the selected hydrocarbon distillates is the
temperature and duration of the sulfonation

reaction. The preferred conditions of time and

temperature in the preparation of sulfonated
products from the preferred hydrocarbon dis-
tillates in the sulfonation reactor previously de-
scribed is a residence time of about three minutes
and an outlet erude sulfonation product tem-
perature of about 200° F. Although fhese are
the preferred conditions a somewhat modified
product may be obtained by employing residence

times as high as about fifteen minutes when

the crude sulfonating product is removed from
the reactor at a temperature of as low as about
00° ', Residence times of less than three min-
utes, for example, as low as about one-half min-
ute are feasible when outlet temperatures as
high as about 300° P. are employed. With dis-
tillates which are readily sulfonatable, residence
- times of less than one minute may be employed
at temperatures above about 250° ¥. The op-
timum conditions of three minutes residence
time and 200° F, outlet temperature was arrived
~at for consideration of the rate of decomposi-
tion of sulfonic acids at temperatures above
200° F. and the low rate of sulfonic acid produc-
tion at low temperatures with high residence
times.
lowest possible residence time by operating at

It is therefore desirable to maintain the

6

without excessive degradation of the desired
sulfonic acids,

The crude sulfonation product comprising un-
sulfonated hydrocarbon feed, sulfonic acids
formed in step {1, and sulfuric acid sludge is re-
moved from step | and introduced into step 2, as
indicated on the accompanying drawing. In
step 2 the crude sulfonation product is extracted

- with an aromatic organic solvent indicated on

the drawing as Solvent A. The extraction step
2 may be conveniently carried out in a vertical
column packed Berl saddles, Raschig rings, or
other packing in which an efficient extraction
of the crude sulfonation product by means of
Solvent A is accomplished. This extraction may
also be carried out in a series of mixing vessels
by introducing the crude sulfonate product into
the first vessel and continuing on through the
series to be mixed and extracted with Solvent A
introduced into the last vessel.

The extraction of the crude sulfonation prod-
uct by means of Solvent A in step 2 results in a
quick reduction in the temperature of the crude
sulfonate product thereby quickly stopping the
sulfonation reaction. The quenching of the sul-
fonate product by means of a cooling stream of
Solvent A halts the sulfonation reaction at a de-~ .
sired point and minimizes the amount of sulfonic
acid degradation.. Solvent A also serves to frac-

tionate the desirable water-soluble and oil-solu- =~
ble sulfonic acids from the ‘crude -sulfonation = .

product and effects a rejection  of -the darker
colored undesirable acids . to.. the sludge and re-

. tains the llghter colored oil- and water-soluble
35 S

sulfonic acids in the extract phase. The opera-
tions of step 2 may also be performed by mixing

-Solvent A with the sulfonation product followed

by a centrifuging operation to separate the
sludge. The extract or Solvent A phase produced
in step 2 comprises a solvent solution of unsul-
fonated hydrocarbon feed together with the de-

- sirable sulfonic acids and a small amount of
~sulfuric acid.

The raffinate or sludge phase
comprises the sulfuric acid sludge which is sub-
sequently treated as hereinafter more fully de-
scribed prior to disposal.

The quantity of Solvent A mtroduced 1nto step
2 to accomplish the previously described opera-

- tions varies with the type of hydrocarbon feed

b0
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60
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Solvent A employed is somewhat greater.

being sulfonated. In sulfonation of the preferred
type of hydrocarbon feed, that is, selected hydro-
carbon distillates, the ratio of the volume of
Solvent A inftroduced into step 2 to the volume of
hydrocarbon feed introduced into step i is about
1.0. However, depending upon the type of distil-
late employed the Solvent A to hydrocarben feed

.ratio may vary between about 0.5 and 3.0. When

the hydrocarbon feed being sulfonated comprises

extracts which contain an increased concentra-

tion of sulfonatable constituents the quantity of
The
ratio of the volumes of Solvent A to the volume

- of the hydrocarbon feed in the latter case is gen-

erally about 2.0, but may vary from about 1.0 to
4.0 or more, depending upon the characteristics
of the particular extract. It is preferred that the

. temperature of Solvent A be low, for example, at

70

the ambient temperature, because of the fact that
the introduction of cool solvent exerts a quench-
ing action on the sulfonation reaction. In par-
ticular cases where distillates are employed and a

somewhat lower ratio of solvent to feed is em-

ployed it is sometimes of advantage to cool the

- solvent to a temperature as low as about 60° F. in
the highest possible sulfonatmn ‘temperature 75 order to more quickly stop the sulfonation reac-
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tion. In other cases where the ratio of solvent to
feed is higher the solvent need not be cooled but
may be introduced at temperatures of about 100°
F. or higher. However, a solvent at the ambient
temperature or about 80° ¥. is preferred.

Particular solvents which fulfill the require-
ments of Solvent A hereinabove disclosed include
such aromatic solvents as benzene and its homo-
logs such as toluene, ethyl benzene, xylene, and
aromatic hydrocarbons containing Jless than
about ten carbon atoms per molecule, chlorinated
benzenes and chlorinated homologs of benzenes
such as chlorobenzene and chlorotoluene, etc.,
together with the normally liquid chlorinated
aliphatic hydrocarbons such as carbon tetra-
chloride, dichloroethylene, etc. Of these particu-
lar solvents the preferred solvent in general com-
prises benzene. As Solvent A, therefore, pure
benzene as prepared from petroleum or from coal
tar distillates, or aromatic concentrates, extracts
prepared from aromatic gasoline and therefore
containing benzene homologs besides benzene,
and the like, are likewise applicable.

The extract phase produced in step 2 and, with
the preferred Solvent A, comprising a benzene
solution of sulfonic acids and unsulfonated hy-
- drocarbon feed is introduced into step 3. Within
step 3 the benzene ‘solution is thoroughly mixed
with an agqueous solution or slurry of a basically
reacting agent forming an emulsion of sulfonate
salt, solvent, water and unsulfonated hydrocar-
bon. It is preferred that this aqueous solution be
introduced at a temperature of about 120° F., al-
though temperatures as low as room temperature

to temperatures higher than 120° F. are applica-

ble. Elevated temperatures, however, are to be
avoided in order to minimize sulfonic acid de-
composition. Although sulfonates may be pre-
pared by using amines and other nitrogen bases
as the basically reacting agent, the preferred
neutralizing agent is a basically reacting com-
pound of an alkali metal such as the bicarbonate,
the carbonate or the hydroxide of sodium, potas-
sium, or lithium. Becausz of its availability
sodium hydroxide is the preferred alkali metal
compound employed to neutralize the sulfonic
acids in step 3, although obviously other basically
reacting alkali metal compounds may be em-
ployed depending upon the particular alkali
metal desired in the finished water- and oil-
soluble sulfonate. The concentration of this
neutralizing solution is preferably between about
5% and 15% by weight in water, the proper con-
centration being determined by the quantity of
water introduced into the system. For subse-
guent steps a certain amount of water is desirable
and it is well to introduce the required amount
of water in step 3. The petroleum sulfonic acids,
being quite strong acids, are somewhat corrosive
and are apt to be contaminated by dissolved iron
resulting from corrosion of the materials of con-
struction employed in the equipment used in the
first-two steps. The iron contamination results
in the formation of a dark colored sulfonate salt
product which is undesirable.
 The quantity of sodium hydroxide introduced
into step 3 to form the soluble sulfonates accord-
ing to this invention is, therefore, preferably
somewhat in excess of the theoretical quantity
required to convert the sulfonic acids and sul-
furic acid present to their sodium salts, forming
g slightly alkaline emulsion and thus precipitate
the iron as insoluble hydroxides. A slight excess
of sodium hydroxide such as from about 1% to as
high as about 15% may be employed in step 3 to
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neutralize the sulfonic acids and also causes the
precipitation of iron hydroxide which may sub-
sequently be separated. The resulting liquids
have a pH somewhat greater than 7.0 thereby
substantially eliminating acidic corrosion of
equipment. Excesses of sodium hydroxide to
give a pH of about 7.0 to 10.0 have been found
desirable.

The neutralized material formed in step 3 and
consisting of water, benzene, unsulfonated hy-

drocarbon feed, sodium sulfonate and a small
amount of excess sodium hydroxide is in the form

of a first emulsion and is transferred from step
3 to step 4 wherein this emulsion is heated and
distilled to effect the recovery of the Solvent A or
benzene. Because of the presence of water in
the emulsion the bhenzene is removed overhead
together with water and the operation is in es-
sence a steam distillation. In step 4 better than
009 of the benzene is recoverable by distilla-
tion and is ultimately returned and used as Sol-
vent A in the extraction of the erude sulfonation
product in step 2. Benzene and other solvents
which may be employved as Solvent A are quite
soluble in the aqueous sodium sulfonate part of
the emulsion and therefore a distillation as car-
ried out in step 4 is necessary to effect a sub-
stantially complete benzene or Solvent A recovery.

The sludge produced from step 2 contains a
small amount of Solvent A together with a cer-
tain amount of the desirable soluble petroleum
sulfonic acids. For this reason, the sludge is
introduced into step 6 and is extracted by means
of Solvent A recovered from step 4. An extract
phase is produced consisting largely of Solvent
A and contains substantially all of the desirable
sulfonic acids present in the sludge. A raffinate
phase is also produced consisting of the sludge
and a small amount of Solvent A. The extrac-
tion in step 5 may be carried out in a counter-
current continuous manner in a packed extrac-
tion column or in a series of mixing vessels as
previously indicated in connection with the de-
scription of step 2. The extract phase produced
in step § is returned and introduced into step 2
together with fresh Solvent A.

The raffinate, or sludge phase, produced in step
5 is introduced into step 6 wherein a distillation
of the sludge is effected preferably under condi-
tions wherein the sludge acid is not appreciably
diluted, thereby avoiding excessive corrosion of
dilute acid. Such a distillation is preferably car-

ried out under reduced pressure whereby the

quantities of Solvent A remaining with the sludge
extracted in step b are removed. The Solvent A
present usually amounts to between 5% and 10%
of the total quantity used and may be combined
with the extract phase from step 5 for return to
step 2 for reuse. The extracted and distilled
sludge is removed from step 6 and discarded or
sent to storage.

The distillation bottoms produced in step 4 and
consisting of an aqueous solution of sodium sul-
fonate and the unsulfonated hydrocarbon feed
associated together as g second emulsion is mixed
with an alcohol to break the emulsion and is in-
troduced into step 71 for further treatment as
hereinafter more fully described. The alcohol
is preferably a low boiling water-soluble aliphatic
alcohol having less than four carbon atoms per
molecule. It has been found that isopropanol is
well suited for use at this point in the process, al-
though ethanol and methanol are also applicable
and may be used if desired.

The quantity of alcohol introduced may vary
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between considerablé ,limits',' however, it has been

found than an ideal composition of the material
introduced into step T contains about five gallons

of isopropanol (anhydrous) for every 100 pounds
of sodium sulfonate together with about 25 gal-
lons of water, which mixture usually also contains
of the order of 20 pounds of solubilized unsul-
fonated hydrocarbon feed. The isopropanol must
not necessarily be added in its anhydrous form so

long as the composition given above is approxi-

mated. These compositions usually exist as two
phases, an aqueous phase containing predomi-
nantly water, alcohol, sodium sulfonate and so-
dium sulfate, and an oil phase containing pre-
dominantly unsulfonated hydrocarbon. Some-
times when somewhat larger amounts of sodium
sulfate are formed, three phases result which in-
clude a water and sodium sulfate phase, an al-
cohol-water-sodium sulfonate phase, and an un-
sulfonated hydrocarbon phase.

The aqueous and oil phases are introduced to-
gether into step T wherein they are extracted by
a Solvent B in an extraction tower or other means
indicated as applicable in previous extraction
steps. The function of Solvent B in step 1 is to
separate unsulfonated hydrocarbon feed from the
material introduced from step 4. Certain requi-
sites of Solvent B must be closely adhered to in
order to obtain satisfactory petroleum sulfonate
product. Solvent B should be free from odorif-
erous constituents such as some organic com-
pounds of nitrogen and sulfur which have been
found to impart undesirable odors to the product.
Solvent B is required to have a high solvent pow-
er for the type of hydrocarbon which is unsul-
fonated in step f. I have found that a paraffinic
naphtha boiling in the lower gasoline range, such
as from about 100° F. to 300° F. and containing
paraffin hydrocarbons having between about 4
and 10 carbon atoms per molecule is suitable for
use as Solvent B in the step T extraction and
that a sufficient separation of the unsulfonated
hydrocarbon feed Is obtainable. A petroleum
naphtha such as that just described is the pre-
ferred form of Solvent B although other mate-
rials of the same general character may be em-
ploved. If available, pure pentanes or hexanes
may be employed as Solvent B and even parafiin
hydrocarbons having as few as three carbon
atoms per molecule may be employed as Solvent B
by conducting the extraction in step T under a.
suitable elevated pressure.
cular weight paraffin hydrocarbons such as pro-

-~ pane has been found to be advantageous because
of the ease of removal of the solvent from the ex-
tract and traces of solvent from the raffinate pro-

duced in such an extraction.

It is possible to produce a sulfonate product
which contains as low as about 0.5% by weight
of unsulfonated hydrocarbon feed by employing
a low boiling naphtha rich in hexanes as Sol-

The use of low mole~
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10
prises the unsulfonated hydrocarbon feed sub-
stantially free of Solvent B.

The raffinate phase produced from the step
1 extraction and comprising a water solution
of sodium sulfonate and a small amount of
sodium sulfate together with alcohol and a small
amount of Solvent B is introduced into step 9
and distilled at a temperature of around 200°
F. to recover a substantial amount of the alco-
hol and remove substantially all of the Solvent
B present. The distillation in step 9 may be
carried out by simple heating, or with the aid
of steam and/or vacuum to facilitate the re-
moval of the alcohol and Solvent B at as low
a temperature as is possible. It is desirable to
avoid overheating of the sodium sulfonate prod-
uct although the sulfonates are not as thermally
sensitive as the parent sulfonic acids. The
overhead product obtained in the distillation of
step 9 may be retreated to separate the alcohol
and Solvent B. The distillation bottoms from
step 8 comprising a concentrated aqueous solu-

~ tion of the sodium sulfonate product is intro-
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duced into step (0 for clarification.

It is highly desirable that soluble petroleum
sulfonates be substantially free of suspended
solids or color bodies such as iron hydroxides
and it is to this end that an excess of sodium
hydroxide or other basically reacting neutraliz-
ing agent is employed in step 3. In step 10 the
aqueous sodium sulfonate solution may be treated
in a’centrifuge or in settling basins to permit
the removal therefrom of any solid materials.
Iron hydroxide introduced through corrosion is
removed from the alkaline solution in this man-
ner. Step 10 may also comprise an adsorbent
treatment whereby color bodies are adsorbed
from the solution if present. It is sometimes

feasible to employ a filter in step 10 for clarify-

ing the sodium sulfonate solution. Under proper
control a substantially clear aqueous solution
of sodium sulfonate product is produced from
step (0. -

It is often desirable to increase the quantity
of sodium sulfate present over the amount which
normally is present in the product as previously

- deseribed. The sodium sulfate may be intro-

b0

ob

6)

vent B, and using an extraction column which

contains the equivalent of about five equilibrium
stages.
200° F. are preferred for this extraction opera-
tion, however, temperatures as low as about 60°
F. may be employed, particularly when propane
is used as a solvent.

The extract phase produced from step T and
comprising a naphtha solution of the unsul-
fonated hydrocarbon feed is introduced into
step 8 wherein the extract phase is distilled.
An overhead product of Solvent B is obtained
and returned to step 1 as previously described.
The distillation bottoms produced in step 8 com-

Temperatures between about 140° F. and |
6o

70

1

duced into the aaqueous sulfonate solution im-

‘mediately before dehydration step (2 in which

the solid product is obtained. When this is
done quite concenirated sodium sulfate solu-
tions may be added. In another method, the

sodium sulfate may be added to the aqueous

raffinate prior to clarification step 10, in which
case any impurities may be removed from the
sodium sulfonate. -

The aqueous solution of sodium sulfonate pro-
duced in step 19 is introduced into step {1
wherein a required amount of dilute acid is
added in order to neutralize the remaining ex-
cess of sodium hydroxide or other neutralizing
agent present. The dilute acid employed is pref-
erably sulfuric acid since a certain amount of
sodium sulfate invariably arises in step 3 by
neutralization of the small quantity of sulfuric
acid present in the extract phase produced from
step 2 as previously mentioned. |

The aqueous sodium sulfonate product solu-
tion discharged from step 11 having a pH of
about 7 is introduced into step {2 wherein the
solution is dehydrated for the production of
the sodium sulfonate product as a granular
solid. The apparatus involved in step 12 may
comprise an evaporator followed by a spray drier,
or may comprise an evaporator followed by
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separated in substantially pure form from the
sodium sulfate which is present. The appara-
tus may consist of low pressure evaporator feed-
ing a highly concentrated solution of sodium

“sulfonate into a drum or vacuum tray drier, or
“the like.

A considerable quantity of steam is
.produced from step (2 together with the alco-

‘hol which was not recovered during the distil-

Iation of step 9, and it is desirable that the alco-
hol containing vapor thus produced be returned
to the process. This material may be employed
in making up the aqueous neutralization solu-
tion or fed to an alcohol recovery unit which
may conceivably follow step 9. The solid pe-

ot

10

12

~gyaporators wherein sodium sulfonate may .be.. . with thorough agitation and the resulting emul-

sion distilled to effect recovery of 58.5 gallons of
benzene which was reused in the process.

The sludge-raffinate phase formed by centri-
fuging the mixture of benzene and crude sulfon-
ate product was extracted with 58% gallons of
benzene recovered, as just described, so as to re-
cover from the sludge raffinate a small quantity
of desirable sulfonic acids which would otherwise
be discarded therewith. The extracted sludge
was subjected to a vacuum stripping operation at
about five pounds per square inch absolute pres-
sure and 3.3 gallons of benzene recovered. Make-
up benzene in the amount of 3.2 gallons was
added so that a total of fresh benzene, benzene

recovered from vacuum stripping of the acid
sludge and benzene extract obtained from the
sludge-raffinate extraction amounted to 65 gal-
lons. This quantity of material was recirculated
and employed in the benzene extraction of the
crude sulfonation product produced from the
Votator. The acid sludge, substantially free of
benzene and the desired type of sulfonic acids,
was discarded.

The residue remaining following recovery of
benzene from the emulsion formed comprised &
very stable emulsion of water, unsulfonated hy-
drocarbon feed, the sodium soaps of the sulfonic
acids, and the small amount of benzene. Five
gallons of isopropyl alcohol were added in water

" troleum sulfonate product produced according
. to the process just described in general contains
- between 75% to 85% by weight of a water-
- soluble sodium sulfonate and between about 15%
‘and 25% by weight of sodium sulfate. The
: latter percentage may be increased by adding
sodium sulfate to the solution introduced into
step 10. If in step 12 a spray drier is employed
- the product is a nearly white free-flowing finely
+ divided powder which is highly soluble in water o;
 gnd mineral oils and in solutions of brine. In
- ease the sodium sulfonate solution was dehy-
drated in conjunction with a drum drier, or the
like, the product may be in the form of a granu-

- Jar solid having larger particle sizes. a0

Absolute quantities and characteristics of the

- operation as applied to a particular hydrocarbon

feed may be more readily understood by refer-
ence to the following example: |

Example I

The hydrocarbon feed employed in a specific
sulfonation operation according to this inven-
tion comprised a spray oil distillate boiling in the
range of from about 500° F., to about 800° F. and

having the following properties:

Gravity, 22.0° A. P. 1.
Viscosity at 100° ., 85.6 S. U. S.

- Viscosity at 210° F,, 36.5 S. U. S.

Acid solubility, 36% by volume
Flash point, 295° F,

4(0)

an oil phase.

to break this emulsion into an aqueous phase and
These two phases were subse-
quently extracted with 50 gallons of a petroleum
naphtha boiling between about 170° F. and 220° F.

53 This naphtha extraction was carried out in a

packed extraction column at a temperature of
about 170° F. About 95 gallons of extract was
obtained which consisted predominantly of the
naphtha solvent and the unsulfonated hydrocar- .
bon feed. Due to the wide differences in boiling
point of these two materials, the extract was dis-
tilled in a column having less than five theoreti-
cal trays to effect the recovery of 45 gallons of
naphtha, which was re-employed in the process,
from 49 gallons of unsulfonated hydrocarbon
feed.

The raflinate obtained from the naphtha ex-

Fire point, 320° Fﬂ' traction comprised an aqueous solution of sodium
Pour Dori’nt. —9° P\ sulfonates, isopropyl alcohol, together with small
Color, 434 N.P. A. 50 amounts of solubilized naphtha and unsuifo-

The sulfonation of 65 gallons or about 500 pounds
of spray oil distillate having the above-described
properties was carried out with 182 pounds of
98 % sulfuric acid as the sulfonating agent. The
sulfonation reaction was conducted in a Votator,
with hot water passing through the jacket of the
sulfonation reactor. A residence time of three

- minutes and a crude sulfonation product outlet
- temperature of 200° F. was employed in this

operation.

The crude sulfonation product obtained from
the Votator was mixed with 65 gallons of benzene
at 80° F.,, an amount which corresponded to a
spray oil distillate~benzene ratio of 1.0. Over
the period of the run 65 gallons of benzene were
added. The crude mixture resulting was cen-
trifuged and the benzene-extract phase and the
rafiinate sludge phase separated.

The benzene-extract phase, containing the de-
sirable suifonic acids according to this ihvention,

- was neutralized at about 120° P. with an aqueous
-~ solution comprising 22 pounds of sodium hy-
- droxide in 25 gallons of water which is equivalent

to 230 pounds of a 9.6 weight per cent solution of

. caustic soda. The neutralization was carried out

v,

60

nated hydrocarbon feed.  This material was dis-
tilled at a temperature of about 220° F. and about
2.5 gallons of alcohol and about 2.5 gallons of
naphtha were recovered. No additional socdium
sulfate was added to the aqueous distillation bot-
toms which were subsequently passed through a
centrifuge and a small quantity of solids con-
sisting namely of ferric hydroxide removed from
the solution. The clear liquid obtained follow-
ing centrifuging of the distillation bottoms had
a pH of about 9 due to a small excess of sodium
hydroxide purposely employed in the neutraliza-
tion of the sulfonic acids present in the benzene
extract. The pH of this aqueous sodium sulfon-
ate solution was adjusted by the addition of dilute

- sulfuric acid so that the resulting solution had

15

a pH of 7.0.

The neutral aqueous solution of sodium sul-
fonates thus obtained contained 100 pounds of
sodium sulfonates in about 25 gallons of water.
In order to obtain the sodium sulfonate as a dry
powder the neufral solution was introduced at
room temperature through an atomizer into a
spray drier. The drier employed flue gases in-
troduced at a temperature of 600° F. as the source
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of heat The flue gases were'generated by burn-
ing natural gas at a constant rate and the drier
outlet gas temperature was maintained at a value

of 230° F. by varying the rate of introduction of

the aqueous sulfonate solution into the drier.
These gases containing the sodium sulfonate as
a -suspended powder was removed from the drier
and passed through a series of cyclone separa-
tors for recovery of the sodium sulfonate product.

The dry sodium sulfonate product was a nearly
white colored free-flowing finely granulated ma-
terial having virtually no odor. It was found
to be soluble in water and to form a foam of high
stability. The dry sodium sulfonate was also
found to be soluble in benzene, methanol, and in
mineral oils such as the spray oil distillate from
which it was prepared. This material was fur-
ther found to be substantially insoluble in
acetone and 20° Baumé sodium .chloride brine
solutions. This dry powdered sulfonate product
having the above solubility characteristics was
shown to contain 19% sodium sulfate and 81%

10

13

20

sodium sulfonates, which latter comprised the

active ingredient.
The above example is intended merely to illus-

trate the preferred modification of the process

of preparing the sulfonic acid and sulfonates
of the present invention. The above example
is not intended to describe limitations of the
present invention but rather to more clearly de-
fine the scope thereof. Although strong sulfuric
acid is employved as the sulfonation agent other
of the stronger sulfonate agents such as sulfur
trioxide, chlorsulfonic acid, sulfonylchloride, and
the like, may be substituted without departing
from the scope of the present invention. The
preferred sulfonation stock has been described
as comprising a hydrocarbon distillate having
particular properties cf viscosity, however, the
extracts prepared from such distillates or other
fractions of such distillates may be treated ac-
cording to the methods herein defined. High
molecular weight alcohols, vegetable oils such as
castor oil, etc. may be sulfonated according to
the method of the present invention in order to
obtain sulfonates of somewhat different char-

30

41)

45

acters than the product obtained from petroleum

distillates. ‘
‘This product, prepared according to the fore-

going example, has many distinct advantages .

over sulfonates prepared by different methods.
First, it contains an extremely high concentra-
tion of the active sodium sulfonate ingredients
thereby permitting the employment of a smaller
amount of material for a given application.
Second, the sodium sulfonates, according to this
invention, are prepared from inexpensive raw

materials and not from highly purified and

manufactured chemicals allowing a low cost of
production. ‘Third, the product is produced by
a continuous process using inexpensive and
readily available solvents and reagents. Fourth,
the product obtained is soluble in both oil and
water forming solutions having high detergent
powers, and is also soluble in dilute brines and
hard waters. |

This sulfonate product has been found to be
at least equal in effectiveness to more expensive
sulfonate type detergents prepared from alkyl-
ated aromatic type hydrocarbons or from high
molecular weight alcohols. This is believed to
be at least partly due to the substantial ab-
sence in the sulfonate product of by-products of
- side reactions of the sulfonation reaction.
The foregoing description and examples are

80

85
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not to be taken as in any way limiting but merely
‘1llustrative of my invention for many variations

may be made by those skilled in the art without

departing from the spirit or scope of the fol-
lowing claims: :

I claim: |
1. A process for the production of water-
soluble hydrocarbon sulfonates which comprises
reacting a hydrocarbon oil fraction boiling sub-

stantially between 500° F. and 800° F. with a

strong sulfonating agent at an elevated temper-
ature to produce a crude sulfonation product,
extracting said crude sulfonation product with a
first solvent consisting essentially of at least one
organic solvent selected from the class consisting
of liquid aromatic hydrocarbons having 6 to 9
carbon atoms per molecule, monochlorinated
liquid aromatic hydrocarbons having 6 to 9
carbon atoms per molecule and polychlorinated
aliphatic hydrocarbons having 1 to 2 carbon
atoms per molecule to form a first extract phase
and a sludge phase, separafing said first extract
phase from said sludge phase, neutralizing the
stilfonic acids in said first extract phase with an
aqueous solution of a basically reacting alkali
metal compound to form a first mixture, sepa-
rating said first solvent from said first mixture
leaving a second mixture, extracting said second
mixture with a second solvent consisting essen-
tially of at least one liquid aliphatic hydrocarbon
having between about 3 and 10 carbon atoms to
form a second extract phase and an aqueous
phase, separating the second extract phase from
the aqueous phase, and recovering said sulfonate
salts from the aqueous phase.

2. A process according to claim 1 in which the
hydrocarbon oil is a petroleum distillate having a
viscosity between about 40 and 110 Saybolt Uni-
versal Seconds at 100° F., the sulfonating agent
is sulfuric acid having a concentration greater
than about 80% by weight, the ratio of sulfonat-
ing agent to hydrocarbon oil employed in the

sulfonation reaction is hetween about 0.1 and

0.5, and the sulfonation reaction is carried out
at a temperature between about 50 and 300° F.
for a time hetween about 0.5 minutes and 15
minutes. |

3. A process according to claim 1 in which the
hydrocarbon oil is an aromatic extract from the
selective solvent treatment of a petroleum dis-
tillate and has a viscosity between about 50 and
180 Saybolt Universal Seconds at 100° F., the
sulfonating agent is sulfuric acid having a con-
centration greater than about 809% by weight,
the ratio of sulfonating agent to hydrocarbon oil
is between about 0.2 and 0.8, and the sulfona-

. tion reaction is carried out at a temperature

a0

a5
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between about 50 and 300° F. for a time between
about 0.5 and 15 minutes.

4. A process for the production of water-
soluble hydrocarbon sulfonates which comprises
reacting a hydrocarbon oil fraction boiling sub-
stantially between about 500° F. and 800° F. with
between about 0.1 and 0.8 volumes of sulfuric

' acid having a concentration greater than about

809 by weight at a temperature between about
50 and 300° F. and a time between about 0.5 and
15 minutes to produce a crude sulfonation prod-
uct, extracting said crude sulfonation product
with a first solvent consisting essentially of at
least one organic solvent selected from the class

. consisting of liquid aromatic hydrocarbons hav-

1]

ing 6 to 9 carbon atoms per molecule, mono-
chlorinated liquid aromatic hydrocarbons hav-
ing 6 to 9 carbon atoms per molecule and poly-
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chlorinated aliphatic hydrocarbons having 1 to
2 carbon atoms per molecule to form a first ex-
tract phase and a sludge phase, separating said
first extract phase from said sludge phase, neu-
tralizing the sulfonic acids in said first extract
phase with an aqueous solution of a basically re-
acting alkali metal compound to form a first mix-
ture, distilling said first solvent and a portion
of the water from said first mixture, leaving a
second mixture, adding to said second mixture
a water-soluble aliphatic alcohol containing less
than 4 carbon atoms, extracting the resulting
mixture with a second solvent consisting essen-
tially of at least one liquid aliphatic hydro-
carbon having between about 3 and 10 carbon
atoms to form a second extract phase and an
aqueous phase comprising an aqueous solution of
said alcohol and said water-soluble hydrocarbon
sulfonate salts, separating said phases, and re-
covering said sulfonate salts from the agueous
phase.

5. A process according to claim 4 in which the
first solvent is an aromatic hydrocarbon having
less than 10 carbon atoms.

6. A process according to claim 4 in which the

basically reacting alkali metal compound is so-

dium hydroxide.

7. A process according to claim 4 in which
after the second extract phase is separated from
the agueous phase, the aqueous phase is distilled
to separate therefrom any residual second solvent,
the alcohol, and part of the water, and the resi-
dual aqueous solution of water-soluble hydrocar-
bon sulfonates is clarified by separating undis-
solved solid material therefrom, before recover-
ing the sulfonates.

8. A process according to claim 4 in which an
excess of sodium hydroxide is employed as the
basically reacting alkali metal compound for neu-
tralization, the second extract is separated from
the aqueous phase, the aqueous phase is distilled
to recover the alcohol therefrom, and the remain-
ing aqueous solution 'is clarified by removal of
undissolved solids therefrom and neutralized be-
fore recovering the sulfonates.

9. A process for the production of water-
soluble petroleum sulfonates which comprises re-
acting a petroleum distillate boiling substantially
in the range of about 500° ¥. to 800° F. and hav-
ing a viscosity between about 40 and 110 Say-

bolt Universal Seconds at 100° F. with about 0.1
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to 0.5 volumes of sulfuric acid having a concen-
tration between about 80 and 999% by weight for
a time of about 3 minutes at a temperature of
about 200° F. to produce a crude sulfonation
product, extracting said crude sulfonation prod-
uct with an approximately equal volume of a first
solvent consisting essentially of an aromatic hv-
drocarbon having less than 10 carbon atoms ic
form a first extract phase, and a sludge phase,
separating said first extract phase from said
sludge phase, neutralizing the sulfonic acids in
sald first extract phase with an excess of an aque-
ous solution of sodium hydroxide to form a first,
mixture comprising said first solvent, water, un-
sulfonated oil, dand water-soluble sodium sul-
fonates, distilling said first mixture to separate
therefrom said first solvent and a portion of the
water, adding sufficient isopropyl alcohol and
water to the residue to form a second mixture
comprising water, sodium sulfonates, isopropyl
alcohol, and unsulfonated oil in the proportions
of about 5 gallons of isopropyl alcohol for every
100 pounds of sodium sulfonates and every 25
gallons of water, extracting said second mixture
with a second solvent consisting essentially of a
paraflinic naphtha boiling between about 100° P.
and 300° F. to form a second extract phase and
an aqueous phase containing said aqueous solu-
tion of alcohol and sulfonates, separating the
second extract phase from the aqueous phase, dis-
tilling the aqueous phase to recover said alcohol,
separating undissolved solids from the remaining
aqueous phase, neutralizing the resulting aqueous
phase with sulfuric acid, and dehydrating the
product fo form a mixture of sodium sulfonates
and sodium sulfate.

CHESTER E. WILSON.
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