bl

<

i

‘20

20

‘30

38

49

50

60

Patented Nov. 12, 1940

UNITED STATES

2,221,183

PA'E'ENT OFFICE

2,221,183

METHOD OF SWEETENING PETROLEUM
DISTILLATES

.Clinton E. Dolbear, Antioch, Calif., assignor to
Philip Wiseman, P. Kenneth Wnseman and
Clinfon E. Dolbea,r frustees

No Drawing. Application April 24, 1936,
Serial No. 76,265

1 Claim.

This invention relates to the art of petroleum

reﬁnmg, and -pertains particularly to the

“sweetening” of co~ called “sour” petroleum dis-
tillates.

The process of the present invention 1nvolves
the conversion of corrosive sulphur compounds,
mainly mercaptan substances, into soluble and
insoluble metallic mercaptide substances and the
subsequent removal of such metallic mercaptides
from the distillate in the production of & stable
“Doctor-sweet” product. The present invention
is directed primarily to the step of removing dis-
solved metallic mercaptides from the distillate
through a novel step involving the use of active
reagents which have not hitherto been recognized
as having the property of, removing such com-
pounds, but in its broad aspect the invention also
contemplates the practice of the above-men-
tioned step in connection with the step of con-
verting corrosive mercaptan substances in a dis-
tillate into the aforesaid soluble and insoluble
metallic mercaptides by treatment of such a dis=
tillate with a suitable metallic' reagent. -

One of the important objects of the invention
is to provide for the substantially complete re-
moval of dissolved metallic mercaptide substances
from a petroleum distillate, in the formation of a
stable “Doctor-sweet” product

A further object of the invention is to provide

‘a process for sweetening a petroleum distillate

which may be practiced at a low cost and which
is dependable from the standpomt of consxstency
in performance.

A further object of the invention is to provide
a sweetening process which may be carried out as
2 liquid phase procedure at ordinary temperature
and pressure.

A further object of the invention is to provide
a process for the removal of dissolved metallic
mercaptides from g distillate which has been sub-
jected to a chemical treatment to cause con-
versicn of the contained mercaptan substances
into metallic mercaptides.

A further object of the invention is to prov1de 3
process of the character described which involves
2 two-stage treatment of a sour petroleum dis-
tillate, in which the first stage results in a com-
plete chemical conversion of mercaptan sub-
stances into metallic mercaptides which are in
part soiuble in the distillate, and in which the
second stage effects a complete removal from such
distillate of the residual metallic mercaptides re-
sulting from the first stage, whereby such dis-
tillate is rendered stable to the “Doctor” test.:

The method of the present invention comprises,

(Cl. 196—30)

essentially, the step of contacting a dlstﬂlate
which has been subjected to a chemical treatment
for the conversion of contained mercaptan sub-
stances into - soluble and insoluble  metallic
mercaptides, with a sclid adsorptive material

which possesses a strong affinity. for dissolved. -

metallic mercaptides, to effect a removal of such
merca,ptldes in the production of a permanently
stable “Docior-sweet” distillate.

Numerous processes have been’ heretofore sug-
gested. for the conversion of mercaptan sub-
stances in s sour distillate into relatively-in-

0

soluble metallic. mercaptides which. may be -

separated from the distillate by decantation,
filtration, or the like, but it has been found that
some .of the metallic mercaptides. produced by

16

such chemical conversion treatments, with the
use of commercially economic reagents, remain -

dissolved in the distillate, and it has also been
found that these residual soluble mercaptides
are unstable and may revert to corrosive sulphur
compounds -on. standing or on redistillation.
Under some circumstances treatment of a sour
petroleum distillate with caustic sodium plum-

bite will result in a conversion of mercaptan.

substances into metallic mercaptides which are
relatively insoluble, but in view. of the fact that
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the so-called Doctor treatment ordinarily re- -

lies upon the presence -of elemental sulphur-to: :

react with dissolved mercaptides in the formation
of non-corrosive disulphides and lead sulphide,

the total sulphur content of such: distillate is -

not-changed in any great degree unless the ele-
mental sulphur was present in the distillate: as

dissolved “sulphur before the . contact with the:

sodium plumbite. ' In the case of the lower mer-

" captans such as ethyl mercaptan, the lead: alkyl

mercaptide formed with the caustic “sodium
plumbite is relatively insoluble and is- readily
separable from the distillate by filiration or the
like. 'I—Iowever,lvery few sour distillates will con-
tain only the lower mercaptans, and the higher

lead mercaptides are corsiderably more soluble
and treatment with sulphur is required for al-

teration thereof into non-corrosive disulphides.

" Other processes have been suggested for the con-

version of mercaptan substances in a sour dis-

tillate into relatively insoluble metallic mercap-
tides, but the only reagents which are effective
in formation of sufficiently insoluble mercaptides

from an extended range of. mercaptans are silver
compounds such as silver nitrate, and the hlgh
cost of silver compounds prevents the economic
commercial practice of methods of this type.
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According to the present invention, a distil-
late containing dissolved metallic mercaptides re-
sulting from a chemical conversion treatment is
subjected to contact with an advantageous type
of reagent which effects a removal of such com-
pounds from the distillate to a very complete de-
gree. Any undissolved mercaptides produced by
the chemical conversion ireatment are readily
separated by filtration or the like as in the prior
practice, and the dissolved metallic mercaptides
are separated from the distillate by & process

which is believed to be based primarily upon’

“adsorption” phenomena, the hereinafter desig-
nated active materials employed in this step

being found to all possess adsorption character- .

istics with respect to such metallic mercaptides.
While the present process is adaptable to the
removal of substantially all known soluble me-
tallic mercaptides, it is found to be particularly
useful in the removal of cadmium and mercury
mercaptides, due to the fact that cadmium and
mercury compounds will react with substantial-
ly all of the known mercaptan substances from
the relatively low “ethyl” through the higher
“nonyl” mercaptans in the formation of metal-
lic mercaptides, which property provides a high-
ly efficient sweetening process where the mer-
captide removal process to which the present in-
vention is particularly directed is practiced in
connection with the formation of metfallic mer-
captides through the agency of cadmium or mer-
cury compounds.

The present process is also particularly useful
in the removal of dissolved lead mercaptides
formed by treatment of a sour distillate with
caustic sodium plumbite preferably in the sub-
stantial absence of added sulphur whereby the
present process, when combined with a so-modi-
fied “Doctor” treatment provides a substantially

40 complete sweetening together with a reduction

in total sulphur content of the distillate, which
is not ordinarily effected by the conventional
“Doctor” treatment.

I have now determined that the dissolved

45 metallic mercaptides may be effectively removed
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by treating a distillate containing the same with
any one of a number of readily available and in-
expensive reagents, whereby a stable and per-
manently sweet distillate may be readily pro-

5C guced. As above pointed out, the active mate-

rial which I employ to extract the dissolved mer-
saptides preferably possesses adsorptive proper-
;ies, although some of the active materials here-
{nafter described are not now recognized in the
petroleum art as “adsorbents.” It 'is well known
that certain materials will have marked ad-
sorptive properties with respect to cerfain sub-
stances in solution and little or no adsorptive
properties with respect to another group of sub-
stances, and it is believed entirely proper to-des-
ignate such materials as adsorptive, at least with
respect to dissolved metallic mercaptides in a
petroleum distillate, inasmuch as little or no
chemical reaction has been observed to take place

9 in the extraction step.

The several active adsorptive materials useful
according to the present invention appear to
fall within three rather narrow categories, name-
1y, heat-activated metallic oxides, activated ad-
sorbent agencies, and natural or artificial base-
exchange silicates. In the first group I have
found heat-activated Fe203, AlaOs3, Cr20s, NizOs,
Co020: to be effective. In the second group I
have found chemically activated Fuller’s earth
and comparable bleaching clays, bone charcoal,

2,221,183 o

and silica-gel to be eﬁectlve In the third group
T have found natural and synthetic zeolites to be
effective. 'The metallic oxides of the first group
mentioned are found to be worthless as active
materials in the present process when employed
in their natural state. A heat activation, which
effects no presently recognizable chemical change
in the oxide, has been found necessary to impart
the desired active properties to these oxides, and
such activation may be carried out by calcining
any. one of the above designated oxides in pul-

- verized or subdivided condition, at or below a

dull red heat, and allowing the same to cool.
Of the metallic oxides enumerated, activated fer-
ric oxide (hematite) is believed to be the most
advantageous in the present process from the
standpoint of availability and low cost, and will
in'general be preferred over the other designated
active materials.

As above set forth, the chemical agent em-
ployed to convert the mercaptan substances in a
sour distillate into metallic mercaptides may ad-
vantageously be a compound of the metals cad-
mium or mercury, and while substantially all
compounds of these metals are effective in such
chemical conversion, the oxides of these metals
are somewhat to be preferred in view of the
relative inaectivity thereof with respect to con-
stituents of an unsaturated nature in such dis-
tillate, although salts such as the acetates and
chlorides of mercury and cadmium are entirely
operative in this chemical treatment. Of the
several oxides of cadmium and mercury, yellow
mercuric oxide has been found to be most rapid
in its action upon the mercaptan substances.

Caustic’ sodium plumbite solution is also ef-
fective to convert the mercaptan substances in
such a distillate into lead mercaptides, as above
sei_:_ forth, and may, under some circumstances,
be preferred to a cadmium or mercury compound.

Any one of a number of procedures may he
followed in the chemical conversion step, de-
pendent somewhat upon the physical condition
of the chemical reagent employed. For example,
a sour distillate in liquid state, and at atmospheric
or somewhat higher temperature, may be agitated
with an aqueous solution of a water-soluble salt
of cadmium or mercury such as, for example,
mercuric acetate, and the distillate then recovered
by decantation. Similarly, a water solution of
caustic sodium plumbite may be employed, as by
agitating the same with a sour distillate accord-
ing to the conventional “Doctor” treatment, prei-
erably in the substantial absence, however, of
added sulphur. Where a water-insoluble com-
pound such as mercuric oxide is employed, the
chemical contact may be carried out by dispers-
ing a suspension of such oxide in the distillate
or by percolating a sour distillate through a bad
of such oxide in divided condition. In any of the
above-described procedures, such undissolved me-
tallic mercaptides as are present after such con-
tact may be separated from the distillate by fil-
tration, but in the last-described procedure it has
peen found that the entire proportion of such un-
dissolved mercaptides can be retained in the bed
of the divided oxide.

In carrying out the second stage of the process,
a distillate containing dissolved metallic mer-
captides may be agitated with an active adsorp-
tive material selected from the above-designated
groups and subsequently fillered, or may be per-
colated through a column or bed of such material
in divided condition, and it has been found unnec-
essary to provide a separate step for the removal
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of the undissolved mercaptides from the distillate
prior to the dissolved mercaptide removal step in-
asmuch as the necessary filtration or percola-
tion of the distillate through the active adsorp-
tive material in the latter step has been found
effective in obtaining a complete removal of such
undissolved compounds.

As a specific example of the practice of the
present invention, I have agitated a sour distil-

10 Jate containing €.216% total sulphur and 0.010829%
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mercaptan sulphur with divided mercuric oxide
at room temperature, in which treatment the dis-
tillate was reduced to a “Doctor-sweet” condi-
tion but was found to contain 0.00798% mercap-
fan sulphur. This sulphur was found to be prin-
cipally present as metallic mercaptides in solu-
tion, and the distillate was found sour to the
“Doctor” test on standing sixteen hours, indi-
cating the relatively low stability of the dissolved
metallic mercaptides. According to the present
invention, the contacted distillate containing the
dissolved mercury mercaptides was percolated at
room temperature through a bed of divided hema-
tite which had been activated as above set forth,
and was found “Doctor-sweet” and gave no test
for mercaptan sulphur to a test which is sensi-
tive to onhe part in five million. This product
was found to remain “sweet” to the “Doctor”
test even on prolonged standing.

It will be appreciated that the above set forth
procedural details for effecting the desired chem-

3

ical and physical treatment of a distillate are not
essential to my invention, and that other equiva-
lent procedures may be followed advantageously.
Similarly, I do not choose to be limited to the
specific active adsorptive materials enumerated
in the three groups above set forth. For the

_above reasons I do not choose to be limited to

the specific details and features outlined in this
specification, but rather to the scope of the ap-
pended claims.  For example, superatmospheric
temperatures and pressures have been found use-
ful, but not required in the contact of a distillate
with either the chemically active metallic com-
pound or the adsorptive material.

Iclaim:

The method of treating -“Doctor-sour” petro-
leum distillates to render the same ‘Doctor-sweet”
which comprises: contacting such a distillate
with a reactive material selected from the group
consisting of mercuric and cadmium oxides to

cause a chemical conversion of “sour” mercaptan-

substances into mercaptides at least partially dis-
solved in said distillate; removing such distillate

-from contact with said reactive material; subse-

quently contacting said distillate with a divided
solid adsorptive base-exchange zeolite to cause
removal of dissolved mercaptides from said dis-
tillate; and separating said distillate from said
zeolite and the removed mercaptides.

CLINTON E. DOLBEAR.
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