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To all whonv it may conceri:

Be it known that I, THEODORE k. COLIN, a
citizen of the United States, residing at Jer-
sey City, in the county of Hudson and State
of New Jersey, have invented certain new
and useful Improvementsin Processes of De-
sulfurizing Petroleum, of which the following

is & specmcatlon

The process of desulfurizing Ohio and simi-
lar petroleums forming the subject of my
present application is more particularly de-
signed to take the place of those heretofore
used in which the crude petroleum or its dis-
tillate is treated in a still dari ing its vaporiza-
tion with metallic oxids which attack the sul-
fur compounds in the oil, forming insoluble
metallic sulfids that remain in the still, while
the hydrocarbons pass over into the con-
denser. The chief characteristic of my in-
vention which distinguishes it from such
processes is in the employment in the treat-
ment of such ocils of agents which attack, pri-
marily, the hydrocmb_on instead of the sul-
fur and render the action more energetic and
the desulfurization more complete.

In carrying out my invention I utilize the
natural tendency of the hydrocarbons in the

Ohio petroleum to oxidize by bringing them |

into contact during the process of distillation,
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but prior to vaporization, with a peroxid
from which the oxygen is liberated at the
normal temperature of distillation, and, prei-
erably, a metallic peroxid in which such a
condition exists, as in such case the metal
will pass into the nascent state, in which 1its
affinity for sulfur is exerted to the best ad-
vantage, and I thus facilitate the formation
of those oxygen compounds of the hydrocar-
bons which take place with the greatest lib-
eration of heat-—thatis, which tend to keep up
the reaction; but while by this means I secure
a useful action of the oxygen upon the hydro-
carbons, a detrimental action as well will re-
sult, to counteract which I introduce another
1636'611‘[ by a suitable selection and quantlty
of Whmh I am enabled to actually increase
the yield of merchantable product from a
given quantity of crude petroleum as com-
pared to a distillation without any reagent.

Heretofore in the treatment of crude petro-

leum its vapor or distillate with metallic ox-

ids or salts the purpose has been to act pri- |

' marily on the sulfur combined in some un-

known way with the hydrocarbons and to
reduce it to an insoluble condition by pro-
viding a metal with which 1t would combine
by reason of its matural aflinity therefor
either while in combination with the hydro-
carbon or when separated therefrom by the
physical action of a high temperature. Such
metal was introduced in any form in which
it could be mixed with the oil or exposed to
the vapor of the same, as free metal, oxid, or
salt, and dependence was placed entirely
uponitsaffinity forthe sulfur. Such affinity,
however, particularly in the case of the
heavier metals, is comparatively low, as
measured by the heat of formation of the sul-
fids, and the reaction in consequence, even
where external appliances were used to pro-
mote it, was but imperfect.. In illustration
of this, if we examine the followingequation,
which represents, schematically, the action of
litharge upon such a petroleum as is under
Conmdemtlon

0,81 PhO= OI.IIIHO—kaS

it will be seen that the oxygen and the sulfur
interchange places, producing lead sulfid and
some kind of an oxygen compound of the hy-
drocarbon. The thermal equation for thisre-
action cannot be written out, as the heats of
formation of those organic oxygen and sulfur
compounds are not known; but we know that
the heat of formation of lead oxid 1s 50.3 great
calories, while that of lead sulfid is only 13.4.
The conversion, therefore, of lead sulfid into
the oxid is easler than the reverse, and such
reaction as occurs in the still at all results
merely from the excess in the heat of forma-
tion of the organic oxygen compound over the
previously-existing hydrocarbon sulfid and
from the fact that the lead sulfid is less solu-
ble in the oil than the lead oxid. It 18 evi-
dent from this that the reaction heretofore
depended upon is a forced one and that 1ts
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results cannot be as good as if a spontaneous

reaction were employed.

It has been observed long ago that Ohlo
petroleum has a tendency to omch?e with for-
mation of acids, or, as some chemists main-
tain, of lacto- aleohols. 1T myself have ob-
tained from such petroleum some unquestion-
able acids. This reaction is an exothermic
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one—that is Lo say, 1t tends to proceed indefi-
nitely as long as the hydrocarbons and oxy-
gen remain in contact, and it is, moreover,
greatly facilitated by the pre sence of an al-
1{&11 with which the acid may immediately
combine; but by introducing into the body
of the 011 or distillate the oxygen in an un-
stable condition, in which it ]1a,s a tendency
of itself to attack the hydrocarbons, 1 have
made & substantial and highly-important ad-
vance 1n the art of treating sulfur petroleum.

Oxygen existsinan unstable condition such

as meets the requirements of my invention,

so that it is liberated at the normal ‘rempem-
ture necessary for the distillation of the pe-
troleum in the peroxids, either basie, such as
Na,0,, Ba0,, and PbO,, (also Pb, 04,) and
some corresponding salts, such as Na,PbO,,

or acid peroxids, such as Mn,O., MoO.,, and
theirsalts. Some peroxids of the metﬂllmds
such as H,0, and ozone, might also be em-
ployed to advantage, prov ided they can be
produced cheaply on a large scale; but I pre-
fer the metallic pero .mds, as their metal on

becoming free at the same time combines with |
" All of these conditions promote the most de-

the csulfur to form a sufficiently-stable body.
I wounld state that there are other substances,

including certain peroxids, such as MnO, an d
Fe,0,, which contain oxygen in an unstable
condition, but which are not available for my
purpose, 1‘01* the reason that at the tempera-
ture employed their decomposition is not suf-
ficliently complete, they being merely reduced
to lower oxids. Onlysuch p@lomds are use-
ful in earrying out my invention as will give

up in the presence of the hydrocarbons sub-

stantially all of their oxygen at the normal
In
‘such case the reaction in the still, using lead

or practical temperature of distillation.

dioxid as the reagent, would be thus repre-
sented : O,HIIHS-J—PbO;__PbS Cm—y Hy,CO,H.
IMere the sum of the heats of formation of the
nlembel‘s on the right-hand side of the equa-
tion is conmdembly higher than that on the
left, and the reaction in con%equenee starts
readily—in fact, it begins at oncein the cold—
and tends to a full emnpletlon

The oxidation of the hydrocarbons, how-
ever, as above stated, may not be confined
wholl y within useful 1111111]5 for, although with
the opportunity afforded for combination of
the sulfur with a metal those hydrocarbons

mainly which are in combination with the sul-
furwill oxidize, still this action isnot an exclu-

sive one, and some of the other hydrocarbons
may also be attacked. 'The oxidation of the
sulfo- hydrocarbons may, moreover, proceed
too far, giving rise to acids of lower molecu-
lar weight and bodies very rich in earbon or
even fre ee carbon. 'T'heusual practical result
1In the treatment of petroleunm distillate of
such an excessive oxidation is.a darkening of
the distillate, which cannot be remedied by
the subsequent refining. Such action would,

therefore, greatly 1*eduee the yield of watel-
white kerosene from the petroleum unless an

Eldd]thIﬁlEﬂ distillation be carried out, dm*nw h

~disadvantages,

| which the dark hydrocarbon is dissociated by

the heat into a body richer in carbon or free
carbon, which would remain in the still, and
3! hfrhter hydrocarbon, which would passover.
T'0o 1ncrease the practical and commercial
effectiveness of my process, therefore, I pro-
vide for overcoming the injurious effects of
oxidation by the presence in the still during
vaporization of an alkali, which I have found
to largely prevent the darkening of the dis-
t1llate.
the combination of the alkali with the hydro-
carbon acid to form a salt which is more sta-
ble in the heat than the free acid, and there-
fore does not decompose nor pass over with
the vapors. The presence of the alkaliin the
still, moreover, not only affords a material
for the saturation of the acid, but it also fa-
cilitates the process in that the heat of neu-
tralization of the acid is added to the sum of
the heats on the right-hand side of the equa-

“tion last stated, beﬁldes whlch 1f the alkali

- be a solid,
“the conditions of nse, a permanent salt with

for 1111]3”‘ Q non- VOL:‘LL[I@ or, under
theacid, its heat of solidification isalsoadded.

sirable reaction, and no mechanical or phys-
ical conditions of facilitated contact by ap-
plied pressure or agitation can take their
place.

~ In carrying out my process I prefer to use
lead dioxid mixed with about one-half of its

weight of caustic soda, and by such means I
not; 0111y facilitate the first oxidation, but also
obtain a distillate, which becomes clear wa-
ter-white after the usual refining. The re-
sultof the whole treatmentisa dn*eet Increase
in the yield of water-white kerosene, for while
an ordinary distillation of this petroleu m fur-
nishes only thirty-five to forty per cent. of
water-white kerosene my process yields fifty
per cent. and over.

It is theoretically possible to obtain the
combined action of the metallic peroxid and
the alkall by using a substance which, from
a peroxid, beeomes an alkaline oxid or hy-
droxid—as, for instance, Na,0,, (sodium per-
oxid,) or, sumlarlv ubog, (barinm dioxid;)
but in pt'::lctlce this would be attended Wlth
as sodium peroxid is com-
paratively expenswe while barium dioxid
requires a rather high temperature before it
begins to give off its excess of oxygen. My
preference for the use of PbO, is because it
begins to give off oxygen at a low tempera-
tule, and .:113 the same time it does not do this
too rapidly, so that the reaction continues
through the distillation. Its prrz}d uction and
1‘6”‘81161‘&131011 seem also to be easier.

In practice I mix the lead dioxid with caus-
tic soda or caustic and carbonate in substan-
tially the proportions named, grind or powder
the whole as finely as posmble, andintroduce
it into the still. It may all be putin at once

in.a quantity necessary to effect the desired
result orintroduced gradually during the dis-
It may be used ina dry eondnmn ;

tllhtlon

I believe that this result is due to
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but I prefer to mix it with a little of the pe-
troleum or the tarry residue from a previous

distillation in order to prevent the absorp-

tion of moisture during its manipulation.
The distillation and refining of the distillate
by means of sulfuric acid and alkall are con-
ducted in the usual manner.

I make no attempt at any solution of the
reagent in the oil, nor do I regard thisas de-
sirable or to any material extent useful. 'T'he
solubility of metallic oxids 1n Ohio petro-
leum I have found to be a very limited one,
and the only practical value such a solution
possesses is as an aid to mixing the reagent
with the oil. Chemically considered, -how-
ever, the dissolved metallic oxid has less at-
nity for sulfuir than the metal in 1ts nascent
state which I provide, as some energy is ab-
sorbed in dissociating the metallic oxid orits
hydrocarbon compound, so as to free the
metalready for the intended action. In fact,
I have demonstrated by the distillation of
petroleum with metallic hydrocarbon com-
pounds—such as acetates, resinates, &c.—
that their action does not extend to the more
stable sulfur compounds, onlythose being at-
tacked which are dissociated by the heat or
are on the point of dissociation.

The reagent may be maintained 1n more
complete suspension in the oil by some me-

chanical agitation or by a current of steam

or other vapor or gas, or any other suitable
means that experience may suggest,employed
to facilitate the reaction or to keep down the
excess of reagent otherwise necessary. The
practical oper atwn of my invention, howevel
involves no special form of still or other ap-
paratus, and these may be of widely-different
construction. When the distillation 1s com-
pleted, the residual metallic salts (sulfids,
carbonates, &c.) are separated from the far
by settling .:md draining and then incinerated
and omdwed The sodmm salts may be ex-
tracted with water,rendered caustic with lime,
and used together with lead oxid obtained
by the previous ignition to produce again
lead dioxid and caustic soda. In this way the
reacents are used many timesand only the un-
avoidable loss of material need be made up.
I modify the process of producing the lead

dioxid somewhat, so as to better adapt 1t to

the conditions of the work. Atter having
prepared it for the first time from caustic
soda and litharge by boiling these together
with free access of air and afterward in the
presence of carbonic acid in the subsequent
regenerations I use partly the so-called * al-
kaline slud oe,” which is a mixture of NaOH,
Na,CO,, and othersodiumsalts of the or oganic
acidsfound in petroleunm and partly the alhah
dissolved out from the residue of a previous
operation and recausticized, as mentioned
above, and the lead I introduce in the form
of the ignited and partly-purified residue,
which would be mainly PbO. These are
boiled together and, owing to the presence of

| rich in Pb0O,.

rather than the carbonate.

The mixture of NaOH, Na,CO,,
Na,PbO,, and PbO, is poured into a sha,llow
vessel to solidify and then at once broken up
and ground to powder while still warm. o
pr event the absor ption of moisture, I prefer
to add to it during this operation .‘3011’]6 pe-
troleum or tarry 1*esidue from a previous dis-
tillation. This mixture is then introduced
into the still in the proportion of six to eight
per cent. of the weight of the petroleum. I
try tohave as much PbOgm the mixture as is
convenient,andalsotohavemuch causticsoda
The other con-
stituents are not harmful in any way, but less
offective.
I am fmnilim* with the use of oxidizing
bodiesin the treatment of Ohioand similar pe-
troleums heretofore proposed; but, so far as I
have any information on the subject, there
has been no suggestion of using for such pur-
pose, in combination with the erude oil or dis-
tillate, anything but substances containing
comparatively free oxygen, the intention be-
ing merely to replace the sulfurin the hydro-
carbon compound by oxygen. I have, how-
ever,hereinbefore demonstrated theoretically
and I have also proved by practical tests that
such action is forced and incomplete. DBy
distilling erude petroleum with litharge (PbO)
I have obtained a distillate with 0.048 per
cent. of sulfur, while by using lead dioxid
(PbO,) under the same conditions I have ob-
tained a kerosene with only 0.025 per cent. of
sulfur. Instead of the fortuitous replace-
ment of sulfur-by oxygen in the hydrocarbon
combination I designedly provide for the di-
rect action of the oxygen on the hydrocarbon,
the exchange of sulfur to the metal being a
secondary 1(33,0131011 It has also. been pro-
posed to oxidize the sulfur combined with the
hydrocarbons by means of oxidizing bodies;
but this process is of but limited Value for
the reason that only the free or gaseous sul-
fuar is attacked, while the more stable combl—
nations are not affected.

[ am further awarethatit hasbeen proposed
to raise the vapor of Ohio and similar petro-
leums to a temperature well above the boiling-
point of sulfur in the presence of certain ot
the higher oxids and a caustic alkali, the pur-
pose belnn to vaporize the sulfur in the oil
and to crack or split up the sulfur compounds
in ordertoeffect a union of the sulfur with the
oxidizing agents; but in such process the ob-
ject has been the same asin the immediately-
preeedmﬂ process referred to, and although
in such case similar chemical &CtIOH% to those
especially provided for in my process may
have taken place they were merely an inci-
dent to the presence of the reagents employed
and were not affected under the most advan-
tageous condibions.

By carrying out my complete process as
hereinbefore described I have obtained ifrom
crude Ohio petroleum in one distillation a
vield of fifty per cent. of water-white kerosene

much combmed OO;,, agive at once a precipitate | with only about 0.03 to 0.04 per cent of sultur.
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It is further obvious that this process may
be equally well applied {o the distillate ob-
tained from crude petroleumm. The advan-
tages of such a proceeding are the greater

‘ease of regaining the reagent and a greater

yvield of melchantable plodueb agmnst the
disadvantage of an additional distillation.

What I Cl&liﬂ 1S—

1. Theprocessof purifying Ohioand si 11111311‘
petroleum oils, which consists in distilling the
crude oil or distillate with a peroxid, imm
which the oxygen is liberated in the presence
of the hydrocarbons at the normal tempera-
ture of distillation, as set forth.

2. Theprocessof purifying Ohioand similar

petroleum oils, which consists in distilling the

crude oil or distillate with a compound con-
taining oxygen in an unstable condition and
which is decomposed in the presence of the

hydrocarbons at the normal temperature of
distillation, liberating a metal in a nascent
state that combines with the sulfur in the oil.

3. The processof purifying Ohioandsimilar

petx oleum oils, which consists in distilling the
crude oil or distillate with a substance con-
taining oxygenin an unstable condition 50 as
to be liberated in the presence of the hydro-
carbons at the normal temperature of distil-
lation, and an alkaline hydroxid, assetforth.
4. Theprocess of purifying Ohioand similar
petroleum oils, which consistsin distilling the
crude o1l or distillate with a mixture of such
a substance as lead dioxid and caustic soda,
as herein set forth.
| THEODORE F. COLIN.
Witnesses:
M. LAWSON DYER,
EDwWIN 3. HOPKINSON.
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