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set forth, and also from certain related oils
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To all whom it may concern: | |
Be 1t known that I, CLARENCE I. ROBIN-
SON, & citizen of the United States, residing

at West New  Brighton, in the county of

Richmond and: State of New York, have

invented new and useful Improvements in
Desulfurizing Lima or Analogous Petroleum
and Related Oils, of which the following i8 a
specification. | R |

~This invention relates to the removal of
sultur from petroleum similar to that pro-
duced (that 1s, obtained from wells) in the
neighborhood of Lima, Ohio, and in the State
of Indiana, and from other petroleum anal-
ogous thereto in the pa,rti_cu}ia,rs hereinafter

as hereinafter set forth; and it has more
particular reference. to the desulfuration

~of Lama petroleum in the form of burning

20

oil (kerosene) distillate, that -is to say, in |

the form of any distillate which 1s mainly or

. wholly composed -of hydrocarbons proper for

“burning o1l (kerosene).
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| By means of said
invention, with use of the ordinary stills

and agitators to be found generally in oil

refineries and of a cooler such as is not un-

common therein, one can make from Lima

petroleum a burning'oil (kerosene) of a low
content of sulfur, not exceeding the per-
centage of sulfur contained in burning oil

(kerosene) of similar grade from said petro-

leum heretofore made and marketed; and
1t 1s behieved that such burning oil (kerosene)
can be so made at a sufficiently low cost to be
financially profitable.

or analogous petroleum and related oils in
whatever form to any extent which can be

attained by means of the invention, or any

ga;;t thereof, and. which results in.an in-
ustrially useful amelioration of the treated

“oll in respect to the sulfur therein.

45

~convenience of reference and as indicating

-~ The petroleum produced in the neighbor-
- hood of Lima, Ohio, and in the State of In-

diana, and other petroleum similar thereto, is
herein called Lima oil or Lima petroleum for

one place of production, but not as restrict-

ing the production.to such locality. The

o0

petroleum, for example, which 1s produced

in: the province of Ontario, Canada, is Lima
oil for the purposes of -this specification;

i

_ The sald invention,
" however, relates to the desulfuration of Lima-

similar, to that produced in the neighbor-
hood of ILima, Ohio, and in the State of

Indiana. For the purposes of this specii-

not only a,ﬁa,logous} ‘but also substantially

D9

cation “such similarity of nature is suffi-

ciently shown for any petroleum by the fact

that 1n the form of that distillate which
distils " over between 300¢ F. and 550° ¥.
from the oil 1n its crude state and which
consequently can be taken as fairly repre-

senting its uncracked burning oil (kerosene)

fraction as a whole it responds to all four

of the undermentioned. tests, after 1t has

been prepared therefor by treating it in
the form of its said distillate with sulfuric

“acid and alkali (using sulfuric acid of about -
66° B. at the.rate of twenty pounds of such

acid to each forty - gallon barrel of such
distillate). - - |
To obtain a proper distillate for testing,

the' crude petroleum can be distilled 1n a

flask such as commonly used in the labora-
tory for fractional distillation, provided
wit .
neck of the flask just below where the'side
tube is joined thereto. . The products which
come over before the thermometer reaches

300° F. are rejected, and those which come

over subseqluently are collected in oné re-
ceiver until the thermometer attains a

- temperature of 550° F., when ‘the required

distillate will have been collected. There-

upon the distillation is stopped or the re-

ceiver changed. To prepare this distillate
for testing, it can be treated with sulfuric
acid and alkali in a glass separator (say, the
pear-shaped separator in common use 1n
the laboratory). - S
The following are the four tests referred to
above, to each of which Lima oil in the form

of its said distillate, after being prepared for

testing as aforesaid, responds, namely:

TFirst. When tested by 4 refractometer, 1t

exhibits a refractive index sufficiently less
than 1.4600 to indiéate a non-smoking oil.
An oil with a refractive mndex of 1.4600 1s to
be considered smoky. - An oil with a refrac-
tive index of 1.4545 is to be considered non-
smoking. L o
Second.. It turns yellow upon addition
thereto of a clear scfution of plumbate of

‘sodium fermed by dissolving litharge to sat-

because it is considered to.be of a nature | uration in caustic soda lye.

a thermometer having its bulb in the
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fuming sulfuriec aci

Third. It has a sulfur cohteht of 'mdre‘ than
one-tenth of one per cent. - |

' ]

!

Fourth. Upon treating one quart of the cording to my experience, petroleum
prepared distillate by agitation for a few

minutes with three-tenths of a pound of sul-
furic acid of about 66° B. 1n a glass separator

(say, the before mentioned pear-shaped sepa-

rator) and another quart of the same distil-

late by agitation for the same time with the

same weight (one-gﬁarter' pound) of non-

monohydrate in.a similar separator, the agi-

“tation to be followed in each case by settling,
" drawing off the sludge, and washing with
water, caustic soda lye, and again with water; |

the portion which has so' been treated with
the acid of about 66° B. will be found to have

'8 larger sulfur content than will the portion

20
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which has been treated with the 989, acid; | |
“erence is’made to a certain proportion. of

and the difference will be sufficient {o. indi-
cate a useful desulfuration of the said distil-
late by the 987, acid over and above the de-

sulfuration of the same (if any) effected by

an equal amount of acid of about 66° B, "In
other words, Lima oil in- the form of its said

~ distillate prepared as aforesaid contains sul-

“fur compounds unremoved by sulfuric acid

30

_thereof in said form, to all four of these tests

35
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- therein at such time might material

45

b0

of about 66° B. which are removable - to a

useful extent by sulfuric acid of about 989%,.
Any petroleum which in the form of distil-
late yielded between 300° &.and 550° F. by
the crude oil under the aforesaid conditions
responds, after the )described preparation

is Lima oil or Lima. petroleum for the pur-
poses of this specification.’ . = o

) r

The preparatory treatment is im brté,nt,

ibéc'a,usefit removes the hydrogen sulfid and |

other easily removable sulfur compounds

which might otherwise be présent in the o1l | .

at the time .of testing and whose ﬁyres%nce
ly aftect

the tests. -Thus hydrogen sulfid would give

a brown or black coloration with the plum- | My nce leads m _
bate of sodium solution; and this coloration | from about 98% sulfuric monohydrate up-

would more or less obscure and milght wholly

obscure a yellow color developed also by said
solution. There are also sulfur compounds

which are removed by said preparatory treat-
ment and which would give a yellow colora-
- tion with said solution, if they were present

.in the oil at the time. of applying the tests.

~ The hydrogen sulfid and other easily remov-
- . able. sulfur compounds would ‘increase the
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sulfur content of oil- containing  the same
and might give the sulfur percentage of the

third test in a case where otherwise it would.
be less than said test requires. = Were they to.
be present in the oil when it is subjected to

the fourth test, they would be removed by

the sulfuric acid of about 66° B. of this test,

as well as by the 989, acid; and consequently
they would tend to obscure the difference m

resistance to removal exhibited by the more [ 98%
characteristic- sulfur compounds of Lima oil | ble

.of about 989, sulfuric

910,584

duced, in the neighborhood of Lima, Ohio,
and in Indiana, when in the form of its said

distillate, prepared as aforesaid, has had a.

refractive index of aboiit 1.4400; (2) has con-
tained not less than 2/10 per cent. of sulfur;

| towards sulfuric acid of about 66° B. and to-
| 'wards 989, sulfuric acid, respectively. Ac-
To-. .

70

(3) has turned a pronounced canary yellow .

on addition of the sodium plumbate solution

75"

thereto, and (4) has had its sulfur content re-

duced from: 225/1000 per cent. to about or

sulfur content of more than 2/10 per cent.

after it had been treated with the said pro-

portion of sulfuric acid of about 66° B.- -
In setting forth the fourth test above ref-

below 1y10 per cent. by the specified propor-
tion of 989, sulfuric acid, whereas another
.portion of the same prepared distillate had.

80
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acid to oil, not because a differential resist-
ance is exhibited only with such proportion, .-

respective acids to show the stability of the

sulfur coinpounds of Lima o1l against re- -

| but in order to state the test more definitely
and by .the use of a large proportion of the

90

moval by sulfiric acid of about 66°B. The

tests may be made at any suitable tempera-

ture, say, at about 60° F. or at the actual
temperature of the room-1n which the tests

may be performed, whether above or below

- 60° K., | -

- In the fourth itest. reference is mla',de to non-

monohydrate, not because it is the only sul-

05

fuming sulfuric acid of about 989, sulfuric

100

furic acid which is able to remove sulfur-
compounds of Lima petroleum which are not"

removed by an equal weight of sulfuric acid

of about 66° B.; but by way of example and
also because it 1s considered .the most
-advantageous form of sulfuric acid stronger

105

than.that of about 66° B. to be used .

carrying the present invention into effect.
My experience leads me to conclude that

ward the desulfurizing action of sulfuric acid

furic monohydrate (100%) than for 989,
acid and still greater for fuming sulfuric

110

on Lima oil increases gradually with the acid
strength, being somewhat greater for sul-

115

acid, and that from about 989, downward
the desulfurizing action of sulfuric acid on

Lima oil diminishes, at first gradually and

then in increasing degree (being materially -
“smaller for 969, acid than for 989, acid and

still more so for 959, acid), until with. the
decreasing percentage. -of sulfuric
hydrate the desulfurizing action becomes
substantially that possessed -by acid of
about 66° B." This last ordinarily contains,
and for the purposes of this specification -

7 -is a commercial article and is produci-

120

mono-

125

ma,
‘be.taken to contain, from 9239 to 93%, suﬁ_ |
furic monohydrate. Sulfuric acid of about

either by driving off the water irom
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weaker acid, or :by adding thereto sulfuric |

anhydrid or fuming sulfuric acid.: In my
opinion, it exhibits (at present prices) a

. higher ratio of desulfurizing action to cost

than acid which is not so strong (and hence

slightly cheaper) or than still stronger acid

10

(which 1s higher in cost, although also some-
what higher in desulfurizing action). =

- In making burning oil (kerosene) it is

- customary to treat the. burning oil (kero-
sene) distillate with sulfuric acid of about

18
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66° B. at about 60° I. 1nitial; that is to say,
burning ol (kerosene) distillate is ordinarily
cooled or heated, as the case may require, to

bring it to about 60° F. (cooled in summer
‘and heated in winter); and the acid is then
;added to the oil at about 60° F. in the agita-

tor. The acid is added at the temperature
which 1t happens to have. The acid and oil

are agitated with a blast of air having

usually the existing atmospheric tempera-

“ture. Du_ring the agitation the temperature
~usually rises, say, about 10° F., in con-

29
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sequence of the heat developed by the chem-

1cal reaction of the acid on the oil.

It is possible to desulfurize Lima petro-
leum'in "the form of burning oil (kerosene)

. distillate -to the extent necessary ‘to give a

marketable burning oil (kerosene). by treat-
ing such distillate at about 60° F. initial

‘'with sulfuric acid of about 989 sulfuric acid

or- with other sulfuric acid appropriately
stronger than that of about 66° ﬁ, but to do
so a large proportion of such stronger acid is
needed in order to afford a sufficient reduc-
tioni in sulfur content. For example, as-

sume (as would be possible and as I have, in

40
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-fact, experienced) that crude oil from the

neighborhood of Lima, Ohio, or from the
State of Indiana, shiould be distilled and that
an uncracked burning oil (kerosene) distil-

_la,te\should be collected as the stock to be
treat

distillate recetved from the beginning of dis-

- tillation of said crude oil until the distillate

20

from the tail pipe of the condenser has a

gravity of about 41° B. and that it should

amount in velume to fifty per cent. of the
crude o1l. in other words, that the volume of

- collected distillate should be equal to the vol--
~ ume of the undistilled portion. of the crude

09

oil),and that it should contain an amount of
naphtha equal to about eleven per cent. of
the crude oil, and that said stock (as ob-
tained directly from the condenser) should
show a sulfur content of three hiundred ‘and

| forty six one-thousandths of one per cent. (a

60

not uncommon percentage for such a cut of:|

distillate). To treat this stock (hereinafter

referred toas the abovementioneduricracked:

~ stock)” at -about 60° F. initial with 989 not .
sulturic acid 1 such manner as eventually to | any case would be needed that its cost would

ed and that it should constitute all the :

-not so high in desulfurizing action, although |

a

more than one-twentieth of'on_e' er cent. of

sulfur (which fraction may be taken as suf- -

ficiently representative of the sulfur content
of marketed burning o1, kerosene, hereto-
fore made from a similar cut of Lima ¢rude
oil) would require, according to-my, experi-

65

70

ence, about sixty pounds of said 989, acid to

each barrel of stock (forty gallons to the bar-
rel). -The stock, -after the treatment with.

9897 acid, may contain about one-tenth of

one per cent. of sultur; but this percentage

can, In my experience, be reduced to or be-
low one-twentieth of one per cent. by rerun-

ning (that is, by distilling the treated distil-

late) and giving the rerun oil.a light treat-
ment with sulfuric acid and alkali, using,

75
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say, three or four pounds of sulfuric acid of -

about 66° B. to each barrel of rerun distil-
late, or the same. proportion of acid sludge

from the treatment with 989, acid, and
finally steam stilling to drive off the naph-
tha and so to give burning oil (kerosene) of
suitable fire test. The steam stilling, 1t may
be observed, increases somewhat the sulfur

t content, because the expelled naphtha holds
a less percentage of sulfur tnan tihe residual

burning oil-(kerosene) does. |

If the above mentioned uncracked stock
should be treated preliminarily with sul-
furic acid and alkali, using twenty pounds of
sulfuric acid of about 66° B. to the barrel of

stock; and if the so treated stock should then

90

be treated at about 60° F. initial with 989

acid, using between forty and fifty pounds to
the barrel, and be followed by rerinning and

subsequent ‘light ftreatment with sulfuric
acid and alkali and steam stilling, the fin-
ished burning o1l (kerosene) so obtained
should likewise have a sulfur cont
ceeding one-twentieth of one per cent. After
the preliminary treatment (that is, with acid
of-about 66° B.) the sulfur content may be
about two hundred and twenty five one-

thousandths per cent., and after the main
| desulfuration (that 1s, with 989, acid) about

one-tenth per cent.. Some 989, acid would
be saved by the preliminary treatment, but
not, it 1s believed,

t not ex-.
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_ sufficient to counterbal-
ance the cost of the acid of about 66° B. '

‘With or without the preliminary treat-

“ment, the quantity of sulfuric acid needed to:

give a mirketable burning oil (kerosene).

would be so large as to be a serious objection

to an industrial manufacture, if not prohibit-
ive thereof, especially in view of the other
necessary expenses of refining. Ta wuse
other -sulfuric acid substa,ntia%l stronger

than acid of about 66° B., in place of 989

acid, would not meet the difficulty; for the

ratio of cost to desulfurizing action is prob-
ably least in the case of 989, acid; and, if it
were not so, so large a proportion of acid in

obtain burning oil (kerosene) containing not | prove a serious (if not & financially fatal) ob-
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jection.. Moreover, the large proporﬁon of

acid stronger than that of about 66° B.

would in any case destroy a considerable

-amount of hydrocarbons which otherwise

“would be useful constituents of the burning

oil (kerosene) and would probably also prove

. injurious to the color of the oil, even after

10

rerunning.

The first part of the preéent invention 1s
based upon the discovery, first made 1 be-

. lieve by me (@) that by operating on lama

15

to effect the same desulfuration of the same -

20

29

oil in the form of burning oil (kerosene) dis-
tillate at about or below 38° F. initial a sufli-
cient desulfuration to give a marketable

burning oil (kerosene) can be effected with

only about a third of the 989, sulfuric acid
(or of other sulfuric acid appropriately
stronger than that of about 66° B.) needed

quantity of the same stock at about 60°
initial; (b) that by operating at tempera-
tures between about 38° F. imitial and about
60° F. initial an equal desulfuration de-
mands more and more acid until a tempera-
ture is reached at which substantially the
same . proportion of 989, sulfuric acid or
other sulfuric acid stronger than that ot
about 66° B. is needed as would be required

~ at about 60° F. initial; (¢) that the increase

30

in acid demanded for a given rise n tempera-
ture above about 38° F. initial becomes
larger and larger as 56° F. initial 1s ap-

proached, so that the difference between

30
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about 38° F. initial and about 44° F. initial

is not so great as between about 44° F. initial

and -about 50° F. initial, and this in turn

not so. great as between about 50° F. initial
-and about 56° F. initial,- and (d) that the
~amount of desulfuration at about or below

38° F. initial and at any temperature be-

tween the same and about 60° F. mitial can

 be increased or decreased by using a larger or

49

a smaller proportion of 989, sulfuric acid orot
other sulfuric acid stronger than that .of
about 66° B., although I believe that for a
given stock and a given stronger acid there
1s an irreducible minimum, or, in other

- words, a certain sulfur content which cannot

 substantially be reduced by using an in-
50 -

creased proportion of the acid.
By treating the above mentioned un-

~cracked stock ‘with 089, sulfuric acid at

about 38° F. initial, followed by rerunning,
by a subsequent light treatment with sul
furic acid and alkali, and by steam stilling,
Ihaveobtained finished burning oil (kerosene)

- with not exceeding 1/20 per cent. of sulfur,

- 60

by using the 989, acid at the rate of twenty

pounds of the same to the barrel of stock

treated. The following table shows, by way~

~ of .example, the sulfur contents of finished
~ burning oil (kerosene) which I have obtained
. by the above procedure, using different

65

strengths of sulfuric acids stronger than that
of about. 66° B. on different samples of the

Sulfuric . anhydrnd

610,584

above mentioned uncracked stock at the rate
of twenty pounds to the barrel, namely:

959, acid ga,vé.__ _75/1000 per cent. sulfur.
sulfur.

969, acid gave .._55/1000 per cent.
989, acid gave _. _50/1000 per cent.

1009, acid gave .. .40/1000 per cent.

Fuming acid (10 per .

ct. anhydrid) gave_45/1000 per cent.

sulfur.

gave ... ___.....40/1000 per cent. sulfur.

By using more than twenty pouhds of the
989, acid or other acid stronger than that ot

about 66° B. to the gallon of stock the sulfur

content of the finished burning oil (kerosene)

sulfur.

sulfur.

79
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can be further reduced, until the irreducible

minimum is attained. This latter will be
higher or lower for the above mentioned un-
cracked stock, according to the
strength of the acid used thereon. If burn-
ing o1l (kerosene) containing 75/1000 per

cent. of sulfur should not be marketable, one

could either increase the proportion of 959,
acid or use an acid still stronger. 'The latter
course 1s considered more advantageous, as
the increased effect of a given weight of 989

ances its increased cost per pound.. For the

'same reason, if an oil with a sulfur content of

75/1000 per cent. should be satisfactory, it
would be more advantageous to use 989,

acid. The use of acid less strong than that

of about. 989, or even than that of about
959, 1s not excluded from the invention; but
its use is considered not so advantageous as
the use of acid of about 989 ; and cases may

particular

85
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| acid over 959, ‘acid more than counterbal-

95

100

arise for which the less strong acid, or even

989, acid, would be available for part only of
the- desired desulfuration on account of the
minimum percentage of sulfur obtainable
therewith being higher than that desired.
The use of sulfuric acid stronger than that of

105

abouf 989 is also included in the invention.

Where ‘“989 or other extra strong acid’’ 1s
hereinafter referred to, the expression will be
understood te include not only non-fuming

sulfuric acid containing about 989, sulluric

monohydrate Lut also other sulfuric acid

appropriately stronger than that of about 66°

B., whether stronger than or not so strong

110

115

as non-fuming squuric acid of about 98%,

sulfuric monohydrate.
With the same initial temperature of

treatment; the sulfur content of the finished

burning oil (kerosene) depends not only on

stock, upon the sulfur content of such stock,
and upon the character of the stock as com-
posed in greater or less proportion of cracked
products or as consisting sul'stantially of dis-

tillate obtained without cracking; and if the

stock should be more or less desulfurized (as

120

‘the particular strength and proportion used
of the 989, or other extra strong acid, but
“also on the boiling points and percentages of
‘the. different hydrocarbons composing the

125

130
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it may within the limits of the invention be ! tion

more or less desulfurized) before or after
treatment with 989, or other extra strong
acid, the sulfur content would also depend

upon the extent and character of such prior:

or suksequent desulfuration. In a general
way, according to my experience, in order to
obtain burning oil (kerosene) of a oiven at-

tainable sulfur content, the prog,o'rtionéf the

98% or other extra strong acid must be in-

- creased with increase in the average boil-

15

20

ing point of the hydrocarbons composing the
stock to be treated therewith, also with in-
‘crease 1n the sulfur content of such stock

before the treatment, and ‘with increase in
the proportion of cracked products in such
stock; and 1t may be diminished with de-

crease in each of these respects.  When a

prior or a subsequent desulfuration by other

means 18 to be resorted to, the treatment

with 98% or other extra strong acid is car-

- ried on with a proportion of such acid adapt-
- ed to the desulturation to be performed by it.

To adjust usefully the proportion of 989

~ ditions liable to be encountered in practice,

30

39

40

45

29

- 60
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1t 1s not necessary to possess a mathematical
formula. The invention does not céonsist in

-any particular mode of effecting such adjust-

ment ; but, by way of example, it may be ob-
served that one available mode would con-
sist in taking a small quantity (say enough
to fill an agitator to the usual height) of the

burning oil (kerosene) distillate of whatever

kind, treating it at about 38° F. initial with

987 or other extra strong acid at the rate:

of twentg; pounds (or of a smaller amount, if

preferre
tillate, and -ascertaining the sulfur content
of the resulting. burning oil (kerosene) sfter
rerunning, and light subsequent treatment

with sulfuric acid and alkali, and also after

steam stilling when this is necessary to give
the desired fire test. If the then ascertained
content should be unsatisfactorily high, the
rerun and subsequently lightly trea,te'ﬁ

with successive lots of 989, or.other extra

~_ strong acid in the proportion of five pounds of
90

sald acid to the barrel of said product, until
elther a satisfactorily low sulfur content is

obtained, or it is seen that an.irreducible

mimimum has been reached, or that cost of

further acid would give a financially pro-

hibitive total. After the treatment with

each lot of acid at the five pounds to the bar-
rel rate, the acid sludge would best be drawn

off before the next lot of acid is applied; and,
unless the o1l refiner should be sufliciently

experienced accurately to forecast the effect
~of rerunning, the oil would best also be rerun
‘and ‘subsequently

- with sulfuric acid and alkali before such ap-

- phication. With the same cut or cuts from
‘the same Lima crude oil, the same propor-

given a light treatmént

of such acid o the barrel of dis- |

_ _ prod-
uct can be treated at about 38° F. initial

or other extra strong acid to the different con- |

shows the pounds of 987

steam stilling
namely:

~above 38° F. and also

tures herein a

S

of 989, or other extra strong acid may
be expected to give burning oil (kerosene) of
the same sulfur éontent. * -

_According to my experience, there is no
advantage, or at least none commensurate

‘with the increased cost of cooling, in reduc-
‘Ing the initial temperature of the stock be-

low about 38° F.; although muech the same

70

desulfurizing: effect per pound of 989, or .

other extra strong acid can be obtained at

lower temperatures. The following table
, , sulfuric acid to the
barre] of stoek which I have found to be

75

needed to make a finished: burning oil (kero-

sene) of 1/20 per cent. sulfur from the
above mentioned uncracked stock by treat-
ing it with said acid at different tempera-
tures at about and above 38° F. initial and

| then rerunning the so treated stock and-giv- -
ng the rerun distillate a light treatment

with sulfuric acid and alkali, followed by
ng to remove the naphtha,
At about 38° F. initial ___. 20 pounds.
At about 44° F. initial__ .. 25.pounds.
At about 50° F. initial . ... 37 pounds.

At about 56° F. initial _.._ 54 pounds.

- The explanation of the ability of a smaller

proportion of 989, or other extra strong
a,ciu:f: when applied to Lima oil at about or

below 38° F. or at other temperature sub-
~stantially below about 60° F. initial, to ac-

complish the same desulfurizing effect as a
larger proportion of the same acid, when ap-

‘plied to the same stock at about 60° F. initial

or at any lower temperature which is yet
. above that at which
the smaller proportion of acid is used, con-

sists in the fact (as I Believe) that the affinity

of 989, or other extra strong acid for the

sulfur compounds of Lima oil is diminished.

by such decrease in temperature less than its
atlinity for the unsulfured hydrocarbons of

Lima o1l is diminished thereby. The chem-
1cal energy of the 989, or other extra strong
‘acld expends itself, I believe, at all the tem-

peratures both” upon the said sulfured and

the unsulfured com}ﬁo.unds; but the ratio in

which it acts upon them, respectively, is dif-
ferent at the different temperatures; and the

larger proportionate expenditure is upon

the sulfur compounds at the lower tempera-
IIi’:'o*;re set forth. But, what-

ever the explanation, an equal desulfurizin

effect 1s produced by a smaller proportion o

less destruction of useful unsulfured hydro-

‘carbons by the smaller proportion of the de-

sulfurizing acid and also less injury (if any)

‘by’it to the color of the oil after rerunning.

‘"The burning oil (kerosene) distillate from

80

85

90

95

100

105

110

116

120

‘acld at said lower temperature; and there is

126

Lima crude o1l to be desulfurized in accord-

‘ance with this first part of the present in-
‘vention may include- all or any part of the

130
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- eracked oil of a boiling point or gravity suit-
able for burning oil (kerosene) along with all
.~ or any part of the uncracked distillate of
suitable boiling point or gravity; or 1t may
_consist of either or any part of either of them
without the other; or it may include hydro-
- carbons too light and volatile (and conse-

‘quently not safe) or not light and volatile

-enough (and coﬁsequentH' too viscous).to be
suitable for burning oil (kerosene) along

10
~ with hydrocarbons suitable therefor.

In desulfurizing the above mentioned un-

. cracked stock in the manner above set forth,
" the naphtha driven off in the steam stilling
should have a sulfur content not exceeding
1/100 of one per cent. A naphtha cut can
also be desulfurized apart from the burning

15

oil (kerosene) hydrocarbons; although it 1is.

- considered ordinarily more'advantageous to
20 desulfurize them together and afterwards to

separate the desulfurized naphtha from. the:

- desulfurized burning oil (kerosene). -
~ The second part of the present invention is
based upon the discovery first made 1 be-

25 lieve by me (@) that in desulfurizing Lima

~ oil in the form of cracked oil with 98 % or
" other extra -strong acid, a burning
(kerosene) of lower sulfur content (within
the limits attainable with the particular
strength of acid employed)
desulfurizing the heavy end of the burnin
oil (kerosene) fraction of a given cracked o1
apart from the light end thereof than can be
made by desulfurizing the said light and
35 heavy ends together bﬁ means, of an equal
proportion of 98 % or other extra strong acid,
and (b) that by treating the heavy end of the
burning oil (kerosene) fraction of Lima
cracked oil apart from the light end thereof

30

40 with 98% or other extra strong acid, said |

heavy end can be obtained with a sulfur con-
tent substantially lower than the minimum
heretofore obtainable (as I believe) from the
Lima cracked oil of the same original sulfur
45 content, by means of any prior process of

01l

can be made by

910,584 .

]*_

said light end; and I believe that by

above 60° F. initial, it is possible to obtain

| said heavy end of a lower sulfur content

]

than has been attainable hertofore. |
The ability profitably to secure.the hydro-
arbons which compose the heavy end of the
burning
cracked oil with a lower sulfur content than
the -minimum heretofore -attainable at hke
cost (if at all) gives to such hydrocarbons a
substantially increased value as constituents
of burning oil (kerosene) where the lowest
sulfur content previously attainable 1s so
high as to interfere with the fitness of said
hydrocarbons to serve as such constituents.

Thus, for example, in my experience, the -

cracked oil from the same Lima crude petro-

Jeum from which I have obtained the above

perﬁture of the said heavy end in admixture .
wit
such separate treatment, even at about or

70

oil -(kérosene) fraction of Lima -

79

80

85

mentioned uncracked stock has yielded a

light and a heavy end of the following respec-
tive descriptions, when said cracked oil was

itself distilled in the ordinary way, namely:

a light end of the burning oil (kerosene) frac-

| tion equal in volume to about eight per cent.
of the crude oil and containing an amount of |

sulfur content

- 'during

naphtha equal to about one per cent. of the

90

crude oil and having a gravity of 49° B.-and

“a sulfur content of two hundred and thirty-

six one-thousandths per cent., and a heavy
end of the same fraction equal in volume to
about twelve and a half per cent. of the crude
oil and having a gravity of 37 4/10° B. and a

0% three hundred one-thou-
sandths per cent., the receiver being changed

the oil from the tail pipe of the condenser

t reached 43° B., and the collection of said

heavy end stopped when the gravity of oil
therefrom reached 35° B. A mixture of

| some of the light and heavy ends with each

other in proportion to their respective vol-
umes as collectéd, so as to give a third stock
representing

desulfurizing Lima petroleum at like (or | obtained by collecting both hght and heavy

even at any) cost.

The discoveries which form !th'e- basis . of

this second part of the present invention are -
50 best made available by employing the 98 % or |

other extra strong acid at temperatures be-
low about 60° F. initial as above set forth,
on account of the saving of acid and o1l and

the avoidance of injury to the color of the

55 oil, and such treatment is specially claimed;
but the application of these discoveries 1s
~ not necessarily |
of-the 98 % or other extra strong acid at such

- lower temperatures; for there 1s a saving of
860 acid by treating: the heavy end separate

from -the light end, even at about 60° F.

initial (and I believe at even higher tempera-

tures, if it should be desired for any reason

 to employ & higher temperature) as com-

66 pared with & treatment.at the same tem- |

confined wholly to the use

I
F

' l

ends in the same receiver, had .a gravity of

. 412/10°B. and asulfur content of two hundred

and seventy. one-thousandths per cent. It,

the .distillation when the gravity of

90

the distillate which would be °

of course, represented about twenty and 2 :

half per cent. of the crude oil and contained
naphtha equal to about one per cent. of the
crude oil. By separate treatment of each of
these three cracked stocks with 98 %. sulfuric
acid at the rate of twenty pounds to the bar-
rel and at a temperature of about 38° F.
initial, followed in the‘cases of the light
and heavy ends by segamte rerunning, and

subsequent separate light treatmeént with

‘sulfuric acid and alkali, and in the case of the

mixed stock by rerunning with change of re-
ceiver when the distillate from -the tail pipe

of the condenser reached 43° B. and subse-

quent light treatment of the so collected light
and heavy ends separately with sulfuric acid

!



Concurrently desulfurized

10

15

- portion of 989, sulfuric acid, namely in the

20

29

30

Seﬁa,rately desulfurized

30

that given in the last table above for concur-

40

49

50

09

60

. cracked o1l is desulfurized, under whatever

65

same extent, I have obtained products with

Concurrently desulfurized

tollowed in each case by the corresponding

Concurréntly désulfu'rized

light end__ ___________ 52/1000 per cent.
Concurrently desulfurized o |
,heavyend..________ __123/1000 per cent.
Separately desulfurized L
ight end... ___-.._____ 48/1000 per cent,

-separately treated heavy end can be seen on

employed or proposed as desulfurizers of

“heretofore used or proposed as desulfurizers-

910,584

and &lk'a,li,' and also followed in the case of
the two light ends by steam stilling to the

sulfur contents as under, namely:

L]

light end_____________ 55/1000 per cent.
heavyend.. .. . ______1
Separately desulfurized: .
“lightend_.__:_ ... 50/1000.per cent.

SeF&ratdy desulfurized ,
leavyend.. . _...___._100/1000 per cent.

_-The mncreased desulfurizing effect due to
the desulfuration of the heavy end separately
from the light end is apparent. '

By treating the three cracked stock sepa-
rately at about 38° F.initial with a larger pro-

proportion of thirty pounds te the barrel,

procedure as set forth above, I have ob-
tained heavy end of still lower percentage of
sulfur as follows: '

eavyend.. . _____. - _90/1000 per _cént.=

T do not believe that the heavy end of the
same Lima cracked oil is obtainable by any
prior process of lower sulfur content than

rently desulfurized heavy end, if indeed it
can be so obtained of as low & content of sul-
fur. Thg still lower sulfur content of the

inspection of this table; and it is to be noted
that no additional acid has been needed to
obtain this lower sulfur content. =~ =
"The third part of the present invention is
based  upon the discovery first made I be-
lieve by me that in the heavy end of the
burning o1l (kerosene) fraction of Lima
cracked o1l there are present sulfur com- |
pounds which are unremoved not only by

sulfuric acid of about 66° B., but also by

some at least of the materials {(other than |

989, or.other extra strong acid) heretofore .

Lima petroleum and having on'the latter a
more energetic desulfurizing action that is
possessed by sulfuric acid of about 66° B., |
but which compounds are, nevertheless, re-
movable by means of 989, or other extra

strong acid. And I believe that when Lima,

conditions, 'by materials which have been

of Lima oil (including various metals, me-
tallic oxids, metallic salts, and non-metallic |

30/1000 per cefit. |

‘portions.

4

other extra strong acid, it retains in its heavy

| end sulfur compounds removable by 989, or
other extra strong acid; although it may be

that exceptions exist.. In accordance with

| desulfurizing -agents) . other than 989, or

70

this third part of the invention the heavy °

end of the burning oil fraction .of Lima,
cracked o1l is first desulfurized to such ex-
tent as may both be feasible and also be con-
sidered desirable by means of another. de-
sulfurizing agent (say, copper oxid); and
then a further amelioration of the same in re-
spect to its sulfur content is effected by
means ot 989, or other extra strong acid.
In either or in each desulfuration the said
heavy end can be subjected: to the desulfur-
1zing agent either in connection with or apart

from the light end of said fraction; and the -
989, or other extra strong acid can be ap-
: plied to the oil at about 60° F. or at other
preferred temperature; but it is considered
more advantageous and a special improve-

79

80

ment to subject the heavy end to the 989 or =

above. | o o
- Lima cracked oil in general even in the

t lighter end of- the burning oil (kerosene)

fraction, 1s improved in its sulfur content by

| subjection to 989, or other extra strong acid

after it has been desulfurized by some other
material, say copper oxid, which is more en-
ergetic as a desulfurizer of Lima oil than is
sulfuric acid of about 66°.B.; and it may in

some -cases be advisable to subject Lima oil

1n- other forms than that of cracked oil to
such subsequent treatment with 989, or
other extra strong acid.- Such subsequent
subjection.of Lima cracked or uncracked oil

in general to 989, or other extra strong acid

18 Included in this thitd part of the inven-
tion. - S o

By taking the mixed stock mentioned
above in setting forth the second part of the

.mvention and distilling said stock in the

presence_of copper oxid mixed with or dis-
solved 1n the same, with separate collection
of the distillate which came over before and
that- which came over after the distillate
from the tail pipe of the condenser reached
43° .B., 1 have obtained two desulfurized
products which I then divided each into two
I finished one lighter and one
heavier portion for burning o1l (kerosene) by
application to them separately of the ordi-
nary sulturic acid and alkali treatment (using
sulfuric acid of about 66° B. at the rate of six
pounds to the barrel). E
two portions I treated separately with 9897

 sulfuric acid at about 38° F. initial, using ten

pounds of 989, acid to the barrel of oil; and,
after rerunning, I gave each of the so treated
portions a further light treatment with sul-

Each of the other

{ other strong acid apart from the light end,
and also t0 subject the same thereto at tem-
- peratures below about 60° ¥., as mentioned

90

95
1Q0
105

110

furic acid and alkali. T also steam stilled the :
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two light productS_séparately.' I thus ob-
tained four finished burning oil (kerosene)
products of the following respective sulfur

~ contents, namely:

% Light end desulfurized
. with copperoxid-only.
- Heavy end  desulfurized

‘with copper oxid only. 160/1000 per c_ent_.'

60/ 100_0 per cent._

o Laght end desulfurized

- with copper oxid fol-

lowed by 989, sulfuric

ackd . _ o .-

- Heavy end desulfurized

15 With' copper oxid fol- °
" lowed by 989, sulfuric
coaeld. oo

840/1000 per cent. .

80/1000 per cent.

" The amelioration of the oil (especially the
heavy end) by the subsequent treatment
20 ‘with 989, acid is plain; and I believe that
~similar amelioration of the oil is obtainable
with other extra strong acid as well as with
989, acid. In obtaining tlis amelioration,
- it will be observed that til

25°9897 or other extra strong acid is not to be
~ charged against it; since said cost is partly
offset by the larger amount of acid of about
"66° B. required in the ordinary treatment
“given to the first two products of this last
- 30 table, as compared with the smaller amount
. of such acid used in the light treatment given
“after rerunning to the last two products of

said table. -~ -
 Specific reference herein above has been
35 made to Lima oil only and to it only in the
- form of burning oil (kerosene) distillate or
in the form of the yet lighter naphtha.
There are, however; oils not within the above
~ given definition of Lima oil which are so far
40 analogous thereto as to admit of useful
desulfuration in the form of burning (kero-
sene) distillate or of the yet lighter naphtha
by means of 989, or other extra strong acid;
- aﬁhough by reason of their less content of
45 refractory sulfur compounds or by reason
~ of the smoky character of their burning oil
(kerosene) fraction, their desulfuration with.
989, acid as above set forth would not pre-
" sent all the advantages which attend such
50 desulfuration of Lima oil as above defined.
“For example, according to my experience,
 petroleum produced in Kansas, when in the
- form of the distillate yielded between 300° F.
and 550° F. by the crude oil and prepared as
56 aforesaid, responds to the first, third and,
fourth of the ‘above fnentioned tests; but i
. usually remains uncolored when clear plum-
bate of sodium solution is added thereto.
In other words, in said prepared form, 1t
60 usually fails to respond to the second test
mentioned and to this test only-of the.four.
Such failure tends to show a less content of
| re_fra_ctox]'f_ sulfur compounds in the general
~ run of oil from the Kansas oil fields than in
65 Lima oil ‘as above defined. Special oils

e whole cost of the |
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from Kansas wells have, however, In my
experience responded in said prepared form
to all four of the above mentioned tests;
and such special oils are consequently within
the above definition of Lima oil.

~ Again, according to my experience, pe-
troleum produced near Beaumont, in Texas,

when in the form of the distillate yielded be-
tween 300° F. and 550° F. by the crude oil
and prepared as aforesaid, responds to the
second, third and fourth of the above men-
tioned tests; but it is smoky. When tested
by the refractometer its refractive index 1s
more than 1.4600. -In other words, in said

| prepared form, it fails to respond to the first

test mentioned, and to this test only of the
four. In making burning oil (kerosene)
from such petroleum, it would, in my opin-
ion, be preferable ordinarily to subject the
burning oil (kerosene)- distillate to 98% or
other extra strong acid at a higher tempera-~
ture than about 60° F. and 1n larger propor-
tion than even sixty

70

75

80

88

younds to the barrel in

order to diminish the .content of smoky

hydrocarbons as set forth in my gpplication
of Au

cust 21, 1903, No. 170,327. Desul-
furation will be effected as a ¢oncomitant
result by the same operation. In case smoki-
ness is otherwise cured, and possibly in other
cases-also it may be desirable, however, to
subject Beaumont petroleum in the form of
burning oil (kerosene) distillate (smo

non-smoking, as the case may be) to desul-

| furation by mmeans of 9879, or other extra

strone acid as herein set forth. "Beaumont

9(

ky or

petroleum yields little naphtha; but that

‘which is obtainable therefrom, and also the

lichter non-smoking pﬁrtion of its burning
ol (kerosene). fraction (cracked or° un-
cracked, or a mixture of both), may well be
desulfurized in accordance with the present
invention. Moreover, other petroleum no
doubt exists which is not withu
definition of Lima oil, in that in case it should
be tested in the said prepared form it would
not. respond to all four of the above men-

tioned tests, but which is analogous to Lima
/loned tests oh 18 gous,

"0il in that in such case it would respond to
‘the third and fourth of said tests, or to the
fourth of them at least, with or without also-

responding t0 one or other of the first two
tests (or to both of these, if the prepared dis-

tillate should fail to réspond to said third

test]. Such otherpetroleum, with that from

the Kansas oil fields, (not within the defini-
tion of Lima oil) and that from the oil fields
near Beaumont, in Texas, constitutes the

the above

analogous petroleum of the present specifica-

| tion. Further, I believe that Lima petro-

leum as above defined, and petroleum analo- -

gous thereto as aforesaid, can by means 0f 98%,
or other extra strong acid be desulfurized
usefully in-other distillate forms (as well as
in those of burning oil and naphtha distil-

lates) and even in undistilled forms. I do
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not believe that Lim'a' or analogous petro-

leum can be desulfurized thereby anywhere
near so' advantageously in undistilled as in

distillate forms; and consequently it is con-

sidered a special advantage and improve-
ment to desulfurize -the same in accordance

‘with the present invention as distillates

10

15

20

whenever distillation would not interfere
with the usefulness for their intended pur-
poses of the products to be obtained. ‘

As mdicated above, I believe that more
pounds of sulfur can be removed by.a given

from lower boiling than from higher boiling |-

products; and hence special claims are made

to the desulfuration of Lima or analogous
of distillate lighter.

petroleum in the form
than .865 specific gravity (about 32° B.),

which expression (at least when applied to-
Lima o1l) includes the distillate next heavier

* than burning oil (kerosene) as well as the lat-

25

30

35

ter and naphtha. - Hence also special claims
are made to the desulfuration of burning oi}
(kerosene) and naphtha - distillates sepa-
rately or together, for the desulfuration of
which distillates the invention is primarily
designed. I also believe that petroleum ex-
ists which is not within the above definitions
of Lima and analogous petroleum, but which

-

O

with or without responding also to -one or

other or to both of the first two tests. Stch

- non-petroleum hydrocarbon oils form part.of

the related oils of the present specification.
Some of them have a-burning oil fraction

70

willch corresponds at least approximately in

refractive index, boiling

point and viscosity,

with the burning oil (kerosene) fraction of

petroleum heretofore refined and marketed
In the form of burning oil (kerosene).
“ The invention includes all and singular the

‘. | . - new, uSeful _&Ild‘origina} Pﬂfl‘ts, 11?(1]_31" ovements: _*
weight of 989, of other extra strong acid | or combinations herein set forth. FUESE

The following 'is a description of u.rh&.t.* 1S

| .considered the best mode o carrying the in-

| vention into effect, taking, by way of ex-

4

ample, the Lima crude . oil from which the
above mentioned uncracked stock has been

80

obtained and considering in order three

“cases, In the first of which cases all the de-

80

sulfuration of three difféerent burning oil

(kerosene) distillates is effected by 989, or

other extra strong acid without assistance

from any other material more energetic as

a desulfurizer than sulfuric acid of about 66°

90

B.,1n thesecond of which cases the same three .
' burning o1l (kerosene) distillates are, respec-

tively, desulfurized, one distillate by 989

is sufficiently related thereto to admit of use- |

ful desulfuration in some form at least b
means of 989, or other extra strong acid;

although such desulfuration would probably |
not present all the advantages of a desulfura-

tron of Lima (or even of analogous) petro-

leum. The specified relationship for the

ourposes of this specification will be estab-
1shed for any petroleum by the fact that in

- some form at least, although not in the form

40

45

rived from sources other than petroleum, say |

W
Ly

55

60.

of distillate yielded between. 300° F. and
550° E. by the crude oil, it responds (after
the aforesaid preparation) to the third and

fourth, or to fourth at least, of said tests,

with or without responding zlso to one-or
other or to both of the first two tests. Such

petroleum forms part of the related oils of the

present-specification. - . | |
Lastly, 1 believe that hydrocarbon oils de-

from maltha, asphalt, bituminous shale, bi-

‘tuminous coal, and so on, are (some.of them
‘at least) sufficiently related to Lima or analo-
Fous ‘pet;qleum to admit of useful desul-

furation in some form at least by means of

989, or other extra strong acid; although I

would not venture to say that any desul-
furation thereof would present all the ad-

vantages of a desulfuration of Lima or analo- |
‘gous

petroleum by such acid. . The speci-
fied re?ationshjp for the purposes of this speci
fication will be sufficiently shown for any
non-petroleum hydrocarbon oil by the fact
that In some form at least, after the afore-

sald preparation, it responds to the third and

or other extra strong acid as in the first case
and the other two distillates by material
other than 989, or other .extra strong acid,

. which material 1s more energetic as a desul-

furizer of Lima oil than is sulfuric acid of

about 66° B., and in the third of which cases

one (or more, if preferred). of the three burn-

95

100

mg o1l (kerosene) distillates is desulfurized -

by treatment with 989, or other extra strong

acld after it has been.desulfurized by another
material dlso more energetic as a desul-
funizer of Lima oil than is sulfuriceacid of
about 66° B. =~ o ' -

- Farst case.—The said Lima erude oil is .

placed in the ordinary cheese box or cylinder
still and is distilled in the ordinary way, with
collection of the distillate in one. receiver
from the-beginning' of distillation until a
specimen of distillate intercepted for the pur-

106

110

pose at the tail pipe of the condenser has a

gravity of about 41° B. The receiveris then.

changed; and the distillation is continued .

with cracking, which commences in my ex-

perience when the temperature, of the oil in -

tiwe still reaches about 620° F. It is carried
on so long as 1t 1s considered safe to do so.
All the distillate which comes over after

| the distillate from the tail pipe of the con-

| 18 col

denser has attained a gravity of about 41° B.
and which constitutes the cracked' oil (al-
though containing uncracked products-also)
%ected 1N one recelver.

| ferred to an ordinary cheese box or cylinder

still, and is distilled 1n the ordinary way, with

collection’'of the distillate by itself in one re-

_ | en the crude
o1l distillation is over this cracked o1l is trans--

66 fourth, or to the fourth at least, of said tests, | ceiver until the oil from the tail pipe of the -
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- condenser has & gfavity of about 43° B. and

with subsequent collection of the distillate
by itself in another receiver until the oil from
the tail pipe of the condenser has a gravity of
about 35'?%. The residuum in the still can be
disposed of as may be thought best. - Three

‘gtocks to be desulfurized are thus obtained,

namely, an uncracked Lima burning oil (ker-

10

osene) distillate, the light énd of the burnmn
oil (kerosene) fraction of Lima cracked oil,
and the heavy end of the same fraction. - The

. first of these, bemng identical with the above

16

 oil and would have a sulfur content of

mentioned uncracked distillate, would repre-
sent the first fifty per cent. of the crude ol
and would contain an amount of naphtha
equal to about. eleven per cent. of the crude

346/1000 per cent. The said light end would

- represent about eight per cent. of the crude

20

2B

~acid at an initial temperature of about 38°F.,
which can best be secured by running the

30

‘per cent.

oil and would contain-an amount of naphtha
equal to about one per cent. of the crude o1l

‘and ‘would have a sulfur content of 236/1000

| The said heavy end would repre-
sent about twelve and a half per cent. of the
crude oil and would have a suﬁ'u

300/1000 per cent. Each of the said three

stocks is treated by itself with 989, -sulfuric

stock on its way to the agitator through a con-
tinuous cooler, say, through pipes immersed

~ in brine, which latter is kept cold by an ice

35

~ filled to the ordinary height. The stock 1s |

40

45

b0

~apparatus for continuous coo
~ the so cooled stock'is run by

sulfuration by 98%, sulfuric acid./
‘purpose, it; is best to divide the ch

machine, or through chambers: containing
pipes filled with the refrigerating fluid of an
1ce machine, or through any other appropriate
ling. Each of
_ itself into an
ordinary lead lined agitator until the latteris

then dried by means of sulfuric acid of about

66° B., using the same say at the rate of from
1/10 to 2/10 of a pound of the acid to the

barrel of stock. After the addition of this
small proportion of acid, the mixture of acid
and stock is agitated by blowing with erdi-

‘nary air for ten minutes, the mixture is

allowed to settle for thirty minutes, and the
acid sludge is then drawn ofi. '

The stock, being now dry, is ready for
or this

989, acid into two or more batches, and,
- after adding each batch, except the last, to

bd

the stock to sagitate the mixture of acid and
stock by blowing with ordinary air for thirty

~ minutes, then to allow to settle thirty min-

80

utes, and lastly to draw off the sludge before
adding the next batch of 989, acid. - After
the addition of the last batch, blow for thirty
minutes and ‘allow to settle for an hour and

~ then draw off the sludge. | |

65

If the obj;ct is -t0 gbtain from the un-
cracked stock & burning oil (kerosene) prod-
uct containing not more than 1/20 per cent.

of sulfur, said stock would best be treated

r content *of

or four
B., or t
“preceding

not excee

for de-
arge of the

910,584

- mth two batches bf 989% acid,_ each consist-
to each bq.rrel' .

ing of ten pounds of such acid
of said uncracked stock. '

- If the object is to obtain from the light end
of the cracked vil a burning oil (kerosene)

product containing not more than 50/1000

per cent. of sulfur, said light end would best
be treated with two batches of 989, acid,
each consisting of ten pounds of such
“each barrel of said light end. - |

acld to

If the object is to obtain ,ﬁoiﬂ the- heévj

end of the cracked oil a burning oil (kero-

sene) - product containing not more than .

100/1000 per cent of sulfur, said heavy end

would best be treated with two batches of

089, acid, each consisting of ten pounds of

such acid to each barrel of said heavy end.-

After each -stock has been treated with

989, acid (twenty pounds to the barrel, as
just mentioned), it 1s washed in the manner

usual in the sulfuric acid and alkali treat-

ment, first with water, then with caustic soda
lve and finally with water. Xach stock 18
then rerun by itself and each resulting dis-
tillate is given by itself a hght treatment

¢

with sulfuric acid and alkali, using say three -

%ounds of sulfuric acid of about 66°
e same weight of sludge from the
treatment with 989 acid. The
uneracked stock is then steam stilled by 1t-
self, until it has attained the desiréd fire test,

‘the naphtha being collected. The light end

and the heavy end of the cracked oil are

mixed and -the whole is steam stilled with-
collection of the naphtha until the oil has the -

desired fire test; or the light end can be

steam stilled by itself with collection of naph-

tha and then be mixed with the heavy end.
The resulting products are two grades of
burning oil (kerosene) having & sulfur con- .

“tent of not more than 50/1000 per cent. for the
uncracked and not more than 83/1000 per

cent. for the cracked product, and also two
grades of naphtha having a _suifur content of
ing . 10/1000

Frroduct'. "The heavy end of the burning oil

' the subsequent separate light

running and
g sulfur content of

treatment, should have

not more than 100/1000 per cent. - The hight
| end, after steam stilling and before muxture

of the same with the heavy end, should have
g sulfur content of not more. than 50/1000
per cent. ' o L |

Tn rerunning either or both the naphtﬁa'
containing stocks, a naphtha cut can be.
taken, the same to be given by itself a

light
treatment with sulfuric acid and alkal. A%so.
8 nag)hth&. cut for desulfuration apart from
the burning oil (kercsene) distillate can be

taken in the crude oil distillation or in the
| cracked oil distillation. In such case, as-

suming that the same Lima crude oil as be-

fore -id taken. o8 an example, and that two-

action of the cracked oil, after separate re-.

0/1000 per cent. for the un-
cracked and 19/1000 per cent. for the cracked-
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naphtha cuts are to be made, the two naph-
tha stocks may well represent, res
the uncracked about eleven and the cracked
about one per cent. of the crude oil. In de-
5 sulfurizing them with 98% sulfuric acid, the
most advantageous proportion would be ten
pounds of 989, acid to.the barrel, applied in
two batches-each of five pounds to the barrel,
of each naphtha distillate. If only onegrade
0 of naphtha should be desired, 1

tha cuts can be mixed with each other
fore desulfuration. . . =~ o

Instead of changing the receivers and stop-
ping the distillations at the goints mentioned
the receivers can be changed and the distilla-
tions, -er any of them, stopped at any desired
points; although under the assumed condi-
tions the points indicated are in general con-
- sidered the most advanta eous, or at least as
advantageous as any. Lima crude oil as
above defined will vary both in its percentage
of hydrocarbons of different boiling points, in
its sulfur content, and I believe also in the
kinds of its constituents; and: crude petro-
leums analogous to Lima oil are likely to vary
yet more in each of these respects. :

In the first part of this specification sui-
ficient directions have been given to enable
the proportion of 989 sulfuric acid to be ad-
justed to the varying conditions, only it
‘seems well to say here that; judging from my
experience, whenever a crude petroleum
yields an uncracked burning oil (kerosene)
distillate a specimen of which has a sulfur
content of less than 2/10 per cent. after treat-

e

furic acid of about 66° B.

twenty pounds to the barrel, and especially

1f 1t further fails to respond to the second of
‘the before mentioned tests, the sulfur con- |

tent of such uncracked distillate can be re-
duced to or below 1/20 per cent. by the use
of less than twenty pounds of 989 sulfuric
acid at about 38° F. initial. For using (if
desired) some other sulfuric acid. appro-

- priately stronger than that of about 66° B. in

place of 989, acid, the foregoing directions it
18 believed will suffice. .

Instead of initially c_oql,ilig the stoéksl(br' |

any of them) to about 38°F., they, could be
cooled to a lower temperature: or
not be cooled so low; only it is believed that
there would be a disadvantage rather than
-advantage in departing from about 38° F.
5 mitial. ] .
- cool either the 989, or other extra strong
acld applied.to the o1l or the air for a itating
the mixture; nor is it considered advanta.
geous to restrain the rise of temperature
- which naturally follows the reaction of the
sald acid on the sulfur compounds and other

constituents of the oil; but-any or all of these

things may be done, the only objection to
‘them being on the score of unnecessary ex-
> pense. | |

pectively,

the two na]ct))h— *

=, - . [ ] - k h
ment with sulfuric acid and alkali, using sul-

at the rate of

{h'ey need

It 1s not considered advantageous to |

|

!

|
|

Second éase.mThe said Lim.a,, oil is distilled

at first in the ordinary way and then with

cracking, the uncracked distillate and the

cracked oil being collected in separate receiv-
ers, as:1n the first case.

The uncracked distillate and

11

The cracked oil is-
distilled with change of receiver, also as in
-said first case. _
‘the light end of the cracked oil are then sep-

70

arately desulfurized in any known or suitable -

manner by some known or suitable material

other than 989, or other extra strong acid,
which material is & more energetic desulfur-

1zer of Lima oil than is sulfuric acid of about
66° B., say, with copper oxid mixed with or
dissolved in the oil to be desulfurized while

| the latter is undergoing distillation: and the

heavy end of the cracked oil is desulfurized

with 989, sulfuric acid applied in'the manner .

and proportion above.set. forth in describing
the first case. - The uncracked distillate and

the light end of the cracked oil are sepa- -
| rately treated in the ordinary manner

with
sulturic acid and alkali (with use, say, of six
Eounds of sulturic acid of about 66° B. to the

arrel of oil treated). As in the first case,

79

30

8D

90

the heavy end, after treatment with 989, sul-

furic acid, is rerun; and the distillate ob-

tained in the rerunning is finished by a light
‘treatment with sulfuric acid and alkali. The
“heavy end and the light end of the eracked

oil are then mixed together; and the mix-
ture 1s steam stilled to obtain the desulfur-
1zed naptha and also to give a proper fire test
to the burning oil (kerosene). ~ The desulfur-
1zed uncracked oil is steam stilled for the
same purposes. The light end of the cracked
oll could be steam stilled before admixture
with the heavy end; and subsequent steam
stilling could then be dispensed with. Naph-
tha cuts

to be desulfurized separately can be

95

100

105

taken in the ordinary distillation of the crude
oll and the cracked oil, respectively. -And

such naphtha cuts can be made and the
naphtha distillates mixed before desulfura-
tion, if only one grade of naphtha should be
desired. The receivers can be changed and
the distillations (or any of them) stopped at

any desired points. " In place of 989 acid;

other extra strong acid can be used; and the
proportion of the acid used can be adjusted

to the condition of the stock to be treated;.

and the temperature of treatment therewith
can be varied, all as herein above set forth.

Third case.—The said Lima crude. oil is
distilled at first in the ordinary way and then:

with cracking, the uncracked and the cracked
distillate being collected inseparate receivers,
as 1n the first case. . The cracked oil is dis-

110

115

120

tilled without change of receiver; and the

distillation ‘is' stopped when the distillate
from thetail pipe of the condenser has a grav-

| 1ty of about 35° B., as in the first case. The

uncracked distillate and the entire cracked

oll distillate are then separately desulfurized

| In.any known or suitable way, more espe-

125

130
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cially', but not exclusively,_ by means of ‘an |

appropriately energetic metal, metallic oxid
or metallic salt (or of one or more of them),
say by means of copper oxid mixed with or

= dissolved in the oil while this is undergoin
- distillation. - In thus distilling the cracke
stock for removal of sulfur the receiver 1s
changed when the distillate from the tail pipe

. of the condenser has a eravity of about 43°
10 B., as in the first case; and the distillation is
stopped when such distillate has a gravity of
about 35° B., so as to obtain as near as may

" be the same: light and heavy ends of said

burning oil fraction of said Liuna cracked oil }
15 which were obtained in the first case. The

~ desulfurized uncracked distillate and the de-
sulfurized light end are then separately given
each of them an ordinary treatment with sul-
{uric acid and alkali (using sa; six pounds of

20 sulfuric acid of about 66° B., to the barrel of

‘stock treated). The desulfurized heavy end,
.~ in order still further to desulfurize it, 1s g1ven
a treatment with 989, sulfuric acid at about
38° F. initial, and is rerun and is then fin-

25 ished by & ligi:rt treatment with sulfuric acid,

‘and alkali, all as set forth for the -corre-
sponding heavy end in the first case, 0111% in-
stead of the proportion of 98% acid there
~ given it is now necessary to use & proportion

30 of only ten pounds of acid to the barrel of

heavy end, in order to obtain the same with
a content of sulfur even below that given in

3
]

"the description of the first case; and, unless
o still lower sulfur content should be desired,
35 this .smaller proportion of 98% acid would

best be used. It would best be applied 1n

" two equal batches. The light end and the
. heavy end are mixed with each other; .and

" the mixture is steam stilled to obtain the de- |

40 sulfurized naphtha and also to raise the fire
test of the finished burning oil (kerosene).
The latter, (according to my experience)
may be expected to contain about 73/1000

er cent. of sulfur, its light end having a sul-

45 $ur eontent of about 60/1000 per.cent. and

" its heavy end about 80/1000 per cent. The
uncracked oil is steam stilled to recover the
naphtha therefrom and to raise the fire test

~ of the finished burning oil (kerosene). The |
50 light end of the cracked oil could first be

steam stilled and then mixed with the heavy
- end, dispensing with steam stilling after the
mixture. T
If the percentage of sulfur in either the
55 licht end of the cracked oil or in the un-
~ cracked distillate should be regarded as
~ too high, either or each of them could be
treated with 9897 sulphur at about 38°F. and
rerun and then finished by a light treatment
60 with sulphuric acid and alkali, the ordinary
treatment of them with sulphuric acid and
alkali being best omitted. . - |
‘Separate naphtha cuts (to be separately
" desulfurized) can be taken in the ordmary
65 distillation of the erude oil and in the. dis-

tillation of the cracked oil, respectively. -
And such naphtha cuts could be made and
the naphtha distillates mixed before de-
' sufuration, if only one grade of naphtha .
' should .be desired. The receivers can be - 70
changed and the- distillations (or any - of
them). stopped at any desired points. In -
. place of 989, sulfuric acid, other extra strong
‘acid can be used; and the proportion of the
acid used can be adjusted to the condition 75
| of the stock to be treated and the tempera-
ture of treatment therewith can be varied,
all as herein above set forth. - |
In order to have particular distillates
(cracked or uncracked) in a desulfurized 80
state, it is not necessary first to obtain and .
then to desulfurize them; they can be ob-
tained first in a desulfurized state. Ior ex-
ample, in carrying out the present invention
in accordance with said third case, the un- 85
| cracked burning oil (kerosene) distillate can

| be obtained in a desulfurized state by effect-

| inf the requisite desulfuration in ‘the erude
' oil distillation, the vapors from the crude ot
being passed .over copper oxid after said. 90
vapors have.been given off from the body
of the crude oil and while they are on their
| way to the condenser, and the receiver bein
| changed when the oil from the tail pipeo
the condenser attains a gravity of about 41° 95
B.; and the two ends of the burning oil
(kerosene) fraction of the cracked o1l can be
obtained inh a desulfurized condition by
effectine’ the desulfuration either in the
crude o1l or in the cracked oil distillation, the 10
vapors being passed over copper oxid after
said vapors have been given off from the
’ b%c}fr of the crude oil or of the cracked oil
while they are on their way to the condenser,
' and the receiver being chan ed in the cracked 10
oil distillation when the oil from the €ail Eipe
| of the condenser attains a gravity of about
' 43° B. For effecting the desulfuration of
| both uncracked and cracked distillate in the
crude oil distillation, the passage of vapors 11
from the crude oil over the copper oxid
‘would first be carried on until the collection
of the uncracked distillate should be com-
pleted; and thereupon the receiver would be
changed and the passage of the vapors from 11
the crude oil over the copper oxid would be
continued until all the cracked oil should be
received. This desulfurized cracked oil
would then be distillated with change of re-
ceiver when the oil from the tail pipe of the 1!
I condenser attains a gravity of about 43, B.
| and with stoppage of the distillation when
| it reaches about 35° B., s0 as to separate the
light end and the heavy end from each other,
" as well as from still heavier hydro-carbons. 1
For effecting the desulfuration of the un-
cracked distillate in the crude oil distillation
‘and that of the licht and heavy ends in the
cracked oil distillation, the vapors from the
| crude oil -would . best be passed over the 1.

i
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c(iner_ oxid only until the uncracked dis- |
tillate should be collected ; and thereupon the

receiver-would be changed and the vapors |

- from the crude oil be passed directly to the
5 condenser until all the cracked oil should be
received.. This:latter would then be dis-

- tilled with passage of the vapors therefrom
over copper oxid on their way to the con-
denser, and-with change of receiver when the

10 o1l from the -tail pipe of the condenser at-
~ talns a gravity ofp about 43° B., the distil-
lation being stopped when a gravity of about

35° B. is -attained by such oil. = The un-~
cracked distillate and the light end of the

15 cracked oil (in whichever way obtained)
could then be given (each of them separately)

i

preferred. The oil, after finally drawing off

the sludge, would bererun; and the resulting

with sulfuric acid and alkali and be steam
stilled, if necessary or if desired. Related

oil in the form of burning oil distillate will in

most cases, perhaps always, be cracked oil;

13

distillate would be given a light treatment.

70

and 1t will be found, I believe, advantageous

to desulfurize the heavy end of such cracked -

oil apart from its light end; and in some

-cases at least I believe that it will be advan-
‘tageous thus to desulfurize said heavy end

75

with 989, or other extra strong acid, after it -
shallhave been desulfurized with another ma-

terial, as copper oxid, more energetic as a

desulfurizer of Lima petroleum than is sul-

a treatment with sulfuric acid and alkali. | furic acid of about 66° B.

The heavy end (in whichever way obtained) |

- could be turther desulfurized at about 38° F.
20 mitial by means of 989 sulfuric acid, ten
~ pounds to .the -barrel, with subsequent re-
running, followed by a light treatmeént with
sulfuric acid and alkali. gl“hf-:-, uncracked dis-
tillate could be steam stilled; and the light |

25 end of the cracked il could be mixed ‘with
- the heavy end thereof and the whole steam
stilled; or the: light -end could be steam |

stilled and then be mixed with the heavy end.’
If it should be desired to make only one
30 grade of burning oil (kerosene), to be com-
posed of both the cracked and uncracked dis-
tillates, ‘it will, nevertheless, be more ad-
vantageous ordinarily to desulfurize un- |
cracked oil separately from cracked oil (at
35 least when .their-desulfuration is effected by
means of 98%, or other extra strong acid) as
well as to desulfurize the heavy end of the

burning oil fraction of the cracked oil- by
such acid after separation of ‘the light and
40 heavy ends from each. other: but if the ad- _
not be desired, cracked and uncracked oils |
can be desulfurized together and the: heavy
~end of the cracked oi% can be desulfurized
45 without previous separation of the light and
heayy ends:thereof from each other. '

- vantages of separate desulfuration should
-~ With respect to the desulfuration by
means of 989, or other extra strong acid of
petroleum and other hydrocarbon oils related.
50 as aforesaid to Lima or analogous etroleum,

" the same would always be treated in a_form .
~In which, after the ‘aforesaid preparation,

they, respectively, respond to the third and
~ fourth, or to the fourth at least, of the above
55-mentioned tests. It will be found most ad-
vantageous, as I Believe, to cool the oil to be
-desulfurized to about 38° F. by running the.
~-same on 1ts, way to the agitator through a
.continuous cooler; and to treat it at such ini-
60 tial temperature. with 989, or other extra |

‘The modifications set fortl above are not
all which can be made; they are given by

‘way of example; and the statement of them
| 1s:not.to be construed as an intention to eX-

clude others; and generally it may be said

‘that each of the improvements composin
the inventiomris intended to be

1 ye secured for. a
the uses to which it can be applied, with or
without modification. =~ |

.80

85

30

In the hereinafter written claims. the fol-

lowing expressions have, respectively, the

following meanings wherever they  occur,

namely:

95

- “Lima or anaiogous pqtroleum. or related -

oil’’ includes:

- First.” Petroleum Wlthm the above defini-

tion of Lima oil, that is to say, petroleum
which, in the form of the distillate yielded

1G°.

between 300° F. and 550° F. by the crude oil

and prepdred. as aforesaid, responds to all
four of the above mentioned tests;

Second. Petroleum which is nbt.WiﬁhiJ_l the . |
above definition of Lims oil, in that in the:

form of said distillate Ir];lrefpared as aforesaid
1t does not respond to all fo
Lima oil does, but which is, nevertheless,

105

ur of-$aid tests ag

analogous to the latter in that in said form it -

responds to the.third and fourth of said tests,

110

or to the fourth of them at least, with or
without also responding to one or other of

the first two tests (or to both of these, if the
prepared distillate should fail to respond to .
) ' | 116

!

sald third test):.

!

~Third. Petroleum which in the form of

distillate yielded between 300° F. and 550°

F. by the crude oil and prepared as aforesaid
fails to respond to said fourth test, but which,
nevertheless, is related to Lima or analogous

petroleum, in.that in some form at least,
-after the aforesaid preparation, it does re-
| spond to the third and fourth of the above

mentioned tests, or to the fourth at least of
them, with or without also responding to one

- strong acid in the-manner above described, | or other or to both of the first twe tests: and

the*l'groimrtion of acid to oil being adjusted
1o the desulfuration to be effected. thereby.

~ The hest proportion can be determined after |
65 the mode above described, ot otherwise, if |

 Fourth. Hydrocarbon oils which are -de-
rived from sources other than petroleum and
which cannot, therefore, be regarded as pe-
troleum in any form, but which are, never-

120
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theless, related to Lima or’ analogous petro-

~ leum, in that in one or more forms such non-

petroleum hydrocarbon oils respond, after
the aforesaid preparation, to the third and
fourth of said tests, or to the fourth or least
of them, with or without responding also to
one or other or to both of said first two tests.

~ “Sulfuric acid stronger as-specified than
that of about 66° B.” )

_ Frim,a.nly means non-
fuming sulfuric acid of not less than about
969, sulfuric monohydrate and also fuming

- sulfuric acid containing not more than about

1

20

‘hand, fuming

four per cent. sulfuric a,nhgdrid ; but by ex-

tension it means also, on the one hand, non-
fuming sulfuric acid of less than about 969,
sulfuric monohydrate, while yet enough
stronger than sulfuric acid of about 66° B. to
have a useful desulfurizing effect on Lima or
a.na,lc:fous yetroleum or related oil not pos-
sessed by the latter acid, and, on the other
sulfuric acid .of more than
about four .per cent. sulfuric anhydrid, as

~ well as sulfuric anhydrid (100%) Titself.

25
. greatest ratio of desulfurizing

30

35

Non-fuming sulfuric acid of about 989, sul-
furic monohydrate is considered to have the
ﬁ activity to
cost and. consequently to be the most advan-
tageous to use as a desulfurizer of Lima or
analogous petroleum; but non-fuming acids
of less than about 989, and not less than
about 969, sulfuric monohydrate have so
nearly the same desulfurizing effect as 989,
acid at sliilgtly less cost and fuming. acids of
all strengths up to not more than about four
per cent. sulfuric anhydrid cost so little more

~ than 989, acid with slichtly greater desul-

~ furizing efféct that I class them all with.

40

45

~ at least, of the before mentioned tests. It

60

989, acid as included in the sulfuric acid’

‘stronger than that of about 66° B. which it
is‘primarily intended to employ.

“Which is sulfur bearing as specified”
means that the stock, the distillate, the
cracked oil, or the heavy end of cracked oil of
the burning oil fraction referred to by said ex-

b
pression responds, after theﬂaforesaidv prepara-
tion, to the third and fourth, or to the fourth

may also respond to one or other or to both

“of the first and second of said tests, according
to the case; or it may fail to respond to either |
of them. The word ‘“stock’” merely means !
the oil {o be desulfurized. It includes undis- |

 tilled oils whose desulfuration miay be de-

55

¢0

sired, as well as all sorts of distillates. .
““Feinperature lower asspecified than about
60° F. initial’” primarily meansa temperature
not higher than about 44° F. initial; but by
extension it means also, first, a temperature
higherthan about 44° F. initial and not higher
than about 50° F. initial, and, secondly, a

temperature higher than about 50° F. and

mot -higher-than abeut 56° F. initial. © This |

temperature is expressly said in certain claims

4o be “dartificially produced.” Those claims

as specified than about 60° |

-standing exposed to the cold weather. The

|- most advantageous temperature, considering
expense for.artificial cooling in connection

i

rel of stock, and, t ;
and not exceeding about sixty

‘with a percentage of

higher

-suitable for burni

910,584

fied than about 60° F’ » and do not contain
the words “artificially produced’’ include such

jower temperature asspecified when produced

otherwise as well as” when produced arti-
ficially. Tor example, in winter a tank of oil

70

might naturally have a ‘‘temperature lower -

)’ merely by

with saving of acid, is about 38° F. initial ; but

at temperatures below about 38° F. initial the

cost of cooling may be so little more and at
temperatures above about 38° F. imitial to
and including about 44° F'. initial the saving
in acid is so little less than at atout 38° F. 1ni-
tial that I class them all with this last tem-
perature as included in the temperature be-
low about 60° F. initial, which it is primarily
intended toemploy. It will be observed that

'in a number of claims this ‘‘temperature’” ex-

!

~pression does not occur.

“Distillate_lighter as specified than .865
specific gravity” means primarily distillate

‘which is mainly or wholly ¢composed of hy-

drocarbonsnot tooheavy nor toolight toserve
usefully as constituents of burning oil ; but by

79
80
85

90

extension it means also in the first place dis-

tillate which is mainly or-wholly composed of
hydrocarbons too light to serve usefully as
constituents of burning oil, and, secondly, dis-
tillate which is mainly or wholly composed of
hydrocarbons too heavy for such service, but
not so heavy as to have a specific gravity of
868, ? ' . |

‘“Rate not exceeding about sixty pounds to
the barrel asspecified”” means primarily a pro-
portion of not more than about thirty pounds
of acid to the forty-gallon barrel of the stock
to be desulfurized, yet sufficient to produce a
useful desulfuration; but by extension it
means also, first, a proportionexceeding about
thirty and not exceeding about forty pounds

- of acid to the barrel of stock, and, secondly, a

proportion exceeding about forty and not ex-
ceeding about fifty pounds of acid to the bar-
irdly, & proportion exceed-
ing about fift _
ounds of acid to the barrel of stock. With
ess than about thirty pounds of 989, acid

(namely, with about twenty pounds) to the
barrel of the abtove mentioned uncracked

stock I have obtained burning oil (kerosene)
sulfur therein about as
low asin burning oil (kerosene)of similar grade
tions are likely also to be dpr“a_ctica;lly useful.
I have accordingly included three successively

ing of this ]
made claims which do not specify any par-

-

ticular rate. .

- “Lightend”’ means Eri_marily; ]:}ydrdqarbtms :
ol , 8 or b 1l with boiling points be-
85 wmchmentlon 8 “tempc;'a.jtq;e; lower as speci- lowabout 5002 F.; but it meansalso by exten-

0

proportions in the extended mean-
is ‘““rate’’ expression; and I have aisc

95

160

165

1190

115

‘120
heretofore made and sold ; but higher propor-

125
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~or mainly, or at the least in large part, of

15

20

_ stronger acid, which material is more ener-

- clpitable in acid solution by hydrogen su

30

30

10

~except sulfuric acid stronger than that of

15

- of the light and heavy ends fron each other

50

“end cotld be rerun or distilled after 9 niix-

135

furized heavy end are intended to be in-

60

bons suitable for burning oil ‘with boiling
- points between about 500° F. and about 600°

| comﬁete or in large part only, so as to obtain

‘than 1s sulfuric acid of about 66° B.” means

salts in general, known as desulfurizers. of

- elther when mixed with or dissolved in Lima,

heavy end of cracked oil of the burning oil

910,584

sion the lighter portion generally of a series of
hydrocarkons capable of serving usefully as
constituents of burning oil. ' ~

“Heavy end’’ means primarily hydrocar- |

K., both inclusive; but it means also by ex- |
tension the heavier portion generally of a |

serles of hydi*ocarbong capable of serving as ;
constituents of burning oil.  Stock which |

““consists of heavy end’” is composed wholly

such heavier hydrocarbons. Lima or analo- .
gous petroleum or related oil can be desul-
furized in the form of said heavy end with or |
without previously separating the heavy and
light ends from cach other; and such separa-
tion, when effected, may be nearly or quite

for desulfuration a distillate free from sald
light end, or nearly so, or ‘one deprived in |
large part only of said light end. o

“Material as ‘specified other than said

getic as a desulfurizer of Lima petroleum
primarily one or inore oxids .of metals ][_)f;l'e—
d

J

of which copper oxid and lead oxids are ex-
amples; but it means also by -extension,
first, one or more of the metals in general,
oxlds in general of metals not precipitable in
acld solution by hydrogen sulfid, and metallic

Lima petroleum or svitable for such - use
ol undergoing distillation or when exposed

given off, or in beth such ways, and, sec-
ondly, any other known or suitable material.

about 66° B. for depriving Lima, petroleum
of sulfir compounds unremoved therefrom
by said sulfuric acid of about 66° B.

In specifying in certain claims that the

fraction ds to be desulfurized after separation

and 1s then to be rerun or distilled, it will be
tnderstood that the heavy end is most ad- |
vantageously rerun or distilled apart from
the light em{ but that this is not necessarily
S0; since the separately desulfurized heavy

ture of the same and the light end with each
otherfollowing upon ‘the separate desulfura-
tion of the heavy end; and both modes of |
rerunning or distilling the separately desul-

cluded within the scope- of said claims. So |
likewise in'specifying in certain claims that i
the said heavy end is to be subjected to sue-
cessive desulfurizing operations in the later |
of which the said heavy end is desulfurized |

troleum or related oil burning oil

1S

after separation of the light and heavy ends
from each other, the earlier desulfuration
could be made with or without previous
separation of the light and heavy ends from
each other; and both modes are intended to
be included within the scope of these claims.
Further in specifying in certain claims that

the light end and the heavy end are to be

mixed, it is not intended to specify the point
in the procedure at which the mixing is to be
effected further than it is to be after a desul-

furizing treatment of the heavy end following

upon a separation of the light and heavy
ends from each other. .
““Non-smoking cracked oil of the burning
oul fraction’’ means a cracked oil which fairly
represents said burning oil fraction. as a
whole and which, after the aforesaid prepa-
ration, has a refractive index sufficiently

“below 1.4600 to indicate & non-smoking oil.

Such a representative oil is obtainable by
distilling the cracked oil in g laboratory
flask provided with a thermometer as above

mentioned and collecting the distillate which
comes over between 300° F..and 550° F. If
the heavy and light ends of such non-smok-

Ing cracked oil should be separated from
each other, and if the heavy end should then
be tested by itself, after the aforesaid prepa-

ration, it might or might not have a refrac-

tive index below 1.4600. - ,
“Obtaining from Lims or a,nalogous- e-
| esuiiur-
1zed by means of sulfuric acid stronger as
specified than that of about 66° B.”” means
olf)taining'in art at least from Lima or an-

S0 desulfurized ‘at least in part. Heavy end
of cracked oil of the burning oil fraction ob-
tamned from Lima or analogous petroleum or
related oil and desulfurized by means of said

stronger acid, with or without sassistanée __
{rom other materials, might, for exam le, be

-

| mixed with light end or with light and eavy
ends (cracked or uncracked) of sultably low

sulfur content obtained-also from Lima, or
analogous petroleum or related oil: or it

might be miXed with light end or light and

heavy ends (eracked or uncracked) of suit-
ably low sulfur content obtained from any
other petroleum or hydrocarbon oil. ‘

Claiim 26 specifies a desulftration by

means of another material previous to the
desulfuration with said stronger acid ; and

' elaim 27 does not so specify; but claim 27

does not exclude such previous desulfura-
tion; and neither of the claims excludes a

specified therein; nor does any claim ex-
clude the admixture of other petroleum or

65

70

70

80

85

90

a5

100
| - : d { alogous petroleum or related oil burning oil .
to vapors of Lima oil after they have been |

105

110

116

120

. subsequent desvlfuration; nor does either .
. claim exclude a desulfuration of any kind in
addition to that specified therein. “None of

‘the twenty seven claims, in fact, excludes a
~desulfuration of any kind in addition to that

125



16

hydrocarbon oil with the Lima or analogous
petroleum or related oil to be desulfurized as
therein specified. S .. |

'T'claim as my invention or discovery:

1. In destlfurizing Lima or ana],'[)(;gous
.Eftrqleum- or related oil by means of sul-

iric acid stronger as specitied than that of
abott 66° B., the improvement consisting m
‘subjecting the same, in the form of stock
which is sulfur bearing as specified, to the
action of said stronger acid at a temperature
lower as s]ﬁeciﬁed than about 60° F. initial,
substantially as described. .

2. In desulfurizing Lima or analogous
petroleum or related oil by means of sulfuric
acid stronger as specified than that of about
66° B., the improvement consisting in sub-
jecting thc same, in the form of distillate
which is sulfur bearing as specified and also
lighter as specified than .865 specific gravity,

10

15

20

to the action of said stronger acid at a tem- |

perature lower as specified than about 60° I.
1nitial, substantially as described.
3. In desulfurizing Lima or analogous
‘petroleum or related oil by means of sulfuric
acid stronger as specified than that of about
66° B., the improvement consisting in sub-
~ jecting the same, in the form of distillate
which is sulfur bearing as specified and also

30 lighter as specified than .865 specific gravity,

to the action of said stronger acid at a rate

" not exceeding about sixty pounds to the bar-
rel as specified and at a temperature lower as
specified than about 60° F'. initial, substan-
tially as described. . o

4. In desulfurizing Lima or analogous
petroleum or related oil by means of sulfuric
acid stronger as specified than that of about

66° B., the improvement consisting in sub-

30

40
- is sulfur bearing as specified, to the action of
said stronger acid at a rate not exceedinﬁ
about sixty pounds to the barrel as specifie
and at a temperature lower as specified than
45 gbout 60° F. initial, substantially as" de-
~ scribed. ' | S
5. In desulfurizing Lima or analogous pe-
" troleum or related oil by means of sulfuric

-acid stronger as specified than that-of about

66° B., the improvement consisting in sub-
jecting the same, in the form of stock which

is sulfur bearing as specified, to the action of

said stronger acid at a rate designedly ad-

justed with respect to the removal of sulfur

55 and at & temhperature lower as specified than
about 60° F. initial, substantially as de-
scribed. |

6. In desulfurizing Lima or analogous pe-
troleum or related oil by means of sulfuric
60 acid stronger as specified than that of about

66° B., the improvement consisting in sub-

jecting the same, in the form of burning oil
distillate which is sulfur bearing as specified,
to the action of said: stronger acid at a ten-
65 perature lower as specified than about 60° .

“jecting the same, in the form of stock which

910,584

initial and at a rate not exceeding sixty
pounds to the barrel as specified and not less
than suificient, when followed by rerunning
and a subsequent. treatment with sulfuric
-acid and a,lka?ﬁ, to reduce the sulfur content 70
to a percenta,%e ‘admissible in marketable -
burning oil, substantially as described.

7. In desulfurizing Lima or analogous pe-
troleum or related oil by means of sulfuric
acid stronger as specified than that of about
66° B., the improvement consisting in sub--
jecting the samie, in the form of distillate
which is sulfur bearing as specified and also
lighter as specified than about .865 specific
gravity, to the action of said stronger acld at
s, temperatire lower as specified than about
60° ¥. initial, and subsequently rerunning
| said distillate and giving to the rerun oil a
| treatment with sulfuric acid and alkali, sub-

stantially as described. o )
8. In desulfurizing Lima or analogous pe-
troleum or related oil by means of sulfuric
| scid stronger as specified than that of about
66° B., the improvement consisting in cool-
ing a stream of the Lima or analogous pe-
troleum or related oil, in the form of stock
| which is sulfur bearing as specified, to a tem-
Eer&ture lower as specified than about 60° F.

y extracting the heat from the flowing oil by
' 95

75

.80

90

‘means of a cooling medium which 1s se %9;
rated therefrom by heat conducting walls,
subjecting the so cooled oil to the action of
said stronger acid at such artificially pro-
duced temperature lower as specified than
about 60° ¥., and subsequently distilling the
$o0 treated o1l and giving the resulting dis-
tillate a treatment with sulfuric acid and al-
kali, substantially as described. .

9. In desulfurizing Lima or analogous pe-
troleum or related oil by means of sulfuric 1€
acid stronger as specified than that of about
66° B., the improvement consisting in sub-
jecting the same, in the form of stock which
is sulfur bearing as specified, to the action of
said stronger acid at an artificially produced 11 -
temperatufe lower as specified than about
60° F. initial, substantially as described. -

10._ In desulfurizing Lima or analogous pe--
‘troleum or related oil by means of sulfuric
acid stronger as specified than that of about 13
66° B., the.improvement consisting in sub-
jecting the same, in the form of distillate
which is sulfur bearing as specified and also
lichter as specified than .865 specific gravity,
to the action of said stronger acid at an arti-
ficially produced temperature lower as speci-
| fied than about 60° % initial, substantially
as described. - - -

11. In desulfurizing Lima or analogous pe-
‘troleum or related o1l by means of sulfuric 14
acid stronger as specified than that of about
66° B., the improvement consisting in sub-
jecting the same, in the form of distillate
which is sulfur bearing as specificd and also
lighter as specified than .865 specific gravity, 13

1¢°
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“to the action of said stronger acid at a rate
- not exceeding about sixty pounds to the
barrel as specified and at an artificially pro-
duced temperature lower as specified than
» about 60° F. initial, substantially as de-
scribed. - ' ~
- .12. In desulfurizing Lima or analogous, pe-
troleum or related o1l by means of sulfuric
acld stronger as specified than that of about
) 66° B., the improvement consisting in sub-
jecting the same, in the form of stock which

1s sulfur bearing as specified; to the aetion of-

sald stronger acid at a rate not exceeding
about sixty pounds to the barrel as specified

> and at an artificially produced temperature

lower as specified than about 60° F! initial.
substantially as described. R

13. In desulfurizing Lima or analogous

petroleum or related oil by means of sulfuric

) acid stronger as specified than that of about
66°B., the improvement consisting in sub-
Jecting the same, in the form of stock which
1s sulfur bearing as specified and consists of
the heavy end of cracked oil of the burning

> o1l fraction after separation of the light and
heavy ends from each other, to the action of
said stron%f,r acld at a temperature lower as
specified t

- tially as described.

) 14. In desulfurizing Lima or analogous
petroleum or related oil by means of sulfuric
acld stronger as specified than that of about
66°B., the improvement consisting in sub-
jecting the same, in the forin of stock which

5 18 sulfur bearing as specified and consists of
the heavy end of non-smoking cracked oil of
the burning oil fraction after separation of

the light and heavy ends from each other, to.

the action of said stronger acid, substantially
) as described. - |

15. In desulfurizing Lima or analogous |

petroleum or related -oil by means of sulfuric
acld stronger as specified than that of about
66°B., the improvement consisting in sub-
> Jecting the same, in the form of stock which
1s sulfur bearing as specified and consists of

the heavy end of cracked oil of the burning
oll fraction after separation of the light an
heavy ends from each other, to the action of

) said stronger acid at a rate desi%nedly ad-

»

substantially as described. L

16. In desulfurizing Lima or analogous

- petroleum or related oil by means of sulfuric

5 acld stronger as specified than that of about,

- 66°B., the 1mprovement consisting in sub-
jecting the same, in the form. of stock which
is sulfur bearing as specified and consists of
the heavy end of ‘cracked oil of the burnin

0 o1l fraction after separation of the light and
heavy ends from each other, to the action of
said stronger acid at a rate not exceeding
about sixty pounds to the barrel as specified,

substantially as described. o

5 17. In desulfurizing Lima or analogous

an about 60°F. initiﬁl,"subs_tan—.

justed with respect to the removal of sulfur,.

|

petroleum or related oil by means of sulfurie
acld stronger as specified than that of about
66°B., the improvement consisting in sub-
Jecting the same, in the form of stock which

is sulfur bearing as specified and consists of

the heavy end of non-smoking cracked oil of
the burning oil fraction after separation of
the light and heavy ends from each other, to
the action of said stronger acid, and subse-
quently rerunning said heavy end and giving

1S

70

70

to the rerun oil a treatment with sulfuric

acid and alkali, substantially as described.

18. In desulturizing Lima or analogous

petroleum or related oil by means of sulfurie
acld stronger as specified than that of about
66°B., the improvement consisting in sub-

‘Jecting the same, in the form of the heavy

end of cracked oil of the burning oil fraction,
which heavy end is sulfur bearing as specified,
to successive desulfurizing operations, in the
later at least of which the said heavy end is

| desulfurized after separation of the light and
‘heavy ends from each other, the earlier de-

sulfuration being effected by means of ma-
terial as sEeciﬁed other than said stronger

acld, which material is more energetic as a
desulfurizer of Lima petroleum than is sul-
furic acid of about 66° B., and the later being
eifected by means of said stronger acid, sub-
stantially as described. N

19. In desulfurizing Lima or analogous pe-
troleum or related oil by means of sulfuric
acld stronger as specified than that of about
66° B., the improvement consisting in sub-
Jecting the same, in the form of the heavy
end of cracked. oil of the burning oil fraction,
which heavy end is sulfur bearing as speci-

fied, to desulfuration by means of material

as specified other said stronger acid, which
material is more energetic as a desulfurizer
of Lima petroleum than is sulfuric acid of

about 66° B., and subsequently to further

80

85

90

93

100

105

desulfuration by means of said stronger -

acid, substantially as described. .
- 20. In desulfurizing Lima or a,nalogf;}s
petroleum or related oil by means of sulfuric

acld stronger as specified than that of about

66° B., the improvement consisting in sub-

Jecting the same, in the form of cracked oil

which 1s sulfur bearing as specified, to de-
sulfuration by means of material as speci-
fied other than said stronger acid, which ma-
terial 1s ‘more energetic as a desulfurizer of
Lima petroleum than is sulfuric acid of about
66° B., and subsequently to further desulfura-

tion by means of sald stronger acid, sub-

stantially as described. -

21. In desulfurizing Lima or. analo ous .

petroleum or related o1l by means of sulfuric
acld stronger as specified than that of about
66° B., the improvement consisting in sub-

jecting the same, in the form of stock which.

is sulfur bearing as specified, to desulfuriza~

‘tion by means of material as specified other

than said stronger acid, which material -is

110

115.

120

125

130
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more energetic as a desulfurizer of Lima pe-
troleum than is sulfuric acid of about 66°
B., and subsequently to further desulfura-
“tion by means of said stronger acid, substan-
5 tially as described. = I
22. In desulfurizing ILdraa or a,n‘a,logfrus
petroletim or related o1l by means of sulfuric
acid stronger as specified than that of about
66° B., the improvement consisting in.sub-
10 jecting the same, in the form of stock which
‘is sulfur bearing as specified, to desulfura-

“tion by means of material as specified other
material 1s |

‘than said stronger acid, which mat
more energetic as & desulfurizer of Lima pe-

15 troleum than is sulfuric acid of about 66° B:, |

and subsequently to further desulfuragion

by means of sald strongeracid, distilling theso

desulfurized oil, and giving te the resultin

distillate a treatment with sulfuric acid an
20 alkali, substentially as described.

- 23. In desulfurizing lama or analogo#é‘
petroleum or related oil by means of sulfuric |

acid stronger as specified than that of about

- 66° B., the improvement consisting in sub-

25 jeCttilel the same, in the form of stock which
is s

tion by means of material as spectfied other

than said stronger acid, which material is

more energetic as a desulfurizer of Lima pe-

30 troleum than is sulfuric acid of abeut 66° B., -

- and subsequently to further desulfuration
by mesns of said stronger acid at a rate de-
signedly adjusted with respect to the removal
of sulfur, substantially as described. . .

- 24. In desulfurizing Lima or analogous
petroleum or related oil by means of sulfuric

35

acid stronger as specified than that of about -
66° B., the improvement consisting in sub-

the same, in the form of stock which

jecti
bearing as specified, to desulfura-

40 18 8

tion by means of material as specified other |

then said stronger acid, which material is

more energetic as a desulfurizer of Lima pe-.

troleum than is sulfuric acid of about 66° B.,

45 and subsequently to further desulfuration

“moval of sulfur and at & temperature lower
as specified than about 60° ¥. initial, sub-
50 stantially as described. o
- 25. In desulfurizing Lima or analogous
petroleum or related o1l by means of suliuric

acid stronger as specified than that of about |

bearing as specified, t0 desulfura- |

by means of said stronger acid at a rate de-
signedly adjusted with ‘respect. to the re- |

|
|

| means of said stronger acid at a temperature.

010,584

66° B.; the improvement consisting in sub-

=

j'ectl.gi%uthe same, in the form of stock which
18 sul j _ _
tion by means of material as specified other

troleum than is sulfurie acid of about 66° B.,

r bearing as specified, to desulfura-

| than said stronger acid, which material is
more energetic as a desulfurizer of Lima pe-

and subsequently to further desulfuration by

 lower as ‘s%ecﬁed than about 60° ¥. initial, -

substantially as described. -

26. In obtaining from Lima or analogous -

petroleum or from related oil burning oil de-
sulfurized by means of sulfuric acid stronger

as specified than that of about 66° B., the -

improvement consisting in subjecting such
Lima or analogous petroleum or related oil,
1 in the form of the heavy end of cracked oil of
the burning oil fraction, which heavy end 15

sulfur bearing as specified, to successive de- .
sulfurizing operations performed; the earlier -

by means of material as specified other than

said stronger acid, which material is more

energetic as & desulfurizer of Lima petroleum

than is sulfuric acid of about 66° B., and the
later by means of said stronger acid, and the .

later at least of said operations being per-
formed after separation of the light and

heavy ends from each other, and mixing the

so desulfurized heavy end with light end of

suitably low sulfur contents, substantially as

| described. =

l

.27, In O'btammg,‘from Lima, or analogous |

petroleum or from related oil burning oil de-.

sulfurized by means of sulfuric acid stronger

as specified than that of about 66° B., the

improvement consisting in subjecting such
Lima or analogous petroleum: or related oily

' in the form of the heavy end of cracked vil of

the burning oil fraction, which heavy end is
sulfur bearing as specified, to the action of

said stronger acid after separation of the
light and heavy -ends from each other, and

mixing the so desulfurized heavy end with

light end of suitably low sulfur contents, sub-

stantially as described.
In testimony whereof _
ture, in presence of two subscribing wit-

nesses. - . o |
.. CLARENCE I. ROBINSON.
Witnesses: o |
“J. E. EGeLESTON,
-~ CHaBLES G. BLACEK.

I affix my signa-

'
[
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Corrections in Letters Patent No. 910,084,

—— T

-l == -

It is hereby certified that in Letters Patent No. 910,584, granted January 26, 1903,

 upon the application of Clarence I. Robinson, of West New Brighton, New York, for

an improvement in ‘‘ Desulfurizing Lima or Anzlogous Petroleum and Related Oils,”

errors appear in the printed gpecification requiring correction, as follows: In line 12,

' page 8, ** 840/ 1000 per cent” should read 40 1000 per cent; line 13, page 9, the word

“ of,” gecond occurrence, should read or, and in line b, page 14, the word “or,” second

occurrence, should read af; and that the said Letters Patent should be read with these

corrections therein that the same may conform to the record of the case in the Patent

| Office.

Signed and sealed this 23rd day of February, A. D., 1909.
[8EAL.] C. C. BILLINGS,

Acting Commissioner of Patents.
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