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“This ‘invention-relstes “to “the “refining ‘of ‘pe-

‘troleum - oils “and *more “particularly to an ‘im-

“proved-process ‘for the refining of petroleum ‘dis-
tillates, such as gasoline, containing undesirable
sulfur compounds, “such ‘as ‘mercaptans,

_The ‘presence "of “mercaptans in gascline “was
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"early recognized as:objectiondble because of their

“offensive-odor :and corrosive nature. Petroleum
distillates “contdiring "such objectionable sulfur
‘tompounds are known -as “sour” distillates “and
“the :process of ‘freeing  sour “distillates of ‘these
‘sulfur ~compounds ‘is “known -as “sweetening:”

“The‘sweetening “of ‘these “sour ‘petroleum “distil-

Tates“hasbeen the object of a ‘multitude .of pro-
“posed ‘processes, : B
_“For many years, the “so-calledl ““doctor “treat-
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‘ment” ‘has ‘been generally- regarted ‘as ‘the, most

-efficient “method of “sweetening such ' distillates,
“In‘the ‘conventional doctor tregtment, the ‘sour
‘distillate ‘has “been subjected ‘to prolonged inti-

‘mate contact with an agueosus ‘solution of caus-

tic'-soda:and “litharge (s
called '“‘doctor solution;” at or near. atmospheric
‘temperature. - ‘A “typical doctor Solution is one
“produced by admixing 125 pounds of caustic soda,
410 ‘poundsof ‘litharge and 125 gallons 6f water.
The amount of this. solution added to the il is
‘usually. pre-determined by ‘tests in which, addi-
“tional ‘doses ‘are added "to ‘a ‘sample’ of ‘the .dis-
‘tillate until it-does mot turther ‘darken. - Almogt
“invariably -elemental sulfur has been Afindlly add-
‘ed ~to- the -distillate ‘to ‘cotitplete “the . doctor
“break.” 'In’such’ operation, care must be taken

ydium plumbite), so-
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‘subsequently “appear “heréin
‘improved ‘process.
"The 'process “of “niy ‘present ‘invention “consists
.primarily of two major steps or stages. ‘In-the
first “stage of the “trestmert the ‘distillate is
“brought -intto -intimalte “cotitdct with ‘an aquedus
‘suspension:¢f-cadmium hydroxide ‘at an-elevated
“tempergture “and ‘with “rigid ‘exclusion -of -air “or
other ‘0xygen:containing "gases. In-the second
‘stage, “the “distillate “from ‘the first stage, which
‘has been-separated from the major portion of
“the fouled treating- compound, is intimately :con-
“tacted, dlso at:an elevated temperature, ‘with ‘an

, ‘are-attained by my

“0xygen-containing ‘gas ‘such ‘as ‘ait. ,
‘Advantageotisly, “the ‘cadmium ‘hydroxide “is

supplied 'to‘the “first-stage ‘of ‘the “operation ‘as a
suspension in a caustic solution. ‘A -caustic Soda
solution “of ‘such “concentration as to have a
“Baumé “gravity -of “fram-abotut “10° to Hbout 30°
‘and containing “cadmium ‘hydroxide if suspen-
‘Sion “is-satistactory ‘for this puipose. -
Incthe “firststage ‘of “the operation, “the mer-
-eaptans - presentin “the distillate are “caused to
‘react with the cadmium ‘hydroxide-to form-cad-
‘miul mercaptides, as indicated by the following
-equation: : ; . : ,

(o)) 2RSH+CA(OH) 2-(RS) 20d+-H20
“Where Rirepreésents'a hydrecarbon radical.

“Thie -catitim . mercaptides “thus -formed “are
stibstantislly finsehible in’ hydrocarbons and may
‘be almost ‘completely veraoved ‘therefrom “as by

gettling.

~to-avoid-adding -excess sulfur ‘as ‘the presence of .

“sulfur renders’ the finished ‘distillate corrosive.
‘Though the ‘doctor-treatment is generally éf-
“fective in ‘sweetening ‘sour distillates, it has been
found to have disadvantages with respect to the
‘refining of ‘modern gasoline. motor. fuels, .- Spe-
cifically, gasoline so sweetened has been found. to
“be ‘impaired .as to its. -anti-knock properties, as
to its susceptibility to.improvement of its anti-
‘knock values hy the.addition of tetraethyl leag,
-“hereinafter.referred.to s T. E. L., and-as toits
susceptibility to-the action .of oxidation inhibi-
tors.of the.type.frequently added to Amprove sta-
bility _in . storage. Particularly in : present~day
moter. fuel, .anti-knock properties -and :suscepti-
bility .to .improvement thereof ‘by-the-addition.of
T. E. L., are of major importance :and it is an
object.of the present invention to brovide g:proc-
-e8s-‘whereby one ‘may: .economically <effect ‘the
sweetening of:the 'gasoline ‘without impairment
‘thereof. “"This ‘object ‘atid “other gdvantages,
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Phe-gtount of cadmiium ‘hydr‘o-xide “supplied to
“the “first :stage- of my ‘process ‘will ‘depend “pri-

marily upon‘the dmount of ‘mercaptans ‘present
‘ncthe'distillate to besweetened and may be‘read-
‘ily-scalevlated “from - the ‘above ‘Equation 1. An
‘amount ‘of -cadmium "hydroxide somewhat in ex-
cess of the theoreti¢al'requirement iy usually -de-
“sirable. : -

~In “the - first -stage ‘of my -process; ‘the ‘major
“poTtion -of-‘the “sulfur -present ‘in'""the distillate
charged ‘thereto iy separated ‘from “the partially

w45 ‘tredited’ distillateas:cadminm ‘mercaptides; which

are substantially--inseluble “in 'hydrocarbons,
However, ‘a'minor portion:of the mercaptides re.
‘main in the distillate. 'The partially-treated dis-

_ “tillate ‘from ‘the first stage ‘of ‘my-process is not
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impaited-as ‘to-anti<knock properties, stability ‘or
suseeptibility “to “improvement of its anti-knock
values by-the-addition of “T. &, ‘L. “The major
Jortion of ‘the sulfur has been removed but the
distillate ishdt completely nor:sufficiently. sweet-

‘as 88 ‘ehed, “because “of ‘traves of meréaptides remain-
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ing either in solution or suspended therein. To
effect the desired sweetening, it is essential that
the residual objectionable sulfur compounds be
eliminated from the oil and this is accomplished
in the second stage of my process without sac-
rifice of the advantages obtained by the first
stage of the process with respect to other desir-
able properties.

In the second stage of my process the traces of
mercaptides remaining in solution and in sus-
pension in partially-treated distillates are con-
verted to disulfides by intimately contacting the
partially treated distillate with air, or the like,
at an elevated temperature. The reaction by
which the mercaptides are converted to disulfides
may be represented by the following equation:

(2) (RS)20d4%02+H20-ReSe-+-Cd(OH) 2

The disulfides formed by this reaction have
substantially the same effect upon the octane
number of the oil as the mercaptides from which
they are formed and thus the improvement in
T, E. L. susceptibility obtained by the first stage
is retained.

An essential characteristic of my improved
process is that each of the operations be carried
out at an elevated temperature and under a pres-
sure sufficient to maintain the distillate in the
liquid phase. The pressure employed will de-
pend upon the characteristics of the oil being
treated and the operating temperature, The
temperature of the operation may be varied some-
what but, in order to effect the reaction within a
reasonable period of time and to obtain maximum
benefits, it is desirable to maintain the tempera-
ture of each stage of the treatment within a range
of about 180-260° F. )

The use of caamium hydroxide in the sweelen-
ing of sour distillate has previously been pro-
posed in an operation carried out at atmospheric

temperatures and pressures and without recogni-

tion of the effects of air upon the results obtained.
So far as I am aware, such previous proposals
have had no commercial significance. Serious
difficulties previously encountered included the
adequate separation of the mercaptides from the
treated distillate and the regeneration of the
fouled treating solution.

The process of my present invention is dis-
tinguished from such previously proposed opera-
tions by a sequence of correlated steps carried out
under the herein-described conditions. The de-
sired sweetening of the distillate in conjunction
with the desired improvements in anti-knock char-
acteristics, susceptibility to T. E. L. and improve-
ments in gun stability will not result from either
of these process steps alone, but these advan-
tages are readily obtained by the correlation of
the steps of my process when carried out under
the conditions herein described.

I have found that these advantages are not
obtained when air, or other oxygen-containing
gases, is present in the first stage of the treat-
ment. Accordingly, a further essential of my
improved process is the rigid exclusion of air from
the first stage of the operation.

A further aspect of my present invention is the
regeneration of the fouled treating solution or
suspension separated from the first stage of the
operation. Cadmium hydroxide is relatively ex-
pensive and, aceordingly, from a practical aspect,
it is essential that it be recovered for repeated
use. My present invention provides a unitary
process whereby the cadmium' in the form of
mercaptides, precipitated from the first stage of
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the operation, is readily and economically recon-
verted to cadmium hydroxide which may be re-
turned to the first stage of the operation. The
regeneration of the cadmium hydroxide is effect~
ed by blowing the fouled treating solution, sepa-
rated from the first stage of the operation, with
air, while maintained at the boiling temperature
of the solution. This regeneration may with ad-
vantage be carried out .at -about atmospheric
pressure. :

The invention further provides an improved
process which may with advantage be carried on
continuously by the continuous supply of the
sour distillate and cadmium hydroxide to the
first stage of the operation with the exclusion of
air, separation and continuous withdrawal of the
partially-treated distillate and fouled treating
solution on the first stage, continuously sub-
jecting the partially-treated distillate to treat-
ment with air in the second stage of the opera-
tion and the continuous regeneration of the fouled
treating solution and return of regenerated cad-

- mium hydroxide to the first stage of the opera-

30

tion.

The invention will be further described and il-
lustrated by reference to the accompanying flow
diagram which represents an advantageous meth-
od by which the process may be continuously car-
ried on. In this method of operation the raw dis-
tillate, which for instance, may be stabilizer or
debutanizer bottoms devoid of air and having its
temperatures adjusted to about 180°-260° F., is

. passed to the system through the line I. Caustic
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soda solution having cadmium hydroxide sus-
pended therein, and advantageously at approxi-
mately the temperature of the distillate, is in-
troduced into the system through the lines 2a
and 2, is combined with the raw distillate in line
{ and passes together therewith through the mix-
er, conventionally indicated at 3. The mixer

“may with advantage consist of a series of orifice
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plate mixers whereby the distillate and freating
solution are intimately admixed. From the mixer
the admixed distillate and treating solution pass
through line 4 into the chamber 5 which, on.the
flow sheet, is designated “l1st stage treating
tower.” ) -

The mixture is preferably introduced into the
lower part of the tower at a point spaced from the
bottom so as to provide a relatively quiescent zone
at the bottom of the tower to facilitate the sep-
aration of the distillate from the fouled treating
solution. The mixture may be introduced into
the tower as indicated or with advantage through
a spray head, not shown. Within this tower the
distillate is separated from the treating solution
by gravity and passes from the top of the tower
through the line 6.

In the operation of the first stage treating
tower, as just described, the admixed treating so-
lution and sour distillate flow generally con-
currently through the tower, the spent treating
solution settling out in the bottom of the tower.
An alternative arrangement which may be used
with advantage is to pass the raw distillate, un-
mixed with the treating solution, directly into
the lower portion of the tower and introduce
the treating solution into the upper portion of
the tower so that they pass through the tower
in intimate contact in a generally countercur-
rent direction.

This alternative method of operation may be
carried out in the apparatus diagrammatically
represented in the drawing by closing the valve
in line 2 nezrest the juncture with line { and
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passingf'thewtreatin"g soluttom directly: intor:the
upper part of the tower:through:line:2” . With
thisarrangement,. thesraw: distillate may be. by-
- passed aroundithe mixer:3; through line 47, by
the proper adjustment of thie:valves shown;:and
1tonthencedirectly-intothe lower:portion‘of the

tower: through: line» & without . peavious: m1x1ng

with thebtreatmg:solutlon

It issdesirablestormaintain a: considerable: vol-
ume .and :depth-of :treatingtsolution within: the
tower-as:to insuressufficiently prolorged cortact
between thetreating :solutiony:arid: the ‘distillate
passingitherethrough.: The leveliof:the treating
solution may be maintained:by meansiof gn:au-
tomatic level control conventionally indicated:on

thedrawing at Ty the liquid:level preferably. being
mygintained: near: the upper end 'of: the: chamber
asiindicated..

~ ITHevfouled: treating: soluuon sepalated flfom
the :ditsillate ‘in the:.chamber: 52 is withdrawa
therefrom throughline 8:toa: regeneratmg system
subsequently.described-hereini:

- The:above-described treatment of: the raw dis~
tillate with: the: cadmium: hydroxide::suspension
constitutes:the. first.stageof imy ‘process... Raw
distilizte: passing to: this firstistage:of the-process
is free-from.air: or:oxygensandimoigir. or:oxy-
gen+is -permitted to: come-in .contact: with dis-
‘tillate during:thisistage:of the operation. Pres-
sure’ ist-maintained..on the: system. sufficient to
maintain-therdistillate: ih :liquidi:phaserand. the
temperature,: concentration: of tresting: solution
and ratio of ‘cadmium hydroxide to:distillaterare
maintained- as: previously: indicated:. . The: dis-
tillave passing :from:the:upper end. of. the cham-
ber:Bithrought line: §.is ‘only- partially: sweetened
andi’ usually ‘contains -a minor, ‘though:: unde-
sirgble portion; of merecaptides;: panticularlyi'cad'—
mium-mercaptides.- :

As thispartially-sweetened distillatepassesun-
der pressure’ from :the: first :stage: of-'the opera-
tion: through line8:.to the second. stage of the
operation; air-is injected: intd ‘it through line:9.
Themixture. ofs distillate: and: air: then: passes
through the mixger:i§, which may-with advantage
be: of: the type: previously: deseribed; and: into
chamber: {1..which;. on the-flow sheet, is..desig-
nated “2nd stage settler.” The air entering this
second -stage:of: the: operation: will,.of: course; be
under pressure:and. may be supplied: from any
convenient source..

. .As:previously noted,: the .cadmium. mercaptides
react:with the air:in the second stage of the op-
eration: forming. cadmium hydroxide and di-
sulfides.” The cadmium:hydroxide thus.formed
andc.any . treating. solution  entrained. from: the

;. tower:§ are.permitted: to. settle: out from the:dis-
“tillate: in: the chamber 1! and sre discharged
therefrom: through line 12, controlled: by valve
13, and line 14 :to: the regenerating: system sub-
sequently:to be.described.

The:-settler 4 .is-with: advantage: of - such size
and shape as to permit adequate settling and
separstion: of: the: cadmium hydroxide, formed
by actionsof the air, and.any entrained.treating
solution from; the :distillate, and: for .this: reason
itois: desirable- to:.maintain: a - considerable :vol-
ume::of distillate. in:the settler.. In the appara-
tusrepresented;: the:liquid level -in. the chamber
{1 may’ be: observed: by means: of the. gauge
glass 15... By observing  these. precautions, 'a.
sweet-and . substantially clarified: distillate may
bé: discharged: from:. the: upper - portion of  the
settler 11 through:iline: 16;..
obtaineduis:doctor: sweet,-having:improved: antix

2;365;903
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The- distillate. thus

5

knock characteristics and:susceptibility:to T R L.
and:improved: stability. with- respect fosgum: fors:
masiohy

- As prevmusly indicated, a partlcularly desirdble
aspect of the invention is :an: operztion which
includes the regeneration of the cadmium.. hy-
droxide and its repeatediuse. In such operation
the fouled treating- solution withdrawn from the
treating tower through lines 8 and (4, and ad-
‘vantageously 2lso-the -material settled from-the
distillate in.the chamber i1, are passed to a:pre-
heatér (T wherein the cadm1um mercaptide-con=
taining material is heated to. its Dboiling point, as
by means of the steam- coil shown, and’ from
thence passes through line: {8.into: the upper.por-
tion of the tower 19;

In .passing: downwardly through - the . tower,
whichi"is advantageously  bafiled, as shown; the
heated  fouled solution -is intimately contacted
with air introduced into the bottom of the tower
through linei28. To insure adequate contact be-
tween the fouled solution and theé air; a substan-
tial body of the liquid is maintained in the tower,
the tower being flooded with the fouled solution
to-a. level.above that of the entry of line 18 into
the tower.. This level may be.maintained by

‘means.of an. automatic¢ -level control conventmn-

ally indicated at 21.

In. passing downwardly through the tower- in
contact with the air, the cadmium mereaptides
react with the oxygen‘ of the air to form cadmium
hydroxide and disulfides:" The disulfides, water
vapor and air pass-out from the upper end of
the tower, as shown in the diagram, and the solu-
tion containing the cadmium hydroxide is with-

‘drawn from the bottom of the tower through

line 22 to:the mixing vessel 23; wherein: the cad-
mium hydroxide is mamtamed in- suspension:by
agitation with air or the like introduced. through
line 24, and from which the regenerated treatlng
solution :is withdrawn through line: 25" and re-
turned to ‘the first stage. of the operation by
means of pump 26 and lines 27 and 2.” Such op-
eration may be carried on continuously with a
minimum of attention and only a minor loss of
cadmium compounds. Water or caustic solution
and cadmium hydroxide, in amounts sufficierit to
maintain the treating suspension at the desired
concentration, may be charged to the mixing ves-
sel 28, continuously: or: as:required,: by conven-
tional means:mot: shown: on: the diagram:.

The benefits derived from my-improved process
will be illustrated by the following: specifie exam=
ples of-results of an operation: carried.out: at:an
operating: temperature. of 220° . For: compari=-
son, the characteristics.of the oil prior to: treat-
ment and of the:same oil after treatment, in ac-
cordance with my present. invention; are .given.
For .further comparison, the charactenstlcs of
the same.oil treated with a sufficient quantlty of
a standard: silver nitrate solution to. remove all
mercaptans as silver mercaptides are given.

In: the following tabulation, the characteristics
of the untreated oil are set forth in column 1. In
column 2 there are set forth the characteristics
of the same oil treated with: silver nitrate in the
pbresence of air’ for a. period.of 0.25 hour under
atmospheric temperature and pressure. In the
third:.column, there are set forth:characteristics
of the oil after treatment in accordance with.my
present - invention. for.the same period of time’
under a. pressure of.40: pounds per square inch
at a temperature-of 220° F:., an atmosphere of
nitrogen -having. been 'used: in:the.first stage: of
the:operation... In .the:latter:operation; the sour
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distillate and treating solution were used in pro-
portions of 3:1 by volume. The treating solution
was prepared by admixing cadmium chloride with
a 25 degree Baumé caustic soda solution in pro-
portions of 5 pounds of CdCla per barrel of solu-
tion.

Table I
1 2 3
55.2 | 55.0 | 54.9
5.6 5.6 5.5
16.0 0.0 0.0
.................... d 060 | 0.04 | 0.043
Todine value . - .G 1010 | 10L.0 ...
Stability . . weee e __minutes..| =160 190 190
Octane value (Motor method
{321 R, 67.9 | 67.6 | 67.0
e T 73.5 | 40| 73.7
-3 75.7 | 76.1| 76.2
7.1 7.8 78.1
A. S 'I‘ \f d]snllatxon
110 113 108
10% ‘off 157 158 154
50% off. 284 287 284
90% off. 372 374 373
End pomt 411 408 412
Loss 2.0 15 2.0

In a further test, a sour distillate was treated
in accordance with my present invention under
conditions identical with those just described ex-
cept that the operating pressure was 44 pounds
per square inch. The characteristics of this dis-
tillate before and after treatment are set forth

in the following tabulation:
Table IT
Before After
treatment | treatment

Gravity o ceeececacccm i m e emen AP I 56.3 55.8
Reid vapor Pressure . ...cceccemecaooa-- 6.4 6.1
Mercaptan sulfur percent 13.5 0.0
Sulfur_.__. .--do... 0. 057 0.045
Todine value - o oo maeee 1019 jocoooennnae
Stability oo minutes. - |- oocoocan i

Octane value (Motor method):

10% “off.. . _°F . 147 150
50% off__ OF. .. 279 280
909%, off °F.... 354 352
End point.. .l 392 390
T . percent 0.3 0.4

The proportion of air used in the second stage
of my process may be varied over a considerable
range. Sufficient air should be used to convert
all of the residual mercaptan sulfur present in
the distillate to disulfides. The optimum propor-
tion of air will vary somewhat with other operat-
ing conditions but may readily be determined by
simple tests. It is usually desirable to use an
amount of air considerably in excess of the theo-
retical requirement but, since there is a tendency
for the volatile constituents of the distillate to
be carried off by the air, it is desirable to avoid
the use of an amount of air in excess of that
found necessary for maximum conversion of the
mercaptides.

I claim:

1. A process for the treatment of light petro-
leum distillate containing undesirable sulfur
compounds to eliminate the sulfur compounds
therefrom comprising intimately contacting the
distillate at an elevated temperature and in the
absence of oxygen with an aqueous suspension
of cadmium hydroxide, separating the distillate
from the aqueous suspension and intimately con-
tacting the separated distillate with air while at
an elevated temperature, each of said operations

2,365,993

being under suﬂicient pressure to maintain the
distillate in the liquid phase.

2. A process for the treatment of light petro-
leum distillates containing undesirable sulfur
compounds to eliminate said sulfur compounds
therefrom comprising intimately contacting the
distillate at a temperature of about 180° to 260°
F. and in the absence of oxygen with an aqueous

: suspensmn of cadmium hydroxide, separating the
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distillate from the aqueous suspension and inti-
mately contacting the separated distillate with
air while at a temperature of about 180° to 260°
F., each of said operations being under sufficient
pressure to maintain the distillate in the liquid
phase.

3. A process for the treatment of light petro-
leum distillate containing undesirable sulfur com-
pounds to eliminate the sulfur compounds there-
from comprising intimately contacting the distil-
late at an elevated temperature and in the ab-
sence of oxygen with an alkaline aqueous sus-
pension of cadmium hydroxide, separating the
distillate from the aqueous suspension and inti-
mately contacting the separated distillate with
air while at an elevated temperature, each of said
operations being under sufficient pressure to
maintain the distillate in the liquid phase.

4. A process for the treatment of light petro-
leum distillates containing undesirable sulfur
compounds to eliminate said sulfur compounds
therefrom comprising intimately contacting the
distillate at an elevated temperature and in the
absence of oxygen with cadmium hydroxide sus-
pended in an aqueous solution of causfic soda
of about 10° to 30° Baumé, separating the distil-
late from the aqueous suspension and intimately
contacting the separated distillate with oxygen
while at an elevated temperature, each of said
operations being under sufficient pressure to
maintain the distillate in the liquid phase.

5. A two-stage process for the freatment of
light petroleum distillate containing undesirable
sulfur compounds to eliminate said sulfur com-
pounds therefrom, comprising, as the first stage,
intimately contacting the distillate, at an ele-
vated temperature and in the absence of oxygen,
with an aqueous suspension of cadmium hydrox-
ide, separating the partially treated distillate
from the fouled aqueous suspension and, as the
second stage, intimately contacting the separated

distillate from the first stage with air while at an

elevated temperature, each of said operations
being under sufficient pressure to maintain
the distillate in the liquid phase, regenerat-
ing the fouled  agueous suspension from the
first stage of the operation by blowing with air
while being maintained at a temperature approx-

_ imating its boiling point, whereby cadmium mer-
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captides formed in the first stage of the opera-
tign are reconverted to cadmium hydroxide, and
returning the regenerated cadmium hydroxide in
agqueous suspension to the first stage of the proc-
€ess.

6. A continuous two-stage process for the
treatment of light petroleum distillate containing
undesirable sulfur compounds to eliminate said
sulfur compounds therefrom comprising, as the
first stage, continuously admixing the distillate,
at an elevated temperature and in the absence of
oxygen, with an agueous suspension of cadmium
hydroxide, continuously separating the partially
treated distillate from the fouled aqueous sus-
pension and, as the second stage, continuously
and intimately contacting the separated -distil-
late from the first stage, with air while at an ele~
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vated temperature, settling the distillate and con-
tinuously withdrawing the treated distillate from
the settling zone, each of said stages being. un-
der sufficient pressure to maintain the distillate
in the liquid phase, continuously withdrawing
fouled aqueous suspension from the first stage of
the operation and passing it to a- regenerating
Zone wherein it is blown with air while being
maintained at a temperature approximating its

boiling point, whereby cadmium mercaptides
formed in the first stage of the operation are re-
converted to cadmium hydroxide, and continu~
ously returning the regenerated cadmium hy-
droxide in aqueous suspension to the first stage
of the process and intimately admixed it there-
in with the distillate charge.

. FRANK A. APGAR.




