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2 Claims.

This invention relates to processes of refining
mineral oils. Although the invention is appli-
cable to the refining of mineral oil products gen-
erally that are susceptible of being treated in
the manner hereinafter disclesed, it is of particu-
lar utility in treating crude or raw mineral oil
distillates that are relatively low-boiling such,
for example, as crude distillates of the motor
fuel type, which require further refining in or-
der to produce marketable products. Such raw
distillates, whether resulting from the cracking
of a mineral oil such as erude petroleum or from
straight run distillation of crude petroleum, con-
- tain varying proportions of deleterious contami-
nants including sulphur compounds that are high-
1y objectionable.

The present application is a division of a co-
pending application, Serial No. 170,452, filed Oc-
tober 22, 1937, Patent No. 2,205,411, granted June
25, 1940, The present application is directed es-
pecially to the refining of relatively low-boiling
crude mineral oil distillates by a procedure which
comprises subjecting such a crude distillate in
heated vaporous state with air or other appro-
priate gaseous oxygenating agent admixed there-
with in suitable proportion, the mixture also most
desirably comprising water vapor, and subject-
ing the resultant hot vaporous mixture to inti-
mate contacting with a permeable body of con-
tact material comprising metal in oxidized con-
dition, said contact material being adapted to pro-
mote sweetening and otherwise to improve the
quality of the raw mineral oil distillate or prod-
uct to be refined; angd then cooling and recover-
ing a refined product from the treated vapor-
ous mixture. The aforesaid prior application and
patent emphasize more particularly a generally
similar process in which, however, chlorine, as
well ag air, is mixed with the crude distillate
vapors in forming the initial reaction mixture.
Chlorine is not employed in the process to which.
the present divisional application is directed.

Raw cracked distillates, produced by high tem-
perature conversion of relatively high-bciling
mineral oil material into lower-boiling products
for motor fuel of the gasoline type, are com-
monly characterized by a substantial content of
deleterious gums or gum-forming constituents, as
well as other objectionable impurities, including
sulphur in various states of combination, and are
more or less deeply colored and evil-smelling in
varying degree depending upcon the source and
character of the mineral oil material employed
as cracking stock. In refining raw distillates of
this type.the problem is to eliminate these ob-
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jectionable characteristics in order to prepare
therefrom a finished merchantable product sub-
stantially free from gummy or gum-forming con-
stituents, of good color and odor, and sweet to
the doctor test (sodium plumbite). Where the
raw distillate to be refined is a sour straight
run gasoline, the problem is somewhat less com-
plicated because gum-removal is ordinarily not
involved to any great extent, but the matter of
effecting satisfactory sweetening economically
nevertheless presents practical difficulties that
are often serious. Moreover, actual reduction of
sulphur content is not ordinarily achieved by
sweetening treatments heretofore available.
The importance of the problem above referred
to is well known to oil refiners and is attested by
the numerous methods heretofore proposed, and
in some cases employed, in attempting to solve
it; but it is also well known that even the best
of the refining methods heretofore known falls
short of solving it in a completely satisfactory
manner, either because of failure to effect the
desired refining or purification with the desired
completeness or because of operating costs too
high to permit profitable operation commercially.
A general object of thie present invention is to
provide an improved process for purifying or re-
fining mineral oil products derived from petro-
leum, more particularly relatively low-boiling
mineral oil distillates of the type mentioned, for
production of refined commercial mineral oil
products, especially of the motor fuel or gasoline
type. A more specific object of the invention is
to enable effective and economical refining of
raw cracked mineral oil distillates for removai
therefrom of undesirable and contaminating im-
purities or constituents such as those above re-
ferred to, whereby to produce finished commei-
cial products of the required high grade, espe-
cially gasoline that is substantially gum-free,
doctor sweet, and of good color, odor and sta-
bility. A further ang still more specific object
of the invention is to enable the refining of rela-
tively low-boiling raw straight-run petroleum dis-
tillates, especially raw gasoline distillates, in a
remarkably simple and economical manner, witi
production of refined distillates that are docter
sweet, and otherwise of excellent quality or grade.
In applying the process of the invention to
production of a merchantable gasoline from a
crude cracked gasoline distillate which, therefore,
not only is sour but also contains unstable and
gum-forming constituents, a suitable proportion
of air, or other appropriate gaseous oxygenating
agent, that is substantial but yet relatively small,
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is mixed with hot vapors of the raw distillate
from whatever source derived. Most desirably,
a small proportion of water vapor, e. g., steam,
is also mixed with the distillate vapors; addition
of water vapor being of particular advantage as
will more fully hereinafter appear, although not
an indispensable feature of the invention in its
broader aspects, especially where the crude dis-
tillate already contains some moisture. Mois-
ture is not regarded as an active reagent at this
stage of the process. Opportunity having been
given for the initiation and going forward to a
greater or less extent of -the desired. reactions
whereby the gum-forming and unstabilizing con-
stituents, including complex sulphur-containing
hydrocarbons, tend to polymerize, the mixture is
then subjected, still in vapor phase and suffi-
ciently hot, to suitable treatment to promote com-~
pletion of said reactions, together with deposition
and removal of the resultant gummy and tarry
_products, and also to accomplish sweetening. In
the present example, this part of the process is
most desirably carried out in a plurality of suc-
cessive stages, bacause thereby it becomes feasi-
“ble to employ, more or less separately, measures
respectively best adapted for gum-removal and
for sweetening, with resultant exceptionally eco-
-nomic operation. Thus, gum-removal can be ef-
-fected, at least for the most part, in an early
stage of the treatment, while sweetening can be
accomplished at least largely at a later stage
~with an effectiveness.and economy that is en-
hanced by the prior removal of the heavy or high-
boiling polymers: aforesaid, or the main huik of
-them.

- It is an essential feature of the invention that,
in effecting the sweetening of the distillate vapors
-and reduction of their sulphur content, the afore-
-said vapor mixture he subjected to the action of
=a,suitable contact material or materials, includ-
Jing-metal in oxidized condition, such material
-also -being effective to promote deposition-and
removal of heavy polymer products from the dis-
tillate- vapors undergoing treatment. Although
the practice of the invention in its broader aspects
“is-not.confined to the employment of a contact
material -comprising any one particular metal
-oxide having-sweetening action on- the vapors,
the various availahle oxidation products of zinc
are found to afford marked advantages for the
purpose.

The deposition and removal of heavy polymers
can be largely effected at an earlier stage of the
treatment, that is, prier to the final sweetening
stage; by, means other than metal-oxide~contain-
ing contact material such as that just referred to,
as will: presently appear.

Where the process-of the invention is applied to
the refining .of a sour straight-run gasoline, for

example, there is sometimes no need to make spe- .

-cial :provision for removal of heavy gummy and
other polymers, since such o gasoline seldom con-
tains-more than a- relatively small proportion- of
-gum~forming constituents, if any. -In-such cases,
therefore,. the tresatment of the: gasoline vapors
and air to-effect the desired removal of impurities
need consist only in passing the mixture through
the -metal-oxide-containing contact material to
accomplish. sweetening.
<An-important characteristic of the novel proc-
-ess inits best- embodiments is that it is continu-
ous :in: its operation, thus making for simplicity
-and-smoothness .of- operation: or precedurs with
-consequent economy in operating costs as. well.as
-uniformity -of “final . product.
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Other important features and advantages of
the invention will appear from the further de-
tailed description to be given hereinafter for the
purpose of affording a more complete under-
standing of the essential underlying principles of
the novel process. In order that these underly-
ing principles- may be the more readily made
apparent, certain particularly desirable practical
embodiments of the invention will be referred to
in giving said detailed description, but it is to be

1understood that this is merely by way of concrete
- illustrative example explanatory of the general
. principles involved and is not to be construed as

in any way limiting the scope of the invention
defined in: the appended claims.
In a typical practical embodiment cf the in-

_yention, the process is applied to the production
+of a finished gasoline of high grade irom a raw

motor fuel distillate obtained by cracking rela-
tively heavy and high-boiling mineral oil by any

.known or suitable cracking process for conver-

sion of such heavy oil into lighter and lower boil-
ing products. --Such raw distillate is strongly col-
ored, ranging from light yellow to dark brown,
and is characterized by an odor that is unpleas-

“ant and often very foul. . It also shows a high

gum content by the copper dish test, and its sul-
phur content is ordinarily much higher than is
permissible in finished gasoline, a large part of
this sulphur content being in complex combina-
tion with hydrocarbons in a form rendering the
distillate very “sour.” . In this typical example,
it will be assumed that the-raw distillate to be
treated is supplied initially in the form of a sub-
stantially cold liquid condensate requiring heat-
ing and vaporization at the ccmmencement of
the process; although obviously the raw distil-
late may be in the form of hot, uncondensed hy-
drocarbon vapors-coming direct from a cracking

_plant, or it may fiow in hot liquid condition from

a stabilizer wherein it has undergone treatment
for elimination of certain very light hydrocarbon
components in the nature of fized gases,-and hy-
drogen sulphide,

The process can be carried out in apparalus
plants or installations varying widely-in struc-

_tural details and arrangement.  One type of such

plant, the use of which will be assumed in-the
present illustrative example, is- shown more or
less diagrammatically in the accompanying side-
elevational drawing and will be referred to for
the sake of convenience and -clarity of explana-
tion in the following detailed description of how
the invention may be applied to the refining of
a raw cracked distillate of the character above

-mentioned.

Referring to the drawing, raw cracked gasoline
distillate enters the system through line { and
is forced by charging pump 2 through line 3 and
vapor-liquid - heat exchanger. &4, where the. cold
charge picks up heat from the hot vapors of
the refined gasoline, thereby having its tempera-
ture raised, say, from 80° F. fo around 240° F.,
for example. - The raw charge thus preheated
and partially (e, g., about 50%)  vaporized is
then conducted through line 5, the liquid-vapor
mixture -of hydrocarbons being discharged at §
into vaporizer 7, which in this instance is shown
as an ordinary horizontal shell: still suitably sup-
ported as by brick setting 8 over fire-box 9 heated
by burner means (not shown) in the usual man-
ner. This shell still vaporizer may be 30 feet
long-and 10 feet in diameter, in a typical in-

_stance.

Through line 16, a; mixture of air -and steam
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also enters the vapor space of the still at 6, in
company with the liquid-vapor mixture of hydro-
carbons. 'The air-steam mixture is formed. at
the junction 11 of lines 12 and ‘13, through which
air and steam are respectively supplied in quan-
tity and proportion controllable by air control
and meter assembly 14, and steam control and
meter assembly I15. At 16 is represented a sourc
of steam supply. - i
The inlet assembly {7, through which the mix-
ture of raw gasoline, air and steam enter the
vapor space of the still at 6, may take any con-
venient form. Most desirably it should be adapt-
ed to deliver the air-steam mixture at high ve-
locity into the liquid-vapor stream of hydrocar-
bons before the latter enters the vaporizer, :thus
effecting a preliminary commingling of the"air
and steam with the. hydrocarbons. = Since:the
vapor space above-the:liquid level 19 normaily
maintained in the.vaporizer is relatively large,
ample further opportunity is therein afforded
for the desired. intimate and uniform :.com-
mingling of the airand steam with hot hydro-
carbon vapors and: for the desired polymerizing
or other action on:the hydrocarbons to be initi-
ated. : i : :
Next, the vaporous mixture passes from the
vapor space of the vaporizer through line 21.'-In
case it is desired further to promote thorough

and uniform commingling of the cracked distil- 3

late vapors with the air and water vapor prior to
exit of the vapor mixture from the vaporizer,
bafle means (not'shown) may be provided in the
vapor space, in such arrangement relative to the
inlet 6 and outlet to vapor line 21 as to compel
all the components of the mixture to travel to-
gether by a circuitous path before reaching-said
outlet, thus also somewhat prolonging the period
of pre-treatment.

Said vapor line 21 delivers the vapor-gas mix-
ture into the lower part of a preliminary treat-
ing tower 22, wherein it intimately contacts a
body 23 of contact. material, in this instance
metallic zinc in the form known as “mossy zine,”
of such character as to promote precipitation or
deposition of gummy and tarry polymers. This
contact material is supported on perforated plate
24 located somewhere above the point where the
vapor-gas mixture enters the tower on a tangent,
as indicated at 25. In a typical instance, this
tower, which serves as a “knock-out” box or
separator for removal of most of the heavy poly-
mers from the vapor-gas mixture prior to its fur-
ther treatment, may be 3 feet in diameter and 8
feet high, and the body of mossy zinc supported
on perforated plate 24 may be approximately 3
feet thick vertically. ) ‘

A certain amount of relatively heavy reflux oil,
derived from a later stage of the process as will
be presently explained, is introduced into tower
22 in such manner as to contact with the vapors
as they pass through the mass of mossy zinc, and
thus to aid the‘action of the zinc in causing a
major portion of the heavy polymer tars and
gums carried by the gasoline vapors to drop out.
Such heavy reflux oil may enter the tower-either
through line 26 discharging just above the plate
24, or through line 21 discharging above theé sur-
face of the zinc mass 23, or through hoth these
lines, each of which is suitably valved to afford
the necessary control and adjustment. In any
case, the number and size of the apertures in
plate 24 are so correlated to the volume of vapors
passing upwardly through the plate that 'practi=-
cally none of the reflux oil introduced into the
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tower is permitted to drop through the apertures
or perforations in the plate. The hot heavy re-
flux oil dissolves and continucusly removes from
the zinc mass the tars, gums and other relative-
1y heavy, high-boiling impurities deposited there-
in, which are then carried out with the heavy re-
flux oils through overflow pipe 28 which conducts
them down into the lower section of the tower be-
low plate 24. Especially effective action of the
reflux oil is attained in dissolving the aforesaid
impurities and keeping clean and active the zinc
surfaces of the contact mass in tower 22, if all
or most of said reflux oil is introduced thereinto
through the lower inlet 26. Reflux oil thus in<
troduced is carried upwardly through the entire
mass: of contact material, in a state of extreme
agitation and turbulence, by the rapid upflow of
vapors through apertured plate 24. : S

The vapors, freed in large part, at least, of
gummy and tarry polymers, pass from tower: 22
through liné 29 into the lower part of a second
treating tower 38, containing a body 3f of con-
tact material comprising zinc in oxidized condi-
tion. This mass of oxidized zinc material accom-
plishes final treating of the hydrocarbon vapors
insofar as concerns de-gumming, de-colorizingi
sulphur reduction and sweetening. The second
tower, and the body of contact material contained
therein, are desirably much larger than the:pre-
liminary treating tower 22 and body 23 of con-
tact material therein contained. In a typical
instance, tower 30 may have an inside diameter
of 6 feet and vertical length of 26 feet. The
mass of oxidized zinc material therein may be
16 to 20 feet in depth, and is supported on a per-
forated plate or false bottom 32 located above
the point of entry of vapor line 29 and spaced 3
feet or so above the tower bottom proper. These
figures merely illustrate typical good practice and
are in no sense restrictive. A clean-out or dis-
charge opening 33 is provided for removal of the
contact material from tower 30 when this be-
comes necessary or desirable. '

After passing upwardly through mass 31 of
oxidized zinc material in tower 38, the vapors
leave this tower through line 34 and enter the
lower part of tower or column 35 which consti-
tutes an after-fractionator and is for the purpose
of making final separation of any residual rela-
tively heavy constituents, and controlling the
final end point of the finished gasoline as may be
desired by the refiner. This tower 35 may take
the form, for example, of a fractionating column
of the bubble tray type: but any type of column
suitable for effecting the desired fractionation
may be employed.

Refined and fractionated gasoline vapors leav-
ing the upper part of the column 35 through va-
por line 36, give up heat to incoming raw gasoline
charge in heat exchanger 4, and are then'con-
densed :in condenser coils, indicated diagram-
matically at 37, contained in condenser hox 38.
The refined gasoline condensate passes, together
with uncondensed gas and vapor, through con®
densate line 39 into separator 48. From this sep-
arator, uncondensable gases are vented from the
system through line 4 containing regulator 419
which maintains a predetermined back pressure
upon the treating system. The refined liquid gas-
oline constituting the finished preduct is con-
ducted from the separator through line 42 to,
storage tanks. A small pump 43 is provided to
take some finished gasoline from separator 48
through line 44 and to pump the same through
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line 45 to the top of the fractionating column 35
to provide reflux for said column.

In column 35, a relatively heavy fraction in the
nature of a light gas oil is separated and accu-~
mulates in the bottom of the tower as indicated
at 46, which is suitable to serve as the “heavy
reflux 0il” hereinabove referred to for providing
reflux liquid in the preliminary knock-out box
or tower 22. This hot fraction collecting in the
base of tower 38, or such portion of it as may be
desirable to use for the purposs, is accordingly
conducted through line 47 and continuously de-
livered, still hot, to tower 22 through inlet 26, or
through both inlets 2§ and 27, as hereinabove
described. Any surplus not required for use as a
reflux or washing medium in tower 22 may be con-
ducted by suitable piping connection (not shown)
directly into surge tank 48, into which are also
conducted heavy polymer fractions and heavy
bottom fractions from towers 22 and 30 through
lines 49 and 838, respectively. From the surge
tank, pump %¢ picks up these relatively heavy
fractions or residues through line 52 and delivers
them through line 53 back into the vaporizer 1
where they are denuded of any gasoline naph-
thas which they may carry. Accumulation of
heavy botioms in the vaporizer may be continu-
ously or intermittently withdrawn therefrom
through residuum line 54, valved at 55, and deliv-
ered to fuel storage or otherwise disposed of.
The large body of relatively heavy and high-boil-
ing bottoms or residuum thus accumulated and
continuously maintained in the vaporizer, sub-
stantially half-filling the same, provides a large-
capacity storage medium for heat units supplied
thereto by the heating furnace therebelow. The
temperature of this large body of residuum can
easily be held substantially constant, thus ensur-
ing substantially constant or uniform rate of va-
porization of the liquid portion of the raw distil-
late charged to the vaporizer, and a substantially
constant supply of cracked distillate vapors for a
given rate of feed of such raw distillate into the
vaporizer at inlet §. 'This is obviously an im-
portant advantage because it greatly facilitates
achieving smoothly continuous operation of the
process as a whole.

Towers 22 and 383 are also provided with
valved bottom drain connections 58 and 51, re-
spectively, for discharging accumulated heavy
liquid matter into sewer or sump 58, when de-
sired. Column 35 may be provided with a clean-
out or discharge outlet as indicated at 59.

Towers 22 and 38 are desirably provided in
their upper portions with steam inlet connec-
tions 89 and 81, respectively, for ‘a purpose
which will hereinaiter appear.

All the parts of the system, from the vaporizer
1 clear through to and including the heat ex-
changer & are desirably heavily lagged with in-
sulation, indicated at 62, for example, in order
to maintain the temperature of the vapors suffi-
ciently above that at which the desired gasoline
product will condense, until after the refined
vapor-gas mixture has left the top of the after-
fractionator column 33.

The amount of air and steam employed in
operating as above described may vary con-
siderably depending upon the type, analysis and
other characteristics of the particular raw dis-
tillate to be refined, the required specifications of
the finished gazscline to be produced, and similar
practical considerations,” Very. small propor-
tions of oxygen and of steam are sufficient to
produce very noticeable beneficial effects. On

i0

15

20

35

40

45

&0

bh

60

2,338,941

the ‘other hand, it is undesirable to use either
oxygen or steam:in substantially larger propor-
tion than is necessary to accomplish the desired
results. The use of too much oxygen would ad-
versely affect, for example, the color of the
finished gasoline; and it is obvious that is should
never be employed ‘in such large proportion as
to form a combustible mixture with the hydro-
carbon vapors. In general, the proportion of
oxygen employed may vary from about 0.1
pound, to about 0.4 pound, per 42-gallon barrel
of raw mineral oil to be refined, which is equiv-~
alent to from about 0.03 to about 0.12 per cent
by weight; while the presence of a small per-
centage of moisture in the vaporous mixture
leaving the vaporizer, on the order of 0.1 to 1.0
per cent by weight, represents good practice.
These ranges are not to be taken, of course, as
rigidly fixed or absolutely limited, but only as
indicative of bounds outside of which it ‘is
ordinarily unnecessary to go in practicing the
invention. It will be observed that even the
maximum limits indicated coirespond to a rela-
tively very small volume percentage of oxygen
and moisture, respectively, in the initial mix-
ture thereof with the vapors of the mineral oil
to be refined. It is to be.further understood
that the oxygen is not necessarily employed in
free condition, but that it may be supplied as a
compound - capable of yielding it or making it
available in active form under the conditicns of
operation. Many such compounds or combina-
tins are known in the art and require no specific
description here. :

In employing the present process to treat a
cracked gasoline distillate of the general type
assumed in the specific example above given,
the the use of .0.176 pound of oxygen (repre~
sented by 10 cubic feet of air at 60° F. and at-
mospheric pressure), per 42-gallon barrel of the
raw distillate charged to the still or vaporizer,
represents average good practice. Otherwise
stated, this means that in the hot initial or pre-
treating mixture described in the above specific
example, air is present in about 1.1 per cent by
volume. '

The operating temperatures employed in prac-
ticing the process are capable of considerable
variation while still realizing in substantial
measure the benefits of the invention. They
should be high enough, of course, to maintain
substantially in vapor phase the desired com-
ponents of the raw mineral oil product to be
refined, until the refining' treatment of the
vapors has been effected to the extent desired.
Thus, in the specific example hereinabove given,
the body of relatively heavy liquid substantially
half-filling the still or vaporizer T to the level
indicated at 19 may be maintained at approxi-
mately 400° to 425° F.; while the vapor-gas mix-
ture leaving the vaporizer through line 2{ may
be at a temperature approximating 390° to 430°
F,, that is, at approximately the nerma]l mean
koiling  temperature of the. raw distiliate, or
slightly above. The raw cracked distillate, to-
gether with the proper proportion of the air-
steam mixture, is charged into the vaporizer con-
tinuously at a substantially constant rate which
may be regulated and controlled as desired by
valve means provided in the respective feed lines.
Under these conditions, the temperature in the
knock-out box or tower .22 is on the order of
about 380° to 390° F.; the vapors enter the
oxidized zinc contact tower or column 30 at from
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about 370° to 390° F. and leave the top of the
contact bed at from about 340° to 350° F.; while
the vapors leaving the after-fractionator 35 are
at a temperature approximating 300 F, The
foregoing assumes, of course, effective heat in-
sulation of the various parts of the installation
referred to. All the temperatures mentioned are
of course variable in practice, depending upon
the specific characteristics of the raw charging
stock to be refined and what end point is desired
for the finished gasoline, as well as upon the
operating pressure maintained in the system and
other practical considerations. The specific teni-
beratures above given therefore merely repre-
sent average good practice in a typical instance,
assuming operation under a superatmospheric
pressure of about 5 pounds per square inch.,

In carrying out the process of the invention, it
is found desirable to operate the treating system
under moderate superatmospheric pressure
which, however, need seldom exceed 15 to 20
pounds as a maximum., More usually, when op-
erating on the type of raw distillate and em-
ploying the type of apparatus installation de-
scribed in the above specific example, the oper-
‘ating pressure is on the order of 5 to 10 pounds
per square inch above atmospheric, the degree of
pressure being capable of close regulation and
control through suitable adjustment of a back-
pressure control valve, for example, such as that
indicated at 412, Moderate superatmospheric
pressure has the advantage, among others, of
apparently rendering more efficient the desired
action of the contact materials upon the vapors
passed therethrough.

The sweetening of the hydrocarbon vapors and
reduction of total sulphur, together with removal
of residual small proportions of heavy polymers,
is accomplished mainly or almost entirely in the
second and larger contact tower 30 which con-
tains contact material comprising oxidized zine.
By first accomplishing most of the heavy polymer
removal in knock-out tower 22, so that there is
comparatively little deposition of gummy and
tarry madterials in the oxidized zinc contact mass
31, the operating life of this latter is greatly
prolonged, with resultant important economies in
operation.

The contact mass 3! employed in the second,
and in this instance the final, contacting treat-
ment of the vapor-gas mixture should be metal-
liferous, but it is essential that the metal content
be present, at least in substantial part, in oxi-
dized condition, since this is found to be indis-
pensably essential to enable effecting the desired
sweetening action upon the hydrocarbon vapors
which it is a principal function of this contact
body 31 to accomplish. The sweetening action of
the metal oxide contact material can be pro-
longed substantially if a small amount of water
vapor is present in the jnitial mixture of hydro-
carbon vapors and oxygen, This may be con-
veniently ensured by saturating with water va-
por the air employed as the source of oxygen.
Zinc in oxidized form is particularly suitable as
the active component of this contact mass and
is therefore mentioned in describing the specific
example given hereinabove. This contact mass
may consist, for instance, of small fragments of
a mixture of equal parts by weight of commercial
zine oxide and plaster of Paris with water, which
has been allowed to set or harden and has.then
been crushed and screened to desired size, Typi-
cally suitable sizing for such material is such
that practically all of it will pass & 9% inch screen
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5.
but will be retained on a % inch screen. This
gives a mass offering more resistance to vapor
flow than the vapors encounter in passing
through tower 22, and a longer period of time,
on the order of several minutes, say two or three
minutes in a typical instance, is required for the
vapors to pass through it. However, in refining
certain types of raw charging material, this con-
tacting period with the mass comprising oxidized
zinc can be reduced to one minute or even less
with satisfactory results.

Although zinc in oxidized condition is recom-
mended more particularly for use in the second
Or sweetening contact treatment in tower 38, it
is also very effective in removing gummy and
tarry polymers and may therefore be employed
for this purpose, as well gs for sweetening, within
the broad scope of the invention. But since it is
more dufficult t0 keep contact material consisting
largely or mamly of oxidized zinc or other oxi-
dized metal free from the exiensive deposits of
gums, tars and other heavy carbonaceous poly-
mers etc. waich would form thereon if used in
the primary or knock-~out contact step, consider-
able advantage is gained by using it primarly for
sweetenimg rather tnan for de-gumming.

It has been found tuat if the oxidized zine con-
tent ot the contact mass 8 is in tne form of one
Or more of tne numerous oxyculorides of zmnc,
which may also be regarded as zine oxide-zine
chloride comwoinations or complexes, exception-
ally good resulis are attainabie. Such oxychlo-
ride contact material convains water ot hyaration
in proporuion varying witn the conditions under
which 1t was produced; and in order to mamntain
it at hignest operatving etficlency for the maxi-
mum period of time, it is thereiore found advisa-
ble to ensure thai tue imitial vapor-gas mixture
leaving vaporizer i shall contamn a smail per-
centage (e. g., on the order of 0.1 to 1 per cent by
welgnt) of moisture waich may be introduced
continuously at a proper regulated rate into the
vapor space of the vaporizer, along with the air
or otherwise as may be most convenient. In
some cases, the raw distillate charged into the
vaporizer may contain moisture in quantity
wholly or partly suiiicient for this purpose, and
this should of course be duly taken into account,
The presence of a small amount of water vapor
in the initial vapor-gas mixture appears to exer-
cise a beneficial action tending to naintain an
equilibrium among the crystalline compounds
comprised in the zinc oxychloride mixture or
complex.

In case it finally becomes necessaryto re-vivify
the oxidized zinc contact mass, tower 50 may be
simply cut out of the system and the flow of the
vapor-gas mixture through line 28 diverted
through a duplicate or spare tower and contact
mass (not shown) of the same character. The
method of re-vivifying the spent zinc oxide con-
tact mass, although simple and economical, is
very effective and constitutes an important spe-
cific feature of the present invention. It is only
necessary to introdiuce steam into the tower
through inlet connection 6i and force it through
the contact mass therein. In practice, it is found
advantageous to use steam at a temperature
somewhat higher than 212° P, say 300°-350° P,
since this not only speeds up the action and
shortens the time required for re-vivifying, but
it also leaves a zinc oxychloride mass of such
chemical - composition and physical structure
(finely porous) as to render it particularly effec-
tive in using it subsequently for contacting pur-
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poses in the oil refining process:
heavy liquid polymers adhering to the contact
surfaces of the oxidized zinc material of contact
mass 21-are also removed to a considerable extent
by steaming the mass as described, it becomes in-

creasingly difficult to effect this cleansing and-

re-vivification as times goes on. However, when
ihe steaming action eventually ceases to be eflec~
tive due to excessive accumulation of heavy tarry
and other carbonaceous deposits, it is feasible to
burn these off under carefully controlled condi-
tions in order to re-vivify the contact mass.

Various methods of preparing zinc oxide-zinc
chloride combinations or complexes of the oxy-
chloride type are well known o chemists and re-
quire no detailed description here. It may be
stated that, in general, oxychloride complexes
wherein the molecular ratio- ranges from
17nCl2:7Zn0 to 1ZnCla:20Zn0O have pbeen found
particularly effective for use in a contactmass em~
ployed in the type of oil refining process herein
described; and therefore, for the purboses of
this invention, the conditions Of its formation
are most desirably controlled and regulated to at-
tain a molecular ratio within the range above
mentioned. However, the invention jis'in no-sense
restricted’ in this' regard since that molecular
ratio range can be departed from substantially in
oxychloride contact masses of this general char-
acter whule still realizing the benefits of the 1n-
vention to a substantial extent.

Although the metallic surfaces of the contact
mass contained in the first or primary contact
treating towexr 2 can be kept substantially free
of gums and tars by the washing and dissolving
action of the refiux oil employed as described,
those surfaces may eventually become coated to
@ greater Or 1less extent witn carbonaceous de-~
posits not soluble in {he reflux oil nor easily dis-
jodged therefrom by its washing action. When
thig cccurs to such an extent as to noticeably
decrease the efficiency of this contact mass in
its de-gumming action, it is advisaple to discon-
nect this tower from the system and to re-vivify
the coniacs mass, meanwhile running the vapors
through a spare or duplicate de-gumming con-
tact tower (not showin) connected. in parallel with
tower 22. By introducing steam into tower 22
through inlet 88 and forcing it through the.con-

tact mass therein, in a manner similar to- that.

hereinabove described for tower 30, the surfaces
of the mossy zinc metal can be effectively freed
of practically -ail such tenaciously adherent car-
bonaceous deposits of the character above-men-
tioned.

The refined gasoline product condensed from
the after-fracsionator 85, may be optionally sub-
jected to a washing treatment, either with water
alone or with a very dilute solution of a suitable
alkaline agent, such as caustic soda.

The present process is especially advantageous
to employ in cases wiere the mineral oil product
to be refined is free or relatively free of gum-
forming constituents and requires merely to be
sweetened in order to render it ft for com-
mercial purposes. Thus, in applying the prin-
ciples of the invention to the refining of a
straight run gasoline that is souf, the necessary
sweetening may be effected, as well as reduction
in total sulphur content, by commingling the
sour gasoline vapors in heated condition with a
sinall proportion of oxygen supplied in the form
of air and, after allowing a brief reaction period
to elapse, then passing the hot vapor-gas mix-
ture through a metal oxide contact mass to
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effect the desired sweetening; then. subjecting:
the sweetened: vapors: to after-fractionation, if:
desired; before condensing 2 refined gasoline.
product therefrom. The metal oxide contact ma-

. terial employed may.desirably comprise scme OX~

idized form of zine, such as zinc oxide or Zing oxXy-
chloride, since this, in addition to- sweetening;
will also function effectively to remove any small-
proportion of gums that may be incidentally car-
ried by the vapors undergoing. treatment. In
the case. of such: a. straight' run gasoline, be-
cause of the: absence of any large amount of
gum-forming constituents t0. be removed, it is
also feasible to replace the oxidized ziizc con-
tent of the permeable.coniach material, either
wholly or in. large:part, by lead oxide which, ai-
though relatively ineffective as a de-gumining:
agent, is very effective as.a sweetener.

It is desirabie also, in thus refining & sout
straight run gasoline, to employ air sabturated;
with moisture. for commixture with tiie gasoline
vapors prior. to-the contact treatment, since thls
tends to prolong the. eitective operating life of
the metal oxide contact. material.

For example, hot raw straight run gasoline
vapors may be led directly irom the maln irac-
tionating column of a straight rui gasoiine dis-
tillation plant of the. usual type, the required
small amount of air, most desirably saturated
with water vapor, may then be muxed with the
hot hydrecarbon vapors, and the mixture then
passed through- a tower containng a permeable
contact mass consisting of Iragments of a hard,
set mixture of lead oxide and plaster of raris.
Frorm the hot vapor mixiure leaviug s convact,
tower, a finished gasoline is condensed. Wiicn 18
virtually sweet 0 GOCLOY test and aise nas a owW-
ered total sulphur content. his mode of Pro-
cedure entirely obviates tne necessity for treat-
ing sour straight run. gasoiine wibn souiuimn
prumbite solution t0 erect sweetening, whicn nas
peent a rather general praciice neretoiore. 'Loe
present novei process Just described nias tae. ads
vantage of being supstantially simpier and Iore.
economical.

Tne sweetening action efiected. by passage of
the vapor-gas mixture through a meval oxide
contact mass apparentiy dirers in iss cihemical
mechanisiy from tne sweelening action. erecied
by such well Known: processes as tacse invoiving
treatment wita soduim piumbite or aikaline hy-
pochlorite. 'Lhis seems to ke evidenced by the
Tach that the pleasant odor characierizing fimished
gasoline proauced by the present process is dif-
erent and easily distinguishable 1rom the odor
of gascline tnat has been sweetened by either the
soqium piumbite treatuent or hypocuiorive treat-
ment. Atis generaiy supposed waat by these last-
mentioned treatments, certaii hydrocarbon sul-
phur complexes responsibie ior souriiess are con-
verted 1nto. compounds of tixe type represented by
the formuia R—S—g— (IR being a nygroearison
radical) which are negative to the doctor test.
it appears possible that, by the present process,
the objectionapbie hydrocalvon-sulpaur coum-
plexes are converted into compounds of the thio-
ether type represented by tne forinula R—S—R,
also negative to the doctor test. Whether or not
this is the correct explanation, the fact remains
that. thé present process produces & sweet fin-
ished gasoline of distinctive pleasant odor and,
moreover, of substantiaily reduced sulphur con-
tent. This reduction in sulphur eontent, not
achieved in ordinary “sweetening” treatments, is
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& noteworthy and important feature of the pres-
ent process.

Although, as pointed out, the practice of the
invention is not confined to the employment, in
the treatment of the vapor-gas mixture with a
metal oxide contact material, of a zinc oxide ma-
terial for that purpose, a zinc oxide material is
nevertheless outstandingly desirable because of
its highly effectve action both as a sweetening
agent and also as a degumming and de-color-
izing agent. In its ability to function satisfac-
torily in these several different capacities, zinc
oxide material is found to be superior to other
metal oxide materials, as a rule, for employment
in the present process. The terms metal oxide
material and zinc oxide material are to be un-
derstood as employed in a broad sense to include
not merely oxides per se but other conditions of
oxidation breadly, such as basic or oxy-salts, es-
pecially oxychlorides, hydrated oxides, and the
like, capable of functioning as described under
the conditions herein set forth.

Commercial zinc oxide, commonly containing
around 5% of basic lead sulphate as an impurity,
is typically satisfactory for use in the practice
of the present process, usually in association with
a carrier and binder, such as plaster Paris, as in
the specific example given hereinabove. Where
zine oxychloride contact material is to be used,
an effective way to prepare it is to saturate with
zine chloride solution inert porous material such
as brick, tile or the like, and then steam the mass
thoroughly to produce the desired labile and sen-
sitive basic chlorides or oxychlorides of zinc so
effective in their sweetening action. Oxidized
ores of zinc constitute another available form of
zinc oxide material suitable for use in practicing
the process. Among other types of carriers and
binders which may be associated with oxidized
zinc in any of its forms to produce satisfactory
zinc oxide contact material, are fuller’s earth, cer-
tain types of cements, clays, and the like, pumice,
firebrick, etc. Zinc dust, which commonly con-
tains around 3% of zinc oxide, may be employed
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to form contact masses having pronounced sweet-
ening action.

Other metal oxides, in addition to lead oxide,
which may also be employed as such or in con-
junction with inert carriers, etc., as metal oxide
contact material for sweetening, within the scope
of the invention in its broader aspects, are the ox-
ides of iron, copper and magnesium, especially in
their hydrated forms. However, like lead oxide,
these various oxides are not particularly effec-
tive as de-gumming or decolorizing agents.

‘What is claimed is:

1, In the art of refining relatively low-boiling
petroleum distillates containing deleterious con-
taminants including sulphur ' compounds, the
process which comprises subjecting hot vapors of
such a distillate to the conjoint action of small
proportions of oxygen and water vapor and with-
out adding any other active reagent, separating
resultant heavy reaction products from the va-
pors while passing them in contact with reflux
liquid comprising condensed components of such
vapors, then passing the vapors, while still hot,
through a permeable mass comprising solid con-
tact material containing oxidized metal whereby
to effect sweetening, and condensing a refined
relatively low-boiling product froem the treated
vapors.

2. The process of refining a sour crude gasoline
distillate which comprises subjecting hot vapors
thereof to the conjoint action of relatively small
proportions of air and water vapor and without
adding any other active reagent, separating re-
sultant heavy reaction products from said va-
pors while passing them in contact with reflux
liquid comprising condensed components of such
vapors, then passing the vapors, while still hot,
through a permeable mass comprising zinc in
oxidized condition to effect sweetening of the va-
pors and removal therefrom of any residual
heavy reaction products, and condensing a re-
fined gasoline from the treated vapors.

ROSCOE D. HOWARD.




