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Our invention relates to reconditioning equip-
ment for oil and process for treating oil. :

"Hisa well known' fact that whehn lubricating
cils of ‘predominantly petroleum character ‘are
used in internal combustion ' engines, their life
of service is dependent-on-the rate at which con-
tammants increase relative to the quantity of oil
used.  These contaminants may be introduced ex-
traneously or may cceur asproducts of decom-
position or of chemical change in the oil itself.
Petro}eum oils are generally comparatively stable,
as means of réfinirighave improved this prop-
erty, but severe operating conditions may  cause
oxxdatlon or thermal decompos1t10n or -both, to
occur.  The products of such deterioration include
carboxylic acids, alcohols ketones, esters, and
eveni‘aldehydes, of varying molecular ‘weights and
degrees of chemical activity. Thermal decom-
position alone will cause the formation of hydro-
carboris foreign +o the original oil; some:of which
are volatile while others may ‘be “of sufficiently
high molecular weight -as to be waxes or solids;
in addition there may be ultimate destruction of
some constituents to produce’carbon, which per=
sists as -a’solid in ‘the lubricant, and hydrogen.

‘Impurities which frequently are introduced ex-
traneously include water, -either from the atmos-
phere or from-the combustion of the fuel used, fuel
which is not consumed in the normal operation of
the engine or is introduced'otherwise, and solid
particles such as road “dust, metallic particles,
metallic oxides, carbonaceous: ‘matter and the like.

It will thus be-seen that the volatﬂe impurities -

incluile the oxidation ‘and thermal decomposi~
tion products of- compa,ratlvely low molécular
weight, unused fuel, and ‘water." Adverse effects

have been shown to be-attributable to each ‘type.

Water forms the nuclei- around which sludges-ac-
cumulate, the ox1dat10n products -are much -more
actlve chemically than the hydrocarbons ‘in’that

they cause 'loss of metal in the critical mecha-

dism by corrosion, and the volatile contammants

of ‘hydrocarbon structure, that s, the filel ‘and:

some-thermal ‘decomposition - products reduce the

vxscos1ty gnd other physical propert1es of ‘the oil, -

thius affecting the ﬁlm charactemstms and other
factors

“In the case of petroleum oils which are used in
the- ‘electrical and power mdustrles ‘the- effects of
deterioration ‘ih service’ "have. long been ‘known
to cause seriously adverse results-in : ‘tHe opera-
tion of the equlpment and apparatus in which
such oils-are utilized. The e‘fﬁclency of hydro—
carbon oils ‘for such purposes is® dependent ‘al-
mbst “completely ‘upon theé- ~dielectric’ properties
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of these oils, and ‘these qualities are- greatly
diminished" by factors such as ‘the introduction;
formation; or' incidence of water ‘and of ‘oxida-~
tion :products. . It ‘hias been found that the rate
of -formation of -oxidation products is greatly in-
fluenced by the presence of ‘water and of atmos-
pheric oxygen and.carbon dioxide, and that when
the presence of these agents can ‘be eliminated
or -held o ‘an exceedingly "low - proportlon ‘the
useful life of theseoils can be prolonged ‘for a’
very -considerable period -of ‘tife, and that ‘cor-
rosion effectsin the equipment become pra,ctlcally
nonsexisterit.

In a wide-range.of 1ndustr1al applications, the
useful dife of joils is frequently found tobe de=
pendent ipon ‘the rate-at which-extranéous im-
purities -are dntroduced, and‘ consequently upon
a scriticgl’.concentration of ‘these impurities. ~In
quenching-oils;’ the rate of “heat transier will be
greatly affected by the presenceofia small amount
of water; ‘in vacuum pump oils, gir compressor
oils; -and -adsorption :oils, ‘the -incidence of ‘gases”
and- wolatile-contaminants; €ither in’ soldition or
present -as separate phases is unavoidable from
the -nature of the -applications and mechanisms
in -whiech® t,he‘fo,ils' -are ‘employed, and removal or
reduction-inthe amounts of these contaminants
will obv1ous1y extend the length of serv1ce of such
oils.

Some lubricating oils are subjected tothe action
of gases and volatile liquids even in applications
which are totally divorced from’the introduction
of volatile liquids as fuels, ‘asin“internal com- "
bustion iengines. ‘For -example, 'in the operation
of-steam turbines, it has been found 1mposs1b1e in
practice to prevent the’ introduction into the lu~"

bricating oil 'of ‘considerable amounts of conden-
sate and gases.” Removal ‘of ‘such contaminants
will ‘decelerate ‘the rate of formation of oxida-
tion products generally recogmzed to be unde-
sirable, © ~

- ‘Solid impurities can be removed from an oil by
filtration, and the higher molecular’ welght con-’
taminants have not ‘been generally proven to be
so greatly deleterious to the functioning of .the
lubrieant, but in treatmg contaminated oils it'is
recoghized that the total and efficient remaval of
the volatile. contammants has not been vet satls-
factorily: ‘achieved. "~

“An‘object of -our invention is to remove volatile
contammants from’an’oil by heating the oil,'in- -
troducmg it “into a ‘chamber in finely dispersed
globular particles, the chamber “being kept -at-

_ sub-atmospheric pressures, and being -heated
while theélofl is-ina fnely dispersed sformto'.as-
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sure complete vaporization and removal of
diluents and other low-boiling contaminants from
the 0il being treated.

Another object of our invention is to remove
volatile contaminants from an oil by distilling
the volatile contaminants at sub-atmospheric
pressures while the oil is maintained in the form
of finely dispersed particles in a vessel, the walls
of which are heated to prevent condensation of
the vaporized volatile contaminants within the
vessel,

Another object is to supply sufﬁclent addltlonal
heat to a previously heated contaminated oil
while being distilled at sub-atmospheric pressures
and while in a finely dispersed staté to obtain com-
blete vaporization of all volatile contaminants and
to prevent condensation of the vaporized volatile
contaminants within the distillation chamber.

10

Another object is to supply sufficient addi-

tional heat to a contaminated oil which has been
heated immediately previous to-introduction to
a distillation chamber in a finely dispersed state,
the chamber being maintained at sub-atmos-
pheric pressures to remove volatile contaminants
in a vaporized form and to prevent condensation
of the volatile contaminants within the chamber.

Another object of our invention is to remove
light volatile contaminants from an oil by sub-
jecting the contaminated oil in a finely dispersed
form to a sub-atmospheric pressure at a tem-
perature substantially below the flash point of
the original oil before contamination.

Another object is to remove volatile con-
taminants from a contaminated oil by subjecting

the contaminated oil in a finely dispersed form :

to the action of a sweeping agent at a sub-atmos-
pheric pressure and at relatively low tempera-
tures, that is, temperatures substantially below
the normal boiling point :of the highest boiling
volatile contaminant.

A further object is’to provide means for re-
moving volatile contaminants from a contami-
nated oil by introducing a sweeping agent into the
contaminated oil and subjecting . the mixture of
contaminated oil and sweéeping agent to a sub-
atmospheric pressure and at a relatxvely low tem-
perature while the contammated oil is in a finely
dispersed form.

Another object is to remove volatile contami-
nants from a contaminated oil by introducing a
sweeping agent intc the oil,” and: spraying the
mixture of contaminated oil and sweeping agent
into a vessel maintained at a sub-atmospheric
pressure to remove the volatile contaminants and
the sweeping agent in the vapor phase, to recover
the oil freed from its volatile contaminants.

Another -object -is . to remove volatile contami-
nants from a contaminated oil by exposing the oil
in a finely dispersed form at-a temperature sub-
stantially lower than the flash point: of the origi-
nal oil before contamination to a sub-atmospheric.
pressure in a vessel, the walls of which are main-
tained at a temperature substantially at least -as
high as the temperature of the oil being treated
in it.

Still another object is to provide means for re-
moving. volatile contaminants from a contami-
nated oil by exposing it to the combined action of
a sweeping agent and a sub-atmospheric pressure
while the contaminated oil is in a finely dispersed
form in a vessel, the walls of which are main-
tained at a temperature substantially ‘at least as
high as-the temperature of the 011 being intro-
duced into it..

Other objects and a fuller understandmg of our
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3 of ‘undesirable low : boiling contaminants

4
invention may be had by referring to the follow-
ing description and claims, taken in cenjunction
with the accompanying drawing, in which:

Figure 1 is a cross-sectional view of an appara-
tus embodying the features of our invention and
capable of carrying out oUr process;

Figure 2 is a modification of Figure 1; in that an
arrangement for adding a sweeping agent is added
to the equipment; and

- Pigure 3 is a further modification wherein the
spray means for the sweeping agent surrounds
the spray means for the oil.

To achieve separation of volatile contaminants
from a petroleum oil, it is necessary to use some
convenient form of distillaticn, and all known
methods of re-refining oils contemplate the use
of this type of physical action. Many means have
been devised to accomplish this separation rapidly,
completely, and efficiently, but all have compre-
hended the separation being done by distillation
of ‘considerable -quantities of the contaminated
oil. Consequently, an appreciable time interval
elapses: between the introduction: of heat and
pressure change and completion of the removal of
the volatile contaminants, and to accomplish final
removal of the last traces of volatile contaminant
from a quantity of oil, thermal energy is applied
at an increasing rate. While this is being dons,
conditions exist in the oil frequently favorable to
breakdown of some of the normal constituents,
with formation of additional products of lower
molecular weight, and consequently of lower boil-
ing point, usually sufficient in degree and amount
t0.cause them also to be classified as volatile con-
taminants, and contaminants which sheuld there-
fore also be removed. Before a completely de-
sirable result is achieved ‘it is frequently found
that the final yield of oil freed from its volatile
contaminants. has been unsatisfactory from an
economical standpoint. If the distillation be not
carried on with this degree of thoroughness, the
presence: of .constant boiling mixtures. will fre-
quently cause’the final product to be considered
not totally satisfactory in regard to flash point,.

5 the characteristic most usually employed in evalu-

ating the freedom or otherwise of an oil from low
boiling -components.  This in-turn is considered
to be indicative qualitatively of increassd con--
sumption in service. ’

If;, however, a comparatively small amount of
oil be subjected to a distillation proces as described
at sub-atmospheric pressure, and if this quantity
be extended to present the greatest possible sur-
face to this action, it is found that the removal
is
achieved with a degree of completeness not pre-
viously possible, and in a period of time which does
not permit any observable degradation of the nor-
mal constituents.of -the oil. In order to present
maximum surface, it is necessary either to present
a continuous film of negligible thickness, or to
disperse the oil in exceedingly fine globules. The
existence of either of these forms must persist for
a period of time sufficient to assure the removal
in vapor form of the low boiling point impurities.
From the standpoint of control of operating con-
ditions, it has been found to be more satisfactory
to present discrete globular particles to the com-
bined action: of heat and reduced pressure than
to extend a. continuous film, only one surface of
which can be presented to the sub- atmosphemc
pressures and.-spaces.

One of  the features of our invention is the
provision of heat for the walls of the -chamber

. independently of the heating of the contaminated



2,451,668

5

oik to'be treated. We have found by experiment

that when 2 heated contaminated oil-is sprayeda‘

into a chambet at a sub-atmosphéric pressure the

walls. of which are free to the atmosphere, and
consequently maintained at substantlally atmos-"

pheric temperature, Vaporlzatlon of the volatile

contaminants of the oil' will occur t6.a very " ap-

preciable extent, and if the oil is- ﬁrst ralsed to'a
temperature “stfficiently. ‘high to assure enough

heat .energy for ‘expansion: of the' ofl” and la:-

tent. heat of vaporization of the volatile con-

taminants, it is entirely possible that removal 6f

the contaminants by distillation will be practlcally
complete. 'If, however, the vaporized constituents

have occasion to come in-contact with the: walls

of the vessel, which.are at 'a mtch lower: tem-
perature, condensation ¢ occurs on the walls to-an
appreciable extent, and the condensed Volatﬂe

contaminarts will  flow down the sides ‘of 'the:
vessel and combine ‘with the 0il which has: been
freed from the volatile contaminants by:the fracs"
tional distillation which has alréady - occurred :

The final result is therefore that the volatile con-
taminants are removed: from the oil being treated
and: subsequently re~incorporated-to some degree

We have found that by maintdining all of the

walls. of the vessel at an ‘elevated: température
which is determined relative to the temperature of
the contaminated oil at the point of introduction
into the vessel we have contributed substantially

totheé efficiency of the process. In the first pldce,

there can be no flow of heat from ‘the oil orfrom
the vaporized volatile contaminants or the sweep-
ing agent to the walls, and consequently conden-

sation of vaporized. constituents can: not o¢cur;:
secondly, since the contaminated oil has to’ supply
energy: for expansion in the Vessel maintained-at:

. sub-atmospheric pressure and. to supply latent

heat of vaporization for the removal of the wvola- -

tile contaminants, additional heat will ‘flow from
the walls of the vessel to the oil at the tlme it may
be required.

-Our invention comprehends the apphcatlon of :
the principles explained in a manner which ‘is.
efficient and economical, The: apparatus employed~‘~
is shown in the Figures 1, 2 and 3, and.the: process :

will be understood when teference is made to it
while the operation is.explained:-

As will be seen, the: requlsltes for carrying out:.
our process consists-of 2 means of: supplying con-fr'

taminated oil from a supply vessel’ 0 By a: pump

t1.t0 a-chamber 12 in which the oil, by feason of’
passage through a spray nozzle 13, is dispersed in-"

to-exceedingly fine globular: particles prOJected
into. the space enclosed by the walls 470f" ‘the
chamber. -The contaminated oil-in* passmg from™
the pump (| flows throug1h 8 series of-coils 15
which are immersed in a heat transfer 11qu1d 11"
within a container.{6. 'The heat transfer liguiid-
17 may be heated in any suitable manner ‘and a8+
" illustrated we provide for heating the:liquid: by
means of electric heaters. 8. sultably energlzed
from a source of electrical energy. The chamber
12 is maintained: at sub atmosﬁhenc pressure’ by
nieans of a vacuum pump 19.  As illustiated; &
conidenser 20 is connected between the charhber
12 and the vacuum pump- 19.in order to condense -
the volatile contaminants Whlch are carmed oﬁ
by-the action of the vacuum pump |9 ’ E

The contaminated oil in passmg through the

series of .coils 15 is heatéd by the heat transfetr -

liquid -before being introduced into thé chammber
{2, The heat transfer liquid {7 alsc heats the
walls 14 of the chamber 12 dt a temperature’ sub-
stantially at least.as high as the. femperature of:

(23
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the: oil which is- 1ntroduced into the chamber 12-
in:order-to prevent condensatioti of the: vaponzedv
volitile contaminants: iwithin- fhe: chamber 2,

The treated oil is removed from the ¢liamber 12
through & conduit-21 under.the action of a pump

.22 which-delivets-the treated oil to'a-storage ves-

sel 23, 'The: treated.oil is. immediately removed
through the conduit 2§ from the chamber 2. S0
that no-accumulation of-oil'is present at any. tirme
inrthe'chamber: 2 to decrease its effective space ‘or
capacity... The process may. be carried out con--
tinueusly: without interruption” and tests show:
that the-process and:equipment restore the 011 7
substantially.to its original constituency.

Provision is'made.in:Pigure 2-for the introduc-
tion “of - -gaseous or: Vaporlzed sweeping agent
into: the treating: ‘chamber: ‘through a nozzle 25,
so that in the oil being treated advantagé: may e
taken-of the well known principle by which: such
a-gas or vapor. creates: a System of paitial pres—
sures-of “the vapors of distillation and of the’ gas"
or: vapor -inducing -or: ‘assisting " volatilization at
temperatures lower:than the.true boiling point at
the given préssure:of:. the hydrocarbons or other

volatile: contaminating -liquids from: which' the
vapors arebeing produced snd-have to be removed'-
from the -oil undergoing: treatment :

In Figure 2 the oil spray:nozzle |8 is: located'
at the top of the-chamber (4 and the sweepmg
agent nozzle 28 is at"the bottom. - The sweeping
agent is heated by passingthrough a series:¢oil 24,

Stéam is‘one-of the most common ‘agents” ‘used,
sinee it-is usually: readily avallable or it may )
prodiced: at o source adjacent: or coritiguous to
the ‘chamber. inwhich the distillation is effedted.
Since the steam must-be introduced-at a pressure:
equal to or greater than the pressure of the stréan
of-‘oil being' supplied; it is'not necessary to apply
any’ ‘degrée of: hea.t to ‘the steam, 'sincé manifestly:
condensation of: wa; can not occur in the dxs-
tlllatlon chamber.

In some specxﬁc applrcatlons such as Ifor ex-'

or in varlous uses in the: electrlc power 1ndustry,
a ‘special degree:of care must bé: taken-to insure
that the- condltlons under which the volatile con-
tamifnants ‘are 'removed are’ such that ‘no. oxida-
tion of the product: ‘can ‘occlir during tregtment.
This is true of some special cases inindustrial: ap-

'phcatlons in ‘which: the tybes!'of contamination

h are critical may be very specific in char--
xidatioh mechanisms’ leading t6 the pro-
duction of Tow moleculay acids; alcohols or -alde-
hydes, ‘and’ thermial or chémical decorhposition
~hydrocarbons >of substantrally lower"
moleculdr weights than those of the norm4l ¢on-
stituents of the oil may occur. Wehave employed
inert - gases stich 'as for example mtrogen as
sweep ng agents 1n the treatment of contaml-‘

compos1t10n of the oil:or of- the contammants the’
produ_ct was found o exhrbit % degree of sens1-

. HiVAE, ‘towards tlie use of ! steam or-where it was
" desived ‘to Prevent ‘access ofat]

ospheric: air to’
the product after the volatlle ntammants had
béentremao VI Figure 35 ¢ Weeplng agent
nozzle 25 surrounds the oil nozzle |5 so that the
oil and’ the sweepln" gent are brought mto mtl- :

‘mate contact as illustrated.

“We "have alsd’ Tound: tHat by -‘employing the’
process hereln descmbed a_ product is 'obtalned,
which'is eqiiivalent to the ngmal ‘oil'in all: physi- )
cal respects, showing - mpIete removal of all
‘volatile contaminanits and this result 1§’ obtaitied
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at temperatures very substantially lower than

those which are necessary when batch vacuum
distillation is used and which are below the criti-
cal temperatures for thermal decomposition.
Thus, - we have found that diluents. which had
been introduced into aircraft engine oils in ser-
vice to the extent of approximately six per cent
of the total volume, and which consisted. of vola-
tile hydrocarbons, such as are present in gaso-
line, together with some low molecular weight
oxidation products and water were -apparently
totally removed by spraying the contaminated
oil which had previously been heated to 300° P
into the distillation chamber, which was main-
tained at a vacuum of approximately 29.6 inches

of mercury as referred to a. 30-inch barometer,.

the walls of the chamber also being maintained
at 300° F'

The ﬂash peoint of the aircraft engine oil was

480° F. when new and the contaminated oil con-
tained a sufficiently high proportion of very vola~

tile hydrocarbonsthat the flash point was approx--

imately 115° P\, and sustained combustion oc-
curred at 155° F. After subjecting the contami-
nated oil to the process described above, the
product had a flash point of 495°-F. Similarly,
the viscosity of the contaminated oil -was very
much less than that of the new oil, while the vis-
cosity of the product after treatment was sub-
stantially identical with that of the new oil.
Determination of the value for the physical
properties usually accepted for evaluation of an
oil showed that after the contaminated oil had
been fractionally distilled by the process which
we have discovered, the product met the require~

ments outhned in the specifications for new:air-

craft oil.

A series of experiments was made with the same

aircraft engine oil in which sweeping agents were
used, and in which the direction in which the oil
was caused to travel after introduction into the
distillation chamber was changed, to determine if
changes in the path of travel of the finely dis-
persed particles in relation to the liquid outlet
and the vapor outlet were significant. We have
discovered that no appreciable differences were
obtained, the final product in every .case posses-

sing physical properties closely parallehng those :

demanded for new oil.

While these results show that the limiting con-
ditions for removal of volatile contaminants had
been met in every case, to extend the results.in
the general field of oil contamination, particu-

larly petroleum oil contamination, series of tests

were made with an electrical oil, specifically a
transformer oil, and with: an oil used in the heat
treatment of steel.

In the case of the contammated tra,nsformer‘

oil, it was found that the 'oil before treatment

was dark in color, possessed a -neutralization

value of 0.53 milligram KOH per gram.of oil, and
a, dielectric strength of 7 kilovolts when tested
by the standard method.of test described by the
A, 8. T. M. Some sludge was present, and the
moisture content was found to be 0.27% by dis-
tillation from xylene.

This contaminated oil was subjected to vacuum
fractional distillation by the method we have
disclosed above, at a temperature of 200° F. and
without the use of a sweeping agent. . Prelimi-
nary to spraying the contaminated oil into the
distillation chamber, it was strained to remove
solid impurities and aggregations of sludge which
would clog the spray nozzle.

The oil collected after subjection o thls treat-
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ment was then analyzed and the neutralization
value was found to be 0.21 mg. KOH per gram
of oil, the moisture content was nil by the same
method of distillation from xylene, and the di-
electric strength-was 24 kilovolts. In addition,
the product was substantially lighter in color
than the contaminated oil before treatment.

The utilization of the process had therefore
resulted in the elimination of water and in re-
duction- of the neutralization value of the oil,’
which can only be ascribed to removal of volatile
oxidation products such as carboxylic acids and
esters, compounds. which are sufficiently active,
in a.chemical sense, to cause deterioration of the
equipment .in which -they may come in contact.
The increase in. dielectric strength is likewise
ascribed to removal of these volatile contami-
nants, since it is well known that mechanical dis-
persions of water and the presence in solution
of substances relatively rich in oxygen will ma-
terially decrease the efficiency of transformer
oils and of hydrocarbon dielectrics in general.

With regard to the oil which was used for the
heat treatment of steel, it had been discovered
in the commercial application for industrial pro-
duction,: that after.a certain degree of contami-
nation:-had occurred, the rate of heat dissipation
had been accelerated to the point where surface
hardening - or “brinelling” was prevalent, and
persisted to an ‘extent which either militated
against subsequent machine finishing operations,
or resulted in the rejection of the steel, because
of failure to meet manufacturing specifications.

The rate of heat transfer is analogous to the

-rate of transfer of electrical energy in that the

same contaminants, and degree of concentration
of these contaminants, will affect these properties
in: like manner, although there may be a differ-
ence in-the final permissible limits.

‘The heat transfer oil,-or quenching oil, which
was -used for the experiments herein described,
had been rejected as unfit for further use in in-
dustry. On analysis, it was found to contdin
a small amount of free water, and the neutrali-
zation value was very much higher than that of
the oil originally.

This contaminated oil ‘was heated to a ftem-
perature of approximately 250° F., and sprayed
into- the evacuated distillation chamber, the

‘walls of which were maintained at substantially

the same temperature as the oil being treated,
and.the volatile contaminants vaporized and re-
moved in the vapor form. In some of the ex-
periments, steam: was used as a sweeping agent,

-and.- it was found that by the use of this sweep-

ing .agent, the rate ‘of treatment could be in-
creased to some extent without deleteriously af-
fecting the quality of the treated oil. In all
cases, it was possible to produce an oil which

possessed physical properties equal to or approxi-

mating those demanded in purchase specifica-
tions for mew: o0il for the designed application.
More significantly, when'oil which had been con-
taminated in service and subsequently subjected
to our process as described above was replaced
into commercial use, it was found to function in
a completely satisfactory manner. While the
scientific- study of service contamination of
quenching oils is not nearly as complete or
thorough ‘as similar studies made for electrical
and lubricating oil deterioration, a broad survey
of  the results so far available shows that the
progressive formation or incidence of volatile
oxidation products and of water, and of extrane-~
ously introduced contaminates or catalysts for the



o8
L 39

. brioduction:of: contammatmg;prgducts resultL in.a

;parallel deterigration affecting the guality;of; the .

.metal products; treated therein,.and.that.s; limit
is: reached; in;a comparatively. short

cost of .replacement;ther eiore”cqntr;l,hute -8, ;5ub-
s stantial portion; of production costs:fer;the metal
products which/have to be;subiected to; thls treat-
ment. When means; for; treating such:oils;by: our

,progess are provided.in;conjunction with.the heat
streating: bath, the;life.of:the heat:transfer.me-

+dium has. been prolonged. to; a: period:; exceeding
sseyeral . times:that.jof: mediums-used. in identical
capplications: but ;where, the,. treatme,nt has not
-been.made: available g
.may.therefore; be stated, thatv pommermal
applmatlons of; hydroqa,rbon woils;sof. predomi-
inantly. petroleum origin;the usual.life..of ;such
;-0ils;varies:directly with the ratejof.accumulation
_of service contaminants,.and;that.a seriousipro-.;
portion:of these contaminants.are products:iof
' ;oxidation or .thermal decomposition; which:.are
substantially more volatile than the hydrocarhon
from whichithey are derived, together with water
formed as a product:iof:decomposition or other-:
wise introduced. If these volatile contaminants
are removed fotally 67 aré Kept Below a brede-
termmed critical. cqncentr;atmn dep ga_,nft;.rupon
“the’application, the usetul life i
be prolonged to an extent whi i
fect the economiic operation of the equipment in
which, they are employed,;and in additionwill
1educe ~substantially the ..degree = to wh1ch

o QAE g i¢
1n a w1de vamety of useful commercral apphca-
tlons S B

Although we have descmbegl our invention. with

a4 “certain degrée of pa,rtlcula ,ty, it is- under-
stood that the-present’ disc ostire ‘has been made

only. by way of example and. that numerous -

changes”m the details;.of: construction. and! the

‘combination and arrangement of parts may be

resorted to without departing from the spirit

and the scope of the 1nvent10n as heremafter
- claimed.

We claim as our invention:

1. Apparatus for treating oil comprising, a
vessel, means for evacuating the vessel, spray
means for spraying the oil in the vessel, a con-
tainer having a heat transfer liquid, means for
heating the said liquid, conduit means for con-
veying the oil to the spray means, said conduit
means and said vessel being immersed in the
said heat transfer liquid.

2. Apparatus for treating oil comprising, a ves-
sel, means for evacuating the vessel, spray means
for spraying the oil in the vessel, a container
having a heat transfer liquid, means for heating
the said liquid, conduit means for conveying the
oil to the spray means, said conduit means and
said vessel being immersed in the said heat
transfer liquid, and second conduit means in-
cluding a nozzle for introducing a sweeping
agent in the vessel, and means for heating the
second conduit means by the heat transfer
liquid.

3. Apparatus for treating 011 comprising, a ves-
sel, means for evacuating the vessel, spray means
for spraying the oil in the vessel, a container
having a heat transfer liquid, means for heating

~4ax1, 808
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.ithe:said.liquid;: conduit ;means:for. conveying the
»0il:to the spray.means, said .conduit.mears and
-said.vessel heing immeised in the said héattrans-
fer: liquid; ;ahd.second._conduit. means including:a
. nozzle for introducing: a.sweeping:agent in’ the
-vessel, and means for heating the second conduit
.. means by the heat transfer liquid, said sweeping
- agent.nozzle surrounding said spray. means and
sinfroducing the-sweeping: agent in:the. oil.spray. .
10 - . 4. fChe; process for-treating .oil.comprising.the
steps .of heating and spraying same into an evdc-
;uated chamber; while. the said .chamber is:sib-
sstantially completely . surrounded. in a:body. of
Jheat. transfer-fluid; which . heats and maintains
.115-the ;chamber to.at:least:the. boiling point tem-
sDberature.of .the.impurity  to.be: removed having
~thehighest. boiling: point. temperature at. the pres-
.gure;of.the evacuated vessel, and: removing:the
lized. impurities, and drawmg the treated 011
90" from theichamber. :
5. Apparatus for .treating .eil,..comprising..a
~first.-closed..vessel,. a .second. .closed ~vessel' posi-
-tioned: within the, first.vessel to provide space be- -
bween-the interior surface:.of the first vessel:and
95 the; exterior..surface of . the second .vessel, .ahd
shaving a ;heat transfer medium. between “said
.surfaces,. spray . means . for .spraying .the. 6iliin
. the second: closed  vessel;; first. conduit, means:for
-genveying:the ;oil to the spray.means.through
30 sa1d heat: transfer medium, said conduit means
.being positioned hetween the first. closed. vessel

s T, medrum to supply heat to. the Walls of
.the seqpnd:closed vessel.and to the said:.first-and
§e§:ond conduit . means, means. for.evacuating.the
S ed -vessel; ,a,nd,,conduit_ mearsifor. re-

baa¥

: ,ul,:,face._.of_; J;h.e,;s econd. Vessel,: @nd
\ sfer medium between:said sur-
#gqes spray Jneans. for spraying  the,.oil_in . the
second closed vessel, first conduit means for con-
veying the oil to the spray means through said
50 heat transfer medium, said conduit means be-
ing positioned between the first closed vessel and
the second closed vessel, second conduit means
including a nozzle for introducing a sweeping
agent, said second conduit being positioned be-
55 tween the first and second closed vessels, said
sweeping agent nozzle surrounding said spray
means and introducing the sweeping agent in the
oil spray, means for heating the heat transfer
medium to supply heat to the walls of the sec-
60 ond closed vessel and to the said first and second
conduit means, means for evacuating the second
closed vessel and conduit means for removing
the treated oil from the second vessel.
7. The process of treating oil having volatile
65 constituents therein, comprising the steps of
heating the oil, thereafter atomizing the oil to
produce a mist atmosphere of the oil and vola-
tile constituents by spraying the oil in an evacu-
ated chamber, said chamber having chamber wall
70 surfaces toward which the spray is directed, and
supplying heat energy to substantially all of the
wall surfaces of the chamber independently of
the heating of the oil to be treated to substan-
tially maintain said chamber wall surfaces at a
75 temperature at least as high as the boiling point,
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at the reduced pressure of the evacuated vessel,
of the. highest bhoiling point constituent to. be
removed, and removing the volatilized  constitu~
ents and the treated oil through different outlets.

8. The process of treating -0il having volatile

constituents therein; comprising the steps of heat-
ing the oil, thereafter atomizing the oil to produce
a mist atmosphere of ‘the oil and volatile constitu-
ents by putting the heated oil under pressure and
spraying the oil in an evacuated chamber, said
chamber having chamber wall surfaces toward
which the spray is directed, and supplying heat
energy to substantially all of the wall surfaces of
the chamber independently of the heating of the

-0il to be treated to substantially maintain said.

chamber wall surfaces at a temperature at least
as:-high as the boiling point, at the reduced pres-
sure of the evacuated vessel, of the highest boil-
ing point constituent to be removed; and remov-
ing the volatilized constituents and the treated
oil through different outlets.

9. The process of treating oil to remove volatile.

constituents ‘contained therein, comprising the
steps of putting the oil under a pressure of more
than at least one atmosphere, thereafter spraying
said oil into a chamber maintained at a pressure
of at least less than one atmosphere, said cham-
ber having chamber wall surfaces toward which
the spray is directed, said at least less than one
atmosphere of pressure being a composite pres-
sure of the partial pressures. of at least one other
gas besides the volatilized constituents of the said
oil, and supplying heat energy to substantially all
of the chamber wall surfaces to substantially

maintain said chamber wall surfaces at a tem-. 33

perature at least as high as the volatilizing tem-
perature of the constituent to be removed from
the.oil having the highest boiling point in'the
partial pressure credited to said-constituent,.:

10. The process of treating oil having volatile-

congstituents therein, comprising the steps of heat-
ing the oil, thereafter spray atomizing the oil in
an evacuated chamber to produce:a mist atmos-
phere of the oil and volatile constituents, and sup-
plying thermal energy to substantially all of the
wall surfaces of the chamber independently of the
heating of the -oil to be treated to substantially
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maintain said’éhamber wall surfaces at’'a tem-
perature at least as high as-the boiling point, at

“the reduced pressure of the evacuated vessel, of

the highest boiling. -point ‘constituent-to be re-
moved, and removing the-volatilized- constituent
and treated oil through different outlets. -

11. Apparatus for treating oil, comprising afirst
closed vessel, a .second closed vessel positioned
within the first vessel to provide space between
the -interior surface of the-first vessel and the
exterior surface of the second-vessel, and means

“to' provide . heat ‘between -said surfaces spray

means for spraying the oil'in the second closed
vessel, conduit means for -conveying the oil to
the spray means, said conduit means being posi-
tioned between the. first closed vessel and the
second - closed vessel, said means for providing
heat between said surfaces serving to supply hedt
both to the walls of the second closed vessel and
to the said conduit means, means for evacuating
the second closed vessel and conduit means for
removing the treated oil from the second closed
vessel, :
: CHARLES J, EGGER.
ROBERT H. WEBSTER.
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