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De-ashing lubricating oils.

@ A process for the production of an essentially ash-free oil
stock from a lubricating oil containing ash-forming compo-
nents comprising

(a) contacting said lubricating oil with an aqueous
ammonium salttreating agent;

L o {b) removing a major portion of the water from the mix-
ture resulting from combining said agueous solution and said
iubricating oil;

(o) {c) heating at least a portion of the product resulting

Q from step (b} at a temperature in the range of about 320° to
about 420°C for a period of time sufficient to decompose at
least a portion of any ammonium salts of sulfonic acid and
dialkyldithiophosphoric acid that are contained therein;

(d) cooling the product from step (c) to a temperature in

(= the range of about 150° to about 180°C; and

{e) separating the solids from the product of step {d),
optionally with subseguent hydrotreating and stripping of the

o oilthus obtained.
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1
DE-ASHING LUBRICATING OILS

This invention relates to a method for reducing the ash-

content of lubricating oil containing ash-forming componments. In
another aspect this invention relates to a method for the treatment of
used lubricating oils to obtain purified oil suitable for use as fuel
0il, in grease formulations, or in the preparation of lubricating oil
formulations. '

Used motor oil has been estimated as being generated in the
United States at a rate of about 1.1 billion gallons per year. Some of
this used o0il has been used as furnace oil and some has been used on rural
dirt roads for dust control. Much of the oil has been merely discarded
in sewers, dumps, and back alleys. With the ever decreasing petroleum
reserves, it becomes more and more essential that this used oil be saved
and used as long as possible.

One major obstacle to re-use of used oil in many applicatiomns
involves the presence of various ash-forming impurities that remain
dispersed in the oil due to the very effective dispersant characteristics
of the additives in modern day lubricant systems.

Materials contained in a tYpical used crankcase oil that are
considered to contribute to the ash content of the o0il include sub-micron
size carbon particles, inorganic materials such as atmospheric dust,
metal particles, lead and other metal compounds originating from fuel
combustion. Besides lead, which is generally present at concentrations
of 1.0 to 2.5 weight percent, appreciable amounts of zinc, barium,
calcium, phosphorus and iron are also present in the used crankcase oil.
Examination of the used o0il under an optical microscope at 600
magnifications reveals the very effective dispersant characteristics of

modern day lube oils. The particle size of the particulates is estimated
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from this microscopic: examlnatlon to be 0 1-1.0 microns W1th virtually
no occurrence of agglomerates in the oil. 7

The presence of the ash -forming components in used 011 putsr
limits on the extent to which the materlal can be used econom1cally’w1th*
out ecological damage For example, reuse of the used o0il as fuel oil
can g1ve rise to serious atmospherlc pollutlon ‘when the oil contains in
excess of one percent 1ead. Also, such fuel 011 often results in burner
and refractory malntenance costs _that offset “the purchase price
differential between used o0il and regular furnace oil.

Clearly, it is in the nat1onal interest to prov1de economical

ways of removing the impurities from used oil so that it can be reused

practically.

Recently, a technlque of purlfylng used 011 has been developed
in which the used oil is reacted with an aqueous solution of an ammonium
salt treating agent; then the water phase is removed, and the resulting
oil phase-containing mass is separated'by filtration. Such a technique

is described in U. S. Patent 4 151 072 the dlsclosure of which is

. incorporated herein by reference.,

It is an object of this invention torprovide'anrimproﬁement on
the method disclosed in U. S. 4,151, 072 )

In another aspect it is an obJect of the present invention to
provide a process which results in the separatlon of greater amounts of
ash-forming components from the oil. ' '

In yet another aspect this 1nvent10n relates to 1ncrea51ng the
rate at which the oil can generally'be filtered.

Still another object of the present 1nvent10n is to reduce the
amount of filter aid required for rapid and effectlve removal of the ash
components. ' o ,7 o 7

Other aspects;i objecte, and adﬁantages of the present
invention will be apparent to ome skilled in the art,upon*Study of the
disclosure, the claims, andithe attached drawing in'which'Figure 1 is a
schematic representation of a specificrprdcess}employing the present
invention. 77 - j S '

In accordance with'bneremBOAiment'of:the;present inventinn, a
process is provided forrtherproduction'of,an essentially ash-free oil
stock from a lubricating oil cnntainlngr'ash-formingr7components '

comprising:
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(2) contacting said lubricating o0il with an aqueous solution
of a treating agent comprising a suitable ammonium salt under conditions
of temperature, pressure, and time sufficient to disperse said agent in
said lubricating oil and to react said agent with ash-forming components
of said Jubricating oil;

(b) removing a major portion of the water from the mixture
resulting from combining said aqueous solution and said lubricating oil;

(c) heating at least a portion of the product resulting from
step (b) at a temperature in the range of about 320° to about 420°C for a
period of time sufficient to decompose at least a portion of any ammonium
salts of sulfonic acid and dialkyldithiophosphoric acid that are
contained therein;

(d) cooling the product from step (c) to a temperature in the
range of about 100° to about 180°C; and

(e) separating solids from the product of step (d).

The present invention is applicable to the de-ashing of o0il in
which ash forming components can be rendered removable by the treating
agent. The invention is particularly applicable to the purification of
oils that have been used for internal combustion engine lubrication
purposes such as crankcase oils, e.g., in gasoline engines or diesel
engines. Other sources of used oils include steam-turbine oils,
transmission and gear oils, steam-engine oils, hydraulic oils, heat-
transfer oils and the like.

The o0ils generally used for preparing internmal combustion
engine lubricants are the refinery lubricating cuts from paraffin-base,
mixed-base, or naphthenic crudes. Their viscosities are generally in the
range of from about 100 to about 1,800 SUS at 100°F. The oils also
contain various additives such as oxidation inhibitors (e.g., barium,
calcium and =zinc alkyl thiophosphates, di-t-butyl-p-cresol, etc.),
antiwear agents (e.g., organic lead compounds such as lead
diorganophosphorodithioates, zinc dialkyldithiophosphates, etc.), rust
inhibitors (e.g., calcium and sodium sulfonates, etc.), dispersants
(e.g., calcium and barium sulfonates and phenoxides, etc.), viscosity
index improvers (e.g., polyisobutylenes, poly-(alkylstyrenes), etc.),
detergents (e.g., calcium and barium salts of alkyl benzeme sulfonic

acids) and ashless-type detergents such as alkyl-substituted

succinimides, etc.
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If desired, water entrained in the untreated usedrlubricating
0il can be removed before use of same in the process of this invention.
Such a separation can be readily achieved by removal of the water phase
which may occur in the storage tanks for the used lubricating oil.

The ammonium salt treating agents which are useful in the
process of therpresent invention are those selected from the group
consisting of ammonium sulfate, ammoniuﬁ bisulfate, ammonium phosphate,
diammonium hydrogen phosphate, ammonium dihydfogen phosphate, ammonium
thiosulfate, ammonium polyphosphates such as ammonium metaphosphate,
urea sulfate, guanidine sulféte, urea phosphate; and gﬁanidine
phosphate, and mixtures thereof. Said tréating agents can be fbrmed in
situ if desired as, for example, by combining ammonia and/or- ammonium
hydroxide with sulfuric acid and/or phosphoric acid and/or an ammonium
hydrogen sulfate or phosphate, i.e., ammonium bisulfate, diammonium
hydrogen phosphate, and/or ammonium dihyrogen phosphate. When the
treating agent is formed in situ, the reactants employed can be
introduced at the same time, or one after the other. - '

Although the concentration of treating agent'in the aqueous
solution of treating agent is not critical and more dilute solutions can
be used, the economics of thérprocess are enhanced by the use of
relatively concentrated solutions in order that the amount of water to be
removed subsequently will not be great. Generally the concentration of
treating agent in the aqueous solution will be within the range of about
30 to about 95 weight percent, typically about 80 weight percent, of that
in an aqueous solution that is saturated with the treating agent at 25°C.
Frequently some water will be found in used oil, and in these instances
the concentration of the treating agent can be adjusted accordingly.

In the process of this invention, the treating agent should
preferably be employed in an amount at least sufficient to react with
essentially all of the metal constituents in the used oil. Although the
weight ratio of the treating agent'to the oil can vary greatly, depending
in part upon the nature and concentration of metal-containing components
in the o0il and on the particular treating agent emplpyed; generally it
will be within the range of about 0.002:1 to abbut 0.05:1, most often
being within the range of about 0.005:1 to about 0.015:1, and typically
being about 0.01:1. Although larger amounts of treating agent can be

used, in most instances this would be wasteful of treating agent.
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Water can be removed from the mixture resulting from the
combination of the aqueous solution and the oil by any suitable means.
Distillation is the preferred method of removing water. Generally, the
distillation is carried out at a temperature in the range of about 110°
to about 140°C and a pressure in the range of about 5 to about 25 psig for
a period of time sufficient to effect removal of a major portion of the
water. Light hydrocarbons contained in the o0il that boil under the
distillation conditions, e.g., gasoline, will be, of course, separated
from the o0il along with the water. -

The heating in step (c) is preferably carried out at a
temperature in the range of about 340° to about 370°C. Generally, the
time that a volume of oil will be exposed to heat step (c) will be in the
range of about 5 minutes to about an hour, more preferably about 15
minutes to about 30 minutes. )

The solids are preferably separated from the product of step
(d) by filtering. Generally, it is.desirable to use a filter aid in the
separation process. Filter aids which are useful in the practice of this
invention include those selected from the group consisting of
diatomaceous earth, perlite, and cellulose fibers. Presently preferred
is diatomaceous earth. '

The advantages of the instant invention will now be
illustrated by the following examples.

Example 1

Four different portions of a typical used oil were subjected to
different processing techmiques in an attempt to remove ash forming com-
ponents by filtration. The four different processing techniques were as
follows:

Method 1 - First, 100 g of the used o0il was placed in a 250 ml
beaker and heated with stirring to 350°F, then transferred to 2 250 ml
flask where heating was continued under nitrogen to 660°F. The oil was
held at a temperature between 660° and 670°F for 70 minutes, then allowed
to cool to 220°F. The oil was then reheated to 300°F, 1.0 g of Celatom
FP-4 filter aid added, and then heated to 350°F whereupon the oil was
filtered through 5 g Celatom FP-4 filter aid on Whatman #/1 filter paper
in a 5.8 cm Buchner funnel.

Method 2 - Again 100 g of the used oil was placed in a 250 ml
beaker and heated with stirring to 200°F whereupon there was added
thereto 6 ml of an aqueous solution containing about 273 g (NHA)ZHPOA per
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liter of solution. Heating was continued to 380°F rthen the mixture

transferred into a flask where heatlng was contlnued under nitrogen to

660°F. The 011 was held at 660°F for 70 minutes then cooled to 180°F.
The o0il was then reheated to 300°F, 1.0 g of Celatom FP-4 filter aid

added, and then heated to 350°F wheféupon the;oil was filtéréd through 5.

g of Celatom FP-4 filter aid on. Whatman #l filter paper in a 5. 8 cm
Buchner funnel. 7

Method 3 - 100 g of the used oil was plétéd'in a 250 ml beaker
and heated with étirring,toiQOOdF whereupon there was added,fhereto 6 mi
of an aqueons solution containing abdut’??B g'(NH4)éﬁPQA per liter of -
solution. Heating was continued to 380°F, then the mixture transferred
into a flask where heating was continued under nltrogen to a temperature

in the range of 660° to 670°F and held at a temperature above 500°F for 30

minutes. Then the mixture was cooled tor320°F and 1.0 grof Celatom FP-4

added, and then heated to 350°F whéréupbd the 0il was. filtered through
5 g of Celatom FP-4 filter aid on Whatman #1 fllter paper in a 5.8 cm
Buchner funnel. '

Method 4 - 100 g of the used oil was placed in a beaker and
heated with stirring to 200°F whereupon there was added thereto 6 ml of
an aqueous solution contalnlng 273 g (NH ) HPO4 per liter of solutlon
Heating was continned t07350°F, then 1.0°g of Celatom FP -4 added, and the
mixture held at 350°F for another 5 minutés' Then the mlxture was
filtered through 5 g of Celatom FP-4 fllter a1d on Whatman # fllter
paper in a 5.8 cm Buchner funnel 7

The effects of these four dlfferent proce551ng technlques are

summarized in Table I.

L PR
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Filtrate Rate
Gal/Hr - ft
Sulfated Ashl, wt%
Elementsz, Ppm
Ag
Al
Cr
Cu
Fe
Mg
Na
Ni
Pb
Si
Ti
B
Ba
Ca
K
Mn

Mo

2

Zn

0028409

Table 1
Raw 0il Method 1 HMethod 2 Method 3 Method 4
- 16.1 28.9 26.2 23.7
1.21 0.44 0.01 0.02 0.13
1 0.6 0.5 0.4 0.7
29 0.3% 0.3% 1
8 0.3% 0.3% 0.5
33 2 0.3% 0.3% 3
243 233 0.3* 0.3* 12
68 179 0.5 0.4 4
13 67 1 9 90
3 1 1 7 1
5640 801 5% 5% 20
60 0.3% 0.3% 6
5 0.5 0.3% 0.3% 0.3%
16 1 1= 9
195 150 0.3% 0.3% 0.4
859 761 1* 1% 7
15 21 3 3 4
16 17 0.3% 0.3% 0.3%
4 0.6 0.5% 0.5% 0.5%
1120 856 -136 116 767
0.3* 0.3% 0.3% 0.4 2
983 51 0.4 0.4 19

LosTM D874-72

2By plasma emission
*Amounts are below the detection limits; value given

is the detection limit for that element.

The data indicates that Method 1, the heat soaking treatment

without the phosphate reaction, provides some reduction in the overall

ash content. The most notable reductions with Method 1 were in the con-

centration of lead and zinc.

The concentration of many of the other

elements was not reduced substantially through the use of Method 1. The

more notable elements in this category are barium, calcium, phosphorus,

magnesium, and iron.
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The data further indicate thatfinrallrtaées.in:which the oil
was reacted with the phosphates, the filtration rates and the overall ash
reduction were greater than that obtained w1th Hethod 1 where high
temperature heat soaking alone was employed - ,

The values given for Hethods 2 and 3 réVeél that the use of the
heat soak treatment subsequent to the reaction Wlth the phosphate
provides an improvement in filtration rate and ash reductlon even over
Method 4, the treatment using the phosphate reactlon w1thout the heat
soak step. It is further shown that for at least certain elements the ,
heat soak treatment provides arreducthn,ln,concentration over that of
Method &4 that is much greatér than one Qbuld predict from effect that the
heat soak alome (i.e., Method 1) had upon those elements. - qu example,
the heat soak of Method 1 only resultedfin,about a:ZL perceptrreduction
in phosphorus of the raw oil whereas the heat soék,of Methods 2 and 3
resulted respectively in 82 and 85 percent feductiéns,in'the amount of
phosphorus present after the technique emplqyedﬂin Method 4. Similar
observations can be made in regard to the toﬁpa;atﬁve lévelérof'reduction
of zinc, calcium, boron, and iron. o SR

It will be noted that for some elements some of'the treatments
evidently resulted in an increase in concentrationm over that of the raw
oil. This phenomena is not understood at this tlme but it is belleved
that it may be at least 1n_part a result of some 1nteractlon between the
0il and the filter aid. 7 ) 7 ,' '7 7

In any case it is noted that while the sodium content is
increased with both Methods 1 éndih, it is’decréased'with,the'inventive
Methods 3 and 4. This is yef another indicﬁtionrof:thé'surprising
superlorlty of the present 1nvent10n over the prlor art technlque
exempllfled by Method 4. '

Example 11 | -

A number of individual samples ofidéed'motor oilsphaving
different 1levels of ash- formlng contamlnants were subjected to the
reaction with (NHA)2 4 and dried both w1th and without a subsequent )
heat soak period at a temperature in the range of 320° to 420°C. In all
cases the samples treated with the'hgat soak filtered at least as fast as
the samples not treated with the heat soak;r Usually,the samples that
were subjected to the heat sozk filtered at a faster rate than the
corresponding samples that were not subJected to the heat soak period.

In all cases the product resultlng,from the runs uS1ngrthe heat soak

-
.
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contained less ash than the product resulting from the corresponding oil
that was not subjected to the heat treatment process.

The present invention is particularly useful in a process for
converting a used o0il into premium stock for the preparation of new lub-
ricating oil. In accordance with such a process, the essentially ash
free o0il stock from step (e) of this invention is subjected to
bydrotreating in the presence of hydrogen and a hydrotreating catalyst
under conditions of temperature and pressure and time sufficient to
produce a hydrotreated oil stock substantially free of organic
hetercatom compounds and then stripping the hydrotreated oil to drive off
light compounds boiling below the lube 0il stock range.

Figure 1 provides a schematic representation of such a
process. Referring now to Figure 1, used o0il from storage tank 101 is
passed via line 102 to heater 103 and contactor 106. Aqueous treating
agent such as diammonium hydrogen phosphate from makeup tank 105 is
introduced via line 104. If desired, agent precursors ammonia,
phosphoric acid, and water can be introduced into the heated oil
downstream of heater 103, thereby forming the treating agent in situ in
line 102 and contactor 106. The o0il from heater 103 is passed in
admixture with treating agent into the first agitated contactor 106
wherein the mixture is maintained under agitation for a time sufficient
to react with at least a portion of the ash-forming components in the
oil. Preferably, a recycle stream is passed through conduit 152 to pump
153 and then through heater 154 before its return to contactor 106,
thereby providing heat and agitation to the contents of the contactor.
Stirring means also can be employed.

Thereafter the mixture is passed via conduit 107 to second
contactor 109, which is maintained at a temperature in the range of about
110° to about 140°C, for a time sufficient to effect distillation of a
major portion of the water and at least some of the light hydrocarbons
present therein. Thus, while retained in contactor 109, essentially all
of the water and at least a portion of the light hydrocarbon components
of the mixture are removed via line 110 and passed to separator 111
wherein a hydrocarbon layer and a water layer are allowed to form. The
hydrocarbon phase can then be transferred via line 112 to storage 113.
The water layer can be removed and discarded or employed for any desired
purpose. Preferably, a recycle stream is passed through conduit 155 to

pump 156 and then through heater 108 before its return to contactor 109,
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thereby providing heat ahd'agitation to the contents of the reactor.

Stirring means also can be employed.

The resulting mixture comprisingia:hbt'oilrphase which is

essentially free of water is passed via conduit 114 to a third contactor

wherein it is subjectedrtq,agitétioﬁ and a temperature in the iange of-
about 140 to about 200°C;'to—removeladditionaljﬁatefrand lighter,
components. Preferably, a,reéycle streamris passed through'conduit 157
to pump 158 and then through,heater 115'beforerits'retﬁrn to contactor
116, thereby providing heat and agitation—tO'the cbntenté of. the
contactor. Any residual water and light hydrocarbons are fémoved’from
contactor 116 via line 159. o 7 7

If desired, any one or two or alirofltpntattors 106, 109 and
116 can be provided with jackets heated by steam orrother source of heat
to aid in maintaining thé cbntenté of the éontactofs:atrihe desired
temperatures. Any one or two or all of contactotsrlﬂﬁg;log and 116 can be
equipped with stirrers to provide'additibﬁal agitaiion,',1n'an'operab1e

but presently less preferred arrangement, a stirrer in any one or more of

the three contactors can be used instead of the recycle system employed'

with the corresponding ome or more of the three 'contactors, any
additional heating being provided By heaters in the line ahead of the
contactors and/or by heated jackets around the contactors. Also, if
desired, any one or two or all of conduits 1C3, 107'éﬁd 114 can feed into
the recycle stream for contactors 106, 109 and 116,,réspéctively, i.e.,
into conduits 152, 155 and 157, respectively, instead of directly into
the respective contactor as shown. In one preferred technique the feed
in conduit 102, rather than being passed directly into contactor 106, is
passed into conduit 152,at'the'inlet side of pumpwls3.' In a still more
preferred technique, pump 153 is a high-volume pumplthat will cause the
oil to flow iﬁ the turbulent flbwifangersorasrto promote heat trahsfer
and decrease scaling in the conduit 152. . :

The heated oil from contactor 116 isfpassed via conduit 117
through heater 163 to a fourth'éOntabtor 164 wherein the mixture is sub-
jected to agitation at a témﬁératufe in the range of éboutr320°,to about
420°C for a périod of time sufficient to résult'in a product which when

later filtered will contain less ash than it would contain if it had not

been so heated. Preferably, a recycle stream is passéd through conduit

165 to pump 166 and then through heater 167 before its return to

contactor 164, thereby providing heat and agitationm torthgftonténts of
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contactor 164. Any residual water or light components can be removed
from contactor 164 via line 168.

Treated oil from contactor 164 is passed through conduit 169
through a cooler 170 wherein the oil is cooled to a temperature in the
range of about 150° to about 180°C and then passed into a fifth contactor
171 wherein it is admixed with filter aid provided via conduit 118,
preferably as a slurry in light hydrocarbons provided from makeup tark
119. 1In a presently, preferred embodiment, not illustrated, the o0il from
contactor 164 is cooled at least in part as a result of passing in
indirect heat exchange with the feed passing through line 102 whereby the
heat in the o0il in line 120 is used to heat the feed o0il in line 102.

Following admixture of filter aid, the resulting mixture is
passed via line 172 to filter 121, which optionally can be precoated with
filter aid. The use of the heat soak step of the present invention can in
many cases result in a reduction in the amount of filter aid required for
a suitable filtration rate.

Filter cake from filter 121 is removed via line 147 and
optionally passed to furnace 148 from which, following burning or
calcination, at least a portion of the resulting ash containing filter
aid can be passed to waste via line 149 or recycled via conduits 120 and
160 to slurry makeup tank 119 for further use in the system. Fresh
filter aid is added through conduit 160. Light hydrocarbons for use in
preparing the slurry can be recovered from the integrated process and can
be passed to tank 119 via conduit 151.

The filtered oil, being essentially free of ash-forming
constituents previously contained therein, is suitable for a variety of
industrial uses and, if desired, can be removed from the system via line
123.

However, in the presently preferred integrated process of this
invention, the hot o0il following filtration is passed via line 122 to
heater 125 in order to raise the oil to a temperature in the range of 200°
to 480°C for further processing. If desired, a first portion of hydrogen
is added thereto via line 124. The resulting hot oil containing the
added hydrogen 1is then passed through contactor 126 wherein
decomposition is effected of the sulfonates contained in the oil.

While it is presently preferred that contactor 126 contain
bauxite or an activated carbon adsorbent bed therein, this unit can

employ other adsorbents such as those selected from the group consisting
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of silica gel, clay, activated'alﬁmina,7combinations}thereof, and the
like. The adsorbent seryes to effect breakdowo and decomposition of the
ammonium salts of sulfonic acids and theleshlese»détergeots:contained in
the oil. The adsorbent furtheriserves'to collept;a smali portion,oi the
resulting products and thus precludes passage”of such nndesirable
decomposition products to the hydrotreater;r Sﬁch;adsorbents can be r
regenerated by conventional means end reused. o . 7

The inventive heat sozk step'resulte in a substantial decrease
in the amount of sulfonates and ash in the'filtereofoil, ano thue reduces’
the amount of solid,absorbent,thet,most_be'ﬁsed in,thereystem.

Preferably, the adsorbegt:conteins'eboutio;Z'to about 20
weight percent of at least one metel'selécted,from,the group'conSisting'
of Group VIB and Group VIII metols,rthis weight perceﬁt being based on
the total weight of modified adsorbent This mOdlflEd adsorbent can be
prepared by 1mpregnat10n of the adsorbent with an aqueous solution of a
water-soluble compound of a Group VIB or Group VIII ‘metal, followed by
evaporation of water. Water- soluble compounds presently preferred for
this use are iron compounds such -as ferric ammonlum oxalate, ferrlc y
ammonium citrate, ferrrc sulfate, andyferrous ammonlum:sulfate.,

The resulting treated oilris,thereafter'peeeed from contattor ,
126 via line 127 to hydrotreater 128, which is'ﬁaintaiﬁed'at an elevated
temperature, which serves toeeffectrdestrnctioniof,theivarious additive
systems previously added to the'original 0il stock. Hydrogen for the
desired hydrotreating reactlon is 1ntroduced to the system via 11ne 129
in communication with line 127 or, if de51red dlrectly to the 7
hydrotreater 128. 7 y - - : , :

In hydrotreater 128 the oil is subjectedrto hydrogenation'
conditions in the presence of a catalyst s0 as to hydrogenate unsaturated
materials and to effect decomposition of re51dua1 sulfur, oxygen and |
nitrogen bodies so as to. y1e1d an 011 product suitable for further
purification to a lube stock. o , : -

Suitable catalysts for use. in hydrotreater 128 are those
selected from the group con51st1ng of GrouprVIBrand Group VIII,metals,and
combinations thereof on a refractory support 'used inrconveotional
hydrodesulfurization processes.- 7 o 77 , B

Following hydrotreatlng,rthe reeultingroil is'péssed via
conduit 130 to separator-reflux'coluﬁﬁ'lSliyhichHSErves to remove water

and various other by-products of therprevious_treatments from the oil.
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If desired, and particularly when HCl is present, water can be injected
into column 131 to aid in removal of most of any HCl and part of the HZS
and NH3 as water-soluble salts. Overhead from column 131 comprising
hydrogen, HZS’ NH3, and water is passed via line 132 to sulfur removal
unit 133. This unit, for example, a bed of zinc oxide, serves to remove
HZS (sulfur) from the hydrogen stream. The resulting sulfur-free
hydrogen stream is thereafter passed via line 134 to cooler 135. Ammonia
is then removed, for example, by water washing in an ammonia removal unit
(not shown) in conduit 136. Hydrogen is then recycled via conduit 136 to
line 129.

An example of another material useful in unit 133 is iron
oxide. Alternatively, a solvent process can be employed using substances
such as alkanolamines and/or other amines, the HZS subsequently being
oxidized to sulfur in a Claus-type process.

The bottoms product from column 131 is passed via line 137 to
lubestock stripper 138 wherein a2 further steam treatment is carried out
by introduction of steam via line 139.

Stripping, preferably steam stripping, of the o0il is essential
to the integrated process of this invention since it serves to remove
those light hydrocarbon products boiling below the oil, such as kerosene
or heavy gasoline, which have remained entrained in the o0il or which are
by-products of the hydrogenation treatment. Alternatively, gas
stripping such as with hydrogen can be employed.

The resulting hot stripped product, consisting essentially
of a pure lube o0il stock, following cooling such as by use in heat
exchanger 125, is thereafter passed via line 141 to a lube o0il stock
product tank (not shown) for storage and subsequent use as an additive-
free lube o0il stock suitable for reformulatién with additives as desired.

Overhead from stripper 138, which consists essentially of fuel
0il and water, is passed via line 142 to settler 143, where a hydrocarbon
phase 144 and a water layer 145 are allowed to form. The hydrocarbon
layer 144 is removed via line 146 and combined, if desired, with the
hydrocarbon phase in storage tanmk 113 for further use or recycled to
filter aid makeup tank 119 via line 151. The small amount of gases
present in line 146 can be removed by flashing.

Depending upon the feedstock, treating agent and other
characteristics of a particular operation, as one skilled in the art in

possession of this disclosure will understand, the specific conditiomns
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of operation given below can vary, preferably within the approximate

ranges which are also given.

Unit ~ Approximate
Ref. No. Description Typical Preferred Ranges
103 Heater Temperature 95°C . 60-120°C
Pressure 17 psia Atmospheric-250 psia
104 Treating : : :
Agent Weight ratio agt:oil 0.01:1 0.005:1-0.05:1
106 Contactor Temperature 95°C 60-120°C
Pressure 17 psia Atmospheric-50 psia
Time 30 minutes 10 minutes-2 hours
109 Contactor Temperature 125°C 110-140°C
Pressure 16 psia 5-25 psia
Time 30 minutes 10 minutes-2 hours
116 Contactor Temperature 160°C 140-200°C
Pressure 16 psia 5-25 psia
Time 30 minutes 10 minutes-2 hours
111 Phase Temperature 40°C _ 0-80°C
Separator Pressure atmospheric Atmospheric~45 psia
164 Contactor Temperature 360°C '320-420°C
Pressure atmospheric Atmospheric-45 psia
Time 30 minutes 5 minutes-2 hours
165 Contactor Temperature 150°C 100-180°C
Pressure atmospheric Atmospheric-25 psia
Time 30 minutes 10 minutes-2 hours
121 Filter Temperature 115°C 60-200°C
Pressure differential plate
and frame filter 80 psi  5-100 psi
Continuous rotary drum
filter 10 psi - 2-14 psi
148 Furnace Temperature 760°C 650-870°C

Pressure atmospheric Substantially atmospher

118 Filter Aid Weight ratio aid:oil 0.01:1 0:1-0.15:1

124 Hydrogen 111 vol/vol oil 80-3000 vol/vol oil
Charge '
125 Heater - Temperature 370°C 200-480°C
Pressure 735 psia - 150-3000 psia
126 Contactor Temperature 370°C 200-480°C
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128

129

131

133

135

138

143

Hydrotreater

Hydrogen
Charge

Refliux
Sulfur
Removal Unit
Cooler

Stripper

Settler

15
Pressure 735 psia
Temperature 360°C
Pressure 730 psia
222 vol/vol o0il

Temperature 325°C
Pressure 705 psia

Temperature 290°C
Pressure 700 psia

Inlet temperature 290°C
Outlet temperature 55°C

Temperature 370°C
Pressure 20 psia

Temperature 55°C
Pressure 16 psia

0028409

150-3000 psia
200-430°C

150-3000 psia
80-3000 vol/vol oil

290-400°C
600-800 psia

150-430°C
100-3000 psia

260-370°C
40-95°C

280-395°C
Atmospheric-50 psia

0-80°C
Atmospheric-45 psia

Reasonable variations and modifications are possible within

the scope of the foregoing disclosure, the drawings, and the appended

claims of the invention, the essence of which is that there has been

provided an improved method for treating used lubricating oil so as to

produce an intermediate product of reduced ash content and optiomnally a

final lube oil stock.



10

15

20

25

30

35

(4

0028409

Cladims

1. A process for the production of an éssentially ash-

free oil stock from a lubricating oil containing ash-

forming components, said process comprising:

(a)

(b)

(c)

(d)

(e)

()

(9)

contacting said lubricating o0il with an aqueous
solution of a treating agent comprising a suitable
ammonium salt under conditions sufficient to dis-
perse said agent in said lubricating oil and to re-
act said agent with ash-forming components of said
lubricating oil; T N

removing a major portion of the water from the mix-
ture resulting from combiﬁing said aqueoﬁs solution
and said lubriéating oil; , ,

heating at least a portion of the product resulting
from step (b) in the temperature range of about
320° to about 420°C for a period of time sufficient
to decompose at least a portion of any ammon ium
salts of sulfonic acid and dialkyldithiophosphoric
acid that are contained therein;

adjusting the product from step (c) to a tempera-
ture in the range of about 100° to about 180°C;

and E '

separating solids from the product of step (d),

and, optionally,

hydrotreating the filtered cil from step (e) by
contacting said 0il with hydrogen and a hydrotrea-
ting catalyst under conditions of temperature and
pressure and time sufficient to produce a hydro-
treated oil stock substantially free of organic
hetercatom compounds;

stripping the hydrotreated oil of step (f) to drive
off light compounds beoiling below the boiiing point
of the desired lubricating oil; and
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(h) recoverina the resultinc stripped oil from said

stripping zone as a product of the process.

A process according to claim 1 wherein said lubrica-
ting 0il is a used o0il and said solids are separated

from the product of step (d) by filtration.

A process according to at least one of the preceding
claims wherein the concentration of ammonium salt in
said aqueous solution of a treating agent is in the
range of 30 to 85 percent of that in an aqueous

solution that is saturated with the treating agent at
25°C.

A process according to at least one of the preceding
claims wherein said treating agent is present in an
amount such that the weight ratio of treatinc. agent to

used lubricating oil is in the range of 0.002:1 to 0.05
1.

A process according to at least one of the preceding

claims wherein said treating agent is selected from

the group consisting of ammonium sulfate, ammonium bi-

sulfate, ammonium phosphate, diammonium hydrogen phos-
phate, ammonium dihydrogen phosphate, ammonium thiosul-
fate, ammonium polyphosphate, urea sulfate, guanidine

sulfate, urea phosphate, and guanidine phosphate.

A process according to claim 5 wherein said ammonium
salt is selected from at least one of the group consi-
sting of ammonium sulfate, ammonium bisulfate, ammo-
nium phosphate, diammonium hydrogen phosphate, and

ammonium dihydrogen phosphate.

A process according to claim 6 wherein said treating

agent comprises diammonium hydrogen phosphate.

A process according to at least one of the preceding

e
L
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claims wherein said treating agent is employed in an
amount sufficient to react with essentially all of the

metal constituents in the used oil. .

A process according to at least one of the preceding
claims wherein the mixture in step (a) is maintained

at the temperature of 60° to 120°C for a period of time
in the range of from 10 tor120 minutes and the mixture
in step (b) is maintained at the temperature of 110° to
140°C for a period of time in the range of from 10 to
120 minutes so as to remove-said major amount of water

from said mixture.

A process according to at least one of the preceding
claims wherein the mixture in sﬁep (c) is maintained in
the temperature range of about 320° to about 420°C for
a period of time in the range of about 5 minutes to

about two hours.

A process according to claim 10 wherein the mixture in
step (c) is maintained in the temperature range of
about 340° to about 370°C for about 15 minutes to
about 30 minutes.

A process according to at least one of the preceding
claims wherein a filter aid is added to said used lu-

bricating o0il prior to filtration step (c).

A process according to claim 12 wherein said filter aid
is added in an amount such that the weight ratio of

filter aid to oil is up to 0.15 : 1.

A process according to at least one of the preceding
claims wherein the filtered oil from step (e) prior to
being subjected to hydrotreatment in step (f) is heated
to a temperature in the range of 200° to 480°C and the
heated o0il is contacted with at least one adsorbent

selected from the group consisting of activated carbon,
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silica gel, clay, bauxite and alumina.

A process according to at least one of the preceding
claims wherein said lubricating o0il and said treating
agent are contacted in a first contactor at a tempera-
ture in the range of 60° to 120°C for 10 minutes to 2
hours, and then contacted in a second contactor at a
temperature in the range of 110° to 140°C for 10 minu-
tes to 2 hours, and then contacted in a third contactor
at a temperature in the range of 140° to 200°C for 10
minutes to 2 hours, and then in a fourth contactor at

a temperature in the range of 320° to 420°C for 5 minu-
tes to 2 hours, wherein water in said admixture of said
lubricating oil and said treating agent is allowed to es-

cape as vapor from said second, third and fourth con-
tactors.

A process according to claim 15 wherein said lubrica-
ting o0il and said treating agent are introduced into
said first contactor by passing said lubricating oil
and said treating agent through a centrifuge pump along
with portions of the contents of said first reaction

zone.
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