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'~ oil, residua, reduced or whole crudes.
the present invention relates to the use of molten alkali
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- The present invention concerns an 1mpr0ved Process
for removing sulfur, nitrogenous and metallic contami-
nants from petroleum fractions, such as fuel 011 shale
More particularly,

metal hydroxide containing from 5 to 30 wt. percent
water, based on total reagent, to remove from heavy

~ petroleum fractions the sulfur, nitrogenous, and metallic
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- ceptible to Chezmical operations satisfactory for removal

~of mercaptans.
selective solvents are also unsatisfactory because the high
| -boﬂmg petroleum fractions contain such a high percentage
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contaminants contained. therein. In addition, _the inven- .

tion relates to a process for regenerating the molten

alkali metal sulfide formed durmg desulfurization to

 molten alkali metal hydroxide for reuse as an impurity

removal agent. In addition, the invention relates to the
removal of impurities from the hydrocarbon - fraction by
the use of reagents containing molten alkali metal hy-
droxides in admixture with other metal hvdroxides.
partlcularly, the present invention telates to the conver-

sion of molten alkali metal sulfides, which are formed

when desulfurlzmg with molten (fused) alkali metal

‘hydroxide, to the alkali metal hydroxide by the use of
| ﬁnely—d1v1ded sehd metals metal oxides: or metal hy-
- droxudes. |

The problem' ef sulfur remmfal frum petreleum frac-

More
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‘tions -and crudes goes ‘back to the 1ueept1en of the

petroleum industry. For most purposes, it is undesirable

to have an appreciable amount of sulfur in any petroleum
product.” Gasoline - should be relatively -sulfur-free to

make it compatible with lead. Motor fuels containing
sulfur as mercaptans are undesirable because of odor and

gum formation characteristics.
fuel oils because upon combustion sulfur dioxide, a cor-
rosive gas having an obnoxious odor, is formed. Metro-
politan areas have been partrcularly conscious  of air

pollutlon problems caused by sulfur-containing fuels and

in certain instances have restrlcted by law the amount
of sulfur permissible in fuel oils utilized in the locale.

Generally, sulfur occurs in petroleum stucks in one of
the following forms: mercaptans sulﬁdes, ‘disulfides and
as part of a more or less substituted ring, of vhich thio-

phene is the prototype.

kerosene, and light gas oil. Numerous processes for

sulfur removal from these lower boiling
been suggested, such.as “doctor”

‘The mercaptans are generally
found in the lower boiling fracuens, e.g., the naphtha,

fractions have
sweetening (wherein
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‘Sulfur is objectionable. in '

Extraction processes employing sulfur-

ef sulfur-—contammg molecules. For example, even if
a residuum contains only about 3% sulfur it is estimated
that substantially all of the molecules may contain sulfur.
Tnus, if such a residuum were extracted with a solvent
selective to sulfur compounds the bulk of the residuum
would be extracted and lost. -

‘Metallic contaminants, such as mc:kel and vauadrum

compounds, are found as innate constituents in practically
- all crude oils.

‘These contaminants present another prob-
lem.  Upon fractionation of the crudes, the metallic con-

‘taminants are concentrated in the residua which normally

heve initial boiling points of about 1000° F. Such residua
are conventionally used as heavy fuels, and it has been
found that the metal contaminants therein adversely
affect the combustion equipment in which the residua are
burned. The contaminants not only form ash, which leads
to sludging and the formation of deposits upon boiler
tubes, combustion chamber walls, the gas turbine blades,

" but also attack the refractories which are used to line

boilers and combustion chambers and severely corrode
boiler -tubes and other metallic surfaces with which
they come into confact at high temperatures

"The mtmgenous compounds are found in many crude |
oils to a varying. extent depending on the source. These
compounds are objectionable prrmarrly due to (1) their
tendency to promote instability in the finished, market-
able products, such as gasoline, kerosene, heating oil, jet

fuels and the like regardless of whether these are obtained

by simple distillation procedures or by cracking heavier

fractions and (2) due to their adverse effects on the
activity of catalytte materials used in cracking reaetrons,

-etc

In the past, methods to chemically. remove the sulfur,
have been ineffective to remove large amounts of sulfur

and furthermore, had little or no effect on the mtrogeueus
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or metallic impurities, these materials reqmrmg other_. '_
| _methuds for their removal.

It is an object of the 1instant mventwn to prowde an
improved method for removing sulfur, metallic and/or
nitrogenous impurities from petroleum fractions, even the
heavier petroleum fractions, such as heavy fuel oils, resid-

" uum, etc.. It is an object of the instant invention to pro-

vide a process for regenerating alkali metal sulfide to the

~ alkali metal hydroxide for subsequent recycle Wlthlll the- |

a0

desulfurlzaUOu system.
It has now been discovered that the above objects may

- be accomplished by contacting the petmleum fraction

mercaptans are converted to d1sulﬁdes) caustic freating,

solvent extraction, copper chloride treating, etc., all of
which give a more or less satisfactory decrease in sulfur

or inactivation of mercaptans by their conversion into di-

sulfides. When the process results in the latter effect,

" the disulfides eenerally remain in the treated product and
must be removed by another step if it is desrred to obtain

a sulfur-free produet |
Sulfur removal from higher boiling fraetrous, however

has been a much more difficult operation. Here the
sulfur is present for the most part in the less reactive forms
as sulfides, disulfides and as a part of a ring compound,
such as thiophene.

Such sulfur is, of course, not sus-
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with molten alkali metal hydroxide containing from
abeut 5 wit. percent to about 30 wt. percent water, based
on total reagent, under temperature ceud1t10ns wﬂ;hm the
range of about 300° F. to 800° F. - |

It has been found that the potassmm hydroxrde in

~admixture with barium hydroxide will also effectively

remove the sulfur, metallic and nitrogenous impurities

in the petroleum fraction. It has further been found that

cesium hydroxide in admixture with other agents, such
as barium hydroxide, potassium hydroxide, and sodrum
hydroxide will also eﬂ’ectwely remove the sulfur, metallic,
and nitrogenous impurities in the petroleum fraction.

- It has further been found that the addition of a solutizer
selected from the group of compounds which may be




- hydrogen,

described as oil-soluble -organic compounds of carbon,
and oxygen which form alkali metal com-
pounds, such as alcohols, phenols alpha and beta naph-
thols, isobutyric acid, etc., also improves the aetion of

the molten reagents of the instant invention.
1t has also been dlseovered that by contacting the spent
_molfen alkali metal hydromde phase containing the alkali

metal sulfides with a finely-divided metal, metal oxide or

 metal hydroxide that the alkali metal sulfide is converted

to the alkali metal hydrolode “These metals, metal oxides
or metal hydro}odes may be present during ...he desulfurlza_-l |

~ tion step, i.e., when the petroleum fraction is wmtimately .
It

contacted Wlth the molten alkali metal hydroxide.

appears that the metals, metal oxides or metal hydroxides

take the sulfur from the alkali metal sulfides and become

metal sulfides.. The latter; in turn, may be regenerated

~ back to the metals, metal o}odes or hydroxides by various

~ methods known to the art for example, hlgh temperature
roasting. | |

As used herein ¢ metals,“ “metal omdes” or metal hy-"

- droxides” will be the three generic groups of materials

s, 1'_64,545 -

o
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which are suitable for use in the present invention. The

~metals, or mixtures thereof, which are suitable include
COpper, nickel, iron, manganese, cobalt, calcium, mag-
nesium, molybdenum, lead, tin, zinc, tungsten, antimony
- and bismuth. Oxides of these metals, or mixtures thereof,

would be suitable metal oxides within the meaning of this.

95

ﬂPPhC&tIOIl The hydroxides of the above metals, or mix- |

tures thereof, are suitable metal hydrromdes in the instant
It will be understood that these metals, metal .

process.,

oxides or metal hydrozodes ‘may be used 111 admixture

with one another.

FIGURE 1is a dlagrammatle representatlon of an em-

~ bodiment of the instant invention wherein the sulfur-con-
~ taining oil is contacted with molten alkali metal hydroxide
~ and said  spent molten hydromde 18 subsequently con-

tacted 1in another zone with a finely-divided metal metal
emde or metal hydromde for regeneration..

- FIGURE 2 represents another embodiment of the pres-
ent invention wherein the oil and molten alkali metal hy-
~ droxide are contacted in the presence of the finely-divided

metal, metal oxide or metal hydroxide for 51multaneous :

desulfurlzatlon and regeneration.

~In accordance with the present mventlon, a feed, sueh'

as a 950° F.4 Kuwait residum, is obtained from a suit-

zone 52, where it is contacted with molten alkali metal
hydro}ode containing 5 to 30 wt. percent water based on
The residium. and

' - total reagent entering through line 53.
- molten alkali metal hydroxide containing water are inti-
- mately mixed which cause the sulfur, metallic and nitrog-

enous impurities in the residuum to react with the molten -
alkali metal hydroxide and to-form products which may
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able for use in treatmg additional oil before regeneratlon'

is required. Usually, these ratios will represent a large '
excess of reagent over that reqmrecl to remove sulfur so

that at least a portion of the reagent withdrawn through
line 56 may be recycled directly to the treating zone with -

an approprlste side stream being passed to the regenera-

tion zone. Treating time may be as little as Yo hour to

16 hours, generally the longer the time of contact, the
- - greater the impurity removal.
treating times within the range of ¥4 to 6 hours.

It is preferred to employ-
The

- pressure may vary from 0 to 500 p.s.i.g., depending on
- the hydrocarbon feedstoek s,nd 1s not CI‘lthEl]. to the de-
- sulfurization reaction. o

The mixture of alkali metal hydro:side and hydrocarbon.
material leaves the impurity removal zone through line

34 and passes to settling zone 55 wherein the unreacted
molten alkali metal hydroxide containing water separates

as a distinct phase from the treated residuum phase, which
will contain varying proportions of the reaction products
of the impurities and the molten alkali metal hydroxide

contammg water, -

A smali amount of Water and/or a dlstlllate fraction,

such as gasoline, heavy naphtha, kerosene, heating oil, etc.,

or any suitable fraction boiling below about 700-800° F.

- may be iniroduced through lines 66 and 67 to facilitate
- oil-reagent - separatlon

This step will not usually be re-
quired except in treatmg Very heavy, VISCOIIS, residual type

0ils.

- Part of the molten alkah etal hydromde 'phase recov-
ered from settling zone 55 may be directed via lines 56
and 53 back to zone 52 for reuse while part is passed
through lines 79 and 57 to regeneraoon zone 358 or 122.
The hydrocarbon phase passing from zone 55 through line
65 may contain seme of the alkali metal hydroxide reagent
and some of the inorganic reaction preduets formed in

~ the impurity removal zone 52. Wash water is. introduced

thr ough line 67 to extract these materials and in electrical

-pree1p1tat1on zone 68, or in some other suitable separa-

tion equipment, the aquecus extract .phase is- separated
from the treated oil, which desulfurlzed oil 1s removed
through line 69. If the extract water from zone 68 con-

- tains- the alkali. metal sulfide as the main impurity, this

material is combined with the spent caustic from line 70

~and passed to regeneration zone 58 via line 57 for recon-

) 45
~able source and directed via line 51 to impurity removal -

version to alkali metal hydroxide. Heavy metal -impuri-

ties, such as mekel vanadiuom, etc., which may be present

~ in the aqueous extract from zone 63 can conveniently be
-~ removed by ion exchange, selective precipitation, filtra-

50 |
~ below the temperature held in impurity removal zone 52
© in order to facilitate gravity separation of oil and reagent

‘and prevent heat loss from the caustic entermg regenera-

be removed from the hydrocarbon oil, thus yielding a high

B quality product. Although impurity removal zone 52

shown in the drawmg is a batch step, it is to be understood "

. “that this step may be conducted: eommuously, for exam-
~ ple, by countercurrently contacting the molten alkali metal

hydroxide containing water Wlth the res;tduum or- other- |
- 60

feed being treated. -
' The amount of water in the molten alkali me*al hy—-
droxide is 1H1portant for the improved results of the in-
“stant invention. The water content should be within the

range of about 5 to 30 wt. percent based on total reagent,.

preferably 7-25% .and more preferably 10 to 20 wt. per-
- cent. The most preferred water content is about 15 wit.
percent,

step should be maintained within the range of 300 to~

900° F., preferably 350 to 800° F., more preferably 550
to 750° F The amount of molten alkall metal hydroxide

- reagent (including water) may be within the Tange of 25

to 200 wt. percent of the feed being treated, preferably 50
to 150 wt. percent. It is to be understood that only a

very small proportion of the hydroxide reagent is con-

- verted to -elkali metal sulfide and thus the reagent is suit-

Temperature conditions during the contacting
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tlen etc. (not shown), before passage to zone 58.
Setthnﬂ' zone 55 will preferably be maintained near or

tion zone 58.

A solutizer may be present durmg the 1mpur1ty removal
step. For example, it may be added to zone 82 or mixed

. with the feed or the molten alkali metal reagent prior to

their entering the impurity removal zone. These com-

- pounds consist of o1l—soluble organic compounds of car-

“bon, hydrogen and oxygen which form alkali metal com-

lelIldS in the presence of strong alkali and may be used

1n concentrations of about 0.1 to 10 wt. percent based on

- the oil.
~ such as, beta-naphthol phenols, alcohols and ns.phthemc'
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Suitable solutizers are those known in the art,

acids and the like. These materials will be recovered in
the spent caustic removad from zone 35 and in the aqueous
phase from zone 68. Quantities of nitrogen may be re-
moved from the system as NHj or other volatile COml~
pounds tkrough line 69 with the treated oil. =~

- The recovered molten alkali metal sulfide is passed to
regeneration zone 58 for conversion to alkali hydroxide
in the manner dlSuuSSud herein below.

In regeneration zone 58 the spent molten alkali metal
hydroxide containing the alkali metal sulfide is contacted

in the presence of 5 to 30 wt. percent, based on total




 generating agent €

o rnetal oxides.

 ten alkali metal hydroxide.
" js obtained- frorn a sultable source and’ directed via line *

- arnount of rnetal sulﬁde and hydro:ode compounds pres- S
.+ ent, with a ﬁnely—dmded metal, metal oxide or metal hy«_--f?i
R droxrde heretofore indicated suitable for the instant proc-.

- ess. The alkali metal sulfide reacts with the metal, metal
- 'ornde or metal hydroxrde to form a metal sulfide and the',.:-

~alkali metal hydroxide. Regeneration zone 58 may. be

. operated in many different ways depending upon the re-"‘;.;-;j;f”'
ployed If the metal, metal oxide or

~ metal hydroxide is used in zone 58 as-a finely-divided,
10
liquids may be ernployed whether' it be :a continuous or
In the embodiment shown

~dry-solid, any suitable method for- contacting. solids. and

,__essentrally ‘batch operation. -

 in FIGURE 1 the solid metal, metal oxide or metal hy- .
" droxide is in a fixed-bed through which 'the spent molten- ..
15 hydroxide which is recycled to line § for reusé during
"the desulfurization step. Make—up water for the system

“alkali metal hydroxrde passes. In this embodnnent the

" spent hydroxide, in passes through the fixed bed, is regen-.

"_'erated by the contact with the metal, metal oxide or metal - |
- hydroxide. The regenerated hydromde is withdrawn from
~ .zone 58 through- line 33 and recycled vra hne 53 to un- S

o purity removal zone 52, _
‘The conversion of the alkall metal sulﬁde o the alkall o

20

 metal hydroxide employing the metal, metal oxide or

- metal hydroxrde may be performed within the- tempem_ - -

‘ture range of about 200 to 1000° F.. The quantity of

- water present will vary but will be optnnunl when present
 in amounts in excess of that required by the stoichiometry
of the reaction involved, but between about 5 to 30 wt.
percent based on total amount of metal sulfide and hy-
Add1t1onal water may be -
30
Contact times of about % to 4 hours wﬂl be suit-

~ droxide compounds present.
 added to make up for that used in- the hydrolysis. reac-

~ tion.
| able O

When a ﬁxed—bed of metal o:ude has been used sueh -
sulfide may be converted

as in FIGURE 1, the metal
back to the metal oxide by roasting .the metal sulfide

in the presence of air to form the metal oxide and sulfur =
The preheated air is mtroduced in lines 99 or -

. 155 'in a conventional rnanner, _dependrng on the zone =~
© verted to flow through line .2 and into treating zone 4.

._:--Thls may. be effected easrly by closing the valve in line 1
and openrng the valve in line 2. Likewise, the valve in

_' dro}ode

being regenerated and the . sulfur dioxide in admrxture

1000 to 3000° F. If carbonates have formed -during -

25
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Treating or contactng times

......

B '_zone 3 these tunes may be rnalntarned at less than e.bout .
™" 4 hours. ;

“The mixture of 011 and alkah metal hydromde is wrth-' |
drawn through line 6 and sent to separator 10 wherein
the oil and alkali metal hydroxide separate info two dis-

-tinct liguid phases and-are withdrawn by lines 8 and 9,
?respectwely The - tenrperature in separator 10 will be
 maintained at approxnnately near or slightly belowthat
-~ in treating zonme 3 in order to facilitate separatron of
‘phases and minimize loss of heat from the alkali metal

* is introduced through line 15 and is required as a result
- of operating losses, solubility or dispersion in the treated
‘hydrocarbon phase, and for reaction with certain metals

or metal oxides in zone 3 to carry out the hydrolysis reac- :
tron For example, the reaction -

K KES—I—Fe0+H20—> ZKOH-I—FeS
requrres one mol of water for each mol of sulfur re-

moved. Introduction of water at this point also facili-

~tates oil separation from alkali metal hydroxide in sep-
- arator 10, especially. when processing heavy, viscous oils.
- ‘When: desulfurizing very heavy oils, such as residua, it

 iwith éxcess air is withdrawn via line 199 or 166. The--;"_ig';

- roasting is conducted at temperatures within the range of - - .
> - line 5 is closed and line 16 is opened to allow the alkali

~metal- hydroxrde to flow into treating zone 4, which is

the desulfurization and* regeneration processes, they are: =

~ decomposed durlng the roasting
The temperature -must

. so that the rnetal sulﬁde goes to the oxide rather-than
ozudrzed form:.  Pressure. will

'-'the sulfate or another

| ‘be” approxrmately atmosPherlc - With most materrals

preferred temperatures will be about 1200 to 1800“ F..
Another embodiment of the invention is shown in FIG- -

 URE 2 wherein the desulfurization is conducted in the
‘metal hydroxide. for
the mol-

The' 1n1pur1ty-conta1n1ng oil ;'-_5.5

- presence of metal, metal oxide or:
- sunultaneous desulfnrrzatron and regeneration of:

- 1-to treating zone 3. Treating zone 3 contains therein

. a fixed-bed of suitable ﬁnely--dmded metal, metal oxide
"~ or metal hydroxide. ‘The oil mixes. with- molten alkali
~ metal hydromde containing about-5 to 30 wt. percent wa-

"™.. ter entering via line § and is desulfurized.. The mixture
© of oil, alkali metal sulfide and hydroxide pass through

the fixed bed of metal, metal oxide or metal hydroxide,

and converted to their = .
be -high- enough-

-'may also be. desirable to introduce a lower boiling diluent
oil or naphtha through line 15 or at some other appropri- |
.ate point in order to facilitate separation in zone 10.
. This diluent oil may then be removed with the treated
product withdrawn through llne 8 and separated if desu'ed
'by distillation, efc. |

-When the ﬁ‘sed-bed in treatrng ZOme 3 has been suf- |

: '-ﬁcrently converted to metal sulfide by reaction with the
~ alkali metal sulfide such that it is no longer effective in
- regenerating the alkali metal hydroxide, the feed is di-

- identical to treatrng zone 3. The mixture of oil and alkali
‘metal hydroxide is withdrawn via line _7 and passes |

-through line 6 to separator 10.

60

wherein further desulfurization may occur, but principally

the alkali hydroxide is regenerated and the metal, metal ..65 __

- oxide  or -metal hydroxide: converted to a rnetal sulﬁde
The operating conditions - durrng the contactmg wrth the

alkali metal hydro‘xrde and the metals will be Wrtl:un the

~ range of 300 to 900° F. The weight ratio. of alkali -

~ metal hydrorrde to oil berng treated may vary from about
10 to 200%, preferably about 50 to 150%.

content of the caustic is an. nnportant factor in produc-_f:-
| reagents may be used not only to promote the desulfuri-

 zation reaction but also to increase the rate of hydrolysw o

ing ﬂuldrty and for rnalntalnrng maximum actmty of the-_'

_About 5 to 30 wt percent Water based on total reagent

5

- fore.
80

B _hydro}nde monohydrate or mlxtures ‘thereof.

o portron of barium hydroxide, etc., to potassnnn hydro“xrde

The water_ N

- While treatmg zone 3 is off—strearn, the ﬁxed-bed therern -
is regenerated in any of the methods discussed hereinbe- -
‘Where the bed is roasted to convert the sulfide to
) the oxide, lines 11 and 13 provide means for 1ntroduc1ng .
| preheated air into. the respectrve treating zones.

Like-
wise, the  mixture of air and sulfur dioxide product s

withdrawn through hnes 12 and 14 of therr respectwe
” treatlng Zones.. |

-~ Although the snnultaneous COIltElCtlIl“ of the oil wrth
the alkali metal hydroxide and the finely-divided metal,
metal oxide or metal hydroxide has been discussed in

relation fo a ﬁxed—bed of the metal, it will be remembered
‘that any type.of contacting may be employed, whether it

be a continuous or batchwise process. For example, the
finely-divided metal, metal oxide or metal hydroxide may
be agitated with the mixture of oil and molten alkali
metal hydroxide and the sohds separated therefrom by
filtration or settling, whlle the two hqurd phases are
separated by decantlng :

- The molten KOH reagent in the mstant mventron rnay |

'ibe used ‘in "admixture with barium hydroxrde barium

- The pro--

‘may vary widely, but usually will be within the range
of about § to 50 wt. percent of total reagent. Such mixed

of sulfide to hydroxrde srnce barnnn sulﬁde 18 more easﬂy

ay be present wrth preferred quantrtres 1n the appro:u—, ) |
_:_rnate range of 10 to 20%.
.may. vary within the range of about J;ig to- 16 hours pref-_



_— -hy drolyzed than the potassmm sulﬁdes

: ~ operating conditions employed in impurity removal zone
| _-_2 will not- dlﬁer greatly from:.that ordmarﬂy used for
‘molten KOH. Appromma‘sely the same levels of ‘water

~ content of 5 wto 30 wit. percent in the reaﬂent wﬂl alse
'- be employed | | [

“In general the '

3 164 545
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_'-t-'hydreearben was: added to fac ﬂltate separatmn of oil from
~ potassium hydroxide and the diluent removed from the
- treated preduct by distillation.

- In some- mstances where

) ”,K_QS remained suspended in the 011 the sulfide was decom- - '

~posed with acid precedmg the remeval of the xylene.

o The results are shown in Ta,ble 1 belew

R o TﬂblﬂA-I D
EFI‘EOT OF OPERATING CONDITIONS ON DESULFURIZATION AND

- droxide monohydrate, or mixtures thereof.
~a cesium hydroxide-barium hydroxide reagent which con-
‘tains only. 2.9 mol percent of CsOH is very active for

e _D_-JMETALIZATION WITH MOLTEN KOH-H;O MIXTURE
ST 'Wt Pereent W-t.'p'erc‘eﬂt SR AR B '."Pereenf'“. - |
- TestNo. |- Hp0in- | KOH on - Temp v Treet Desulfuri- | Percent V
o 1 KOE “H,0 " Feed B PP Heurs . zdtion | Removed
| :hilxtu;elf ) - RN S S B ’
_  EFFECT OF AMOUNT OF KOH-H;0 MIXTURE . |
1 '_f315-: - g4 | 600 -1  _'24' | ;}”_-"#31[__; __________
2__ ___________ _-. 15 i _ 1{}0 | 600 o 4: R 47 - .;.;. ___________
B e 15 2007 - 600 - 4 RN B I ,
S  EFFECT OF WATER CONTENT ON MOLTEN KO:
AR ol L 100! v oe00 e <10 |
[ R 7T S100p - 800 - 4 23 60
B mmimmee 15 . 100 - 600 | 4 47 100
O 2 100 0 . 6007 4 a1 | 55
| - EFFECT OF TEMPERATURE
B8 SRR RS (N 1 ) - 31| 100
o Xy 10 600 0 4 47 100
9 1. 15 100 650 . 33 64 100
EFFECT OF TREATING TIME
10 15l 10010 500_ B 1 -. - N
F O - 15100 600 | - 4| 47|l
12 oo ST H 100 6001 I8 60 oo

PR These deta else ﬂlustrete the water retentwe eharaetenstms ef “{0 -

at different

. 'tempera.tures as little Or 110 water WELS Iest frem the melten reagent durmg trea.tment

The cesium hydremde of the. mstant mventlen may be -

ﬁeed in admixture with molten potassium hydroxide, _-
~ miolten sodium’ hydremde molten alkaline earth metal

hydroxides, such as- barium hydroxide and barium hy-
For example,

~ desulfurization whereas the barium hydroxide alone has

o no 51gmﬁeant activity. Cesium hydroxide may be em-

- ployed in these mixtures in relatwely small amounts of
~about ‘1 to 20 mol percent, based on ‘total reagent, to
~ produce active contaminant removal reagents from alkali

 or alkaline earth metal hydroxides that ‘would be less

expensive than’ a reagent Whlch cen31sted solely of eesmm
- hydroxide. | T
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The folleng examples 111ustra.te embod1ments of the

o preseﬂt invention.
' EXAMPLE 1

Batch tests were made on a G50° F. Kuwmt re31duu1n

taining water to determine the - eﬁect of varying the

 amount of KOH, the water content. thereof the tempera-

ture conditions and the treating time. The individual

“tests were conducted by adding the 111dleated amount of
petassmm hydrmude to the oil at 300 to 400" F. with -
-stirring,  increasing the temperature to the demgnated .

level and mamtalnmg it there for the SPec:lﬁed time with
- continuous high speed; mechanical stirring. -
. ing to about 250—300" F Xylene or ether comparable

After cool-
5

o 65
| contamlng 5.2 wt. percent sulfur with molten KOI—I con-

Frem the above table 1t 13 clear that these Vanables

" _3,11 affect the desulfurization of the residuum. Thus is
is necessary that the amount of molten KOH reagent be

50 within the range of 25 to 200 wt. percent of feed. being

treated, preferably 50 to 150 wt. percent. The water
content of the molten KOH should be w1th1n the range

of 5 t6 30 wt. percent, préferably 7 to 25 wt. percent.

- The optimum water content would be about 15 wt. pei-
- cent water.

‘As 1s seen above, the temperature substan-

tially affects the desulfur1zat1on obtained and-the tem-

perature during contacting should be in the range of about
300 to 900° F., preferably 550 to 750° F. Further:mme,

the longer the. treatmg time the more the desulfurization,
but treating time less than 4 hours may be used. It is
preferred, however, that treating times: wﬂhm the range

| ef about 14 to 6 hours be empleyed

EXAMPLE 2

ThIS experlment was condueted to demonstrate the re-
moval of sulfur and metals which is obtained by use of

- the melten KOH cont ammg water of the instant inven-

tion. -

- The expenmems were conducted in two physmally

| aﬂferent environments; namely, an autoclave and an open

70

- bens from the more Volatﬂe feeds

beaker.. Three different feeds were tested. In two runs -
the ‘autoclave was used to avoid loss of light hydrocar-
Confaetmg and oil
recovery in both the qmoelave and open beaker tests

were aeeomphshed by the same - general precedure as
descrlbed in Example 1 | -




The results ef the expemnents are glven in Tahle II.}'

. slesas

agents as.cor

10

apared to that eﬁeeted with the same quan-_'- |

In each test the molten KOH centalned 15 Wt-

: percent water based on total reagent and the reagent was

-txty of single-component reagent. ‘This was unexpeeted-

 since Ba(OH), by itself under these conditions is a rela-:_.'-
o .tWEIY ineffective desulfurlzmg agent |

It is apparent that ‘the presence ef ‘barium hydreslde

present in equal amounts by weight to ‘the feed being 5o
~ treated. Only traces er gas or- ceke were formed durmg':""“} o with the aqueous molten KOH provides new and unex-
these tests e R j;,_.;__f'pected mpreved desulfunzatmn ef the 011 It is thus a
LR Tabzeuuf_ B
S METAL AND SULFUR REMOVAL WITH MOLTEN KO'—Hzﬁ REAGENTI

S f 15 wt. pereent water based en tetal reagent]

| :'_.remeval was 47%

Oentaetmg Vesse] ................. Niel{el-Lined Auteclave_ : R | Onen B'e'alre:r”; R
Feed__.----_...._,____---_...___.._--.':..,.;__' 400’-‘ F + :reavy Lake 7{]0" F + Kuwalt _' 950“ F + Kuwam 65051 F + Heavy LaLe
Treatmg ’I‘enlperatures O R i.in o 650 - 700 o - ".600. .f' e 6000
Centaet Tn:ne, _ieurs,.l.:.;_--_,-_--;,-;-..._.._- 25 . L 4_0 .. SRR | BN 4:0_ . S 20
Fa [ [ P ) ery S
| ;'Ins ections: R IR o S o I |
o pVanadmm p. p In____....__._..-- o 400! 20 40 By 80 B ] ~ 700 L 20
" i: Percent Remeved-l-_e ----- B B o et | - 88 e B | 160 .
U Sulfur, Wt Percent._lLi-C el 208 ~2.0 - 4.2 2.9 b.2 _ Qi8 Moo L _
~Percent Remeved____,_;,;;;_r_.; S S 20 [leioo-- S %3 W | PR A8 IV TR
| 'Nlﬁkal P.D. Hl_.'.-'-.._..'..--.'_...;.._..._'.' IR SIYUOU (SO || R SRR e 1 e | i i B 100 __ 0.5
o Percent Remeved---..--__.__--- RSV (USRNSSR St | SUPREVICIDAPONY FUP SRRy | UG Sy upis) WSRO | DA : ._1{}{]

1 These data. alse 111ustrated the water retentwe eharaetenstms ef KO -

at atmespherre pressnres and elevated ternperatures

- ae 11tt1e or no Water Was lest frenl the nlelten reaeent durlng treatn:tent e1ther f.rere the auteclave or ep en beaker tests

e

It maY be seen frem the abeve table that the meltenf . :‘_
KOT-I——Hgo reagent empleyed ‘within the conditions of =

 the instant rnventren 1s an exeellent desnlfurlzatlon and
demetalrzatlen agent T ST

EXAMPLE 3

A 950“ F -]— shale oil fractmn was eentacted fer feur
heurs at 600°. F. with. molten- KOH eenta:mng 15%
water, based on. tetal reagent in a
that used in Example 1.

anner. similar to
~The nitrogen. content of the

'{preferred embednnent ef the mstant 1nvent10n te ern-:_
ploy the molten KOH: containing water in combination

" with 5 to 50 wt. percent barium hydroxide based on tetal o

shale oil was decreased- from 2.7 wt. percent to 1.9

,.wt percent representmg a nltregen reduetmn ef 30% o
| ceelrng te abeut 200 to 300° F.,

60
. Solvent was then removed from the purified oil by distil-

EAAMPLE 4

A 95 0° F —I~ Kuwart resrdnnm was treated Wlth melten
-KOH eentarnmg 15 wt. percent water with and without
the presence of beta-naphthol.”

In each’ case, the molten KOH containing water amounted

~to 100 wt. percent of oil being treated. ~ The qnantrty of
o beta-naphthel was 10 wt. pereent based on oil. _
mg and work-up precedures were the same as 1n Ex-, |

EXAMPLE 5

In treatlng a 950“ F.+ Kuwait res1dunn1 at 600“ F.
for 4 hours, one part of oil: and one part of molten
"KOH containing water give 47%. desulfurization.and with
- two parts of the same KOH reagent no better desulfnrlza- |

tion was obtained. The percent of water in. the molten
KOH was 15 wt. percent based on total reagent.- In a
similar experiment carried out at the same temperature
conditions and for the same length of time one part of oil,
. one part of KOH, and one part of barium hydroxide gave
' 64% desulfurization. Again, the Water content was 15 wt.
percent based on tetal reagent. . The evaluations were
~ carried out in the same way as described for Example 1

. and demenstrate the:more favorable extent of desulfuriza-

. 1:10n Wthh ma},7 be - achleved Wlﬂl KOH—Ba(OH)g Te-

Contact- .

‘In the latter, the sulfur
| at.600°" F.. -With. the “beta-naphthol -
present the sulfur removal’ was increased to 59%. at’
the same temperature and other operating conditions.

| 'A"950‘""’ 'F' |
_'eent sulfur was contacted at 500° F. for four hours with
the theeret1cal quantity (44 wt. percent based on oil) of
- molten cesium’ hydremde, containing 15 wt. percent water =~

- it was 31%.

S '_'reagent te gwe further increased desulfurrzatmn o

EXAMPLE 6.

Kuwart res1d11un1 centammg 5 2 wt per— |

based on that reagent,’ requn‘ed to react with the sulfur.
The cesmm hydre}nde and -0il were intimately mixed

nechanical stirring during the test. After
the o1l was separated |
from the reagent and metal impurities with hot xylene.

lation. The “sulfur content "of the reeevered 01l was

-._--reduced 52% and vanadium-removal was-73 wt. percent.

It is clear from ‘this example that molten CsOH con-

. tarnmg 5 to 30 wt. percent water is an excellent sulfur and
~ metal removing agent and is not equivalent to but rather
- -.unexpeetedly superior to KOH. - The effectiveness of this
. agent is more apparent when eempared to' the actwrty?--

- of molten KOH containing the same amount of water. .
In the same manner as drscussed ‘this molten KOH (100
~ wt. percent based on oil) was- centacted with said oil. =
At 600° F. the -sulfur removal was 47% and at 550° F.

" As higher temperatures result in more

~ sulfur removal, it is clear that at identical operating con-

75

dll'.lOllS thé molten CsCH. COIItB.II]lIlg 5 to 30 ‘wt. percent

‘water would be. substantially and nnexpeetedly superior
to-KOH as a desulfurizmg agent,

at- 500" F sulfur renmval was 52% Whereas with KOH

o EXAMPLE 7
- In the same manner as described in Example l 950“ |

'F.4 Kuwait residuum samples were treated with molten
- Ba(OH),, NaOH, and KOH alone or admixed with

CsOH In all Tuns the pressure was. atmesphene and

That is, with CsOH



Water based on. total reagem, (2) nrelten potassmrn hy--
droxrde eentalnrng 15 wt percent Water based on total

| the temperature abeut 600“ F The results are shewn |
e '31n Table IH belew | o | R
': ' Table Il

DESULI’URIZATION WITH CsOH PROMOTED'RnaGENTs; R

Mel pereent | Pereent 1 Pereent . - -

) of the cesium hydroxide with barium hydroxide.
- addition of 4o equivalent” of CsOH, ‘based onsulfur,

an etherwrse inactive reagent
~ .CsOH
" from 47 to 57%.

;_.'ef

- the range of 400-600° F.-

.'-_Testhe Reagent 1 (Nes in ( ) are Metal of Minor © Desul ~ | Vanadium .

IR Equwalents based on. S) Component. [ furization | Removal - -

- o B o -_.m'_Reagent_ o S

858_____._| Ba(O )s (1 7).___;_;._-_-___.-._'-._.____-_.__--. et SR N PSS

873 ... Ba(OH); (3.4)FCsOH (0.05) _._-_. L5 RN : 35 O i

B2 _-l._ .1 Ba(OH)2 (3. 4)-——Cs0~< 0.1). .. - 2.9 46 40

838 .- { NaOH (8.0) ..o SRS IR - LR 2 D R S S

872 —-—.. NaQH 8.0)4-CsOH (0.1) . _-__.-. 1.2 DU 7: S S LI S | I T |

836 e KO (5.8) .ol e m e T R Doy O P P A | |
. 876_....._,.-_... KO L1 (11 2)..-.-'-__'—-'_—--.--..--"—-'_-i;-—'——_ e ——— [ N 46 .-..-'-..-.-'--_-.._-.'-._--.:___".._;'.;- S o oL e ;_ S e . o "
_865._'.3._.'.---_' --KO- (5 ﬁ)+CsO+ (0 1)---—--;--'",- ‘ 1.8 RN 7 () P T T o . S

1 In all tests the rnelten reagent eentalned aupreaunatelcj,'»r 15 Wt pereent HsO

' These tests clearly demonstrate the synergrstre effect
The

- promotes. the removal of 5/10 equrvalent of .sulfur with

‘ective.

desulfurrzatmn
EXAMPLES

o Te 1llustrate the effectiveness of regeneratrng the rnelten R

".-'-f---..alkalr rnetal sulfides with metal, metal oxides, and metal
= _'hydroxrdes seventy parts by weight of potassium sulfide
- was mixed with 30 parts' of water to form a liquid
~ molten mixture which was segregated into various frac-

In eaeh of these tests, 200 -

. -trens for the fellemnu tests.

- .ce. of the liguid molten mixture was slurried with 25—~
30 g. of the powdered: metal oxide and marntalned at'a
- temperature between 250 and 300° F. for two hours.
- Slurrying was obtarned by vigorous mechanical agrtatron
. with a high speed stirrer.

o the eerrespondrng sulﬁde is shown in- Table IV
| | Table I V | |

Percent ef Regenera—

o - Regeneration Agent tion Agent Converted

The same prepertmn of
when used wrth KOH increased  desulfurization
AL thls level of- desulfurrzatlon ‘this

"-.'quantrty of ‘CsOH alone would be apprexrmately 15 as
Increasing the amount of KOH' by 100%,

~in-the absence of CSOH did not 1nerease rthe extent efl o

- te the Sulﬁde -

{01 L0 T S ) T

GO0 e S 39

1Y Y0 T © 16

CaA(O ) 9o iAo *_1_02 :
_ '- 150 0

{28 10% HsO

1 Tthis run Was rnade at 50{]‘“ F Wlth 90%

It wrll be seer f1 em the table abeve that the metal omdes

'. ; and hydroxides readily take the sulfur from the potassium =
~ sulfide and regenerate petassrum hydroxide. Theugh cal- -

-_cium hydroxide at the low temperatures used in the
above tests (i.e., 250-300° ‘F.) did not assist greatly in.
‘the eenversmn te potassrum hydre:ude at temperatures in.

with a-more concentrated

3potassrurn sulﬁde solution, as shewn in the second run with

~ Ca(OH)», the calcium hydroxrde was readtly converted

~ to calcium sulfide, thus illustrating the criticality of tem-
perature and Water eeneentratlen on the regeneratmn step

EXAMPLE 9

In separate runs a 900° F —|— Kuwatt resrduum was

"""f-centaeted with (1) a mixture of copper - powder and

20

35

. It wrll be seen frern the abeve data that m the s1multane-
- ous desulfurlzatreu and conversion the sulfur was removed

40

S ‘A -metal sulfide was formed
- and alkall metal- hydroxrde regenerated “The ‘metal sul--
- fide was separated by setthng and filtration.

‘The per-
- centage conversion of the various regeneratren agents to

. sulfide remained in the reaction products.

reaﬂent and (3) pewdered 00pper alene te demonstrate -
the eﬁect of employing the molten alkali metal hydroxide

- and' copper simultaneously. The oil during these runs
- -was at a temperature of 600° F. Contacting was carried
out at atmospheric pressure in. a stainless steel reactor |
: .prevrded with high speed mechantcal stirring, | |

The table below indicates the amount of sulfur and:'- |

”'"_the ferrn 1t was 111 when remeved frem the resrduurn 011

T able V
e .-Wt. _Pereent_ : Remeu‘ed"'- "PereentS' |
. 7 Reagent. - - | Reagent(s) | from Resid- | -Removed
A - on Feed . | uum as—- - = S
859, KOH-15% IIzO/Cu.._-;._._ . 40195 | CuS....._...| 32
869, K.OH-15%, H.0O____... - oo A0 Kol 31
o 125 CuSLli) 10

as copper sulfide and no detectable quantities of potassium. .
It will be
noted that sulfur removal was not increased by the pres-
ence of the copper and thus the potassium hydroxide acts

- as the sulfur removing agent, the copper merely convert-
- ing the potassium sulfide so formed back to potassrum hy—-

l 45 ‘-drexrde and resultant copper sulfide.

,. | EXAMPLE 10
Substantlally the same proeedure as deserrbed in EX—

ample 9 above was. empleyed on a 950° F.4 Kuwait

50-';" molten KOH eentalnlng 15 wt

pare the removal of sulfur by
pereent ‘water based on

residuum at 600° F. to cor

-~ total reagent in the absence or presenee of a metal, metal

- oxide, or metal hydroxide.
o - KOH employed was 34 parts by weight per 100 parts. of
55 residuum.  Where a metal or metal oxide was present, it =
. P9 was present to the extent of 125 parts by We]_nht Of Te-

65
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“In all the runs the amount of

srduurn berng treated

Table VI R
. Moetal or Metal Oxide Added = - {fur Rerneved Rerneved
S - from .| . as—
- Residuum . -~ =
N ON8 oo Coe oot mm e B RS,
NI O i e e e e b e ; 32 NIS.
00 e e - .31 | CoS.
O 32 'GuS_.

The desulfunzatten was equrvalent to that- obtarned with

- the petassuun hydroxrde alone; however, the sulfur was

70

recovered. in the form of a metal sulfide rather- fthan the

-alkali metal sulfide and the amount of KOH was sub- _'

'stantrally the same as befere contacting with:the reSIduum
- Cesium hydroxide may be obtained from many sources,
Probably the most economic source, however, is from

melten potassrum hydre}ude ecmtanun«:'«r 15 Wt ‘percent 75 Alkarb a mrxed eesrum l‘l.lbldl'{lm potassmm carbonate
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-_ produced as a by—product in the separation of 11t]:uu1n -

hydroxide from lepidolite ore.

Cesium carbonate may
be easily separated from the Alkarb and converted to

cesium hydroxide by steam hydrolysrs or ‘other suitable -

methods. -
in large quantities as 1is.

Potassium hydro:slde is avallable commeromlly;"

“This invention is not to be limited by anty theory re-

- garding its operahon, nor is it to be limited by the specific

'exarnples herein presented or the specific embodiments
herein described. The scope of the 1nventlon is to be
determined by the appended claims.

10

‘This application is a contlnuatlon-ln-part of appllcatlon
Serial Number 45,309, filed on July 26, 1960, now Patent

No. 3,128,155, application Serial Number 45,344, filed

on July 26 1960, now abandoned, -and of apphcatlon

abandoned, all assrgned to apphcant S ass:tgnee N
‘What is claimed is: - |

1. The process of rernowng sulfur 1mpur1t1es from a
liquid hydrocarbon stream which  comprises ‘contacting

~ said liquid hydrocarbon stream in the liquid’ phase with
molten potassium hydroxide containing 5 to 30 wt. per-

15
Serial Number 52,883, filed on: August 30, 1960, now' -

cent water based on fotal reagent said contacting being '

conducted at a temperature 1n the range of 300“ F to -

1900° F

tams about 7 to 25 wt. pereent water and the contacting
is conducted Wlthll‘.l a temperature range of about 55 0
- to 750° F. | |

-3, The process of removing sulfur 1mpur1t1es from a
hydroearbon stream boiling above about 950° F. which
comprises eontaetlng said stream in the quuld phase

at a temperature in the range of about 550:to 730° F with -

molten potassium hydroxide containing about 5 to 30
wt. percent water based on total reagent. -

2. The process of elann 1 whereln sard reagent con-

30

- group consisting of Me; MeO, MeOH, and 1

14

9. The process of claim 8 wherein the reagent consists
of molten potassium hydroxrde and cesium hydroxide.
-10. The process of claim 8 wherein said reagent con-
sists of molten sodium hydroxide and cesium hydroxide.
11. The process of claim 8 wherein said reagent con-

sists of molten barium hydro:-ude and cesium hydroxide.
-12. The process for removmg sulfur from a hydroear— -
bon stream which comprises contacting in a first treating
-zone, said hydrocarbon stream with a reagent containing

-molten alkaline r | _

water based on total reagent to form alkali metal sulfide,
_ segregating said alkali metal sulfide from said hydrocarbon
- stream and contaetrng in-a second treating zone said al-
- kali metal sulfide in the presence of 5 to 30 wt. percent .
" water at a temperature in the range of 200 to 1000° F.

etal hydroxide and 5 to 30 wt. percent

with a finely divided solid compound selected from the
ixtures there~
of, wherein Me is selected from the group consisting of
oopper nickel, iron, manganese, cobalt, calcium, mag-
nesium, molybdenum, lead, tin, zinc, tungsten, antimony,
and bismuth to form alkaline metal hydroxide and re-

'eyehn g said alkalme metal hydro:ode to sa1d first treat-

1ng zone. |

13. A process for regeneratlng alkah metal sulﬁdes to
alkali metal hydroxrdes, which comprises contacting the
alkali metal sulfide in the presence of 5 to 30 wt. percent

“water, based on hydroxide and water, at a temperature of
200 to 1000°. F.- with a finely divided solid compound
~ selected from the group consisting of Me, MeO, MeOH,

and' mixtures thereof, wherein Me is selected from the-

. group consisting of copper, nickel, iron, manganese, co-.

39

4, The process of removing sulfur, nitrogen, and B

‘metallic contaminants from a liquid hydrocarbon stream

which comprises contacting said l1qu1d hydrocarbon in

the liquid phase with molten potassium hydroxide con-
- taining about 5 to 30 wt. percent water based on total re-

40

agent said contacting being conducted at a temperature |

‘in the range of about 350 to 800° F.

5. A process for reruowng sulfur from a hydrocarbon

| stream which comprises contacting - said hydrocarbon;
stream in the liquid phase at a temperature in the range

45

of about 350 to 800° F. with a reagent containing molten .

potassium hydroxide and 5 to 50 wt. percent of a com-

- pound selected from the group consisting of barium hy-

droxide, barium hydroxide monohydrate, and mixtures
thereof, and containing about 5 to 30 Wt pereent water

based on total reagent.. __ - |

| 6. The process for remowng sulfur nltrogen ‘and
metallic contaminants from a hydroccarbon stream which

eompnses contacting said hydroearbon stream ‘with mol-

ten cesium hydroxide reagent in the liquid phase, said

~ reagent containing 5 to 30 wt. percent water and said

- contacting being carried out at temperatures between

- 350 and 800° F. |
© 7. The process of claim 6 Wherern said cesium hydrox-
ide is used in admixture with a eompound selected from

" the oroup consisting of potassium hydroxide, sodium hy-

- droxide, barium hydroxrde and barium hydroxrde MOnNo-
hydrate. -

8. The proeess for rernovrng sulfur 1mpur1t1es frorn a

“hydrocarbon stream which contains hydrocarbon con-
stituents boiling above about 250° F. at a temperature

in the range of 350 to 800° F. which comprises con-
1pris-
‘ing molten cesium hydroxide and a compound selected
from a group consisting of potassium hydroxide, sodium
- hydroxide, barium hydroxide, barium hydroxide mono-

taetmg said hydrocarbon stream with a reagent co

hydrate and mixtures thereof, wherein said reagent con-
tains 1 to 20 mol percent of cesium hydroxide and con-

tains from -about 5 to 30% by welght of water based on
| | | 75

- total reagent

“balt, calcium; magnesium, molybdenum, lead, tin, zmo, |
- tungsten, antimony, and bisr |

uth.
.. 14. The process of claim 13 wherein the alkahne metal -
sulﬁde being regenerated is potassium sulfide. -
15. The process of claim 13 ‘wherein the metal omde

is iron oxide.

16. The process of claim 13 wherein the metal hydrox-

“ide is iron hydroxide.

17. The process of claim 13 wherein the metal omde_ |
is copper oxide.

18. The process of clalm 13 wherein the metal oxide
is eobalt omde |

19. A process for remowng sulfur from hydrocarbon
streams and srmultaneously regenerating the desulfurizing
agent, which comprises contacting said hydrocarbon

stream in the presence of water and a finely divided solid |

compound with molten alkali metal hydro:ude at a

50 ‘temperature in the range of 300 to 1000° F., said com-

compound being selected from the group consrstmg of
Me, MeO, MeOH, and mixtures thereof, wherein Me
is seleeted from the group consisting of Copper, nickel,

- iron, manganese, cobalt, calcium, magnesium, molyb-

o9

denum, lead, tin, zinc, tungsten antlmony and bismuth,
wherein said contacting is carried out.in the presence
of 5 to 30 wt. peroent of water based on hydromde and
wafer. |

20. The process of claim 19 wheretn sald metal eom— |

pound is copper. -
21. The process of elauu 19 wherein sard metal com-

- pound is iron oxide.

22. The process of elaun 19 whereln said metal com-

- pound is nickel.

70

23. The process of claim 19 wherein said metal com-
pound is iron hydroxide.

- 24, The process of claim 19 Whereln said metal com-

pound is copper oxide. |
25. The process of claim 19 wherein sa1d metal com-
pound is nickel oxide. . |
26. The process of claim 19 wherem sald nletal com-

pound is cobalt oxide.

-27. The process of claim 19 whereln said alkali metal
sulfide is contacted with finely divided calcium hydroxide
at a temperature of 400 to 600° F., whereby the sulfide



3;1:64;_54'5

n5

s converted. te the hydroxide and: the calerum hydrexrde |
”1s converted to-calcium: sulfide,- . | |

28. Process for upgrading heavy hydrecarberr oils

~ containing contaminants selected from-the group consist- -
- ing of metals:and ring compounds of sulfur:and nitrogen

~ reacted: oil product; separating-the reaetron mixture of

Ee

- reae_ted -0il: products- and reagent into at least two phases,

&t

‘which: comprises the steps: (1) intimately. contacting the -

oil in.the:liquid. phase with. a-reagent: comprising’ potas-

sium hydroxide and no more than-about 30% by weight _'
- walter, . based on the reagent;. the weight ratio of the re-

- agent to hydrocarbon oil:being: from 25 to 200% at a
- temperature between about 550-and-750° F. for-at least-

0.1:to 16 hours, thus forming a-reaction: mixture of re-

~agent and: reacted: oil: product, (2)- addlng a solvent- to

10

- -an upper liquid phase comprising liguid reaction prod-
uct and a_lower phase comprising. reacted-reagent and
| Water, withdrawing separately-the upper liquid phase, -
‘mixing the withdrawn liquid phase of oil reaction product
| Wrth water,:separating this mixture into two liquid phases,
an:upper hqurd phase substantially. free' of reagent and
having:substantially reduced content-of contaminants and
‘a lower liquid phase-of water containing reagent recovered.

- from the liquid oil reaction:product.

30.. A" process for removing sulfur: 'frem a sulfur-eon— |

o taining heavy residual fraction boiling above-about 900°

the reaction mixture, (3) separating:in-a first separation

- zone the reaction’ mixture-of reacted oil product and re-

~ agent: into- at' least two: phases;. an upper liquid- phase -

comprising ' liquid - reaction. product- and a. lower liquid

- phase: comprising- reacted: reagent. (4) withdrawing sep- -

arately the upper-liquid phase from the first-separation
zone, (5) :mixing:-the. ‘withdrawn: liquid- phase of oil re-
action:. product: with water,: (6): separating in:a second-
separation zone-the mixture: of liquid oil reaction: -product-
~and water into two liquid phases, an upper liquid- phase

substantially: free of reagent- and: having substantially

reduced: content- of . contaminants; and. a lower: liquid
- phase of. water containing reagent removed from the

quurd oil .reaction product.

29; A process: for upgrading heavy hydreearbon oils

20

P
oot

and-water-at a

F; and 51multaneeusly regenerating the desulfurizing agent

which. comprises ‘contacting- said--heavy residual- fraction

in- the presence: of a finely-divided solid - compound with

molten alkali- metal. hydroxide desulfurizing agent- con-

taining 5 to 30 wt. percent water _base_d,on__s_ard ‘hydroxide
a: temperature in the-range: of about 300°
to 1000° F.;.

is converted to -alkali metal sulfide which. is regenerated

~ to ferm the alkah metal: hydrexrde

| 'centarnrng anetals, sulfur-and'nitrogen contaminants which

comprises intimately. eentactmg..the oil.in the liquid’ phase-

30

- with a . reagent” comprising - potassium hydroxide: and:no-
more than about. 30% by weight: of water based on the:
werght of reagent the weighit ratio-of’ reagent to: oil being

from:25% to 200% based on feed; at'a temperature be-

~ tween about' 350 to ‘800° F. for at least-4’ hour to about:

6 hours; thus forming- a-reaction mixture- of reagent and
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said solid: compound: being: selected: from
- the: group consisting of Me, MeO, MeOH and mixtures
~ thereof: wherein Me:1s- seleeted from the. group -consist-
 ing-of' CUPPUI' nickel,. iron, manganese ‘cobalt, calcium, -
- magnesium, molybdenum lead; tin, zinc, tungsten, anti-
5% mony and bismuth whereby said molten metal hydroxide
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