2106536 -1- A METHOD OF REFI NI NG SOUR HYDROCARBON DI STI LLATES The pr esent @
invention relates to a method eof ‘refining sour hydrocarbon distillates such
as kerosene to reducé the amount- of the sul fur-containing conpounds. Crude

oils are exceedingly conplex nixtures, consisting predom nantly sz;%ﬁﬁ -
hydr ocar bons but al socont ai ni ng sulfur nitrogen, oxygen, and net '
bpopurities. Wile it is desirable to re6 ver the hydrocarbon constituents

in their pure form and to renove these inpurities so as to mninize their

del eterious effect on the product and refinery apparatus, realistically

this has been difficult to.acconplish as nost of. the inpurities occur bound
with carbon and hydr ogehMET 8F REFINING uHYDROGARBON: IDISTILLIATES | i st ed

above is generally a costly process. Perhaps the nost. ubiquitous inpurity
encountered in petrol eum processing is sulfur. The presence of sulfur in

petrol eum product s andhe inreseat inventionc relatescto s sekhod of) refjoing sauy
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Perhaps the most ubiquitous impurity encountered in petroleum
- processing is sulfur. The,presence_of_sulfurIin_petroleum products
and, indeed, in the crude feedstock itself generally increases the -
corrosive characteristics thereof, and forms harmful and noxious
reaction products upon combustion.. In particular, the presence of
sulfur-containing compounds reduces the combustion characteristics of
'gasoline and may render fuel oil unusable in many places due to local
regulation on the amount of sulfUr allowed therein. Consequently, at
nearly every stage of production various measures are taken either to
reduce the amount of sulfUr or to render the sulfur-containing
compounds inoffensive.
_ Hydrogen-treating of petroleum fractions has been known as a
method of sulfur-removal since the 1930'5. However, it was not until
,the advent of catalytic reforming, which made inexpensive
hydrogen-rich off-gas available, that hydrogen desulfurization became
_commercially viable. Presently, hydrogen desulfUrization is routinely
accomplished by mixing the feedstock with recycle and make-up hydrogen
and heating the mixture to 204-454°C (400 - 850°F) It is then
charged to a fixed catalytic bed reactor of cobalt molybdate on an
alumina carrier at 446-10,443 kPa (50-1,500 psig)




charyed to a fixed catalytic bed reactor of cobalt nol ybdate on an al uni na
c Qg r at 446-10, 443 kPa (50-1, 500 psig).
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pr rati.on of catalytic cracking feedstock. It may al-so be used to

upgr ade mddle distillates, cracked freuﬂaﬂans lube oils, gasolines and’
waxes. Fwdrodesulfurization however, is a hlgh ener gy- consum ng process
whi ch al so requires a supply of hydrogen. In other attenpts to renove
and/ or - render innocuous corrosive sul fur-containing compounds, especially
mer capt o conpounds, iHyieIrogé?Htreattb'tgidnd v useditextgngbielyl toprepars irefiermer

Theso fracti oifeesback end 3o WetnPyi¥on Ghonddafiod ol ceBR REE braByas

di sul fi des,

efepdstmISR. Iwmdye al so sberrosed)d:onaggweuommieodistidlatemt erackest

i th
any hydrocar bﬁ%gi:i&qg’l Qﬂbe'dilg S%QE%QQnéQ an g%%e Ian on )

treatment of hy

rocarbon tes heavl er

kerosene, solRaweverstis @ I@lgh enam;ecamumimmmceam whighsalsq r&ﬁdilf%eﬁ oi l .

The vari ous

ngng_?rﬁﬂg\ gf sses devel oped to date include treatnent of the
IS

hydr ocar bon d | ate a.doct.or ,sol ution | unbi te) an
sﬁl fur, reacting the %m%'&‘?ﬁ tg@?ﬂﬁiﬁﬂs’%"ﬁ’ﬁ @ﬁﬂgrrﬂﬁ% q‘@cgﬂﬂstqq}gms ve
Hypolchl orite .?ﬂq’oescontam:igaeampmmmsesp&iar wemamdemlrﬂtspcr.ss It?SH,
|nvo ves reacti.n r o) npo e di ate fraction
(i.e. rrercapt%ﬂ‘? h‘rﬁ %aﬁ ?ﬁﬁ%g %%9‘”35 r}trtaﬁg ?na ﬁ" i BPHY- agent ,

-such as air,
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treatment “of any hydrocarbon fraction, it has been found particularly

" Useful for the treatment of hydrocarbon distillates heavier than

gasoline, including kerosene, solvent stove oil, range oil, burner

: oil, gas oil and fuel oil.

The various sweetening processes developed to date include

" treatment of the hydrocarbon distillate with a doctor solution (e. g.-

' sodium plumbite) and sulfur, reacting the mercapto compounds with

copper ‘chloride and the Hypochlorite process.’
" Perhaps the most effective sweetening process involves

"reacting mercapto compounds contained in the distillate fraction (i.e.

mercaptans, thiophenols, and salts thereof) with an oxidizing agent,

To-2- Fwdrogen treating is now
xtensi-vely to prepare reforner feedstock and, to sone extent, Afor .

‘'such as air, and an alkaline reagent in contact with a phthalocyanine S

- catalyst, such as cobalt phthalocyanine. Typically,

phthalocyanine—catalyzed sweetening process includes a fixed bed of a'

"composite of a metallic phthalocyanine with an activated carbon

material. "In most cases, this catalyst is found to be very effective

and extremely stable, especially in the oxidation of comparatively low -
" .molecular weight mercapto compounds and those of primary and secondary
'configurations. Some difficulty is, however, experienced when this

_catalyst is used ‘for the treatment of sour distillates containing high RS

:molecular weight mercapto compounds at least in part due to the _
“'presence of aliphatic and naphthenic acids, and phenolic materials, in



extrenely stable, especially in the-oxidation of conparatively |ow

mol ecul.ar melght mer capt 0 ‘conpounds ‘and those of primary and secondary
conflguratlons Some difficulty is, however, experienced when this
catalyst is used for the treatnent of sour distillates cont ai ni ng hi gh

- malecul ar -wei ght mercapto conmpounds at |ea®t in part due to the presence of
al i phati ¢ and napht heni ¢ acids, and phenolicc materials, in -3- these
sour distillates. It appears that in the presence of an al kaline reagent,
these acidic materials (or salts thereof) are attracted to the surface of
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fraction prior to contacting it with the phthalocyanine catalyst. In
u.s. Patent No. 3,445,380 a method for pretreating sour distillate
fraction is described which includes contacting the sour. distillate
fraction with finely divided alkali metal hydroxide, e.g., sodium and
‘potassium hydroxide, and washing the contacted distillate with a
detergent-containing aqueous solution. The resulting effluent is then
- subjected to a washing step in order to remove salts of the acidic
material. : _
As a result of this two-step sweetening process, a serious
| problem arises in the continual production of a caustic waste stream
| containing phenolic compounds, ‘thiophenols, naphthenic acids, and any
residual mercaptans that form soluble and easily removable sodium
mercaptide;_ These compounds are quite harmful to organic tissue and
cannot be added to a petroleum processing refinery effluent which
. eventually is introduced into waterways, rivers, subterranean water
: _fbrmations and, in many places, the oceans and surrounding seas. In
i order to deal with the caustic. effluent expensive processes must be
_ employed to render it innocuous._ An object of the present invention
is therefore to overcome or alleviate this problem. '
~ Accordingly, the present invention resides in a method for '
refining a hydrocarbon distillate fraction containing sulfur-
' containing compounds comprising.

material . In nost cases, this catalyst is found to be very effective and '(%J
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cof ai ni ng phenolic conpounds t hi ophenol s, napht henic acids, and any-

ﬁb I dual nercaptans that form sol uble and easily renovabl e sodi um

nef capti de. These conpounds are quite harnful .to organic tissue and.cannot
be added to a petrol eum processing refinery effluent which eventuall'y is
introduced into waterways, rivers, subtegranean water formations and, in
many pl aces, the oceans and surrounding seas. In order to deal with the

caustic effluent expensive processes nmust be enployed to render it _
i nnocuous. An object of the present invention is therefore to overcomne or
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convert the ne material to the correspondi ng sul fate. By means of
this invention, the mcliearﬁténgptheeﬁwm Wr&taaaa%\;‘sayeéﬁnecmien iie the

render ed i nnGREBHEe BF BRYERT ah@ra emfdiecbﬁwwhg I fll el @Bhoefto thar M ess
al kal i ne et a%ai L % Aﬁ% %D o $/ gfft di sposi ng of - undesi rab_l e
sul f ur -.cont afHietd %f"ﬁ feils 9t ¥ eé’t??? #t8vi ded,.. Furthernore,
" using the nethod of Byhmeamswwnthmlmentaom,os:sebs&e‘am memteht:aemapht henic
Tenperat ur e TIEPEE sBef Rusbieo s, rorberpd ARSI B Bbbateton BT KB aci on
of a harmful ingredients to hamless alkaline metal sulfate. Additionally,
N | ia means of disposrng of unde31rable sulfur-containing effluents and/or
_ i fractions is provided Furthermore, usrng the method of this
::'invention it is possible to neutralize naphthenic acld salts which
; :iwould be difficult to inc;nerate because of the hlgh temperature
o required N | |
The accompanying draw;ng is a schematic 1llustrat10n of a
refining method according to one example of the 1nvention.
_ Referring to the drawing, a distillate fraction whlch
contains mercapto compounds is 1ntroduced to a caustic pretreatment
unit:designated_generally as prewash vessel 10 into which a sufficient
~ amount of fresh caustic is fed to effect washing of the fraction to
' remove phenolic compounds, thlophenols, naphthenic acids and any
residual mercaptans that form soluble and ea51ly removable sodium
mercaptide. Preferred is ‘washing with a solution containing from 3% _
~ to 5% by weight of sodlum hydroxide. In a specific embodlment of the
invention where the distillate fraction is kerosene which generally
has an initial boiling point of between 149°¢C (300°F) and 2320C
" (450°F) and a final boiling p01nt of between 246°C. (475°F) and 288°C
"(550°F), pretreatment by caustic washing uses a 3-5% aqueous sodium
'_hydroxide ‘solution to remove the unwanted ingredients. o .
I general, the method used for contacting the alkali with
'”the distillate is not of critical 1mportance In ore method ‘the sour
distillate and the finely divided alkali metal hydroxide are placed in L
the vessel 10 provided with a suitable agitation mechanism and the L



refining ‘met hod according to one exanple of the invention. Referring to the(lé)
drawi ng, a distillate fraction whtch contains nercapto conpounds is

i ntroduced.to a caustiic pretreatment unit designated general ly as prewash
vessel 10 into which a sufficient ampunt of- fresh caustic is fed to effect
washi ng of +the fraction to renove phenollg conmpounds, thiophenol s,
napht heni ¢. aci ds and any resi dual nercapt ns that form soluble and easily
renovabl e sodi um nercaptide. Preferred is washing with a sol ution

containing from3%to 5% by wei ght of sodium hydroxide. 1In a specific

enbodi nent of the invention. where the distillate fraction is kerosene which
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catalyst in reactor chamber 20.

_ - Any suitable phthalocyanine catalyst may be used in this
sweetenihg step and preferably comprises a metal phthalocyanine.
Partieularly‘preferred metal phthalocyanines include cobalt

~ phthalocyanine and vanadium phthalocyanine.  Other suitable metal
phthalocyanines include iron phthalbcyanine,_cqpper'phthalocyanine,

- nickel phthalocyanine and chromium phthalocyanine. - These metal
phthalocyanines, in general, are not readily soluble in aqueous
solvents, and, therefore,-for use in an agueous alkaline solution or
for ease of compositing with a solid carrier, a derivative of the
phthalocyanine is preferred. A particularly preferred derivative is
the sulfonated derivative. Thus, an especially preferred
‘phthalocyanine catalyst is cobalt phthalocyanine sulfonate. Such a
catalyst comprises cobalt phthalocyanine disulfonate and also contains
cobalt phthalocyanine monosulfonate. Another preferred catalyst
comprises vanadium phthalocyanine sulfonate. These compounds may be |
. obtained from any source or prepared in any suitable manner as, for _
example, by reacting cobalt vanadium phthalocyanlne with 25-50% fuming

- sulfuric acid. While the sulfonic acid derivative is preferred, it is
‘understood that other: suitable polar derivatives may be ‘employed.

Other derivatives include the carboxylated derivative which may be )



; nounds by contacting the prewashed fraction with a phthalocyanlnel
i 'yst in reactor chanber 20. Any suitable- phthalocyanlne catal yst may be
use€d in this sweetening step and preferably conprises a rmetal .

- phthal ocyanine. Particularly preferred nmetal phthal ocyanines includé cobalt
pht hal ocyani ne and vanadlun1phthalocyanLge. Ot her suitabl e netal _
~pht hal ocyani nes i ncl ude iron phthal ocyanine, copper phthal ocyani ne, nlcke!:;ﬁ
pht hal ocyani ne and chromi-um pht hal ocyani ne. These netal- phthal ocyanines, in
general, are not readily soluble in aqueous solvents, and, therefore, for -
‘use in an aqueous al kaline solution or for ease of conpositing with a solid
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derivative bﬁp:ﬁcuasaatarortab VRAghe! oBithe Ellé]ﬂhé@dl@ﬂéﬁ' ne catalyst may. be
utilized either as a susgge ion or in.solution.in_a sujtable alkaline

sol ution-or as a fix&d® ‘T’Fr&dc%’mﬂgi@?%’ﬁ theneatalysh is eaplayed 35 atfiyad

‘the catal ystbed in the .conversion zone and, -accordingly,- the catalyst.is prepared
as a. composite with a solid support. Any,suitable support may be
employed and preferably comprises activated charcoal, coke or other

, suitable forms of carbon.. In some. cases, the support may comprise _
'_silica, alumina, magnesia, etc., or mixtures thereof ~The solid
~ catalyst is prepared in any suitable manner., In one_method, preformed
- particles of_the solid supportuare soaked in a_solution_containing the
- phthalocyanine catalyst, after,which,excess solutionsis;drained off
‘and the catalyst is used as such, or is subjected to a drying
treatment such as mild heating,_blowing with air, hydrogen,-nitrogen,
'-etc., or successive treatments using two or more of these treatments
- prior to use in the oxidation. In other methods of preparing the
solid composite, a solution of the phthalocyanine catalyst may be
.sprayed.or poured over the particles.of the solid support, -or such
. particles may be dipped, suspended, immersed or otherwise contacted.
~ with the catalyst solution. The concentration of phthalocyanine
~ catalyst in the composite may range from 0.05% to 10% by weight or
._:more of the composite, with a. preferred value of- .Ol% to 1.0%.
o Oxidation of the mercapto compounds is effected in the

'.;:presence of an. alkaline solution. - A preferred alkaline: reagent

: - comprises sodium hydroxide or pota351um hydroxide. -Other. suitable .

T'_'alkaline solutions include lithium hydroxide, rubidium hydroxide, and_-'



Excel l ent results have been obt.ained using 5 ppmto 1000 ppm based on the
wei ght.. of the alkallne sol'ution.- In a preferred enbodi nent the catal yst
S enployed as a fixed bed in the conversjion zone and, accordingly,. the

catal ySt is prepared as a conposite with 4dolid support. Any suitable

support may be enpl oyed and preferably conprises activated charcoal, coke
or other suitable forns of carbon. In sone cases, the support may conprise -
silica, alum na, magnesia, etc., or mxtures thereof. The solid catalyst
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concentrati 0Qg04zoc (2000F), when operating at atmospherlc pressure, or when
desired, a hlgher temperature whlch may exceed 204°C (400°F) when
operating at superatmospheric pressure. Preferably, oxidatlon is
o effected at a pressure of 446 to 1136 kPa (50 psig to 150 p51g since -
this ensures that sufficient oxygen is dissolved in the hydrocarbon
distillate being treated. _ '

The time of contact between the reactants with the'catalyst
in the conversion zone can generally be adjusted to produce the
desired level of mercapto compound oxidation and may vary widely
depending on the nature and concentration of mercapto compounds, the
viscosity and temperature of the distillate, the accunulated life of

 the catalyst and the like. In general, this is not a critical
parameter and may range from minutes to greater than one hour w1th a

- preferred range of 5 to 30 minutes. '

' In a preferred embodiment, the catalyst is disposed as a -

- fixed bed in a conversion zone and the sour hydrocarbon distillate,
oxygen, and the alkaline solution are passed, at the desired
temperature and pressure into contact with the catalyst in either
upward, downward, or radial flow. The reaction mixture from the

'_contacting zone is passed into a separating zone, where excess air is
directed away from the sweetening step for use in an integrated
disposal system After separation, the distillate, e. g., kerosene, 1s ,-?

is preferably used in anpunts bel ow 1% by wei ght of the al kaline solution. <}&
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er'suitable solvent. Particularly preferred are alkaline solutions

ntai ning from15%to 35% by wei ght of sodi um hydroki de. Q<ygen IS~
particularly preferred as the oxidizing agent although air. and ot her, oxygen
contai ni ng gases nmay be advantageously ugpd. Oxygen is preferabl y utilized.~

@i um hydroxi de or potassi um hydroxi de pref'erabl y in water, or a'ny

in at least the stoichionetric anobunt necessary to oxidize the mercapto -
conmpounds. Oxidation of the mercapto conpounds in.the treated hydrocarbon
distillate is effected in any suitable manner. In general, the oxidation
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distillate, er@actiﬁﬁ "~ BE hﬂrdcrogen sulf‘ide gas which may be derived from |
hydrodesulf‘urization processes. Pure st is not requ.u:ed but rather
various HZS containing refinery streams can be used. This form of
the process 1s especially attractive since the combustion of gas is
easier than the combustion of a liquid sulfur-containing fuel, such as
' fuel oil.
The essential . features of the combustion process are shown in
the equation below in which sodium propionate and H2$ are used as
_ examples of spent caustic and sulfur-containing fuel respectively° -

a - RS \
| 2CH,CH,CON +H25+902._ — —

NaS0, + 6C0, + 6H,0
-ii ' Other sulfur-containing fuels such as sulfur-containing fuel

, oil may also be used, alone or to augment st gas with similar -

results. This option becomes particularly attractive when the crude
- stock is exceptionally high in sulfur content thereby requiring

extensive hydrodesulfurization to. obtain a fuel oil which-is TR
_ marketable in those ‘parts of the country that . requ1re ‘the use of a _;" .
: relatively sulfUr-free fuel Oll for industrial and domestic heating..,



is mxed with air and sent to an:oxidizer where make-up oxidation catal yst '
“and al kal i.ne solutioh are introduced. Sinultaneously with the progress of

the distil'late fraction, the aqueous al kaline solution fromthe .

pretreat nEnt wash which cannot be'recyclgglis directed away fromthe
Qontinuous distillate refining and is sent to an incinerator 30. This

portion of used al kaline contains salts of phenolic conpounds, naphthenic
conpounds, and residual nercaptans and consequently cannot be di sposed of

by introduction.info nat I terway., The incinerator, 30 which rates
on the. orinci Yeradesul e Lzakian . BOwNERh 3T eheRaYD LRLHISIVE RIARES TR o
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H2S gas with simlar results.. This option cones artlaularwﬁ attractive
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. integrated system providing a means of disposing of its own caustic
waste product utilizing reaction components generated and/or derived
_from the refining steps. '

-8- sent-to a drying stage (not depicted herei n) and the aIkaIine/cataIyst(EEE)



' ' i'on, however, is an energy intensive process that
r aﬂl es of hydrogen. Instead-of processing the fuel oi
| onJﬁﬂiﬂmam ‘““Mw red to elinminate nearly all the
sulfur C eonpounds found therel cost anal ysis may shom1that a
~savings could be realized by burning the %lgh sul fur-content fuel oil in

t he process descri bed above to render the caustic effluents harnl ess. As ¥
seen fromthe equation, a final reaction conponent necessary for the -
conversion of waste caustic to the innocuous sulfate is oxygen. ' .
Conveni ent | yCLAIMSS reacti on conponent S prOV|ded by the excess air used |n_
t he oxidation reaction of the "sweetening" step In thi s way, the reflnlng

process described ahove. i tire |nte ted st vi di.n means
of di sposing of |tsmeNnAc'%g %g?tz?/"ﬁpgo% ﬁ?‘?q r@nﬁ% €of Bnents
gener at ed angdrivaifing \semﬂir’-oontaimingfconpomdst epmprismg 10 - CLAINMS: 1.
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with a firstselptdons al kaline solution; treating the washed distillate

fraction with a pht hakgeyankpg vfa@}@ﬁyﬁtstil‘létleeff%]&i@ﬂcﬁ Ao GHAETBR A

second aqueous al kalTn utron; 1Tncineratin ent fi1rst aqueous
al kal i ne solmﬁaimst nin I“i@epﬂlﬁ§€m%°5f°>ﬁbﬂ?geaﬂdaﬁd5%?°§m@W@%rﬁléﬂaﬁiimﬁg fueI to

- 1nc1nerating the spent first aqueous alkaline selution in the °
presence of oxygen and a sulfur-containing fuel to convert the
o alkaline material to the corresponding sulfate.

. 2 The process of Claim 1 wherein: the distillate fractlon is
kerosene. -

3. The process of Claim 1 or 2 wherein one or both of the
first and second aqueous alkaline solution is a sodium hydroxide
solution.

4, The process of Claim 3 wherein the sodium hydroxide is
present in the solution in an amount of from 3% to 5% by weight.

5. The process of any preceding claim wherein the
phthalocyanine catalyst is cobalt phthalocyanine sodium sulfonate.

6. The process of Claim 5 wherein the sOdium hydroxide is
present in the second aqueous: alkaline solution in an amount of from .
15% to 35% by weight ' '

7,-_The process of any preceding claim wherein.the
sulfur-containing fuel comprises hydrogen sulfide gas.

8:_ The process of Claim 7 wherein the hydrogen sulfide -
'comprises a component of a refinery off-gas.._



al kaline material to the cor respondi ng sulfate 2 The_pLeeess of Claim]1
wherein the distillate fraction'is.kerosene. process of Claim1 or

2 wherein one or both of fhe first and second aqueous aq umgﬂ i ﬂ"! ﬂ"J £
a sodlun1hydrOX|de solution. 4. The process of Cla|n13 m

hydroxide is present in the solution in an _anmount of fron1396to

‘wekght. 5. The process of any precedi ng i m wherein the

pht hal ocyani ne. catal yst is cobalt phthal ocyani ne sodi um sul fonate. 6. The
process of Claimb5 wherein the sodi um hydroxide is present in the second
aqueous al kaline solution in an amount of from 15%to 35% by wei ght. 7.
The process of any preceding clai mwherein the §u|fur-containing fuel

Fydr ogen sul 11 de. conpry'sed™d FEgRREh ot CHELRE 7 Benip, it Fu{ i EoRtabning oruel
The process ofcanprises swhurscontainingl fuel- obhbt ai ni ng fuel conprises
- sulfur-containing fuel oil. 10. The process of any preceding C ai mwherein

t he oxygen required for incineration conprises excess air derived fromthe
treating step of the di0atiTheapsoeesscofcany preceding Claim wherein the oxygen

- required for incineration comprises excess air derived from the
treating step of the distillate fraction.




