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ALKYLATION CATALYST REGENERATION 

The present invention relates to a hydrocarbon conversion 

process. More parti~ularly, the invention relates· to a process for the 

alkylation of olefin hydrocarbons by isoparaffin hydrocarbons which 

utilizes a catalyst mixtm:e comprising a· sulfone compound, ·a hydrogen 

halide compound and water. 

Background of the Invention 

It has recently been discovered that a mixture, comprising a 

sulfone compound and a hyd:I·ogen halide compound, can be an effective 

catalyst for use in the aI:,ylation of olefin hydrocarbons by isoparaffin 

hydrocarbons to produce an alkylate reaction product, or alkylate. The 

alkylate reaction product generally conta.ins hydrocarbons having seven or 

more carbon atonis, and·it i.s a highly desirable gasoline blending component 

because of its high octane value as a motor. fuel. 

While a process lihich uti.Hzes a catalyst composition comprising 

a sulfone compone~t and a !.1:,rdrogen hal.ide component produces an alkylate 
·' ·• 

product of very high quality, one side r.ffect from using such a process in 

the production of alk:y:Iate js the formation of certain polymeric reaction 

by-products such as those referred to ns acid-soluble oils, or ASO. These 

polymeric reaction by-prod1:cts are referred to as acid-soluble oils because 
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they are soluble in -the catalyst utilized in the alkylation process and, 

thus, remain in the catalyst phase when the alkylate product resulting from 

the contact of a hydrocarbon mixture with an alkylation catalyst is 

separated from the alkylation catalyst. In an alkylation process which 
,_ 

continuously separates the catalyst phase from the alkylation _reaction 

product for reuse in the process reaction zone, 
0

the~e is a buildup of ASO 

in the catalyst. Over time, the ASO concentration will reach unacceptable 

concentration levels if not removed. A · 1ow concentration of ASO in the 

alkylation catalyst comprising a sulfone component and a hydrogen halide 

component is believed to have a beneficial effect upon the alkylation 

process or its product. However, higher concentrations ·of ASO in the 

alkylation catalyst have an adverse effect upon the catalyst activity and 

the final alkylate end-product. An ASO concentration in the alkylation 

catalyst that exceeds certain acceptable limits will result in lowering the 

octane of the alkylate end-product with incremental increases in the ASO 

concentration causing incremental decreases in the alkylate octane. 

In a continuous alkylation process which uses a catalyst having a 

sulfolane component and a hydrogen· fluoride component, there can be an 

undesirable accumulation over time of water within the catalyst. This 

accumulation can result from the water that is contained within an 

alkylation feed, but it primarily results from the addition of the make-up 

catalyst components which generally contain concentrations of water. 

Particularly, the make-up s~lfolane compondnt of .an alkylation catalyst 

often contafos a significant concentration of water which, as has recently 

been discovered, will accumulate within the catalyst phase contained in the 

alkylation process system. While a small concentration of water within the 

alkylation catalyst phase 111ay provide certa:i.n benefits, a too high 
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concentration of water can have detrimental affects upon the alkylation 

process and its products. Thus, it is important for an alkylation process 

which uses a catalyst comprising sulfolane and hydrogen fluoride to have 

the ability to control the concentration of water contained in the 

catalyst. 
. 

In conventional alkylation processes that use a substantially 

pure hydrogen fluoride (HF) material as a catalyst, as opposed to the use 

of the aforementioned catalyst mixture comprising a sulfone component and a 

hydrogen halide component, there are certain known methods used to remove 

the ASO and water from the HF catalyst used in a continuous alkylation 

process. Particularly, enough of a portion of tho HF catalyst that is 

utilized in the conventional alkylation process is treated, or regenerated, 

so as to remove an amount of ASO and water at a rate that approximates the 

rate of accumulation of ASO and water in the alkylation catalyst. This is 

done by passing a portion of the HF catalyst to a stripping vessel, whereby 

the HF is stripped from the ASO by means o_f a vaporous hydrocarbon such as 

isobutane. The HF passes as a part of the vaporous overhead stream from 

the stripping vessel, and the ASO and water passes as a bottoms stream from 

the stripping vessel f~r further processing. 

While the conventional alkylation. catalyst regeneration 

techniques have worked· welt in the regeneration of the conventional HF 

·catalyst, conventional means cannot be used to regenerate an alkylation 

catalyst mixture which includes a sulfone component. This is because the 

boiling range of ASO overlaps the boiling temperatures of certain sulfones 

such as sulfolane, Also, the azeotropic properties of water and hydrogen 

fluoride impact the ability to separate water from the sulfolane and 

hydrogen fluoride catalyst. Therefore, simple distillation or stripping 
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techniques as are used to separate HF from ASO cannot be used to 

effectively regenerate a sulfone-containing alkylation catalyst. 

Additionaliy, it is necessary to separate ASO from the sulfone in order to 

reclaim it for reuse as a catalyst in the alkylation process. 

'· Summary of the Invention 

It is, therefore, an object of this invention to provide a novel 

alkylation process which can utilize a sulfolane and hydrogen fluoride 

mixture as an alkylation catalyst. 

A further object of this i.nvention is to provide an alkylation 

process which permits the removal of ASO and water from the alkylation 

catalyst containing a sulfone component. 

A still further object of this invention is to provide an 

alkylation proces.s that uses a sulfolane and hydrogen fluoride mixture as a 

catalyst and that provides a method by which any accumulation of ASO, 

water, or both, within the catalyst can·be removed. 

Thus, the process of the present invention relates to the 

alkylat.ion of olefin hydrocarbons by paraffin· hydrocarbons by utilizing a 

catalyst mixture that includes a sulfone component. The process includes 

mixint sulfolane having a concentration of w~ter· with HF to form a catalyst 

mixture, comprising sulfolane, water and HF. The _mixing step is followed 

by contacting a hydrocarbon mixture, comprising olefins and isoparaffins, 

with said catalyst mixture within a react.ion zone to thereby produce a 

reaction product and a reaction by-product. The reaction product is 

separated from the catalyst mixture withi.n a first separation. zone to 

produce a separated reaction product and a ::;eparated catalyst· mixture with 

the separated catalyst mixture containing a portion of the reaction 

by-product. A portion of t:he separated catalyst mixture is passed to a 
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second separation zone to thereby separate the portion of the separated 

catalyst ·mixture into a second separation zone overhead stream, comprising 

a portion of the HF component of the portion of said separated catalyst 

mixture and a portion of the water component of the portion of the 

'· . separated catalyst mixture, and a second separ~tion zone bottoms stream, 

comprising a portion of the sulfolane component of the portion of the 

separated· catalyst mixture and a portion of the reaction by-product 

component of the portion of the separated catalyst mixture. A remaining 

portion of the separated catalyst mixture is utilized as a portion of the 

catalyst mixture. The second separation zone overhead stream is condensed 

to produce a condensed second separation zone overhead stream, with a 

portion of the condensed second separation zone overhead stream being 

util;i.zed as a portion of the catalyst mixture. The remaining portion of 

the condensed second separation zone overhead stream is passed to 

downstream processing at a rate which is effective in maintaining a 

concentration of water in the separated catalyst mixture below about 10 

weight percent. 

Brief Description of the Drawing 

The accompanying FIG. 1 provides schematic representation of the 

process which. is one embodiment of the invention. 

Other objects and advantages of the invention will be apparent 

from the foregoing detailed descript1.on of the invention and the appended 

claims. 

Detailed Description of the Invention 

The acid soluble oil referred to herein is produced as a reaction 

by-product in an alkylation process comprising the step of contacting a 

hydrocarbon mixture, which comprises olefins and isoparaffins, with an 
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6 

alkylation catalyst, which comprises a hydrogen halide component and a 

sulfone component. As used within this description and in the appended 

claims, the term "acid soluble oil", or "ASO", means those conjunct 

polymers which_ are highly olefinic oils produced by acid-catalyzed 

reactions of hydrocarbons. ' An extensive description and char~cterization 

of certain types of .conjunct polymer oils is pr'ovided in the Journal of 

Chemical and Engineering Data. article entitled "Molecular Structure of 

Conjunct Pqlymers''., pages 150-160, Volume 8, Number 1, (January 1963) by 

Miron and Lee. This article is incorporated herein by reference. The 

physical properties of ASO depend µpon the particular hydrocarbon feed 

processed, the catalyst utilized in the process, feed contaminants such a.s 

hydrogen sulfide, buta.diene, oxygenates and other compounds, and the 

alkyla.tion process reaction conditions. Thus, as the term is more narrowly 

defined, ASO will be those conjunct polymers produced a.s a. by-product in 

the catalyzed reaction of mono-olefins with isoparaffins utilizing a 

catalyst mixture comprising a sulfone component and a hydrogen halide 

component. The preferred mono-olefins for use in the catalyzed reaction 

are those having from three to five carbon atoms and the preferred 

isopa.raffins are those having from four to six carbon atoms. The pre~erred 

sulfone component is•sulfolane and the preferred hydrogen halide component 

is hydrogen fluoride. 

The ASO by-product derived from the hydrocarbon reaction 

catalyzed by a sulfone-co11taining alkylation catalyst can be further 

generally characterized as having a specific gravity, with water at 60°F as 

the reference, in the range of from about 0.8 to about l.O, an average 

molecular weight in th~ range of from about 250 to about 350, and a bromine 

number in the range of from about 40 to about 350. 
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The hydrogen halide component of the catalyst composition or 

catalyst mixture- utilized in the inventive alkylation process can be 

selected from the group of compounds consisting of hydrogen fluoride (HF), 

hydrogen chloride (HCl), hydrogen bromide (HBr), and mixtures of two or 

more thereof. The preferred hydrogen hali&e component, however, is 

hydrogen fluoride, which can be utilized in the" catalyst composition in 

anhydrous form; but, generally, the hydrogen fluoride component utilized 

can have a small amount of water. 

The sulfones suitable for use in this invention are the sulfones 

of the general formula 

R-S0 2 -R' 

wherein R and R' are monovalent hydrocarbon alkyl or aryl substituents~ 

each containing from 1 to 8 carbon atoms. Examples of such substituents 

include dimethylsulfone, di-n-propylsulfone, diphenylsulfone, ethylmethyl­

sulfone and the alicyclic sulfones wherein the S02 group is bonded to a 

hydrocarbon ring. In such a case, R and R' are forming together a branched 

or unbranched hydrocarbon divalent moi~ty preferably containing from 3 to 

12 carbon atoms. Among the latter, tetra.methylenesulfone or sulfolane, 

3-methylsulfolane and 2,4-dimethylsulfolane are more particularly suitable 

since they offer the advantage of b~ing liquid at process operating 

conditions of concern herein. These sulfcmes niay also have subs~ituents, 

particularly one or more halogen atoms, such as, for example, 

chloromethylethylsulfone. These sulfones may advantageously be used in the 

form of mixtures. 

When sulfolane is us·ed as the preferred sulfone, it can be 

utilized in the catalyst composition in anhydrous form, but, more often, 

the sulfolane component, when added to the catalyst composition as a 
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make-up component, can have a small amount of water. Generally, the 

sulfolane component used to form the catalyst mixture will have a water 

concentration up to about 5 weight percent of the total weight of the 

sulfolane and water. However, preferably, the water contained in the 

' . sulfolane component will·be in the range of from about 0.1 to about 5.0 

weight percent of the total weight of the sulfoiane and water and, most 

preferably, the water will be present in the range of froin 0.5 to 4 weight 

percent. 

In the alkylation process, the accumulation of water in the 

catalyst composition, which comprises hydrogen fluoride and sulfolane, in 

no event can be more than about 10 weight percent of the total weight of 

the catalyst composition, which includes sulfolane, hydrogen fluoride and 

water. Preferably, the concentration of water present in the catalyst is 

less than about 7.5.weight percent. M~st preferably, the concentration of 

water present in the catalyst is less than 3 weight percent. 

Thus, the alkylation catalyst used in the alkylation process 

wherein an ASO reaction by-product is produced can comprise a hydrogen 

halide component and a sulfone component, both as described herein, and a 

concentration of water. · Preferably, the ASO by-prodt~ct will be produced in 

an alkylation process in which the hydrocarbon mixture is contacted with an 

alkylation catalyst having sulfolane as its sulfone component and hydrogen 

fluoride as its hydrogen halide component. In the case where the 

alkylation catalyst comprises sulfolane and hydrogen fluoride, good 

alkylation results can be achieved with a weight ratio of hydrogen fluoride 

to sulfolane in the alkylation catalyst in the range of from about 1:1 to 

about 40: 1. .A preferred weight ratio of hydrogen fluoride to sulfolane can 
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range from about 1.2:1 to about 19:1 and, more preferably, it can range 

from 1.5:1 to 9:1. 

In order to improve selectivity of the alkylation reaction of the 

present invention toward the production of the desirable highly branched 

aliphatic hydrocarbons having seven or more '·carbon atoms, a substantial 

stoichiometric excess of isopa-raffin hydrocarb~n is desirable in the 

reaction zone. Molar ratios of isoparaffin ·hydrocarbon to olefin 

hydrocarbon of from about 2:1 to about 25:1 are contemplated in the present 

invention. Preferably, the molar ratio of isoparaffin-to-olefin will range 

from about 5 to about 20; and, most preferably, it shall range from 8 to 

15. It is emphasized, however, that the above recited ranges for the molar 

ratio of isoparaffin-to-olefin are those which have been found to be 

,commercially practical operating ranges; but, generally, the greater the 

isoparaffin-to-olefin ratio in an alkylation reaction, the better the· 

resultant alkylate quality. • 

Alkylation reaction temperatures within the contemplation of the 

present invention are in the range of .from about 0°F to about 150°F. Lower 

temperatures favor alkylation reaction of isoparaffin with olefin. over 

competing olefin side reactions such as polymerization. However, overall 

reaction r~tes decrease with decreasing temperatures. Temperatures w~thin 

the given range, and preferably in the range from about 30°F to about 

130°F, provide good seleotJvHy for a lkylation of isoparaffin with olefin 

at commercially attractive reaction rates. Most preferably, however, the 

alkylation temperature should range from 50°F to 120°F. 

Reaction pressures contemplated in the· present invention may 

range from pressures sufficient to maintain reactants in the "liquid phase 

to about fifteen (15) atmospheres of pressure. Reactant hydrocarbons may 
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be normally gaseous at alkylation reaction temperatures, thus reaction 

pressures in the range of from about 40 pounds gauge pressure per square 

inch (psig) to about 160 psig are preferred. With all reactants in the 

liquid phase, increased pressure has no significant effect upon the 

. alkylation reaction. 
1 . 

Contact times for hydrocarbon reactants in an alkylation reaction 

zone, in the presence of the alkylation catalyst of lhe present invention 

generally should be sufficient to provide for:; essentially complete 

conversion of olefin reac~ant in the alkylation zone. Preferably, the 

contact time is in the range from about 0. 05 m.:i.nute to about 60 minutes. 

In the alkylation process of the present invention, employing 

isoparaffin-to-olefin molar ratios in the range of about 2:1 to about 25:1, 

whereii;i the alkylation reaction mixture comprises about 40-90 volume 

percent catalyst phase and about 60-10 volume percent hydrocarbon phase, 

and wherein good contact of olefin with isoparaffin is maintained in the 

reaction zone, essentially complete conversion of olefin may be obtained at 

olefin space velocities in the range of about 0. 1 to about 200 volumes 

olefin per hour per volume catalyst (v/v/hr.). Optimum space velocities 

will depend upon the· type of isoparaffin and olefin reactants utilized, the 

particular compositions of alkylation catalyst, and the alkylation reaction 

conditions. Consequently, the preferred contact times are sufficient for 

providing an olefin space velocity in the range of about 0.1 to about 200 

(v/v/hr.) and allowing essentially complete conversion of olefin reactant 

in the alkylation zone. 

In the alkylation process, the reactants can be maintained at 

sufficient pressures and temperatures to maintain them substantially in the 

liquid phase and then continuous l.y forced th rough dispersion devices into 
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the reaction zone. The dispersion devices can be jets, nozzles, porous 

thimbles and the like. The reactants are subsequently mixed with the 

catalyst by conventional mixing means such as mechanical agitators or . 

turbulence of the flow system. After a sufficient time, the product can 

then be continuously separated from the catdlyst and withdrawn from the 

reaction system while the partially spent cataiyst is recycled to the 

reactor. A portion of the catalyst can continuously be regenerated or 

reactivated as described herein, or by any other suitable treatment, and 

returned to the alkylation reactor. 

One embodiment of the invention herein includes a process which 

provides· for the removal of water which can accumulate in the alkylation 

catalyst as a result of water introduced into the alkylation system by way 

of the incoming make-up catalyst components, such as sulfolane and HF, and 

by way of the hydrocarbon feedstock. The make-up catalyst component can be 

introduced into the alkylation system as individual components or they can 

preferably be mixed prior to their introduction into the alkylation 

catalyst of the alkylation system. The individual sulfolane make-up 

component generally has a concentration of water often in the range up to 

about 5 weight percent. Preferably, the water concentration in the 

individual sulfolane make-up component will be in the range of from about 

0.1 to about 5.0 .weight percent of the total weight of the sulfolane 

make-up component and, most preferably, the water will be present in the 

range of from 0.5 to 4 weight percent. 

The sulfolane make-up component can be mixed with the hydrogen 

fluoride make-up component before introducing the thus mixed components 

into the alkylation system. It is most desirable for the individual 

hydrogen fluoride make-up c:omponent to be in anhydrous form; but, it can 
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have a sniall amount of water. Thus, the hydrogen fluoride make-up 

component can have a water concentration upwardly to about 2 weight percent 

of the hydrogen fluoride make-up component, preferably, however, the water 

concentration will be less than about 1 weight.percent, most preferably, it 

can be less than 0. 5 weight percent. 1
· 

The alkylation catalyst of the alkylation process and system is 

contacted with a hydrocarbon mixture, as described herein, within a 

reaction zone to thereby produce an alkylate reaction product and an ASO 

-reaction by-product. The reaction product is separated from the··alkylation 

catalyst within. a first separation zone to produce a separated reaction 

product and a separated catalyst mixture with the separated catalyst 

mixture containing a portion, preferably, a substantial portion, of the 

reaction by-product. The reaction by-product generally comprises acid 

soluble oil, which is high1y soluble in hydrogen fluoride; and, because of 

this solubility, a portion, preferably a major portion, pf such acid 

soluble oil, or reaction by-product, will remain in the separated catalyst 

mixture of the.process. 

The separated catalyst mixtu·re will have a concentration of water 

that accumulates within the separated catalyst mixture as a result of 

make-up catalyst ~omponents having water contained therein being 

introduced, or added, or mixed with the separated catalyst mixture. 

Because of the detrimental impact that an excessive water concentration in 

an alkylation catalyst composition has on the alkylation process or the 

properties of the resuitant. alkylate product, it is desirable to minimize 

the amount of accumulated water in the separated catalyst mixture. Thus, 

the concentration of water in the separated catalyst mixture can be no 

greater than about 10 weight. percent of the total weight of the separated 
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catalyst mixture which includes sulfolane, hydrogen fluoride and water. 

Preferably, the concentration of water present in the separated catalyst 

mixture is less than about 7 .5 weight percent. Most preferably, the 

concentration of water present in the separated catalyst mixture is less 

than 3 weight percent. 
$. 

In order to regenerate the separated catalyst mixture by removing 

at least a portion of the ASO and water that has accumulated therein, a 

portion of the separated catalyst mixture is passed to a stripping column, 

which defines a second separation zone, to thereby separate it into at 

least two streams including a second separation zone overhead stream and a 

second separation zone bottoms stream. The stripping column can provide 

means for any suitable separ~tion operation for achieving the objective of 

the invention; but, preferably, the stripping column is a standard 

distillation column that is provided with a reboiler and a overhead system 

for refluxing. The remaining portion of the separated catalyst mixture not 

charged to the stripping c.olumn can be utilized as a portion of th.e 

catalyst mixture of the alkylation reaction zone. 

In conventional hydrogen fluoride catalyzed alkylation processes,. 

the stripping of a separated hydrogen fluoride alkylation catalyst is 

effective ·for removing water and ASO from the catalyst. In the 

conventional stripping step, the ASO and water are generally removed by way 

of a bottoms stream from the. stripping column. While the water in a spent 

conventional hydrogen fluoride alkylation catalyst can adequately be 

removed by the aforedescribed conventional stripping fractionation methods, 

these methods in and of themselves are not effective for use when the 

alkylation catalyst includes, as described.herein, an additional sulfolane 

component. This is because of the azeotropic properties of the components. 
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Thus, with the inventive process described herein, the second separation 

zone overhead stream will comprise a portion, preferably a substantial 

portion, of the HF component and a portion, preferably a substantial 

portion, of the water component of the portion of the separated catalyst 

mixture charged to the stripping column. As 1"for the second separation zone 

bottoms stream, it will comprise a portion, preferably a substantial 

portion, of the sulfolane compGnent and a portion, preferably a substantial 

portion, of the reaction by-product component of the separated catalyst 

mixture charged to the stripper column. 

Generally, the weight ratio of hydrogen fluoride to water in the 

second separation overhead stream can range from about 10:1 to about 100:1; 

preferably, it can range from about 12: 1 to about 200: 1, more preferably,· 

it is greater than 24:1. As for the second separation zone bottoms stream, 

the weight ratio of s.ulfolane to. ASO can be present in the range from about 

100: 1. to about 2: 1; preferably, the ratio can range from about 70: 1 to 

aboµt 4:1, and more preferably, the ratio can range from 60:1 to 5:1. 

Because the stripper is generally not perfectly efficient at making its 

separations, the second separation zone bottoms stream will often have a 

small concentration of hydrogen fluoride. The concentration of hydrogen 

fluoride in the second separation zone bott.oms stream in most instances 

will be less than about 10 weight percent as determined by the weight 

fraction of the hydrogen fluoride to the total weight of the second 

separation zone bottoms stream multiplied by a factor of 100. Preferably, 

the hydrogen halide concent.ration in the second .separation zone· bottoms 

stream is less than about 5 weight ·percent, and most preferably, the 

concentration is less than 1 weight percent. 
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The second separation zone overhead stream is passed to a heat 

exchanger, which defines a heat transfer zone and provides means for 

removing heat energy from the second separation zone overhead stream to 

thereby condense the stream to form a condensed second separation zone 

overhead stream. A portion of the condens\ld second separation zone 

overhead stream can be utilized as a portion of"the catalyst mixture, and 

the remaining portion of the condensed second separation zone overhead 

stream can be removed from the alkylation system by passing it to 

downstream processing. The rate at which the remaining portion of 

condensed second separation zone overhead stream is removed from the 

alkylation system is controlled so as to effectively maintain a 

concentration of water in the separated catalyst mixture that is below 

about 10 weight percent; but, preferably, less than about 7. S weight 

percent and, most preferably, less than 3.0 weight percent. 

The second separation zone bottoms stream can further be 

processed to remove a portion, preferably a substantial portion, of the 

concentration of ASO contained in the second separation zone bottoms stream 

by passing it to a first contacting vessel which defines a first contacting 

zone wherein is contained a reversible base. It is generally desirable to 

control the flbw rate of second separation zone bottoms streams so as to 

indirectly control the concentration of /\SO in the separated catalyst 

mixture to be maintained at a concentration of no more than about 20 weight 

percent of the separated catalyst mixture. Preferably the second 

separation zone bottoms stream flow rate can be such as to maintain an ASO 

concentration in the separated catalyst mixture of less than about 15 

weight percent, and most preferably, the concentration is to be maintained 

below 10 weight percent. 



16 

The second separation zone bottoms stream also contains a 

portion, preferably a substantial portion, of the sulfolane contain·ed in 

the feed to the stripping column. Thus, the second separation zone bottoms 

stream will contain predominantly sulfolane and ASO, but, as earlier 

described herein, it can have a slight concehtration of hydrogen fluoride 

that has not been recovered in the second separa·tion zone overhead stream. 

The ASO component in the second separation zone. bottoms stream can be 

present in such concentration levels as earlier described herein. 

It is an important aspect of this invention for the contacting of 

the second separation zone bottoms stream with the contact material or 

reversible base to result in the removal of at least a portion of the 

hydrogen fluoride component of.the second separation zone bottoms stream to 

give a neutralized second separation zone bottoms stream having a reduced 

concentration of hydrogen fluoride below that of the second separation zone 

bottoms stream. It is preferred, however, to have a significant portion of 

the hydrogen fluoride compouent remove.d from the second separation zone 

bottoms stream to give a concentration of the hydrogen fluoride component 

in the neutralized second separation zone bottoms stream of less than about 

1. 0 weight percent, but preferably, the conc·entration will be less than 

about 0.2 weight percent, and most prefernblr, the concentration· will be 

less than 0.1 weight percent. 

The neutralized second separation zone bottoms stream can also 

have a reduced concentration of ASO, generally being in the range of from 

about 2 to about 15 weight. percent of tht? neutralized second separation 

zone bottoms stream. The c:oncentration of l\SO in the neutralized second 

separation zone bottoms str~am, however, will generally be an amount less 



17 

than about 4 weight. percent, and preferably, the ASO will be present in an 

amount less than 2 weight percent. 

The neutralized second separation ?.one bottoms stream is formed 

by contacting the second separation zone bottoms stream with a reversible 

base under conditions suitable for removing 1
· a portion of the hydrogen 

fluoride contained in the second separation zorie bottoms stream. The 

reversible base is preferably selected from the grou.p consisting of 

poly-(2-vinylpyridine), poly(4-vinylpyridine) and mixtures thereof. 

The neutralized second separation zone bottoms stream is further 

contacted with a carbon adsorbent material contained within a second 

contacting vessel which defines a second contacting zone and provides means 

for contacting the neutralized second separation zone bottoms stream with a 

carbon adsorbent material. The contacting of the neutralized second 

separation zone bottoms stream with the carbon adsorbent material will 

remove a portion, preferably a substantial portion, of the ASO contained in 

the neutralized second separation zone bottoms stream to produce a 

sulfclane stream substantially free of ASO and hydrogen fluoride. The 

sulfolane stream can be utilized as at least a portion of the sulfolane 

component of the alkylation catalyst mixture. 

The carbon adsorbent material can be any activated carbon 

mater~al that is suitable for use as contemplated by this invention and for 

the selective removal of at least a portion of the ASO component contained 

in the treated sulfone-containing mixture: The activated carbon adsorbent 

can be characterized by its large specific surface area which can range 

from about 300 m2 /g to about 2500 m2 /g as determined by the American 

Society for Testing Materials (ASTH) Standard Test Method D3663-84 entitled 

"Standard Test Method for Surface Area of Catalysts". The standard ASTM 
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test.D3663-84 is incorporated herein and made a part hereto by reference. 

Also, the activated carbon adsorbent can further be characterized by its 

pore diameter which can range from about 10 µm.to about 50 µmas determined 

by the method of mercury intrusion porosimetry described by ASTM Standard 

Test D4284-88. fhe ASTM Standard Test D4284J88 is incorporated herein and 

ms.de a part hereto by reference. It is generally desirable to use 

commercially available activated carbon. One such suitable commercially 

available activated carbon• for ·example, is the product known by its 

tradename as Calgon Filtrasorb 400, which is manufactured and marketed by 

Calgon Carbon Corporation. 

The process conditions under which the second separation zone 

bottoms stream and the neutralized second separation zone bottoms stream 

are contacted with the adsorbent compositions referred to herein can be any 

conditions that are suitable or effective for removi~g at least a portion 

of the· concentration of ASO or hydrogen halide, or botb,. from such 

sulfolane-containing streams. The removal efficiency of the adsorbent 

material is not believed to be highly dependent upon the contact pressure 

because the adsorption phenomenon is thought to be the result of a 

liquid-solid interaction; however, the process pressure should exceed about. 

0.5 atmospheres of absolute pressure:and can range upwardly to about 30 

atmospheres, or more, of absolute pressure. The more common operating 

pressure will generally range from about atmospheric pressure to about 200 

pounds per square inch of gauge pressure (psig). 

As for the contacting temperature, any suitable temperature can 

be utilized that provides for an effective removal of at least a portion of 

the ASO or hydrogen halide, or both, from sulfolBne-containing streams. 

Generally, the upper and lower temperature limits are set by the physical 
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characteristics· of the mi.xture being treated and the physical 

characteristics of the ASO contained in such mixture. Considering the 

lower temperature limit, pure sulfolane has a melting point of about 

.si.3~82.0°F, but when sulfolane is in the form of a mixture with water and 

hydrogen fluoride, the melting point is sigrlificantly lower. Therefore, 

the lower limit for the contacting temperature approximates 0°F. As for 

the upper temperature limit, it is determined by such factors as the 

initial boiling temperature of the ASO and the temperature at which the 

sulfone component of the mixture begins to thermally decompose. Thus, the 

upper contacting temperature approximates 400°F. Therefore, the contact 

temperature generally will range from about 0°F to about 400°F. 

Preferably, the contacting temperature will range from about 50°F to about 

350°F, and most preferably, i~ will range from 60°F to 325°F. 

When the rever~ible base becomes spent, it can periodically be 

regenerated by exp.osing the reversible base to a suitable solvent under 

conditions such tbl!t at lenst a portion, preferably a significant portion, 

of the ASO adsorbed· by the reversible base is recovered therefrom~ Such 

suitable solvents can be those solvents in which ASO is soluble and can 

inclu~e organic solvents selected from the group consisting of alcohols, 

aliphatic hydrocarbons, alkyl halides.• amines, aromatic hydrocarbons, 

esters, glycols, gycol ethers, aromatic halides and mixtures of two or more. 

thereof. 

The spent reversible_ base can also be exposed to a strippirig 

fluid under conditions suitable for removing a substantial portion of the 

remaining adsorbed ASO not removed by the solvent and to remove at least a 

portion, preferably, a substantial portion, of the hydrogen fluoride which 

has been removed from the second separation zone bottoms stream and 
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adsorbed by the reversible base. The stripping fluid can be any fluid 

which suitably performs the stripping function described herein including, 

for example, water, hydrocarbons and inert gases. It is desirable for the 

stripping fluid to be used in the gaseous phase. The hydrocarbons which 

can suitably be used as a stripping fluid incdude methane, ethane, propane, 

butane, pentane, hexane, heptane, octane and mixtures of two or more 

thereof, but the most preferred stripping hydrocarbon is isobutane.· 

The conditions under which the reversible base is stripped or 

exposed to a stripping fluid are such that a regeneration of the reversible 

base is effected, and it is generally a thermal process whereby the spent 

reversible base is regenerated by use of thermal energy. Therefore, ~he 

stripping temperature is preferably in the range of from about 100°F to 

about · 600°F. When isobutane is used as the stripping fluid, it is 

preferred for it to be in t:he supercritical state in order to achieve the 

best regeneration results. The stripping pressure is not an important 

aspect of the invention and can range from about 0. 1 to about 140 

atmospheres. 

When the carbon adsorbent material becomes spent, it can 

periodic4lly be regenerated by exposing it to a stripping fluid under 

conditions suitable for removing at least a portion; preferably, a 

substantial portion of the ASO adsorbed thereon and removed from the 

neutralized second separation zone bottoms stream. The stripping fluid can 

be any fluid which suitably performs the stripping function described 

herein including, for example, water, hydrocarbons and inert gases. It is 

desirable for the stripp:i.ng fluid to be used in the gaseous phase. The 

hydrocarbons which can suitably be used as a stripping fluid include 

methane, ethane, propane, butane, pentane, hexane, heptane, octane and 
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mixtures of two or . more thereof, but the most preferred stripping 

hydrocarbon is isobutane which is in a supercritical state. 

The conditions under which the carbon adsorbent material is 

stripped or exposed to a stripping fluid are such tha.t a· regeneration of 

the carbon adsorbent material is effected, and it is generally a thermal 

process whereby the spent carbon adsorbent material is regenerated by use 

of thermal energy. Therefore, the stripping temp~rature is preferably in 

the range of from about l00°F to about 600°F. When isobutane is used as 

the stripping fluid, it is preferred for it to be in the supercritical 

state in order to achieve the best regeneration results. The stripping 

pressure is not an important aspect of the invention and can range from 

about 0.1 to about 140 atmospheres. 

Now referring to FIG.· 1, there is depicted by schematic 

representation an alkylation process system 10. A hydrocarbon feed 

mixture, comprising c>,lefins and isoparaffins, is introduced into 

riser-reactor 12 through conduit 14. Riser-reactor 12 defines a reaction 

. zone wherein the hydrocarbon mixture· is contacted, or admixed, with a 

catalyst mixture, comprising sulfolane, water~ and hydrogen fluoride, in 

order to produce a reaction product and a reaction by-product. The olefins 

of the hydrocarbon feed mixture generally comprise one or more olefins 

having from thr.ee to five carbon atoms, and the isoparaffins of the 

hydrocarbon feed mixture generall~ will have from four to six carbon atoms. 

The catalyst mixture is introduced into riser-reactor 12 via conduit 16. 

The admixture of hydrocarbon feea mixture and catalyst mixture 

passes through the reaction zone defined by riser-reactor 12 wherein a 

reaction takes place in which the olefins of the hydrocarbon feed mixture 

react wi-th isoparaffins of the hydrocarbon feed mixture to produce an 
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alkylate reaction product. Also, within the reaction zone, the reactio~ 

by-product, ASO, is formed. The reaction effluent, which includes the 

reaction product and reaction by-product, from riser-reactor 12 passes to 

settl~r vessel 18, which defines .a separation zone for separating the 

alkylate reaction product from the catalyst mixture to produce a separated 

reaction product 20 and a separated catalyst mixture 22. The separated 

catalyst mixture 22 will contain a portion, but, preferably, a substantial 

portion, of the alkylation reaction by-product, ASO. The separated 

reaction product 20 passes to downstream processing via conduit 24. The 

separated catalyst mixture 22 can be recycled via conduits 26 and 16 to 

riser-reactor 12 for reuse as the alkylation catalyst mixture. Interposed 

in conduit 26 is catalyst cooler 28, which defines a· heat transfer zone for 

exchanging heat from separated catalyst mixture 22 to a heat transfer fluid 

such as water. 

A make-up catalyst mixture is introduced into alkylation process 

system 10 through conduit 30. The make-up catalyst mixture can be prepared 

by mixing sulfolane, having a concentration of water, with HF by mixing 

device 32 which defines a mixing zone and provides·means for mixing the 

sulfolane having a concentration of water with HF to form the make-up 

catalyst .mixture. Hydrogen fluoride is introduced into mixing device 32 

via conduit 34, and the sulfolane is introduced into mixing device 32 via 

conduit 36. 

In order to regenerate the alkylation catalyst by removing 

accumulated ASO and water, a portion, sometimes referred to as a slip 

stream or a drag stream, of the separated catalyst mixture 22 passes by way 

of conduit 37 to stripping column 38 that is equipped with reboiler 39 and 

which defines a separation zone for separating the slip stream of separated 
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catalyst mixture 22 into at least two streams: (1) an overhead stream, 

comprising a portion of the hydrogen fluoride contained in the slip stream 

and a portion of the water contained in the slip stream, and·(2) a bottpms 

stream, comprising a portion of the sulfolane component of the slip stream. 

The bottoms stream will also contain a portion, preferably a substantial 

portion, of the reaction by-product, ASO, contained in the slip stream. 

Introduced into stripping column 38 by way of conduit 40 is 

vaporous isobutane which provides energy for separating the slip stream 

into the overhead stream and the bottoms stream and, more specifically, for 

stripping the hydrogen fluoride from the slip stream. The overhead stream 

passes by way of conduit 42 to separator vessel 44. Interposed in conduit 

42 is condenser 46, which defines a heat transfer zone and provides means 

for removing heat energy from the overhead stream and for condensing the 

overhead stream. The thus-condensed overhead stream passes to separator 

vessel 44, which defines a separation zone and provides means for 

separating the thus-condensed overhead stream into an overhead hydrocarbon 

stream comprising said hydrocarbon; and a condensed overhead stream, 

comprising HF and water. The overhead hydrocarbon stream passes from 

separator vessel 44 to ·further downstream processing by way of conduit 48 • 

. A portion of the condensed overhead stream is passed by way of 

conduit 50 to settler vessel 18 wherein it is recombined with, or utilized 

as, a portion of the alkylation catalyst mixture. Another portion of the 
. . 

condensed overhead stream is optionally passed to stripping column 38 by 

way of conduit 51 and is utllized as a reflux to stripping column 38. The 

remaining portion of the condensed overhP.ad stream not passed to settler 

vessel 18 or to stripping column 38 is passed by way of conduit 52 to 

downstream processing. The rate at which the remaining portion of the 
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condensed overhead stream is passed downstream must he controlled so as to 

be effective in maintaining the concentration of water in the separated 

catalyst mixture below about 10 weight percent, but preferably, the water 

concentration is less than about 7.5 weight percent, most preferably, the 

concentration is less than 3 percent. 

The bottoms stream from stripping column 38 passes by way of 

conduit 54 to first contacting , vessel 56, which contains a contact 

material. Interposed· in cond~it 54 is valve 57 which is utilized along 

with other piping and valves described herein to assist in isolating first 

contacting vesel 56. The contact material contained in first contacting 

vessel 56 is preferably a reversible base and most preferably a 

polyvinyipyridine (PVP) compound. First contacting vessel 56 defines a 

separation zone for removing by adsorption or by neutralization, or both, a 

substantial portion of the hydrogen fluoride contained in the bottoms 

stream to produce a neutralized bottoms stream or a treated 

sulfone~containing mixture. Also, at least a .portion of the ASO contained 

in the bottoms stream is adsorbed by the contact material and is thereby 

removed therefrom. 

The neutralized bottoms stream then passes through.conduit 58 to 

second contacting vessel 60, which contains an adsorbent material and 

defines a separation zone for removing a substantial portion of the ASO 

contained in the neu~ralized bottoms stream to produce a regenerated 

catalyst, or sulfolane stream, having a concentration of ASO that is 

reduced below that of the neutralized bottoms stream and that is preferably 

substantially free of ASO and hydrogen fluoride. Interposed in conduit 58 

is valve 61 which is utilized. along with other piping and valves described 

herein to assist in isolating second contacting vessel 60. The sulfolane 
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stream conveyed from second contacting vessel 60 passes through conduit 62 

to mixing device 32 whereby it is ultimately conveyed and remixed with 

separated catalyst mixture 22 for reuse as a portiori of the sulfolane 

component of the alkylation catalyst mixture. Interposed in conduit 62 is 

valve 65 which is utilized along with other'piping and valves described 

herein to assist in isolating second contacting·vessel 60. The sulfolane 

stream can optionally pass by way of conduit 64 to down~tream processing. 

To regenerate tl1e contact material contained within first 

contacting ·vessel 56, conduits 66 and 68, each respectively having valves 

70 and ·12., are provided to permit the periodic regeneration of the· spent 

contact material.· Periodically, the contact material in contacting vessel 

56 is exposed to a.solvent oi a stripping fluid which passes by way of 

conduit 66 into first contacting vessel 56 to thereby expose the contact 

material under conditions such that at least a portion of the ASO and HF 

adsorbed by the contact·material is removed by th~ solvent. The solvent 

·containing ASO and HF which has been removed from the contact material. 

leaves first contacting vessel 56 by way of conduit 68 to downstream 

processing. To regenerate the contact material contained in second 

contacting vessel 60, the contact material is exposed to a solvent or a 

stripping fluid suitable far the removal of at least a portion of the ASO 

contained upon the contact material. The stripping fluid is introduced 

into second contacting vessel 60 by way of conduit 74 to expose the contact 

material contained therein under conditions so as to regenerate the contact 

material. The stripping flu.id is conveyed from second contacting vessel 60 

by way of cor.duit 76. Interposed in conduits 74 and 76 are, respectively, 

valves 76 and 78 which are provided to nssest in the isolation of second. 

contacting·vessel 60. 
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The following example demonstrates the advantages of the present 

invention. This example is by way of illustration only, and is not 

intended to limit the invention as set out in the appended claims. 

Calculated Example 

This example provides certain matetial balance information for an 

alkylation process unit having a production capacity of 15,000 barrel ·of 

alkylate per day. A simplified schematic of the alkylation process unit is 

depicted in FIG. 1. Table I summarizes stream data for the various stream 

numbers which correspond to those shown in FIG. 1. 



Table I 

Stream No. 14 30 37 54 52 48 40 50 26 
Stripping Rerun Rerun 

Reactor Mixed Acid Drag Acid Rerun Rerun OVH Rerun OVH IC,, OVH OVH Acid from 
Component/Stream HC Feed Make-Up· to Rerun Bottoms Acid Purge Hydrocarbons to Rerun Acid HF Recycle Settler 

-
Ethane 
Propylene 0.45 
Propane .. 19.53 - - - - 0.30 0.30 
Isobutane 2,745.21 - - - - 58.17 58.17. .. 
Butene 210.09 
N-Butane 273.05 - - - ·- 4.44 4.44 
Isopentane 49.25 - - - - 0.02 0.02 
Pentane 

,...... ,Amylenes 
N c,+ 

Total HC 3,297.59 - - - - 62.93 62.93 
HF. 15 .01 0.1440 21.35 0.21 0.1418 0.38 0.10 20.85 20. 71 13,ZCS.90 
Sulfolane - 0.2835 10 .10 10.10 - - - - - 6,250.16 
ASO - - 0.76 0.76 - - - - - 470.96 
H20 0.17 0.0037 0.67 - 0.0046 - - 0.61 0.67 415.28 

Total - Gal/min 3,312.77 0.4312 32.88 11.07 0.1463 63.31 63.03 21.52 21.37 20,343.30 

Total - lbs/hr 945,410 251 17,308 6,900 70 17,923 17,787 10,272 10,202 10,709,784 

Flowing Conditions 
Temperature·, F 104 100 290 360 55 55 375 55 55 102 
Pressure, psia 200 120 75 70 65 65 70 65 65 75 

t 
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While this invention has been described in terms of the presently 

preferred embodiment, reasonable variations and modifications are possible 

by those skilled in the art. Such variations and modifications are within 

the scope of the described.invention and the appended claims. 
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THAT WHICH IS CLAIMED IS: 

. THIS SHEET HAS BEEN · 1 
REPLACED 

1. An alkylation process, comprising the steps of: 

(a) mixing sulfolane ·having a concentration of water with HF to 

form a catalyst mixture comprising sulfolane, water and HF; 

(b) contacting a hydrocarbon mixture, comprising olefins and 

isoparaffins, with said catalyst mixture witlfin a reac.tion zone to thereby 

produce a reaction product and a reaction by-product; 

(c) separating said reaction product from said catalyst mixture 

within a first separation zone to produce a separated reaction product and 

a separated catalyst mixture with said separated catalyst mixture 

containing a portion of said reaction by-product; 

(d) passing .a portion of said separated catalyst mixture to a 

second separation zone to thereby separate said portion of said separated 

catalyst mixture into a second separation zone overhead stream, comprising 

a portion of the HF component of said portion of said separated catalyst 

mixture and a portion of the water component of said portion of said 

separated catalyst mixture, and a second separation zone bottoms stream, 

comprising a portion of the sulfolane component of said portion of said 

separated catalyst mixture and a portion of the reaction by-product 

component of said portion of said separated catalyst mixture; 

(e) utilizing a remaining portion of said separated catalyst 

mixture as a portion of said catalyst mixture; 

(f) condensing said second separation zone overhead stream to 

produce a condensed second separation·zone overhead stream; 

(g) utilizing a portion of said condensed second separation zone 

overhead stream as a portion of said catalyst mixture; and . 

----··----------
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(h) passing a remaining portion of sa.id condensed second 

separation zone overhead stream to downstream processing at a rate which is 

effective in maintaining a concentration of water in said separated 

catalyst mixture below about 10 weight percent.· 

2. A process as recited in claim 1, wherein the concentration 

of water in said sulfolane used in mixing ste~ (a) is in the range· of from 

about 0.1 to about S weight.per~ent. 

3. A process as recited in claim 2, wherein the weight ratio of 

hydrogen fluoride to sulfolane of said catalyst mixture is maintained in 

the range of from about 1. 1 to about 40: 1 weight percent. 

4. A process as recited in claim 3, wherein in said second 

separation zone overhead stream the weight ratio of HF to water is in the 

range of from about 10:1 to about 100:1. 

5. An alkylation process as recited in claim 4, further 

comprising: 

passing said second separation zone bottoms stream to a first 

contacting zone at a rate which is e.ffective in maintaining a concentration 

of said reaction by-product in said separated catalyst mixture of less than 

about 20 weight percent of said s_~parated catalyst mixture. 

6. An alkylation process as recited in claim 5, further 

comprising: 

introducing a hydrocarbon in a vaporous state into said ~econd 

separation zone to thereby provide energy for separating said portion of 

said separated catalyst mixture into said second separation zone overhead 

stream and said second separation zone bottoms stream; and 

separating said concensed second separation zone overhead stream 

into an. overhead hydrocarbon stream, said overhead hydrocarbon stream 

111111111111111111111111111111 
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THIS SHEET HAS BEEN 
REPtACED --

comprising said hydrocarbon, and said condensed second separation· overhead 

stream, said condensed second separation overhead stream comprising HF and 

water. 

7. A process as recited· in claim 6, further comprising: 

contacting said second separation zone bottoms stream with a 

reversible base selected from the grbup consisting of 

poly-(2-vinylpyridine), poly-(4-vinylpyridine).· and mixtures thereof 

contained within said first contacting zone to thereby remove a portion of 

'the HF contained in said second separation zone bottoms streams to produce 

a neutralized second separation zone bottoms stream; 

contacting said neutralized second separation zone bottoms stream 

with carbon contained within a second contacting zone to thereby remove a 

portion of said portion of the reaction by-product to produce a sulfolane 

stream substantially £re~ of said reaction by-product and HF; and 

utilizing said sulfolane stream as at least a portion of the 

sulfolane component of said catalyst mixture. 

8. An alkylation process as recited in claim 7, further 

comprising: 

periodically exposing said reversible base to a solvent under 

conditions such that at least a portion of the ASO adsorbed by said 

reversible base is removed therefrom. 
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