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| DATE OF RECEIPT oo

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to the acylation or alkylation of
aromatic compounds in hydrbgen fluoride, wherein the acylated or alkylated
product is soluble in hydrogen fluoride but the aromatic compound is
sufficiently insolublé in hydrogen fluoride that a two phase reaction medium

forms. The present invention particularly relates to a continuous multistage
process for carrying out the acylation or alkylation of aromatic compounds in

hydrogen fluoride.

2. Description of Related Art

U.S. Patent No. 3,385,886, shows the production of
phenylalkane derivatives such as ibuprofen in which the first step of the
process is the reaction of phenylalkane with acetyl chloride in the presence of

aluminum chloride to produce an alkylphenylacetophenone.



sufficiently insoluble in hydrogen fluoride that a two phase reaction
medium forms. The present invention particularly relates to a continuous

multistage process for carrying out the acylation or alkylation of

‘aromati ¢ conpounds-in hydrogen fluoride2- 2. Description of Related Art

- U S. Patent No. 3,385,886, shows the production of phenyl al kane
derivatives such as ibuprofen in which the first step of the process is

* the reaction of phenyl al kane with acetyl chloride in the presence of

al umi num chioride to pr gduce. 39, al: BCHROSRK R48) HMAABRRS No. 60 11985
188,343, discloses the preparation of p-isobutylacetophenone by the
acetylation of isobutylbenzene using an acetylating agent aéctyl fluoride
prepared by reacting acetic anhydride with hydrogen fluoride, and as a
catalyst, a combination of hydrogen fluoride and boron trifluoride.

Baddely et al.,, Journal of the Chemical Society, 4943-4945
[1956], discloses on page 4945 the preparation of 4 -isobutylacetophenone by
the Friedel-Crafts acetylation of isobutylbenzene with acetyl chloride using
aluminum chloride as a catalyst.

U.S. Patent No. 4,981,995, issued January 1, 1991 to Elango et
al., shows the production of 4’ -isobutylacetophenone (IBAP) by the Friedel~
Crafts acetylation of isobutylbenzene (IBB) with an acetylating agent which
may be acetyl fluoride (AcF) or acetic anhydride (Ac,0), using a catalyst
which rriay be ﬁydrogen fluoride. The 4’ -isobutylacetophenone is disclosed as
an intennediate ina px;ocess for the production of ibuprofen.

U.S. Patent No. 4,990,681 issued February 5, 1991, discloses
the operation of an extractor-reactor to produce IBAP and the removal of HF

- from the IBAP product by reacting the HF with acetic énhydride in an HF
removal column, both contemplated to be used in combination with the
process of the present invention. The entin; .disclosure of U.S. Patent No.
4,990,681 is hereby incorporated by reference herein.

The acylation or alkylation of aromatic compounds in hydrogen

{luoride is well known in the art. Since, typically, the aromatic compound



Japanese Patent Publication (Early Disclosure) No. 60_[19851—188,343,
di scl oses the preparation of p-isobutylacetophenone by the 2 gstB\éLn?irlg&dof

i sobut yl benzene using an acetyl ating agent acetyl fluor} h
reacting acetic anhydride with hydrogen fliporide, and as |\ ml

conbi nati on of hydrogen fluoride and boron trifluoride.
Baddely et al., Journal of the Chem cal Society, 4943-4945 [1956], _
di stl oses on page 4945 the preparation of 4'-isobutylacetophenone by the

Friedel -Crafts acetyl ation_ of isaqbutyl benzene wth, acetyl. chloride using
al umi num chl or i deagsanthas & Jniseq §°1“b1h y n hydmgenvﬁu‘l‘}dg’. w%‘?@)‘ng‘chﬁf’.m%} 981, 995,

I ssued January 1, 1991 to El ango et al , shows the production of 4
i sobut yl acet ophesepween theARminye tdmepdundentd]the acydatirfg or alkyatingagen iof
| sobut yl benzene (1BB) with an acetyl ati ng agent which may be acetyl

fluoride (AcF) qfes@g%lrﬁxgaﬂg{y&’ﬂag%&ﬁﬁﬁ%feh@ed. Ui the pastC didito/fhle redatiglich may

be hydrogen fl uori "-1sobutyl acet ophenone i s disclosed as an

ntermediate in a processod the oSt kjiords iBHRES L8 Rpounds in
hydrogen ﬁuoﬁde was carried out in a batch mode, typically in a continuously
stirred batch reactor.

Examples of aromatic cox.'npounds which form a separate and

distinct phase with hydrogen fluoride are described in Dolkady Akademii
Nauk USSR, 95(2), 297-299 (1954) and Zhurnal Fizicheskoi Khimii, 31,
1377-1386 (1957). Aromatics sparingly soluble in hydrogen fluoride
(approximately one .(1)% by weight or less) include naphthalene, phanthrene,
diphenylmethane, triphenyimethane, chlorobenzene, tetralin, :
2-methylnaphthalene, and diphenyl. Many aromatics, especially those with
~—H or —alkyl substitution are often sparingly soluble in hydrogen fluoride.
Thus, one skilled in the art can u.ndcrstand the broad applicability and
considerable val;le of a reaction technique which would permit the continuous

acylation or alkylation of aromatic compounds in hydrogen fluoride.

SUMMARY OF THE INVENTION
In accordance with the pr_ese.nt invention, a continuous process
is provided for acylating or alkylating an aromatic compound in hydrogen
fluoride, wherein the aromatic compound has a sufficiently limited solubility

in hydrogen fluoride that a two phase reaction system is formed. The



U S. Patent No. .4,990,681 issued February 5, 1991, d‘”s’cToses the

operation of an ‘extractor-reactor to produce |BAP andTilbﬂmeét
fromthe | BAP product by reacting the HF with acetic a \‘ \HF
removal colum, both contenplated to be usgd in conbin

process of the present invention. The entire disclosure Pat ent No.
4,990,681 is hereby incorporated by reference herein. The
acylation or al kylation of aromatic conpounds in hydrogen fluoride is
wel | known in the art. Since, typically, the aromatic conpound

reactant has a cdntimiowsdproogsabs tarripd iont eqratasepsrently psroopeurrently\ih g mbli- t he
contact between the aromatic conpound and the acyl ating or al kyl ating

agent is restrigh@dreattof Théominmioks phaserduringitheirsastioe domacdting! periob@apast ,
due to the reduced rate 5 of reaction, the acylation or alkylation of
aromat i ¢ be either the aromatic compound-comprising phase or the hydrogen fluoride-
comprising phase. The present process is particularly advantageous in that
hydrogen fluoride serves at least a triple function, as catalyst, reaction medium
(solvent), and (sur.'prisingly) as extractant for the acylation or alkylation
product of the aromatic compound. In addition, depending on the acylating
agent utilized, in acylation reactions, the hydrogen ﬂubride can serve as a
component of the acylating agent.

The process of the present invention comprises a continuous
process for the acylation or alkylation of aromatic compounds in hydrogen
fluoride, said process comprising the stepé of:

a)’ feeding liquid hydrogen fluoride and at least one acylation
agent or at least one alkylation agent into an extractor-reactor to
form a first, hydrogen fluoride-rich phase;

b) feeding an aromatic compound-comprising material into said
extractor-reactor to form a second, aromatic compound-rich
phase; and

c) contacting said first, hydrogen fluoride-rich phase with said
second, aromatic compound-ﬁch phase in a manner, within said
extractor reactor, such that said acylation agent or said
alkylation. agent reacts with said aromatic compound to form an

acylation product or an alkylation product of said aromatic



conpounds in hydrogen fluoride was carried out in a batch node,

typically in a continuously stirred batch reactor. . This Sheet Has BSE RIS
of aromati c conpounds which forma- separate and distin

hydrogen fluoride are 10 descri bed in Dol ka§ly Akadem i Nauj]llﬂ@ﬂ [leﬂ I
297- 299 (1954) and Zhurnal Fizicheskoi Khimi, 31, 137 i ]

Aromatics sparingly sol ubl e I n hydr ogen fl uoride (approxi matel y
one (1)% by weight or |less) include napht hal ene, phant hrene,

di phenyl net hane, tri phenyl s bk ne etralin, .. .

2- net hyl napht hal ene, and’ di ptllienyﬁ.\vﬁln‘l::h %’ﬁ{/aggrﬁgﬁn@ﬁa&%’y%%%a%q‘{?ﬂ%se
with -H or -alkyl substitution are often sparingly soluble in hydrogen
fluoride. Thus, one skill Rh3% the art can understand the br oad
applicability and consi derable value of a reaction 20 techni que whi ch woul d
permt the continuous acylation or al kyl ati on of aromatic conpounds in
hydr ogen fl uori de. US- A- 2, 456, 435 di scl oses a process for

reacting a | ow boi | i ngFer mirpsses ©f HlusBaOSH, |thd BrocddihfaRe gfég%tih&nﬁon
hydrocarbon, e.g. benzene, to produce an alkylate in the 25 presence of

hydr of [ uori c aCiig’quHeﬁﬂi@e’m{dﬁﬁﬁin I>glil,r g? w&t roductioﬁ(?l?%,df ocarbon materi al

containing a lowborling o Ny d I'C ac I'n a proportion

substantially equi,nol.ar t l,ef i n intaining the resulting

m xture for not %mtgylacetoﬁaﬂn%bg%ﬂ&yeé; ’Fé@?l thgcstplation ef ure with
substantially 30 anhydrous |iquid hydrofluoric acid in an extraction step
at an ext r actisetmtylbegrene (TR with apacylatng (acatylatinpg) egenit whi@Béar bd C) |
mxing with the resulting extract benzene in an al kyl ati on zone under

condi tions such astyi dlupridel (AeF)patedit kyhyairizle, acetis QBRI af migutddanabdd yent from

the al kyl ation zone into a 35 relatively |ight phase and a relatively heavy

hydrof luoric Bfdrb R RfRide AGD)EE106ntS @@s&iu@)ﬁllﬁttﬁe H:o%g}ssl i sclrfbggtin phase,

terms of thé’ acylatiqn and alkylétion of other aromatic compounds which also
have limited solubility in hydrogen fluoride.

In accordance with the present invention, IBAP is produced in a
continuous process wherein IBB is reacted with an acetylating agent in the
preseﬁce of liquid HF as a catalyst/solvent, in a multi-stage reactor, for
example, an unitary extractor-reactor. |

In one embodiment of the present invention, wherein the
hydrogen fluoride (HF)-comprising phase is the continuous phase in the
reaction system, IBB, which is lighter than and substantially insoluble in HF,
forms an IBB-rich phase, e.g., as droplets, which percolates upwardly through
an HF-rich phase containing the acetylatiné agent. The formed IBAP is
selectively soluble in and is extracted into the HF-rich phase, while the bulk

: of unreacted IBB is withdrawn and externally recycled to the extractor-reactor

with a fresh supply of IBB. The recycled IBB may be further purified prior to



passing a mpjor portion of said acid phase to said extraction step
as part of the extraction solvent, passing

4 . the raffinate fromthe extraction step to a distillation step
for recovery of dissolved hydrofluoric adrd therefrom passi ng a m nor
portion of said acid phase to said distillation step for renoval of
organic inpurities, and 5 passing purified and recovered hydrofluoric acid
fromsaid distillation step to said extraction step.

. . ENTHACR! to Hdextractor-reactor. A BroftRt FEAASE WithdRUPRERARE
I nvention provides. a cont i nuous process for the acylation of aromatic

conpounds I n hydrogen or.ide, said proc Qnpr.ising the steps of:
a) f eeciesgsl Icpﬁﬁgéeﬁm% % ?IH%'} p@@ulgnWﬁgggg na)aﬁg €ases, acyl ati on

agent into an extractor-reactor to forma first, 15 hydrogen fluoride-rich
phase; varying amounts of acetic acid and acetyl fluoride, the specific amounts of

SUWVARY OF THF&%M/
|

these components depending, among other factors, on the nature of the
acetylating agent initially added. As used in this specification, the terms "feed
point" or “point of withdrawal” may mean one or more points in the extractor-
reactor at which the designated stream is fed or withdrawn.

Because IBB is slightly soluble in the HF-rich phase, that
portion of such phase below the feed point of fresh and recycled IBB will
often contain a small amount of IBB. Since this amount could be
economically important, it is another aspect of this invention to provide
additional residence time between the feed point of IBB and point of
withdrawal of the product stream, i.e., a “finishing zone," such that a
significant proportion of the IBB dissolved in the HF-rich phase has an
opportunity to react with -acetylating- agent remaining in such phase to produce
an additional amount of IBAP. Such finishing zone may be, for example, the
bottom portion, below the IBB feed point, of the extractor-reactor vessel
which contains only an HF-rich phase with dissolvcd IBB in the absence of
any substantial amouht of IBB-rich phase. Alternatively, or in addition to the
foregoing expedient, the product stream ma).'.be transferred to and held in a
separate vessel as the finishing zone, i.e., a “finishing reactor," for a period
‘and under conditions to obtain further acetylation of dissolved IBB in a

homogeneous system.



b) feeding an-aromati ¢ conpound-conprising nmateri al into said
extractor-reactor to forma second, aromatic. conmpound-rich phase; and

c) contacting said first, hydrogen fluoride-rich 20 phase with said
second, -aromati ¢ conpound-rich phase in &- manner, within said

extractor-reactor, such that said acyl ation agent reacts with said
aromatic conmpound to form an acyl ation product of said aromatic
conmpound which is extracted into said hydrogen fluoride-rich phase. 25

I n anot her aspect, the present,inventi I nti nuous
process for al kylation og é‘?‘:(?ﬁ%f‘f"c &‘ §}-P%5%?P5§‘ opﬁﬁy‘h?%g%gﬁ &?uori de, said
process conprising the steps of: eeding |iquid hydrogen

fluoride and abpdraticrt obthe GXO'ZICIGI"WF@ﬁdéﬁ?FT@g@MCWQHSH BrroskiReslciNAN 1 eact or to
forma first, hydr ogen-fl uoride-rich phase; b) . feedi ng an

aromatic Comoﬂﬁégmé&kﬂgiim&hebbahﬁqn of am#HiF mmavabzolumntwitizirgeaete t o
form_a second, aromatic conpound-rich phase; and
anhydride (Ac,0) to react with the HF in the IBAP/HF and acetic acid/HF
complexes present in the product of the extractor-reactor, forming acetyl
fluoride (AcF) which together with free liberated HF is withdrawn as an
overhead stream, with at least part of such stream being recycled to the
extractor-reactor. The bottoms stream from the HF-removal column comprises
IBAP and acetic acid (HOAc) at least some of which acid is produced in the
forcgoing reaction.

In accq_rdancé with still another aspect of the invention, the
bottom stream from the HF removal column is fed to a light ends column
where the bulk of the acetic acid is sepmmd from the IBAP, with at least part
of the aéetic acid being recycled to the extractor-reactor.

In another embodiment of the present invention, the extractor-
reactor can be operated in a manner such that the discontinuous phase exists
only throughout a portion of the length of the reactor, eliminating the need to
recycle discontinuous phase material. In this latter embodiment, the feed rate
of the reactant, which comprises the discontinuous phase, is limited to that
which is reacted/dissolved in the comi_nuous- .phasc prior to exit of the
continuous phase from the extractor-reactor. It is preferable to use this

'embodiment of the present invention when the aromatic compound to be
i .



4a c) contacting said first, hydrogen fluoride-rich

phase wth said second, aromatic conpound-rich phase in a manner,

Wi thin said extractor-reactor, such that sgld 5 al kyl ati on agent react s

w th said aromatic conpound to form al kyl ati on product of said
aromati c conpound which is extracted into said hydrogen fluoride-rich
phase. Thus, in accordance with the present invention, a
continuous process is provided for acylating or alkylating 10 an aromatic
conpound i nhydpoggRd for waeylsted isvestablain the HF-comprising iphaszaufnhereictios a
sufficiently limted solubility in hydrogen fluoride that a two phase
reacti on syste t us process Is carried
out counter@%WQ%ﬁggﬁ%ﬁ%t}%ﬁﬁoul{f%ggngukblgt|-stage reactor. 15 The

- continuous phase during the reaction contacting period can be either the
aromatic conmpound- conpri si ng phase or the hydr ogen fl uori de-conpri sing
phase. The present process is partlcularl advant ageous in that hydrogen
fluoride serves at | east a DESQRETHI( ARAMINGSt, reaction nmedi um
20 (solvent), and (surprisingly) as extractant for the acyl ation

or alkylation product of tigayARl Pipd seheamiipdidpgam of al progetdiféd Aylatdarsndi ng
on the acylating agent utilized, in acyl ation reactions, the hydrogen

fl.uoride can ser a\ikylauon of ara xﬁa%oc%%tou%s ﬁxr}?yd?&géh‘ﬂﬂdo?ﬁe%%tan exXIractor-

reactor and optional finishing zone contemplated undet this invention.

Figure 2 is a schematic diagram of an integrated process for
acylation or alkylation of aromatic compounds in hydrogen fluoride using an
extractor-reactor having an optional finishing zone, an HF removal column,

and a light ends column, in accordance with this invention.

'DESCRIPTION OF THE PREFERRED EMBODIMENTS
The first illustration of the process of this invention, wherein
4’ -isobutylacetophenone (IBAP) is produced by the Friedel-Crafts acetylation

of isobutylbenzene (IBB), is shown in the following equation:

| HF
(CH,),CHCH, ~© + CH,COX ——} (CH,),CHCH, —-@— COCH, + HX

where “X" is the residue, minus the acetyl group, of an effective acetylating
agent. Acetylating agents which may be used are, for example, acetyl fluoride
(X = P), acetic anhydride (X = —OCOCH,) and acetic acid (X = —OH).
Mixtures of acetylating agents may also be used, and form in situ if c-ertain

’ acetylating agents such as acetic anhydride, are used. The acetic anhydride



For purposes of illustration, the process of the present invention 5 S

first described in detail in terns of the production of _4'-

i sobut yl acet ophenone (1 BAP) by the Friedel -Crafts acetylatlon of

I sobutyl benzene (I1BB) with an acyl ating (acetylatlng) ag

acetyl fluoride (AcF) acetic anhydride, acefic acid, or m.

I n hydrogen fl uori de- catal yst/sol vent. Subsequently |s
described in 10 terms of the acylation and al kyl ati on of ot her aronatlc
conmpounds whi ch al so have imted solubility in hydrogen fluoride.

reacts with IBB to form IBAP and acetic acid which is also an acetylating
agent. Moreover, acetic anhydride also reacts with HF to form acetyl fluoride,
another acetylating agent, and acetic acid. If free acetic acid is used as all or
part of the acetylating agent, some of its anhydride can be, and preferably is,
added to further react with the water of reaction. Alternatively, acetyl
fluoride, if present, will also react with water of reaction to form HF and
acetic acid. The product of the reaction thus comprises IBAP and HF and/or
free acetic acid, with HF being present in appreciable amount in either case
because of the large excess used as solvent/-extractant/catalyst, e.g., about 7 to
about 80 moles per mole of IBB/IBAP. The recycle ratio, i.e., the ratio of the
weight of IBB-rich phase being recycled from at or near the top to the IBB
feed point, preferably below the feed point of HF and acetylating agent in the
reactor, té the total weight of material entering or leaving the reactt;r at steady
state, may be in the range, for example, of about 2 to about 0.03, preferably
about 0.5 to about 0.1. The use of packing in the extractor-reactor is
beneficial in that it increases the efficiency of HF-rich phase/IBB-rich phase
contact and helps to provide "plug flow" of the IBB-rich phase, which is
preferably the discontinuous phase, through the HE-rich phase, which is
preferably the continuous phase. The reaction may be carried out a
temperature, for example, of about 45°C to .about 80°C, at a pressure which
prevents boiling; for example, a pressure of- about 35 psig to about 150 psig

: over a residence time of, for example, about 0.3 hours to about 4 hours.



I n accordance with the present invention, IBAP is produced in a
conti nuous process wherein IBBis reacted wwth an acetylating agent in the

presence of liquid HF'as a-catal yst/solvent, in a nmulti-stage reactor, for
15 exanpl e, an unitary extractor-react QL_ I n one
enbodi'nent of the present invention, wher (?n t he hydr ogen fl uoride

(HF) - conprising phase is the continuous phase in the reaction
system BB, which is lighter than and substantially insoluble in HF,

forms an IBB-rich phase, e.g., as droplets, which percolates upwardly
through 20 an HF-rich Ahsaedstetpodua @f tiveexixastoriratdtergmay pass. thibogh f or ned

| BAP i s selectively soluble in and is extracted into the HF-rich
phase, while the:hul: ERAGERLr d?hniyp bivsédidb aRpaatd BrstigRgal |y
recycled to t hé %&%&zgﬁr‘%gg%ﬂr{ﬁ r'th FRes P 3

Wi a fresh supply of 1BB.” The
. recycled 1 BB may be furthe_r.zgﬂ,‘rified

-6- reactor to maximi e homogegécisu%rphtage conversion of IBB to IBAP.
Such finishing zone or reactor may be operated at a temperature and pressure
similar to those of the extractor-reactor and, for a residence time, for example,
of about 0.1 hours to about 4 hours, preferably about 0.5 hours to about 2
hours. The finishing zone or reactor can be used in a plug flow arrangement
(by packing the reactor) or in a laminar flow arrangement.
| 'I'hé_.product stream withdrawn from the extractor-reactor or the
finishing reactor contains free, i.e., substantially uncomplexed HF, and HF
which is complexed with IBAP and, acetyl fluoride if acetic anhydride or
acetic acid is used as all or part of the acetylating agent. The product stream
also contains HF, water and/or acetic acid respectively, formed as a by¥
product of the acetylation reaction. Some of the acetic acid present also tends
to form a complex vs;ith HF. Additionally, the product stream may also
- contain unreacted isobutylbenzene (IBB), acetyl fluoride (AcF),. acetic acid
(HOAC) and acetic anhydride (Ac,0), depending on the extent of the reaction
or initial stoichiometric ratios employed.
To scpafate both the uncompllcxed and complexed HF from the
IBAP and acetic acid in the product sn'eam'from the extractor-reactor, such
stream may be sent to an HF-removal column, the operation of which is
disclosed in U.S. Patent No. 4,990,681, the entire disclosure of which has

_previously been incorporated by reference. In such operation, acetic anhydride



feeding it back to the extractor-reactor. A product stream—w'—thel;amﬂom“
the vessel conprises IBAP, HF, a small anmount of I|BB, an

acetyl ating agent initially added. As usedllh th| S specifi

"feed point" or "point of withdrawal" nmay nean one or nore p0| nts in the
extractor- reactor at which the designated streamis fed or wthdrawn.
Because IBB is slightly soluble in the HF-rich phase, that portion of

such phase bel ow,t e I ten
contain a small V(Qﬁri@n @#%%Meﬂ%%ﬁ {a’s‘,’ﬁg%o% K@gﬁ%h@%n% ical ly
inportant, it is another aspect of this invention to provide addltlonal
resi dence tinme Huthighepormprases AEMas kﬁto‘@f“!géépbﬁ&i regess (yithothe complexed a1 of
the product stream i.e., a "finishing zone," such that a significant
proportion of thﬁbeBadethﬁhumt (Anﬁ)hﬁdldEetmamdﬂi@M) lasshawn in the

nany cases
.varying ampunts of acetic acid and acetyl fluoride, the s
t hese conponents dependi ng, anong other factors, on the nat

following equation:

Ac,O + HF > AcF + HOAc
The acetyl fluoride is relatively volatile and is withdrawn from the top of the
column with the initially uncomplexed HF, which is separated and rises from
the entering stream at or near its feed point. Some IBB, if present, can also
be collected overhead for i'ecyclc back to the reactor. A less volatile stream
comprising IBAé and acetic acid is withdrawn from the bottom the column.
The reaction and stripping operations occurring in the HF-removal column
may be carried out at a temperature, for example of about 30°C to about
155°C and a pressure, for example, of about 0 psig to about 25 psig.

To further purify the desired IBAP product and partially recover
some of the acetyl values of the system, the bottom stream from the HF-
removal column may be sent to a light ends column where IBAP and heavier
components leaving the bottom of the column are separated from acetic acid
which leaves the top of the column and part of which may be recycled to the
extractor-reactor where it may serve as part of the acetylating agent. The ﬁght
ends column may be operated using a botto-ms temperature, for example, of
about 160°C to about 200°C and a pressure of about 30 mm Hg to about 110

., mm Hg. If desired, the bottom stream from the light ends colu.nn may be



 e—————

opportunity to react with acetylating agent renaini ng i in such phase to— -
pr oduce an addi tional amount of IBAP. Such finishing Zone may be, for

exanpl e, the bottom portion, below the |BB, feed poi %,ssﬁgetmda@eenke laced

extractor-reactor vessel - which contains onl'y an HF-ri ‘\

di ssolved 1BB in the absence of any sufgstantial anoun phase.
e

Alternatively, or in addition to the f or egoi ng expedi product
streammay be transferred to and held in a separate vessel as the
finishing zone, i.e., a "finishing reactor,” for a period and under

conditions to obtain further acetyl tlon i,ssol,ved
hormgen_eous Sygﬂtéma heavy engs Coalumnyw ere the ngp 18 unher pu.rl.ch by remova} Of

I n accordance with another aspect of the invention, the operation of the
extract or - r eaGhgyt of @schdavizd imperitieseity whickcoribimized imsugh bottom stream.

' Referring now to Figure 1, a stream comprising a mixture of
liquid HF and acetylating agent entering the system through line 1 is
continuously sent by pump 2 into extractor-reactor 3 where it is ejected as
several streams from multi-opening liquid distributor 4 below a light IBB-rich
phase collected at the top of the extractor-reactor 3. The mixwre comprising
HF and acetylating agent forms a dense, preferably continuous HF-rich phase
traveling downwardly through extractor-reactor 3. IBB-rich light ph;sc is
withdrawn from the top of extractor-reactor 3 and flows through line 5 as an
IBB recycle stream. Fresh IBB ﬂqws from a makeup source through line 6
where it is combined with the IBB recycle stream from line 5. By means of a
valve adjuétment (not showg), the combined IBB feed fs propelled by pump 7
through line 8-.and thence into the middle of extractor-reactor 3 through multi-
opening liquid distributor 9. In the altern'ativc, if a separate finishing rector
(not shown) is employed, combined IBB feed may enter through line 10 and
into the bottom of extractor-reactor 3 through multi-opening liquid distributor
11. In either case, m the preferred embodiment of the invention shown in Fig.
1, the IBB feed stream foﬁm a discontinuous light IBB-rich phase which
percolates upwardly through the conﬁnuous,'.dense HF-rich phase. As it does
so, IBB reacts with acetylating agent to form IBAP, HF, H,O and/or acetic
acid by-product (as explained previoﬁsiy) ‘which are absorbed into the

:-'continuous dense HF-rich phase. Such dense phase containing IBAP, HF, and-



I ntegrated process with the operation of an HF renoval colum utilizing
acetic anhydride (Ac[err]O to react with the HF in the | BAP/HF and acetic
aci d/ HF conpl exes present in the product of :the extractor-reactor, formng
acetyl fluoride (AcF) which together with free liberated HF is w thdrawn
as an ~overhead stream wth at |east part3-of such stream being recycled to
the extractor-reactor. The bottons stream fromthe HF-renoval colum
conprises |BAP and acetic acid (HOAc) at |east sonme of which acid is
produced in the foregoing reaction. I n accordance with

still another aspect of the inventi . str f the HF
renoval col urm ift SN9skgases, PG bﬁ*ﬁcéﬁ@ga%dggg%s Q%\Aﬁ%@g z{shrg%rl Mmt he acetic
acid is separated fromthe |IBAP, with at | east _ part of the acetic acid

bei ng recycl ed thmughdinexiZ: aerae of dhgcdisgontinuous light IBB-rich phase, coptaining
enbodi mrent of the present invention, the extractor- reactor can be
operated in a npRERtedSIEH colists sfthe dom ob attravtarirsaqudra® endis rtpcled thmbygh

throughout a portion of the length of the reactor, elimnating the need to
line 5 as previously described. '

In addition to reacting with acetylating agent in the continuous,
dense HF-rich phase to form IBAP, some of the IBB in the discontinuous light
IBB-rich phase remains unreacted and dissolves in the dense HF-rich phase
.which may therefore contain on the order of about 1 to 10 wt.% of dissolved
IBB. If the IBB feed stream enters cxtracto#reactor 3 at its center through
line 8 and liquid distributor 9, an HF-rich liquid containing acetylating agent
and some dissolved IBB moves downward from liquid distributor 9 to the
bottom of extractor-reactor 3 where tﬁe reactor produét is withdrawn through
line 12. This provides residence time for a portion of the dissolved IBB to
further'react with acetylating agent in a homogeneous system to form
additional IBAP. In view of this operation, the lower portion of extractor-
reactor 3 indicatéd in Figure 1 by numeral 13, may be termed a "finishing

| zone." As stated, the same reaction may be carried out in a "finishing reactor”
which is a vessel entirely separate from the extractor-reactor.

The designations P1, P2, P3 and P4 in Figure 1 indicate
pﬁmaw sample points from which samples.r.nay be periodically withdrawn
and analyzed.

Referring now to Figure 2, the operation of extractor-reactor 3

I is carried out as indicated in the descriptfon of Figure 1 with the IBB feed



recycl e di sconti nuous phase material. In this latter enbodinent, the feed
rate of the reactant, which conprises the discontinuous phase is limted
to that which is reacted/dissolved in the conti nuous ph:mes tiHas B cpd -
of the conti nuous phase fromthe extractor-reactor. [ \l

use this enbodi ment of the present |nvenlt|on when the ar

to be

reacts with IBB to form |IBAP and acetic acid which is also an acetyl ating
agent. Moreover, acetic anhydride also reacts with HF to form acetyl

fluoride, anot her acetylating agent, and acetic acid. If free
acetic acid is msenth i @l the oniddle or the bpttorh of extriromrzattpt 3f amigwhtBeld , sone
of its anhydride can be, and preferably is, 5 added to further react

W th the vater glediaang bgéht di¥dsbived & il VHF, ¥nedritly extractor-reactor 3 through
line 1, being a mixture of acetyl fluoride and, in most cases, acetic acid
obtained as recytle streams from HF-removal column 20 and, possibly, light
ends column 30. The composition of HF-acetylating mixture in line 1 is such
that the mole ratio of HOAc : AcF ranges from about 0 : 1 to about.2 : 1,
with the more preferred mole ratio of HOAc : AcF ranging from about '
0.25 : 1 to about 2 : 1, and the most preferred mole ratio of HOAc : AcF |
ranging from about 0.65 : 1 to about 1.3 : 1. The HF content of the mixture
is varied as necessary. Typically, the mole ratio of (HOAc + AcF) td HF
ranges from about 1 : 5 to about 1 : 25, with a preferred mole ratio of (HOAc
+ AcF) to HF ranging from about 1 : 10 to about 1 : 20.

Reactor product from the bottom of extractor-reactor 3
comprising IBAP, HF, AcF, and HOAc, with all or most of the IBAP
complcx;ad with HF, is transported as feed to the top of HF-removal column
through line 12. Acetic anhydride is injected into column 20 through two
lines, line 21 slightly below the point of entry of the feed stream in line 12,
and/or line 22 lower down the column, in sufficient quantity to react with
substantially all the HF complexed with IBAP or acetic acid, as shown in U.S.
Patent No. 4,990,681. The products of this reaction are AcF and additional
HOAc. Free and liberated HF, AcF and HOAc, as well as portion of

unreacted IBB, are withdrawn from column 20 as an overhead stream through

line 23, and, after passing through condenser 24, are recycled to extractor-



fluoride, if present, will also react with water of reactiontefermHFand
acetic acid. The product of the reaction thus conprises |BAP a&dBHF‘ﬁgJe@r
|

free acetic acid, with HF being present in appreciable-d t

case because of the | arge excess used as \\ “ “
solvent/-extractant/catal yst, e.qg., about_lg_ to 10 abou

nol e of 1BB/IBAP. The recycle ratio, i.e., " the ratio of the wei ght
of IBB-rich phase being recycled fromat or near the top to the |1BB

feed point, preferably below the feed point of HF and acetyl ating agent in

t he reactor, to the total weight of material entering or |eaving
_the reactor at rsacteny through linessihard 1.ndy theealignative. Higrkplump gan bganpl e, of
about 2 to about 0.03, preferably 15 about 0.5 to about 0.1. The use of

packing in the &ekdiaf sth therdt overlsad stream thheughflinei 28 comprisestonlyt HFnndeases
the efficiency of HF-rich phase/IBB-rich phase contact and helps to

rovide, bl ug Aot g8 APRUACTRIBE SN Gpleof  boromiithst 201 (e
For exampl e, of Crmmiings By AP ane HGAs o SHEN Bofan sreamat wiBgreL trbigiie,
prevents boiling; for exanple, a pressure of about 35 psig to about 150
psig 241 to 10326 wivhflgwsde light ends column 30, where it is separated into a bottom
stream composed largely of IBAP which is withdrawn through line 31, and an
overhead stream composed largely of HOAc withdrawn through line 32. The
IBAP-containing bottom stream 31 may be sent to a heavy ends column (not
shown) for the removal of impurities less volatile than IBAP, and the IBAP
may also be subjected to other purification treatments before being further
utilized. The overhead HOAc-containing stream 32 from column 30 is
condensed in condenser 33 and can be recycled as stream 35 to extractor-
reactor 3 .in combination with condensed overhead stream 25 from HF-
removal column 20, as the feed throuéh line 1 previously described. 'Any
remainder of the HOAc-containing sﬁeam from light ends colﬁmn 30is
withdrawn from the system through line 34.
- The following examples further illustrate the invention.
Example 1
An extractor-reactor 3 constructed from 20 ft. of 8" pipe was
packed in two sections with 5/8" pall xlings,. as shown in Figure 1. The reactor
was maintained at 58°C and at a pressure sufficient to prevent the solvents
. from boiling, i.e., about 40 to 60 psig. To the top of the reactor through line

1 were fed 185 1b/hr of an HF solution containing 19 wt.% AcF and 15.2



over a residence time of, for exanple, about 0.3 hours to about 4 hours.

- 9 - reacts with IBB to formI|BAP and acetic acid Whi'ch 1S also an

acetylating agent. Mreover, acetic anhydride al so reactfs¥ebitalBech ReglRédM
S

acetyl fluoride, another acetylating agent, and acetic a
- acetic acid is used as all- or part of thgggcetylating aga l
anhydri de can be, and preferably is, added’'to further re ter

of reaction. Alternatively, acetyl fluoride, if present, will also react
with water of reaction to formHF and acetic acid. The product of the
reaction thus conprises |IBAP and HF and/or free acetic acid, wth HF being
present in appr eai%H@Ac ubtained.raseshowerin dague 2, as recycle streams from HF-

removal column 20 and light ends column 30, and which form a continuous,
dense Hf-rich phase. As shown in Figure 1, an IBB feed stream was fed

~ through line 10, at a rate of 74 Ib/hr to the bottom of the reactor, with flow to
the middle of the reactor being blocked. A discontinuous light IBB-rich phase
formed at the bottom of the reactor, which being less dense and largely
insoluble in the continuous HF-rich phase, percolated to the top of the vessel.
Reaction occurred between ihe AcF and possibly some of the HOAc as
acetylating agent, and the IBE to form IBAP, which was extracted into the
continuous HF-rich phase, and HF and possibly water, respectively, as by-
product. IBB-rich phase containing unreacted IBB collected at the top of the
vessel and after phase separation, was recycled through line 5 and eventually
line 10 as part of the IBB feed (which comprises both recycle IBB and
makeup IBB) to the bottom of the vessel in an amount of 58.8 Ib/hr. Fresh
IBB in an amount of 15.2 Ib/hr was 'continuo'usly added through lines 6 and
10 to replace that used up in the reaction and dissolved in the HF-rich phase.
From the bottom of extractor-reactor 3, 200 Ib/hr of the HF-rich phase was
removed containing, in addition to the HF in the feed stream and that formed
as a by-product in the acetylation reaction, the desired product, IBAP, along
with unreacted IBB, AcF, HOAc and other-by-products. A sample of the
exiting HF-rich stream withdrawn at P4 was treated to remove HF by

: quenching in ice water, neutralizing, and extracting with an organic solvent.

' After stripping away the solvent, the organic fraction remaining was found to



because of the | arge excess used as sol vent/-extractant/catalyst, e
about 7 to about 80 noles per nole of |1BB/IBAP. The recycle ratlo i. .
the ratio of the weight of IBB-rich phase being recycl edhisg

the top to the IBB feed point, preferably below the feed n
acetylating agent in the reactor, to the tgtal weight of |ng
or leaving the reactor at steady state, nay be in the range, for exanpl e,
of about 2 to about 0.03, preferably about 0.5 to about 0.1. The use of
packing in the extractor-reactor is beneficial in that it increases the
efficiency of HF-rich phasel/lBB-rich phase contact and hel ps to provide
"plug flow' of then frlm?’phfaﬁAPmdtﬂ?5 wt. %o £ IBB atAnalysiscofiii sampieiofuous
phase, through the HF-rich phase, which is preferably the continuous

‘phase. The react [BB fé8Y stnf MithdRWnOMPRindicRFE]RS WE#Hs@ncedeO ?’&ﬁ@?'o‘ﬂ?
about 45[err]C to about 80[err]C, at a pressure ich prevents boiliny;

rosi donce 11 ma 0P U T Al 18 u% B MBI M ed iR i it e

The HF-nch product stream from extractor-reactor 3 was fed

through line 12 to HF-removal column 20 containing 30 theoretical trays,
where Aczo was introduced to react with HF complexed with IBAP and
HOACc and to form AcE, and light components primarily HF and AcF, were
stripped overhead for recycle to extractor-reactor 3 through line i, as referred
to the first part of this example and described in U.S. Patent No. 4,990,681,
The HF-rich feed stream was fed near the top of column 30 at trays 26, 28 or
30. The Ac;O in an amount of 14 Ib/hr was fed to column 20 below the feed
point of the HF-rich feed stream, with a major proportion of Ac,0 being fed
at trays 20 or 24 ahd a minor proportion at trays 6, 9 or 14. A product stream
in an amount 49 Ib/hr was removed from the base of column 20 through line
26 and contained 26.9 wt.% of IBAP, 5.9 wt.% of IBB, 61.6 wt.% of HOAc,
2.1 wt.% of Ac,0, and other by-products.
The product stream from HF removal column 20 wés further
puriﬁcﬁ by feeding it through line 26 to light ends distillafion column 30
where the bulk of the HOAc was separated as an overhead stream from the
IBAP product at a pressure of 10-50 mm f—ig pressure, 'i;he overhead stream,
suitable for recycle to extractor-reactor 3, was withdrawn through line 32 and
- condensed in line 33; it contained 88.1 wt.% of HOAc, 3.5 wt.% of Ac,0 aﬁd

5.9 wt.% of IBB. The product stream in an amount of about 14.4 1b/hr was



(Ac[err]O is added to the colum below the feed point of the entering

stream (which conprises aromati c ketone and—HF)and reacts with
t he conpl exed HF to formaceryl fluoride (AgEkneiths BEBReplacdei d
ﬁi vel y

. 5
(HOAc) as shown in the foll owi ng equati on: |
Ac[errO + HF [err] AcF + HOAc _ﬁ}e acetyl flu eﬁ“&l
volatile and is wthdrawn fromthe top of e : I t he

initially unconpl exed HF, which is separated and rises from the
entering streamat or near its feed point. Sone IBB, if present, can also
be coll ected overhead for recycle back to the reactor. A less volatile
stream 5 removeshifroughnline Hapndieentained Ot.6aw1% ofIBAR, twithathe Hulloof t he
bottom t he col um. The reaction and strippi ng operations
occurring in thehelrenaifiderdeingohigher boiling by-produchyTHeclagér wére Gubdtintilly
tenperature, for exanple of about 30[err]C to about

removed by further purification in a heavy ends distillation column.

Example 2
'I‘h§ configuration of equipment w';xs the same as in Example 1,
but IBB was fed to the middle of the extractor-reactor instead of the bottom,
so that the bottom part of the vessel acted as a "finishing zone" wherein
additional residence time for the continuous HF-rich phase provided for
further reaction between the acetylating agent, mostly AcF, and dissolved IBB
in a homogeneous system, thus increasing the yield of IBAP. The temperature
of the rector was maintained at 60°C. To the top of the reactor through line 1
were fed 290 Ib/hr of HF containing 6.8 wt.% AcF and 10.3 wt.% HOAc.
IBB was fed through line § at a rate of 89 lb/hr to the middle of the reactor.
16.4 1b/hr of IBB were continuously added through line 6 to reolace that used
up in the reaction and dissolved in the HF-rich phase, and 30‘7. Ib/hr HF
solution were removed from the bottom of the reactor through line 12.
Analysis. of the organic fraction of this stream as in Example 1 indicated 78.7
wt.% of IBAP and 13.3 wt.% of IBB, and analysis of a sample obtained from
the middle of extractor-reactor 3 at P2 indicated 66.4 wt.% of IBAP and 27.7
wt.% of IBB. |
The stream exiting from extractor-reactor 3 through line 12 was
. fed separately with 13 Ib/hr of Ac,O to the thirty tray HF removal stripping

column 20 as in Example 1. A solution‘was continuously withdrawn from the



155[err] C and a pressure, for exanple, of about O psig to about 25 psig (O

to 172 kPa gauge) . To further pPhisiSh tltlds@e@ét; laqs
| BAP product and partially recover 10 sone of the a
~the system the bottom streamfromthe HF-

be sent to a-light ends col urm where | BAP_gnd heavi er

conmponents | eaving the bottom of the columi are separated fromacetic acid
whi ch | eaves the top of the colum and part of which may be recycled to the
extractor-reactor where it nay serve as part of the acetylating agent. The

light 15 ends colum may be operated, usi ng‘ba bot t.ons terrperature
for exanpl e, of bottom of the coluggbhﬁvxqg;gpgmp?qmqrbofa biwtFodBéds PS wadb of
pressure of about 30 mMmm Hg to about 110 nm Hg. (4 to 14.7 kpa).

| f desired, theBBt 599 wi%esMOARNBI0Net. %i fhAc@rdd odrek byrproductsoe

C-12-

Separation of the HOAc from the crude acetylation product of
HF removal column 20 was accomplished by distillation in light ends column
30 at 10-50 mm Hg pressure as in .Eaéample 1. The overhead stream from the
distillation contained 94.8 wt.% of HOAc, 4.6 wt.% of Ac,0, and 0.5 wt.% of
IBB. A product stream composed of 92.2 wt.% of IBAP was continuously
removed from the base of the column.

Examples 3 to 24

The procedure and equipment used to operate extractor-reactor
3 in these samples were similar to those of Examples 1 and 2 except that
certain conditions such as feed stream rates and temperature were varied.
Table I sﬁows the rates of product withdrawn through line 12 ("Product
Rate"), the IBB feed rate through lines 8 or 10 ("IBB Feed"), the HF and
acetylating agent feed rate through line 1 ("HF Feed"), the IBB makeup rate
through line 6 ("IBB Makeup"), the mode of operation ("Mode") with "1"
indicating that IBB was fed to the middle of extractor-reactor 3 through line 8
as in Example 2, and "2" indicating that IBB was fed to the bottom of
extractor-reactor 3 through line 10 as in Example 1, and the temperature of

operation ("Temp").



sent to a heavy ends columm where the IBAP is further purified by renoval
of nost of the heavier inpurities wth which +t—i-s—mxed+n—

such bottom stream ' . Referring naw,to Fi ur g ?. a
_stream conprising a mixture of liquid HF and | epleedy
entering the systemthrough line 1 is 5.20- conti nuo H np
2 into extractor-reactor 3 where it is ejected as

streans fromnmnulti-opening liquid distributor 4 below a light IBB-rich
phase collected at the top of the extractor-reactor 3. The m xture

conpri sing HF and acetyl ati mnt forms a dense, preferably
conti nuous HF-rich phase g downwar dl y t hrough

extractor-reactor 3. IBB-rich |ight phase i S wi t hdrawn fromthe
top of extractor-react droducsind fll%(ﬁibs t hr odgh IlneIBﬁ as an | BB

‘recycle stream Fresh |RBtefl ows Feedm a mikedip sodMakeup hr ough | i ne Temp.

where it is copkirisid W _bfht he | Bigur ecycllg/mst r eamibiem | i nBfode By negns of a
val ve adj ustnent (not shown), the combined IBB feed is propelled by punp 7

t hrough line 8 aj‘nd t hencgqi nto tg@, m ddl q Ef extracf or-regctor 3 tgégugh
8.6

multi- 15 openi l'i qui 6d' stri % or 9. d14the allternatlv if a

separate finishihg react%ﬁ 128 133 12.0 1 60.2
6 133 262 117 16.1 2 58.3
7 135 239 118 17.3 2 61.1
8 195 133 176 184 1 60.0
9 198 - 185 187 11.2 1 59.1
10 197 . 106 184 12.8 1 73.7
11 115 - 50 112 23 1 69.2
12 201 52 177 24.3 1 73.0
13 205 104 182 23.0 2 74.4
14 126 48 114 123 2 732
15 180 95 169 10.9 1 60.8
16 306 91 295 11.0 1 54.4
17 313 92 302 10.7 1 53.7
18 301 87 286 15.1 1 55.6
19 299 85 287 11.3 1 56.8
20 300 93 268 31.9 2 63.3
21 ' 335 13 318 16.3 1 58.7
22 342 20 329 13.1 1 55.2
23 263 116 247 15.3 1 60.5
24 319 115 299 20.5 1 60.8

* Includes recycle IBB and makeup IBB
The compositions of various streams as indicated by the
analyses of samples withdrawn at points P1, P2, P3 and P4 shown in Figure 1,

are given in Table IL



(not shown) is enployed, conbined IBB feed may enter through line 10 and
into the bottom of extractor-reactor 3 through multi-opening liquid

di stri butor 11. In either case, in the preferred enbodi nent of
t he invention shown in Fig. 1, the BB feed streamforns a

di sconti nuous light IBB-rich phase which -210 percol ates upwardly

t hrough the conti nuous, dense HF-rich phase. As it does so, |1BB
reacts with acetylating agent to formIBAP, HF, Herr]O and/or acetic

acid by-product (as expl ai ned previously) which are absorbed into the

conti nuous dense HF-rich phase. Such deqiiggifse contai ning | BAP, HF, and
-12- sent to a heavy ends col unm wher | BAP is further purified by

renoval of nost of the heavier jnpurities with which it is mxed in such
bott om stream Reactor Middle, P2 Reactor Bottom, P4

HF Feed, P1 Organic Fraction Organic Fraction IBB Feed, P3
[AcF] [HoAc] [IBAP] (IBB]  {IBAP) (IBB]  [(IBAP] BB} (A
Example _wt.% wt.% wt.% wt.% w.% wt.% w.% s
3 8.5 9.7 70.6 19.0 7.6 72
4 4.8 9.8 ni 223 83.1 9.9
5 4.8 g 69.3 162 70.2 71
6 116 43 64.5 18,6
1 152 43 610 19.3
8 15.7 5.4 63.1 29 76.1 82
9 8.8 10.7 702 22.8 799 13.0
10+ 144 33 633 212 83.7 20
1t 194 151 507 382 592 259
12 15.1 57 60.3 155 65.1 7.0
13 4.7 55 633 163
14 54 132 63.8 19.3
_ 15 117 103 0.0 765 29
‘ 16 9.6 102 639 256 817 115
17 106 9.9 A 157 0.0 570 13
18 4.1 10.5 702 25.0 0.05 65.0 14
19 45 104 83.7 11.1
20 15.1 112 67.0 26.8
21 9.4 63 0.19 804 22
22 # 6.1 785 170 837 6.4
23 6.8 101 49.6 44.1 315 11.8
24 . 9.3 8.4 612 311 755 153

* Analytical results show low accountability
# Estimated to be 7 wt%

The results summarized in Table II of the examples carried out
under mode 1, wﬁich provided for a finishing zone allowing for additional
acetylation reaction between dissolved IBB and acetylating agent in
homogenous system, indicate that the production stream leaving the bottom of
the extractor-reactor always has a highér percentage of IBAP than the mixture
entering the finishing zone at the middle of the extractor-reactor just below the
IBB feed point. This demonstrates that significant additional acetylation of
dissolved IBB does indeec_l__occur in the finishing zone. Eurthermofe, a
comparison of the results of the mode 1 examples with those carried out under

' mode 2, wherein no finishing zone was utilized, indicates that the product



Referring now to Figure 1, a stream conprising a m xtureof——H-qute-HFand
acetyl ating agent entering-the systemthrough line 1 is_ continyou SNt
by punp 2 into extractor-reactor 3 where it i.s ejected _Ta'Sh 7 eans
frommulti-opening liquid distributor 4 below a |ight | w

collected at the top of the extractor-reagior 3. The m X g HF
and acetylating agent forns a dense, preferably continuous HF-rich phase
traveling downwardly through extractor-reactor 3. IBB-rich |light phase is

wi thdrawn fromthe top of extractor-reactor 3 and flows through line 5 as -
an 1BB recycle stream, Fresh I1BB flows froma makeup.source through line 6
where it is corfeARdedyipg ﬂf"n@“f"@h"{ h‘&fé‘f‘éﬂgf‘%&&w f“&?ﬁ\lﬁ”ﬁ% OBerated oans of a
val ve adjustnent (not shown), the conbined |BB feed is propelled by punp 7
through |ine 8 mode i tended in muast £3ses i haveca Bighenpareantage ofdBARthas wasr ough
multi- opening liquid distributor 9. In the alternative, if a separate

fini shing react@g cafd@hers tevexirattor-ssaploo was operarddi inatodeBR fThas| they ent er
through line 10 and into the bottom of extractor-reactor 3 through

mul ti-opening | iﬂﬂaﬂogiofﬁrmﬁ%oqcn&#%&& 8lih P6dst €238 behdticidign Preferred

enbodi ment of tHe Thvention
providing for higher overall yields of IBAP.

Examples 21 and 22 above illustrate conditions wherein,
referring to Figure 1, the amount of aromatic compound-compﬁsing feed flow
through line 10 is equal to or nearly equal to the amount of fresh makeup
aromatic compound-comﬁrising feed through line 6. There is no significant
recycle of aromatic compound from line 5 which proceeds from the top of the
extractor-reactor. - This occurs when the aromatic compound-containing phase
is sufficiently reacted that an insignificant amount of aromatic compound
remains to exit the top of the extractor-reactor. A review of the Example 21
data shows more makeup aromatic compound-comprising feed through line 6
than the sum of the aromatic compound-comprising recycie .and makeup feed
combined, a physical impossibility. This is attributed to flow measurement
calibration errors or to the backup of recycle through line 5 into the top of the
extractor-reactor, |

It is preferable to react essentially all of the aromatic compound
in a single pass through the exu'actor-reactc;r, since experimental data has |
shown that undesired isom_érs of the desired acylated or alkylated i)rdduct tend

. to increase in amount (bc more readily formed) when unréactcd, aromatic

~ compound is recycled.



1, the I1BB feed streamforns a discontinuous |ight IBB-ri.ch phase which
percol ates upwardly through the continuous, dense HF-rich phase. As it does
so, IBB reacts with acetylating agent to formI|BAP, HF, H err] O and/ or
acetic acid by-product (as expl ained previously) which are absorbed into
t he conti nuous dense HF-rich phase. Sg8h dense phase containing | BAP,

HF, and streamfed to the mddle or the bottom of
extractor-reactor 3, and with the acetyl ating agent di ssol ved
in liquid HF, entering extractor-reactor 3 through line 1,

being a m xture of acetyl fluoride angi i& E(s]t cases, acetic acid
obt ai ned as recycle streans from HF-r | um 20 and, possibly, |ight

5 ends columm 30. The conposition of HF-acetylating mxture in line
1 is such An autoclave equipped with a window for observing HF

solutions was charged with 61.2g of acetic anhydride and 60g of HF. The
mixture was warmed to about 80°C and molten 1, 1, 3, 4, 4, 6 - hexamethyl-
tetralin (I-i’l\dT) was fed into the lower portion of the autoclave. A second
phase was observed forming in the upper portion of the autoclave. After
about ten (10) minutes, samples of each phase, in the upper and lower
portions of the autoclave, were taken. The upper phase was comprised of
unreacted HMT (about 33% by weight) and acylated product, 1, 1, 3, 4, 4,
6 - hexamethyl-7-acetyltetralin (HMAT) (about 2% by weight), with the
remainder comprising HF and acetyl species. ’I‘hg lower phase was comprised
of about 2% by weigh't HMT, about 2.5% by weight HMAT, with the
remainder comprising HF and acetyl species. Although this autoclave
example does not show the reactant-product separation obtained in the earlier
examples, the phasing behavior exhibited can reasonably be expected to be
useful in the reactor described in the preceding Examples.
Exa:ﬁgle 26

This Example shows the limited solubility of p-cymene in HF,
and indicates that p-cymene (methylisopropyl-benzene) can be acylated or
alkylated using the process of the present inlrention.

An autéclave was charged with 26.8g. of p-cymene and 150g.
.of HF at about 0°C. The contents of the autoclave were stirred for about 5

\minutes. Stirring was discontinued, and the phases formed within the



that the nole ratio of HOAc: AcF ranges fromabout 0: 1 to about 2: 1,
with the nore preferred nole ratio of HOAc : AcF rangi ng from about

0.25: 1 to about 2: 1, and the nost preferred nole ratio of HOAc: AcF
rangi ng fromabout- 0.65 : 1 to about 1.3: 1. The HF content of the m xture

10 * is varied as necessary. Typicallypg4-the nole ratio of (HOAc + AcF)
to HF ranges fromabout 1. 5 to about 1: 25, with a preferred
nole ratio of (HOAc + AcF) to HF ranging fromabout 1: 10 to
about 1: 20.

React or product fromthe bottom of

"extractor-reactor 3 . conpri Si BAR,. HF, AcF, an c, wWth
“all or nost of auteclawawereipgrmitied to sgB@fPrﬁl ’Iégég"%:&pl‘f“%}esi éﬁ?@g@ﬁ%d as
feed to the top of HF-renoval colum . through line 12. Acetic
. anhydride is infrgef @6 uppéoplast imrtheutodiaveuepmprised about 93% by weiglitrpes, | i ne
.21 slightly below the point of entry of the feed streamin'line 12,

cubst ant i a1 1y aPT I R e e B I
Us 20 o RSNl NG cohpida 8Bdur 19 %-B/RdGha Stbul §34E pgact ion are
| - Example 27

Alkylation reactions using HF as catalyst/solvent are also
possible using the process of the present invention.

To illustrate the above, a mixture of 33.6g. of 3, 3-dimethyl-1-
butene, 13.4g. of p-cymene, and 100g. of HF was reacted in a stirred
autoclave at about - 40°C for about 1 hour. The product mixture was
transferred into ice/water, neutralized with KOH, and extracted using ethyl
acetate. Removal of the ethylacetate extractant by rotary evacuation provided
36g. of organic product which contained 19% by weighﬁ of the alkylated
product, 1, 1, 3, 4, 4, 6-hexamethyltetralin (HMT).

Alkylation agents which can be used in the process of the
present invention are unsaturated C,-C,, alkyls, preferably unsaturated C,-C,q
alkyls.

The scope of the present invention includes an embodiment
wherein the aromatic compound provides the continuous phase and the HF-
rich phase provides the discontinuous phase;.' Typically, the HF-rich phase
migrates downward through the aromatic compound-comprising phase and
, collects in the bottom of the extractor-reactor for further processing in a

" manner similar to that described in the aiaove preferred embodiments.



HOAc. Free and liberated HF, AcF and HOAc, as well as a—rrm*ﬁ—owof‘

unreacted |1 BB, are vmthdrawn fromcolum 20 as an overhe d

line 23, and,
extractor-

after passing through condenser. 24, are recC T
% -1 reactor 3 through ||3 “ HIHH“HM
the alternative, the colum can be -25- oper at ed
overl oad streamthrough |Iine 23 conprises only HF and
with all of the HOAc being withdrawn as part of a bottom stream

Lokt SRIBLAR,

conprising | BAP and HOAc. Such bottom streamis w thdrawn through Iine

26 and flows to light endgecg

AcF,

5

f e, prededt RivedtidrSalse pthades Anichitddandit t om

stream corrposed | argel y of IBA whi ch Is wthdrawn through line 31, and an

wherein the multistage reaction is carried out using concurrent flow of the
aromatic compound-comprising phase with the HF-comprising phase.
Concurrent flow can be achieved using, for example, a tubular reactor wherein
a mixture comprising aromatic reactant, acetylating reagents and HF is fed
into one end of the tubular reactor and the reaction takes place as the mixture
proceeds under plug flow conditions along the length of the tube. The product
mixture exiting the tubular reactor comprises unreacted aromatic reactant,
hydrogen fluoride, product dissolved in hydrogen fluoride and unreacted
acylating or alkylating agent. The product mixture can then be sent to a
separation unit wherein the various components are separated using techniques
of the kind described in U.S. Patent No. 4,990,681.

'The amount of aromatic reactant in the feed to the tubular

reactor and/or the number of stages contained in the reactor can be adjusted so

that no significant amount of aromatic reactant remains unreacted in the
product mixture exiting the tubular reactor.

The embodiments described above are not intended to place
undue limitations on the scope of the present invention, particularly regarding
non-critical features of the invention, wherein one skilled in the art can make
modifications and equivalent substitutions thch provide obvious variations of

the invention. Such variations are intended to fall within the scope of the

' present invention as defined in the following claims:



overhead stream conposed |l argely of HOAc withdrawn through line 32. The
| BAP- cont ai ni ng bottom stream 31 may be sent to a heavy ends col um (not

shown) for the renoval of inpurities |ess volatile than TuRAReet HisdBetrReplaBAP

10 . may al so be subjected to other purlflcatlon tr
bei ng further utilized. The ggerhead HOAc- co

fromcolum 30 is condensed i n condenser

can

recycled as stream 35 to extractor- reactor 31in corrbl nation '
wi th condensed overhead stream 25 from HF- renoval colum 20,
as the feed through line 1 previously described. Any 15 remai nder of
t he HOAc- cont aiWFrFém&'reamfrom | i ght ends columm 30 is

wi t hdrawn fromthe systemthrough |ine 34. The
fol | owi ng exanpl.es fArcontinudus|precessifer the @cylatiomof aromatic compounds in

Exanmple 1 An extractor-reactor 3 constructed
from20 ft (6.08m ohyddogdn2Buctidentaidippscer@somprising the steps of:

(15.9 mm) 20 packed in two sections with 5/8" (15.9 mv pall rings,

as shown in Figure 1,?)f Thegdef gﬁgt% drog? guos% d”ﬁ'lgﬁs@'oﬂggcﬁﬁnoﬁf[e”] C

and at a pressure suffici en ent ents

‘Pﬁlel Irlggé:t.l)'r ei hr gggﬁt | ﬁget o e%? Iaﬂ eg(%'zgto}'-lqeaét%érl t(g<?om1g 'fﬁlsg hydr T8 énhe top of

fluoride-rich phase;

b) feeding an aromatic compound-comprising material into said
cxn'actor-.reactor to form a second, aromatic compound-rich
phase; and

c) contacting said first, hydrogen fluoride-rich phase with said
second, aromatic compound-rich phase in a manner, within said
extractor reactor, such that said acylétion agent reacts with said
aromatic compound to form an acylation product of said
aromatic compound which is extracted into said hydrogen
fluoride-rich phase. |

2. The process of Claim 1, wherein at least a portion of said aromatic
compound remains unreacted after step c), and wherein s:aid unreacted
aromatic compound is externally recycled, whereby said unreacted
aromatic compound is used in combination with fresh aromatic
compound to continue the reaction w‘ithin said extractor-reactor.

3. The process of Claim 1, wherein eséentially all of said aromatic

compound of said second phase is reacted after step ¢).

e
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1 were fed 185 I b/hr (83.9 kg/h) of an HF solution conta| n| ing ig__wt%AcF
and 15. 2 - -16-

w % HOAc, obtai ned, as shown in Fi gure 2, as recycle streg{gsghgemmﬂdﬁﬂleplaced

removal coI um 20 and | i ght ends colum 30, and which form
dense HF-rich phase. As shown in Figure 1, »n |IBB feed stre
through line 10, at a rate of 74 |b/hr (33. kg/ h) totheb

reactor, with flowto 5 the m ddl e of the reactor being bIocked.
A di.scontinuous light IBB-rich phase formed at the bottom of
the reactor, which being | ess dense and |argely i nsol uble in

t he continuous HE-rich mm@ouqaerpe@qsépédkyl@n%ef faromagic qompopadssial |
Reaction occurred between the AcF and possibly some of the HOAc as
hydrogen fluoride, said process comprising the steps of:

a) feeding liquid hydrogen fluoride and at least one alkylation
agent into an extractor-reactor to form a first, hydrogen- -
fluoridé-rich phase;

b) feeding an aromatic compound-comprising material into said
extractor-reactor to form a second, ardmatic compound-rich
phase;l and

c) contacting said first, hydrogen fluoride-rich phase with said
second, aromatic compound-rich phase in a manner, within said
extractor-reactor, such that said alkylation agent reacts with said
aromatic compound to form an alkylation product of said
aromatic compound which is extracted into said hydrogen
fluoride-rich phase.

5. The pi'ocess of Claim 4, wherein at Jeast a portion of said aromatic
compound remains unreacted after step ¢), and wherein said unreacted
aromatic compolund is externally recycled, whereby said unreacted
aromatic compound is used in combination with fresh aromatic
compound to continue the reaction within said extractor-reactor.

6. The process of Claim 4, wherein ess-entially all of said aromatic

compound of said second phase is reacted after step c).

//—M’F-
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acetylating agent, and the IBB to form | BAP, which was exicpaet-ed—'rm”c‘)"fﬁ—éf
10

. continuous HF-rich phase, and HF and possibly tHasBeenRe laced
respectively, as by- product. IBB-rich phase
unreacted 1BB collected at the top of the ves ‘“‘\Hﬂ\m
phase separation, was recycled through |inggs and event uaII

line 10 as part of the I1BB feed (which conprises both recycle I1BB and
makeup IBB) to the bottom of the vessel in an anmount of 58.8 Ib/hr (26.7
kg/ h) Fresh 15 BB in an anount of 15.2 Ib/hr (6.89 kg/h) was
continuously added through lines 6. a Qt replace t hat used
up in the reactién ana'hﬁlpﬁ%cGFil%éan“ﬁh(gﬂﬁl 2 gﬁ“’B@aéa‘mg 3, or Clgimom
the bottom of extractor-reactor 3, 200 I b/hr (1451 kg/h) of the HF-rich
phase was 6, whemineshid ardmdtici cogypound ésistl¢dtahfrom thagrédp i n t he
feed stream and that forned as a by-product in the acetylation

reaction, the desiredcgpispliagtof isdbityiberzens mo'lﬁ)yhsopropylbéhid?\euaﬁ&%%x%éné BB,
‘AcF, HOAc and ot her by-products. A sanple of exiting

AR LAY S R ——
e v found t dmeiyaphRens] i 1" S Ay gg'aﬁmfa;sct on
| phanthrene.
8. The process of Claim 7, wherein said aromatic compound is selected
from the group consisting of isobutylbenzene; 1, 1, 3, 4, 4,
6 - hexamethyltetralin; and methylisopropylbenzene.
9. The process of Claim 1, Claim 2 or Claim 3, wherein said acylation
agent is scilct:tcd from the group consisting of acetyl fluoride; a
combination of acetic acid and acetyl fluoride; a combination of acetic
anhydride and acetyl fluoride; or a combination of acetic acid, acetic
anhydride and acetyl fluoride.
10.  The process of Claim 4, Claim 5 or Claim 6, wherein said alkylation
agent is an unsaturated C,-C,, alkyl.
11.  The process of Claim 4, Claim § or Claim 6, wherein said alkylation
agent is an unsaturated C,-C,q alkyl.
12.  The process of Claim 1, Claim 2, Claim 3, Claim 4, Claim 5, or Claim
6, wherein said hydrogen ﬂuoride-ri.ch phase is the continuous phase of

said extractor-reactor reaction medium.

-
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-17- contain 55.1 wt% of IBAP and 37.5 wt % of |IBB. Analysis

.of a sanple of | BB feed streamw thdrawn at P3 indicated the
presence .of 0.3 wt % of |BAP, - 57.6 wt. % of | BB, Thisbhdet BasBeerPReplaced
fluoride derived fromHF and AcF. '
product stream from extractor-reactor 3 was I@g 5 th
to HF-renoval colum 20 containing 30 theoretical trays, e
Ac20 was introduced to react with HF conpl exed with | BAP and _
HOAc and to form AcF, and |ight conponents primarily HF and AcF, were
st®i pped over head If3or rHfy, ractqr-reactor 3 through line 1, as
referred to tlﬁgeﬁslk%?%m ?’é B QIﬁNBmDCm,ﬂmdciﬂﬁ(Sﬁgéi bed in
U.S. Patent No. 4,990, @8], .10 . The HF-rich feed stréam rlelaimear
the top of colum 20 at’ traya) 344 asemagic compound-rich ag«?olsv\%he Acferr]Oin an
amount of 14 I'b/hr (6. 35 kg/h was fed to col um 2(?}1)e Ow"'t [F8NYruens phase

said extractor-reactor reaction medijum,

* [ L L] S *



poi nt of the HF-rich feed stream W|th a ITB.] or proportion of Ac[err]O being

- fed at trays 20 or 24 and a -mnor proportion at trays 6, 9 or
14. A product stream in an anount..49 I b/ hr (22.2 kg/h) was
removed fromthe base of columm 20 through line 15 26 and cont ai ned
26.9 wt.%of IBAP, 5.9 wt %of IBB, 616\1\10-%of HOAc, 2.1

wt.%of Ac[err]O and Qth r&sjj The
"~ product streamfror@)g.—il'—" —‘m Wé‘% purified
by feeding it through'Tli r’%h Fon col um 30
where the bulk of the HOAC was B eorapgR O R /daaeest ream from t he
(1.3 to 6.7 kPa) 20 @"p'r'%mmmw 50 mmHg (1.3
to 6.7 kPa) pressure. The overhead stream i,tabl e f

recycle to extractor-react/dFORNYRYS PWCFWWI‘EW&%W" alc#éug@ o&ﬁlgy?auon
condensed in line 33; it contained 88.1 wt.%of HOAc, 3.5 w% of Ac[err]O

and of Brmatic. éompoundBin Wydrogero fluerides t Theypometigreompound inf about
14.4 I b/ hr (6.53 kg/h) was

sufficiently insoluble in hydrogen fluoride that a two phase reaction medium

forms. However, surprisingly, the product acylated or alkylated aromatic
5 compound is soluble in hydrogen fluoride. The present invention particularly
]
relates to use of a contnuous, multi-stage process for carrying out the
acylation or alkylation reaction. In the multi-stage process, the continuous
phase can be either the hydrogen-fluoride rich phase or the aromatic
compound-rich phase. The movement of the continuous phase relative to the
10  non-continuous (dispersed) phase can be countercurrent or concurrent. The
multi-stage process can be operated in a manner such that the aromatic

compound feed to the reaction is entirely consumed or such that unreacted

aromatic compound is recycled.

(Figure 1)



- 18- ved through line 31 and contained 91.6 w. % of
| BAP, with the bulk ofr?D ' ~ -the.remai nder being higher b0|I|ng;

! by-products. The latter were substantlally f'enmoved by further
purification in a heavy ends distillation colum.
Exanpl e 2 5 The configuration of equi pment was the
sane as in Exanple 1, but IBB was fed to the mddle of the
extractor-reactor instead of the botigm so that the bottom

part of the vessel acted as a "finishing zone" wherein
additional residence tinme for the continuous HF-rich phase provided for
further reaction between the acetylating agent, nmostly AcF, and dissol ved

IBB 10 in a honogeneous system thus ingreasing the yield of | BAP.
The tenperature reactor 3 .of the reactor was
mai ntai ned at 60[err]C. To the top ofl the reactor thretgh line 1

were fed 290 I b/hr (132 kg/h) of HF ¢ontaining 6.8 w % AcF and 10.3 w %
HOAC. i IBBawvas fed through line 8 at a ratg of 89 Ib/hr to the
m ddl e of the rgéctor V/é

-

I X N\ =
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FIGURE 1 5



16.4 Ib/hr (7.44 kg/h) of 1BB were continuously added through line 6 to
repl ace that used 15 up in the reaction and dissolved in the
HF-rich phase, and 307 | b/hr (139 kg/ h) HF sol ution were
removed fromthe bottom of the reactor through |ine 12. _

Anal ysis of the organic fraction of this streamas in Exanple 1 indicated

78. 7 wt % of | BAP and 13.3 wt % of BB, and anal ysis of a sanple
obt ai ned from the m ddl e 22 extractor-reactor 3 at P2
indicated 66.4 w.%of |BAP and 27.7 20 wt . % of | BB.

The streamexiting fromextractor-reactor 3 through line 12 was o
fed separately with 13 I b/hr (5.9 kg/h) of Ac[err]Oto tQﬂe. thirty. tray HF

renoval stripping colum 20 as in Exanple [T.” A sol ution was
continuously withdrawn fromthe U ' -
- - - Ln

19-. . | \ ™o V\on 7
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REPI 3] EE . .
REF ACEMMJN Sg& ““"té'% oy % 25 F605537-2.270 5

tiot%é?ﬁ GpioRe et dm -a cyorrp05| tion of 34.0 wt % | BAP, 0.3 wt.% of

B CBairgsnt %P@ged-@&éo p8gal Wt % of AcO and ot her by-products.
éeﬁarhtwmﬁﬁbfpagﬂiFKMQ{ﬁg@hlthe crude acetyl ati on product of
HF i évperadt colpaged .20 tovpagat.conpl i shed by distillation in light ends col um

S 30 at 10-50 nmHg (143 to 6.7 kPa) pressure as in Exanple 1. The
ovqjknegdgﬁtgg@ PT OMsihe . distillation contained 94.8 wt % of
—-e—m%—@eaﬁbpa& Didited vsolubility in hydBpyen . flydwdde,

-streanlconposeg gleRd %HM céﬂﬁaéEVSEQWEbﬁOEEé”&Paﬁéulc compound anf€FR¢ed

fromthe base OP the“c
Examples 3-to 2§Y1N}1n9 °r alleatlng agent 1‘Pn€e§F6é§GGF3e the ’é]"tﬁ mﬁaﬁbe

used to operat Qeﬁ&‘tﬁ%ﬁt qrs reavced. In the past duel ReSeheawelatcdEate

S ar 0 Uhogs oL SxgRes hanSud FHERRL 1N apeyrption, o SHiBhbeic
. Tabl e | shows tbapbahds dhn pyathoggenn filhabnaikde '[WHS)'['.@Iri‘leﬂe 42t (iRr adbatch
SaUS), e | SRohge eSO Ui LERR BsA, G ABRRCRItLy Ficbra
makeup rate Examples of aromatlc compounds whlch form a
separate and distinct phase with hydrogen fluoride are
10 described in Dolkady Akademii Nauk USSR, 95(2), 297-299
(1954) and Zhurnal Fizicheskoi Khimii, 31, 1377-1386 (1957).
Aromatics sparingly soluble in  hydrogen fluoride
(approximately one (1)% by weight or 1less) include
naphthalene, phanthrene, diphenylmethane, triphenylmethane,
15 chlorobenzene, tetralin, 2-methylnaphthalene, and diphenyl.
Many aromatics, especially those with -H or -alkyl
substitution are often sparingly soluble in hydrogen
fluoride. Thus, one skilled in the art can understand the
broad applicability and considerable value of a reaction
- 20 technique which would permit the continuous acylation or
alkylation of aromatic compounds in hydrogen fluoride.
US-A-2,456,435 discloses a process for reacting
a low-boiling olefin, e.g. propylene, and an aromatic
hydrocarbon, e.g. benzene, to produce an alkylate in the
25 presence of hydrofluoric acid, which comprises mixing with
a hydrocarbon material containing a low-boiling olefin
hydrofluoric acid in a proportion substantially equimolar to
the olefin, maintaining the resulting mixture for not more
than 30 minutes, extracting the mixture with substantially
30 anhydrous liquid hydrofluoric acid in an extraction step at
" an extraction temperatufe not greater than 100°F (38°C),
mixing with the resulting extract benzene in an alkylation
zone under condltlons such as to produce an alkylate,
separating the effluent from the alkylation zone into a
35 relatively light phase and a relatively heavy hydrofluoric
acid phase, recovering said alkyhate from said light phase,
passing a major portion of said acid phase to said
extraction step as part of the extraction solvent, passing

< This is the replac'emenréhoet
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through line 6 ("1BB Makeup”), the npde of operation ("Mde") with "1"
indicating that I1BB was fed to the mddle of extractor-reactor 3 through

line 8 as in Exanple 2, and "2" indicating that IBB was fed to

t he §ottom of extractor-reactor 3 through line 10 as in Exanple
1, and the tenperature of 20 opejation ("Temp").

- 20- Tabl e |

Pr oduct | BB* HF | BB Rat e Feed

Feed NFEﬁg)raffinate fromT&AR. extracticixaspeére tol b/ Rigtdnllatidrb/ hr
err

112 ] 10@terp[ %E:rljlé'gcovelr?/ Q% gégééélveytl}%?drof luo%:gc ?%id theref rz??fn,

214 25@assing 2@4 minor pHOrtion ofl said acidg.phase to sagd
145 128, ., - 0 1 1 804 sti

133 26 1st111§E%%n step %é?lremova%zof organ1§8%ﬁpur1t1es, dhd

5 passing purified and recovered hydrofluoric acid from said
distillation step to said extraction step.

SUMMARY OF THE INVENTION

10 In one aspect, the present invention provides a
continuous process for the acylation of aromatic compounds
in hydrogen fluoride, said process comprising the steps of:

a) feeding liquid hydrogen fluoride and at least one
acylation agent into an extractor-reactor to form a first,

15 hydrogen fluoride-rich phase;

b) feeding an aromatic compound-comprising material
into said extractor-reactor to form a second, aromatic
compound-rich phase; and
c) contacting said first, hydrogen fluoride-rich
20 phase with said second, aromatic compound-rich phase in a
manner, within said extractor-reactor, such that .said
acylation agent reacts with said aromatic compound to form
an acylation product of said aromatic compound which is
extracted into said hydrogen fluoride-rich phase.

25 , In another aspect, the present invention also
provides a continuous process for alkylation of aromatic
compounds in hydrogen fluoride, said process comprising the
steps of:

a) feeding liquid hydrogen fluoride and at least one

30 ~ alkylation agent into an extractor-reactor to form a first,

hydrogen-fluoride-rich phase;

b) feeding an aromatic compound-comprising material
into said extractor-reactor to form a second, aromatic
compound-rich phase; and

35 : ' [~page 4a]
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10 7 135 239 118 17.3 2

61.1 8 195 133 176 18. 4 1
60.0 9 198 185 187 11.2 1
59.1 10 197 106 184 12.8 1
73.7 11 115 50 112 2.3 1
69. 2 ‘15 12 201 52 177 24. 3 1
73.0 * 13 205 104 182 23.0 2
74. 4 14 ' 126 48 4a 114 12. 3 2
73.2 15 180 95 169 10.9 1
60. 8 4 16 306 91 295 11.0 1
53- 3 20 c3-7 co%l:%ctlng %?ni f 1rst§géhydrogen 1@llzor1de—ri-ch
25:6 p%gse with fggd second85aromat1czg?mpound-riih3phase 1@ a
56. 8 m3finer, witBDH said 83tractor-£68ctor, surh 9that sadid
63. 3 . . s 23 .

58 7 25 5 a%%ylatlon aé%ﬁt react%glth sa1d3 omatic co%@oimd to fé‘nn
55.2 anp3alkylatiomgproduct prs said aromatic compaurgl which 1is
60. 5 egﬂracted int&9saia hyéfégen fludffde-rich Bﬁaée. 1
60. 8 I ncl udes regycl e and nakeu

| b/hr = 0.454 kg/h 30 Thus, 1 a°°°rdan°?h‘§1‘é€ B%uP?%%%anW‘é?ﬁ[‘Bhen:
streans as i ndigaitethiyus rocess is proefdéd sksr eicydatiings owni 4 hily Babing

P?'nts Pllop%th%f%%%é¥£SggﬂgohndF'qyrﬁyérogen fluorlége th%eln ﬁble
aromatic compound has a sufficiently limited solubility in
hydrogen fluoride that a two phase reaction system is
formed. The continuous process 1is carried out
countercurrently or concurrently in a multi-stage reactor.
15 The continuous phase during the reaction contacting period
can be either the aromatic compound-comprising phase or the
hydrogen fluoride-comprising phase. The present process is
particularly advantageous in that hydrogen fluoride serves
at least a triple function, as catalyst, reaction medium
20 (solvent), and (surprisingly) as extractant for the
acylation or alkylation product of the aromatic compound.
In addition, depending on the acylating agent utilized, in
acylation reactions, the hydrogen fluoride can serve as a
component of the acylating agent.

This is the replacement sheet
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-20-

HF | BB

Tenp. Exanpl e

[err]C 3

59.3 4

5 A 145

133 262

239 118

176 18. 4

11.2 1

1 73.7

69. 2 12

13 205

126 48

95 169

295 11.0

10. 7 1

1 55.6

56. 8 5
10
15
20

Tabl e | Pr oduct | BB*

Rat e Feed Feed Makeup
| b/ hr | b/ hr | b/ hr | b/ hr Mode
112 100 103 9.2 1
214 256 204 10.4 1 . 58. 6
128 133 128 1 ' 60.2 6
117 16.1 2 58.3 7 135
17.3 2 61.1 8 195 133
1
59.1
11 .
201 Dede 177 24. 3 1 73.0
104 182 23.0 2 74. 4 14
114 12.3 2 73.2 15 180
10.9 1 60. 8 16 306 91
1 54. 4 17 313 92 302
53.7 Fogpurposes of ilustration, the rocess of the JBésent inventichS. 1
19 299 85 287 11.3 1

is first described in detail in terms of the production of 4°-
isobutylacetophenone (IBAP) by the Friedel-Crafts acetylation of
isobutylbenzene (IBB) with an acylating (acetylating) agent which can be
acetyl fluoride (AcF), acetic anhydride, acetic acid, or mixtures thereof, in
hydrogen fluoride catalyst/solvent. Subsequently, the proceés is described in
terms of the acylation and alkylation of other aromatic compounds which also
have limited solubility in hydrogen fluoride.

In accordance with the present invention, IBAP is produced in a
continuous process wherein IBB is reacted with an acetylating agent in the
presence of liquid HF as a catalyst/solvent, in a multi-stage reactor, for
example, an unitary extractor-reactor.

In one embodiment of the present invention, wherein the
hydrogen fluoride (HF)-comprising phase is the continuous phase in the
reaction system, IBB, which is lighter than and substantially insoluble in HF,
forms an IBB-rich phase, €.g., as droplets, which percolates upwardly through
an HF-rich phase containing the acétylating- agent. The formed IBAP is
selectively soluble in and is extracted into the HF-rich phase, while the bulk
of unreacted IBB is withdrawn and externally recycled to the extractor-reactor

with a fresh supply of IBB. The recycled IBB may be further purified prior to
This is the replacement sheet
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20 300 93 268 31.9 2 63. 3 21

335 13 - 318 16. 3 1 58.7 22 342
20 329 13.1 _ 1 55.2 @ 23 . 263 116
247 15. 3 1 60.5 24 319 115 299

- 20.5 1 60. 8 * Includes regycle 1BB and nmakeup |BB

: The conpositions of various streans as indicated by the anal yses of

- sanpl es withdrawn at points P1, P2, P3 and P4 shown in Figure 1, are

. given in Table I
i -22- stream | eavi t he bottqom of, the extractor-reactor when
it was operated ireacts with IBB to fi °"ﬁ3§épla‘lde‘ﬁ‘&gﬁ acid which it alsa antaserylariaga

hi gher percentage of |BAP than was t he case when the
- extractor-react oagemts Mpesoxtrdcetic anhgidride alddvenctst with HF to form acetyl fluoride,

another acetylating agent, and acetic acid. If free acetic acid is used as all or
part of the acetylating agent, some of its anhydride can be, and preferably is,
5  added to further react with the water of reaction. Altematively, acetyl |
fluoride, if present, will also react with water of reaction to form HF and
acetic acid. The product of the reaction thus comprises IBAP and HF and/or
free acetic acid, with HF being present in appreciable amount in either case
because of the large excess used as solvent/-extractant/catalyst, e.g., about 7 to
10  about 80 moles per mole of IBB/IBAP. The recycle ratio, i.e., the ratio of the
weight of IBB-rich phase being recycléd from at or near the top to the IBB
feed point, preferably below the feed éoint of HF and acetylating agent in the
reactor, to the total weight of material entering or leaving the reactor at steady
state, may be in the range, for example, of about 2 to about 0.03, preferably
15 about 0.5 to about 0.1. The us;c of packing in the extractor-reactor is
" beneficial in that it increases the efficiency of HF-rich phase/IBB-rich phase
contact and helps to provide “plug flow" of the IBB-rich phase, which is
preferably the discontinuous phase, through the HF-rich phase, which is
preferably the continuous phase. The reaction may be carried out a
20  temperature, for example, of about 45°C to .about 80°C, at a pressure which
(241 to 1034 kPa:gauge)
prevents boiling; for example, a pressure ofmﬁqm_%fg_l_

over a residence time of, for example, about 0.3 hours to about 4 hours.

This is the replacement sheet
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utilization of a finishing zone or reactor is in nost cases beneficial in

5 - providing for higher overall yields of |BAP

Exanpl es 21 and 22 above illustrate conditions wherein,

referring to Figure 1, the amount of aronmatjic conpound-conprising feed flow
through line 10 is equal to or nearly equal to the anount of fresh nmakeup
aromati ¢ conpound-conprising feed through line 6. There is no significant
10 recycle of aromatic conpound fromline 5 which proceeds fromthe
top of the . extractor-reactor. This occurs when the aromatic
conpound- cont ai nifgQrHigedded to the column belawdhe foed; painy of the satesing sstreaman

I nsignificant anount of aromatic conpound remains to exit the
top of the extragwhichreonagirdes arbriativ ikewnofand HF)Rodmpacts Xith the complexed HFat a
shows nore makeup aromati ¢ conpound-conprising feed through Iine 6 15

t han the sum of [ 5 4 'ﬂgaq up feed
conbi ned, a phys%ggrﬂf%%%gg?ﬁﬁﬁgﬁggpgﬁﬁgg??bthr|S§§g§£fgﬂ$€bﬁﬁﬁgasurenent
calibration errorghor.to t he backup of recycle through line 5 into the top

of the follovapg eqpatan:  cact or .
1 Ac,O + HF > AcF + HOAc

ﬁe acetyl fluoride is relatively volatile and is withdrawn from the top of the
column with the initially uncomplexed HF, which is separated and rises from
the entering stream at or near its feed point. Some IBB, if present, can also
be collected overhead for recycle back to the reactor. A less vqlatile stream
5 comprising IBAP and acetic acid is withdrawn from the bottom the column.
The reaction and stripping operations <l)ccurring in the HF-removal column
may be carried out at a temperature, for example of about 30°C to about

. (0 to 172 kPa gauge)
155°C and a pressure, for example, of about 0 psig to about 25 psig?_-

| To further purify the desired IBAP product and partially recover
10 some of the acéFyI values of the system, the bottom stream from the HF-'
removal column may be sent to a light en,ds_.column where IBAP and heavier
components leaving the bbttom of the column are separated from acetic écid'
which leaves the top of the column and part of which may be recycled to the
extractor-reactor where it may serve as part of the acetylating agent. The ligh.t
15 ends col;lmn may be operated using a botto.r_ns temperature, for example, of
about 160°C to about 200°C and a pressure of about 30 mm Hg to about 110

(4 to 14.7 kPa)
mm Hg|s If desired, the bottom stream from the light ends column may be
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It is preferable to react essentially all of the aromatic conpound 20
in a single pass through the extractor-reactor, since experinmental data

have ...~ shown"that undesired isoners of the desired acylated or
al kyl at ed ‘product tend to i ncrgase in amount.” (be nore readily -
formed) when unreacted, aromatic conmpound i s recycl ed.

-22- stream | eaving the bottom of the extractor-reactor when it was
operated in node 1 tended in nost cases to have a hi gher percentage of
| BAP than was the case when the extractor-reactor was operated in node 2.

Thus,~ the util semittd @arheaty endsiqelurnh mepereothe IBAP isfurther pusified byosmoyalsefs
beneficial in providing for higher overall ‘yields of |BAP.
- most of the heavier impurities with which it is mixed in such bottom stream.
Referring now to Figure 1, a stream comprising a mixture of
liquid HF and acetylating agent entering the system through line 1 is
5 continuously sent by pump 2 into extractor-reactor 3 where it is ejected as
several streams from multi-opening liquid distributor 4 below a light IBB-rich
phase collected at the top of the extractor-reactor 3. The mixture comprising
HF and acetylating agent forms a dense, preferably continuous HF-rich phase
‘
traveling downwardly through extractor-reactor 3. IBB-rich light phase is
10 withdrawn from the top of extractor-reactor 3 and flows through line 5 as an
IBB recycle stream. Fresh IBB flows from a makeup source through line 6
where it is combined with the IBB recycle stream from line 5. By means of a
valve adjustment (not shown), the combined IBB feed is propelled by pump 7
through line 8 and thence into the middle of extractor-reactor 3 through multi-
15 opening liquid distributor 9. In the alternative, if a separate finishing ;q;?gr%
(not shown) is employed, combined IBB feed may enter through line 10 and
into the bottom of extractor-reactor 3 through multi-opening liquid distributor
11. In either case, in the preferred embodiment of the invention shown in Fig.
1, the IBB feed stream forms a disconn’nuou; light IBB-rich phase which
20 | percolates upwardly through the continuous, dense HF-rich phase. As it does
so, IBB reacts with acetylating agent to form IBAP, HF, H,0 and/or acetic
acid by-product (as explained previously) which are absorbed into the

continuous dense HF-rich phase. Such dense phase containing IBAP, HF, and
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Exanmpl es 21 and 22 above illustrate conditions wherein, referring to
Figure_ 1, the anount of aromatic conpound-conprising feed flow through
line 10 is equal to or nearly equal to the anount of fresh nakeup aromatic
conpound- conpri sing feed through |ine 6. The{e is no significant recycle
of aromatic conpound fromline 5 which procééﬁs fromthe top of the
extractor-reactor. This occurs when the aronmatic‘conpound-contai ning phase
is sufficiently reacted that an insignificant amount of aromatic conpound
remains to exit the top of the extractor-reactor. A review of the Exanple
21 data shows noggeamiedipo theonitliecoraberbouerd-of expattor-regetor ddandwithghe | | ne 6
than the sumof the aronmatic conpound-conprising recycle and nmakeup feed

conbi ned, a physi gal iaﬁﬂg%gérﬁidiésbwedTthiiﬁuihsfmtédtéxhlgt ©drat@r-FéRWr TeRsRNENt
calibration errors otY to the backup of recycle through line 5 into the top

of the extractor-reactor. . . LB :Pr ct
essentially all oP"FﬁetbﬁP‘&rﬁammlgo fagﬁtlxhﬂuorln!rl]é %Acgilﬁé’ﬁase%%g&s’eatc%rco%cg t he
extractor-reactor, since experinental daﬁ%has shfvvn }‘Fgat undesired -
i somers of the desobtasredagsTeaydel serams frgm HEFEPOw column.£jand, possibly, light

5 ends column 30. The composition of HF-acetylating mixture in line 1 is such
that the mole ratio of HOAc : AcF ranges from about 0 : 1 to about 2 : 1,
with the more preferred mole ratio of HOAc : AcF ranging from about
0.25 : 1 to about 2 : 1, and the most preferred mole ratio of HOAc : AcF
ranging from about 0.65 : 1 to about 1.3 : 1. The HF content of the mixture

10 is varied as necessary. Typically, the mole ratio of (HOAc + AcF) to HF
ranges from about 1 : 5 to about 1 : 25, with a preferred mole ratio of (HOAc
+ AcF) to HF ranging from about 1 : 10 to about 1 : 20.

~ Reactor product from the bottom of extractor-reactor 3

comprising IBAP, HF, AcF, and HOAc, with all or most of the IBAP

15 complexed with HF, is transported as feed to the top of HF-removal column
through line 12. Acetic anhydride is injected into column 20 through two
lines, line 21 slightly below the point of entry of the feed stream in line 12,
and/or line 22 lower down the column, in sufficient quantity to react with
substantially all the HF complexed ﬁm IBAP or acetic acid, as shown in U.S.

20 . Patent No. 4,990,681. The products of this .reaction are AcF and additional
HOAc. Free and liberated HF, AcF and HOAc, as well as"a@ortion of
unreactcd.IBB, are withdrawn from column 20 as an overhead stream through
line 23, and, after passing through condenser 24, are recycled to extractor-
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to increase in amount (be nore readily fornmed) when unreacted, aromatic
conpound is recycl ed. . -23- .
Exanpl e 25 An aut ocl ave equi pped with a wi ndow for observing
HF solutions was charged with 61.2g of acetic¢ anhydride and 60g of HF. The
m xture was warnmed to about 80[err]C and nolten 1, 1, 3, 4, 4, 6 -
hexanmet hyl - tetralin (HMI) was fed into ijge | ower portion of the

aut ocl ave. A second phase was observed form ng in the upper portion of the
autocl ave. After about ten (10) m nutes, sanples of each phase, in the
upper and lower portions of the autoclave, were taken. The upper phase was

comprised of reactor 3 through lines 25 and 1. In the alternative, the column can be
operated such that the overload stream through line 23 comprises only HF and
AcF, with all of the HOAc being withdrawn as part of a bottom stream
comprising IBAP and HOAc. Such bottom stream is withdrawn through line
5 26 and flows to light ends column 30, where it is separated into a bottom
stream composed largely of IBAP which is withdrawn through line 31, and an
overhead stream composed largely of HOAc withdrawn through line 32, The
IBAP-containing bottom stream 31 may be seht to a heavy ends column (not
shown) for the removal of impurities less volatile than IBAP, and the IBAP
10 may also be subjected to other purification treatments before being further
utilized. The overhead HOAc-containing stream 32 from column 30 is
condensed in condenser 33 and can be recycled as stream 35 to extractor-
reactor 3 in combination with condensed overhead stream 25 from HF-
removal column 20, as the feed through line 1 previously described. Any
15  remainder of the HOAc-containing stream from light 'ends colﬁmn 30is
withdrawn from the system through line 34.

The following examples further illustrate the invention.

Example 1 .
(6.08 m) ( 3 cm)
An extractor-reactor 3 constructed from 20 ﬁ[ of 8"i pipe was
(15.9 mm)
20 packed in two sections with 5/8'@all rings, as shown in Figure 1. The reactor

was maintained at 58°C and at a pressure sufficient to prevent the solvents

(276 to 414 kPa gauge)
from boiling, i.e., about 40 to 60 psigt To the top of the reactor through line

(83.9 kg/h)
1 were fed 185 Ib/hrjof an HF solution containing 19 wt.% AcF and 15.2
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unreacted HMI (about 33% by weight) and acyl ated product, 1, 1, 3, 4, 4,
- hexanet hyl-7-acetyltetralin (HVAT) (about 2% by weight), wth the

remai nder conprising HF and acetyl species. The | ower phase was conpri sed
of about 2% by wei ght HMI, about 2.5% by wei ght- HVAT, with the remnai nder
conprising HF and acetyl species. Although this autoclave exanple does not

show t he reactant - product separation obtai md@ in the earlier: exanpl es, the

phasi ng behavi or exhi bited can reasonably be expected to be wuseful in the
reactor described in the precedi ng Exanpl es.

Exanpl e 26

This Exanple shows the limted solubility of

p-cymene in HF,  wa%dHOXY, obtabied; bshawrcinFigare(21eishwdyckOftreams! frdig feNe) can

be acyl ated or

al kyl ated using the process of the present |nvention.

An aut ocl ave was &%gpéomﬁ;hfho?ﬂdglﬂgén%dféﬁﬂﬁﬁ% ah w]mg’c(fngomra g%xgggo%t,

about O[err]C. The contgnts of utocl ave wereé's irre O™ <
nutes. Stirringgs .fﬁc%olmw%%’shs&g ih Wl 358 8o sokar was fod

10

15

20

(33.6 kg/h) .
through line 10, at a rate of 74 1b/hr/to the bottom of the reactor, with flow to

the middle of the reactor being blocked. A discontinuous light IBB-rich phase
formed at the bottom of the reactor, which being less dense and largely
insoluble in the continuous HF-rich phase, percolated to the top of the vessel.
Reaction occurred between the AcF and possibly some of the HOAc as
acetylating agent, and the IBB to form IBAP, whic.h was extracted into the
continuous HF-rich phase, and HF and possibly water, respectively, as by-
product. IBB-rich phase containing unreacted IBB collected at the top of the
vessel and after phase separation, was recycled through line 5 and eventually

line 10 as part of the IBB feed (which comprises both recycle IBB and

( kg/h)
makeup IBB) to the bottom of the vessel in an amount of 58.8 1 Fresh
6.89 kg/h)

( :
IBB in an amount of 15.2 lb/hrZwas continuously added through lines 6 and

10 to replace that used up in the reaction and dissolved in the HF-rich phase.
From the bottom of extractor-reactor 3, 2(0164%[!/!11']‘{&% HF-rich phase was
removed containing, in addition to the HF in the feed stream and thaf formed
as a by-product in the acetylation reaction, the desired prdduct, IBAP, along
with unreacted IBB, AcF, HOAc and other -by-products. A sample of the
exiting HF-rich stream withdrawn at P4 was treated to remove HF by
quenching in ice water, neutralizing, and extracting with an organic solvent.
After stripping away the solvent, the organic fraction remaining was found-to
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- 25- The scope of the present invention also

I ncl udes an enbodi nent wherein the nultistage reaction is
carried out using concurrent flow of the : aromatic

conpound- conpri si ng phase with the HF-conpriizng phase.

Concurrent flow can be achi eved using, for €xanple, a tubul ar reactor

wher ei n 5 a mxture conprising aromati ¢ reactant, acetylating
reagents and HF is fed into one end of the tubular reactor and
the reaction takes place as the m xture proceeds under plug

fl ow conditions alcngaini$s.l enftdf BAR dve 3Ubevt. %hd [BBOdAnlysis of a sample of
m xture exiting the tubular reactor conprises unreacted aromatic reactant,

gxcldr ogen fluori de, 1Y QaliClresthSHglatash b PHYSHOSEDN td protenbe ofOS VGO 10
ylating or alkylating agent. The product m xture ‘can then be Sen 0 4da
57.6 wt.% of IBB, and 1.8 wt.% of fluoride derived from HF and AcF.
The HF-rich product stream from extractor-reactor 3 was fed
5 through line 12 to HF-removal column 20 containing 30 theoretical trays,
where Ac,0 was introduced to react with HF complexed with IBAP and
HOACc and to form AcF, and light components primarily HF and AcF, were
stripped overhead for recycle to extractor-reactor 3 through line 1, as referred
to the first part of this example and described in U.S. Patent No. 4,990,681.
10 The HF-rich feed stream was fed near the top of column 34 at trays 26, 28 or

(6.35 kg/h)
30. The Ac,O in an amount of 14 lb/heras fed to column 20 below the feed

point of the HF-rich feed stream, with a major proportion of Ac,O being fed

at trays 20 or 24 and a minor proportion at trays 6, 9 or 14. A product stream

(22.2 kg/h)
in an amount 49 lb/hréavas removed from the base of column 20 through line

15 26 and conuined 26.9 wt.% of IBAP, 5.9 wt.% of IBB, 61.6 wt.% of HOAG,
2.1 wt.% of Ac,0, and other by-products.’
The product stream from HF removal column 20 was further
puriﬁc;i by feeding it through line 26 to light ends distillation column 30
where the bulk of the HOAc was separated as an overhead stream from the

(1.3 to 6.7 kPa)
20 IBAP product at a pressure of 10-50 mm Hgé)rcssurc. The overhead stream,

suitable for recycle to extractor-reactor 3, was withdrawn through line 32 and

condensed in line 33; it contained 88.1 wt.% of HOAc, 3.5 .w_t.% of Ac,O and
(6.53 kg/h)

5.9 wt.% of IBB. The product stream in an amount of about 14.4 lb/her_as

This is the replacement slieet

Date: & | AUG 1999



separation unit wherein the various conponents are separated using

t echni ques of the kind described in U S. Patent No. 4,990, 681.
The amount of aromatic reactant in the feed to the tubul ar -
reactor and/or the nunber of stages contained i'n the reactor can be

adjusted so 15 that no significant apount of aromatic reactant

remai ns unreacted in the pro T mxture exiting the tubul ar
react or. .~ The enbodi ments descri bed above are not
i ntended to place undue limtations on the scope of the
present invention, particularly regarding non-criti cal

features of the xfcmaammgmﬁeeu rand @oataitied | 91661 wit% ohEB AP} with thé BUR of 20
nodi fications and equi val ent substitutions which provide obvious

vari ations of r e dto
fall within the scopeamfdai Rélﬂfhig'ﬂ&eﬂ&hﬂg byj"lgéitlac\%? %gﬁ@?gﬁfeassdb ttaﬁﬁ din

the follow ng cl r%lmrgsvcd by further purification in a heavy ends distillation colum%

Exampie 2

5 . The configuration of equipment was the same as in Exampie 1,
but IBB was fed to the middle of the extractor-reactor instead of the bottom,
so that the bottom part of the vessel acted as a "finishing zone" wherein
additional residence time for the continuous-HF-rich phase provided for
further reactipn between the acetylating agent, mostly AcF, and dissolved IBB

10 in a homogeneous system, thus increasing the yield of IBAP. The temperature

t
of the -rggg“'"%_wga']s:‘ maintained at 60°C. To the top of the reactor through line 1

(132 kg/h)
were fed 290 lb/hr[gf HF containing 6.8 wt.% AcF and 10.3 wt.% HOAc.

IBB was fed through line 8 at a rate of 89 Ib/hr to the middle of the reactor.
(7.44 kg/h)
16.4 lb/hrlgf IBB were continuously added through line 6 to replace that used
(139 kg/h)
15 up in the reaction and dissolved in the HF-rich phase, and 307 lblhxﬁiF

solution were removed from the bottom of the reactor through line 12.
Analysis of the organic fraction of this stream as in Example 1 indicated 78.7
wt.% of IBAP and 13.3 wt.% of IBB, and analysis of a sample obtained from
the middle of extractor-reactor 3 at P2 indicated 66.4 wt.% of IBAP and 27.7
20 wt.% of IBB. -
~ The stream exiting from extractor-reactor 3 through liné 12 was
fed separately with 13&#&% to the thirty tray HF removal stripping

column 20 as in Example 1. A solution was continuously withdrawn from the
This is the replacement sheet
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CLAI M5 1. A continuous process for the acylation of
aromati c conpounds in hydrogen fluoride, said process 5 conprising

the steps of: a) feeding liquid hydrogen fluoride and at | east
one acylation agent into an extractor-reactor to forma first,
hydrogen fluoride-rich phase; b) -194 eedi ng an aromatic
conpound-conprising material 10 into said extractor-reactor to forma
second, aromatic conmpound-rich phase; and c) cont acti ng
said first, hydrogen fluoride-rich phase with said second, aronatic

conpound-rich phage i of the coludR Mg A¥dniPoRitdd! ot 380 v ﬁ;Ap,eﬁgt‘ﬂ_r% atuch

that said 15 acylation agent reacts " wth said aromatic conpound to form
an acylation pro sai ti.Ch copopnd wWhich.is extracted into
sai d hydrogen fl &gﬁ%@‘g&? |‘\€"ﬁgﬂﬁ 36 30 W"@PQEQCO ané:om%@”ﬁ?’ge%‘é's of claim
1, wherein said acylation 20 agent is selected fromthe group consisting of
acet yl fluoride; a combi Separasiongif the HQAc fropytherrudecaceplation produps.of — a
conmbi nati on of acetic anhydride and acetyl fluoride; or a conbi nati on of
acetic acid, acetlB reafyalrdohenmn20 vesseaicydmplishid byrdistillatidh in light ends column A
conti nuous process for alkthgi@g gt7ak9gqtic‘ conpounds in hydrogen
fluoride, ssaid pfﬁﬁéfo-%%%mxmple 1. The overhead stream from the
distillation contained 94.8 wt.% of HOAc, 4.6 wt.% of Ac,0, and 0.5 wt.% of
IBB. A product stream composed of 92.2 wt.% of IBAP was continuously
removed from the base of the column.
Examples 3 to 24
10 ' The procedure and equipment used to operate extractor-reactor
3 in these samples were similar to those of Examples 1 and 2 except that
certain conditions such as feed stream rates and temperature were varied.
Table I shows the rates of product withdrawn through line 12 ("Product
Rate"), the IBB feed rate through lines 8 or 10 ("IBB Feed"), the HF and
15 acetylating agent feed rate through line 1 ("HF Feed"), the IBB makeup rate
- through line 6 ("IBB Makcup"); the mode of operation ("Mode™) with "1"
indicating that IBB was fed to the middle of extractor-reactor 3 through line 8
as in Example 2, and "2" indicating that IBB was fed to the bottom of

extractor-reactor 3 through line 10 as in Example 1, and the temperature of

20 operation ("Temp").
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steps of: a.) feeding |iquid hydrogen fluoride and at | east one 30
al kyl ation agent into an extractor-reactor to forma first,

hydr ogen-fl uori de-rich phase; b) feeding an aromatic’

* conmpound- conpri sing nmateri al into.said extractor-reactor to forma
second, aromatic conpound-rich phase; angh35 c) contacting said
first, hydrogen fluoride-rich phase with said second, aronmatic
conpound-rich phase in a manner, within said extractor-reactor, such
that said al kyl ati on agent reacts with said aromatic conpound to form
27 an al kyl ati on product of said argi, tic corrpound which is
extracted into said hydrogen fluoride-ri ch-g-gbée The
process of claim3, wherein said alkylation 5 agent is an unsat ur at ed
Cerr]-Jerr] alkyl. Product  IBB* HF IBB

Rate Feed Feed Makeup Temp.
Example _Ibhré Ibhrd  Ibhrd Ibhr ¢ Mode _c
5 .
3 112 100 103 9.2 1 59.3
4 214 256 204 104 1 58.6
5 145 128 133 12.0 1 60.2
6 133 262 117 16.1 2 583
10 7 135 239 118 17.3 2 61.1
8 195 133 176 18.4 1 60.0
9 198 185 187 112 1 59.1
10 197 106 184 12.8 1 73.7
11 115 50 112 23 1 69.2
15 12 201 52 177 243 1 73.0
13 205 104 182 230 2 74.4
14 126 48 114 - 123 2 732
15 180 95 169 10.9 1 60.8
16 306 91 295 11.0 1 544
20 17 313 92 . 302 10.7 1 53.7
18 301 87 286 15.1 1 55.6
19 299 85 287 11.3 1 56.8
20 300 93 268 319 2 63.3
21 335 13 318 16.3 1 58.7
25 22 342 20 329 13.1 1 55.2
23 263 116 247 153 1 60.5
24 319 . 115 299 20.5 1 60.8
* Includes recycle IBB and makeup IBB
_gs 1l ib/hr = 0,454 kg/h
30 The compositions of various streams as indicated by the

analyses of samples withdrawn at points P1, P2, P3 and P4 shown in Figure 1,

are given in Table IL
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5. The process of claim 4 V\herel r sal d alkylation agent is an
unsaturated Clerr]-Clerr] alkyl. 310 6.:% " . The process of any of
claims 1 to 5 wherein at Ieast a portlon of said aromatic conpound
remai ns unreacted after step c), and wherein 'said unreacted aronmatic
conmpound is externally recycled, wherebyssaid unreacted aromatic
conpound is used-in conbination vmth fresh aromatic conpound 15 to conti nue
the reaction within said extractor-reactor. 7. The process of
any of clains 1 to 5, wherein one of said phases constitutes a

conti nuous phase in the extractor-reactor reaction nediumand the ot her
of said 20 phasesSwRAR eavinscbe oo of 1he FXFRGOrIRYr Whensls was operateg: in; -
reactor reaction nmedium and wherein the feed rate of the reactant in

t he di sconti nuousmpdasieteddebinnbsteasesad habea higher percesthgendi IBAP danseagl
reactant is reacted and dissolved in the conti nuous phase prior to the

exit of the conti {iolSe RIRAShe exttdcRiPrbdiforo¥ds’ erAtbd WPAREOR. Thus, thed

The process of any of clains 1 to 7, wherein sai d aromatic corrpound i's

sel ected fromthe .OU SkSt.n
met hyl i sopr opyl beld W&Pn ° canhm“&gé% he mﬁ%}gdl phe ﬁ %%’ngﬁg?ﬂﬁlﬂé{‘hane;
tri phenyl net hane; napht hal ene; net hyI ht haI ene; tetralin;

1,1, 3, 4, 4,%- hexanBraydingferhi OVGTaQraGelﬁlﬁa

Examples 21 and 22 above illustrate conditions wherein,

referring to Figure 1, the amount of aromatic compound-comprising feed flow
through line 10 is equal to or nearly equal to the amount of fresh makeup
aromatic compound-comprising feed through line 6. There is no significant
10 . recycle of aromatic compound from line 5 which proceeds from the top of the
extractor-reactor. This occurs when the aromatic compound-containing phase
is sufficiently reacted that an insignificant amount of aromatic compound
remains to exit the top of the extractor-reactor. A review of the Example 21
data shows more makeup aromatic compound-comprising feed through line 6
15 than the sum of the aromatic compound-comprising recycle and makeup feed
combined, a physical impossibility. This is attributed to flow measurement
calibration errors or to the backup of recycle through line 5 into the top of the
extractor-reactor.
It is preferable to react essentially all of the aromatic compound
20 in a single pass through the extractor-reactor, since 'expcrimcntél data%
shown that undesired isomers of the desired acylated or alkylated product tend
to increase in amount (be more readily formed) when unreacted, aromatic

compound is recycled.
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9. The process of claim1 aor 2, for the production 35 of

4-i sobutyl acet ophenone (4-1BAP), . :¢onpri 8ing feeding Tiquid hydrogen
fluoride (HF) and an acetylating agent into  an extractor-reactor to form
a first, HF-rich phase contai ning said acetylating agent, feeding

| sobut yl benzene _25. 28 (I'BB) to
the extractor-reactor to forma second, IBBz-ri ch phase which is
contacted with said first, HF-rich phase in a:manner such that the
acetylating agent reacts with IBB to form 4-1BAP which is extracted
into said first, HF-rich 5 phase, and a light |IBB-rich cond phase

contai ni ng the bul k of TherseoRs %ﬁmFB'B‘?S"%B(’P@?'P%“I 3Jsq inelpdes H'Qeg&"e“g"é\!ond,
| BB- rich phase to the IBB feed point in conbination with fresh | BB
to make up for | Réhereingheraniitistage ireactionds caricd out vding concurrantsBow\ofthé n sai d
HF-rich phase, and withdrawing an HF-rich 10 stream contai ning 4-1BAP from

the extractor-reaedfinc compoundomprising é)hI.&ewﬁh e HF-compeisitigptase Wherei n t he
HF-ri ch stream cont ai ni ng di sSol ved 4-1BAP from said extractor-

Concurrent flow can be achieved using, for example, a tubular reactor wherein

5 a mixture comprising aromatic reactant, acetylating reagents and HF is fed
into one end of the tubular reactor and the reaction takes place as the mixture
proceeds under plug flow conditions along the length of the tube. The product
mixture exiting the tubular reactor comprises unreacted aromatic reactant,
hydrogen fluoride, product dissolved in hydrogen fluoride and unreacted

10 acylating or alkylating agent. The product mixture can then be sent to a
separation unit wherein the various components are separated using techniques
of the kind described in U.S. Patent No. 4,990,681.
The amount of aromatic reactant in the feed to the tubular
reactor and/or the number of stages contained in the reactor can be adjusted so
15 that no significant amount of aromatic reactant remains unreacted in the

product mixture exiting the tubular reactor.

I The embodiments described above are not intended to place

undue limitations on the scbpe of the present invention, partieularly regarding

non-critical features of the invention, wherein oae¢”skilled in the art can make

20 modifications and equivalent subgtitdffions which provide obvious variations of

the invention. Suchfiations are intended to fall within the scope of the
=

i on as defined in the following claims: .

This is the replacement Sheet

- . “pate: & 1 AUG \999“



reacto

reacts with the HF conpl exed with 4-|.BAP and d@ny acetic acid (HOAC)
present in said HF-rich feed streamto formacetyl fluoride (AcF) and
additional 20 HOAc, free and |iberated HF, AcF, 1BB, and optionally HOAc,
are stripped fmﬂ&e m xture in the colum and withdrawn as an
overhead stream at | east part of which is recycl ed a8 feed to said
extractor-reactor, and a product stream conprising 4-1BAP and HOAc is
vmthdﬂawn fromd he bottonkofcostimeows| uprecess fiar the agqykabieRresaf of
cl ai m|10, wher, Jhéi%%txg un éﬂ'ﬂ%a”hyhkagéﬁ“ﬂfiﬁgﬂléékd shid enprétess
colum is fed | i ght” ends col unm™operfated under conditions such that
the 3( acet5c%¢R¥4%1%%p§?%t%‘EF%cP%thdravvn as an over head stream and
produgt streamgpntai ni ngféedﬁx@rl:ﬂftﬁ@hyd@bgeh fludri®@ARnd ati Ledstvené r om
t he bagttom of thefé Ztt g% Qr_(% 9“1;8'%6 ein
at ledst part 33FHtaELPh 2geRt ] 1 fEER 8ver ?fostream sal#ﬁght
ends cplum is hgdycyen f busnideexichcphasepact or. The
process of any 19{ clai s ?e&giﬂ&’a%%Bﬁl'a%iEhgompound—comprising material
10 into said extractor-reactor to form a second, aromatic
compound-rich phase; and
c) contacting said first, hydrogen fluoride-rich
phase with said second, aromatic compound-rich phase in a
manner, within said extractor-reactor, such that said
15 acylation agent reacts with said aromatic compound to form
an acylation product of said aromatic compound which is
extracted into said hydrogen ﬁluoride-rich phase.
2. The process of claim 1, wherein said acylation
20 agent is selected from the group consisting of acetyl
fluoride; a combination of acetic acid and acetyl fluoride;
a combination of acetic anhydride and acetyl fluoride; or a
combination of acetic acid, acetic anhydride and acetyl
fluoride.
25 |
3. A continuous process for alkylation of aromatic
compounds in hydrogen fluoride, said process comprising the
steps of:
a) feeding liquid hydrogen fluoride and at least one
30 alkylation agent into an extractor-reactor to form a first,
hydrogen-fluoride-rich phase;
b) feeding an aromatic compound-comprising material
into said extractor-reactor to form a second, aromatic
compound-rich phase; and
35 c) contacting said first, hydrogen fluoride-rich
phase with said second, aromatic compound-rich phase in a

r is fed to an HF-renoval
(Ac{err]c» which is fed bel ow the feedﬁ i
t he GOndltlons of the HF-renoval colum ~°

col umm t'oge her W|th acetic 15 anhydri de
. sai d HF-rich stream
-berng such that the Ac[err]O

manner, within said extractor-reactor, such that said
alkylation agent reacts with said aromatic compound to form
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29 conposition fed to said extractor-reactor has a nole ratio of
HOAc: AcF of fromO0:1 to 2:1, preferably 0.25:1 to 2:1, nore preferably
0.65:1to 1.3:1, and a nole ratio of (HOAc + AcF) to HF of 1:5 to 1:25,
preferably 1:10 to 1:20. 5 14, The process of any of claims 1 to
13, wherein said HF-rich phase bel ow t he2¥eed point of the aromatic
conpound is held in a finishing zone or reactor for a tinme sufficient to
provide for additional_ acylation or alkylation 10 of.the aromatic conpound
di ssol vedfi n sai RMFaEkEhaphaBeproduct 1af said arqfgtie ce@arowd giiq is

claims 1 fo 14, vhefeidted Sité wid 93T Jolemo R riiideRrpBASBhhSe! he
conti nuoup phase of said extractor-reactor reaction nedium 15 16.

The procebs of any of clains 1 to 15, wherein said aromatic
conpound-fi ch pHlase is the Thatproamess pifasdadfm 3, vhededrtsaid oalkyekation

reaction 1Edi5”nagent is an unsaturated Cy-Cyo alkyl.

5. The process of claim 4, wherein said alkylation

agent is an unsaturated C,-C,, alkyl.

10 6. The process of any of claims 1 to 5, wherein at
least a portion of said aromatic compound remains unreacted
after step c), and wherein said unreacted aromatic compound
is externally recycled, whereby said unreacted aromatic
compound is used in combination with fresh aromatic compound
15 to continue the reaction within said extractor-reactor.

7. The process of any of claims 1 to 5, wherein one
of said phases constitutes a continuous phase in the
extractor-reactor reaction medium and the other of said
20 phases constitutes a discontinuous phase of said extractor-
reactor reaction medium and wherein the feed rate of the
reactant in the discontinuous phase does not exceed the rate
at which the said reactant is reacted and dissolved in the
continuous phase prior to the exit of the continuous phase

25 from the extractor-reactor.

8. The process of any of claims 1 to 7, wherein said
aromatic compound is selected from the group consisting of
isobutylbenzene, methylisopropylbenzene; chlorobenzene;
30 diphenyl; diphenylmethane; triphenylmethane; naphthalene; 2~
g methylnaphthalene; tetralin; 1,1,3,4,4,6-hexamethyltetralin;
and phanthrene.

9. The process of claim 1 or 2, for the production
35 of J4-isobutylacetophenone (4-IBAP), comprising feeding
liquid hydrogen fluoride (HF) and an acetylating agent into
an extractor-reactor to form a first, HF-rich phase
containing said acetylating agent, feeding isobutylbenzene
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-29-  13. The process of daim 1, CQaim2, Caim 3, Caim4, Caim 5,

or Claim 6, wherein said aromati-c conpound-rich phase is the
conti nuous phase of said extractor-reactor reaction medi um
' 28

] (IBB) to the éxtractor-reactor to ford a second, IBB-rich
phase which is contacted with said first, HF-rich phase in
a manner such that the acetylating agent reacts with IBB to
form 4-~IBAP which is extracted into said first, HP-rich

5 phase, and a light IBB-rich second phase containing the bulk
of unreacted IBB; externally recycling said second, IBB-
rich phase to the IBB feed point in combination with fresh
IBB to make up for IBB consumed in the reaction and that
dissolved in said HF-rich phase, and withdrawing an HF-rich

10 stream containing 4~-IBAP from the extractor-reactor.

10. The process of claim 9, wherein the HF-rich
stream containing dissolved 4-IBAP from said extractor-
reactor is fed to an HF-removal column together with acetic
15 anhydride (Ac,0) which is fed below the feed point of said
HPF-rich stream, the conditions of the HF-removal column
being such that the Ac,0 reacts with the HF complexed with
4-IBAP and any acetic acid (HOAc) present in said HF-rich
feed stream to form acetyl fluoride (AcF) and additional
20 HOAc, free and liberated HF, AcF, IBB, and optionally HOAc,
are stripped from the mixture in the column and withdrawn as
an overhead stream at least part of which is recycled as
feed to said extractor-reactor, and a product stream
comprising 4-IBAP and HOAc is withdrawn from the bottom of

25 the column.

11. The process of claim 10, wherein the bottom
stream withdrawn from said HF-removal column is fed to a
light ends column operated under conditions such that the

30 acetic acid is separated and withdrawn as an overhead
stream, and product stream containing a major proportion of
4-IBAP is withdrawn from the bottom of the column.

12, The process of claim 11, wherein at least part
35 of said acetic acid in said overhead stream of said light
ends column is recycled to said extractor-reactor.

13. The process of any of claims 9 to 12, wherein the
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composition féd to said extractor-readtsr has a mole ratio
of HOAc:AcF of from 0:1 to 2:1, preferably 0.25:1 to 2:1,
more preferably 0.65:1 to 1.3:1, and a mole ratio of
(HOAc + AcF) to HF of 1:5 to 1:25, preferably 1:10 to 1:20.

14. The process of any of claims 1 to 13, wherein
said HF-rich phase below the feed point of the aromatic
compound is held in a finishing zone or reactor for a time
sufficient to provide for additional acylation or alkylation
of the aromatic compound dissolved in said HF-rich phase.

15. The process of any of claims 1 to 14, wherein
said hydrogen fluoride~rich phase is the continuous phase of

said extractor-reactor reaction medium.

1e6. The process of any of claims 1 to 15, wherein
said aromatic compound-rich phase is the continuous phase of

said extractor-reactor reaction medium.

-

Iy

pate: < | AUG 1999

This is the replacement sheet



