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(57) Abstract
A process for the production of methyl isobutyl ketone from acetone and hydrogen utilizing a catalytic distillation column reactor.

The reactions take place in a reaction zone with the reaction products being removed from the reaction zone and unreacted acetone being
refluxed. The equilibrium is thus continuously disturbed allowing for greater than equilibrium conversion.of acetone.




35 i . e. reaction (2), take place in the pr'e'sence of a catal yst and

at | east one distillation zone adjacent the reaction zone in which
distillation of the reaction products from the reaction_zone and/ or
unreact ed reaWPAWEBSt akes pl ace. PCT/US98/12780
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catalytic distillation involves effecting chemical
reactions simultaneously with or in combination with
distillation in a single treatment zone. In the present

20 invention, the following reactions take place in the
treatment zone to produce methyl isobutyl ketone (MIBK):
acid
Acetone <---> mesityl oxide (Msd) + HpO. ceereeneaea(l)
hydrogenation:
25 | Hg __ 3
MSO <===> MIBK. s s veoonneocnneceonnncncencannannaseess(2)

The dimerization/dehydration reaction, (1) is extremely
equilibrium 1limited under conventional operating
conditions.

30 The treatment 2zone thus comprises (1) at least one
reaction zone in which the dimerization/dehydration
reaction of the acetone to convert it to mesityl oxide,
i.e. reaction (1), and the hydrogenation reaction to
convert the mesityl oxide to the methyl isobutyl ketone,

35 i.e. reaction (2), take place in the presence of a catalyst
and at least one distillation zone adjacent the reaction
zone ‘in which distillation of the reaction products from
the reaction zone and/or unreacted reactants takes place.
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The +treatment zone will typically be provided by a
column. The catalyst may be in particulate form and may be
arranged -in the form of ‘a packed bed located in the
‘reaction zone. The catalyst bed may be located above the

20 "'point or level at which the acetone enters the column.
Suitable packed distillation media, e.g. Raschig rings, or
distillation apparatus or equipment, are then provided in
the column below and/or above the catalyst bed, i.e. in the
dlstlllatlon zone(s) .

25 The temperature and pressure inside .the column are
selected such that the acetone is at -its boiling point at
the column pressure. In other words, the te_mperatui'e
inside the column is controlled by means of pressure. The
variation of the boiling point of acetone with pressure can

30 be obtained from known sources such as simulation
packages, e.g. the simulation package available under the
trademark PRO II from Simulation Sciences, Inc. Preferably
.temperature conditions in the column are from 50°C-160°C,
more preferably 100°C-135°C. Under these temperature

35-----conditions the pressure required to maintain the acetone at
its boiling point does not exceed 15 bars.

The introduction of the hydrogen into the column is
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i5 . continuous process with the lntroducta.on of the acetone
being into the bottom of the column immediately above the
reboiling st'age. and with the product fraction or stream
being withdrawn continuously from the reboiling stage.

However, in another embodiment of the invention the

20 process may be a batch one with the introduction of the
acetone initially being effected into the reboiling stage.
The process may then be terminated when a desired product
specification is achieved in the reboiling stage,
whereafter the methyl isobutyl ketone-containing product

25 - fraction is withdrawn from. the reboiling stage.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows schematically and in simplified flow
diagram form a process according to one embodiment of the
invention for producing methyl isobutyl ketone.

30 FIG. 2 shows schematically and in simplified £flow
~diagram form a process according to another embodiment of
the invention for producing methyl isobutyl ketone.

Description of the Preferred Embodiment
The invention will now be described by way of example

35 with reference to the accompanying diagrammatic drawings
and non-limiting examples set out hereunder.

Referring to FIG. 1, reference numeral 10 generally



havi ng a hydrogenation function such as nickel, palladium115 or copper.
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An acetone feed llne 24 leads into the zone 16 while a
hydrogen feed line 22 leads into the zone 14.

A reboiler 26 is located at the lower end of the column
12 and is fitted with suitable heating means 28, such as a

20 ‘steam heating coil or electrical heating element, with a
product withdrawal line 30 leading from the reboiler 26.

A vapor'withdrawai line 32 leads from the top of the
column 12 to a condenser 34 provided with suitable cooling
or condensing means 36 such as a cooling water supply with

-25 + a return or reflux line 38 leading back into the zone 20 of
the column 12. A hydrogen withdrawal line 40 leads from
the reflux line 38 for withdrawing any excess hydrogén
through a back pressure regulator (not shown) fitted in the
line 40.

30 It is to be appreciated that instead of the catalyst bed
being located in the zone 18 it can be located in another
zone of the column 12 provided that the acetone feed line
24 and the hydrogen feed line 22 are located below the
catalyst bed.

—— 35 In use liquid acetone is fed into the zone 16 of the
column 12 through the acetone feed line 24. Simultaneously,
hydrogen gas is introduced into the zone 16 of the column
14 through the hydrogen feed line 22. '



under the trademark PRO I from Simulation Sciences | nc. ‘Thus, the
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formed in a 35 siqgl e%ge%su%gaq gaﬁ' Qﬂhetﬁﬁt@éﬁk}ffzéﬁ sﬁaeléog, %u%%%%

12. | f necessar on the selectiv
catal yst used, afg E?gpFBHHE?sl?oﬁﬁﬂdrﬁﬁﬁtbglgﬁb%rEPEchFB st bed in the

15 reaction zone 18. Mesityl oxide (MSO) is initially formed
in accordance with reaction (1) hereinbefore described.
-The mesityl oxide is then subsequently hydrogenated to
methyl isobutyl ketone (MIBK) in accordance with reaction
(2) as hereinbefore described.

20 The methyl isobutyl ketone and any other by-products
which are formed have higher boiling points than the
acetone feed and therefore drop into the reboiler 26 from
where they are removed along the product withdrawal 1line
30. .

25 ' Unreacted acetone is refluxed at the top of the column
12 by being withdrawn along the flow line 32, condensed in
the condenser 34 and returned to the top of the column
along the flow line 38. No light boiling components are
formed in reactions (1), (2), and (3), and thus there are

30 no overhead products which are withdrawn from the column
12. In other words, -the_ column 12 is operated under total
reflux. Any unreacted hydrogen is withdrawn along the flow
line 40.

The methyl isobutyl ketone product is thus formed in a

35 single step u_sirig a single catalytic distillation column

If necessary, i.e. depending on the selectivity of the
catalyst used, any by-products formed may be separated from



6 " the met hyl isobutyl ketone in another downstream distillation

colum (not shown) -into which the flow1ine 30 .| eads.

Referring to FIG 2, reference nunber 50 generally 5 i ndi cat es Qrocess
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through the flow | The procesg250j énedndensadcPhumieS58ondTheecovmpn§2j ds
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The process 50 is a batch process and no acetone feed
20  1line leads into the column 52. However, a batch of acetone
is initially introduced into the reboiler 26.
The reboiler 26 is electrically heated so that the
heating means 28 is in the form of an electrical heating
element. o
25 ' In use, -acetone which has vaporized in the reboiler 26
and hydrogen gas move upwardly through the catalyst bed in
the zone 56. Unreacted acetone exits through the flow line
32, is condensed in the condenser 34 and 'is returned to the
top of the column through the flow line 38. Unreacted
30 hydrogen is withdrawn along the flow line 40.

The higher boiling methyl iscbutyl ketone product which
is formed and any other side products drop into the
reboiler 26. The contents of the reboiler 26 are:
periodically analyzed. Since the pressure " conditions

35 inside the column are tailored such that they favor the
boiling of acetone, the higher boiling products will be
ﬁnable to boil in the reboiler and move up the column 52.
Only acetone present in the reboiler 26 will boil and be
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conversion data eleselinet Be eguithadl i the vepndenser AdutyodrPPsf tacéleé'ﬁe agnd

10°m of a partigighe dhida% tne rdUARDE! hys!cEhpndkdiaantd CAéalsthy]
wer e char ged |nto t

aut ocl ave r tor he r
purged tw ce sﬂP‘EW%l‘f?tdﬂﬁ BReaFh ¥ SE HPI%I%ﬁgI&%O mg]?ls'%%]\n
nitrogén. .The reacror wshswsulkdeduerthe h@ae'eqneo él@ﬁléi??tl‘alﬂ/dehyd@tmn
stirrer spggd of gQQ [0 fof, 48 hadstion\ t @) COD i N@xtremely hee@OiT Fit Sunof

t he react or vvere zed as chroma a n
obt ai ned fromt h?g ?'E%d “nggr g?aeﬁéc\}lelr? ey %Fg BBKat €5bnd Qn& Woﬂfé%r%nfs
from Tabl e 1 thepotantizlly hfnefid: dinen §atalytl§eﬁéﬁ/t}®%thqnc‘é%q:w-’t?ﬁ{

the acetone di MeElZabign vas cdRMdted! dss @XLGAERI y eqi li brium i mited
under the given reaction conditions and could benefit from

catal ytic EXAMPLE-Li on technol ogy.
TABLE 1 15 Acet obeCaretppeodiseriaation/dehyiration rexztien i (Fegcbion

(1) was performed in a batch autoclave over 48 hours so as

to obtain conversion data close to the equilibrium value.

100 ml of acetone and 10 ml of a particulate 0.05%

Pd/Amberlyst Rhom & Haas 15 catalyst were charged into the

20 autoclave or reactor. The reactor was then purged twice

with nitrogen prior to pressurizing it to 5 bars with

nitrogen. The reactor was subsequently heated to 110°C at

a stirrer speed of 200 rpm for 48 hours. After cooling,

the contents of the reactor were analyzed by gas

25 chromatography (GC) and the results obtained from this run
are given in Table 1.

As is evident from Table 1 the conversion of acetone is

below 10% indicating <that the acetone dimerization

reaction is extremely equilibrium limited under the given

30 reaction conditions and could benefit from catalytic
distillation technology. o '
| TABLE 1
Acetone Conversion % Name of Product Selectivity %
MSO + Isomer 82.31
35 _ 7.3 ' Others 17.69

It was unexpectedly found that catalytic distillation
has the advéntage of increasing the conversion of the
egquilibrium limited acetone dimerization reaction of



MBO + | soher " 82.31 35 7.3 O her s

17. 69 It was unexpectedly found that catalytic distillation

has t he advantage of increasing the conversion of the equi L ibrjum
limited acetW@8%658¥lnerization reaction of ot -

8 Exanple 1. For this, in Exanple 2, a_batch-type catalytic
distillation colum was used substantially i R accordance wth FIG 3
but havi ng no hég n f.eed XAVEL By £ gopamhog p@gﬁa:@dﬂse
0. 05% Pd/ Amber | “‘%@ Scaral ?cr thlg was acked ﬁ% {__ 1& ctx%f)n zorf

t he batch dimlllaﬂ'—i’-en &ﬂlﬁﬁ*ﬁ E?’Esan‘dls?‘hes PRFHQLZHNndL PRt
54 and 58 fill ed;jwnt 16 .M Baschawing np diysirokleat £end. packing. 1 1 of
acet one was chaﬁg&;ﬁ%the reboil er of .10 the col um. The col umm was
t hen pressurize usi ng nit

ro eb0| | er was
conrenced ahd 199 OF rdnPAREL TR ec? J$}£é@%f§€ﬁt cef'i ]fe
anal ysi s. © waslNepdidied Olintionedhkr orebbeionn acmepr®senced tietkovbairpllS

Table 2. Mich hi %@_ Qg,\é%r G&Ragg glhﬁa'tﬂgdr\éﬂﬁﬂni'ﬁéngones orcééé‘ﬂléﬁé:

distillation tha cnvetlong a#ﬁt .
reactor under si4 | a:ndr eé@u%ﬂled vithnd t PBnsRasChig X jstiifation

results of this 11 6fea¢é'g/oﬂenmt¢MB5ed1ainmtmqtreboller of
distillati on tec noI og ub haf'he tgg uﬁﬁV%QEa%erprréMﬁ?z?éé‘gtot rye bars
converS|on brlumllmted acetone dinerization react '8 a
TABLE 2 T| waing A@bﬁwn- gieadiing: ofi ther sebolighpups fpamepced an
(hrs) Conv % JMaQ@Ies fréhhehe reboRRett were Remin qrerfodically for GC
| soner gsone 56 26 '

: analysis.

The data obtained from the run are presented below in

15 Table 2. Much higher conversions are obtained when using
' cé.talytic aistillation than were obtained when using a
conventional batch reactor under similar reaction
conditions as in Example 1. The results of this example
‘clearly demonstrate that catalytic distillation technology

200 “~has the advantage of increasing the conversion of
equilibrium limited acetone dimerization reaction.
TABLE 2
Time  Acetone % Selectivity to Temperature °C
(hrs) Conv % MSO + Others Reaction Reboiler
25 : Isomer Zone 56 26
' - " 1.57 83.35° . 12.90 127.7 127.9
9 2.09 - 85.65 14.36 127.6 127.5
19 3.85 80.78 " 19.22 126.9 128.5
23 7.27 - 77.09 22.91 125.2 131.0
30 27 13.40 . 76.34 23.65 125.7 132.2
. 31 24.20 75.80 24.20 126.4 134.6
35 35.30 75.10 24.90 126.2 137.6
39 44.60 74.85 25.15 125.7 -143.0
43 48.20 74.69 - 25.21 122.7 165.6
35 48 89.50 71.80 28.20 : 120.1 170.0

In Example 3, Example 1 was repeated except that
hydrogen was used instead of nitrogen to pressurize the
autoclave. '

EXAMPIE 3 _
© 40 '~ The reaction conditions were thus the same as those
described in EXAMPLE 1. However, hydrogen was used in



5 1.57 83: 35 12.90 127..7 127.9 9 2.09

85. 65 . 14. 36 127.6 127.5 19 - 3.85 80. 78

19. 22. 126. 9 -128. 5 23 7.27 77.09

125.2 131 WP aYesss7 13. 40 76. 34 23. 65 regEsghom, .
31 24. 20 75. 80 24. 20 126.% 134.6 35 35. 30
75.10 24. 90 126. 2 137.6 9 44, 60 74. 85

25. 15 125 éaée 8- Ritrogen 480 predzuzize thel &ftoclave5tdls bars
122.7 - 165.6 g 48 89. 50 71. 80 28. 20 - 120.1 170.
In Exanple 3, ERYRFI 88 BOWES: repeat ed except that hydr ogen was used

i nstead of nitrogen Thepresudtszdronethis rumytag@ figen in T%%Q\/Fq_f The

The reaction condiki-fRs c4akerkids §8entaRPhdgheROGRen hydrégenridedséed in

EXAMPLE 1. ‘However, = hydrogen was,_used_.in . . .
9 pl &e oPlFce KferP ﬁmczeedfr}hee_ ﬁ%%’r]av%f‘%%e Sl_%alrngdro.gen%t\:/ee?
48 hours. to m&hkyl esiddbmtiyiorketone r whighe apsiats niraushdngrhkhe

acet one conversi%gliiﬁbmi hHARsasRaR YEBRasn 65 HEtHyl NiSobuPyRCRebbne

nitrogen since the nmesityl oxide i1s hydrogenated to nmethyl i u
ket one whi ch as$igies iFhﬁuéﬁFﬁﬁth%°n¥ersg?fhiJﬁ'oﬂot}'fﬁvteg\ma[;%%w'h%o%%gd%%nor
met hyl i sobutyl wairpneatalyticdedistiblatiarondeshapdegionis s usededdr  the

The 10 - ahene nh | gl i3] ati oad Ralonagy tisersedrei n
the 10 a%%encenhboﬁe cyedrggeﬁg?%g %% TaH1¥ 3] 2 gy, re

] 2) . dditionally,  thete are .
still a lot of ct%erl pRrod®t s°%ef’?“|ﬁe¥'or‘ﬁ'é’diA &n ¥eiRgeTorme preé%s? hed Spe
hydr ogen. Thegsresdrivey qff olydregenre byhese inh%ymmf@rﬁhePY‘
reactions to MSQSuafas ?P%O%rther reitienanego NRBbL YK, agt phorone,

isophorone, mesitylene, etc.

15 TABLE 3
| Acetone Conversion % Name of Product Selectivity %
R . " MSO + Isomer 19.25
25.56 ' Others 18.983
MIBK . 61.19
20 Thereafter in Example 4, Example 2 was repeated except

that a hydrogen feed was used, i.e., hydrogen was used to
pressurize the column.
EXAMPIE 4 _
The reaction was performed in the same batch catalytic
25 .. distillation column as used in Example 2, however, with
hydrogen béing used to pressurize the column. The hydrogen
was passed over the catalyst or reaction zone at a flow
rate of 7 normal liters per hour. The results are given in
- Table 4. <These results show that catalytic distillation
30 enhances conversion of acetone. However, not all of the
m"esityl oxide formed is hydrogenated to methyl isobutyl
ketone due 'Eo the low hydrogén flow rates used under the
low pressure conditions (5 bars) used in this run.



15 " TABLE 3 Acet one Conversion % Nane of

Pr oduct selectivity % - MSO + | soner

19. 25 - 25. 56 Q hers - 18. 93

M BK WO 98/§588Y 20 Thereafter in Exanple 4, ExaRpFuSPIgH0
repeat ed except that a hydrogen feed \gg used, i.e., hydrogen was
used to pressurize the col um. MPLE 4 The reaction
was performed in the sane batch catal yti ey gdistillation colum as used
in Exanple 2, however, with hydrogen, bei n sed to pressurl ze the

col urm. The hydr Aceton alyst _or EBEFFB LSor % at
a flow rat 7 e I i t z)ﬁe esuﬁg ggai E‘ﬂotﬂ
Table 4. These results show that catal ytic distill ation enhances

conversi on 8f acetone. 13rH@Rever, 7HaR0a Ilfbfoq he 6.82 rré§ t oxi él%9f6r med

i s hydrogenated t® nmet hyli3-B3obut y$1-94  32ndthe §3to t 7I' w hydg

flow rates used ﬁ]der t@%.ss Iﬁgvg)gessﬁ‘%i ons rs) u%

this run. 54 27.46 16. 59

TABLE 4 Ti n§4 Acet on;eg 22 %%@T@gt | V44 o4 O 15 83 ggpgr atur gs—,'Cg
(hrs) Conv % MO + M BK = O hers R(iact I on g

| somer n bxamply o Exgmple 4, was rf§e? ed exgenfy thal g
6. 82 124.9 higuéag.mdrogen 81c>w rali€ ¥s8s usesi. 94 22.43 14.33

127.6 131. 19 85 56. 83 22.82 17. 93 128 3
134.7 16 SLXA—M%L‘SE%B’ZB 23.23 19.90 % 0

20 35.54 58, FetoRe z?emef623§l°n ¥3§ &hus pey BrBeﬁoas é& Example
78. 22 43. 69 4. 33. DBe bhyd®Bgen IFAowO rate 1¥as9:increased tol rZExaophel 5,

Exarrpl e 4 was repegifd gefapbut halme results are shown in Table 5. With

the increase in hydrogen flow rate more methyl isobutyl
ketone is formed from mesityl oxide hYdrogenatiori,- however,
not all of the mesityl oxide formed is converted to methyl

20 isobutyl ketone.: This indicates that either higher
hydrogen flow rates are desirable under the low pressure
conditions of 5 bar used in tiiis run or the pressure needs
to be increased above 5 bar while maintaining the hydrogen
flow rate of 12 normal liters per hour.

25 ' , TABLE 5
Time Acetone % Selectivity to Temperature °C
{hrs) Conv % MSO + MIBK Others Reaction Reboiler

Isomer - . : Zone 56 26
. 4 4.8 56.90 30.80 9.10 120.3 127.4

30 8 5.64 48.40 29,30 15.70 122.5 128.2"
14 17.59 44 .50 37.20 16.90 122.9 133 '
20 42,80 37.60 41.30 19.80 122.8 135.9
24 62.80 31.60 45.00 22.20 121.2 149.8
28 96.01 30.77 45.50 22.20 122.7 155.9

35 In Example 6 the pressure was maintained at 5 bars and
the hydrogen flow rate increased even further.
EXAMPLE 6

Acetone dimerization was performed as in Example 5.

The hydrogen flow rate was increased to 55 normal liters

40 per hour. The results are shown in Table 6. With the
increase in hydrogen flow rate more methyl isobutyl ketone

is formed from mesityl oxide hydrogenation. It is clear



hi gher hydrogen flow rate. was used. I EXAMPLE 5 Acet one
di.nmeri zation was thus perforned as in Exanple 15 4. The hydrogen fl ow
rate was increased to 12 nornal |tters per hour. The results are
shown in Tabl WOPY658 the increase in hydrogen flow r ZE&UBVESt hy
i sobut yl ketone is fornmed from nesityl ﬁfl de hydrogenation; however,
not all of the nesityl oxide fornmed is converled to nethyl 20 i sobut yl

ket one. Thi s d}er tqﬁﬁs OW s R Ta1lY tHRitIReYer by-g,seeaaeee EL-QWfE:i‘ixéé

are desirabl e un ressur conditions o ar use In this

run or the presdher nBagshydrogey Fdow,ratkedSafdirFenrssd f¥fmel2 to 55
mai nt ai ni ng t he dustaigeniters fpew redur ofinfi2catingl thé ensy-peoducts. abe

TABLE 5Conv " Tl%é%%%ﬁathe &e/%%fcéﬁ’dé ylﬁ&rmebdl te Tenperature [err]C

(hrs) ers Reaction

| somer Zone 56 TABLE £ 4. 8 56.90 30.80
9.10 120. 3 Timel27atekdne 8 % Selécﬁﬁvity 8. 40 29 Téfhpetatibte °C
122.5 128.2 (hrs) l14onv %17.5HSO + AMEEK 3Iklpers 1Red@tionl 2ReBoiler
133 20 42. 80 37.60 IsameBo 19.80 122. 82one 5635 9 26

24 62.80 &1.60 942300 23728 42132 7.5149.8122 28 129

96. 01 30077 1245.50 122520 318247 58.455 B35 122l n Exanpbe 6

the pressure wasi&mi nt ai2isdlat 5 Bar8 andéi.3 . t He &hydrogare2f| ow rata4

i ncreased even fa&ther. 48.69 EXAMPRE26  64.9 5.&et one @lreri zat A8R was

performed as in 4é<arrpl e 84.69 : Eelhydr%;;él fl Avd ate. wd®3i ncreasddd o 55
Th

nofrmal liters 40*® per FuB2 résult® ke SM in Tdth% 6. WPR the
i ncrease ibshydrogen flow rate nore nethyl isobutyl ketone is formed
fromnmesityl oxide hydrogenation. It is clear

11 -



Lrom Table 5 and Table 6 that fewer by- products are formed when t he
hydrogen flow rate is i ncr ﬂl normal liters per hour
i ndi cating the. by-product Sﬁm " , "I'Hﬂﬂrmmf rom t he mesityl oxide

i Nt er medi at e. W@ 99/65851 Ti nBCTURSEL e

% Selectivity to Tenper at ur e [err]C (hrs) Conv % MO +

M BK G hers Reaction Reboiler | soner

Zone 56 26 7.0, 54 1 7 5 122

129. 10 12 The iﬁ‘v§§‘t1°“3§1%§med5’85&

18 21. 11 3112 Agprycesss fpr Pr°di12’zmg metfﬁé@zt 1S°b“t3214 *ketone,

gg-EQ 57 29 2 gﬂgémerocésﬁ comprided 135 43 . 84.69

. . g.ég 4 2. 2

5.4 122 fgﬁrféaging ac e and ﬁydroge& fﬁ%o a @rZatmgH%

I nventi on cl ai nexbnes: 1. A process for produci ng net hyl i sobutyl

ket one, which pr ocesglﬂ‘gg@aﬂlﬁgs the adétokictng mm:arﬂh.ﬂyﬂh}amn niw a
- treatment zone; subjectin e e YEEC 8ot ) | fo

the treatnent zdmRei ﬁrfﬁt 4‘ r?%‘g o trﬁggh o erﬁzq'J t%fcéglverﬂt&%]?é eas

sone of the acetecomvexnt: n%th}leaﬁé’rolﬁﬂl‘&ﬁ &t a&ﬁdwne tq pethyh A§° H’éﬁ%l
i sobutyl ketone jfd&dfdhaurda eat ment zone. . A process according to

claim 1 wherein the éﬂegatﬁ,,f{g,g}] nie 109@8&1%?& fzb}. ab leedn! taaet&@a%éﬂe

zone in which a di merl*%: Y&t ion reaction of the acetone
zone.

2. A process according to claim 1 wherein the
treatment zone comprises (i) at least one reaction zone in
which a dimerization/dehydration reaction of the acetone

"to convert it to mesityl oxide, and a hydrogenation
reaction to convert the mesityl oxide to the methyl
isobutyl ketone take place in the presence of a catalyst,
and (ii) at 1least one distillation zone adjacent the

“reaction zone in which distillation of the reaction

- products from the reaction zone and/or unreacted reactants
takes place. ’

3. A process according to .claim 2 wherein the
catalyst is bifunctional so that it promotes or catalyses
the dimerization/dehydration reaction and the hydrogenation

. feaction;

4. A process according to claim 3 wherein the
catalyst comprises (i) an ion exchange resin, a zeolite or
alumina -for ©promoting or «catalyzing the
dimerization/dehydration reaction, and (ii) nickel,
paliadium or copper for promoting or catalyzing the
hydrogenation reaction.

5. A process according to any one of claims 2 to 4
inclusive, wherein the treatment zone is provided by a
column, with the catalyst belng in partlculate form, and
being provided in the form of a packed bed located in the
reaction zone, above the point or 1level at which the
‘introduction of the acetone into the column is effected, .
and with packed distillation media being provided in the



to convert it oxi de and ' a hydrogenation reaction to

g
convert the rre5| tyI ﬂllmulluj "" Iau‘u t hyl |sobutyl ket one take place in
the presence of a cat aI | east one distillati

adj acent the WO3¥18h zone n Whi'ch *di Stillation of the reac?’%’?’fggﬁ%& ucts
fromthe reaction zone and/ or unreacted reac%gmts t akes pl ace.
process according to claim 2 wherein catal yst is bi functlonal so

that it pronotes g-["['@‘at 3l yP&s t;ﬁ%ﬂ&fm‘r&g&}é ondylehydiad it r asd | Ofln anghd he

hydr ogenati on r & process according to claim 3
wherein the catdisfddlabaphi 388e($)- an i on exchange resin, a zeolite or
alumna for promgti nga pi-ocegs alyacorping hedi waaiimat Bonwbelginat the

reaction, and (I‘ﬁf%’,“a’%élﬁgkﬁ %n r }@iéﬁﬂuz% 1ﬁQPcP§r thEorcolﬁ'inﬂmEﬂé"'gsu&{ that

catal yzing the ena

rﬁg’n ss ccord| ng to any
one of clains 2the acetgspuipvat kerkeiting quéﬁ:t { PE‘“pPBG G8H by
a colum, with the @atal lerbeeﬁg wcqsmmq;wcataaa‘mm oa'nd:lahal egwheveided

inthe form of acked, ‘f‘ &ug}atgéj the Egdrggt Onegrp_ozq._lill% Qﬂ\ﬁﬁ.l tHie poi gt

or level at whic h]en i on 0 Iinto the colum is
effected, and vmqweqoaélleyeldu shan| a‘t'-!‘%)h Rl £l AEGHBR d&YY nPetev the
13 colum bel ovgandht deave the catalyst bed in the distillation zone(s).

6. A process accordl ng ;é)roc?ésa%]n}aﬁéo%ﬁﬁ@ o téfaixﬁ”'%er@ﬂ%lgoﬁpgludes

pressure inside the &l unf e"acetone 1s at _Its g
poi nt at the colakkpwinss fhe methyly isokbutydc &edoneeo i @G Tc PYRredlFts

claim6 wherein ¢hat are formed and condensed acetone to pass to the bottom
of the reaction =zone; reboiling these components in a
reboiling stage; and removing the methyl isobutyl ketone
and any said other by-products, which have higher boiling
points than acetone and are thus not significantly
vaporized by the reboiling as a product fraction or strean.

9. A process according to claim 8 which includes
withdrawing any unreacted vaporized acetone from the top of
the column; condensing the withdrawn vaporized acetone; and
returning the condensed acetone as a reflux to the column,
at or above the catalyst bed.

10. A process according to claim 8 or claim 9 wherein
the process is a continuous process with the introduction
of the acetone being into the bottom of the column
immediately above the reboiling stage and with the product
fraction or stream being withdrawn continuously from the
reboiling stage.

11. A process according to claim 8 or claim 9 wherein
the process is a batch process with the introduction of the
acetone initially being effected into the reboiling stage .
and the process being terminated when a particular product
specification is achieved in the reboiling stage,
whereafter the methyl isbbutyl ketone-containing product
fraction is withdrawn from the rebeiling stage.

12. A novel process for pfoducing' methyl isobutyl
ketone substantially as described and illustrated herein.



the introduction of the hydrogen into the colum is at a | ower |evel t han

g
that of the acetone but bel owclI“ﬂlﬂ‘ml“milllg‘;“LI . 8. A process
according to claim7 which in | Ag Mhe met hyl isobutyl ketone,
any other by WP os8ls that are Forfned ahd tondensed acet one HI™E¥LBY {he
bottom of the reaction zone; reboiling thes§ conmponents in a reboiling
stage; and renoving the nethyl isobutyl ket e and any said other
by-product s, whi ch haye hholehcBl! 88 RALNEToWIRE18RCbeNGeRAG1a 1 chNg1 NO!
significantly vaporized by the reboiling as_a product fractionh or stream
9. A process acketemecenrrising FrgnPERPEneftides wit hdrawi ng any unreact ed
vapori zed acetone fropa)t hech@pgiig t heetohanmand ohgdnsgeny tloe av cadmdwtic
vapori zed acetope; et ur i t e Falar a Jd-&fl t Qnt Re
colum, at or aaﬁ*ég?ﬂ%{%%#a ylrslgmoggp%ggqgﬂéofg %fgltrl ocesi}%écc%a%c?il%tt gnclaai m
8 or claim9 wheeathienezon®tess is-a continuous process with the
introduction of the gBpt ofendighAgtilyt Ant Bailoréastbén tiwnesol um i nedi at el y

above the reboiling stage | (o] ' '

wi t hdrawn conti nuously frg}aw{lt %g%lﬁg]%agg g#§%8£éa£ﬁaq%&°§%¢ g?ggg@d%:e
according to cl ai megctiop| mintorenerRtalning HrKRASed arekaney &t th
the introducti opy@folbA @GRt OP€adtiidn apryalret ngontatnievg methylhelsoludiylli ng
stage and the pi‘ogess beilqg term nated when a particul ar product

speci fication i §¥58RPeved™Tn the reboiling stage, whereafter the methyl

i sobutyl ket one- ¢cont ai ni ngib} odaepara®ing obhe sEEREHARRTIFTR tFRNYRBING ng

stage.  12. pAtRQuel iPEPEEFE TM¥tope0dBebny ths hyinrieackedy| aketane and
izbst antially a%n%%%%%ggegyggggéljl; ustrated herein. |
' (c) withdrawing the reaction product from said

catalytic distillation column at a point below said .
reaction zone; and

(d) withdrawing unreacted acetone and unreacted
hydrogen from said catalytic distillation column at a point
above said reaction zone. o

S 14. The process according to claim 13 wherein said
bifunctional catalyst comprises an acidic ion exchange
résin—ccmbined and a Group VII or IB hydrogenation metal.

15. The process according to claim 14 wherein saiad
catalyst comprises 0.05 wt.% Pd on cation exchange resin.

16. The process according to claim 13 wherein said
bifunctional catalyst comprises a zeolite combined with a
Group VIII or IB hydrogenation metal.

17. The process according to claim 13 wherein said
unreacted acetone and unreacted hydrogen are withdrawn from
said catalytic distillation column as overheads.

18. The process according to claim 17 wherein said
overheads are cooled to condense said unreacted acetone and
substantially all of said acetone is returned to said
catalytic distillation column as overheads.

19. . The process according to claim 13 wherein said
reaction pfoduct is withdrawn from said catalytic
distillation column as bottons.



13. A process for the productlo f rret hyI |sobutyl ket one conprising the
steps of: (a) charging acaﬂ ,wm“,m:ﬂ to-a catalytic
distillation colum containing mpal yst in a reaction zone;
(b) concurrenMOPYUSSLai d reaction zone' * (i) reacti MFEH 8% one
and hydrogen to produce a reaction m xture ggt ai ni ng unreacted acetone,
unreact ed hydrogen and reacti on product cont@di ning nethyl isobutyl ketone

and (i) sgparatfiy phscdHAChErPIRAUES cRREAT ABNGHBRNY s
i sobutyl ketone fromthe unreacted acet,one an KO éea teg ng g € é c) -
Wit hdrawi ng t hE€2FELeR; oﬂm‘ﬂ)‘?%ﬁuc‘fml?’?’tﬁﬁs s Befhydi af5PPELYY; SKeEeRg | AR
colum at a -  mpesthtylbekibde.said reaction zone; and (d) W t hdr awi ng
unreacted acetone gﬂd U L35k gydggg@fa ein{._gab(iagﬁt Qloytmferem sa:Ld

distillation colunn 0|nt apove sal d reac n .z
process accor di §§2F5 EPaPE?T%‘"Wn’e? fRrdigy 4y ﬁgt t8n§Pp€£F§Fy§?l%dPFb€}P3§]es

an _aci dic ion elsbhngglrketmeofdammeshm]dnaﬁyduvaule.or | B hydrogenation
metal . 15. The% roc%sp%géj' t&mé'ﬁw&&étﬂmréf “mé L¢h CRLGbYE

conprises 0.05 wt.% on ca on exchan resin. € process
according to cl é’rPﬁPES ﬁﬂ@?ﬁ?‘ %%lﬂ"%l?‘if&?ﬁ i%rial cat al yst corrprl ses a .
zeolite conbined witlfaa G chprytihy cdt®re dandemgtdmyeret tb. a catdlytidhe

process accor di t@%aq_._glgggigh1%0\1/355&&“%%!1@115@ QAL Hch BEAL 0BSnHR L HIY eqcdsd

hydrogen are w rawn fromsaid catalytic di,stillation colunn as
over heads. wEg¥ Pehen;igRce¥chRRge 0‘1’?‘&}’1 d P FRRrPFRReOPR  sai d
ovér heads are cool ed(bp cocodeusrestlyl imrszeict epamtdiomneocard substantially

all of said acetone |s ret(g5 nggagglﬁélggf@taﬂégdn% (gln%t hk,hggggg EQ'%FE'd@ée

over heads. prqcess accor g laim1 I n sai
reaction producf |r§a\ﬁtﬂ'ﬁ’&r BT EMCORE &18 Pl VPF'EaSF??l RESFPBSR cBPERRCERD
bott ons. hydrogen and reaction product containing methyl isobutyl

ketone and mesityl oxide;

(ii) separating the ‘reaction product containing
methyl isobutyl ketone and mesityl oxide from the unreacted
acetone and unreaeted hydrogen;

(c) -withdrawing the reaction product from said
catalytic distillation column as bottoms;

(d) withdrawing unreacted acetone and unreacted
hydrogen from said catalytic distillation column as
overheads;

(e) cooling said overheads to condense said unreacted
acetone; '

(£) returning substantially all of said acetone to
said catalytic distillation column as reflux; and

(g) separating said methyl isobutyl ketone from the
remainder of said reaction product.



.15 20. The process according to clai'm 13 wherein said reaction
product conprises nethyl isobutyl ketone and nesityl oxide. 21. " The
process according to claim?20 wherein said reaction product is further
treated to saY99S#Isai d net hyl isobutyl ketone from said nEGHYSEYe.
22. A process for the production of nmethyl ‘i sobutyl ketone conprising the
steps of: (a) charging acetone and,h ﬁrogen to a catalytic
distillation colum containing a catalysﬂ;z nprising 0.05 wt.% Pd on ion
exchange resin in a reagtor—zene: {b) c gently in 48id reaction
zone; (i)32eagting said ace hydr oges—88 produce a
reaction m xture coni\ai fi ng unreactZd e, ed hydrggen and
reaction product contal fi ng nmet hyl{i sobut ket pne and nesityf oxide;

(ii) separating the reagtion produch\C TTTI | isobstyl ketone and
mesi tyl oxide fromtfie unréacted acetonefJand unreacted hydrogen; (c)
withdrawing the repction i atalytic distillation
colum as bottons; (d) VQ hd i ng un cted acetone and unreacted
hydrogen from said cltal yti istill &% on colu as over heads; (e):
cooling said overheads to cpndense said unreacted acetone; (f) .
returni ng substanti of @i d acetone to said catalytic distillation

colum as reflux; an -{g) / separating igd netqyl isobutyl ketone from
the remai nder of saif r ct—ﬁﬁ/product. I?T(;. f -
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