METHOD AND APPARATUS FOR PRODUCI NG PURI FI ED METHYL

| SOBUTYL KETONE Technical Field This invention relates
wa o00a/0edhod of produci ng purlified nethyl i sobPETIB2006/054454

ketone (M BK). The invention also relates to an

a%élrat us for use in_such a nethod. Background Art
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Teeril ﬁlélae nol ecul es yi el d di acetone al cohol (DAA)

which is dehydrated to yield nesityl oxide (MsSO, and
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two process steps as indicated above or in a single

process step in the presence of a single

condensati onand hydrogenation catal yst. Such single

BatiRRolh@p@eSes are di scl osed in, for

10
Processes which include condensation of one or more carbonyl-containing
reactants to form an unsaturated carbonyl-containing compound, and
hydrogenation of said unsaturated compound to a saturated carbonyl-
containing product, are well known.

15
One such process is the preparation of methyl isobutyl ketone (MIBK) from
acetone. In this process condensation of two acetone molecules yield
diacetone alcohol (DAA) which is dehydrated to yield mesityl oxide (MSO),
and the MSO is hydrogenated to MIBK. The condensation and dehydration

20 reaction takes place in the presence of an acidic catalyst, and the
hydrogenation takes place in the presence of a hydrogenation catalyst such

as a noble metal.

The production of MIBK can take place in two process steps as indicated

25 above or in a single process step in the presence of a single condensation
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exanpl e, US patent 3,574,763 ; EP 1 32 1 450 and South

African conpl ete patent application nunber 2004/ 8988.
wWah@7MBBo produced fromthe @ondensati on and PCT/IB2006/054454

hydr ogenati on of acetone includes one or nore

Impurities such as propane, isobutane, nethyl pentane,
a@rtngvamenzn@rﬁ Sptalat; Saml'leﬁlnglﬁ sleetyaEessasowi! diseinagd in, for

nmesityl oxide (MsSO and high boiling conmpounds such as
eximpgleb WSy patestt 874,083 pakERTf BAS! 460 dret Snath AWitaimocksmplete

of purifying MBK are also known in the art. The

p&eht Qﬂ()jr@hca%M niedbet@0o4/g8g8ne step”, Chentech, January
1977 scl oses a process wherein the MBK reaction

products are subjected to a gas separator to renove
unreacted hydrogen for recycle to the MBK reactor.

T ' [ t he .gas_separator | to a.first
iy SYlE i benclonh (R G-EUBRERIRE D PETsBPuPh o spetone
over head product and recycled to the M BK reactor The
inglyd Pérﬁ“ﬁr‘g'dmé’fe gppyiies W@t ag PreRANe; dsqniang. dpethy! gentane,
liquid - Iiquid separator (decanter), where the
acejoreug-roparoli atenodiacetbnenalcokolpddak smaaity!t didde (MSO)
organi ¢ phase is fed to a second distillation colum
arsd rrvgvin ebcdlinye tcofgrounble  $wdie-asf Hiisdbutylekdohe 0@ P padaftins and
and a reflux entry position. An overhead |ow boiling
kdbR&kICt is renoved as distillate in the second col um.
The bottom product of the second colum is then fed to
athird distillation colum where high boiling
conpounds are

Methods of purifying MIBK are also known in the art. The article “Why not do
it in one step”, Chemtech, January 1977 discloses a process wherein the
MIBK reaction products are subjected to a gas separator to remove unreacted
hydrogen for recycle to the MIBK reactor. The liquid from the gas separator is
fed to a first distillation column where acetone is recovered as an overhead
product and recycled to the MIBK reactor. The bottom product of the first
column is then fed to a liquid — liquid separator (decanter), where the aqueous
phase is removed from the process and the organic phase is fed to a second
distillation column somewhere between the take-off of the bottom product and
a reflux entry position. An overhead low boiling product is removed as
distillate in the second column. The bottom product of the second column is
then fed to a third distillation column where high boiling compounds are

removed as the bottom product and MIBK is removed as the distillate.



renmoved as the bottom product and MBK is renpved as

the distillate."Methyl |sobutyl Ketone by Direct
waorvdeéed i on of Acetone", SRl Reports, My 19FQI/IB2006/054454

di scl oses a siml|ar process as descri bed above. The

main difference is that the first distillation colum

“Melbyt 19sbytd Hestenesby &irest depnsensagor afufieetonfaneR Reports,

first distillation colum where | ow boiling products
Mapar 872 uldisdigsese ahgimiternpeooesasaandesogibedopbovd.t hThe main

acetone) are renoved as a distillate. The bottom

diffepshiet isi that e fifR sl adioh esudl nCd sombedheiovet iBereplaced by
unreacted acetone is renoved as a distillate and

Cﬁat t”ﬁ ﬁ ahBfy M Rt o?’é’lﬁl%lﬁ n cﬂ?{%he\fvhgﬁ &0 Bfithd ?roducts

col um unction as the sec
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first aspect of the rese ntion there is
dishilaj dedhs BRUMPISE 5&&3&%3@%&9.@ S6EORRRHmN where the
|sobmﬁy ketone (M BK rising: - subjecting a feed
unteRstad acaioas is remaneBlasdistilgte and escycled dhe dalBkofeactor.
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Avnotheaddifcreacetiondpt e rthisd cohdans@imitar fumdtion as the second
hydr ogenation reaction of acetone to a first
cSluRin ABcVe) s PRRHE WreoVerRBad HEbaritbr.| €ast acetone is
recovered and a bottom product containing MBK and
10 inmpurities is withdrawn; - feeding the bottom product
of the first distillation procedure to a liquidliquid

Disclosure of the Invention

METHOD
According to a first aspect of the present invention there is provided a method
15  of producing purified methyl isobutyl ketone (MIBK) comprising:

- subjecting a feed stream containing MIBK and impurities in the form of
at least water and organic compounds (including unreacted acetone)
from a condensation and hydrogenation reaction of acetone to a first
distillation procedure from which at least acetone is recovered, and a

20 bottom product containing MIBK and impurities is withdrawn;

- feeding the bottom product of the first distillation procedure to a liquid-
liquid separator associated with a second distillation column in which
liquid-liquid separator an organic phase and an aqueous phase
separate; feeding the organic phase from the said liquid-liquid

25 separator to the top region of a second distillation column which

column produces an overhead product; condensing the said overhead



10

15

20

25

separator associated with a second distillation colum

in which [iquid-liquid separator an organi ¢ phase and
waeoageseus phase separate; fleedi ng t he or gani BCPHBROG/054454

fromthe said liquid-liquid separator to the top

region of a second distillation colum which col um

pr odiedych feeslieg Heaatespitdrandensad @ysrhand predysl tg the same

over headpr oduct; feeding the resulting condensed

ov er lipéd-liguiaiseparatorttd evhéctthd baftord-product of srepfirshtistillation

to which the bottom product of the first distillation

procsrdgeguicSist fed; amdl withdhsliiag! ) GosoRPpidIticP EeAtAMiing MIBK

contai ning MBK and high boiling inpurities fromthe

bot t t ; ; I s [ .

H@P r%tﬁlé@mecolﬂn ifeglikiihe bbR&M dtdné %@%@ﬁ’cﬁ EGflinn,

pr oduct istillatron colum to a thir

di stjll.ati cal um: wi t.hdraw i,k i.lin .
imueep s R BaafE s e ety e PRty to a third
purified MBK from sa{a(gr third distillation colum. The
met HeatilaiPnacalymMm cyviibdraying SHob s bjlingiepyytigs g6 a bottom
preferably by condensati on and hydrogenati on of
aceteduch pndwitkdrawing andifiedr béBKc grmmi sdich gthivil BRlisdikation
impurities in the formof at |east water and organic
conpendaveddr. (i ncl udi ng unreacted acetone). M BK

production The M BK may be produced by any known

process, but preferably it is produced in the presence
of a single condensation and hydrogenati on catal yst

The method may also include a step of producing MIBK, preferably by
condensation and hydrogenation of acetone to provide the feed stream
containing MIBK and impurities in the form of at least water and organic

compounds (including unreacted acetone).

MIBK production

The MIBK may be produced by any known process, but preferably it is
produced in the presence of a single condensation and hydrogenation catalyst
(e.g. a palladium based resin catalyst) preferably in a single process step.
The MIBK may be produced as described in South African complete patent
application number 2004/8988. The MIBK may be produced by feeding
acetone and hydrogen to a suitable reactor such as a tubular reactor,

preferably a tubular trickle bed reactor.
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(e.g. a palladiumbased resin catalyst) preferably in
a single process step. The M BK may be produced as
waole®enédied i n South African Sonpl ete patent appCT/RRGIF4454
nunber 2004/ 8988. The M BK may be produced by feeding
acetone and hydrogen to a suitable reactor such as a
e or, preferably a tubular trickle bed
react or. Hydrogen renoval The nethod may al so include a
step of renoving hydrogen fromthe feed stream
containing MBK and inpurities fromthe condensation
Tia néaaopapailsennélaasta etePfof aeaiovi®y hyddendiregetne feed
will usually be unreacted hydrogen fromthe
e (0N a dr,age Werapali t
stﬁ%@ﬁ_ 'L@ﬁ&éuﬁ@g IiBK diaggen é’?#@eg Rt e Eenﬁ%r%géﬁbﬁ and

rogen may be ved at any suita

S e referably . .prior to e fi distillation
b B R T RO R s dhmy B N RBS R sk S prgacted
hydrogen separator, preferably a hydrogen separation
hygiragen drm ttBE QCEWeSQt'WMgE}‘\drﬁE?xB@’? SE\RoeERNG & tRfeduce
M BK_'producti on step. First distillation procedure The
MiBIK s tThéi kydrbgen invay pedeaved atmnybuitabie segeopreferabhnprior
or nore distillation colums and preferably | ow
tolthe Ifirstdistitationtoresedure. iHehkdydrogess engy bé eémol/ed oy means of
recovered acetone. Preferably the first distillation

Prhyeer6 esd 5@’,” Srepaily | & BydroB8hesépdrati d , d th
adi@t}i %ti o‘%rcolrur?ﬁ gy f)e/:edi n)é tﬁe fge% rst'(r)r;:angum an ©

reg?d;{ei :W’&{? ?%‘%A E@%’éﬁ&g%’: thitﬁgvlgl @(IJ(T ‘P’?’Hgb@pﬁtﬁ% ies are

First distillation procedure

The first distillation procedure may be carried out in one or more distillation
columns and preferably low boiling impurities are withdrawn separately from
recovered acetone. Preferably the first distillation procedure is carried out in a
single first distillation column by feeding the feed stream containing MIBK and
impurities to the first distillation column wherein low boiling impurities are
withdrawn as an overhead product; acetone is withdrawn as a side draw, and

MIBK and impurities are withdrawn as a bottom product.

The overhead product of this column will usually contain compounds such as
propane, isobutane, methyl pentane and some acetone. The overhead

product may be refluxed. In one embodiment of the invention the overhead



wi t hdrawn as an over head product; acetone is w thdrawn

as a side draw, and MBK and inpurities are w thdrawn
W@200a/06pd0¢ om product. The ovérhead product of PEI/EB2006/054454

colum wi Il usually contain conpounds such as propane,

i sobut ane, nethyl pentane and sone acetone. The
prodeEh@ay Qs eendansegyanskmay e feddo a refewararpiseammunich some

the invention the overheadproduct may be condensed and
oveahebdd pfeadld ¢ efluséd axddomme fardischdrgetd. sone over head

product is refluxed and sone is discharged. The

acetone recovered (preferably as a side draw) nay be

recycled to the M BK production step. The w t hdrawn

TRO L8R g&@%ré& 'fé’raB né@lan§.db!' @%@ gtonr&fwéd% the

inmpuritie r|t| may | nc
ro ter and hlgher boi | i ng conpounds. The
3 Mfﬁ%l@@@f@@ﬂts "this stage may be in the region of 80
w % Liquid-liquid separation and the second
d| stillation colum The bottom product of the first
distillation procedure may be cool ed prior to feeding
The withdrawn ibgitos | preduat sispahnt eantainse MiBfasing igts &oiling
of the liquid-liquid separator may be fed as reflux to
imMpweitieep Thegingpuritiestrhay fretudelacetonen2-proparssiuwates griaaisigher
fromthe liquid-liquid separator may be w t hdrawn, may

bdifng cempruBas. arHb WABKSHtest A10th®s ¥RigEr maf TRVRN theUidigion of

10 80 wt%.

Liquid-liquid separation and the second distillation column

The bottom product of the first distillation procedure may be cooled prior to

15 feeding it to the liquid-liquid separator.

The organic phase of the liquid-liquid separator may be fed as reflux to the
top region of the second column. The aqueous phase from the liquid-liquid
separator may be withdrawn, may be discharged and may be fed to a water

20 recovery unit.

The liquid-liquid separator may comprise a decanter.

The overhead product of the second column is condensed preferably in a

25  condenser, prior to feeding it to the liquid—liquid separator.
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The liquid-liquid separator may conprise a decanter.
The overhead product of the second colum is condensed

woe@ieedd y in a condenser, grior to feeding iRPCT/B2ES4454

liquid-liquid separator.lt will be appreciated that
acetone, 2-propanol, water and some M BK w || usuall _
Itrwill ope Wffﬁﬁéte@vme%ﬁ@t?ﬂ%d%@(oﬁﬁnql,hé/a&e’c@'ﬁ@ SO rM'Bi‘s will
a heterogeneous azeotrope. The organi c phase of the
usuallyi deporjuial thepanarimead spiodent reff Itheedetand heolemeoras a
colum to recover the MBK The acetone and 2-

h@teasfouseeotrope. tee QW had@sethef liglie-liquid separator is
liquid-liquid segar at or he Eottom product of the

TRTEAIAGT R N bl MK TP sy s

P PLAYRr{IS, e BhEEo L Biesdal @é%ﬂ%'ﬁ %%{%8%-) and

low boiling inmpurities are withdrawn as an over head
product. The M BK may have a purity as high as 99.5
wt % The overhead product of the third colum may
Thedptiae proBrCHeidhe e&coad colgn i wdbngw Het icingyitfituct s.
The overhead product of the third colum may be
condensed and nmay be fed to a reflux drum The
condensed over head product may be recycled to the
Thirdldisttaticiiesluggpar at or associ ated with the overhead
product of the second columm, alternatively or
additionally it may be conbined with the feed to the

Preferably the purified MIBK is withdrawn as a side draw in the third column
(preferably in the rectification section thereof) and low boiling impurities are
withdrawn as an overhead product. The MIBK may have a purity as high as

99.5 wt%.

The overhead product of the third column may include MIBK and low boiling

decomposition products.

The overhead product of the third column may be condensed and may be fed
to a reflux drum. The condensed overhead product may be recycled to the
liquid-liquid separator associated with the overhead product of the second
column, alternatively or additionally it may be combined with the feed to the
first separation procedure. Alternatively or additionally at least part of the

condensed overhead product may be refluxed.
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first separation procedure. Alternatively or
additionally at |east part of the condensed overhead
w@eedoetiooay be refl uxed. The8bott om product of PETEB2006/054454
third colum contains high boiling inpurities and nay
be treated as waste ﬁroduct. APPARATUS According to a
The botfemppauct &f thadhisd coliHnniGandaings diah ieiling gnpurities and
provi ded an apparatus suitable for producing purified
may tieyreated st whste gtrothect( M BK) conprising: - a first
di stillation apparatus which includes a feed |ine for
feeding a feed stream containing MBK and inpurities
in the formof at |east water and organi c conpounds

AﬁPﬁﬁNﬂD@g_ acetone) froma condensation and
tion reaction of acetone to the first
istillatio arat us, ' di st ' ,

ALusBling: BLETThBRErEHALR paitg kit blitord Bier8lp mrgyivea an

wi t hdrawi ng acetone, ,and a bottom product take-off fo
aRpAASAAUREDE Bt PR Ra R Ted Tty b risbs ivkelensn dMiIBK)

inpurities fromthe bottomof the first distillation
cappasiagus; - a liquid-1iquid separator associated with

a second distillation colum which liquid-Iiquid

sepaa éitsddistitiatiore apph@aiss avhicbr igaelodes afasd liardoafeeding a feed
aqueous phase to separate; the liquid-liquid separator

TS Srp R 30 1pa e foah o wdoran
organic compounds (including acetone) from a condensation and
hydrogenation reaction of acetone to the first distillation apparatus, the
first distillation apparatus further including an acetone take-off for
withdrawing acetone, and a bottom product take-off for withdrawing a
bottom product in the form of MIBK and impurities from the bottom of
the first distillation apparatus;

- a liquid-liquid separator associated with a second distillation column
which liquid-liquid separator in use allows an organic phase and an
aqueous phase to separate; the liquid-liquid separator including a feed
line for feeding the bottom product of the first distillation apparatus to
the said liquid-liquid separator;

- a second distillation column which includes a feed line for feeding the
organic phase from the liquid-liquid separator to the top region of the
second distillation column; the second distillation column further

including an overhead take-off for withdrawing an overhead product in

the form of low boiling compounds; a condensor for condensing the
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the said liquid-liquid separator; - a second
distillation colum which includes a feed line for

w0 e@dioerg0e he organi ¢ phase f9om the |iquid-I1i gRECHIB2006/054454
separator to the top region of the second distillation
colum; the second distillation colum further

i ncl saif myedheasheiosligt a teled-lmerfor éreding Hier aondrsgd overhead

over head product in the formof |ow boiling conmpounds;
a comensbio therliquidhtiquidisegatdtes aind theeselcead distiidtion colmmn
feed line for feeding the condensed overhead product

to tfuethkl qmlddithaltsbtﬁﬁ@qdr@aaét takBhft hér apaRMving a bottom
distillation colum further including a bottom product

t ak‘l\?ﬁ@fghcf A th! ﬁﬁﬁb@‘Ml@% Qné’ﬂfq‘h"ﬂ&lﬁﬁgﬁ’?ﬁ%m db &R the

and ol 1 ng 1 npur e bottom o
t he iﬁﬁond d| tI|tJ aél on 'choI um; - athird distillation
colu fureehn ﬁ’&ﬁ 'da UTGOHINY |ine for feedi ng the
bottom product of the second distjllation colu

the RHNY stdiatien 4QlemncWhigmninchidest @cfﬁﬁﬁr'm&f feeding the

take-off for withdrawi ng high boiling inpurities as a
bot t etiqm qaduct efribe sepbBH distkiation fcolwmn b tthel ithivd digtillation
purified MBK fromthe third distillation colum. The

appaccitm®, may battesm i proldude takeedictfor withdawidgichiydh boiling
M BK, preferably by condensati on and hydrogenati on of

acetigfpuriias PAL AUSEtd M EproBIBet; SHricea M tiak8iofgidW Vathdading
inpurities in the formof at |east water and organic

COMPRRRY isie kot B AREIRGAtion column.

The apparatus may also include a reactor for producing MIBK, preferably by
condensation and hydrogenation of acetone to produce the feed stream
containing MIBK and impurities in the form of at least water and organic

compounds (including acetone).

MIBK reactor

The MIBK reactor may comprise any suitable MIBK reactor, preferably a
reactor for producing MIBK in the presence of a single condensation and
hydrogenation catalyst (e.g. a palladium based resin catalyst), preferably in a
single process step. The MIBK reactor may comprise a tubular reactor,
preferably a tubular trickle bed reactor with one or more feed lines for feeding

acetone and hydrogen to the reactor.
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M BK reactor The M BK reactor may conprise any
suitable MBK reactor, preferably a reactor for
w@e@dieilng M BK in the preselte of a single  PCT/IB2006/054454
condensation and hydrogenation catalyst (e.g. a
pal | adi um based resin catalyst), preferably in a
Hydioglea separaes step. The M BK reactor nay conprise a
tubul ar reactor, preferably a tubular trickle bed
Theapparatus niayoalBoadnciode enéaesl fdrireaovirgy hjdredendrom the feed
acetone and hydrogen to the reactor. Hydrogen separ at or

stiéemariatahing MABRI wRd NElpiAties®arsim f Ghe ' eBRYEMEAtion and
hydrogen fromthe feed stream contai ning M BK and

[ t n j '
e e o o QP Rogen may
may .conpri se a hydrogen separator, ef er abl
o RSy e nLTDaR Y Pl BEERY B iiaas eparlpL Ay and
first distillation apparatus. A hydrogen recycle feed
may ke lragterdaipwthedtst dstilladignianparaledyer ed hydr ogen
fromthe hydrogen separator to the hydrogen feed |line
to the MBK reactor. First distillation apparatus The
first distillation apparatus may conpri se one or nore
Adiygitoddratdcgoledebding nmaybe pededed iy fédd iheakudesredrhydrogen
over head product take-off for w thdrawi ng | ow boiling
| -
e P F T O M BB At Ie LIRS rpacier
a single first distillation colum which

First distillation apparatus

The first distillation apparatus may comprise one or more distillation columns
and preferably it includes an overhead product take-off for withdrawing low
boiling impurities separately from the acetone take-off. Preferably the first
distillation apparatus comprises a single first distillation column which
preferably includes the feed line for the feed stream containing MIBK and
impurities; an overhead product take-off for withdrawing low boiling impurities;
an acetone take-off for withdrawing acetone as a side draw; and a bottom
product take-off for withdrawing a bottom product in the form of MIBK and

impurities.

The first distillation apparatus may also include a condensor for condensing
the overhead product. The first distillation apparatus may also include a reflux
drum for receiving the condensed overhead product and a feed line for

feeding at least part of the condensed overhead product from the reflux drum
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preferably includes the feed line for the feed stream
containing MBK and inpurities; an overhead product
W 200206169 f or wi t hdrawi ng | oM boi | i ng i npuri t i BGT/IR2A06/054454
acetone take-off for w thdrawi ng acetone as a side
draw; and a bottom product take-off for w thdraw ng
agmfiug e ghe fite distilation apparates. harkeHux drym umay piss. mqinee a
first distillation apparatus may al so i nclude a
dischredgeslore ffor dischdegisg nat teast comdezdther cdodensetheverhead
first distillation apparatus may al so include a refl ux
prelBuen fréth th€ efluK dvint.he condensed over head product and
a feed line for feeding at |east part of the condensed
over head product fromthe reflux drumas reflux to the
first distillation apparatus The refl ux drum may al so

I nel ude I schar r.di
T fish dafiun 80600 S InEbeR P%Aff%h@{%‘?ﬁfzgsa%‘%ne
drum The first distillation i nclude a
withdrawndram e ?‘b‘-‘rt ditidgtion fg! UHHE&’O‘%@E]W ‘fromthe
first distillation colum to the MBK reactor.
Li quid-1iquid separator at the second distillation
colum The feed |ine for feeding the bottom product of
Lighie-lfduics sephratdrldt aihé secampdistilation ¢goleder abl y i ncl udes
a cooler for cooling the bottom product of the first
distillation apparatus prior to being fed to the

Thd fdndd gw féeﬁrﬁpath@twﬁoﬂ 'a?o&uda ‘<Hf Gné 'ﬁ?é{'di'?tﬁl%ﬂéﬁ HParatus,

assocl ate he second distillation col um may
pr‘éPerFBBNSﬁ'ncﬂJ&%c%n cooler for cooling the bottom product of the first

distillation apparatus prior to being fed to the liquid-liquid separator.

The liquid-liquid separator associated with the second distillation column may

comprise a decanter.

The feed line for feeding the organic phase from the liquid-liquid separator to
the second column preferably feeds the said organic phase of the liquid-liquid
separator as reflux to the top region of the second column. The liquid-liquid

separator may also include a take-off line for removing the aqueous phase.

Third distillation column

Preferably the MIBK take-off from the third distillation column withdraws
purified MIBK as a side draw, and preferably the third distillation column

includes an overhead product take-off for withdrawing low boiling impurities.
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The feed line for feeding the organic phase fromthe
liquid-liquid separator to the second col umm

woe@iesam y feeds the said otyani c phase of t hBCT/IB2006/054454
liquid-liquid separator as reflux to the top region of
t he second colum. The liquid-liquid separator may

The syerhaadutakezft gk theothird 3\5@"&&9«1 el MYt PR cagoediad to a
phase. Third distillation colum Preferably the M BK

cdrademsof,fwiiichnm tdre may be acbrstectddcta ameftuot dram Wi hdr defausdrum
purified MBK as a side draw, and preferably the third

mdyShéllbatibed linek UdTordN6el HiRe cinheVielbwing iptiesited of the third
take-of f for withdrawing I ow boiling inpurities. The

di%ﬁl%ti%ﬁ%l&:ﬂﬁ?ﬁ)%@ I&Lid-hkﬁ.na *Heb\%ﬁﬂigﬁém 'ii?tdfrw% @enégli%’égaf fRYfirst

e connected to a condensor,

qonnected to a reflux drum The reflux drum may
CPHUude feed lines to one or nore of the fol | ow ng i)
the top of the third distillation colum, ii) the
liquid-liquid separator and iii) the feed |ine of the
first colum. Exanple The invention will now be

further described by neafxasiplehe fol | owi ng
nonlimting exanple wherein: Figure 1 is a
di agrammati c representati on of an apparatus for
produci ng purified MBK according to the present

Thé ViardnitieR- witnaR sy Rintfer ldedcpbedr s Hféarﬂ%K@fngef forewiPhon-
y

conprises a reactor 20 for producing M

|irﬁfﬁﬂggq(§ﬁ{d|gg,h%pgnhydrogenati on of acetone; a hydrogen

Figure 1 is a diagrammatic representation of an apparatus for producing

purified MIBK according to the present invention.

An apparatus 10 for producing purified MIBK comprises a reactor 20 for
producing MIBK by condensation and hydrogenation of acetone; a hydrogen
separator 30; a first distillation apparatus 40; a liquid-liquid separator 50; a

second distillation column 60 and a third distillation column 70.

The reactor 20 for producing MIBK comprises two tubular trickle bed reactors
20.1 and 20.2 for producing MIBK from acetone and hydrogen in the presence
of a single condensation and hydrogenation catalyst (e.g. a palladium based
resin catalyst) and in a single step. The reactors 20.1 and 20.2 include an

acetone feed line 20.3 and a hydrogen feed line 20.4.
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separator 30; a first distillation apparatus 40; a
[iquid-l1iquid separator 50; a second distillation

w@loaosp180 and a third distildation colum 70.PAHEB2006/054454
reactor 20 for producing MBK conprises two tubul ar
trickle bed reactors 20.1 and 20.2 for producing M BK

Veapewh aradushdramdthey trasirs 2611t aed (2 eqvectast tay tb,e rfyidsogen
condensati on and hydrogenation catalyst (e.g. a

sqrzrhtodiddnvibdeed line S0 edtilalligaid) praddci from therrghetoss 29.1 and
The reactors 20.1 and 20.2 include an acetone feed

20.2ngre2Rd3oathd tRydiy @@@ﬁafa@@dcad) Ve Y Hnd/8Daur TREQTdRbgen

fromthe reactors and 20.2 are fed to the _
e

3 ePE8 To SRR h i Yo BEmoslTesibe a0 1yt agen

recycle feed Iine 30.3 feeds recovered hydrogen to the

hydrogen feed |ine 20.4. The M BK reactor 20 and

hydr ogen separator 30 are well known in the art and
Tla@Mngﬁ egctor 20eambbydregenisepdrdtar gease weilrknominsin the art and

specification. The MBK reactors 20.1 and 20.2 nay be

acgeediayBcaratnct 2128 Crilbedtlinddetatirg tHiS 6PEcif¢tjon. Trhee MIBKtreactors
distillation apparatus 40 conprises a single first

2 sirid Saibi sy pelopkRaisd R 1206 el 3616§rga(3f)99¢<P|a' ne 40.1

for feeding the product fromthe hydrogen separator 30
to the first columm 40.0. The product in the feed |line
40.1 in use contains MBK and inpurities in the form

of .at t. wat er ani c. co oun
T iR A 2 R Rt fepLlAEER Eotumn
40.0 and includes a feed line 40.1 for feeding the product from the hydrogen
separator 30 to the first column 40.0. The product in the feed line 40.1 in use
contains MIBK and impurities in the form of at least water and organic
compounds. The organic compounds comprise organic compounds (including

acetone) from the condensation and hydrogenation reaction of acetone.

The first distillation column 40.0 also includes an acetone take-off 40.2 for
withdrawing acetone as a side draw. The acetone take-off 40.2 also serves
as a recycle line for recycling the recovered acetone to the acetone feed line

20.3.

The first distillation column 40.0 further includes an overhead product take-off
40.3 for withdrawing low boiling impurities separately from the acetone take-

off 40.2. The overhead vapour product take-off 40.3 feeds the overhead
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acetone) fromthe condensati on and hydrogenati on
reacti on of acetone. The first distillation colum
Wa000/064180 i ncl udes an acet ohe take-of f 40. 2 fRECT/IB2006/054454
wi t hdrawi ng acetone as a side draw. The acetone
take-off 40.2 also serves as a recycle line for
progleigtio agondensercl 4 cad thearondensed prerheegt rradueidedhen fed
line 20.3. The first distillation colum 40.0 further
to acéflidedruam 40\ fromadhichastingd of #hee condent@d3overhead product is
wi thdrawi ng low boiling inpurities separately fromthe
relEREQNGa a&@Ghe 40620 THeetddy AEdISRDIVABOEEIUMNOANOt and some
take-of f 40.3 feeds the overheadproduct to a condenser

oxgé}pé?ﬁu'bgo@rtgrhg %ﬁ:@%ﬁq‘é@ agfacag 7o %%C%é'rﬁeéé‘ @&i@g usBally

m whi ch sonme o e con

. aver head product i.s refluxed.vi,a.feed line 40.6 to the
ing e CATOUIS THERBP BIPE ¢ OReGS el Akaigne dnd Some

product is discharged via |line 40.7. The overhead
agftea®ct usual |y incl udes compounds such as propane,

i sobut ane, nethyl pentane and sonme acetone. The first

distillation colum 40.0 also includes a bottom

product take-off 40.8 for w thdrawi ng a bottom product

The fitdtedidtiiatonfcodBif 4000 alswimciudessa boaont peduet taka-off 40.8
the first distillation colum 40.0. The inpurities may

for WlhdFavnged Baﬁonﬁgo,@a%famhe fohest MIEK BhaNRipuRabs foth the
conpounds.” The M BK content at this stage may be i n
regi 9% T I 40 I equi. p
bé\ﬁ&f‘rﬂ gﬂrﬂg(gofﬁ L @%@Eg&n QSum@l 48T, 407Re ! ot CHA PR de
acetone, 2-propanol, water and higher boiling compounds. The MIBK content
at this stage may be in the region of 80 wt%. The column 40.0 is also

equipped with a reboiler 40.9.

The bottom product in take-off 40.8 is fed to a cooler 40.10 prior to it being fed

to the liquid-liquid separator 50.

The liquid-liquid separator 50 is associated with the second distillation column
60 and comprises a decanter 50 wherein an organic phase and an aqueous
phase separates. The aqueous phase from the decanter 50 is discharged
through line 50.2 while the organic phase is fed as feed and reflux to the

second distillation column 60 via line 50.3.

The second distillation column 60 includes an overhead take-off 60.1 for

withdrawing an overhead product. The take-off 60.1 feeds the overhead
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The bottom product in take-off 40.8 is fed to a cool er
40.10 prior to it being fed to the liquid-liquid
waepanetiey 50. The liquid-Iiddid separator 50 PGI/IB2006/054454
associated with the second distillation colum 60 and
conpri ses a decanter 50 wherein an organi c phase and
Peeugt e cu£opHaBeOrs 6p2r wihish condensfsetits oyarwadt praducheand
decanter 50 is discharged through line 50.2 while the
whichactnclepbad eveehdaeldbraduteisdhemted tef thexddoantdresGs econd
distillation colum 60 via line 50.3. The second
distillation colum 60 includes an overhead take-off
60.1 for withdrawi ng an overhead product. The take-off

lt%nl%é %g%ge&gﬁdo i NG OIS bhdh W&'t‘@leﬁﬁgfsoﬁﬁe AMIBK will

enses e overhéad prooduct, and

oSEVTRREH, B Fe SRR AT kit L INE ol B0 Ag)R srRReReous

wat er and sone. M BK vv_|II usual ly report to the

a%ﬁﬁgmﬂé’ad'rb?d\ﬂl%‘f peMarhe rerArtinie aEJaRic, phase gk Hep dgcanter
azeotrope. The MBK primarily reports to the organic

5@ deh if reflusedde dine eoluBin Ghi wihile 8cetohe wreld2poopdrel primarily
col um 60 while acetone and 2-propanol primarily

repepotd the dquecagusitase phake ddcahhe 8eomhichradquoMsi phase is

aqueous phase is discharged. The second distillation
d@@h&@@dfurther i ncludes a bottom product take-off 60.3
for withdrawi ng a bottom product in the formof M BK
and high boiling inpurities fromthe bottom of the
second colum 60. The colum 60 is also

The second distillation column further includes a bottom product take-off 60.3
for withdrawing a bottom product in the form of MIBK and high boiling
impurities from the bottom of the second column 60. The column 60 is also

fitted with a reboiler 60.4.

The bottom product take-off 60.3 serves as a feed line for feeding the bottom
product of the second column 60 to the third distillation column 70. The third
distillation column 70 includes a bottom product take-off 70.1 for withdrawing
and discharging high boiling impurities as a bottom product and the column 70

is fitted with a reboiler 70.2.

The third column 70 also includes a MIBK take-off 70.3 to withdraw purified
MIBK as a sidedraw in the rectification section of the column 70. The MIBK
may have a purity of at least 99.5 wt% MIBK. An overhead product take-off

70.4 withdraws low boiling impurities as an overhead product. The overhead
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fitted with a reboiler 60.4. The bottom product

take-of f 60.3 serves as a feed line for feeding the
whoioroeipy oduct of the secontb col um 60 to t heP@hiB2d06/054454

distillation colum 70. The third distillation colum

70 includes a bottom product take-off 70.1 for
vapauidiradicidakerofidi G dHaeds e averhebdiprodyctitapueondensesy0.5

a bottom product and the columm 70 is fitted with a
whelzoiheasverBedd pidduct s cohdarisean THe adredensed|ovaéelsead product

M BK take-off 70.3 to withdraw purified MBK as a
istheRIBAM6 iardfillR drBft T l6CREMORNiIERPrPBt Be Ed1RICHIEHBVerhead

70. The MBK may have a purity of at |least 99.5 w %

. . e- of T, 4. W 's) .

Pyt o YNl 16 eoB Yehioh i ediynn P i in e 0P Bt is

over headvapour produyct.t ake- of 0.4 feeds the o
reQYEPA e R o FERE 50 fidinero SooshaaEREqfEn 40.0 via line

over head product is condensed. The condensed over head
7®Poduct is then fed to a reflux drum 70.6 from which

part of the condensed overhead product is refluxed to

the top section of colum 70 via line 70.7 and part is

recycled either to the decanter 50 via line 70.8, or

It Wik b BpprectitodmhdOtHe gorditibmes urdeP whidh e lcokenns 40.0, 60
appreci ated that the conditions under which the

as® ! 7Mase Adbe(??tlegow_%ﬂﬂi [ ﬁﬁ&wﬁpngr at Séirsgﬁuélﬁll&ﬁﬁﬂmﬁéﬂaﬁ %nd

a person sKi din the art and accordingly they are

a%%%ﬁ%ﬁ&%%i%g%bﬁ} oo SRR e 1 *ae used.
Wi t
In one specific example the apparatus as set out in Figure 1 was used, with

stream 70.9 disabled. The key operating conditions are set out in Table 1 and

the key stream compositions are set out in Table 2.

Table 1

OPERATING CONDITIONS

Columns 40 60 70
Bottoms temperature (deg C) 101 136 166
Bottoms pressure (barg) 0.85 0.85 0.85
Phase separator 50

Temperature (deg C) 70

Pressure (barg) 0.55

1 barg is 100 Kpa



stream 70.9 di sabl ed. The key operating conditions are

set out in Table 1 and the key stream conpositions are
W@ 207064109 n Tabl e 2. Tabl e 11TOPERATI NG CONDI T BANSIBR006/054454
barg is 100 KpaTable 2CLAIMS 1. A nethod of producing
purified nmethyl isobutyl ketone (M BK) conpri sing:

2ecting a feed stream containing M BK and

inpurities in the formof at | east water and organic
TREAVUMIMBERnC| udi ng Lnr 8%t ed #08t one$0-8r gm -3
condensati on and hWASSHFRRATION reacti on of acetone to
Aefone st di stillation proradure do0m wWhi.ado at oloeast
an&h@Renthife recover ed, | arndoas bot 0.000 py cxeoot [cmbal Ni ng
WBBK and i npurities 1§ vgidadr awpgod eedi.seg t/he dagt i om
I RHUG Kehe LN T1TST 0 53 4ds! al 1 90127 PCBeEd § 0208
LG a- ||qU|o separ at br A5Ea0C] 2§57 W Tdhad JeGeH
d{qé:i,ll - dl.l o cotunm V&lddsil i H.Hﬁj‘j_ l(ﬂ(wau SR, & or

at—otr-gantecphase—and—an—atgteotus—phase—Separate:
feedi ng the organic phase fromthe said |liquidliquid
separator to the top region of a second distillation
col utm whi ch col utm produces an over head product;
condensing the said

—

<
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over head product; feeding the resulting condensed
overhead product to the sane liquid-liquid separator

W 200060 t he bottom product I®f the first di stPCT/E20@54454
procedure is fed; and withdrawi ng a bottom product
contai ning M BK and high boiling inpurities fromthe

c of the second colum; feeding the bottom
product of the second distillation colum to a third
distillation colum; wthdraw ng high boiling
impurities as a bottom product; and w thdraw ng

1puriAi eglethb8K of r pmcﬁ@irgant;bmﬂéddl dbthyl aisbBOty® Okéttdhe2.(MIBK)
The nmethod of claim1 ich includes a step of
pr odgis &5h s BK by condensation and hydrogenation of
acetone to provide the feed stream containing M BK and

conpoundih ﬂ*ﬁ{i' b0 e con®beofisk 4R iRbSRkS gy e

of clai relnthe MBK is produced in the
pr esenc?o sIahgleést:owa@ﬁsépfjor?rﬁﬁ'a'chf@%ﬁ‘éiﬁ dipcluding

catalyst in a single process step. 4 . The nethod of
any one wtrea¢iedpacetemengfremaiarscatdensation | aneshydrogepation
of renoving hydrogen fromthe feed stream contai ni ng
M BK andeaaturr bf iaestdneotn & fiesicaistibatomt pawedare from which at
hydr ogenati on reaction of acetone.
least acetone is recovered, and a bottom product containing MIBK
and impurities is withdrawn;

- feeding the bottom product of the first distillation procedure to a
liquid-liquid separator associated with a second distillation column
in which liquid-liquid separator an organic phase and an aqueous
phase separate; feeding the organic phase from the said liquid-
liquid separator to the top region of a second distillation column
which column produces an overhead product; condensing the said
overhead product; feeding the resulting condensed overhead
product to the same liquid-liquid separator to which the bottom
product of the first distillation procedure is fed; and withdrawing a
bottom product containing MIBK and high boiling impurities from
the bottom of the second column;

- feeding the bottom product of the second distillation column to a
third distillation column; withdrawing high boiling impurities as a

bottom product; and withdrawing purified MIBK from said third

distillation column.



5. The nethod of claim4 wherein the hydrogen is

renmoved prior to the first distillation procedure. 6.
wab@7oetibod of any one of thé9precedi ng cl ai nsP@HEB200G054454

the first distillation procedure is carried out in one

or nore distillation columms; and |ow boilin

2j npurheurégtf@ﬂeow{anﬂrhwh'@@wlu@l@ @ stepnoh ﬁ@dt@vaIBK by

acetone. 7. The nethod of claim6 wherein the first
di st conddrisatiop rancduydregésatosr ofl axbtons to pravide thg feed stream
first distillation colum by feeding the feed stream

cont gbrtaehdMPBKaid infpUiitickiig $hd R ril\6f dtilé&4t water and organic
distillation colum whereinlow boiling inpurities are

Wthé’érﬂgguﬁ&s HCIBM m%a&reg to éacetone is wthdrawn

as a si draw, and |n'pur|t|es are w t hdrawn
as a bottom product . The nethod of claim7 wherein
the overhead product |s refluxed. 9 . The nethod of
claim?2 wherein the acetone recovered is re%;/cl ed to

St he $PeefnogdridiRiMg WaERIN te MIBK isdradiicast inathe Riggence
of the preceding clains wherein the purified MBK is
wi t holfr agingiss cendgnsatian and hydrogenationccatalysiin;a singlel pracess
boiling inpurities are wi thdrawn as an over head
prodstep. 11. The nmethod of claim 10 wherein the
over head product of the third colum is condensed and
is fed to a reflux drum

4, The method of any one of the preceding claims which includes a step
of removing hydrogen from the feed stream containing MIBK and
impurities from the condensation and hydrogenation reaction of

acetone.

5. The method of claim 4 wherein the hydrogen is removed prior to the

first distillation procedure.

6. The method of any one of the preceding claims wherein the first
distillation procedure is carried out in one or more distillation columns;
and low boiling impurities are withdrawn separately from the recovered

acetone.

7. The method of claim 6 wherein the first distillation procedure is carried
out in a single first distillation column by feeding the feed stream

containing MIBK and impurities to the first distillation column wherein
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12. An apparatus suitable for producing purified
nmet hyl i sobutyl ketone (M BK) conprising: a first

waele@riobdied i on appar at us whi cROi ncl udes a feed PCHEB2D@I054454

feeding a feed stream containing MBK and inpurities
inthe formof at |east water and organi c conpounds

(i nclavabaifinadepurigs areowitdrewmormaaovermeaddoroduct; acetone is
hydr ogenati on reacti on of acetone to the first

di st withdtawmas ppsidetdusw; amd MIBKsandlinspuritieatarerwithdrawn as a
apparatus further including an acetone take-off for

wi t heswmntroaggt one, and a bottom product take-off for

wi t hdrawi ng a bottom product in theformof M BK and
inmpurities fromthe bottomof the first distillation
apparatus; a liquid-liquid separator associated with a

seco distillatjon _colum ich Ligyid-liquid

83 epal 1e ShEPRY o lei % fo8HHn % Sferbed sbadicles Eeftured.
aqueous phase to separate; the liquid-liquid separator
including a feed line for feeding the bottom product
of the first distillation apparatus to the said

91 i quite Imejilnod sfeplaimtdbwhezeisdbermtedons iré¢avered i€ oécyoed to
whi ch includes a feed line for feeding the organic

phasthef stopiof beoduocing BHBKaui d separator to the top
regi on of the second distillation colum; the second

distillation colum further including an overhead
t ake-of f for

10.  The method of any one of the preceding claims wherein the purified
MIBK is withdrawn as a side draw in the third column; and low boiling

impurities are withdrawn as an overhead product.

11.  The method of claim 10 wherein the overhead product of the third

column is condensed and is fed to a reflux drum.

12.  An apparatus suitable for producing purified methyl isobutyl ketone
(MIBK) comprising:

- a first distillation apparatus which includes a feed line for feeding

a feed stream containing MIBK and impurities in the form of at

least water and organic compounds (including acetone) from a

condensation and hydrogenation reaction of acetone to the first

distillation apparatus, the first distillation apparatus further

including an acetone take-off for withdrawing acetone, and a

bottom product take-off for withdrawing a bottom product in the
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wi t hdrawi ng an overhead product in the formof |ow
boi I i ng conpounds; a condensor for condensing the said

Wo@@rieridd product; a feed [i2k for feedi ng thePCT/IB2006/054454

condensed over head product to the liquid-liquid
separator; and the second distillation colum further

i ncl udi ngfesmb@ift BHBKr eadcimpuRieDffromothan hafttrawphghe first
bottom product in the formof MBK and hi gh boiling

i mpuriti edistilationt dgpdratuspm of the second distillation
colum; a third distillation colum which includes a

f eed- I i neaf pjuidi-egdidngephrtdrobkaseintcadwsth af séd‘tﬁw&%ﬂlgtlon
distillation colum to the third distillation colum,

a bottom f h

rpur § 1 c0 g 1 WA Salctick R SEpaRAoR R e pEle B oRdenic
for wthdr |f|ed M BK from.the thi

di stillat P@%S%g?rﬁiﬁnl§q“?ﬂg S PRl sS ‘%ﬁar'ﬁ‘{eal melé'qu'd liquid
whi ch includes a reactor for ﬁr{odum ng,

condensat $eRATAIY IRGIHAIRgeh trabling fordee @Qéhﬁ@%ﬁoﬂhﬂt@UCt of
the feed stream containing MBK and inpurities in the

f orm of athel fgakdistilation ammhratugdaitioe saidgmuidiiquid separator;

(i ncluding acetone). 14. The apparatus of claim13

wherei n thesesaet distilationragduennghidBinelod®s | s&sed line for
reactor for producing MBK in the presence of a single

condensat fe@a.r@lmeha@aﬁ&ea@ééeonoﬁﬁw fthid- 'I|&U|€f§ég%\g+1§£ to the

process step. "15. The apparatus of any one

12 to 14 ¥ GBoloRC!d9%%e "B Wistillation column; the second

distillation column further including an overhead take-off for
withdrawing an overhead product in the form of low boiling
compounds; a condensor for condensing the said overhead
product; a feed line for feeding the condensed overhead product
to the liquid-liquid separator; and the second distillation column
further including a bottom product take-off for withdrawing a
bottom product in the form of MIBK and high boiling impurities
from the bottom of the second distillation column;

- a third distillation column which includes a feed line for feeding
the bottom product of the second distillation column to the third
distillation column, a bottom product take-off for withdrawing
high boiling impurities as a bottom product; and a MIBK take-off

for withdrawing purified MIBK from the third distillation column.



renmovi ng hydrogen fromthe feed stream containing M BK
and inpurities fromthe condensati on and hydrogenati on

WO e@choam of acetone. 16. The2apparatus of anyPCHEB2006/054454

claims 12 to 15 wherein the first distillation

apparatus conprises one or nore distillation col ums;
13nd Thelappestus ob eimekdiwpichdoeludealaereattorffor producing MIBK
wi thdrawing I ow boiling inmpurities separately fromthe
acet byeonakasatidn ahd. hyldregepativratofisacetord ab rpréBuce the feed
wherein the first distillation apparatus conprises a

Si ng&eedmc@ntdihimg MIBK i2AB ifPUHIBSs Wirféhfoirrﬂ‘?éf%%ga% Reater and

feed line for the feed stream containing M BK an

i mpugjties; ake-of f for
vvithéf:ggvr?nﬁ%%mﬁ@(\?v'g'\t{)% pﬁﬂgd%p%ﬂc;é?‘%ﬁ‘éés an acetone take

off for withdrawi ng acetone as a side draw, and a

bott om product takeoff for wi thdrawing a bottom

roduct in the formof MBK and inpurities.18. The

1£cppa-|na@ \RPRAratesaphtiaimwhd rehereimdhe ireaetogifet inrpduging MIBK
apparatus includes a condensor for condensing the

over ¢twadripgoadursactar foefprogucdingnMiBIK indbei piesgntdef a single
condensed overhead product; and a feed line for

f eed¢driienisatieasindpaarogndiion eIl iaedsinyerdieasss step.
product fromthe reflux drumas reflux to the first
distillation apparatus. 19. The apparatus of claim 13
wherein the first distillation apparatus includes a

10 1 $'ecy-f,l1§ abeF‘atLQ bof 5ﬁ§ %%lei &gclﬁ%est 2% Wﬁ4tﬁr%5ﬁ\?r@claéé)smn$e%%s for
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irs
removing hydrogen from the feed stream containing MIBK and

impurities from the condensation and hydrogenation reaction of

acetone.

16.  The apparatus of any one of claims 12 to 15 wherein the first distillation
apparatus comprises one or more distillation columns; and includes an
overhead product take-off for withdrawing low boiling impurities

separately from the acetone take-off.

17. The apparatus of claim 16 wherein the first distillation apparatus
comprises a single first distillation column which includes the feed line
for the feed stream containing MIBK and impurities; an overhead
product take-off for withdrawing low boiling impurities; an acetone take-
off for withdrawing acetone as a side draw; and a bottom product take-

off for withdrawing a bottom product in the form of MIBK and impurities.



distillation colum to the reactor for produci ng M BK

20. The apparatus of any one of the preceding clains
wob@rms910e he M BK take-of f fedmthe third di stPCT/mA0054454

colum withdraws purified MBK as a side draw, and the

third distillation colum includes an overhead product
18akeTbef apparaiis dr eldimg17 owhbrin i the firgdudistilation 2apparatus

The apparatus of claim20 wherein the overhead

t akeinefddesf atdumdensod ol sbhddrsing the @vemeadds pestiuReCh aeflux

to a condensor, which in turn is connected to a refl ux

dr undrum for receiving the condensed overhead product; and a feed line for
feeding at least part of the condensed overhead product from the reflux

5 drum as reflux to the first distillation apparatus.

19. The apparatus of claim 13 wherein the first distillation apparatus
includes a recycle line for recycling acetone withdrawn from the first

distillation column to the reactor for producing MIBK.

10
20. The apparatus of any one of the preceding claims wherein the MIBK
take-off from the third distillation column withdraws purified MIBK as a
side draw; and the third distillation column includes an overhead
product take-off for withdrawing low boiling impurities.
15

21.  The apparatus of claim 20 wherein the overhead take-off of the third
distillation column is connected to a condensor, which in turn is

connected to a reflux drum.

20



