
ゼオライト （2）

≪解 説≫

MobiトBadgerCumene恥chnology

C．M．Smith＊and T．Sakai＊＊

＊ExxonMobilChemicalCompany，＊＊MobilCatalystsCorporation ofJapan

TheMobiトBadgerCumeneprocessdevelopedjointlywithRaytheonEngineersandConstructors

usesahighlyselectiveproprietaryExxonMobilzeolite，MCM－22・Thiszeoliteisexceptionally

Selective for the alkylation ofbenzene wit propylene
over other zeolites allowlngit to be

usedatbenzene－tO－PrOPyleneratiosbelow3：1molar．TheuseofMCM－22bene抗tsthecumene

PrOducerby allowlngPrOductionofhigh－Puritycumeneathighyields，aS Wellasproviding

largeincreasesin plant capacity andimproved utility consumption．The first commercial

OPeration ofthe new technology beganin May1996and currently operated plants supply

approximately halfofworldwide cumene demand．

Keywords：Cumene，MCM－22，Mobil－Badger

1．Introduction

In1993MobilTechnology Company and

Raytheon Engineers andConstructors announced a

SteP－Out teChno10gy for cumene production，based

On Mobil’s new MCM－22zeolite．This technology

PrOmised to solve virtua11y allofthe deBcienci9S

Ofthe conventionalphosphoric acid process used

Predominantly at the time・Cumene producers and
｝

usersindicatedthattheywantedhigherpurity，higher

yields，e脆ctivetransalkylationtoreducebyproduct

losses，10WCaPitalinvestment，reducedutilities，and

the ability to use re凸nery－grade feedstocks．

Thene
＿〇CeSSWaSdesignedtomeetthese

multipleo叫ectives，andtheMobiトBadgerCumene

PrOCeSS WaS firstlicensed by Georgia Gulf

Corporation of Pasadena，Texasin December

1994．Within24months，theMobiトBadgercumene

technology waslicensed to3more US producers

and3Europeanproducerswithcombinednameplate

W Building18仇Floor，ト8－15Kohnan，

Minato－ku，TokyolO8－8005，Japan

MobiトBadgerCumene Technology，

MobilCatalysts Corporation ofJapan

CaPaCltyOfabout3．1millionmetrictonnesperyear，

－tOday these seven plants supply approximately

halfofworldwidecumenedemand．BorealisPolymers

Oy ofPorvoo，Finland started the first plant to

OPerate at alower3－tO－1benzene－PrOPylene ratio

in October1997．By2001when another3plants

begin operation，tOtalnameplate capacity for the

Mobil－Badger Cumene process willincrease to

4．3million metric tonnes．

2．Process Descriptio皿

2．1．KeyFea仙res

The Mobil－Badger Cumene process employs

extremely selective catalysts for the prlmary

alkylation and transalkylation reactions that

PrOduce cumene（Fig．1）．Side reactions such
as

Oligomerization，01e汽ncrackingandβscissionare
essentiallynon－eXistentintheMobil－Badgerprocess

（Fig．2）．Suchsidereactions，tyPicalofconventional

andothernonselectivezeolite－basedprocesses，1ead

toethylbenzeneandbutylbenzenebyproductswhich

Can COntaminate the product cumene，aS Wellas

hexylbenzenesandotherheavyresiduesthatlower

yield．

Thishighly selectivereactionsequenceleads
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Fig．1Primary alkylatioIland transalkylation chemistry

払rcumeneproduction．

tolowcapitalinvestmentinthe缶■aCtionationsection，

and reduces coke一払rmlng reaCtions which shorten

Catalystcyclelength．A key result ofthe selective

nature of the catalystis the ability to design the

PrOCeSSforexceptlOnallylowbenzene－tO－PrOPylene

ratios（intherangeof2to4molar）．Thisimproves

utilityconsumptionwhileprovidingthepotentialto

SubstantiallylnCreaSe Plant capacity．

The process can be applied to revamp

af〉Plicationsofeitherphosphoricacidoraluminum

Chloride catalyzed units．In thosecases，it maybe

directly refittedinto the existing reactors and

Plantcon缶guration・However，inagrassィ00tSdesign，

Fig．3，it uses simple fixed－bed reactors for both

alkylation and transalkylation．A portion of the

emuentfromthealkylation陀aCtOrSisrecirculated

through heatexchangedirectlybaektothereactor

inlet to controlthe heat ofreaction．Products什om

thealkylationandtransalkylationreactorsarethen

托d to the舟actionation system．

FractionationrequlrementSarelargelydictated

by the quality of the feedstocks・Base product

什actionation requires only three columns for（1）

benzene whichis recycledin the process，（2）tbe

CumenePrO血ct，肌d（3）diisof）rOPylbenzenes（DIPB），

whichare托dwithbe爪Zenebacktothetransalkylator

to produce additionalcumene．If refinery grade

PrOPyleneis used，the addition of a small

depropanizer tower may be needed to recover

LPG．Other fractionation requlrementS are Set by

＋

㌔岬

「㌻亨↓

他佃ON

伯V

．

2H

せ
＼
仙
蜘Fig．2 Sidereactionstypical払rtheacidcatalyzedreaction

Ofbenzene withpropylene．

thepresenceoffeedstockimpurities，e．g・Slgnificant

amounts of ethylene or butenesin the propylene

feedstock or toluenein the benzene feedstock．

The process does not make slgnificant amounts of

either ethylbenzene（EB）or butylbenzenes（BB），

and therefore the cumene recovery tower can

norma11y be designedforthe easy fractionationof

Cumene from diisopropylbenzenes．If there are

Slgni爺cantlevelsofethyleneorbutyleneinthe托ed，

removlng these contaminantsby uslng anOPtlOnal

PrOPyleneprefractionatorcanbemoreef幻cientthan

removlng their resulting by－PrOducts，EB and BB

杜omthecumene・Tolueneinthefeedwillproduce

CymeneS－if theseimpurities are present，the

什actionation system can be designed to remove

themin a purge from the DIPB tower overhead．

2．2・MCM・22Catalyst払rÅlkylatio皿

MCM－22is wellrecognized as the best

alkylation catalyst for cumene and EB synthesis．

Although many acid catalysts can promote these

alkylation reactions，medium pore zeolites（e．ぎ．

ZSM－5）arenotlargeenoughtoshowgoodoverall

reactionratesintheliquidphaseandareunselective

in the vapor phase．In both cases，the size ofthe

moleculesandtbeuseoflowertemperatureliquid－

Phase conditionsleads to the choice oflarge pore

ZeOlites（e．ぎ．MCM－22，Mordenite，βandY）to

OVerCOmediffusionconstraints．The similaritiesend

there，howeversincethechoiceofcatalysttoproduce

CumeneandEBarestronglyinnueIICedbydif托rent
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Fig．3 Gras訂00tS Mobil－Badgercumenepla山．

factors．Selectivity to the monoalkylated product

is ofimportancein EB whereas ethylene

Oligomerizatioれis a secondary factor．

Propylene oligomerizationis of prlmary

importanceincumene synthesisbecausepropylene

陀aCtS2to30rdersofmagIlitudeねsterthaれethylene
l

OVer Bronsted acid catalysts．This unselective

Chemistry occurs readily over conventionalsolid

Phosphoric acid（SPA）catalysts andlarge pore

ZeOlites，forclng a PrOCeSS design thatreduces the

impact ofoligomerization on byproduct formation

andcatalystaglng・Theusualapproachmaximizes

aromatics－tO－01efin fatioin the bulk phase

Su汀Ounding tbe catalyst via complex catalytic

distillation technology or utjlity－1ntenSive bigh

benzene recyclelevels．

Mobiladoptedaveryseverecatalystscreenlng

testearlylnitsprogramtodevelop anewcumene

PrOCeSSteChnology．Asingle－PaSSSlngle－Stagefixed

bed alkylation experiment was set up at10W－

temperatureliquid－Phase conditions and at a3－tO－

1benzene－tO－PrOPylene mole ratio・In this
test，

COnVentionallargeporezeolitesagedataccelerated

ratesandproducedapoor－qualitycumeneproduct．
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OnlyMCM－22exhibitedstableactivityandproduced

ahighqualityproductinthisacceleratedtest．Other

Catalysts thatshowedlimitedpotentialforcumene

PrOductionin this test were zeolitesβand
ZSM－

12althoughboththesecatalystsagedrapidly．Today，

theonlyzeolitecatalystsusedforcommercialcumeIle

PrOduction are based onMCM－22and zeoliteβ．
The very facile propylene oligomerization

reaction causes coke formatioIland catalyst

deactivationviabandwiseaglngthroughthecatalyst

bed・Itleads－tOincreasedimpuritiesinthecumene

PrOducttbroughassociatedsidereactions．Itreduces

Cumene yield since propyleneis not selectively

COnVerted to alkylated product，anditleads to

i爪CreaSed
utiiities and capitalin the plant desigれ

tocompensateforthesede幻ciencies・Theselectivity

OfMCM－22al10WSforstableoperationandmakes

these compromises unnecessary．

The幻rstplotsinFig．4i11ustratethereaction

extent（measured as temperature since thisis an

exothermicreaction）versusbeddepth．Thesecond

Palr Of plotsillustrate how the reaction profile

Changes withincreasing time・In the case of

MCM－22the curve flattens slightly showing a
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Fig・4 MCM－22reachessteady
stateactivltyCOmParedtootherzeoliteswhichshowrapidbandwiseaglng・

uniformaglngPattern；inthecaseofotherzeolites，

a reaction front moves down the bedleavlng a

‖dead”zonebehindit－thisisbandwiseaglng．The

last palr Of figures shows that performance can

easily be tracked by measuring the percent

temperature rise at fixed pointsin the catalyst

bed．Whereasthe爺gureshowsstableoperationwith

MCM－22，allothersolidacidcatalystswillrequlre

CyClic of〉eration．Increasing temperature during

thecyclea爪d／oruslngaCyCliccatalystreactivation

PrOCedurearecommonmethodsofdealingwiththis

typeofrapidaglng．Althoughincreasedoperational

SeVerity that results at the end－Of－CyCle wi11help

restore activity，itcan alsodegrade productpurity

Sinceit promotes byproduct reactions．

ZeoliteβagesmuchmorerapidlythanMCM－
22under the test conditions，and consequently，

PrOPyleneconversionis chaf唱1ngWitbtimeinthe

tpstusingzeoliteβ・Propyleneconversionisabout
94％inthematerialbalanceshownbelowcompared

WithMCM－22atahigherlevelof98乳Eventhough

this conversion differenceis not renectedin the

totalproduct selectivity，tbe cumene selectivitylS

Stillmore than5％10Wer Withβthanitis with

MCM－22一．Inaddition，ZeOliteβproducesmorethan

TablelPropyleneconversionandselectivitiesofMCM－

22andzeoliteβ．

MCM－22 Zeoliteβ

Propylene Conversion＊ 98．0 94．4

BenzeneニC3＝，Mole Ratio 3 3

TotalProduct Selectibity，Wt％

C3＝01igomers

Cumene

PIPBs

1．7 9．2

84．9 79．1

13．4 11．7

PIPB／Cumene（m／m）飽 11．3 10．8

C3＝BalaれCe，Liquid Product，Wt％

C3＝01igomers

∑Alkylated Product

4．7 21．4

95．3 78．6

＊PropyleneconversionisれOtCOmPlete sincethisis a

OnCe一山roughtestathighspace veloclty．

5times the propylene oligomers produced when

uslng MCM－22・From the propylene balance on

theliquid product，ZeOliteβdirectsover20％of

PrOPylene fed to the test unitinto propylene

Oligomers．Thus，uSing zeoliteβresultsin
a

Substantially托ducedselectivitytoalkylatedproducts，

78％down from95％for MCM－22・The slightly

lower polyisopropylbenzene（PIPB）selectivity

Withzeoliteβprobablyreれectssomesizeexclusion
Selectivity血■Omtheporesystem．Tablelsummarizes

PrOf〉ylene conversion and selectivities ofMCM－22
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Fig．5 Schematicillustration ofa slnglelayer hexagonal

CryStallite orMCM－22showir噂Surねcepockets・

and zeoliteβ．
The muchlower selectivity for propylene

OligomerizationoverMCM－22comparedtoal10ther

conventionalzeolitesis a result ofits unusual

StruCture．Fig．5shows schematicillustration of a

Slngle－1ayerhexagonalcrystalliteofMCM－22having

Surfacepockets．ThepocketsinMCM－22show an

exceptlOnally strong affinity for aromatic

hydrocarbons over olefins，and these pockets are

also the sites of the alkylation reaction．In

COnVentionalzeolites，Shape selectivitylS the

result of molecularinteractions with
a
constrained

POre SyStem by（1）size exclusion，（2）reduced

diffusivity，Or（3）restricted transition states．A

COmPletely different mechanism based on

understanding the effect catalyst structure has oll

adsorption－desorptlOnequilibriamustbeconsidered

toexplaintheselectivityofMCM－22．Computational

modelir唱basconfirmedthattbepocketsiIIMCM－

22are3times morelikely to contain benzene

thantheporesofzeoliteβ・Therefore，thecatalytic

Sites of MCM－22are preferentially occupied by

aromaticsevenwhenthebenzene－tO－PrOPyleneratio

inthebulkphaseisqultelow・Thisiswhypropylene

Oligomerizationis suppressed，aれd explains wby

MCM－22issounlquelyeffectiveforthealkylation

Ofbenzene to produce
cumene・

3．Pi10t Plamt Operation

Extensive pilot plant datahas been obtained

to verify the pe的rmance characteristics of the

Mobi1－Badgerprocess．Sincethecommercialprocess

is highlyintegrated，allaspects of the process

Wereincorporatedinto亡he pilot plantincluding
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Fig．6 Pilotplantresultsdemonstrateexcept10nalalkylator－

Stability even atlow benzene－tO－PrOf〉ylene ratio．

alkylation，tranSalkylation，andon－1ine什actionation．

With this type of highlylntegrated experimental

design，minor byproducts willaccumulatein the

Same Way they doin commercialoperation．As－a

result，theirimpact on catalyst aglng and product

Purlty Can be determined．

The alkylation catalyst has been tested
on

refinery－grade，Chemicaトgrade and polymeトgrade

PrOPylenewithrefinerygradebenzene什omavariety

Ofsources．Forslnglestageoperation，Fig．6shows

that propylene conversion has changedlittle at

COnStant reaCtion temperature；dropplng from

essentiallycompleteconversionto99．9％a氏er16，α）O

hours on stream．Conversion remained stable even

though space velocity（SV）wasincreasedatabout

8000hours and Benzene－tO－Propylene mole（B／P）

ratio was reduced from 4to 3．Additiollalwork

has shown that MCM－22can operate stably at

B／P ratios of2and below．

Durjng parametric studies，a temPOrary

lowerlngOfalkylation activityduetothepresence

Of waterin the feed was observed．Waterlowers

activitybycompetitiveadsorptiononcataiyticsites；

alkylation activityis軸11yrecovered a銃erwateris

removed from the feed．Other feed contaminants，

notably basic nitrogen，aCt aSirreversible poISOnS

Where the activity could only be recovered after

Catalyst regeneration・Such behavioris typica卜of

alizeolites．

The transalkylation catalyst has undergone

aglng teStS uSlng diisopropylbenzene and benzene

托edstocks derived from the alkyla出on section of



）7
′／－＼

u
●
－
抑
－
●
＞
u
●
U
凸
d
】
d

●
● ヽ◆

Vol．17，No．1（2000）

】 1州～

0 5000 10000 150抑 20000 25000

H●Ur寺OnS廿●am

Fig．7 Pilotplantresultsdemonstratetransalkyl如0トStability．

Table2 Cumenepuntylevelintheabsenceoffbedstock

COntaminants．

MCM．22

Cumene Purity，Wt％ 99．98

Impurities，Wt PPm

乃－Propylbenzene 170

Ethylbenzene 20

Butylbenzene 20

Cymenes None Detected

thepilotplant．Conversionvariesaboveandbelow

the target conversion shownin Fig．7；thisis due

tominorparametricchangesinoperatingconditions．

However，atnXedconditions，thereisnomeasurable

aglng OVer the course of the20，000hours of

accumulated stream data．

Inadditiontotheexcellentstabilityshownby

MCM－22，WOrk with chemicalgrade propylene

demonstrates the very high overallselectivity of

the Mobil－Badger process for alkylation and

transalkylationcomparedtothosereactionsthatlead

tobyproductformation．Inthe absence ofbenzene

and propylene托edimpurities，Table2shows that

thβeXPeCtedcumenepurltylevelsareexceptionally

high，99．98wt％・The BromineIndex，a meaSure

Ofthepresence ofolefins，is always＜5indicating

the absence oftheseimpurities．

4．CommercialExperie皿CeandLicenslngSta仙s

The first commercialoperation was refitted
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Fig・8 Commercialoper如ion shows productioれCaPability

at NPBlevels below250ppm．

into a plant that previously used solid phosphoric

acid【echno10gy・This plant，OPerated by Georgla

Gulfin Pasadena，Texas was recommissioned with

the new MobiトBadgertechnologyin May1996at

a design capaclty Ofl・5billion pounds per year

and a benzene－tO－PrOPylene ratio of4m／m．The

MCM－22catalyst has performed wellat Georgla

Gulfon pIPeline grade p柑Pylene availablein the

U．S．Gulf Coast；0Ver30months of continuous

alkylationservicehasbeenachievedwithoutcatalyst

reactivationo＝egeneration・Transalkylationcatalyst

hasbeenincontinuousservicesincestartupin1996・

A托erinitialstartup，GeorgiaGulfdemonstrated

that NPB could be controlled tolevels below250

PPm（Fig・8）whenproducingcumene什omrefinery

grade托edstocks．There are severalsources of n－

PrOPylbenzene（NPB）impuritiesin the cumene

PrOduct・Itisproducedinboththedirectalkylation

Ofbenzenewithpropyleneandinthetransalkylation

Of DIPB with benzene to produce cumene・In

addition，abouthalfofthecyclopropane，areaCtive

COmPOnent PreSentin propylene feedstocksis

COnVerted toNPB；therestisconvertedtocumene．

Althoughtheconversionselectivityofcyclopropane

CannOt be contro11ed，NPBin the Mobil－Badger

PrOCeSSCanbecontrolledbykeeplngalkylatioIland

transalkylation temperatureslow・The exceptional

Stability oftheMCM－22catalystis am叫Orfactor

in maintaininglow NPBlevels throughout10ng
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Fig．9 Borealis alkylatorperねrmanceis stable for2years at3：1m／mbenzene－tO－PrOPyleneratio．

Tabie3 GeorgiaGulftest ru札

Georgia G牡lfTest Run＊

Cumene Purit，Wt％ 99．97

Impurities，Wt PPm

花－PropylbellZene
200

Ethylbenzene 25

Butyibenzene 15

BromineIndex ＜5

＊June1996．

OPeratlng CyCles・

Ethylbenzene（EB）and butylbenzenes（BB）

arealsoimportantcontaminantsthatarecontrolled

in the manufacture of cumene．These byproducts，

PrOducedbyacidcatalyzedpropyleneoligomedzation

fol10Wed by oligomer cracking and aromatics

alkylation，arelargely suppressed
over MCM－22・

MCM－22’s very high af伽ity fbr aromaticslimits

PrOPyleneadsorptlOnOnCatalyst■ssurねce・Therefore，

the Mobilcatalyst shows very
high alkylation

Selectivity even at10W arOmatics to ole抗ns ratios

inthereaction mixture．This has beendemonstrated

inthecommercialdatainwhichEBtypICallytracks

to about30ppm andBB typICally tracks to about

lO ppm．

（8）

A72hour performance test was conducted

at Georgia Gulfin mi心June1996．Table3shows

theresultofthetestnlnataboutlO5％ofguaranteed

design capacity．The seven orlglnalplants，all

now operating，have exceeded their guarantees；

greater than expected cumene purltylevels have

been achieved at greater than design throughput

in every case．

Borealiswasthefirstplanttobeginoperating

at a benzene－tO－P柑Pylene ratio of3m／m uslng

theMobil－Badgerprocess．Thisunitwasorlglnally

COnStruCteduslngCOnVentionalSPAtechno10gy，and

later converted to AIC13tOincrease capacity．The

COnVerSion to the MobiトBadger process used the

OrlglnalmultistageSPAreactortoprovideBorealis

Withadditionalcapacitywithoutincreaslngbenzene

Circulation．Boththealkylationandtransalkylation

Catalystshavenowbeenoperatedcontinuouslyfor

24months，SinceOctoberof1997，Witbnoappare山

activity10SS aftertheinitialbreak－inperiod．Fig．9

Shows tbe percent temperature rise at three polntS

through Bed＃40f the Borealis reactor（re托r
to

Fig・4which describes the expected pattern with

MCM－22versus other acid catalysts）．

During the first six months of operation，a

Steady state activitylevelwas achievedin which
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Table4 Commercialstatus
ofMobiユーBadgercumene technology．

Location Benzene／ Months Capacity

Propylene Onstream MTA

GeorgiaGulf

Koch

Borealis

Citgo

Caproleuna

Ertisa（CEPSA）

Sun

Undisclosed

Undisclosed

Undisclosed

USA 4：1 40 680

USA 4：1 26 630

Finland

USA

Germ Ⅶ
．
m

叫
捌
仙
触
仙

yn

3：1 23 190

4：1 22 540

4：1 17 270

3．2：1 16 430

4：1 13 385

3：1 2001＊

3：1 2001＊

2．5：1 2001＊

＊Expected Startuf）Date．

about90％conversion occurs at42％bed depth；

thislevelremainssteadythereafter．Althoughsmall

Variationsin activity did occurin1998，Catalyst

activlty reCOVerS，－thisis mostlikely the result

Ofintermittentlyhighwaterlevelsinthe托edstock．

The Borealis data vividly demonstrates theunlque

CaPaCity of MCM－22to prevent the propylene

Oligomerization chemistry thatleads to bandwise

aging（seeFig．4）overallothersolidacidandzeolite

Catalysts．

Table41istslicensedplantscurrentlyoperatlng

and expected to startup by2001uslng the Mobiト

Badgercumeneprocess・Today，theseplantsrepresent

more thanlO years of combined commercial

OPeratingexperience．Catalystl他cycleperねrmance

has been proven，With commercialoperation at

benzene－tO－PrOPylene（B／P）ratios aslow as3

mノm．Mobilcontinues to develop next gelleration

Catalysts that willextend cumene perfomance to

B／P ratios at and below2m／m，－SaVlng utilities

and providinglow costincrementalcapaclty tO

1icensees

addition，

alkylation

for AIC13

PrOduction

Of the Mobil－Badger technology．In

MCM－22and the new family of the

Catalysts are
also used

as a substitute

in EB synthesis as wellas for the

Oflinear alkylbenzenes，an area that

has traditionally employed aluminum chloride and

HF catalysts．
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