1 NG APPARATUS The invention relates to aapparatus.in parp :Jar, but not:
an apparatus for di: exclusively, the wention relates to '..ngas in
Manydustrial prc e:1:00?: ate ane ier driven mning system for exanple,
processes for fernentation, hydrogenation, oh I oxanadh:,on," oxidation,
and carbonvl ation, Inpeller driven mxing systens generally incorporate one
i npel l er mounted on a rotating shaft. Such systens may he said to have an
axi al |ongitudinal flow parallel \hghdeapgxksr9é the rotating shaft 15 to
the radially extending The inpel Fer—maytrus he projects fluid in a radial
and/or a radial flow parellei blades nmounted on the shaft. a radial flow

| npel | er MhI%HKQIG%%%EQQOBOWQE gtgsma£E Og amixing apparatus. In

particular, but not exclusively, the invention relates to

5 an apparatus for dispersing gas in liquid.

Many industrial processes incorporate an impeller driven
mixing system, for example, processes for fermentation,
hydrogenation, chlorination, oxidation, and carbonylation.
10
Impeller driven mixing systems generally incorporate one
impeller mounted on a rotating shaft. Such systems may be
said to have an axial longitudinal flow parallel to the
axis of the rotating shaft and/or a radial flow parallel
15 to the radially extending blades mounted on the shaft.
The impeller may thus be a radial flow impeller which
projects fluid in a radial direction towards a wall of a
chamber in which the impeller is housed, for example, a
Chemineer BT-6™ turbine, or alternatively, the impeller
20 may be an axial flow impeller which comprises radially
extending blades that are pitched at an angle so as to
direct the fluid flow in an axial direction. Examples of
axial flow impellers include marine impellers and
hydrofoil impellers. Mixed flow systems are known, where
25 the impeller causes flow in both axial and radial
directions. An example of a mixed flow impeller is the 45°
pitched blade turbine. Such mixing systems can be used in

liquid-liquid, liquid-solid, or liquid-gas reactions.

30 A dual impeller system for dispersing a gas in a liquid,
in a vessel, is known. Specifically, in a paper by Kuboi,
entitled “The Power Drawn by Dual Impeller Systems Under

Gassed and Ungassed Conditions” Fourth European Conference



chanmber in which the inpeller is housed, for exanple, a Chem neer ST-6"'
turbine, or alternatively, the inpeller 20 may be an axial flow inpeller
whi ch conprises radially extending blades that are pitched at an angle so
as to direct the fluid flowin an axial direction. Exanples of axial flow
inpellers include marine inpellers and hydrofoil inpellers. Mxed flow
systens are known, where 25 the inpeller causes flowin both axial and
radial directions. An exanple of a nmixed¥low inpeller is the 45 pitched
bl ade turbine. Such m xing systens can be used in |iqu:Ldi Quid,
l'iquid-solid, @r Miguhd- gaﬂsm:ié.acﬁoh% BE2A. doal ctcm}ie'.lnlaetiosyscbémn‘v@r
di spersing a a I N I k eC| f| aI l.y,.a paper
%%%ﬁlxy Jpa uiyd, 4§Z %ﬁ@%ﬁ btlhée '%%,0 1n§9 : Jt cPystd

by Kuboi, 2 on ril e cormbi nation o vvoaX|aIIy
spaced 45' pi twiieedbhbl aele furddi nesipied ldirsciosetbuwatedebyeaodi rst devpeld er is
nount ed bel ow.a sgaond |rrpel ler on a gopron s,ﬂ}aft Th rrrpghl ggs bl ades are

orientated such™that tnhe firs on}mr?pel ‘f’er proj ec f‘m]a upwar

out war ds and tdheecseeoad suphl Italatprm;eecfsrdtl qmpialdmmnvyarrdjjsecamd Jaujuwar ds.
Under gassed condi tions, gas is |ntro uced |nt$ the ssel, the first

i mpel | er caus&®“ERES na(f’&n 86 YiowW of "Jas  BubbFEE "t o ‘S e§o iR LSme of
the flow is dniiyend badhahlys oshwabdswsosgr dsuhher V\@M;sél:f thedmessel,., and
sonme is driven axially up vvarggf:ﬁgwards tge second The effectiveness of the

two inpeller §Ystém dridertd8 BURohdf t I BREC tepetids: Upon THESF&ed of

rotation of tRkeukepekher Snc&ﬁlﬂl@V\EIoﬁp@Bdéjad thitbhIRes bl itikats ot R@akubbl es
t hat have Jeen proj ect ed upwar ds the first inpeller are not affected by

the second’i npéfffeP’ FHE <ef8ndSi r‘?ﬁél"FBr rRdighabl G irer e BudPancy

forces and thereforert hec20/ss8coNd dnapeldner ) aysivio partalily theadiasper si on

of gas in ,
towards the second impeller.

The effectiveness of the two impeller system under gassing
15 conditions depends upon the speed of rotation of the
impellers. At lower speeds it is possible that the bubbles
that have been projected upwards by the first impeller are
not affected by the second impeller. The second impeller
is unable to overcome buoyancy forces and therefore the
20 second impeller plays no part in the dispersion of gas in
the liquid. Only when the rotational speed of the second
impeller is increased are the buoyancy forces overcome.
Disadvantageously, non-uniform dispersion of the gas in
the liquid results. This is shown in Figure 1 of the
25 application. In order to achieve uniform dispersion,
further disadvantagecusly, the rotational speed of the

second impeller has to be sharply increased.

It is highly desirable to be able to achieve complete
30 uniform dispersion in an industrial ©process. In
industrial processes where gas/liquid mass transfer is an

essential feature, this aids controllability and enhances



the liquid_ Only when the rotational speed of the second inpeller is

i ncreased are the buoyancy forces overcone. Di sadvantageously, non-uniform
di spersion of the gas in the liquid results.This in shown in Figure 1 of
the 25 application_In order to achieve uniformdispersion, further

di sadvant ageously, the rotational speed ?f the second inpeller has to be
sharply increased. IL-is h,ghly desirable to be able to achieve conplete 30
uni form di spersion in a% i ndustrial_ process. In industrial processes where

gas/|iqui d mes@IPEnSFEr FEeRA esséht PAF T BAPGFES ST hi VAT Yseontd Dl 13bi ity

and enhances wdeactiebepeel pr aunes.dm osuehaprosessasi rhentthBugas: i s wel |
di spe..rsed, a region of reasonably uniformturbul ent kinetic eddy
di ssipation can exist in the liquid between. if and around. the inpellers

whi ch controlsi goal-escerceriand fareakupagf ekher buhbles. 1ktutheprg8seen
di spersion is highly non-unifbr undesi rabl e coal escence can result in a
sharp i ncrease'd bbbl et3¢t émafdl eher BRofle, CPRETSUT f 4681af e ce opnd

interface mass-dfi@apsfer 4@ os@Mieks readuced, MsAdmantagegushy, nagcantrol | ed
turbul ent kinetic energy dissipation field results in a narrow bubble size

di stribution evernafpangeunfcs mpEtliecospeereies poverssult iis ansobjrect of
the present inyentisan t0 pLOyides g, 15, XLAg, appal at ts. Wal,ch, gnabl es
controllable mxing of fluids or solids whilst sinultaneously providing an
effective m xiarg envigdmeent .mass transfer to occur is reduced.

10 Advantageously, a controlled turbulent kinetic energy
dissipation field results 1in a narrow bubble size

distribution over a range of impeller specific powers.

It is an object of the present invention to provide a
15 mixing apparatus which enables controllable mixing of
fluids or solids whilst simultaneously providing an

effective mixing environment.

According to a first aspect of the present invention there

20 1s provided a mixing apparatus for mixing at least two
fluids, the mixing apparatus comprising a shaft rotatable
about its longitudinal axis, a first and a second radially
extending impeller mounted on the shaft and respectively
axially spaced apart, characterised in that the first

25 impeller comprises a plurality of curved blades operable
to move said fluids in an axial direction towards the
second impeller, and the second impeller comprises a
plurality of curved blades operable to move said fluids in
an axial direction towards the first impeller.

30
Preferably, the blades on each impeller are inward pumping
into the space between the impellers. In the case of a

substantially vertical shaft, the lower impeller is,



According to a first aspect of the present invention there 20 is provideci
a mxing apparatus for mxing at least two fluids, the m xing apparatus
conprising a shaft rotatable about its Longitudinal axis, a first and a
second radially extending inpeller nounted on the shaft and respectively
axially spaced apart, characterised in that the first 25 inpeller conprises
a plurality of curved bl ades operable to noya said fluids in an axi al
di:Et:art:Lon towards the seconci inpellet, and the second inpeller
conprises a plurality of curved bl ades operable to nove said fluids in an
axi al directi ohamiards thewéidstpumpelgl ernd30tRs efwgrmahl yimpbeldl ades on

each inpeller are inward punping.into e spac etween the inpellers. In
the case of acgﬁggFéﬁ?P5P$§n érg%ﬁﬁﬁeﬁé?g?f,Qgﬁgbf%éﬁﬁ 4% ﬁﬁgblg$p? Ler

t heref ore, upware punpiofgiandlthesupper suipebler hi/8rcoymwas th UMY Nghe
Preferably, t bl.ades of ch inpel|ler are hydrofojl blades, A suitable
hydr of oi | blaggm?%nfﬁé %ﬁéﬁ?ﬁge 'Nhfpléﬁpﬁflxgg%rnﬁk?véFg?t?ﬂb 2 htmin
A315, A320m ora3R340d1' Apay™heawsed.usAdvant ageousl y, due to the opposing
axial. flows created by the first inpeller and the second inpe.lier, a
region of: high turbulence is observed in a central. mring zone 10 between

sai d inpel | er sudviheabeghs iy bulenee ths Bppat aidedia tthoss20nest &Nd,S0
there is little variation in _the turbul ence: energy dissipation.
Consequent | y, HHere5°¢ niMiSraie v & iCatifon 5 Bdobi@edilze whi cifdiesulals in a

narrow size dinsiyhi bttian Qfcd hesbubbleasebn the ceptfalaim ¥iRGndS sone
zone. Advant ageously, a narrow bubble size distribution enables the process
or chenicdl r ®2CVEBR F810e hBPEl¥a%i IR dhitdolHUE@UTRN G r g Rl provicdes a

zone where thenatedieastotavo Bhyi ds afedrought steget harihpe: be mixed, A

turbulence energy dissipation. Consequently, there is
minimal variation in bubble size which results in a narrow
size distribution of the bubbles in the central mixing
15 zone. Advantageously, a narrow bubble size distribution
enables the process or chemical reaction to be more easily
controlled. This region provides a zone where the at
least two fluids are brought together to be mixed. A
chemical reaction can therefore be facilitated in the
20 central mixing zone. The fluids may be liquid-soclid,
liquid-liquid, or 1liquid-gas. Preferably, the at least

two fluids comprise a liquid and a gas.

It 1is advantageous to provide a gas/liquid mixing
25 environment where the bubble size is largely independent
of the impeller specific power. In such a system the
liquid mixing time may be varied independently of the

bubble size.

30 Preferably, the first impeller and the second impeller
each comprise two or more curved blades, more preferably,
three or more curved blades. Most preferably, are

impellers with four curved blades. The provision of an



chem cal reaction can therefore be facilitated in the 20 central m xing
zone. The fluids may be liquid-solid, liquid-liquid, or

liquid-gas. Preferably, the at least two fluids conprise a liquid and a gas.
It is advantageous to provide a gas /liquid m xing environment where the
-bubbl e size is largely independent of L?e i npel l er specific power. In such
a systemthe liquid mxing tine may be varied i ndependently of the bubble
size, 30 Preferabbkthe3t.er and the second inpeller each coggrise t wohi sd

bl ades, nnreJﬂﬁﬁﬂéﬁébm¢thtH?eéaﬁﬁenBP%b%ﬁr9EdCBF38@sb$B§?Sp FEFABTSY, are

impel I ers. h fow swavedcdidabesadhepray sidx afp anargd npeddiers w ttha | arge
nunber of curved bl ades increases the shear forces acting to break up | arge

bubbl es. The Sl Bubbles prodiced hBve a SsmalPercaver'age 96ubbreP i anet er

than those produged Withhnathibkst prbapeld efi@and/ ofi S+ argecond Lapebter with
f ewer curved haades and therefoice, the available surface area for a

reaction to GCCIRCATS [iHEFdASEdY PReferabl §urtare icawst endofhEReIPTe st

i mpel l'er is the sape 10,,as ghgfg&@ma&@a of,,the segopd.i npel | &1y, Preferably,
the dianeter of t or each inpeller is substantially half the dianeter of.

t he vessel idlwhﬁ@heéald i npel l er is nouhted. Advantageously, the snaller
the diameter of the inpeller, 15 the greater the shear force created for a
gi ven power and therefore, a | arge nunber of small bubbl es are produced
whi ch | eads tRredrerichtyeaslee i diavdidralsife toar facret aieze flor asréhetiameto

occur, 10 as the diameter of the second impeller. Preferably, the

diameter of the or each impeller is substantially half the

diameter of the vessel in which said impeller is mounted.

Advantageously, the smaller the diameter of the impeller,
15 the greater the shear force created for a given power and
therefore, a large number of small bubbles are produced
which leads to an increase in available surface area for a

reaction to occur.

20 Preferably, the axial distance between the first impeller
and the second impeller is at least one impeller diameter
apart. In this configuration, the turbulence created by
the opposing impellers 1is an equilibrium in the central
mixing zone which allows for prediction of bubble size and

25 therefore control of the reaction occurring.

It is preferable that the total power drawn by the
combination of impellers 1is low. Preferably, the

impellers operate at a low power number, preferably

30 substantially between 1 to 5, more preferably,
substantially between 1 to Sk most preferably
substantially 1.75. In so doing, the system consumes less

energy than conventional systems which operate at power



20 Preferably, the axial distance between the first inpeller and the second
inpeller is at | east one inpeller dianeter apart, In this configuration,
the turbul ence created by the opposing inpellers is an equilibriumin the
central m xing zone which allows for prediction of bubble size and 25
therefore control of the reaction occurring. It is :preferable that the
total power drawn by the conbination of inpellers Is | ow Preferably, the
inpell ers operate at a | bw power nunber, épreferably 30

subst anti al | ybet ween. 1t 05, nor epr ef er abl y,

subst anti al | ybetnveenJot ot ymistqirief er.abl yTseihsdvant malyl pelnddsutdd saical nn,

the system consunes | ess ener% t han _conventi.onal stens which operate at

power 6 nunbé:roél"SPtJf%“i‘]caeiq e3 TR Pt Ly S Béghréa%eﬂ“}geetf ‘usi ng

conventi onal equi prrent for exanple, strain gauges. Preferably, when
operating at a | ow power nunber conplete uniform di spersed Iphase d| stribu
ion is achi evé&er?ﬁ LY s Highl PUSEITEbPE AndOr sPBBRAURE™Y Hiéfgy

ef fi ci ency sof uhheobhagdesye el einably dhyef Dfiaiilon) l@déahlé/‘#édnoutﬂﬁ%l Rg
restricted by theory, one possible 10 explanation for the efficiency of the
i nvention is tRIPLY h@eﬁéﬁakﬁﬁe AT of Bi PebtEtfesOt et ed2 TP vorti CesCind

converts noreef chbhe, shafd, %@rf@yabmpohﬂmorlqt hergthan turbul ent kinetic
energy, aiding conplete dispersion. 5 Preferably, the specific power used

when the firs inpeller and the second inpeller rotate is substantially

?et \Q'SSUV ﬁBOW M1 £ Qo PO0WEB 1 gOT £ referabl Wby subgtant | al byebetywen ,1Q. 0Wr
(0] .

10 explanation for the efficiency of the invention is that
the use of hydrofoil blades reduces tip vortices and
converts more of the shaft energy into flow rather than

turbulent kinetic energy, aiding complete dispersion.

15 Preferably, the specific power used when the first
impeller and the second impeller rotate is substantially
between 50W/m® to 900W/m3, more preferably, substantially
between 100W/m® to 800W/m’.

20 Preferably, when dual opposed Maxflo type impellers are
used in the system, the preferred specific power is
substantially between 50W/m’ to 900W/m>. Preferably, when
BT-6 type impellers are used, the preferred specific power
is substantially between 400W/m®> to 3200W/m®. At such

25 specific powers, a narrow bubble size distribution is

maintained and the reaction is controlled.

Preferably, when dual opposed Maxflo impellers are used,
the arithmetic mean size (dip) 1s substantially between
30 250um to 550pm and the surface volume mean diameter (dsp)
is substantially between 400pm to 750pm. Preferably, when
operating at substantially 750rpm, the dio is
substantially between 250pm to 350um, most preferably



20 Preferably, when dual opposed Maxflo type inpellers are usedthe system
the preferred specific power substantially between 50Wn8 to 900W n8.
Preferably, when PT-6 type inpellers are used, the preferred specific power
is substantially between 400Wre to 3200WnB. At such specific powers, a
narrow bubbl e size distribution is maintained and the reaction is
controll ed. Preferably, when dual opposed Maxflo inpellers are used, the
annmean size (dl10) is substantially between 30 250pmto 550pm and t he
surface vol uneulnszmtdiadnet er 2a32) | frsubstranteadhbyy, bettheen 600hmito

750nm Pref or abl oo ihen 10PeLALLAG, 2 o3RSt ANt [l 7SRLAM Lheodif | s

substanti ally bet ween umto pm st prefe
subst anti al | y296umrandpref erably, t hedRirsfsudstant ivdldny betweennd00pm t o
500pm nost preferabhl. bs ially,450pm Pref erabi n operating at
substantialIy5@3%¥%ﬁf¥%ﬁg d%gﬂhggsuﬁgfan Pal 1y %g'ﬁéé%tgggbbpﬁffge360um
nost pref et ab? §0isubist and dah)| ym330pny e Ganckpref eredilayc it hey d32018, and
substantially betwe 460uj s tp 560am t preferably substanti al 510pm
Preferably, whe zﬁé%inﬁh%t<§6b§fhnfﬁggf n€ 3 E?¥Vﬁ%ndi H's 2

y p
substanti al | ys d@trweetio 350pne for A50pubstasitipl el erably. 10 mdFst-apti;al |y

394am and preferably, the tin is substantially ween 450pm to 550hm
most pref erabf réuﬁ&%ﬁﬁ?ﬁ&ﬁlya%ooﬁHPS?ﬁ%ﬁ%ﬁiiﬂ y}8§héﬁmET-%h yﬁ%ﬂinbéllers

are used, thesustiantibisybstantdal | psheihween 250pm,t ondS00pHerRakbigul arly,

when. operating at substantially 251Ppm preferably the die is ,
substantiH]Iyséhﬁﬂﬂ&%%aég@pn1? “é@OpnﬁﬂﬁDstPrEF%¥@W%bly $OBst aftz al 1y 633pm

and the dn i ssypyeferabhyysubstandd aldsyhet weers s300hm s 1000 rABSY
preferably 20 substantially 9711pm Preferably, when operating at

subst ant i al | y" 38R hE é&?ums preferably substantially between. 800-pm
to 9001Enr nost preferably substantially 84111m and the dn is pre f enably
suIastarOAaI“y bet ween 1000pm to 1500am nost preferably substantially
13451t m 25 AtFAfissaPly a"WreBobpm tVRe dBPeli’rpreferatidy sdbsstntially

bet ween. BHOOPMYQ HQQRM yBSt LT BIARI Yosubsbant | abdy: BRUMRM yandrthe dn is
preferably substantially between 700pmto 800 pm nost greferably

subst ant i al | YPPEZEHNIPraET ef @bt 2 Wilidh Yoperlaititng Pateferably the dip is
substantially between 550pm to 650pm, most preferably

substantially 633um, and the dso is preferably
substantially between 800pm to 1000pm, most preferably

20 substantially 978pm. Preferably, when operating at
substantially 380rpm, the d;; is preferably substantially
between 800pm to 900pm, most preferably substantially
841lum, and the ds» 1s preferably substantially between
1000pm to 1500pm, most preferably substantially 1345pm.

25 At substantially 500rpm, the dip is preferably
substantially between 500pm to 600pm, most preferably
substantially 597pm, and the dsz is preferably
substantially between 700pm to 800um, most preferably
substantially 721pm. Preferably, when operating at

30 substantially 765rpm, the dip 1s preferably substantially
between 300pm to 400pm, most preferably substantially
378um, and the ds;; 1s preferably substantially between
400pum to 500pm, most preferably substantially 445um.



30 substantially 765rtm the dio is preferably substantially between 300pm
tb 400am nost preferably substantially 3784m and. the dn is preferably
substantially between 400pmto 500am nost preferably substantially. 445pm
a In areactor where cas is sparged into an agitated |iquid nmedium
preferably, the sparged sas rate is substantiall,, between 0.05 to 1,0 m
preferably substantially between 0,1 to 0,5Mvis, nost preferably
substantially 0.13nj/s at an inpeller speed of preferably between 50rpmto
1200rpm nost preferably substantially fOpmto 200rpm A key paraneter
used in the design of gas-liquid mxinc 10 systens is the critical

di spersion speed- This is the mninmminpeller speed required to ensure

uni f or m di sper'si én IGRERE FASTBUBBF eSS IPRFLET tinEal 28 spéFdton seed f or

achi eving di spgissian ?@e@egﬂﬁiyppﬂ%e;dpgﬂg%ﬂ hydr ofeLl 1systigotin: & vessel
having a diameter of 15 preferably, substantially between 1 to 10m nore
preferably, susst'aRti 8FPy bet ween™ 2 st o PSR eTalof efidsabhy 13hbstagitvesdr y

between 1 t0 10Qrpmy m.rﬁfﬁ%abbxsguga%@@ﬂ@w ys&%tt%%@ahwoi?@ﬁﬁ?s npre
preferably substantially between 10 to 20rpm nost preferably 2
subst anti al | y 2aT4dgipelAecoraragl 9 pPreterairiivhéctaspechlofnt he pr&samt,

i nvention thergis,provided, a gheni¢ak)feaction Syshem,conprising a liquid

phase and a m xi ng apparatus according to the first 25 aspect of the
invention for mxing a. fluid into the liquid phase. Preferably, the fluid

s a solid or ATost, BALHARY dde fl UL | 3o dipSoe PURLCL; Doy 18 J QUi d
phase conprises at l'east one liquid 30 phase reactan or reacting th a
cas introd@cedyvisheost he |tlpi drphase, asswelidioas gteddeast Tohe lisquirgd phase
reaction prodygh,Ehef eyt hg laul d.plaseq! neludes, 4,4as (nlfgduced
therein. Preferably, the said gas™ conprises one or nore reactants capable
of reanti dispersion of the gas bubbles. The critical dispersion

speed for achieving dispersion in a dual opposed flow

hydrofoil system in a vessel having a diameter of

15 preferably substantially between 1 to 10m, more

preferably, substantially between 2 to 5m, is preferably

substantially between 1 to 100rpm, preferably

substantially Dbetween 5 to 50rpm, more preferably

substantially between 10 to 20rpm, most preferably

20 substantially l4rpm.

Accordingly, in a further aspect of the present invention
there is provided a chemical reaction system comprising a
liquid phase and a mixing apparatus according to the first
25 aspect of the invention for mixing a fluid into the liquid
phase. Preferably, the fluid 1is a solid or most

preferably, the fluid is a gas.

Preferably, the liquid phase comprises at least one liquid
30 phase reactant for reacting with a gas introduced into the
liquid phase, as well as at least one 1liquid phase
reaction product. Preferably, the liquid phase includes a

gas introduced therein. Preferably, the said gas



the said one or nore reactants. Preferably, the Iiquid phase conprises a
catal yst. system Preferably, the reaction systemi a carbonylaticn

react system such as one described in co-pending United Ki ngdom pat ent
application GB 0516556,8 or as referred to in European patents ang patent.
applications EP-A -0055675, EP- A044894729 EP- A- 0106379 EP- 2\ a0235864,

EP- A- 0274795, EPA 0499329, EP-A-0336833,” -0441447, EP-A. -0489472, EP-A- 10
0282142, EP-1.-0227160, EPA-0495547, EP-A.-0495548, EP-A1651587, .

EP- A- 1565425 CEPAII5546039, CEPIR S1554457 *PPCAR 57036, I EFE AP 0446,
W2005118519 wanpd MD2005079881no P efrehheak@act i 0Re sysiienp caksonyda-hi on
conpf: cazbonylating an ethylenically unsaturated conpound with carbon
nonoxi de i n tHESSr eSEHEELHTS a Sourrde 1 gF thy 8Y 95§t - gr olGips feprbt Br abtie

net hanol , and-caGabal ¥$Eesystem COMhyShAgoL & RijdentatecRhoss, alsi ne or
srihins ligand, and (b) a catalytic netal. selected fipma 20 group a, 9or

lo metal ér @nconpduiftilther eof, pPepencdl y Patieadi ufmnon srantsat the
phosphi ne | igand ;i-3:$&heeked I romMme2shi Sr; a3 :r;e@@§g@an%etihy' ehrbgnzene, 1, 2-

bis--tert-pentyl phesph ionethyl)heszene, 1, 2-bi s-(di -
tert-hutylph@@ﬁﬁhﬁéneﬁ@@l)ﬁéﬁhmﬁaléﬁéﬂl@@tléns _EP—A—OO55875, EP-A-
bi s(di adamantyl,phgsphi ﬁ?nﬁiM%}}%ﬁ?e@&p}—’@ﬁ%?ggﬂ “#P2R-0274795, EP-A-
di et hyl adamant ylI phosphi nonet hy enzene, hi s(di - 5-

tert - butyl adat@tyPphdsphi-Acret byl ) BénzeAé4bi&(| aEP-A-0489472, EP-A-

adsmant yl h,er tyobut yb- shosphiyndner byl kRenzensss (£L1 agdampgid el iyl )g2-(di -terta
1651587, EP-A-1565425, EP-A-1554039, EP-A-1534427, EP-A-
1527038, EP-A-1204476, W02005118519 and WO2005079981.

Preferably, the reaction system is a carbonylation process

15 comprising carbonylating an ethylenically unsaturated
compound with carbon monoxide in the presence of a source
of hydroxyl groups, preferably, methanol, and a catalyst
system comprising (a) a bidentate phosphine, arsine or
stibine ligand, and (b) a catalytic metal selected from a

20 group 8, 9 or 10 metal or a compound thereof, preferably
palladium. Preferably, the phosphine ligand is selected
from 1,2-bis-(di-tert-butylphosphinomethyl)benzene, 1,2-
bis-(di-tert-pentylphosphinomethyl)benzene, 1,2-bis-(di-
tert-butylphosphinomethyl)naphthalene, 1,2

25 bis(diadamantylphosphinomethyl)benzene, 1,2 bis(di-3,5-
dimethyladamantylphosphinomethyl)benzene, 1,2 bis (di-5-
tert-butyladamantylphosphinomethyl)benzene, 1,2 bis(1-
adamantyl tert-butyl-phosphinomethyl)benzene, 1-
(diadamantylphosphinomethyl)-2- (di-tert-

30 butylphosphinomethyl)benzene, 1-(di-tert-
butylphosphinomethyl)-2-
{(dicongressylphosphinomethyl)benzene, 1-({di-tert-
butylphosphinomethyl) -2- (phospha-adamantyl-P-



30 butyi pt.osphi nonet hyl ) benzene, (di-tert- hotyl phosphi nonet h- 2-

(di congressyl phosphi nonet. hyl ) benzene, 1--tert-

but ylphosphi nonet hyl ) - 2- (phospha-adsmantyl-: 10 ne thyl ) ben z

ene(di aci amant ylphesphi norae.thyl) -2- [ hhospha - adamanty -P-nmethyl 1
benzenel- (tett- butyladama ntyl phosphi nanmethoyi ) -2- (di- aclairanty h
sphi norne thyl. ) ben 2'. eneandl- [( 2., 2, 6, 6, - te-t.r.a- CEIE th
yIphosphinan- 4 --one ) phosph inacaE. ,tHyl. ) j - (pltaspheadarna
nt[yr-P.--nmethyl) benzene, vtherein "ph pspha -a.danaanty 1 is selected
frofil 2 phmsph}al b@lzesueﬂ 1= (digdamaqt ydrhdspy)inogethyl D-2- trhoxaliamant yl |
2 -ph ¢ spha-- 9,10 t rio.xadamanty ,2 spha -1,
3, 5, 7-tetra % ?hc?gﬁgﬂﬁdigggze e’10 ri oxa damantyi or2 ]bﬁ %Egha 1,

3, 5- .r (r bhtyiadammntywaymﬁpb1pomefhyx)ﬂE (df-r c-,Y. a dame. nl, 2 -hi s
( dine thylaralnor th [ -- _ _
(d|tertbutylpﬁ85p%n ?kﬁ?\ ano gF% ggﬁgiﬁgery|nefhyl--- {P~{2, 2,6, 6

5 tetra-methylphosphinan-4-one)phosphinomethyl)]-2- (phospha-
adamantyl-P-methyl)benzene, wherein “phospha-adamantyl” is
selected from 2-phospha~1,3,5,7-tetramethyl-6,9,10~
trioxadamantyl, 2-phospha-1,3,5-trimethyl-6,9,10
trioxadamantyl, 2-phospha-1,3,5,7-tetra(trifluoromethyl) -

10 6,9,10-trioxadamantyl or 2-phospha-1, 3, 5-
tri(trifluoromethyl)-6,9,10-trioxadamantyl; 1,2-bis-
(dimethylaminomethyl) ferrocene, 1l,2-bis-

(ditertbutylphosphinomethyl) ferrocene, 1-hydroxymethyl-2-

dimethylaminomethylferrocene, 1,2-bis-
15 (ditertbutylphosphinomethyl) ferrocene, l-hydroxymethyl-
2,3-bis- (dimethylaminomethyl) ferrocene, 1,2,3-tris-
(ditertbutylphosphinomethyl) ferrocene, 1,2-bis-
(dicyclohexylphosphinomethyl) ferrocene, 1,2-bis-(di-iso-
butylphosphinomethyl) ferrocene, 1,2-bis-
20 (dicyclopentylphosphinomethyl) ferrocene, 1,2-bis-
(diethylphosphinomethyl) ferrocene, 1,2-bis(di-
isopropylphosphinomethyl) ferrocene, 1,2-bis-

(dimethylphosphinomethyl) ferrocene, 1,2-bis-(di-(1,3,5,7-
tetramethyl=-6,9,10-trioxa-2-phospha-

25 adamantylmethyl) ) ferrocene, 1,2-bis-
(dimethylaminomethyl) ferrocene-bismethyl iodide, 1,2-
bis{dihydroxymethylphosphinomethyl) ferrocene, 1,2-

bis (diphosphinomethyl) ferrocene, 1,2-bis-o,a-(P-(2,2,6,6,-
tetramethylphosphinan-4-one))dimethylferrocene, and 1,2-
30 bis-(di-1,3,5,7-tetramethyl-6,9,10-trioxa-2-phospha-

adamantylmethyl) )benzene; cis-1,2-bis(di-t-
butylphosphinomethyl)-4,5- dimethyl cyclohexane; cis-1,2-



di me, t hyl am nonet hyl ferrocene, 1, 2 -his-- (diter tbutyl phosphi noraethyl ) f
e rrocenehyar ynet hy 2, 3( dineth y[1. amno:cm: Ichyl ) ferrocene, 1, 2,
3-trl s- (dit ertbut y.l|.phosphinanethyl) ferrocene,1, 2 -his - Cc]

cycl ohexyl pho sphi nonethyl ) f er ropene,1, 2-his- (di-iso-

but yl phesphi nonethyl) fe r to ce nel, 2--h|s

20(di cycl ope. ntya. phosph|ncraethyl) ferrécene 1, 2 -hi a- dieth

yIphosphlnnethyI ~fer.rocene, 1, é i 3 opropyl phosphi nenet hyl.)
fer.rocene, 1,° tstFMFH%O%?RHGQWﬁ§@¥ hlﬁoh%? Aoy elepraEanei 1, 2-his

‘di- (1, 3, 5Cls7 T, 1 8ik Q-ﬁie@mylhme@,hy@rll@ 5;1&w%meﬁh?§pba9 10-
25adaraarday|nethy|) ferrocene 1, 2 --hi s-- di me.thylam none) f erro

come -bi snmethylPEdiadensntpll -4y §- %ln(e&hbflyt'F%O%exars@alCéﬁﬁgf16hlals§) Tonet hyl )

ferrocene, 1, &osﬂ}fﬁlognegn}ipboj sanhﬂm%aheyh;)li@rg 0QeRE,; oka-2- his-a, (9- (2,
2, 6, 6, - te trans t hyl hosphlnan- 41-- one ) ) dlnethy tier rocene,

and 1, 2-30( afiamantyl) 3;msthylcyclomentpnamecihyl, 27565 (91-10 -t ri oxa - 2
-phe spha - adamantylphosphinomethyl)-4,5 dimethylcyclohexane; cis-
1,2-bis(di-adamantylphosphinomethyl)-5-methyl
cycleopentane; cis-1- (P,P adamantyl, t-butyl
phosphinomethyl)~-2- (di~-t-butylphosphinomethyl) -4, 5-

10 dimethylcyclohexane; cis-1- (P,P adamantyl, t-butyl
phosphinomethyl)-2- (di-t-butylphosphinomethyl) -5-
methylcyclopentane; cis-1- (2-phosphinomethyl-1,3,5,7-
tetramethyl-6,9, 10-trioxa-adamantyl) - 2 - (di-t-
butylphosphinomethyl)4,5- dimethylcyclohexane; cis~1- (2-

15 phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-
adamantyl) - 2 - (di-t-butylphosphinomethyl)-5-methyl
cyclopentane; cis-1-(2-phosphinomethyl-1,3,5,7-
tetramethyl-6,9,10-trioxa-adamantyl) -2-
(diadamantylphosphinomethyl)-5-methyl cyclohexane; cis-1-

20 (2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-
adamantyl)-2-(diadamantylphosphinomethyl)-5-methyl
cyclopentane; cis-1-(2-phosphinomethyl-1,3,5,7-
tetramethyl-6,9,10-trioxa-adamantyl) -2-
(diadamantylphosphinomethyl) cyclobutane; cis-1-(di-t-

25 butylphosphinomethyl)-2- (diadamantylphosphinomethyl) -
4,5-dimethyl cyclohexane; cis-1-(di-t-
butylphosphinomethyl)-2- {diadamantylphosphinomethyl)-5-
methyl cyclopentane; cis~1,2-bis (2-phospha-1,3,5-

trimethyl-6,9,1l0-trioxatricyclo-{3.3.1.1[3.7]}decyl)-4,5-
30 dimethyl cyclohexane; cis-1,2-bis(2-phospha-1,3,5-
trimethyl-6,9,1l0-trioxatricyclo-{3.3.1.1[3.7]}decyl)-5-
methyl cyclopentane; cis-1-(2-phospha-1,3,5-trimethyl-
6,9,10-trioxatricyclo-{3.3.1.1[3.7]}decyl)-2~-(di-t~-



11 bis(di-t-butyl phosphi nonet hyl )-5- net hyl cycl opedl t ane;

cis-:L,2-bis(2-johosphinonethyl-1,3,5,7-tetranethyl-6,9, 10-

ttl axa- adanmantyl) - 4, 5-di net hyl cycl ohexane; cis-1, 2-bi s(2-

phosftlinamriyl-1,3,5,1-tatranethyl-6,9, 10-tri oxaadaudtrrt54)

5- et hyl cycl opent ane; cis-1, 2-bi s(di - adamantyl phosphi nanet hyl )-A, 5

di met hvi cycl ohexane; ci sl, 2-bi s(di -adamant vl phosphi nonet hyl ) - 5- net hyl

cycl opentane; cis-1- CP,P adamarityl, t-butyl

pt hosphi nonet hyl ) - 2-ddi -t - but yl phosphi nonet hyl) -4, 5- 10

dinEthy|CyC|0hﬁk@ﬂ9ﬂo§b§1ﬂoméﬁ%§a adaﬁaﬂim%thjl|@@bﬂbhexane, cis-1-
hoar ri ni nanet h -2-1. -1 butylphas?hlnc

nethylcyclopenta§£€293ﬁ0§p%1§uﬂﬁfﬁefh§ 5o72, 10 ~trioxatricyclo-

tetrarrat!rly}3639:101817 pxaadanantyd)-t-Ritylphosphinomethyl)
(di -t hutyl phaspt hi naxat hyl) 4, 5- di net hyl cycl ot hezana; ci s- 1- ( -
phasphf d1ldnet MEERYL3CBC 7Rt radifet hy 1665 Ot 10~ TH06%R2 éd%m%rﬁlwyethﬂ-

(di-t-but ylsthSS@h'llOH?iMalt)rl%ngqfoh)(B gyel pu@ervt]a}@%c
cis-1-(2- phosphlnonet , 7~ tetraneté%_ XO trloxa adamartyl) -2-
(di adamant y1pHESpHRR %RHSSH?AQQWHPPY%&Tﬂ &%@ﬁéhyl cyclohexane;

20( 2- phosphi nonethy 1, 1, ﬁ%ébﬁ%fhe%f%hYLléééhj%lé'@ §§atrloxatr1cyclo—
adanmant y1) - 2- (di adaman % F 0s hlnanEthyI)- 5- met hyl cyclopentane
ci s- 1- (2- pho5pHi-Aefret hyi! 1}CB365117 ~f @t r&@mEty1r6 o9rh Boere tdwd- adamant yl ) - 2-

(thadananty!pQ@@H in &E@K@@HeObUtaneéls 1,2-bis erfluoro 2 phos .
but yl phosphi rl enet hyl") - 2- (dladanantylphosphlnonetﬁ tﬁy?

cycl ohexané; &irs- 2%, (dietramethyl-6,9,10- trloxatrlcyclo{B 3 1 1[3 7]11}-

bat yl t pt hosphi h | hada phaspno gpent ane;
A o L A T Rt

}dE: cya) - 4, FlphgepUaT¥aiHyr%ﬁyﬁkemeékyﬁmﬁ,QHIQ =1, 2- hi s(2- phospha- 1, 3 5-
trimethyL 6. O30 ALONAILARKEL03 313y Mty EbLdeRL s P ik citghgpent ane:

c13- 1- (2- phosp
6,9,10-trioxapudcyc2tbn§}:3erbPBPH§+He@m@olﬁZEGda4trlfluoro methyl) -

15 6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)-4,5-dimethyl
cyclohexane; ’ cis-1,2-bis~ (2-phospha-1,3,5,7-
tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-5-methyl cyclopentane;
cis-1,2-bis(di-t-butylphosphinomethyl)cyclohexane; cis-

20 1,2-bis(di-t-butylphosphinomethyl)cyclopentane; cis-1,2-
bis(di-t-butylphosphinomethyl)cyclobutane; cis-1,2~-
bis (2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-
adamantyl) cyclohexane; cis-1,2-bis (2-phosphinomethyl-
1,3,5,7-tetramethyl-6,9,1l0-trioxa-adamantyl) cyclopentane;

25 c¢is-1,2-bis{(2-phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-
trioxa-adamantyl) cyclobutane; cis-1,2-bis(di-
adamantylphosphinomethyl) cyclohexane; cis-~1,2-bis(di-
adamantylphosphinomethyl)cyclopentane; cis-1,2-bis(di-
adamantylphosphinomethyl)cyclobutane; cis-1~ (P,P-

30 adamantyl, t-butyl-phosphinomethyl)-2-(di-t-
butylphosphinomethyl)cyclohexane; cis-1- (P,P-adamantyl,
t-butyl-phosphinomethyl)-2-(di-t-
butylphosphinomethyl)cyclopentane; cis-1- (P,P-adamantyl,



12 butyl phosphi nanmet hyl_) -4, 5-di net hyl cycl ohexann; cl s-1-

C2- nt hoapha-1, 3,5-trimethyl-6,9,10-tri oxatricycl o-

13.3.1.1[3.7] 1decyl) - 2- (di -t - but yl phosphi nonet hyl ) -5- net hyl cycl opent ene;
ci s-1-(2-phospha-1, 3,5-trinethyl -

6, 9, 10- trloxatrlcyclo f3.3.1'1f 3. 7] I decyl) - 2-

(di ademant yl ahesphi nomet hyl ) - 4, 5- e|nEthJ cyci chexane;

ci s-1-(2-phospha-1,3,5-trimethyl-6,9,10-trjoxatricyclo(3,3.1,1[3.7] 1decyl
2- (d|adananty#dﬂﬁ§6hPHSﬁBPﬁ?ﬂWe?PYHb959Plc%clopentane ( 137l -

cds- 1, 2- bi s- pgrd) 140621 ABASPREr) cyclobutane; cis-1- (2-
1(11, 3 5, 7- tetréhg?h % 9,10-trioxatricyclo;3,3.1.

1
decyl1- 4, 5- lehﬂqﬁﬂln@V€Fbﬁézén%4%yTFPEtHP§65%¥ T %ot (kéztrloxa“

phespha- 1, 3, 5, {5 {elragrethyl -6 éﬁJﬂlbutyipnosphlnomethyl) cyclohexane;
tni. exatrlcycI013 3 i 3. 7]1decy|)-15 nmet hyl pent ane; cis-1, 2-his-

(2- phosphas 1, 315, 17- t érpéeﬁph¥$QmﬁW$M%Eﬂh9P§ 71Eﬁ¢¥?@ﬁ?hﬁ% &xat ticycl o:

3/3,11. 1] 3; 7]é9§£%@%d§ Qnggﬂpthyj_cygjohexane (2- phospha-1, 3,5, 7-
tetra(trifluoro-neth - trionatricyclof 3.31, 1[3 7] 1decyl ) - 5- net hyl

cycirp ntane; bwﬂxipb0§p21bpm€§hYl<bﬂﬂypsﬁéépﬁtnéﬁﬁﬂhylfbyclobaxane 015- 20

1,2-bis(di-t- I t I o 3 =
o1 (i <1 but yT SGEPN HEel ?W%%f%%&?%ﬁ%’ﬂ%?ﬁﬁ%f”%

adamantyl -2 - t-butylphosphinomethyl) cyclobutane;

10 c1s—l—(2—phosph1nomethyl—l,3,5,7—tetramethyl—6,9,10—
trioxa-adamantyl) -2-
(diadamantylphosphinomethyl)cyclohexane; cis-1-(2-
phosphinomethyl-1,3,5,7-tetramethyl-6,9,10-trioxa-
adamantyl)-2- (diadamantylphosphinomethyl) cyclopentane;

15 cis—l—(2—phosphinomethyl—l,3,5,7—tetramethyl—6,9,10—
trioxa-adamantyl) -2-
(diadamantylphosphinomethyl)cyclobutane; cis-1-(di-t-
butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)cyclohexane; cis-1-(di-t-

20 butylphosphinomethyl)-2-
(diadamantylphosphinomethyl)cyclopentane; cis-1-(di-t-
butylphosphinomethyl) -2~
(diadamantylphosphinomethyl)cyclobutane; cis-1,2-bis(2-
phospha-1,3,5-trimethyl-6,9,10-trioxatricyclo-

25 {3.3.1.1[3.7]}decyl)cyclohexane; cis-1,2-bis(2-phospha-
1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)cyclopentane; cis-1,2-bis(2-phospha-
1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7]}decyl)cyclobutane; cis-1- (2-phospha-

30 1,3,5~-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7])}decyl)-2-(di-t-
butylphosphinomethyl)cyclohexane; cis-1-(2-phospha-
1,3,5-trimethyl-6,9,10-trioxatricyclo-



bi s(2- phoaphi nonet hyl -1, 3,5, 7-tetranet hya- 6, 9, 10-t ri oxaadanmant ya) cycl ohexan

€,

ci s-1, 2-bi s(2-phesphi nonet hyl 1, 3,5, 7-tetranmet hyl-6, 9, 10-tri oxa- edamantyl ) cy

cl opent ane; 25 cie-1, 2-bis(2-phoephi nanethyl- 3 5, 7-tetranmethyl-6,9, 10-

tricza-adamantyl ) cycl obut ane;
ci s-1, 2-bi s(chadamant vl phosphi nonet hyl ) cycl ohexane;
adamant yl phosphi nonet hvl ) cycl opent ane; 14

oi s-1, 2- bi s(di adamant yl phosphi nonet hyl ) cycl obut ane; cis-1I-

adamantyl - bat gl 1phasphj namsthyb) (2 ol -t
butylphosphlnonethyl)cyclo ex

(P, P- 3-3

t - but yl - phospWPﬁ@ﬁBPﬂ?PﬁlQ?WﬁﬁhY§3c f%&%ﬁ;@%ﬁ:F&ﬁégﬁ§?7Qﬁﬁﬁ9ﬂﬁéﬂt§nQT

(2, P-adamant ylerimd8nhyy-6 deltahbﬂaaeléﬁyio ){%% 1tllDBlth}denﬁ/10 -8-p Lin one

t hyl ) slab utane Cl1S-1 th n ("set

-0, 9, 1. 09%Fr BRtélEh%(PhdFlomFthbh%Cigﬁlpﬂ?&tﬁﬁf—‘nor@%%yl

S5¢c( t e xes -1a3d5aHB£1§étn§zll6) 9, 102€r dotatuitayl-pbo sphinome tby 1) cyclo
penS an e ; cis-1- ,ﬂhoa phinonet hyl-1, 3, 5, 7 -tstranethyl- 6, 9

0- trlczaadanaﬁﬁyﬁ)l 1Q3

1;
1(2

et ane t

Prejeene

(di< 1) baryl phosphi nersat hyl ) cycl ebut ans:

1-- t r oxs - @ighaMBMtYlphdspRinomethyl) cyclohexane; cis-1-(2-phospha-

1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7)}decyl)-2-
10 (diadamantylphosphinomethyl) cyclopentane;

phospha-1, 3, 5~trimethyl-6, 9, 10-trioxatricyclo-

{3.3.1.1[3.7]}decyl)-2-
(diadamantylphosphinomethyl) cyclobutane;

cis-1-

perfluoro (2-phospha-1,3,5,7-tetramethyl-6,9,10-

15 trioxatricyclo{3.3.1.1[3.7]}-decyl)cyclohexane;

(2-

cis-1,2-bis-

cis-1,2-

bis-perfluoro(2-phospha-1,3,5,7-tetramethyl-6,9,10-

trioxatricyclo{3.3.1.1[3.7]}decyl)cyclopentane;

cis-1,2-

bis-perfluoro (2-phospha-1,3,5, 7-tetramethyl-6,9,10-~

trioxatricyclo{3.3.1.1[3.7]}decyl)cyclobutane;

20 bis- (2-phospha-1,3,5,7-tetra(trifluoro-methyl)

trioxatricyclo{3.3.1.1[3.7]}decyl)cyclohexane;

cis-1,2-

-6,9,10-

cis-

1,2-bis- (2-phospha-1,3,5,7-tetra(trifluoro-methyl)-

6,9,10-trioxatricyclo{3.3.1.1[3.7]1}decyl)cyclopentane;

and

25 «cis-1,2-bis- (2-phospha-1,3,5,7-tetra(trifluoro-methyl)-

6,9,10-trioxatricyclo{3.3.1.1[3.7]}decyl)cyclobutane; (2-

exo, 3-exo)-bicyclo[2.2.1]heptane-2,3-bis(di-tert-

butylphosphinomethyl) and (2-endo, 3-endo)-

bicyclo[2.2.1]lheptane-2,3-bis(di-tert-
30 butylphosphinomethyl).

ya.

Xxane

,
c S
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( di aclaria. t ylpl.7Losphirt orae th I phosphinenethyl---1, 3 ,t, -7-t

.r axMethy 1" 9,1 0. t r iox a - adrEtzmoty-------- 2- ( disci ama

nt)", 1l phicnsphisiene t hyl cyclopentabe; c is-1.- (2 --phesphinc)rathyl--1,

3, 5, -tet rane t- 5, 9, 1. O triuxs -adamant ) -2- ( cal i a

i fiamantyl phe sphinorne t) cy clobut a qg 1 --t.- butyl phosphi nenet hyl )
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- as te s ph.i ora dia.ama n t S 0 |n rne h
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All of the features described herein may be combined with
any of the above aspects, in any combination unless such

combinations are mutually exclusive.

An embodiment of the invention will now be described, by
way of example only, with reference to the accompanying

drawings, wherein:

Figure 1 is a schematic sectional side view of a prior art

mixing apparatus;

Figure 2 is a schematic sectional side view of a mixing

apparatus according to the invention;

Figure 3 is a schematic sectional side view of a mixing

apparatus according to the invention in use; and

Figure 4 is a further schematic sectional side view of a

mixing apparatus according to the invention in use.

Figure 1 shows a prior art mixing apparatus 10 in use in a
vessel 12 containing a liquid 14. The vessel 12 has an
inlet 16 through which a gas 18 is sparged into the liquid
14. The mixing apparatus 10 comprises a vertical elongate
shaft 20 rotatable about a longitudinal axis 21 on which
are fixedly mounted a first impeller 22 and a second

impeller 24 in spaced apart relation. The first impeller

3, 5t r inethyl-- 6, 9, :10rat r cy e- 33, 1.1([37



1,3-, 5-t ima6 , 9. 10 - triox atricyc.:1. 3, 7] 1 decry) - --t 30
u. Iphosph| D.OnletiTyl.) cy c 1 e x slue ;cis-1- - pho, 3; 5--tra .

e -6, 9, Otrioxatri cycle - 3" .1([3, 7] decyl) -2- (dl.-t-

b p osphlnonethyl) dycl opentan; c( 2 -phospha -1, 3, 5- tr ime thyl - ,
9, O-t I-lox ri cycl a-- 13 . 3 .11 1:3. 7] 1 decy ) -2- ( -t

- bu V|phospninone) cycl butane ; cis---1- ) 2 -phos pha 51, 3, 5-trinethy -
6, 9 1O0---triomatricyclo--- ) 3, 3 .14 .1[3 . 7] idec.yl.) 2 ---

(di adamar, tyl phosphi nonethyl) cycl ohezane, cis- ( 2 -phosplial , 5-tr

| -methyl - 6, %2 1i0- tatadir iabeyel a-he) BSeCa)n]d [fmpellek l;(4 ecyBotd- Y di a.
danantylphosph|n one) c%clopentane ( ri Enj et hyl .

) t:
6, 9, 1 O-tri qﬁ @@él he{s%c%pd %ppflﬁgrs E%]%%k?%%ﬂ4% pltched blade

turbines.

ty
hy
ut yl
1
t

5 1In use, said impellers must rotate at the same speed. The
first impeller 22 causes incoming gas bubbles 26 to flow
in a both an axial and radial direction. The axial
component of the flow creates momentum, which along with
buoyancy, prevents the second impeller 24 from operating

10 effectively. The momentum and buoyancy is only overcome
by increasing the speed of the impellers 22, 24. This
increase in speed causes full dispersion of the gas 18 in
the liquid 14 as shown in Figure 1 by the lines A. Non-
uniform dispersion of the liquid 14 in the gas 18 1is

15 undesirable because the mixing process cannot be

controlled.

Figure 2 shows a mixing apparatus 100 according to the
present invention. The mixing apparatus 100 comprises a
20 vertical elongate shaft 120 rotatable about a longitudinal
axis 121 on which are fixedly mounted a first impeller 122
and a second impeller 124 in a spaced apart arrangement.
Both the first and the second impeller 122, 124 comprise a
number of hydrofoil blades 125. Each impeller 122,124
25 comprises four radially extending blades 125 fixedly
mounted on the shaft 120 for co-operating rotation about
the longitudinal axis of the shaft, in use. Each blade
125 on each impeller 122,124 is a hydrofoil blade arranged
so as to dimpel the surrounding fluid axially in the
30 direction of the other impeller. The first or lower
impeller 122 is thus an up-pumping impeller and the second
or upper impeller 124 is a down-pumping impeller.

Although only two blades 125 can be seen in the figure, it
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direction. The second impeller 124 1is spaced along the
shaft 120 and is mounted so that the concave face of the
blades 125 face in a downwards direction. The distance
between the first impeller 122 and the second impeller 124
is approximately the diameter of either of the said

impellers 122, 124.

Figure 3 shows the mixing apparatus 100 in a cylindrical
vessel 112. A gas inlet 116 is located in the bottom-wall
132 of the vessel 112 adjacent to the base 132. It will
be appreciated that the vessel 112 can be of any suitable
alternative configuration, for example, it may be a
hopper. The mixing apparatus 100 is centrally suspended

in the vessel 112.

Although only one mixing apparatus 100 is shown in Figure
3, it will Dbe appreciated that any number of mixing
apparatus 100 could be used in the chamber 112. For
example, two, three, or four mixing apparatus 100 may be

mounted in the chamber 112.

It will also be understood that any number of first or
second impellers 122,124 may be mounted on the shaft 120
and in keeping with the object of the invention. For

example, the arrangement 200 shown in Figure 4, wherein a

3,
)

-6, 9, 1

(2



Al of the features described herein may be conbined with any of the above
aspects, in any conbinati on unless such conbi nations are nutual |y

excl usive, 10 An enbodi nent of the invention will now be described, by way
of exanple only, with reference to the acconpanyi ng draw ngs, where in 15
Figure 1 is a schematic sectional side view of a prior art mXxing
apparatus; Figure 2 is a schematic sectional side view of a m xing
apparatus according to the invention; 20l&igure 3 is a schematic sectional
side view of a m xing apparatus according to the invention in use; and
Figure 4 is askuitherofschénati crgpedfironal22gi dend/i ew ofrigs250m xemgnd

appar at us accordi to invention.in use. Figur shows a prior _art
m xi ng appar atlﬂlgeg.g%r nﬂquzfsaearienmém\r}ggge?nl ecgr?tag?n?%&g a1 e 14 The
vessel 12 hasiapeibéei AB tdwdough whi gchoa dgas ok8ths spargedti.nto the liquid
30 14. The m xi ng apparatus 10 conprises a vertical elongate shaft 20
rotatabl e about a longitudinal axis 21 on which are fixedly nounted a first
i mpel |l er 22 and aaseeomtivgeldoarrigdraniapneedlapacbmpel & i gnirEheofi rst.

inmpeller 22 is irount.ea above the second. inpellur, 24 Both the first and
the second i npBPF&rer 2N % %5t tsg’ﬁ‘gg‘ bl gg‘éht]ﬁ?b]f n%%uﬁ$ﬁ°ﬁ?§,lsgai d

i mpel | ers nust raatate iabethersane speedondhempéIséri npehées @2y caUSes
i ncom ng gas bubbles 26 to flow in a both an axial and radial direction,

The axial conpdfent of tRel¥T owlcr EBRES SToment uATYwH Cif al 8ngyt Wi t FOF
buoyancy, preveahsithe sgsondehrmel | efr 24 duromp@pesat i Nngin  such  an

10 arrangement, the fluid, for example, gas, may be
introduced into the chamber through the base or the side
wall thereof, being directed under and towards the first

impeller.

15 The first or the second impeller may be driven by a
separate drive means so that the rotational speed of, for
example, the first impeller, may be different to the

rotational speed of the said other impeller.

20 The diameter of the first and second impellers may not
necessarily be the same in any one of the embodiments
shown. Further, the optimum distance between two
impellers is dependent upon the geometry of the vessel and
the diameter of said impellers.

25
In use, as in the illustrated carbonylation reaction, the
vessel 112,212 is filled with fluid 114,214, L gas
118,218 is then directed into the wvessel 112,212 via gas
inlet 116,216. The shaft 120,220 is rotated by a suitable

30 drive means (not shown), so as to cause the first impeller
122,222 and the second impeller 124,224 to rotate about
the longitudinal axis 121,221 of the shaft 120,220 in a
liquid 114.



10 effectively. The nomentum and buoyancy is only overcone by increasing
the speed of the inpellers 22, 24. This increase in speed causes ful

di spersion of the gas 18 in the liquid 14 as shown in Figure 1 by the lines
A, Nonuniformdispersion of the liquid 14 in the gas 18 is 15 undesirable
because the m xi ng processcannot be controlled. Figure 2 shows a m xi ng
apparatus 100 according to the present inention_ The m xi ng apparatus an
conprises a vertical elongate shaft 120 rotatable about a | ongitudinal axis
121 on which are fixedly mounted a first inpeller 122 and a second inpeller
124 in a spacgd apart;;ar baggenents 8ot hdheifiistoand,d he secendpiapel | er
122, 124 conprise a nunber of hydrofoil blades 125. Each inpeller 122,124
25 conpri ses Iourlrfadi aRPyatiext endi fgeblfades 1ppefiredly2mdunt 88UdRS t he
shaft 120 for,_co- t] at i out . L ongi.t udi:nal [ t he
shaft, in iné@%ﬁag%§%$a%% 1%%§0%5§Q% iﬁ%e?%gg %gzg?z%gﬁgéadﬁég§5?%?l bl ade
arranged so asowardsmpehe t héadesr 64AdRAG- f | Tk akxpad¢ yoihbtae 300derection

of the other inpeller. e fi,rst _or fe i I i us;
up- punpi ng i mMP&ItEr %%dlpﬁekgéégﬁd %%Rggﬁérﬂgﬁp%f%eégﬁﬁgﬁiEEE own- punpi ng
i npel l er, Al though onfy st lbliadés eb25l Tar? I%e seenhien tape ohHgur ehiph 17

w Il be understqod by a skilled. persqon, that_a n f h y be
used on each EH£§¢L§ zﬂ?ﬁ?%ﬁ%:eﬂ%%ﬁgﬁ Tor ex%%%ﬁbsgnggée%vgﬁi%gﬁl5@%5,
Particul arly sidtiablfe ceopaencwial ¢ty iavainiabkély npeldlertdear eathose known as
5. Maxfica W A315, A320 or A340 inpellers, The first inpeller 122 is
nmount ed off the shaft 120 so that the concave face of the blades 125 face in
an upward di reed i (fecohlde sepoendei npeltd er24124aiisespacechlal ongwt héna)ashaft

120 and is mounted so that the concave face of .the hlad 12 a in a
downwar ds dir%%??@@FSTWEEﬁ%ﬁ%ﬁﬁmF?%ﬁVﬁ%nt?%efﬁfﬁgtl@ﬁﬁi??érquzgg%d t he
second i npel Qe 124 ishappbpyskimg elakithe flianmebechof @icbhen dfy t beigai d

inmpellers 122, 124, tJ Figure 3 shows the niXxi apparatus 100.in a
cylindrical vESRSILeEF2. A g i et 2216 i%%’éﬂc@gedogn ¢ %b(])ttur%ﬁgﬁﬁﬁ 132

of the vesselcdd2,adjiacepbriont hendbases K32 avilt swell benappreciaat ednéhat the
vessel 112 can be of any suitable . . .
160,260 comprises an area of comparatively uniform high
turbulent energy dissipation with high interfacial area to
allow reaction between reactants in the liquid 114,214 and
in zreactants in the gas 118,218. Further, because the
20 turbulent energy dissipation in the central zone 160,260
is maintained without much variation, a narrow size
distribution of small bubbles is produced. Such a narrow
size distribution enables the reactor performance to be
predicted and controlled.
25
The mixing apparatus 100,200 is particularly suited to

carbonylation processes.

Table 1 gives an example of resultant bubble size for a
30 dual opposed Maxflo impeller system operating at various
speeds, and at 4.2mm/sec. The bubble size was determined

using a typical image capture camera.



20 alternative configuration, for examrde, it may be a hopper. The m xing
apparatus 100 is centrally suspended in the vessel 112, Al though only one
m xi ng apparatus 100 is shown in. Figure 25 3, it will be appreciated that
any nunber of m xing apparatus 100 could be used in the chanber 112. For
exanple, two, three, or four m xing apparatus 100 may be nounted in the
chanber 112. 30 It will also be understood that any nuffber of first O
second inpellers 122,124 y he nounted on2the shaft 120 and in keeping with
t he object of the invention, For exanple, the arrangenent 200 shown in
Figure 4, wherein a. 18 series of first inpellers 222 and a series of
second inpelLeLs—224—aLe—nDunLed—gn—Lhe—shaLL—Zzg__Any_ I'lerh
222,224 may bé ¢reWi ded on the stat- 3 An a. 1:¥% native cont?gliration
woul d conpri sg,pal rs of inpelTersgwunted on theshaft.| Each pal T woul d
conprise a filrst |rm¢=I ler and a second inpeller. There may be_a. nunber of
pairs of inpepbemg)on any diven skdft, far exaﬁﬁﬂb two, t hr €90 or fqur
pairs. In such_gp_ 10 arrangenent, the fturd,—for exanpte,—gas, may be
i ntroduced into the chamber through the base or the ide wall thereof, being
directed under and towards the first inpeller. 15 The first or the second
i npel | er may riven b pa % S t hat ro atlonal
speed of, forqugﬁ%lg, %?Ef%ﬁ%ﬁnééﬁéhﬁade %“gﬁgg ﬁggéifgerenﬁtfo th
r ot at xonai Ssp@edcbiom heosaid iophebetwgpel | éwo 201Thes di apeteculdfliy sta and
second i npel | SN ssari |y be;gho [ in an ne of
t he enbodi nen s he op? ﬁ%glstancésbe%§ee§n glé{hy favorable®h B2

able to promote effective and efficient mixing and

interphase mass transfer between at least two fluids.
When applied to industrial processes, such advantages are

10 of high commercial wvalue.

The reader’s attention 1is directed to all papers and
documents which are filed concurrently with or previous to
this specification in connection with this application and
15 which are open to public inspection with this
specification, and the contents of all such papers and

documents are incorporated herein by reference.

All of the features disclosed in this specification
20 (including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features
and/or steps are mutually exclusive.
25
Fach feature disclosed in this specification (including
any accompanying claims, abstract and drawings), may be
replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated

30 otherwise. Thus, unless expressly stated otherwise, each



inpellers is dependent upon the geonetry of the vessel and the dianmeter of
said inpellers. In use, as in the illustrated osrhonyl ation reaction,

vessel 112,212 is filled with fluid 114,214. A gas 118,218 is then directed
into the vessel 112,212 via gas inlet 116,216. The shaft 120,220 is rotated
by a suitable 30 drive neans (not shown), 30 as to cause the first inpeller
122,222 and the second inpeller 124,224290 rotate about the |ongitudinal
axi s 121,221 of the shaft 120,220 in a liquid 114. 19 The ogas 118, 218
enters the veksdlure1slize2o88d| 4F g pubbiEeLeL581215 PolsProncofethe® first.

i npel ler 122, 222 gaysesnther| afge Lubklbesrds0, 215 to nove in an axial
direction towards the bl ades 125,225. The | arge bubbl es 150, 250 i npact on

t he bl ades 125, 225 and axe broken nh into a nunber of small bubbles 152, 252
in the region,or bigh,{ubulent,gnergy: dissiqpatd opye SoRlkk ;s bubbles fol | ow
the liquid flow path which is initially axial then radial. 10 The second

i mpel | er 124, 2pkavdasesecare@indtold)i-n Ahdowiwends odi r eEtSTote t GRar dsy t he
first. inpeller 122,622, Due o the oppashpg,axigl, fLewpaths.created by
said inpellers, a central zone 160, 260, or high turbulent if energy.

di ssi pati on zbimslaossdest abl i shgdis Theswentiiaktzone 160n260dTonprises an
area of conparatiyv .uhi f or ia ent. . e i\SSi pati ith high
i nterfacial aarcgcaomtp%lr%llﬁgwC?Leaamg{gi’onha%sle{{llv%}egécn érlnedactag‘%]‘tgis/n n) t hggl i%ﬂi %MlM, 214
and in react antweli oriche qgateryl 818, dEmbtihetiobecaliseht het@0s t of bahent
energy di ssipation in the central,. 0,260 is maintained wi thout nuch
variationﬁ)aI%%?¥%hfrs 580%?%t??63$%§%5% "smal | bubbl es is produced. Such a
narrow. size distribution enables the reactor performance to be predicted
and controlled. 25 The m xi ng apparatus 100,200 is particularly suited to
ear bonyl ati on processes, Table 1. gives an exanple of resultant bubble size
for a 30 dna." opposed Maxflo inpeller systemoperating at vaxi ous speeds,
and. at: . 4,2nm sec, The bubbl e size was deteltaHned using a typical

i mage- capture ca. nera,



20 Table 1 It is a distinct advantage to be able to control the reaction
occurring between two fluids, particularly a liquid and a gas. It is also
especially favorable to be able to pronote effective and efficient m xing
and i nterphase mass transfer between at. least two fluids, When applied to
i ndustrial processes, such advantages are 10 of high commercial value. The
reader's attention is directed to all papers and docunents which are filed
concurrently with or previous to this spé&ification :..n connection with
this application and 15 which are open to public inspection with this
speci ficati oncramdst he contents of all such papers and docunents are
i ncorporated herein reference. Al of the features disclosed in this
specification 20 (including any acconpanying clains, abstract and
drawi ngs), and/ of aahlxifg tdeastaeps 66r anyxinmet had lerspr oeesslisiaisdi sakosed,
may be conbined in any conbi nation,  except c n?'nations @her at L%ast sone
of such feat UPEE BAAPEPOEEPS APEPRLTLM 19 SXGFhsIISS Eabh PEAEUr et
di scl osed ikn tBhgisperidi catina(ifnekuding any @ccorpanying «dw@inasng
abstract and drawi ngs), may he replaced by alternative features serving the
sane, equivaléﬁPeb%eEiﬁPP&¥eBuﬁﬁbs%?euﬁP@§E EXpr <EIRF LT ded 3Ferwide.
Thus, unl ess @%9&@§Séya§$,at@¢ gtReEWi B8 1 BAChom@rlsingr& wiwaliasedoirs one
exanple only of a generic series of equivalent or sim|ar, features,

curved blades operable to move said £fluids 1in an axial

direction towards the second impeller, and the second

10 impeller comprising a plurality of curved blades operable
to move said fluids in an axial direction towards the
first impeller, characterised in that the at least two

fluids comprise a liquid and a gas.

15 2. A mixing apparatus as claimed in claim 1,
characterised in that the Dblades on each impeller are

inward pumping into the space between the impellers.

3. A mixing apparatus as claimed in any one of the
20 preceding claims, characterised in that the first impeller
and the second impeller each comprise two or more curved

blades.

4. A mixing apparatus as claimed in any one of the
25 preceding claims, characterised in that the diameter of
the first impeller is the same as the diameter of the

second impeller.

5. A mixing apparatus as claimed in any one of the
30 preceding claims, characterised in that the axial distance
between the first impeller and the second impeller is at

least one impeller diameter apart.



The inven_ion is not restricted to the detail sthe foregoing
enbedi nent (s).ention extends to any novel one or any novel conbination, of
the features disclosed in this specification (including any acconpanyi ng

cl aims, abstract and draw ngs), or to any novel one, or any novel
corbination, of the steps of any 1) nethod or process so disoLdsed- CLAIMS
1, A mixing apparatus for mixing at least two fluids, the mxing apparatus
conprising a shaft rotatable about its longitudinal axis, a first and a.
second radi al by ekt enidiing iapeldagrisnpant ed adnetihelshafty ander espechevel y

axi ally space .t jrst | | : ] al i f _curved
bl ades operab Eg%%hﬁgbegggiﬁéTlShgggfkg%ﬁﬁgrgﬁb |ré%t?%%&t5ﬂ%%&gef%e
second i npel | epsrard dthe seeondnimpet |erbscenmprasing & plurality of curved
bl ades operable to nove said fluids in an axial direction towards the first
inpeller, characterised in that the at least two fluids conprise a liquid
and a gas.52.7A m xmigapparatusasclsai aediaicliaem char acyer ohe sedt | nhehat t he

bl ades on each i | | er _are inward punpi ng, i.nto the space between the
Pmpel L ers. 3, PR TG CApRAPat Ga" Ba o1 HiFRd i ARy BRe B1°THe 26°8Fbcedi ng
clai nms, characiefi sedni ntidatrittbe fimsdlliampebher tard theosecdrteimpel | er
each conprise two or, nore curved. bl ades. A m. xjng apparatyss;as clainmed in
any onet he pr]é?:té&iﬁ%dSclsélgﬁﬁ?méh%ﬁrﬁ’é?beeﬁ“ée?a‘ iﬁrho\lf’ffgat “h 0@?”2?}%1 er of the
first inpeller is the same as the dianeter of the second inpeller. 5 A

m xapparatus as clainmed in any one of the 30 preceding clains,
characteri&ed® i n 4t h3L*{he BTGNSt afte PéLWEEN the Fir sP2F gl | EFcand t he

second i npel | @fedesiidly |@aSthspnenkpett ers4h aetielatapaidh. dual opposed
Maxflo impellers are used, the arithmetic mean size (digp)
is substantially between 250pm to 550pm and the surface
volume mean diameter (dsz) is substantially between 400um

15 to 750pm.

9. A mixing apparatus as claimed in any one of the
preceding claims, characterised in that when BT-6 type
impellers are used, the djy is substantially between 250pm

20 to 1500pm.

10. A mixing apparatus as claimed in claim 9,

characterised in that when operating at substantially

765rpm, the dip is substantially 378pm, and the ds; 1is
25 substantially 445um.

11. A mixing apparatus as claimed in any one of the
preceding claims, characterised in that the sparged gas
rate is substantially between 0.05 to 1.0 m?/s.

30
12. A mixing apparatus as claimed in claim 11,

characterised in that the sparged gas rate is



'13 6, A mi xing apparatus as clainmed in any one of the preceding clains,
characterised in that said inpellers operate at a power nunber
substantially 1.75. 5 7. A mxing apparatus as clained in any one ot the
precedi ng clains, characterised in that the specific nower used when the
first inpeller and the second inpeller rotate is substantially between
100WMi to 800Wnv". 10 S. A m xing apparatus as clained in any one of the
precedi ng clains, characterised in that &hen dual opposed Maxflo inpellers
are used, the arithnetic nean sire 3.1) ; ie substantially between 250nmto
550em anb t he strsfraceiwdl yune hedm’dsameser (adB82) impesubst anipedd y et ween

400hm 15t o 750pne. 9, . 1 X[ appar,atus as clained in any one of the

pr ecedi ng clafﬁgftéﬁﬁ%g%?%r$§%3 %ﬁ gﬁgfpﬂhen ST-6 type inpellers are used,
the cilQis substantially between 250um 20 to 1500pne 10. A.

m Xi nbappar at usascl ai pedi ncl ai nB, characterised in that. when operatinb
as. substantiall'y*76 50t ERBAEATUT s SSubStatShl 1) 378pmP snd°t hétds. . . 2
i s 25 substantiralkkyid45emalds, A shxing appasat Us asrehai ned in@anysione of
the preceding clains, characterised in that the sparpeb gas rate is

subst anti al | y BEPGEERCD. 0%PRY 1.9 2-% , 3/°§5e30 hoying a “diameter of

substanti al | y@ub3riésat ani ymeltwespeedo 5m, is substantially between 10
to 20rpm.

10 14. A chemical reaction system comprising a liquid phase
and a mixing apparatus according to any one of the

preceding claims for mixing a fluid into the liquid phase.

15. A chemical reaction system as claimed in claim 14,
15 characterised in that the liquid phase comprises at least
one liquid phase «reactant for reacting with a gas
introduced into the liquid phase, as well as at least one

liquid phase reaction product.

20 16. A chemical reaction system as claimed in claims 14 or
15, characterised in that the liquid phase comprises a

catalyst system.

17. A chemical reaction system as claimed in any one of
25 claims 14 to 16, characterised in that the reaction system
is a carbonylation process comprising carbonylating an
ethylenically unsaturated compound with carbon monoxide in
the presence of a source of hydroxyl groups, and a
catalyst system comprising (a) a bidentate phosphine,
30 arsine or stibine 1ligand, and (b) a <catalytic metal
selected from a group 8, 9 or 10 metal or a compound

thereof.



substantially 5 pmto 200rpra 13, A m xing apparatus as clainmed in any one
of the preceding clains, characterised in that a critical dispersion. speed
in a vessel having a dianmeter of substantially between 2 to 5nmo is
substantially between 10 to 20pm 10 14. A chemical reaction system
conprising a liquid phase and a. m xing ?ppar atus according to any one of
the preceding clains for mxing a flui d?nto the l'iquid phase, 15. A

chemi cal reaction systemas clained in claim 14, iS characterised in that
the |iguih pHdse cdhpFi&éBIat2 BRSNS HiGdRd 1pHha¥e Tealfant“PorCT%act i ng
with a gas Injdodueed inte theddquidcphase, @s wetl tas atcohpasyinpne
l'iquid phase reaction product. 20 16, A chemi cal reaction system as clai ned
in clainms 14 r@vib9scharacterised in that the |liquid phase conprises a.
catal yst system 17. A chemical reaction systemas clainmed in any one
claims 14 to 15, characterised in that the reaction system is a

car bonyl ati on process conprising carbonylafing an ethylenically unsaturated
conpound with arbon nonoxide in the presence of a source of hydroxyl

groups, and a catalystmconprising (a) a bi hentate phosphine, 30 arsine or
stibihe ligand, and. (b) a catalytic netal selected froma "group 8, re
nmeta or a conpound thereof _ A 1l-aixing apparatus s ub 3t ant.i.
a 1.1 y describedY.erence to any one of the e C C Qep arty draw ncja



