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 I N I k eci f| al ly,.a paper
by Kuboi , ga%%ﬁllx?’n Jpa l(A"rdl I4§2 gé}{%@%g btlhéecg(r%’ol rllg?lgon “of Jtvvoldas><eldal ly
spaced 45' p| twileed bl aele furds neslplesldlrscissedamldebgveaonﬁu rst dempeld er is

mount ed bel ow.a_s ond |rrpel I er on a_com s,ﬂ}aft ggs bl ades are

mpel |
ori ent at ed suclﬁnpt ?rt he firstoi rrpel ‘f’er proj ects f‘m]a PJ(Jerup\%é!akr

out war ds and tdheecseeoad suphl Italatprm;eecfsrdtl glryek IJd@wn war «dis: casd Jaujuwar ds.
Under gassed conditions, B as S |ntro uced int the ssel, the first

i npel | er caus&¥"FRES| iébhi RY ‘f'f‘% of"Fas® %b8F88n$0 e§o iR LSme of
the flow is dniiyend banndardy endwattsatovardsniide gmée@fc&rﬁmm&s@el ., and

sonme is driven axially up vvarg war ds tge second The e fectlveneizL of the
two inpeller §Ystém dridertd8 ’leﬁg 18 R0naF t VDN Hepetitst Upon tHESFéed 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 hee20/ss8eoNd dnapeldner ) aysivio partalily theadiasper si on
of gas in the liquid_ Only when the rotational speed of the second inpeller
is increased éP@aF‘FH%_‘HEﬁ)ySéﬁWdf oFEBSI DV er cone.

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



D sadvant ageously, 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
uni form di spersion, further disadvantageously, the rotational speed of the
second inpeller has to be sharply increased. IL-is h,ghly desirable to be
able to achi eve conplete 30 uniforn1disp§rsion in an industrial process. In
i ndustrial processes where gas/liquid mass transfer is an essenti al

feature, thi aids contraollability and enhances reactor ﬁerfornance.ln such

processes, WhEHIHE &S PS™GBFF - di sPe SUFEed X C8ST 8gT on"of" r &S ol 4 nni f or m

turbul ent ki netiic ceddyrdissi patépiorcar exhsbnaml ¢ heildoqui dubstween. if and
around. the inpellers which controls coal escence and breakup of the
bubbl es. If the gas dispersion is highly non-unifbrm undesirable

coal escence camdr@suldidyn B sshakRibACEeASEexi Br buhblkeesiitiguandpthpesf ore,
the surface area. for interface mass transfer to occur is reduced, W
Advant ageous| 3¢ 22E0Htd of Med 1FaEbUPERt VRE ARt CENERRt Yy CARSSE pAtGONAH] el d

results in amnariow bubhle sizeidisstriutd@n Queryiaange,of i Apghier
specific powers. It is an object of the present invention to provide a 15
m xi ng appar atus Whitehmenabl esl E8hS cloraBFechEXi ¥R ofeulE d8 or skalt ds

whi | st si mul tapeausly ;pr oviding an,ef feet ive Dxidg envi Lonpent . o Agcordi ng
to a first aspect of the present invention there 20 s provideci a mxing
appar at us forfan xing-eatfacgastmasgo fHuAMs et hetani xpagrappar at usdeonpri sing a

shaft rOtﬂ$a94 aﬂQgg%obg§%}on9itéBH%¥§ l@éistuﬁbﬁiéﬁ% %%t%csegggs adially

extendi ng i npel l'er unted on the s t and respectively axial aced
apart, charactiesiipedipn t iatltthe reprsts 25innpel | errconpr bsebla pbigal ity of

curved bl ades,. r. o] fl ui j ial-.di  Et:art:Lon
Q0G5 aRl e Lo, poya, Wi dg Ly an ale Qi B AL .
towards the Seconci |n%el?%r, aﬁ%h%ﬁeoseco%df%npéﬁ%g? éonBrlses a plurality
of curved bl ades operable to nove said fluids in an axial direction towards
the first Inﬂ%!'fé'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,



30 Preferably, the bl ades on each inpeller are inward punping into the
space between the inpellers. In the case of a substantially vertical shaft,
the lower -inpeller is, therefore, upward punpi ng and the upper inpeller

i s downward punping. Preferably, the bl ades of each inpeller are hydrof oi

bl ades. A suitable hydrofoil blade is the Chem neer Maxtlem W
Alternatively, the Lightnin A315, A320m or A34011' nmay be used.

Advant ageously, due to the opposing axial4d flows created by the first

i npel l er and the second inpe.lier, a region of: high turbulence is observed
in a central . tededgreoneuOabet weemisai dahdpether suppEre hingblier bul ence i s

mai ntained in this zaone, and so there is little variation ip the
t ur bul ence: eﬁ%?gvaélngﬁgf?%h. %%%%%ﬁ%éﬁfl%ﬁet S fanﬁFEBFmQ%}}%ﬁi<an in
bubbl e size wimh esulfios 1i bladaal r ow siudeadist hibubfoil af1d4he hubbles in

t he central nnﬁjngnlg zgge“Adma@tag%@#%#¥, a ngrrom%bubble Sj ze o
distribution ensbres FhEprotesd or PEa VP ehct FBR CoIbE ored Easi |y
control | ed.sThizss2oegbenapeovimes & zeee.where the at |least two fluids are
brought together to be m xed. A chem cal reaction can therefore be
facilitated in the 20 central m xing zone. The fluids may be |iquid-solid,
l'i quid-1iqui dadeankbgubds gas. Riefer abkyoppbeidd d.east tiwasf bubgdscconpri se a
liquid and a gas.
q %he first impeller and the second impeller, a region of
high turbulence is observed in a central mixing zone
10 between said impellers. The high turbulence is maintained
in this zone, and so there is little wvariation in the
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



It is advantageous to provide a gas /liquid m xing environnment where the
-bubbl e size is largely independent of the inpeller specific power. In such
a systemthe liquid mxing time nay be varied i ndependently of the bubble
size, 30 Preferabbkthe3t.er and the second inpeller each conprise twohisd
bl ades, nore preferably, three or nore curved bl ades. Mbst preferably, are
i npel l ers. h four curved bl abes, The prov sion of an. inpeller with a |l arge
nunber of curved bl ades increases the shear forces acting to break up | arge

bubbl es. The s ebubbits Pr oatRed " HAVE" aCSnalPFéFdaverage bUBBFES%H anet er

than those pkhducadw tépadd r&ttiddmpel lereandiox1 S:ga $600nrd i npeld er with
fewer curved haades and therefoice, the avail able surface area for a

reaction to Ot i 8UPht? ase®Iusref efabt y,2 t RB2dI ahetBre 6Pt he PP %t

impel ler is thesage %Qaﬁstheged%@-g@ﬁ@éd ofi dhe, secand sippelLerandref erably,
the dianeter of the or each inpeller is substantially half the dianeter of.

the vessel’ i i ificchdsargeilapsl FeFhi Seribuht et cadviacagesdsityerehersmal | er

the diameter qf. the impeld er, 454 hg-greater 4 hecshear, force crgated for a
gi ven power and therefore, a |arge nunber of small bubbles are produced

whi ch | eads tig:casaisndrease in avail able surface area for a reaction to
occur, 20 Preferably, the axial distance between the first inpeller and the
second inpeller is at |east one inpeller dianmeter apart, In this

confi gur at i orBretfeeably butlencel oreaded thyhehélivpposine lieypék| éhs $znan

SquL) L0 L 1S SRl Ml 0,2 NG gl ave T ol BLEdhEL] of, of
bubbl e si ze and therefore control of the Ipeactl on occurring. It is
: preferabl e tdiatnetthe 06t Bhe poneradr awmpebyethés conbs rrattiied lgf hahpethers |s

low Preferably. Lhe, i Opel)&rs. oRarate At cA Ly Roen 10umber, RI&ler abl y

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



30 substanti al | ybet ween. 1t 05, norepreferably,

subst anti al | ybet weenJ. t oi nost preferably substantially 1,75. In so doinn,

t he system consunes | ess energy than conventional systenms which operate at
power 6 nunbers of typically 3,2. The power may be neasured using
conventional equipnent, for exanple, strain gauges. Preferably, when
operating at a | ow power nunber conplete uniformdi spersed phase distribu
ion is achieved. This is highly desirable& and is because of the energy
efficiency of the blades, preferably hydrofoil )lades. Wthout being
restricted by ruheery, ofet possililye 310 . exphanatieon nber behee efdied enaygof t he

invention is that tge use of h dr%foil bladei redgces ti¥ vortices and
converts nore S6FVEHetShaf t°%€ i nf 87 f FOWE Sr heF TEhAn 195Ul ent ki neti ¢

energy, aiding conplete dispersion. 5 Preferably, the specific power used

when t he firsrjngelle: and t he second ingeller rotate is substantially
bet ween SOW ng “€6°800W n8/FHor @ Prieréfablly 2 stBsPaRET al' iR Yet vE¥H 6. 0w

to 800WnBs. 20iPrefesabbansahemaduabioppased Maxkl echype-d npeldier ssare
usedt he system, the preferred specific power substantially between 50W nB
to 900W nB. PPefBtAbAGSIHMete PTRG typBSTHpdl | er sthft etety, e Prererred

specific powetri shsubsi@,i ddarcbabneeny #A3Winept ga8200W n8. At such
specific powers, a narrow bubble size distribution is maintained and the

reaction is controlled. Preferably, when dual opposed Maxflo inpellers are

used, the anngaphshze d1Q) i srsubstanti aldy betywesn 30,220pmdL i52@pm and
the surface volune nean dianeter (d32) is substantially. between 600hmto

750hm  Préfer 8BPYanaert ope¥ atifig atf1supstantt aFly 750ephi ot hésdrdars
substanti al | y.het ween 220umd0,350pm,1 Mass peefiesablyipy 7vortices 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



substanti al | y296um andpr ef er abl y, t hedni s substantially between 400pmto
500pm nost preferably substantially 450pm Preferabiy, when operating at
substantially 991rpm the du: is substantially between 5 300pmto 400um
nost preferably substantially 330pm and preferably, the d32 is
substantially between 460uis to 560am nost preferably substantially 510pm
Preferably, when pperatinn at substantially 1200.rpm the dip) is
substantially between 350umto 450pm ,nost preferably 10 substantially
394am and preflestabinialilve t PAGIS, sulpstdant icakEyrdetwween t450pniizo 550hm
nost preferab subst.ant i al m, nRr.ef er abl e -6t i Ilers
are used, theé%% S f%rislgbs%%ﬁt%l)%rl ;108 ?lweéﬁ 25?(9 m’]t QH%TOO n%)égggrag? ul arly,
when. oper at i ngesatarsulestlant idalby. 251 Pprp fpreferablwhemhe ogiegaitsng  at
substanti al | y_between p 50p nmost. preferably. s tantially 633pm
and the dn iss%se%aen%a alﬁgglsg%)éé?lép%t’i al%}qye/ b%towe]gsh 8?‘6% rQna %l%p?ﬁet%gg

pr ef er abl y5 203 Gubst ant kabhy, Ivddpnprefefariabl yybasheniepey atBngmat and
substantially 38 m, the_du, is preferab substantial ly between. 800-pm
to 9001Enr rro%rte%l%fb&ryabl 3t/g%ubd§f ant alngsg%lﬁjla yanbegﬂ%&an %6\358 etf enably
sul ast ar OAal | yc et weens 1000pma tan11500amtamst1pyebenahl y sulkstaabial |y
13451tm 25 At subs t 1 a.y 500rpm the db,,. is ﬂ.{z%f erably substantially

bet ween. 500pH Yo 0GR Abst 2pr eF BPALTYE Stlst anti AFPY’ 507pm Gfd the dn is
preferably suhsiantnitalaly ybebsearn’008pmin0 800 43mumiOshot efpleablybly
substantially 721hm Pr Ef er a%l %/ when operati n% at. 30 substantially 765rtm
the dio i ¥ profeasyadast ant fdlM y B8CweeRT 360Dt 4068/ ndst préferably
substanti al | ys:3/84mtiandy thecwted s 4poeherabl ysoubst antdal Inrhetwsep 400pm
to 500am nost preferably substantially. 445pm a |In a reactor where cas
i s sparged i ntW¥sdiradrtated’PiRui d nmedi um preferably, the sparged sas rate
is substantiall,, between 0.05 to 1,0 mpreferably substantially between
0,1 to O0,5MBvis, nost preferably substantially 0.13nj/s at an inpeller
speed of prefferdinEPBet wERN 56 pMm CEPT200PBM ©Rbst prietestabtie sibstantial Iy
fOrpmto 200 BstAnkeX 1p3r BEBL&Ln Uusadind R ot N8 odesi gnpOft 1gas-liiqui ¢nei xi nc 10
systenms is the critical dispersion speed- This is the mninmuminpeller
speed requi r PG TERGUrdE uRPT Oraftdicdper iU e tHefgasbbubbhes AiThes
critical dispensientspeed fiodc.achi e\slsngmdl@per@o?ﬁ i np@sdualrcoppased flow
hydrofoil systemin a vessel having a dianmeter o i5 preferably

subst anti al | yWettweénatlvo 10687WHor e Pref erdl y, Ssubstidnt i &veyepebhween 2 to
5m is pref ersamgeaw%&@?t hald e Det ueein 1 o 1085pm RESf erallek rapy y
substantially between 5 to 50rpm nore preferably substantially between 10
to 20rpn]ﬂhngﬂﬂ§¢@p§ﬁagﬂy 978um. 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.



20 substantially 14rpm Accordingly, in a further aspect of the present
invention there is provided a chem cal reaction systemconprising 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
is asolid or nost preferably, the fluid is a gas. Prefer bly, the liquid
phase conprises at |east one liquid 30 phase reactant for reacting with a
cas introduced into the liquid phase, as swell as at |east one |liquid phase
reaction product, Preferably, the liquid phase includes a gas introduced
therein. Preferably, the said gas conprises one or nore reactants capable
of reanti the said one or nore reactants. Preferably, the |iquid phase
conpri ses a chth§Fac§?§t@ﬁPPFeﬁ%Fabe?p%%%“%éé%Pléﬁ sgstehed Hlquid

carbonyl ati cn feacksystremesHshy astionesgascli bed irate041pendhog, Wi ded,
Ki ngdom pat ent application GB %516556 8 or as referred to in European

patents ang péﬁéﬁ?enaBpPPcé?lén%IEﬁsA POe5SETE.Y EPLAGA2894YDY IBRLwR1 06379

EP- 2\ a0235864,7 P-4 Q?%ﬁ??é ﬁ8§t0é93§g§5bl -Ard13368331 1% 064%$4%s at
EP- A. - 0489472, EP-A- 10 028 1.-0227160, EPA-0495%47 EP-'A. - 0495548,
EP- A1651587, EP—AJHPEQSQESSPEW\ PéSﬂO@@eraaiyAbewsanzf?Orw nd - 522@@3@[1

EP- A 1204476, ¥12005146511 A MR200507990de. B el.eblig pgact  on system

carsonyl a- hi on conpf: cazbonyl ating an et hyl eni cal saturated conpound
Wi th carbon nDnOX|de in the presence of a source of hydroxyl groups,

pref erably, h?egp a t%rcgisaédyzf 12d € s 5f S :Flaqﬁqb &t«%m
phosp arsine or Hi fis I gand, an I%b? a cata yt se d i pm a
20 group ap 9@N5t9mﬁeuél‘@heaCQDWpUuhddlinﬂﬂsymh Eﬁﬁ@ﬂe.caﬁhySpablaﬂmunl Pr
israhly, the RHB%BQ&neikkgﬁﬂgri35%%%§CtQ%quired to ensure uniform
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



from2-his-;,3.:-0osphinpmethyl | benzene, 1, 2- bis--tert-pentyl phesph

i omet hyl ) heszene, 1, 2-bi s-(di - tert-hutyl phosphi nonet hyl ) napht hal ene, 25

bi s(di adanmant yl phosphi nonet hyl ) banzene, 1, 2hi s(di - 3, 5-

di et hyl adamant yl phosphi nonet hyl ) benzene, hi s(di -

tert-butyl adamant yl phosphi nonet hyl ) benz epne, bis(la

adsmantyl tert-butyl - shosphi ndnet hyl ) benzene, (cLi adamant)ethyl)-2-(di-terta

30 butyi pt.osphi nonet hyl ) benzene, (di-tert- hotylphosphlnoneth 2-
(di congr essy| SRESPRFAORBE. Ryl &z dF@ctantgr fabable of reacting with

but ylphosphi nopetdwild -2ad phospbac adsgeniyts.  20cABr Ay}, )chen: Zouig
ene(di aci amant ylphesphi norae.thyl) -2- % hhospha - adanlant¥ P-nmethyl 1

benzenel- (téﬁ@sebuFQPQHhW%Jnﬁylﬁﬁ&éﬁﬁ? aneYhoyi- ) - Frefgrably, the

reaction system 1s a carbonylation reaction system such as
5 one described in co-pending United Kingdom patent
application GB 0516556.8 or as referred to in European
patents and patent applications EP-A-0055875, EP-A-
04489472, EP-A-0106379, EP-A-0235864, EP-A-0274795, EP-A-
0499329, EP-A-0386833, EP-A-0441447, EP-A-0489472, EP-A-
10 0282142, EP-A-0227160, EP-A-0495547, EP-A-0495548, EP-A-
1651587, EP-A-1565425, EP-A-1554039, EP-A-1534427, EP-A-
1527038, EP-A-1204476, W02005118519 and W0O2005079981.

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-



aclairanty h sphi norne thyl. ) ben 2'. eneandl- [( 2., 2, 6, 6, -
te-t.r.a- CEIE th yl phosphinan- 4 --one ) phosph inacaE.,thyl. ) j -
(pltaspheadarna nt[yr-P.--methyl) benzene, vtherein "ph pspha -a.danaanty 1
is selected frOfil 2 -ph spha, 3, 5 7 ---tet r a:net:lcy). 6, 9, 0 -t
oxadamantyl , 2 -ph c¢ spha--1, 3, 5---trinme thyl- 6, 9,10 t rio.xadamanty

, 2 -phospha -1, 3, 5, 7-tetra (tri flucroneth 10 6, 9, 10 rioxa damantyi or2
-ph ospha -1, 3, 5- .r (r :1. f 1 uvoroni®tnyl ) - 6, 91 -1t r c-,Y. a
danme. nl, 2 -hi s ( dine thylarainorcie thyl ) ferrocene,1, 2 --b. s

(di tertbutyl phesphi hosretdnyd, )11 elirderpet di@raanheéniypeLhy 2) -2~ (phospha-~

di me, t hyl am nq fert -his-- (diter tbutyl phosphinaqraethyl ) f
e rrocenehyaraggégxkyf2§?&%?Sﬁ}Pﬁé%ﬁpil1. am no:cm: |chyl )h%ggfggene,l,Z,
3-trl s- (dit berybadayait plrospkphaaneetyt))) 2er(décene, 1, 2 -his - Cc]

cycl ohexyl pho_sphi nonet hyl ). f er.r e, l_2-his; (di-iSg- _
butylphesphin8ﬁ§?ﬁ9¥§$ﬁ%§%p%ﬁgog§tﬂ%?Pgéhzﬁhes i3 1EP=(2,2,6, 6,

20( di cycl ope. ntyaaphesphimcrsaetihyh) 4 fera)gdenehlno@ethyl al-2H (@hhspha-

yl phosphi nnet hyl fer.rocene 2 - s (c1.1- i .3, 0pr | phosphi-nenet hyl.)
fer.rocene,l,aéa@%?t%{_%?ﬁe y?ﬁ?ﬁ?? %F%p%Fﬁgﬁg tﬁ$P$p$§¥?d%%H§?%, 2%hi s
"di- (1, 3, 5geTected 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-



ter a.nmeth yl.- 6, 9, 10-trioxa-2--phospha- 25adaraardayl nmet hyl) )
ferrocene,1, 2 --hi s--. (dine.thylamnone) f erro cone -bi
snethyliodide,1, 2 - bi s (dih-ytir c,--xyal ethylphosphi nonethyl)
ferrocene,1, 2.- his ( d 1.pho sphinome thyl) ferrocene, 1, 2-his-a, (9- (2,
2, 6, 6, - te trans thyl phosphi nan- 41-- one ) ) dinmethy:tier rocene,
and 1, 2-30( di -- 1, 3, 5 7 -t e t: r”arrethyl -"6, 9, 10 -t ri oxa - 2
-phe spha - 11 bis(di-t-butyl phosphi nomet hyl)-5- nethyl cycl opedl t ane;

ci s-: L, 2-bi s(2-5 6ho pyﬁgﬁg@mhllncgneghy t &bt dﬁ%‘ifﬁﬁ/llc-ygl@pfﬁtane'

tt1axa-adamantyl)r- 49 di ﬁﬁ}h&é@yﬁ{&@&%el ¢j §; A t2rthiase2hy1-6,9,10-
phosftlinantriyl- 1,3,5, 1 tatranmethyl-6, 9 10- tr|oxaadaudtrrt54

5- et hyl cycl opertanedagrat 11 p=bi 3 metaaéﬁﬁﬁ%gkpmhpﬁéwét ﬁy%}s K5

di met hvi cycl %}%@}ﬁmoﬁﬂe% 2=bi §(§'f%@%%HE¥h€ﬁD§®'1@Q@EBXB) 5- et hyl
cycl opent ane; cis-1- Pya danari tyl,

pt hosphi noiretdﬂﬂn)aIEZ—Yddl 5rm@tﬂ@3yl@rﬂﬂsqmnﬁ@ﬁet hﬂ]liﬁ) =1g Bbipgdi-
?'”Ethyloyelo 3%?}%5%5%5&&5% }ﬂgﬁqﬁn%yhlméfﬁ&ﬂd@clohexane, cis-

. " hoarri ni namet but yl phasphi ncm 5
met hylcycl opeht%—JJi(sszh@gpmrmWWOE@lBomethyl) S-methyl

tetrarratlirlyl- qh9 %Qa Li o;g%ggfrraﬂ;ypladﬁmgn

(di-thutyl phasypcf haxa ﬁyl t hy cycﬂl)t'hezan CI s-1- (2- is
phasphfdldnetmwbphlﬁoﬁ;e’ihybtf%rrrei:hytjr-b@tglmﬂewlnmet@dfér)ram§I—) -2 -

(di-t-buty] ph L ngmet oS- et hyl_.cyclope

cis-1-( 2-%%05% Hlloe%oﬁfgtcﬁyi1 %Aé %6’7 “% etlra IPL' Ey%’li%g%itf’(} tr| oxa adamartyl ) -2-
(di adarmntylmmﬁplhnmomathyl) 5= et-mHbuty ¢ bbbspxtainemethyl) -5-

20( 2- phosphi no tetrt.hyl 10-triaxa- _

adamant y1) - 2“(6 Jn[f%/)ie‘fﬁ’fi‘)sp’h| narr%t hyl(? ggmﬁ}hl SOV opant ane’

cis-1-(2- pho%m&mhwie1931(5—1—7rlo>iaetatiamenhy11} 6— 2, }0 (briioxa- adamantyl ) - 2-

but y| phosphi tHHFR LR 25 o Suamaity] BHBSBAY hBRRPRne cio-l- (2-

15 phosphlnomethyl 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~-



4, 5-di mat hyl cycl ohexane; cis-1-(di-t-

bat yl t pt hosphi nonet hyl ) - 2- (di adamat t yl phaspnont hyl j -5- net hyl cycl opent ane;
cis-1, 2-bi 2(2- phodphal y3,5- trimethyl-6,9,10-trioxatricydi o-d3. 3,1, 1[3, 7]
}dE: cya)-4,Fi- 30 dirrathyl cyclorlexane; ci3-1, 2-his(2-phospha-1, 3, 5-
trinmethyl-6,9,10-trioxatrdcyclo-f3.3,1,1(3. 711decyl ) - 5net hyl cycl opent ane;
cl1l3-1-(2-phospha-1, 3,5-ttinathyl-

6,9, 10-trioxattdcyclo-13.3.1.1[3. 7] ldecvl)-2-(di-t- 12

but yl phosphi nanet hyl_) -4, 5-di net hyl cycl ohexann; cl s-1-

C2- nthoapha-J—Bﬁﬂ§ibhbgﬁhhﬂéméhﬁ%llgﬂtBL@%ﬁﬁﬂﬂjﬁﬂﬂy@iohexane, cis-1-

13.3.1.1[ 3. 7]1dec (d|-t butylphosphlnonethyl)-S nethyl cycl opent ene;
cis-1-(2- phospﬁh ogpgaf 1%ﬂﬁ7ﬁﬁ ethyl=6,9,10-trioxatricyclo-

6,9, 10-tri oxatyi gyel @1§37ﬁ}dec15f13 -1 decyélﬁut%rlphosphmomethw,—5-
(dladenantylahes%hlnoneth )-4,5-ei nethyl cycichexa

Ci - 1- ( 2- phos FIR&RY L 3BC PRI AREE- 6, 901®‘¥r9 %&FFP@?CFO%3533TﬂfF§Y?Tldecyl)-

2- (di adamarstylaof@)owhtﬂpmeémﬂaycio et byl . cy£lopenrtane; »-
cds-1, 2- bls-perfluort(z hosp
1(11, 3,5, 7- t et (FareeRyat @quftlﬂomaby%y%l%d&mgtmyi[syquqﬂ_lexanef

decyll- 4, 5- di nethyl sy ﬂ&gﬁﬁgﬂ¥”3sﬁltglﬁgéhj¥ﬂg|9“Q60£gloxatr1cyclo—
phespha- 1, 3, 5, 7- tetraneth% d, 10-
tni.exatri CyCI{§l§ 31133/ ﬂ%@)}l‘? 181 aranyt véppefp RNyl ~2-hij s-

(Z'phOSpha'l’§e§h}1t€§éfgﬁéﬂéén%9ro nEtéﬁggl,Z -bis-perfluoro(2-phospha-

10 1,3,5,7-tetramethyl-6,9,10-trioxatricyclo{3.3.1.1[3.7]}-
decyl)~-4,5-dimethyl cyclohexane; «cis-1,2-bis-perfluoro(2-
phospha-1,3,5, 7-tetramethyl-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)-5-methyl cyclopentane;
cis-1,2-bis- (2-phospha-1,3,5,7-tetra(trifluoro-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,



156, 9, 10-trioxatricycl o; 3/ 3, 11. 1] 3; 7] 1decyl1- 4, 5-di net hyl cycl ohexane;
(2-phospha-1, 3,5,7- tetra(trifluoro-nethyl)-6,9, 10-
trionatricyclo[3.31,1[ 3. 7] 1decyl )-5-nmet hyl cycirp ntane;
cis-1.1,2-bia(di-t-butyl phosphi nomet hyl ) cycl obaxane; 015- 20
1,2-bis(di-t-buty|phesphinonathyl)cyclogﬁntane; cis-1, 2-

bi s(di -t-butyl phosphi ncel et hyfl cycl obut ene; ci s-1, 2-

bi s(2- ph
e|s( p Oaph'UPqﬁgﬂygh%sghfanég%ﬁ?nEthéa 6,9, 10-tri oxaadanmant ya) cycl ohexan

cis-1,2-bi S(Zoﬂﬁ%%lsgﬁm’ﬁ&hé!tﬂ ,Biclobet Eagpt hyd-16, 9,210- tri oxa- edamant yl ) cy
clopentane 25 cie- b|s£ oephmameth]yh l3 ﬁja_tetranethyl 6, 9, 10-
N

tricza- adananﬁ®9%99$@P@BEPé tetrame O-trioxa-

cis-1,2-bi s(chadamrntyl phgsphk@pr@ldmxlyhgusggmma&nyl cyclohexane;
adanantylphosphlnonEthv ) cycl opent ane

oi s-1, 2- m%(mmnadﬁypbﬁégbhwmﬁﬁtﬁyﬂ)éyérBbtﬁfal’r?éﬂetéwé Ps9¢E)-pP- 3-3
adamantyl, t- B?QEBFEEPVEIWYL) (ZaldL-t

butylphosphlnone exane; ci ssdamantyl,

t-butyl - phosdhﬂném@phph}ngméﬂhYlL Xﬂhgppph§§9h|%bﬁé%hwﬂrcyclopettana

(2, St ke pheghl-0, B IOTR  BiLclys 2.8, gy 0,8, [ one

-- 0, 9, 1. HdmamitgR)a—-22¢ dcﬂi—tt—bxiwtlpybplhl@srmwertdmé{ hyyr:.lo)vu*e@reeonexane

5¢( 10 cis-1-(2-phosphinomethyl-1,3,5,7-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-



t e xe. --ad.amarat y 1) -- 2( dt butyl pho sphinone tby I) cyclo penS an
e ; cis-1- (2 - phoaphinonmethyl-1, 3, 5, 7 -tstranmethyl- 6, 9, |
O-triczaadamantyl) - 2 - (di-t -butyl phosphi nersathyl ) cyclebutans; ¢ s

1-- t r oxs - aciamantyl. ) 2 - ( di aclaria. t ylpl.7Losphirt orae th I
phosphi nenet hyl ---1, 3 ,t, -7- t t .r aaMethy 1" 9,12 0. t r iox a -
adrEtzmoty-------- 2- ( disci ama nt)",|phicnsphisienme t hyl cycl opentabe;
c is-1.- (2 --phesphinc)rathyl--1, 3, 5 J4-tet ranme t- 5, 9, 1. O triuxs
-adamant ) -2- ( cal i a ifiamantyl phe sphinorne t) cy clobut a ne- 1 --t.-
butylphosphlnqmeBhyI1)3'm}decyl 2e4d11tadanantylphospThiorn1 .-thvl )

cyci chexane4 cis-1 - ha te srph i .or % quz ( dia ama
ntylpbos &HtVﬁPEPﬁ%h+ﬁﬁm%tW¥ &F ?ﬁ%ﬁﬁf icicdo1 5y Spha 1,3

yl pi -i nsphi nom%tlwthgzlze,ob albﬁ-lf&ﬂbxwl@h@ﬁ@iﬂ-ﬁ@m tlhyl[3)7py<;a@nut-aneel 3-1 2s
pho sph -.1. ex at ricyc o 25{ 3. 3

| 1 3. 7] }déyF ?uE%H’W%HQBGEhyl&CYCl?butB‘Pes (CHS=hng $pRgPLe1 | 3,
S-trime thyl-163, grtﬂ-lrgetﬁylr—%@@'}tlb treyederichcid- [ " 7] )cy ) cyc

ppent ane, CIS{%,321 o 'H}}E%yA) 2§ pha
(diadamantylphosphinomethyl) cyclohexane; cis-1-(2-phospha-
1,3,5-trimethyl-6,9,10-trioxatricyclo-
{3.3.1.1[3.7)}decyl)-2-

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

(diadamantylphosphinomethyl) cyclobutane; cis-1,2-bis-
perfluoro (2-phospha-1,3,5,7-tetramethyl-6,9,10-

15 trioxatricyclo{3.3.1.1[3.7]}-decyl)cyclochexane; 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; cis-1,2-

20 bis- (2-phospha-1,3,5,7-tetra(trifluoro-methyl)-6,9,10-
trioxatricyclo{3.3.1.1[3.7]}decyl)cyclohexane; 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).



1; 3, 5t r inethyl-- 6, 9, :10rat r cy e - 33, 1 .1[371]) cyc1l
butane ;-1-C? -pt) opha 1,3-, 5-t ima6 , 9. 10 - triox atric yc.:1. 3
7] 1 decry) - --t 30 U tylphosphi.D.OnletiTyl.) cy c 1 e x slue
;cis-1- - pho, 3; 5--tra . nethyl-6 , 9, O trioxatri cycle - 3" .1 [3,
7 ] decyl) -2- (dl.-t- butylphosphinoneH?yl) dycl opentan; c( 2 -phospha -1
a 3, 5; tr i?E thyL -, 9 10-t I-loxri cycl a-- 1 3. 3 .11 1:3. 7] 1
e cy - 2- -t -butvi phospni no cl butane ;. cis---1- h
51, 3, 5-tringthyuPhge gezegpéw‘l‘f‘%q %ﬁt@?c%?’%ﬁtioﬁ Y 15§ Smillla’f% .
idec.yl.) 2 theréf$r@dQﬁTMar§é”53%%&@@'%Q@ﬁth$|kw%WQH@Belaﬂeanﬁbea&eZ
-phosplial , 5-tr I-nethyl- 6, 9, 1 O-trioratri cyclo- )3, 3.1 [3 71
1(1 ecyl)-2- 1TOHSi arara‘a%mtwpﬁ@é‘ﬁhm%a&ﬁe) cYEF bpertdite; (beciﬂﬁfsph% 1, 3,
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t:

ri Eni ethwlie 6,9, qilsO-itdhice%at HisCY¥el@vw with small deviation,
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the carbonylation reaction can be controlled.

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



{ 33. 11[3. "7]}de cyl )- ( actans ntyl phosphi none.thvl) cycl ohut ane;
cis-1, 2 -his- pe rfluaro ( 2 -phospha.-1, 3, 5, 7-tetraraethyl--- , 9, 1
0--- 15 trioratricyca o { 3. 311 ([3 7]}-decyl) cycicherane; cis-i, 2his
-pe rf Thor ( 2 -phospha-1, 3, 5, 7 -tE)t ranmethyl -6, 9, 1 O-
trioxatricyclo 3. 3. 1 1[3 . ] decvl ) cyclopentane; cis-1 his-per
flia0:t7C 2 -phOSpha-1 3, 5, 7 -tetranerhyl- , 9, 1 0- tr oxat r cyclo [ 3
3. 1. 11[3. 7] decyl ) cyclobutane;ieis -1, 2 - 20 his- ( 2
phospha-1 , 3, 5, 7-tetra ( brifluorc-niethyl) -6, 9, 1 O- rrioxatricyclo
33 1 113 272}ﬂgcﬂou)}té&daﬁﬂeéar’dﬁheﬂ§econh idodlilsr (22, - - hospha 1,
, 5, tetrayé; tifluoro-nethy 0- tr|oxatr|c¥clo 3 .311 [3
} de.cyl) ¢ Jﬁﬁéﬁpgnéheaﬁﬂcﬁﬁﬂn1W?Q§lefs ZéL%ﬁsﬂ%ﬁ HospRatched Bladg
7-tetra (rriflyonorkisettivi) - 9, 0 -t oxat ricyol ¢ { 33 1. 113 7]
} decyl ) cyc 1 ()butane ; ( 2 - exo, -exo ) -bicyclo [2 . 2.1] hep bane- 2
, (di-tert- butyl phosphinonethya.) and ( 2 -end, 3-e.ndo ) - hicycl ; 211
heptane -2 s Irihisse( disat gl 1mpe13£bﬂwtmu)étl phosphi noniret hyke) spdbe. bubhl e size
produced by the invbntio be smal|l and therefore a |large surface area
i s prbvided fodrizsit é%@&ééeﬁagé CRARSF erNFMt keI Pl deel 1| t4ferrforielovbecause
the bubbl e sizg, distyddut Lgn a>§ar1ar519av \Matjaawvdlreaé%hatl Ofpe- Sathe

par honyl ati on reacti on can be control
component of the flow creates momentum, which along with

—_— )~ 1 -

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



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 sectidnal side view of a nixi ng
apparatus according to the invention; 20 Figure 3 is a schematic sectional
si de view of Wlht XithgrasparaptsPactot gt dERE™ T nveht i PNTHSE; °and

Figure 4 is apfsidhensschematds sect kgnal o3 denai sk ©f 18520183 X N@or
apparat us according to the invention in use. Figure 1 shows a prior art
m Xi ng appar at¥&™ALD i H ude 9 WHes§elPlidegont AiFiH.Glarly qiivdtakLe The

vessel 12 has_an.dnlet 115 throughswhi choa gas 18,,is spargedinte the liquid
30 14. The m xi ng apparatus 10 conprises a vertical elongate shaft 20

rot at abl e abo¥t=aldorigi AddPnak3akisr 28400 inhechen?e fixedly nmounted a first
inmpeller 22 and a second inpeller 24 in spnced apart relation. The first.
inmpeller 22 is irount.ea above the second. inpellur 24.Both the first and
the second i npet | Brrst22mp4laee 452 pi tiched <bl adethar piafes.140n sgsghasai d

i npel | ers nust. rotat eigétéfg%esag@ %Bgeg%%a‘ggg fﬂ5st fg elilnera1 2&?@%&5

i ncom ng gas Illfi)blcglsw owinab an axial and radia rection,
The axi al conporeriticof. tTe f Feword eatesl heneAfdmiswhircdrea oabowg t hhe

buoyancy, . prevents e second | | ler 24 .fro perati.n ffectively.
The m)rrenf(ﬂm %kh%ftbu%})anacnydcilss ont ynecéevdgrscoo?%laﬁcyrqh%crcé)glsciaﬁg % %ggsﬁgegh%f t he
inpel l ers 22, bP&esThi®s | Accease kn Epeedrdausiesetuldndi speesicastehceéhe gas

10 o L1 LA, S5eE0H0y) P ELOUEE LGl D8R D Lonn
is approximately the diameter of either of the said
impellers 122, 124.
15
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
20 alternative configuration, for example, 1t 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
25 3, it will be 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.

30 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



15 undesirabl e because the m xi ng processcannot be controlled. Figure 2
shows a m xi ng apparatus 100 according to the present invention_ The m xing
apparatus an conprises a vertical elongate shaft 120 rotatable about a

| ongi tudi nal axis 121 on which are fixedly nounted a first inpeller 122 and
a second inpeller 124 in a spaced apart arrangenent. Both the first and the
second inpeller 122, 124 conprise a nunber of hydrofoil blades 125. Each

i mpel l er 122,124 25 conprises four radialdy. extending blades 125 fixedly
mount ed on. the shaft 120 for co-operating rotation about. the |ongitudinal
axis of the shafrtiesi mfi n§irEachmpkaderi2226n ®athai npetiesr 422,sE24nfds a
hydrof oi | bl ade_arr ange 0 as_to_inpel_the surroupdjing fluid axially in
the 30 directﬁgﬁeg;ef%éﬂ% Her” Fﬁﬁgfngr?nfhéefiﬁgg g?blowéﬁyf%%befePf122 i's
t hus an up- punpicaglénpeld e 2andathee seconidicar ouppes sped 12€10.124 is a

down- punpi ng i npeller, Although only two bl ades 125 can be seen in the
fHgure, it 17 will be understood by a skilled person, that any nunber of

bl adeh may sbe rused1 oareachy of doheisairdtisccdelllar scofiori exnphkie3, 4o06r even
6 bl ades, Particularly suitable co rcially avajilable inpellers are those
nown as’ 5 MERPECL T RIEE R0 TG I3 ) mOBrT ePeLt THALE] FSTTEagel | o
122 is mounted anrkhe ishafite12@ngoat hatohbe igpacrye. f acrepd twhe bkades 125
face in an upward direction. The second inpeller 124 is spaced along the a)
shaft 120 and"F&PfbutifedP3or® hat t HEPTOfdave®t aéBYof 911 bFades 128 face in
a downwards diikggbice, dhe, distance het weemrt heafirkst inpel | ehch22azand the
second inpeller 124 is approximately the dianeter of either of the said

i npel | er s 19223r12a9eRePtR| gube® 3 ShoWs’ t hECHi xFRF Rpar at®% 10027 n &8¢
cylindrical vesgsebqdd: A@astidl @lartdl ihdoeeat edel Bakbe ckotthemswak!l 132
of the vessel 112 adjacent to the base 132, it will be appreciated that the
vessel 112 cakabé 6Peanyf suPtaby ed DEP Hlaeridtsitv @ Cortfigarat it6R, fFopt
examrde, it mRY.PE.A hopper. The m xing apparatus 100 is centrally
suspended in the vessel 112, Although only one m xi ng apparatus 100 is
shown in. Figure

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, A 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.



25 3, it wll be appreciated that any nunber of m xing apparatus 100 coul d
be used in the chanber 112. For exanple, two, three, or four m Xxing
apparatus 100 nay be nounted in the chanmber 112. 30 It will also be
understood that any nuffber of first O second inpellers 122,124 y he
nmounted on the shaft 120 and in keeping with the object of the

i nvention, For exanple, the arrangenent 260 shown in Figure 4, wherein a.
18 series of first inpellers 222 and a series of second inpellers 224 are
nmount ed on the shaft 220. Any nunber of inpellerh 222,224 may be provided

on the start- ?‘5& 1]1892'5L§aéh%!§r§0€}fé gusathon wopl d LONIrsserphl Ss of
i npel l ers nDunte on thé shaft. Each pair would conprise a first inpeller

and a second 1npeller. Therelqmyobetas dunbér igPeparrs 1éf P ApeFrerss on any
given shaft, L,0f EXANP| Boud il 14602 Ofo TRUIe PRLI 8n LB 18UCRIA0C100n

arrangenent, , tor exanple, gas, may be introduced into the
chanber trﬁ(nmﬁwaﬁds base biathe ildé,@abl tHreolardei hgbdieected ahder and

towards the fjler st_inpeller. .15 [The f%%z%%orarg&eﬁgc%@gf{ggp% | er {ga]}/%:)e

driven by a sePatate’drive neans so the rofational speéd of
exanpl e, the ﬁdmﬁﬁrinﬁebheﬂl.bnhbﬂas(ﬂ&ZﬁWﬁmtlmothhe:mﬂMamXGWélh$p@ed of

(he said ot et WRCLLot 20, Te: SLATRGGL o biat, a0 seeond;t el Lo, rev
opt i num di st ancgibetfveenpbwd whigteld=erisiits adépemdent tpon reHéageonetry of
the vessel and the dianeter of said inpellers. In use, as in the
illustrat&l osrhonyl ati on reaction, vessel 112,212 is filled with fluid
114, 214. A gastid 8,s2knids thealder ect®d A2t o chheevesselall1212%2 wha gas
inlet 116, 216dom-r|;1mearsdgafc;[{lrlezc(%lzo%o ‘Icoswa{ro at gge b%i%sgmitm%gll?er 122,222.
Due to the opposing axial flow paths created by said
impellers, a central =zone 160,260, or high turbulent
15 energy dissipation zone, is established. The central zone
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 reactants 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.



30 drive nmeans (not shown), 30 as to cause the first inpeller 122,222 and
the second inpeller 124,224 to rotate about the |ongitudinal axis 121,221
of the shaft 120,220 in a liquid 114. 19 The oas 118,218 enters the vessel
112,212 as | arge bubbl es 150, 215. Potation of the first. inpeller 122,222
causes the | arge bubbles 150,215 to nove in an axial direction towards the
bl ades 125, 225. The | arge bubbl es 150, 250 i npact on the blades 125,225 and
axe broken nh into a nunber of snmall bubbbtes 152,252 in the region or high
turbul ent energy dissipation. Small bubbles followthe liquid fl ow path
which is initially axial then radial. 10 The second inpeller 124,224 causes
axi al flow i n—a—downwardsdirection towards the first. inpeller 122 222,
Due to the opposiAg’ axial fll ow patis credted by’¥aid i npell etd00a central
zone 160, 260,/ 0f i gh turbulrent ifsenergy. di SSipation [zone, EE:]
establ i shed. [The central zdne 160,260 conprises an area of conparatively
uhi form hi ah [tar bul ent. energy di%sdi patiagn wit P gh iqterfaéﬂél area to

al I ow reacti og_bpetweenm reactants i the Fiquid 114,24 and—inreactants in
t he gah 118, 218, Further, because the 20 turbul ent energy dissipation in
the central zone 160, 260 i s nmintained without nuch variation, a narrow.
size distribution of SRl fuhbl g3,d.5 prodused. Sah 2 parrew  9izg,

di stribution enables the reactor performance to be predicted an

control |l ed5 25eFheim Xiowrappacat bstdgd, 2000i sfpardd,cubartycslatled to

ear bonyl ati on.pr S , _Table 1. gi.yve n ex l e of resultant bubble size
for a 30 dna.igggggségéwﬁxggg'inﬁglﬁérgéggtgﬁﬁggé?%égréf%ﬁ?avg i&ﬁs?§peeds,
and. at: . 4, 2bitsete Theobubdl eeSiczeiwas detiel eahetenusi ng xa rigy piacal

i mage-capture.ca.nmera, 20 Tabje 1 _ It |s. a distinct advantage.ta be able
to control thén?%ﬁ%t?soen OCEUr rJf%agnsofe r\/\eéﬁt"tq%\%nf Ui dfse,asgcar EV%ulféﬂ *a liquid
and a gas. |twhsnabhsplespecodaihqyudtavicrlablrectosbe, ableh todymonntee efrkecti ve
and efficient nmxi and inteﬁpha e mass transfer between at. |east two
fluids, Wien 8%;%%%d T T ndustri’ar “pr ocesses, such advantages are 10 of

hi gh commerci al val ue.

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



The reader's attention is directed to all papers and docunents which are
filed concurrently with or previous to this specification :..n connection
with this application and 15 which are open to public inspection with this
specification, and the contents of all such papers and docunents are

i ncorporated herein reference. Al of t features disclosed in this
specification 20 (including any acconparfyi ng cl ai ns, abstract and

drawi ngs), and/of all cf the steps of any methad or process so discl osed,
may be combi Netf iUFeany SEoRBERAL F 0RS eXERR L SN AL GndeRRELE ABTT%ast sone
of such feat wesANdLOENSt 8PSs BF€ Jrtrdaklyegxcl usive. Each feature
disclosed in this specification (including any acconpanyi ng cl ai ns,
abstract and drawi ngs), may be replaced by alternative features serving t he
sane, equivalgn Qﬁvéﬁﬂéﬁrleurmemmfc%%dexw e@ﬁéy astated 3Qerw,se.
Thus, unless expressly stated ot herw se, each .1 r ere disclosed is one
exarrpl e ol y ofregogager pebedries- Gf) eq"‘&h%alléﬁ?tené‘ﬁom ¥ eandseatt@r esny The
inven_ion is HHU regﬁélckﬁd 59 tHﬁnﬂﬁﬁahbﬁﬁfﬁé€fﬁhegob?9 the tures
enbedi nent (s) . entlon ektends 10 a novel one or any novel nglnatlon of
the features djussliloageld i At hi st1'51|@e0| férsatiifggatiinel udilm gCh\ﬁﬁ}'lrm:con@Tamyl ng
cl ai s, abstr or n I any_naqvel
cor bi nati on, Hﬁ%q¥€£§ éﬁy 36§££%0d %¥?pgg§§€§?sd d¥§oﬁﬁ) ed-”

novel one, Or any novel combination, of the steps of any

10 method or process so disclosed.



22 CLAIM5 1. A mxing apparatus (100) for mxing at |least two fluids, the
at least two fluids conprising a liquid and a gas, the m xi ng appar at us
(100) conprising a shaft (120) rotatable about its |ongitudinal axis (121),
a first and a second radially extending inpeller (122,121) nounted on the
shaft (120) and respectively axially spaced apart, the first inpeller (122)
conprising a plurality of curved 10 bl ades (125) operable to nove said
fluids in an axial direction towards the second inpeller (124), and the
second inpeller (124) conprising a plurality of curved bl ades (125)
operable to nove said fluids in an axial direction towards the first
i npel ler (122), characterised 15 in that said blades (125) of each inpeller
are hydrofoil blades. 2, A mxing apparatusas clainmed in claim1,

CLAIMS

1. A mixing apparatus (100) for mixing at least two
fluids, the at least two fluids comprising a liquid and a
5 gas, the mixing apparatus (100) comprising a shaft (120)
rotatable about its longitudinal axis (121), a first and a
second radially extending impeller (122,124) mounted on
the shaft (120) and respectively axially spaced apart, the
first impeller (122)’ comprising a plurality of curved
10 blades (125) operable to move said fluids ‘in an axial
direction towards the second impeller (124), and the
second impeller (124) comprising a plurality of curved
blades (125) operable to move said fluids in an axial
direction towards the first impeller (122), characterised

15 in that said blades (125) of each impeller are hydrofoil
blades.

2, A mixing apparatus as claimed in claim 1,
characterised in that the blades (125) on each impeller
20 are operable to be inward pumping into the space between

the impellers (122,124).

3. A mixing apparatus as claimed in any one of the
preceding claims, characterised in that the first impeller

25 (122) and the second impeller (124) each comprise two or

more curved blades (125).

4. A mixing apparatus as claimed in any one of the
preceding claims, characterised in that the diameter of

30 the first impeller (122) is the same as the diameter of

the second impeller (124).



characterised in that the blades (125) on each inpeller are operable to he
i nward punping into the space between the inpellers (122,124). 3. A m Xxing
apparatus as clainmed in any one of the preceding clains, characterised in
that the first inpeller 25 (122) and the second inpeller (124) each
conprise two or nore curved blades (125). 4. A mxing apparatus as cl ai ned
in any one of the preceding clains, characterised in that the dianeter of
the first inpeller (122) is the sane as the dianmeter of the second inpeller
(124). 23 5. A mxing apparatus as cla.ined in any one of the preceding
clainms, characterised in that the axial d3stance between the first inpeller
(122) and the second inpeller (124) is at Least one inpeller dianeter
apart. 6. A mxing apparatus as clainmed in any one of the preceding

cl ai ns, charact@®eri edminithateprpairdtiiapeld ecdaf®2@, 124) aare oper alfl etbhe a

power nunber 1_75. . m xing a rat. as_clai i ] f the
precedi ng cl ai I,Secceharréc é?lugsé’d ('glna!%?a e%tllr%ds%%c#%gﬁgigmgfqgéegg\%ﬁgﬁc? he
first inpeller Het22enandet e rsecongeilipel [(@R2] 124y ahe eperaBll empeliet ate

bet ween 100W n8 90QwW 15 8. A mixin clainmed in any one
of the precediﬁ&bgpaﬁ%s?gg St acter égﬁeﬁ%e?hggﬂa%%%ygggﬁtbpposed Maxfl o
i npel l ers arse used, the arithnetic nean size (dl) is between 250pmto 550pm

and the surface volLune, nean 70 dia er_(d L et.wee 00 to . 750uml 9.
A m xi ng appar gst‘us asm%’flar}grreapf)ﬁr%ﬁ‘géonaes( o?’l?%@e%r é\ggd??\g cq{;‘;‘: rrvfs),f uhe
characteri sed ipreckdtingherl Brs6 tgotperdpelilseds an e theed,saihk dopei 3ebet ween

250pmto 1500p 5 . A m xing.apparatusas_cl ai.ned ig claim9
; h 1. N ’
characterlsed.qbgaf%§%9mﬁﬁ%'%ﬁ%?%%ﬁeagta78%?%ﬁf“?ﬁggdu) ?s 378pm and the
(inis 445um 30 11. A miXxing apparatus as claimed in any one of the
preceding glai ys, ghaagteri sed, Lo that, £ he; sparged .0aga] atgd S petygen
0.05to 1,0 mar"”s."-
preceding claims, characterised in that the specific power
used when the first impeller (122) and the second impeller
(124) are operable to rotate is between 100W/m’ to
800W/m’.
15
8. A mixing apparatus as claimed in any one of the
preceding claims, characterised in that when dual opposed
Maxflo impellers are used, the arithmetic mean size (d;q)

is between 250pm to 550pm and the surface volume mean

20 diameter (ds;;) is between 400pm to 750um.

9. A mixing apparatus as claimed in any one of the
preceding claims, characterised in that when BT-6 type
impellers are used, the d;p is between 250pm to 1500um.

25
10. A mixing apparatus as claimed in claim 9,
characterised in that when operable at 765rpm, the dip is

378um, and the di3; is 445pm.

30 11. A mixing apparatus as claimed in any one of the
preceding claims, characterised in that the sparged gas

rate is between 0.05 to 1.0 m°/s.



24 12. A m xi ngfapparatusas chill:|edinclaim

--:ised in that the sparged gas rate is 0.13 an inpeller speed of SOpmto
200rpm 13, A mixing apparatus as clainmed in any one of the preceding
clainms, characterised in that a critical dispersion speed in a vessel
having a di aneter of between 2 to 5m is between 10 to 20rpm 10 14. A use
of a m xing apparatus according to any one of the preceding clains for
mxing a fluid into a liquid phase in a chem cal reaction system conpri sing
the liquid phase. 15 15. A use of a mxing apparatus as clainmed in claim
14, characterised in that the liquid phase conprises at |east one |iquid
phase reactant for reacting- with a gas i #t r oduced into the i quid phase,
as well as at least one liquid phase reaction product. 20 16. A Use of a

m xi ng apparatus as clainmed in clainms 14 or 15, characterised in that the
liquid phase coiprikesmax¢agai \aPagypstem 25 17lajmeise oh a dhadimg 11,

apparatus as clajgpd.id any ane tgét%ﬂier@p;ég&@ &8, charact & isgd, i n t hat

the reaction systemis a cazbonvlation proceSs conprising carbonylating an
et hyl eni cal | y uRBattreltled eeAPOURE WiAM dar BORMBNoxi de in the presence of
a source of hydroxyl groups, and a 30 catal yst systemconprising (a) a

hi dent at e phosphine, arsine or stibine |igand, and (b) a catalytic netal
sel ect ed from algr dupmgxifgorarkGrgetal 8% «£leeRpound t Rdveofne of the

preceding claims, characterised in that a «critical
dispersion speed in a vessel having a diameter of between

2 to 5m, is between 10 to 20rpm.

10 14. A use of a mixing apparatus according to any one of
the preceding claims for mixing a fluid into a liquid
phase in a chemical reaction system comprising the liquid

phase.

15 15. A use of a mixing apparatus as claimed in claim 14,
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 use of a mixing apparatus as claimed in claims 14 or
15, characterised in that the liquid phase comprises a

catalyst system.

25 17. A use of a mixing apparatus as claimed in any one of
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

30 catalyst system comprising (a) a bidentate phosphine,
arsine or stibine ligand, and (b) a catalytic metal
selected from a group 8, 9 or 10 metal or a 'compound

thereof.



