PROCESS FOR OXI DI ZI NG ALKYLAROVATI C COVPOUNDS FI ELD
[ 0001] The present invention relates to a process for

WwOocRresdi2zisng al kyl aromati ¢ conpounds, and i n on®CT/EP2008/002870
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enbodi nment includes a procéss for produci ng phenols
fromthe oxidation product. BACKGROUND [ 0002] Pheno

and substituted phenols are inportant products in the
cheni Gadrubp B#S b yradD A hestiM@ketp irRparl ApEOEARPIEC TH&INE
production of phenolic resins, bisphenol A

e-caprol actam adi pic acid, and pl asticizers. [0003]
Currently, the nost common route for the production of
ﬂﬁ@ﬁdﬁth%“WH@ﬂFbck process. This is a three-step

process in which the first step involves al kyl ati on of
benzene with propylene to produce cunene, followed by
oKiedatseannyshtiohis congeansd wih qm@hmfr@gzﬂ@pﬁj@ h}g:lroelectrlc turbine onto
WXQ Ee%&%, Qﬁ(d S%aﬁﬂg a¥ g‘%@th%h GAYAY alﬁ S th@ %&%’c%%h% be pre-
to produce e ar anmount s o eno acet one
Hostelledron attage wor tadthe érstatleltidng rhephe godatly srr@hfmm@ye mskadlation
ra |dIy than that for acetone. In addition, the cost
dt™Propyl ene relative to that of butenes is likely to

i ncrease, due to a devel opi ng shortage of propyl ene.
[0004] Thus, a process that uses butenes or higher

al kenes instead of propylene as feed and that
CRLQELGASS TR hiykn@dhy| ket one (MEK) or hi gher

ket ones, such as cycl ohexanone, rather than acetone

may be an attractive alternative route to the

PH @AW Gt QRirSfmdHRE A@hsee WIAEL BXBIR] Bflicidaeneand §la1@et g OWisigof the
mar ket for MEK, which is useful as a | acquer,

storwenpl epdl foelr. reranaRlergerer hputinall kegngo BF piyen pignificant
azgght]i& Qith S0 BREEANANE de$elHl§e%qlr(§§1d§5‘laff QRUSE G ener y2 and tidal
solvent, as an activator in oxidation reactions an

tivavepr o@ﬁrb@ae@ﬁer@ﬁtl\@cfpm‘l%of&@way tidolonpastee wampielyrtbes A, attractwe
¢ A0 'E%'nmae Qindl QQ&?A
R R et PR PR TR D Bind PR nerey
sebb@@yh@anzenewnnMBaxmdd@aﬁ@%Wﬁ@dqwgé@ﬂ%utyIbenzene

is oxidized to obtain secbutyl benzene hydroper oxi de

and the peroxi de deconposed to the desired phenol and
nm\ther,eltadmyésidgetdanmerg@(rdoewmbviidew o¥n shetlenges pn peesslar with
descri bed .0 esl an

Seombnb 0 P BRRS R RaaRTaRe ot Fel S OR il Brawplg o aro-
byfedtetusbhigsd f Which 5@ Eh% alE:@)lhath of thel b@ratn)nlw@zﬁﬁébﬁanst b9 Takated in

[ 0006] However arison to c ne, oxid f
PRt (ot SEk B SODRL e TRt By BhehGhue ot By peBe! n
O4AURS, IRAYARE Bk RbndREAlCAINOMeRL tOMBEes ﬁiﬂl@tfbe&ﬁult on a large scale.
secbut yl benzene, to the correspondln hydr o xi de

r AyuTPs RigRBES $ndrmswcEdrhases aHRPOFS a&?é?rﬁe sehairhevento
taﬁnp%ruﬁﬁ@ Qﬁ@reﬂiuré qPHFikdnt BSwvy FRn %ﬁ@ffﬁﬂl@ort efuipRentGRSRler to

sec- butyl benzene contalnln% % by wei ght of
i @fbt@u@ 9%@@16@#1 elhetuse of sk hegvyf létpwmﬁﬂea\‘ls normally a hazardous
Sl?ﬁiéﬁéﬁiﬁ%ﬁﬁ(ﬂ%? eftd @OQP&%B&’S% S8 %h%ﬁﬁﬁ§ecfu§bn%@ﬁtopgrja%ﬂ at sea

en the sec-butylb ene is free of
i woloudiffidulinné mesteagy poridaidny., Inménlotlheoat %@U@tyqnbéﬁwhéldal
con
ecnr lgglé %q%gp%ﬁe%ﬁ&%?%g%k%ﬁﬂnﬁ ({}%85 ?é rgl ut y félg(gttgg gegibed as a first

content is 2% by weight, the rate of oxidation
decreases to about 84% and when the isobutyl benzene
content is 3.5%by weight, the rate of oxidation
decreases to as | ow as about 82% [0007] Thus there is
a need to find an oxidation process for producing for
exanpl e C4+ al kyl aromati c hydroperoxi des, and
particul arly sec-butyl benzene hydroperoxide, that is
much | ess sensitive to the presence of inpurities than
the existing oxidation processes, and that all ows
ef ficient comrercial scal e production of phenol and
MEK or hi gher ketones. [0008] U.S. Patent Nos.
6 852 893 (CIeaV|s) and 6 720 462 (CIeaV|s) descrlbe

o Y



catal ysts, including oxidation catalysts, are
pol yoxonet al ates ("POM s"), which are described in

WOR0s&28286al ., Het eropoly and | sopoly Oxomet al  &4uP2008/002870
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I norgani ¢ Chem stry Concepts, Springer-Verlag, New
York (1983), incorporated herein by reference. Pope et
haseadtdhOhhegiohawne tkase b isedd Blh,l?ﬁe mdtaing @8 oofofe@Mbsnes onto

inc taI uch _as. oxi dati o r opyl

'tB%BLﬁ(§)| e Sipking of Y Piliniohe 7 Wale <@ °£§ig§§*%n‘dﬂow is

Q%)lnga& AP pRiblcataBBBhd SenBldy @@ardRNS op&htﬁfnl rIn addition, significant
%nerlzatlon ammoxi dat1 on; oxidation

Bhrgrad pdHEFAUBreBUT Y Pefenspertedyp apd ORfé?H%%téIi‘q Wi obfnstallation,
341 %@mlnﬁy 1119?%'agﬁ’§ th¥ %oﬁﬁl‘éﬁlt}} 4 cggt o@ltl'l%YCJpexkﬁﬁgﬁ enes or
erocycl es; epoxidation; and hydrodesul furization.
[0013] Accordlng to the invention, it has now been
qgst!lﬂﬂ{)n ?I%rcés‘gl FtHCrIIggltn Pca?e(arbgaaénﬁ& s shorta e in the market of
ol yoxonet al at es show' act ctiv §
csattailglsetssem atdreguipxiediat iperforof susb do}hmgmorlaarldwhe extreme danger of
#ps qu"pm %?dﬁ?bwqu|Ud'ng seobui yl benzene and
g%ﬁﬁ% vIBERZERETH S the cor respondi ng
hydroperOX|des SUNNARY [0014] In one aspect, the
esent vention resjdes.in oce for axidizi
o B R ] S EoT bRpbting o B G BuasS hagen T #ngerous
hind rii@feeiofxint g opdi@ioR) MAREHhHQ NIt k& Btdione it d8bliffghidask and/or
al kyl aromati ¢ conpound of general fornmula (l1): in
WWFEWWQT3Qﬁﬁmﬁ?1@£gﬁm@HE8 ndent|y represents hydrogen
or an al kyl group havi ng fron11 to 4 carbon atons,
provi ded that RlL and R2 may joined to forma cycllc
gFsupesERivYRGtien bin therefer emele:é%bﬁefbwhﬁ viesfogingrldyipg the
GRQMRiBE bpﬁ}y&&tlécgmuané Lw’rﬁéﬂ &Hﬁl@@allMQh%stﬁﬁﬁfoﬁ%?Qt S
hydr ogen, one or nore a u aving from1l to 4
dadps cﬁmdw@n@wwwﬂdy@b@ﬁexvnwgﬂgﬁwiabwmh oxygen in the
presence of a catal yst conprising a pol yoxonetal ate,
wherei n the pol yoxonetal ate conprises a
pol yoxotungstate substituted with at |east one further
éaanF Joly M1 \%Lu lOOlS] In one enbodi nent the process
PRED AvVERtTon furt her conpri ses converting the
hydr operoxi de into a phenol and an al dehyde or ketone

%wﬁag%glgtﬁﬁxgerngé fr%?zr@gslrﬁa Wgﬂi%{%stﬁ 1&% })%sei(aﬂjl %iygrrc}elle?gtrig pugbine

Aseomdis@¥@by, thd metBod eontphiging plicafi@sioed aspect, the
present inve tlon r23|des in a process for producing a

ﬁﬁ@ﬂﬁpnggﬁﬁﬂ'BF8E@§ onprising: (a) contacting an
atdaypoime bsae@@drﬂwnatocafdeg@p&ml sitk 8y Bdbsloyrhdnt veddel;

whi ch Rl and R2 each |ndependently represents hydrogen
dpweinsh& hrse gpivdle 1A ™ M6iFEt o 4 carbon at ons,
I%@th'ﬁ{é &&@Fte&reamth%aﬁay be joined to form aCyCl ic
grou aving from4 io 10 carbon atoms said cyclic
gftsﬁégihb‘@ithg%‘fﬁbllhtm%ﬂtheymgt@lkb%'loﬂmlﬁed and R3 represents
YSERAGREN, BRGQE HB Bedhdey! oroups having from1 to 4
carbon atoms or a cyclohexyl group, with oxygen in the
presence of a catal yst conprising a polyoxonetal ate to
produce a hydroperoxi de of general formula (I1): in
which R1, R2 and R3 have the sanme neaning as in
formula (I) and wherein the pol yoxonetal ate conpri ses
a pol yoxotungstate substituted with at |east one
further transition netal, and (b) converting the

hydr operoxi de of fornula (Il) into a phenol and an

al dehyde or ketone of the general fornula RLCOCH2R2
(111), in which RL and R2 have the sanme neaning as in
formula (1). [0016] Conveniently, said al kyl aromatic
conpound of general formula (I) is selected from

et hyl benzene, cunene, sec-butyl benzene,

p- net hyl - secbut yl benzene, 1, 4-di phenyl cycl ohexane,

sec- pentyl benzene, sec-hexyl benzene,
cyclopentylbenzene cyclohexylbenzene and

o o - o o -



Exanpl e 30 and t he unsupported Cu20P8W8 cat al yst of
Exanpl e 33. [0027] Figure 5 is a graph of hydrocarbon

WO@bi8)j12828nver si on agai nst tinme on stream (hour 8LTHEBR0BIIE2870
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oxi dation of a sec-butyl bedzeneZcunene m xture using

t he N-hydroxyphthalimde (NHPI) catalyst used in

EptepbE, Bé niHﬂd)dtcbﬁlpHﬂa% UppRing et KadZbPmBMAB T 6 atimbyrsif I@fering
Ie 35.[002S] Figure 6 is a graph of total

Hyﬁggﬂépﬁwﬁﬁéﬂﬂggﬁmpvﬁﬁﬂ CHP) selectivity (sel), where

CHP stands for cunene hydroperoxi de, against tine on

stream for the oxidation of a sec-butyl benzene/ cunene

Mrsteiably. theintrghodisemRised tepajsprat Aeadingistek (nigire)loweling ly’§f once the
[ and the unsupported Cu20PgW

g%?é yg?éggggkgﬁ%#g'SS [abbreviated in the Figure as

Cu20]. [0029] Figure 7 is a graph of cycl ohexyl benzene

(E%}% ab é/?g 1}%%%%&0?%&%%@%6@% &‘M] ltl? y %r&? ﬂégs@?ooed in ﬂowb% water.

(Psz catal yst used at two t enper at ur es in Exan'pl e 36.

AR T S g R VTR O .

agededurentior afuhedmical and Engi neeri ng hbms, 63(5), 27

(1985). [0031] The present invention provides a

process for oxidizing an al kylaromati c conpound of

g&@l@fa@iy, fremmMad dompiisdsRhaMidpcdT sistaanallyRAai@aeling the position of the

i ndependent|y represents hydrogen or an al kyl group

Hisplongent e hagpwsuhe HPNmg Y{Sns, provi ded that Rl and

R2 may be joined to forma cycllc group having from4

to 10 carbon atons, said cycllc group bein opt|onaII%

Cil] bfgtaibtmtf@dnetlmﬁk?omr ipes pireesenrpigesiedgemety g{@mépe pse @nd/or
lul@/l 109{-60(ﬁe hﬁz}{'pggtl&ﬁﬁ’%?)ﬁl—th‘é Qea'%e&a_r bon atoms or a

cycl ohexyl group phrase "provided that Rl and R2

may be jOIned and so on is used herein to mean that,

31%%%%18 T rrlllgbﬂdd %ﬁlt})ﬁse%?lglgheolfran@%o @%st&g (ﬁﬁf]@ glgﬁite ltoyrélgnt vessel to

dbsd@mameﬂiﬁﬁa and R2 are joined into a

("divalent") hydrocarbyl chain (having 2 to 8 carbons

in that chain), with respective ends of that

"R}E&albeynthe nedutaidreobipgisas thd sugedl staokdningg dGoatlowmetween the towing

ecific sho in.f
AT R R R e e S e
awﬁ%d&ﬁuﬁéaxb noi ety that connects to the carbon atons
of formula (1) forma cyclic group having from4 to 10
carbon atons, conveniently a cycl ohexyl group, which

Y feRB1,S U@Sﬁdtﬁd&t&ﬂlp%és NinQREst§Y SRk@blashkig!thOduamipilifieofithg
froml to 4 carbon atgons or with one or nore pheny]

gRBUFEONEEHES eary fopybs éaSSIaR‘i/Pfa‘Pﬁ%ﬁ%t‘?’ltm@é‘ﬁB’biﬁ%%d
are et hyl benzene, cunene, sec-butyl benzene,

p- met hyl - sec- but yl benzene, 1, 4-di phenyl cycl ohexane,
S}@g%gﬁ [l@éﬁpﬁl@m}@on@g@esh@)@w lg@/ﬁg%séep lowering the base from directly
q¥£kgpﬁgg¥%p@nzene cycl ohexyl benzene and
cycl ooctyl benzene, with sec-butyl benzene and
cycl ohexyl benzene being preferred. It will also be
understood that in the case where Rl and R2 are joi ned
to forma cyclic group, the nunber of carbons form ng
the cyclic ring is from4 to 10. However, that ring
may itself carry one or nore substituents, such as one
or nore al kyl groups having from1l to 4 carbon atons
or one or nore phenyl groups, as in the case of 1, 4-

di phenyl cycl ohexane. [0032] In one practica

enbodi ment, the al kyl aromati c conpound of genera
formula (1) is sec-butyl benzene and i s produced by

al kyl ati ng benzene with at | east one C al kyl ati ng
agent under al kylation conditions and in the presence
of a heterogeneous catal yst, such as zeolite beta or
nore preferably at | east one nol ecul ar sieve of the
N{m422 fan1|y (as deflned belomb The alkylatlon

e Y r



form ng a nonol ayer of one unit cell thickness,
preferably one c-unit cell thickness; nolecul ar

wo=0es/es28dade from conmon second degree buil di RgTHPR@ISHN2870
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bei ng | ayers of one or nord than one unit cel
t hi ckness, wherein the layer of nore than one unit

g bflerabh, Q]‘érh&fﬁlﬁ)dlc%nﬂﬂge@ tid WP Fht@bdinghe RBEID AMGinclWr upstream of
bi nding at | east two npnol ayers of one unit cel

tth¢ E’:er@ée“t SHEPTISE ARV FIY Eohe Base froudiokdsdegr ee bui | di ng
bl ocks can be in a regular fashion, an irregul ar
fashi on, a random fashi on, or any conblnatlon t her eof ;

dtveferayb, é@mmeélrodsﬁowesesmrtw signpl plelgist Bartighy TeisHi@Shg base off
| GORL BRI §6m Wi
g”é?lk’ S a@?ﬁ °tsﬁélllﬁ/%wv%{[§rnﬁe&g?§é°“ %gp% 0038 e
Mol ecul ar sieves of the MCM 22 famly |nc!ude t hose
I ll?'s%clij hgrrems th % E&%h@%s ﬁlgen;éfcf %ysz%éfﬂg%@g%édgﬁ a@@ﬁ(gnetrorthe base or
B0, (ﬁfﬁn)amdtaﬁle zr;a@y OfvaAagstlr om rivENed X fayikei f f r act i on
data used to characterize the material are obtained by
standard techni ques using the K-al pha doubl et of
copper as incident radiation and a diffractoneter
Hgfed with a scintillation counter and an
esgrifiopg iR YAWARESt he col | ection system [0037]
Nhterlals of the MCM 22 fam |y include MCM 22
(described in U S. Patent No. 4,954,325), PSH 3
(e djilsgatena pghematpsilagisating of ydeplnymeniiessebegrryig a base and
(tgl%%‘ﬁirthgg(gl hiVitd een RATQNS 2 MOplo &R 6:ib67) . ERB- |
(described in European Patent No. 0293032) | TQ |
(descrrbed in US. Patent No 6,077,498), 1TQ 2
V‘lgﬂsr% Q'llkﬂﬁgraﬂe@thle Es%ElrlﬁtFlréQ@@l lopv@rlﬁgthe%d@ dn‘a%d)f?l@ t(&\pards the seabed;
(described In S. Pat ent .
5, 250, 277) N{m449 (descrlbed in U S Pat ent hb

G382 Bl Rk RTARA e S gt

Gnd 5Gp8O) theaagberdi xt ur es thereof. Mol ecul ar si eves of

the MCM 22 fam |y are preferred as the al kyl ation

catal yst since they have been found to be highly

sebactiinetrhes the arrpigedisnt df Migudd 3 @lowing thié emaztemenf tidesbase and

conpared to the, other butyl benzene isoners.

Pt ?FEBTbWS?%@dﬁEFecular sieve is selected from (a)

me4 49 (b) MCM56 and (c) isotypes of MCM 49 and
,..such as I TQ 2. é¥038 The oxi datjon step

tﬁreurséé%téﬂﬁt%% @é%esanri Lurping Bptingbssy redeﬁr fLe terat@ymem vessel

ab lbydiabpdmidnc conpound of general formula (I) with

oxygen, for exanple in the formof a gas contai ning

nol ecul ar oxygen, such as air, in the presence of a

catal yst conprising a polyoxonetalate ("POM'), wherein

the POMis a pol yoxotungstate substituted with at

| Refsidedodrscripfiannadithe deavgngs on netal . As used herein

the term "pol yoxonetal ate” or "POM' is intended to

nmean a conpound conpri si ng pol yoxoani on of at | east

dhﬁ@nngnHWWmeanEW@WMAat¢nwﬁmmthhempbeséhdamh@ewnanwﬂwdof

JURREPE DT el GRS PRl AP R ¥ sseosba

Sui tabl e further transition netal s include copper,

manganese, iron, cobalt, nickel, zinc, cadm um

rut henium and nercury. In general, POV can be

subdi vi ded i nto heteropol yani ons, which contain hetero

atons in addition to the primary franmework atons, and

i sopol yani ons, which do not contain hetero atons.

Suitabl e hetero atonms include at |east one el enent

from Goups 13 to 15 of the Periodic Table of

El enents, such as antinony, arsenic, bisnmuth, silicon,

bor on andphosphorus. Mst of the POVMs known are

isolated as salts with the nost common counter cations

berng alkalr netal |ons and annnnrunror nrxtures

Y ' o T T - o o



in the cavity of the tungstophosphate precursor
[ H/PBWIBO 4]33 actually do interact with transition

worzeasal2sisons i n aqueous nedi um but sonme heat i RGTIEP2008/002870
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required. Therefore, [H7P WA8Q 84] 33 can i ndeed be
consi dered as a superl acunary pol yani on precursor and
V&Ep%&ﬁt@ﬁttsné Batn okkebodimamsilistard edeploynensvdeasil 4desutilised to

can_al so be_ incoyporated, [004 20 .
Grgretht iR 1S hge KOG BV PoS S5t ult TP gt
tPes s 4 aoRPRE halvle)lts lo@RASNdafs &%@\ﬁ@sﬁ’drﬁénﬂ tHus a tug T i 1s used to tow the
squar e- pyram dal , gyare pl anar) 20 cop P
c"@ﬁielgt‘émé\*%detﬁ’tqyétj’é%ﬁ €5 eV borsvsG be 6%@@3%% \pp yessel 14
3&09?&%'p'r&%&%the&k}bhéx&gmb%s asu@l'\ Mrﬁ’m@é’amlt SdtbAkd motor(s) or the
cage-1li ke assenbly. Based on bond val ence sum
JR éuttaboongndlt s abiiagh Ry uesxyljensizdr @uld be omitied. The use of

r t [ f

rﬂ?@tﬁ? "[0% mﬁ?etfﬁrgﬁigg :!hae%g g!rarlee{'ﬂ:grl}e)hg ?tltngmgﬁga gf tX)g m\Ith?on In addition,
crd:tbmtghehle tuybnae thbasei ld@nd gessel Q8 aereaglh shiogings ad:estc:nlabdfnzg;n or

&6 SRS n, it 290 l\é\g]l?ne ers?oo tt HE& | nC| K yee ] %p S Yha n(gg essential to the
r% f%\ ROFE JeSq5e TRy <8

Ehe&h:ddcﬁfoﬁmﬂatlﬁoﬂﬁthe Qx@&'&;on? 841-847; Alam M S.;

Drenov, V.; Mler, P.; Postnikov, A V.; Ma, S S

Hussain, F.; Kortz, U Inorg. Chem 2006, 45,

38@)6 tozlﬁzé’eeaﬁig td-ihd defboymddt bite J.the Wd3de] 15is p'ﬁeferaK@'rtb\Zzed id.a
Chem Soc. 2006, 128, 10103- 81 10,

rﬁ'&BYeb‘b?hﬁtt%er FRSFLATSUER Ay By % O e ke eségms?l a3t e correct

Skt @RI RO A6y s of e tRBIND [ © SEIY prfeREEESI vaI6EHABT

Ki 2Li 13[ Cu20Q ( 0&24 HO) I 2( P8V\48018p4) ]-22H20

alsplosypitieg Ay tdgorthayigt vl T aporsciatd tratsrey sorgipgy are not

N@é‘en%%& @é%eﬂ%@) r @ ab b([e%Wzv c%ﬁdltlons for

(Cud(Gev) ) Nﬁ@gﬁ%%ﬁé%] I%Aég’gﬁg@ose M ot

abebmgt\hp@p mstaléatlp@gg(hAgw)ttzgn One of the beneﬁts of deployment during a

S LA ERONZL 5 B Ry S R0 O s g

desihgnabine |110 figd bash &2 jodwmreined faotheswface Heriment‘dadkalater” if the

(B SR NG g T Bt v ip g o

aiobece\omamtetmbre&m(lg(ﬁiua{haudé ASWBE@B 81 tyrpine 10, when lowered to the seabed

T R A EE S Bl A e PR o D CTUREEY ¢ AsD0.

33)2]-I | H20 abbrevi ated as ( NH4- Cu5AsZVV8) Na( NH

a(%.nc(a %;QAPI efeﬂ .%E%%g)mn%g %%YP\?%‘S)dﬁg 6@8? %(P%%b or %¥erat ne geployment

ka6 BBWAB( Sehhd the 22 Disxbdudento atceriliag il &8 dABE speed of the tug T is
K4Na4[ Ru2( H20) 6Sh2W20070] - 12H20 ab reV| ated as

(rmg@ﬂ@@lyselmm?]et%ﬁs)smqéefshe{tl (‘@38 ) y(mﬁnt@\,t\he position of
1A0RR1 17 R0 A YT 38 1§ KACHRRIZHRAGEULMAG e released from
K4[IRuSC 6H6) (H20)) {Ru(C6H6) } (g-SiW 0036)] -

dbbrastdl At el inkow gty RageddbesihatabiE)10 capld beemted from the base
[ [

E‘lc%S lﬁel_t%s éle]%gél\/ﬁ&g%dd be]ig\bgrg? tOQﬁe?ét%?%(ﬁ% I1rﬁs§lgt1§ng ghe turbine 10

subid fheuned tpbé yokblydegsdanandisl todpibased2.f or t he

process of the invention, such as those POVs

identified above, can be used as catalysts in the

present oxidation process in unsupported formor on a

support. Suitable supports include acidic materials,

such as alum na, basic materials, such as magnesi a,

and neutral materials, such as silica. By virtue of

the ionic nature of the POM if the support is acidic,

anchoring the catalyst to the support can readily be

achi eved by sinply dissolving the POMin water and

stirring the solution with the support material at a

tenperature of, for exanple 20C to 100C. After

filtration and drying, a supported catal yst containing

up to for exanple 10 wt % of the POM can readily be

obtai ned. If, on the other hand the support materi al



conveni ently conducted in a catalytic distillation
unit. [0051] The catal yst enployed in the cl eavage

WwWOo202828n be a honbgeneous catal yst or a het ePOHER2WEH02870
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catal yst. [0052] Suitabl e lonogeneous cl eavage
catal ysts include sulfuric acid, perchloric acid,
PIRLANOII dnipeisdeh,a finel sckhiol, i€ thaehodingnt illustrated, is capable of

p- t ol uenesul f oni Ferric c
i s e M OO Vel i GG 2 PP Oh RS sgd 7 exending
alos@watdi e GbinMee ﬂﬁﬁ@&?@%s@iﬁﬁ%ﬁ@&oﬁ@hﬁhﬁ&b&r offfipports 18
pref erred honbgeneous cl eavage cat al is sulf

arhieh popssiPyardyitoaghe ree &0 ofanesiss ¥% tadpRred tOf%PWdE%SUpPOftS
iy tB IB?O &k 6RVAEE tﬁ’rfouél‘?ﬁ'lp wExbibansas %hmﬂ@ﬁ% 9% itib&urbine 10 is

includés a snectite ay, such as an acid

ot fik¢d. ohperebesiof wwheﬁ Whihaee in |tla>)ﬁmb@§mar@§ dluptrases, pyg provided

V%n%h%%%geqqa aM¥Pare %ec%?egl ﬁ%h7e fran&ehl% t§ lg% bid Jis&! agg llld'v@er %e base 12
I'S incorporate erein by reference. [0054]

tralati ca® ehanrresed 14 hieockirgyrheans (ret stowap nq@avmf@rablh@mw@d On the base

016 qnd/zor vess CiC‘lng(Ij ordgr {o%llgvr\]/%he dba¥ e[‘i {oH3 l{)ﬁ(e? securely to the underside of
hexyl'benzene, I on product i1s

ayeb@hﬂxylHen@enﬂnhyﬂMﬁpeommwdmmanues&nm&hedna@ehngnmmm.

product conprises phenol and cycl ohexanone. The crude

cycl ohexanone and crude phenol fromthe cl eavage step

Bfediag sdbj@e2eehde hd \th&slelneé[ 1s@idl§1i161ileclaivk1(1he tie pthe derkéng means

purified cycl ohexanone and

BT PR i SR GIBAEhS KEF g0 coblien P HGES Ve ol pighe base 12

aan@@ﬁrb@l% 10fovelir&d thl: kabtdB. 1PMEESLSEMERRRIsALR tHRQurbine 10 can pass
d¥c ohexanone and E%enol from ot her species. The cr
1

repilr Ul Uy P e o A nRteatase bRanskiBb@s 0o 6 fowered
d@&m dr-Q96RhdBnE oes@élclarprqu&g@};g%rﬁcamtsmmnp B& the Behing

ydr ogenat I on may erforne for exa e, over a
cmp%ﬁsysﬁacéuwcfago fredstqus a FYSPEREK EIWespg By ?%%ﬂﬂﬂ]ﬁ‘ite‘{ gdbshase 12
TH %Edep Yoelmwlsrotﬂe \%sle ly 2@ r@ﬁethgpéaGe(pﬁ bhd ﬁll'ﬂa?tfclu}ﬁr %Siﬁsrtélgﬁgn site S.

reference to 'ow ng non-limting Exanple
F_&(anrplhte)nally Whgplawammg;snlcbf:omponents from a marine vessel it is necessary to

Li 13[ Cu
gL LA S el FBRS a2 gy v
Tl@&w oiﬂarwg@‘mﬁit of iniGuGitR-18:12@b I Gué tathgmofeB fitirniryne and
was di ssol ve Wn.a iivl Li CH3COO buffer solution (20
Oj“pﬁf‘e@ﬂ‘s@ertﬁie E}H‘é‘i’? "Rb8Li 5[ HTP8WIBOI 84] - 92H20 (0.37 g
0.025 mmol ) was added. This solution was heated to 80C

r 1 hour and after, cooli t omtenperature jt
eeng St LA SrRbR T2 1o M0t ed Porutey BRAGE B Rslel some
34&11@)@@(@10&’@1@@)’ orftthe baRMtagdPLfugitd B ardlite@rto lecivel &@ndry from the
blue c;%stalllne product started to a

iPGHICWAS 1t & nreffeay! ettBatél?ﬁﬂef‘?ﬁ’EFe(nﬁﬁ{%P}”n} #e adapissktp prpvide

| \ﬁH&J 1&¢bnARR SRR REEINEn &Pbr dnPEQB G atingMHe GRtMRE0r, REAWho are
collected by filtration and air-dried. Yield; 0,1 1 g

(Bobyably lpeataiathe ﬁgplomegl(f§§el 140 @Fg }his tﬂygrptriﬁinformation is
9(?6%%1%?%th915a%&%m016 é%%(e@rs tl?ell?élgé m can%%{llﬂh])oweyeg%(]@ the seabed B.
681(s), 570(s , . (Reference:

Magain Be s@;sprs}(mttshowm) w1)1mg@wie t@qulmry I(hlpdlCEg whem ths bagpgl2 actually

377 0 npl e 2: Preparation of

m%’"é%?%ﬁ% '2(GeV®q 34) 2] CL 31H20 (abbrevi ated as
Cu-J(GeWy) ). [0057] The foll ow ng reagents were

di ssolved in 40 nL of a 0.5 M sodium acetate buffer
(pH 4.8) with stirring in this order: 0.334 g (1.96
mmol ) of Cud 2 2H2O, 0.0928 g (0.888 mmol ) of GeQ2,
and 2.64 g (8.00 mmol) of Na2wWX 2H2O. This sol ution
was heated to 90C for 1 hour and then cooled to room
tenperature. Single crystals suitable for X-ray
crystal | ography were obtained by |ayering of the above
solution wwth a dilute Csd solution and sl ow
evaporation (yield: 1.8 g, 71%. IR 941 (s), 890 (s),
846 (w), 775 (vs), 734 (s), 718 (s), 509 (w), 469 (w),
438 (w) cn11 (Reference Kortz, U ; Nellutla, S.;

~ ~ . —~ I N 1



[0061] A 0.51 g (3.0 mol) sanple O Cud 2 2H20 was
di ssolved in 40 nL of H2O, and then 4.0 g (1.5 mmol)

WO0ahosKs286 ASVWO(B3] was added. The sol uti on wasPET/ER@8/002870

10

25

30

for 1 hour and filtered affler cooling. Slow evapoiatio
p at roomtenperature resulted in 2.9 g of a green,
cryst all'ine product which was isolated and air-dried

eld 73%9. IR 97 950( s),, 888(sh
g%fﬁ?ng to F;lglgeghtj]e tu 4]5(1%\; attefl%s §)°ld ggg%%ymei%gis\ﬁgl lérW Rosmon
aglﬁlﬁﬁftl@er ﬁnﬁg 1idKe rv@h_ﬁl'_le ahjaddlﬁ@{élll léhktﬂ of %werlgg QH@ZZ A un@ound from
al ;o van - aS S

Che

Ze@g)gfwmg@ 20 fgmcxggm@le)anggglﬁﬁqlaé Sm-of rhln@ 6%}-8&‘? e@ﬁqdof\s a result of the slack
%@il\tﬁfgﬂlgéﬁ%%(eﬂ%@ 52 Qg 1% fﬁ(n% sé&%%@s%libeawgld the tug T then eases

(abbrevi ated as K- 0062] A O lg %
rem hy t@almlleseglﬁre@wem @gvi,%@ddh@wsq}éd tQ weatg slm_k @fthe towline
dggﬂpgjfﬁ 29 Stllrmgsh &\%Iggser + %Ic)‘g g% \*%r{rc%r \ﬁgg}é Q téherﬂ@%he vessel 14
fthéreter edth&fwae'rthc:b@b i1Agp. allSW@d\ﬁoesﬁaplohmqabw Rentirelymnder the weight
o%nige tu tml’flzrl%caﬁg%glstlr%go 11§tr<-‘é almgé connect &?ot (esséislg %h%rhme 10
IaRd b9841,2 V39 the® Belynired/to (b8 Inalsedmﬂthe 6éh5ed B&'& ang 9&ssihdhe connection

5 cm1. aratio NH 4)S 5[ Cud
SR 48 6] AR aT 11 PRBS TR NP RPE As M- Cu
SAs2W S). [0063] A 0.31 g (0.13 mml) sanple of (NR
) 9[ AsW(O33] was added th stirr tqo.a sol ution of
o‘\%téelg 15(110“]3@0 iy | A intemipeish 56T gfe I ghepag 12 5houd e
Niid atW b @fe sCaed B. 8) is inhpdrians alititd @R phase JTeat 1ﬁ§{altaﬂon that the

8Q0C for 1 hour and then cooled to roomtenperature

angl Trdpes it Bk angllead o8 VREIBIERS bn AtrihiaRoigh&ilenyqiry is taken from the
sl 4 & stdjdd- tg goxg'lrx(rbﬂoevl ifle @eﬁe/‘)lZ of Iy 9688 'ﬂhecsre)ﬂ%d&}i l'i ne
material suitable for X-ray diffraction. 400,
968(sh), 948, 904, 862(sh), 789(sh), 749(sh) 736

ql\ge??\llﬂﬁgﬁysﬁg?réj ?7’ ﬁ%m—r% 6%0@%?%%29 heFHa ?{i@h‘oaﬂtztxgg within agreed
)

(ratrioreteys, doreckameleNkdation, &isto vy, Siit, dﬁp@lﬁ)eﬂq thi l@s8 2 gnd ©rbi@: 10 can

rggo u}ckﬁlg X Sg%{%s%’l(sw r)dgrt ?)?y\gc%g]usw?ihqu%?ﬁg%}’%& El}&slaﬁk is taken up

Hlﬂﬁl the 1&Qerinig lmrés 2 ﬁhdSthMNMHh@%) therf dsed tq qubdvatheBl)ase Tho# the seabed
sg;% ution.was

O SRR d0tr BiRarer (B E T S Byio PR KGR ion of e
al&ss!épeﬁl’lstyadglagﬁﬁm|tlte€id1]ing tide.20n¢e thy b&ded 2619%ee®f11f@ﬂ ee tug T can be

ICL{QX(P t?e?flﬁé\%qu%yless rélé}%(l) gzgvlv g}:glg(%h%o»rvh% ihe 5 %a@gbe rﬁ-Pgsmoned on

44 saBrdlB . as R¥RIMeRrel Qisciseapar @ﬁﬂuﬁ;nth@fposmomng of the base 12 it is not

| 2Li 13[ Cu208Br ( 24(H20).1 2(P8WIBOL84) ] 22H20

(PaBBblEViPatueplee e JpBRliation yiERT the expible JAndaypes- 9 HPe agreed

(HarahftRTs, tfe baSMMPhnd e edioSaA IbY &ty Miséd bdvk LihtSF36HEA and connected

buf fer solution (20rL) at pH 6.0, then

K2 81¢i Sl Paipdbs et bago tigpharioyr-37g, 0. 025mml ) was

added. This solution was heated up at 80C for 1 hour

and filtered hot. The filtrate was allowed to

duapvefatred pmangamopehe basak@ris dawargbsnch dhgighafrontdeg AT centacts the
I tiald inerpr .

R k1 o TR SR uB B R 30@RRGRLre owering

| evel had approached the solid product, which was then

collected by filtration and air-dried. IR 1120, 1079,

1017, 950, 935, 902, 835, 752, 680, 525, 471 cm 1.

Exanpl e 11: Preparati on of K4Na4[ Ru2(H20 6Sbh2W20070]

H20 (abbreviated as Ru2(H20 ). [0066] 0.05 g (0.08

nmol ) of [(p-cynmene) RuC 2]2 was dissolved with

stirring in 20 nL of 0.5 M NaAc buffer (pH 6.0). Then

0.5 g (0.08 mmol) of Nal2[ Sbh2W22074(OH) 2] was added.

The sol ution was heated to 900C for 30 mn and

filtered after it had cooled. Then 0.5 nL of 1.0 M KC

solution was added to the filtrate. Slow evaporation

at roon1tenperature Ied to 0.12 g (yleld 2696 of a

. Y ~ N



KOAc (pH 4.8). This solution was stirred at 50C for 30
m n. Layering of the above solution with I M CsC

woneesu2s28d i n crystals. Exanples 15-27: Oxi dat iPOm/E®R008/002870
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Sec- But yl benzene over non-$upported
Pol yoxonet al at es[ 0070] To a 250-nil round bottom fl ask
flink2edrom the féntGanches eDnceshd fro@egiTcoAticBitlie SaBEAIB lit,can be used

FRBITG oL O Be B AAh AP JPUBE B S0 DALY BErEpEnon of the bas
(1ISBB)be SHRAR. | B nPYinEGhe f¥B41118Ahe drichitdtiBh LD tHeYdasd €F a6 stecorrected,
(98% supplied by drich and one of the POM catal ysts

PREQDeeEtPnf Hepsaripp dags 37 £3 thon befipwere g8k tiasrabda ed
using a tenperature-controlled heating mantle. The
reaction tenperature was 115C and the pressure was
Ratoophér FigureThereyided thaivwhe hess hiais shiyir o theesealted B »gthin agreed
?ﬁ%éaq.{e%rs Ae‘fa& Cor t%e h&@er*n% E ?r} 8£o Ectéch 0 e%%éegqhe base 12
re’was renoved fromt anal yze
cind oreatesgt a‘phlyrebﬁl})avmihlee imso @S@d wvetsner la(bleaatectiatftbfr d@dmtment site
st 0

gattoae% op%r)z}! ée/n a"[:‘\]h R g ﬁi]en H)ainﬁﬁ n;%%tége%sgn&e?asclk (t)% Rarbo r.
the select|V|ty to sec butylbenzene hydroperOX|de

BBHP ar shown in Tabhle 1. Al so indicated

bRt i iefe el et |et“§P]dbt?edé’§dﬁ‘“§£f‘ A5/SE (13 S to stabilie
e P4s0dDElSn@RapsoMaNk: {eAbdd BNth particular, the anchor would be laid on

2- phenyl - 2- but y| hydr oxi de (PBOH). A METHOD OF : .
RSP W RSO RRSETAE: SRR BERRIDY PEREVided with a buoy

Rigddd eferdib @ EWRNLE @Ebe-ﬁ@etome%‘éﬁlﬁgctddmi@m zlu{éﬂoﬂ ﬁhlle secured to the
concerned with a method of |nstaII|nP a hydroelectrijc
O,

tGFsl e Oneothengsssbisgogitiondaoven thsadepioytenlrsits, thetbagsds tied to the
ALK, i%PéQxln‘gﬁe By '@ I?rY)glr 1REN BCTRisGs mérlﬂ's@?l qu’o»bé?'ed towards the seabed

preinstalled ori a base prior to the installation,
tEh greabghogrheag| tgwstsqan“mfuthq/b%g 12,hvellihalpria aintain thegpopeg@sientation of

¢snd of the Invention Due to the environnental

amage whi ch has been inflicted on the planet as a

result of the burning of fossil fuels, renewable
r as_fi. I \Y; i fi

Zl:ht% ﬁ%/sf{l} H’gvevlenh?rﬂ lhﬁl};ert;é)rg%?orlll&eeg E]? t}gildnfgpl gt{&/lgllqé 61 h&%ﬂ)electrlg turbine 10
Smﬂ adrasenergyo thd nehbeddd gyhichamehblds dat ipoatkarion @ dehelweked before

ternative f ti dal i bl
RhisoBey e POTV GR0R tnat il Tl owe are

entirely predictable and constant, unlike w nd or
sol ar energy which are relatively intermttent and
therefore | ess dependabl e. However, harnessing tida
energy does provide its own challenges, in particular
with respect to the installation and mai nt enance of
tidal power generators, for exanple hydro electric
turbi nes, which by the very nature of the operation of
same nmust be located in relatively fast flowi ng tida
currents, and nore than likely | ocated on the seabed.
In addition, in order to be economcally viable these
turbines nust be built on a large scale. As a result
the turbines and associ ated bases/supports are | arge
and cunbersome conponents, and require significant
heavy lifting and transport equi pnent in order to

achi eve depl oynent. The use of such heavy lifting

equi pnent is nornmally a hazardous undertaking, and is
rendered even nore dangerous when this equipnent is
operated at sea under difficult and unsteady
conditions. In addition, nost installations of such
tidal generating equi pnent consists of the fixing of
one or nore piles into the seabed as a firstphase of
the installation, and then as a second phase
installing one or nore turbines onto the pile(s). The
sinking of a pile into the seabed in an area of high
tidal flowis considerably problematic and generally a
danger ous operation. In addltlon S|gn|f|cant dr|II|ng

o, Y 1



Preferably, the nmethod conprises the further step of
at least partially raising the base off the seabed and

woneqsogsassoni ng sanme prior to di sconnecting th®CTEP2@I8/002870
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fromthe base. As used her&in, the term"seabed" is

i ntended to nean the seabed in addition to the base or

hiham of any suitabl e body of water such as a

riverbed or the like. Brief description of the

drawi ngs Figure 1 illustrates a schematic illustration

af a depbRYIBNhstMBSSLbase 1Y) vhdg hAdrbasdrianebihd/(10) BiRo the seabed,

t hereon, having been towed to a depl oynent site;

ﬁﬁgﬂ@bmémﬁmﬁﬁgﬁﬁﬁi%ﬁmpﬁe vessel of Figure 1 |owering

tcgﬁme@@r%eth@ﬂgblkyfl@') Remt opRKds; the seabed; Figure 3
lustrates the arrangenent of Figures 1 and 2

ftr@hstp@vmgghq lw@e (I8¢ and wrbinsgf (1Phie alsigpleympnt stteippp deplaymegessel

gﬁﬁbed; Figure 4 illustrates the arrangenent of Figure
ollowing the retraction of the base and turbine

flovominghlee ixeabl@d pntanict siéh@drﬁ@rrsthb vessslt(E 4t es t he base and
urbin hav ased om t he depl oynent

@5@%%13? ggﬁqu%F% %%E“ﬁé?§1led description of the

dmawmn@gﬂReﬁamwhngﬁﬂummﬁﬂkamaadconpanylng dr awi ngs,

there is scrlﬁig 2 hgmn ggnethod of installing a

ﬂfﬁ@ﬂ@F%%ﬁ § Xessulhd #§ G&soci at ed base 12 onto

t he seabed B at adeploynent site S. In the enbodi nent

illustrated, a deploypent vessel 14 is utjli to

t% ansporeth W%@”Pﬁ@ﬁ?ﬂépgﬁ gﬁﬂﬂﬁg§é0ﬁﬁnﬁagﬁé %gyﬁﬂﬁ?nSOfa

ShubBerdf 1bWerlddimeP20f QAR BEaaslby Rt vestsmw)ess el 14

does not have its own neans of propul sion and thus a

tug T is used to tow the vessel 14 to the depl oynent

site & m!:tilocY\%Jcl)vdlr%qw’%}éﬁﬁ 2 cgﬁpﬂfﬁﬂ’g @ekap %ﬁfe‘é@lﬂé sthbi€into the

vessel 14 coul provi ded propul si on neans,

éwﬁllﬁéllﬁﬁ@ﬂhb@&ﬁ@? gse didp tﬁd‘a‘i‘a&?dr?ﬁtﬂéﬁr wa)edor the |ike

(not shown) and in such a situation the use of the tug

T could be omtted. The use of the tug T is therefore

ﬁlot ad wsbehidcatding te genpreofdingdaimeomptisiog lawesing the base (12) onto
I n addition, although the turbine 10, base

f e%&%ﬁJ%gggF%f%ggre each shown as a particul ar design

or conflguratlon it is to be understood that these are

I n;te layIA1 Iﬁ%(tggﬁacgf)rd?r}geto gﬁ%g%?ﬁtsd?nnﬁ} (!lz%ml comp{mm%r Werm% the batse (12) onto
tthesedigfl i0 Y Masltstrsarh ean Deednhrre@ s @ runhdhg révepr ef er abI y
towed to a relatively sheltered | ocation such as a
nearby bay or the like, in order to await the correct
tg. dal scepgbd hbsidb capley maaﬁ]p@sfmg e step bbi;db@taﬂtﬁhllyThe
preferred tidal veI00|ty for deplo nent II|n
thadasaingietbroppsHion ! e derigumey yessel Gtk a]ﬁlﬁtéfl ﬁwéglé walef
conditions are not essential to the nethod of
depl oynent and nerely provide the ideal working
dondi ¥ BAGod afcordies tRBRhBECBHNg HEMACMREIFBA ﬂt?fstetpwé receiving
t@l&%@t‘i’ QGm élg‘@asp 12} Qlﬁi/&q{ﬁ%tdet(ﬁo)cbfrlogﬁﬂhgﬁﬁ'ﬁ 'ﬁ%mg&mhg@n fhe
I|n as W || becone apparent fromt
ﬁeﬁRQMAng descrlptlon is in providing tine for t he
turbine 10 and base 12 to be returned to the surface
during "slack water"” if the installationis to be
aborted. In addition a falling tide tends to keep the
vessel 14 in the correct orientation facing into the
tide such that the turbine 10, when |owered to the
seabed B, is also facing into the tide to achieve
maxi mum operating efficiency. Once the preferred tida
conditions are present, the vessel 14 is towed over
the deploynent site S. At this point, the tug T is
faced into the falling tide F and the speed of the tug
T is matched as closely as possible to the speed of
the tide, in order to maintain the position of the
vessel 14 over the site S. The turbine 10 and base 12
are nom1ready to be released fron1the vessel 14 It is

1. i T . o A~ o L Y 1



As there is now no external |oading on the base 12 and
turbine 10, the base 12 should be sitting stably on
wonhe/rembed B. It is inmportant, during this pRaTAEP§08/002870
the installation, that thelbug T does not put any | oad
on the towine L. At this point, telemetry is taken
fromthe base 12 and studied to confirm how t he base

12 is lying on the seabed B. Referring to Figure 4, if
the t &1 BRBPY %CPWG?E’C%P@% PReRing ¢laimpeapiging i “]’i"dfa“Spo't”’g step,
ShivInks Mk Wbl hRnAGERLEA 4PRY tRETEL f gte. exanpl e,
ocggloﬁ%bdpregtlon gt|plt déﬁ?ﬁwnetg t he base 12 and
turblne 10 can be qU|ckIy and easily raised and
- PO i Bsnde stEPBf ShACKink 3 S 6RO
e A e T R
Ltse’deetl thedpwingtvheselrad gheldEpblyentvesssbdBe thlIBwingrslackening of
ositio t tug T is again
(AR sE e o PP P B R ERIAEP- 1%t ey
agai nst the faII|ng tlde Once the base 12 has been
lal Ltew% g Stgf)(ii ?ﬁsgrdér{g f\%ﬁlp% Hre{;%ﬁ ngocall%lren Cf?]prlgmg,k;lé ?ne s?ep ojf estalglshmg
10 rtRe poabitityasTeik iastalldion seadat Bleaktrh &loai thdeise E2) and/or turbine (10)
described. |f during the positioning of the base 12 it
i‘ghep on ﬂffoss’%l?eﬂl e to conplete the installation wthin
the avail able wi ndow or to the agreed paraneters, the

base 12 and turbjne 10 can be fully raised back into
pdsi t fomethpdiaccaringcte ay piciding %}eglsf@mpwns dn B 1Py step,
ha&&u gﬁ‘h@@ars@@% frobﬂdlﬁzc@}v séRih e REdepNggMeENt the base
owered sSuch that” the front leg 17 contacts the
I5 seabed B before the rear two legs 17. This is achieved
f eed t
i oy Bodad Bt RY Breh QUL A lofrice eap ek Al ne
itasec@R) foenasdyr apstigapiod the d@nlommm l§ite preorhatpeveting ghgrbagpe(12) from
tgé?%g f order to allow the orientation of the base
%é vari ed. By noving the vessel 14 the
orientation of the base 12 can be corrected, and once

20 ggg eg\h%etlb%g?cc?yép 1 y Eregurrg (gzplr%gcroén rl(sﬂlegﬁ}e%dliﬂg)etr s%p o?g’t least
hasall} 2aisisg Slleﬂ)tisler(@ﬂ)mff lhb eeabedireldeswiohhignamagpe@do disconnecting
rame ach of e lowering lines 22 can be
dﬁsbaﬁ%§@§§8 8H¥%éﬁﬁeen the base 12 and the vessel
14 thereby | eaving the base 12 and turbine 10 | ocated
at the deploynment site S to begin operation. The tug T
can then tow the enpty vessel 14 back to harbour. The
25 above installation nethod may be nodified by using an
anchor (not shown) to stabilise the base 12 during
| owering onto the seabed B. In particular, the anchor
woul d be laid on the seabed upstream of the
installation site, and would preferably be provided
with a buoy tethered thereto to enable the base 12 to
be connected to the anchor while secured to the vesse
14. Once the vessel is positioned over the depl oynent
site, the base is tied to the anchor, for exanple by
the front leg 17. Thus as the base 12 is | owered
towards the seabed B the anchor, being upstream of the
base 12, will help to maintain the correct orientation
of the base 12. The present invention therefore
provi des a nethod for installing a hydroelectric
turbi ne 10 and base 12 onto the seabed B which enabl es
the installation to be checked before di sconnecting
t he depl oynent vessel 14.Cainms 1. A nethod of
installing a base (12) and a hydroel ectric turbine
(10) onto the seabed, the nmethod conprising the steps
of : connecting the turbine (10) to the base (12);
transporting the base (12) and turbine (10) to a
depl oynent site by a depl oynent vessel (H); |owering
t he base (12) onto the seabed fromthe vessel (14);
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