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| NVENTION rel ates to the cleaning of process equi pnent, including process
vessel s. WO 2perasogral ar, the invention relates to a met hedTaB2oi/emnaisng
foul ed process equi pnment which includes a foul ed process vessel, and to a
process vessel adapted for cleaning. 10Many chem cal processes are known
whi ch cause fouling of the process equilpnent in use in these chenica
processes. For exanple, during oligonerisation or polynerization processes
product m xtures consisting of ol efins, including al pha-olefins, Cl0+

ol efins and pol ymer incl uced. In the case of
a tetranerisation or tri m&%ﬁp&%@%ﬁéﬁ%gh@d ethylene is
catalytically converted 15 into a product m xture consisting primarily of

1-octene and 1-hexene. Typically, the product m xture will consist of at
| east 30% by nmass 1-octene and 1-hexene respectively. However, during this

reagtion, by-produd|s IRVENTIONYGISES td Btcl of Bldtesd Sﬁu@ﬁmﬂf‘thludmg
pol yet hyI ene are also fornmed. Polyethylene is therefore forned as a

bypr oducProgaes ¥PsfiigHN Larigurs. e Wﬁ‘f‘ﬁ% refpteshe 9@9@9%391‘6@#%3%&9 feuleghe
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coats thgl%rC g?ilegﬂlb}sﬁﬁ% ? \zgécﬁéih. H@ﬁ}dgélfbd W ng ayég Veg&?dé %vgrrg)ctglégnggés}y
event ual dgapted fareteandg. r equi res cl eani ng. I n the case of

et hyl ene ol igomerisation reactors, the cleaning of the reactors has
traditionally been effected by hot washing with a solvent at elevated 25
tefi®eratures. Alt HMrghcm&rgihhlypretéﬁe'siare,knbwh wigisthicagsén &suling o ittoeu process
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vessel for cleaning is often a rohi bitive.

2012 08081 PAYTPHYe > YGUrgseaBsting prlmarlly of 1-octene and 1-hexene. Typically, the
product mixture will consist of at least 30% by mass 1-octene and 1-hexene

respectively. However, during this reaction, by-products consisting of light ends, C10+
olefins and polyethylene are also formed. Polyethylene is therefore formed as a by-
product and although a large percentage of the polyethylene exits the reactor as a slurry

20 with the product mixture, the remaining polyethylene coats the reactor surfaces. This
fouling layer builds up over time and eventually the reactor requires cleaning.

In the case of ethylene oligomerisation reactors, the cleaning of the

reactors has traditionally been effected by hot washing with a solvent at elevated

25 temperatures.  Although highly effective, hot washing has numerous undesirable
consequences including thermal stress to the vessel, long cleaning times, complicated

agitator design and complicated vessel internals.

Although hydroblasting of a process vessel, such as an oligomerisation
30 reactor, is a simple alternative cleaning method, the use of water is very often
undesirable as it may be a poison to any catalyst used in the vessel. In addition, the

time taken to open a process vessel for cleaning is often also prohibitive.



According to one aspect of the invention, there is provided a nmethod of

cl eani ng foul ed process equi pnent which includes a process vessel fouled by
an organiwofoulmnt7s t he nmet hod i ncl udi ng sprayi ng a hydPotaBmonodstrseam at a
pressure of at |east 69 bar(g) at fouled 5 surfaces inside the process
vessel thereby to dislodge the organic foulant fromsaid foul ed surfaces,

t he hydrocarbon stream bei ng sprayed fr2om at | east one nozzle |ocated

i nside the process vessel and the hydrocarbon stream being at a tenperature
bel ow the nel ting Apmbnting)to bhe aspgetnofcthe doveation ptheboe liwdvitedne Inethgd pdi nt
of a maj or_conp t he organi.c foul.ant when the or anlcf nt_is a
mul £ - conBBRBRt CUPgaRiteets G T 58 BRbOPRG PHRost ofeaaEe PPN £ r om
t he procesgpnicgsgiaht, tﬁlaﬁmemo@am;ladmgul ant may include alum nium The

hydr ocar bon stream ma%%l ncl be define

or one. 0 re, .1
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vessel. In other words, if the process vessel 1Is used to process or contain

a fluid {meghsuriaepeadee had@&@moys%treaﬁh@elmapr@aaﬁi Fem @trlewcﬂnsnglsr{@c%e the
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preferably inert in relation to this catal e primry
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fromfoule aces. ereis erab ver ly no
di si9ol uti on cnemdvmgitbaldlsdxbdg@mfq@aeh‘ffcemtthey\pmcesmeesset hod of the invention is
applied. In other words, 25preferably the organic foul ant and the

hydrocar bon(s) used for cleaning do not react to any significant extent at
the tenperature ofThehwghyidfagartioay stiudamuminium. Typical ly, the

di sl odged foulant is renoved fromthe process vessel with the hydrocarbon
used to clean the process vessel. 30 The net hod may i ncl ude

di spl aci ng said atTHeerﬁg&troéé’ﬂ@orn@tZéérﬂ rﬁéy)mcmdéebf ﬁ%tyﬂdé @éfméldtbwawé Br wioreh t he
nozzle i s not Bresent nsi de, or not exg}osed to gocess vol une defi ned
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words, if the process vessel is used to process or contain a fluid which includes a
catalyst, the hydrocarbon or hydrocarbons of the hydrocarbon stream is/are preferably
not a catalyst poison and is/are preferably inert in relation to this catalyst.
20
The primary cleaning mechanism of the method of the invention is thus
the forceful removal by a high pressure hydrocarbon jet or stream of organic foulant
from fouled surfaces. There is preferably very little, more preferably no dissolution or
chemical cleaning effect when the method of the invention is applied. In other words,
25 preferably the organic foulant and the hydrocarbon(s) used for cleaning do not react to

any significant extent at the temperature of the hydrocarbon stream.

Typically, the dislodged foulant is removed from the process vessel with
the hydrocarbon used to clean the process vessel.
30
The method may include displacing said at least one nozzle from a
retracted condition in which the nozzle is not present inside, or not exposed to, a
process volume defined by the process vessel, to an operative or cleaning condition in
which the nozzle is positioned inside or exposed to the process volume defined by the



process vessel and capable of being ained or directed at foul ed surfaces,
including interior surfaces of the process vessel that are foul ed.

Pr ef er ablwo 20t2#080878z1 e i s di spl aced wi t hout havi ng nechaairaatidiyoise7sopen t he
process vessel, i.e. without having to obtain access for personnel to the
interior of the process vessel from outside the 5process vessel.

The hydrocarbon or hydrocarbons defini g the hydrocarbon stream may be or
may i nclude a hydrocarbon present in the process vessel during nornal

oper at i oprooéss hesgsl melspadahasef beiAg aimled dvediegupeceal fduwdel] sbyfaces, rigclading
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pol yrer i grickosivéact or. In one enmbodi ment of the invention, the process

vessel is an ethylene oligonerisation reactor. When
the process vessel is an ethyl ene oligonerisation reactor, the
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ol efins. . ref er abl t he hydrocarbon stream i ncl udes, even
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such as r o] d aa@;b
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15 The process vessel may be an oligomerisation or polymerization reactor.
In one embodiment of the invention, the process vessel is an ethylene oligomerisation

reactor.

When the process vessel is an ethylene oligomerisation reactor, the

20 hydrocarbon stream may include hexene, octene and/or C10 and heavier olefins.

Preferably, the hydrocarbon stream includes, or even consists

predominantly of, linear hydrocarbons, e.g. linear alpha-olefins such as 1-hexene or 1-
octene, as opposed to C6 and heavier branched hydrocarbons due to the higher

25 diffusion rates and swelling power of molecules of the linear hydrocarbons in

downstream processing unit(s).

The hydrocarbon stream may be sprayed at a pressure of at least 345
bar(g). The pressure of the hydrocarbon stream may be in excess of 690 bar(g) or even
30 in excess of 1380 bar(g).

The organic foulant may be, or may include a polymer, e.g. polyethylene.

When the organic foulant includes polyethylene, the hydrocarbon stream is at a



Said at | east one nozzle may be displaced fromits retracted condition in a

5 conpartnent or parking space closable or sealable fromthe process vol une

defi ned byothe/gsrgi6ess vessel and the nethod nay thus i RCTAB®1OpBATNG a

pat h between the conpartmnment or parking space and the process volunme and

di spl aci ng the nozzle along the opened path fromits retracted condition to

its operative condition, before sprayidg said hydrocarbon streamfromthe

nozzl e. The nmethod may al so include, after the 10 spraying of said

hydr ocar teompesatuesof flessnitahe1 0652z Ipeefeditdyp lessi thgnt 802Cnazg.| ketiveem 2G°€ and

oper ati vnz occ?ndi tion to its retracted condition along said path, and cl osing
seal i % he conpartnment or parking space fromthe process vol une.

Typl cally, the conpartnment or parking space is external of the process
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passage of the nozzle. | f desired, the method i ncl ude
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its opera Ve condition or vice Versa respective unvmn Ing or
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vessel agrphgd, thermnazzranhyge d%d@ﬁqﬁ‘cﬁﬁ%uwﬁféﬁﬂe sreééddi vigisal thF ﬁSdSvad@é ume
and i ncl udi nggat | east one di sg aceabl e nozzl e oger able to be | aced

bet¥een BOAGHS X8 BEFZISEEPTINS OBRPPOPEMa. 10110 He Pgs een opened T allow

passage of the nozzle.

If desired, the method may include maintaining a pressure in the
compartment or parking space that is higher than the normal operating pressure of the
20 process vessel to ensure that material from the process vessel does not ingress into the

compartment or parking space.

Said at least one nozzle may be connected to a flexible hose,
displacement of the nozzle from its retracted condition to its operative condition or vice
25 versa respectively being by unwinding or winding of the flexible hose. The nozzle may

instead be attached to a telescopic lance or deployed via a derrick.

The hydrocarbon stream may additionally be sprayed from at least one
fixed nozzle positioned inside the process vessel and aimed at a surface particularly

30 prone to fouling, e.g. an injector or an outlet valve.

According to another aspect of the invention, there is provided a process
vessel adapted for cleaning, the process vessel defining a process volume and
including at least one displaceable nozzle operable to be displaced between a retracted



condition in which the nozzle is not present inside or not exposed to the
process vol une and an operative or cleaning condition in which the nozzle

i s positiwoedizeses’de or exposed to the process vol une, Phe/IREAYDF21RI ng
connected to a high pressure hydrocarbon stream supply line. 5

The process vessel may be an oligonerisation or polynerization reactor,
e.g. an ethylene oligonerisation reactér. The process vessel may include at
| east one reactant inlet and at |east 10 one product outlet and may in
addi t i oncomttitiandie verictathietradzate. is ]ﬁbépneeemtddsidé ot het éxpmeedi itathmei soqemstvotwrhar | y

useful when the cess yesse nat |ncI e an Ltato a

nound <BEd ' GREER'S B JERRES PRETeR th o iRl I Rkl BbRlioBE ¥ By ¢ i
the vessekpadedi fog thee pPdcesssoluhlThiee ioxeRs begs sehnetesd itticd Utigh alredstipst one
stationary,or fi nozzl e inside the process volune. The fixed nozzle is

i
typi cal | E)ydo{P?% O'&tsgﬁ a0 FPEYdNPnsi de the process vessel particularly prone

to fgouling. The fixed nozzle is also connected or connectable to a high

pressure hydrocarhbon stream supEIy | ine. 20The hi gh pressure hydrocarbon
stream supply i neT RFOCPRI YRRSCRMEY 36 &1 @Ilg@g@rﬁﬁtlop@r@mrgapg@&ac&@

her ei nbeggr gng gomghgat"&??r%la@toimy be vertically displaceable inside
t he process vol rre defined by the process vessel, to allow cl eaning at any

| evel in the vessel. 25The process vessel nay i ncl ude a conpartment or

parking space as NefcehRELOTEsesr) Peye HI9eE0RAY IERn §1PBd P doapace

may conveni ently be "above Ss vo t he process vessel,
e. d0 aboore arddudt olutlem;apdma;&omreaddituqnheclpdeaewlta@ssﬂte rr@ﬂimeofdhsm\@obarbl e

o nor ATt FdiSLPhAL M, PR Boand BBke 008 rBllch: of a8 K R ™ °

about at aloeadtsybtem akeh ishysdalgreseadnglmpattythe paceskarekhtanigithio tieaebsse her .
Typi cal | t he,axes are 900 apart. WO 2012/080876PCT/ 1132011/ 055278 6

Pr eferabﬁ@l”ngc"ﬁgo Weél-aceabl e nozzle is rotated by a hydrocarbon stream
flowi ng through the nozzle. In other words, the displaceabl e nozzle

preferably does naqt include drive neans, such as a nechani cal or electrical
driVe, to rotate tIH€ PYse$s vessel may include at least one stationary or fixed nozzle

inside the process volume. The fixed nozzle is typically aimed at a surface inside the
process vessel particularly prone to fouling. The fixed nozzle is also connected or
connectable to a high pressure hydrocarbon stream supply line.

20 The high pressure hydrocarbon stream supply line may include a flexible
hose or telescopic lance as hereinbefore described. The nozzle may be vertically
displaceable inside the process volume defined by the process vessel, to allow cleaning

at any level in the vessel.

25 The process vessel may include a compartment or parking space as
hereinbefore described. The compartment or parking space may conveniently be above
the process volume defined by the process vessel, e.g. above a lid or upper dome of
the process vessel.

30 The displaceable nozzle is typically rotatable about at least one axis, e.g.
a vertical axis or a horizontal axis. Preferably, the displaceable nozzle is rotatable
about at least two axes which are angularly spaced relative to each other. Typically, the

axes are 90° apart.



5The invention will now be described, by way of non-limting exanple, with
reference to the acconpanyi ng di agranmmatic drawi ngs in which Figure 1
shows a paotoeldsys7éertically sectioned view of a proces®CraByai/03n7s
accordance with the invention adapted for cleaning, prior to cleaning of
the vessel; Figure 2 shows the vessel of Figure 1 ready for cleaning;

10Fi gure 3 shows nore detail of cleani®y equi prent of the vessel of Figure
1; and Figure 4 shows a graph of renmpoval depth as a function of

st and- of f di st ancd’referablpt ihe displaceadenoztleaniro@pi¢dby.a Redecarbog steeanhne
drawi ngs,_reference,nuneral 10 general |y indicat a _15 process, vessel, in
tha 1 or @Y FRTERGS 06T b o ipRsn hedk Beabs forade pRIFEEN HolR Tohe

i nvent i oimclufibeirive $seins1§udhred aleesshanicaltdrydlesidcal died, td Zotate the eduge. m Xt ure
outlet 14, an agitator 16, and a drain 15 with a drain valve 17. Alid 18
is bolted to a flange 20 to cl ose the vessel 10. 20The vessel 10 further

i nclsudes a cl eani Nhehig@shtidA wiRMBW 154 B8scrioBd ! BE wale AoRBiRitirge¥mplé Rith
nozzles 24 ained in opposite directions. The cleaning head 22 is a
convent i GHAENERHKINEIacEAMREN B diagFBMafic drayingsaip| igthout a vertical axi s,

with the ”Ozzﬁiggrez"r ST of BhALMP!\RrtRy sRtiBMd 2N df rScessNvakRl i he

n
cl eani ng head and the nozzles 24, are driven to rotate by high pressure

fluid (|aegardanegdvitictaedovention @ﬂﬁh_@d’i@t%emm\ gripétctqzlgaming]gf heawssel; and the
nozzl ee 24 a2 shous TRSSHEYEOSa0ed7 ) Sptipended [roma flexi ol
opé€llat ed by aﬁgMeei:srnciws motedetgihof cleaming pquiptent of the vessel oT kigwe 4 sahd 10
includes a c t t j V. . ically a
i gh pr esour & BOTEI 4 5P vE BpbG O fEmbfa i af' gro @l Srbo BB oh )

t hr ough whterland digsel dibaningmgar t mrent 28 houses the cl eani ng head when the
vessel 10 is not being cleaned. WD 2012/ 080876PCT/ 1132011/ 055278 7
When desired to expose the cleaning head 22 to an interior space or process

vol une 36 defined Rufeiring teeswelralidngd, hefarahoee ndfhetd tPRAEIP indicatest e
cl eaning head 22 to enter the process volune 36. 5 _ _
15 process vessel, in the form of an ethylene oligomerisation reactor, in accordance with
the invention. The vessel 10 includes an ethylene inlet 12, a product mixture outlet 14,
an agitator 16, and a drain 15 with a drain valve 17. A lid 18 is bolted to a flange 20 to

close the vessel 10.

20 The vessel 10 further includes a cleaning head 22 comprising, in the
embodiment shown, two nozzles 24 aimed in opposite directions. The cleaning head 22
is a conventional tank cleaning head which is rotatable about a vertical axis, with the
nozzles 24 being rotatable about a horizontal axis. In use, the cleaning head 22, and
the nozzles 24, are driven to rotate by high pressure fluid (liquid hydrocarbon) flowing

25 through the cleaning head 22 and the nozzles 24.

The cleaning head 22 is suspended from a flexible hose 26. Typically, the
hose 26 is wound in the form of a hose reel 27 operated by an electric motor (not
shown).

30

The vessel 10 includes a compartment 28 attached to the lid 18 by a valve
30 (typically a high pressure full port ball valve or a gate valve) which provides access
through the lid 18. The compartment 28 houses the cleaning head when the vessel 10

is not being cleaned.



In the enbodiment illustrated in the drawi ngs (cleaning of a CSTR with an
agitator), nore than one conpartnent 28 and cl eaning head 22 nay be used to
prevent 'wbadowismgye in the vessel 10. Shadowi ng is a pheadmBmanisammn t o
those skilled in the art and is caused by the agitator 16 or sone ot her
obstruction wthin the vessel 10 10preventing high pressure jets from
striking the entire interior surface off the vessel 10. | f
necessary or desired, and if the conpartnment 28 is a cl osed vessel or

cont ai ner, pressurising nmeans may be provided to pressurize the conpartnent
28, when the valv with a fluid eth 1 he

corpar tment 261 5 Ao s T8 fapths dhé clestlitahSed @b oab J8ubi Shecese as
Wl be prgessivalugte 36hdefhedpay tihe vesh mwhal\tae,\rmat)l edperkd for elkswrtheged by
means of the hose é? and tt}%ﬁnozzl es 24. The vessel 10 is used
in convefAERYRGINERD LK;ite FNIES P@Bﬁ%ﬂ@\ém@t%yl ene to produce prinarily

1- ogt ene and 1-hexene. During the oli gorrerl sation reaction, 20 pol yethyl ene

is formed as a by-product and sone of pol yet hyl ene coats interior
surfaces of the védad eméod'aser\kéluﬁtr@t@dtlfh@ea@r@wmﬁr(clf@@mnﬂ HAFPHG Wlﬁy@? of

pol ymer 9 ttélS, HBreOMsh ohb%w%ﬂrr%\ﬁwé ‘éﬁb'd’eatnhﬁ; NERES) m%g b%nfyefarto

agi tator 6 requires cleaning. In order to clean the vessel the vessel
10 is dr éha@@NIOQ ig thei¥essgl ﬂﬂeSfMW@g 1§ a Bhenainenes @OMIMO\IHOSﬁeSkl”m iaride t he

val ve 30, @pgn@%sgélwé ?% @%?'é&?rbé“éﬂg;rt sf0Lton WithiA th@ei/e‘éﬁélsﬁ% . éo

as shown |n ure Ie hos us unwound fromt

redio 27 sl@velrnfmg hiple pedssare jets ﬂmn@trﬁ@gjhhepmtlfer iotarioheurtarepaithereesse?280t hr ough

the valve 30 and is |ocated inside the process volunme 36. A hydrocarbon

stream of 1-octene, at a pressure of 550 bar(g), is sprayed through the

fl exi bl e hose 26 3ﬂnecruisad‘yeommdeelsaﬂdl ﬁdﬁetd@mpalrtertﬁnitmg ibendo2ed vessedbder to

cl ean the vessel 10. Wth the clea ng éda 2 rotat.i nihabout % veFt' cal
fov, ged

axis, antPHNABCHYEPRLISEY F6eaei gy ofq PBrCH“% X% COdPS ni ng

pattern auen thé&arl3d & clbed With $UNiiaas disutdthatans ombrtinieneXBaisngda As
rrentl oned previously “shadowi ng' can effectively be elimnpated by using

mor'® t haRi9BRePEFRYRI th@” HABropoSIWRIHME the G ¥ BF ap@recm%d SR8 COMPFRBENt and
pl acenmenpg n%%@a?@ﬁ?dt@é@%@&@é&ﬂzéa% %é}a'}é?(%h@hﬁsie bH8nghARdAeseads 22 are

dictated by the vessel internals. timumresults can be obtai ned when no
internals exist, e.g. in the case of a bubble colum where the use of only

one conpartment Z%r%%s%éﬁi’é“ué"ﬁ!sébeﬁnd ebﬁoﬁé@‘%ﬁsﬁﬁ&{ léo é@;&rﬁ@ns%eé{hgs ?ftcgt he
vessel 10. By raising and lowerin cleaning hea mean
f 1 exi bl eptodsee 2@imarlyi $- ocamomdbﬂehetxenel edduringe tMttbligememrsemcrrorreactrdnace of

th%ovesss&gé‘tgyleh@% gtlr‘rg&eta?ha %g &trg&lﬁ)d’t a]n% s%éloqqggdpo@&ét%h e %Bgts M%Slor

1- oct ene ner are refove vessel

t hr ough smwsmfmhd&iessahde aQweﬁlasatheragltah‘orﬂBe A éasdiey Ié@rm:potyam builds
conplete the.fl exibl e hose d suf fi nt | und t he hose
Fool 57" P oy 1Y Sl AR SReEd DTt RS B ieR ERIBMoang 1 ne
val ve 30 is closed. During retraction of the cleaning head 22, the nozzles
24 are flushed with the 1-octene streamto ensure that th@é}/l(are cl ean when

they enter the corp&resreift clodn thesysssiee 401 {ne wessebdP dendedined (&8i BSIEdie¢ ol | er
(Pl i sqiHeds bAd a9 bF vAIDE 17) and the valve 30 is opened allowing the cleaning head

22 entry into the vessel 10 as shown in Figure 2. The flexible hose 26 is thus unwound
from the hose reel 27 so that the cleaning head 22 drops from the compartment 28
through the valve 30 and is located inside the process volume 36. A hydrocarbon
stream of 1-octene, at a pressure of 550 bar(g), is sprayed through the flexible hose 26
30 and the nozzles 24 of the cleaning head 22, in order to clean the vessel 10. With the
cleaning head 22 rotating about a vertical axis, and the nozzles 24 rotating about a
horizontal axis, a 360° cleaning pattern over the entire interior surface of the vessel 10
is obtained. As mentioned previously, ‘shadowing’ can effectively be eliminated by using
more than one cleaning head 22 within the vessel 10. The exact number and placement



entire cl eaning operation, and possibly also the oligonerisation reactor or
vessel 10. The PLC (not shown) can thus be programmed with several types of
fully autwoabedsaed’eani ng programes and will typically peTgBmgr/essmed t o
open and cl ose val ves, such as the drain valve 17, the access valve 30 and
a valve controlling the flow of the 1- 20 octene, start punps, such as a
punp for providing the 1-octene stream8at high pressure, raising and

| owering the cleaning head 22 by neans of the flexible hose 26, and the

| i ke. Thef BeClearinghsadH22 ralr@grcmlicﬂayttbe rveasst imﬂamales@mlmurﬁ resultssdeasr be up.

In order to0.test, the cleanjn t he i_nve an et h
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oSl tion n the centre o e reactor nozzl e S CO ure {Q
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eachs expsésm@&@lcleraurtheﬂmreemrdrrgamaaé olrms\/é@reemomdmtr@dhwdlawt@r to
show t hat pressure | s requi red to clean interior surfaces of 30 the

reactor, lﬁﬂd%lefj POy MR Re {1 PR EiTaTE i diSIPRGFItNE HRIY MR 1R rARBYALT BN S e

used forvés%@pq@rtﬁrog Rty bigh dscatal yst for which water is a poison, such as
an et hyl ene ol i'gonerisation catalyst. WO 2012/080876PCT/ 1132011/ 055278 9
The follow ng table sets out the experlnental results for three runs at

different water PiSiee %]lé’d?ﬂqrgj %gPtWe ee‘ha&)rF? eitPthe ﬁJ{X qgl@ﬁose

possible to rermve e po rom sur aces. pei men

Durld i on26lgzwbend amﬁm:@nlasancnued brzer (e lféled)ﬁi to retract the cleaning head 22 into the
compartment 28, and the valve 30 is closed. During retraction of the cleaning head 22,
the nozzles 24 are flushed with the 1-octene stream to ensure that they are clean when

they enter the compartment 28.

15 Typically, a programmable logic controller (PLC) is used to control the
entire cleaning operation, and possibly also the oligomerisation reactor or vessel 10.
The PLC (not shown) can thus be programmed with several types of fully automated
cleaning programmes and will typically be programmed to open and close valves, such
as the drain valve 17, the access valve 30 and a valve controlling the flow of the 1-
20 octene, start pumps, such as a pump for providing the 1-octene stream at high
pressure, raising and lowering the cleaning head 22 by means of the flexible hose 26,

and the like. The PLC can also be programmed to ready the vessel 10 for start-up.

In order to test the cleaning method of the invention, an ethylene

25 tetramerisation reactor similar to the vessel 10 was used. The reactor was fouled with
polyethylene. The agitator was removed and a nozzle was positioned in the centre of

the reactor. The nozzle was configured to rotate about the vertical axis and was moved

slightly down the reactor for each experimental run. The experimental runs were
conducted with water to show that high pressure is required to clean interior surfaces of

30 the reactor, but it is however to be borne in mind that water should not be used for
reactors employing a catalyst for which water is a poison, such as an ethylene

oligomerisation catalyst.
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The following table sets out the experimental results for three runs at
different water pressures and flow rates and as can be seen, it was possible to remove

the polymer from fouled surfaces.

Nozzle | Pressure Flow
Experiment | Ring | Duration rate Result

(mm) bar(g) (@ls)

Slight impact into
softer polymer

Almost 34 of the
polymer removed

1a 1 15s 1.6 69 0.22

1b 1 30s 1.6 345 0.49

Polymer removed.
1c 1 30s 1.6 690 0.7 | Clean metal
visible.

In order further to test and to compare the removal efficiencies of water and a
hydrocarbon, a further experiment was conducted. A 5 mm PVC-U plate was used as a
model compound to investigate the removal efficiency of a high pressure jet of water
versus a hydrocarbon jet at a similar pressure. Diesel was used as a suitable model
fluid for the hydrocarbon stream. The PVC-U plate was positioned in a blast chamber
fitted with a robotic arm. A high pressure cleaning nozzle was attached to the end of
the robotic arm. The robotic arm was programmed to move across the PVC-U plate at
a speed of 50 mm/s whilst continuously increasing the stand-off distance between the
nozzle and the PVC-U plate from an initial distance of 25 mm to a final distance of
500 mm. Two separate sweeps were carried out along the length of the same PVC-U
plate, the first used water as the blasting fluid, whilst the second used diesel. A
pressure of 700 bar(g) was used with a 1 mm nozzle, yielding a volumetric flow rate of
0.27 i/s. The removal depth (i.e. the depth of the cut into the PVC-U plate) was then
measured as a function of the stand-off distance between the nozzle and the PVCOU
plate for the two different fluids. Due to the lower density of diesel, the mass flow rate of
diesel was approximately 83% of that of water. Since the cleaning force of the fluid was
based on units of mass and not volume, it was expected that the diesel would perform

slightly poorer than water.

Figure 4 shows the measured removal depth as a function of the stand-off

distance of the nozzle from the PVC plate for water and for diesel. It is clear from

I b

1



1 c13051.6 690 0.7 Polymer renoved C ean netal visible. 5 In
order further to test and to conpare the renoval efficiencies of water and
a hydr ocawbani2/mog7dar t her experiment was conducted. A 5 ROTRRIM U e was
used as a nodel conpound to investigate the renoval efficiency of a high
pressure jet of water 10 versus a hydrocarbon jet at a simlar pressure.
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for the two dlffereg&f [uid Due to the lower density of diesel, the mass
flow rat bigbfpr@ﬁsels@plewa@gaﬂp@r oxi mat el y 83% of that of water. Si nce the
cleaning force of the fluid was based on units of mass and not volune, it
was expected that the diesel would performslightly poorer than water. 25
WD 12012/ 080876 PCT/Usligp Okl ¢l6eamag netbod of the invention, or a process vessel adapted

for cleaning in accordance with the invention, it is possible to clean a fouled reaction
vessel without opening the vessel to provide access to personnel and without running
the risk of allowing a catalyst poison to enter the vessel. When the foulant is a polymer,
the method of the invention ensures that the polymer does not dissolve significantly in
15 the hydrocarbon stream used for cleaning as the temperature of the hydrocarbon is
below the melting point of the polymer. This prevents dissolution of the polymer in the
hydrocarbon thereby allowing for minimal increase in the viscosity of effluent from the
vessel being cleaned. As will be appreciated, higher viscosities would lead to slower
drainage of the vessel during cleaning thereby impeding effective washing of the lower
20 portions of the vessel and increasing the time required for cleaning of the vessel.
Importantly also, walls of the vessel are not exposed to thermal stress as would be the
case when a hot wash is used to clean the vessel. The high pressure used in the
cleaning method of the invention provides the shear required to dislodge an organic
foulant such as a polymer from fouled surfaces. The combination of the hydrocarbon
25 cold wash and the high pressure employed ensures that the vessel is cleaned efficiently

without posing any dangers to the processes normally conducted within the vessel.



Figure 4 that the water and di esel renoved a siml|ar anount of materi al
across the range of stand-off distances tested. Water proved to be better
up to di swaror/mhis7800 mm whil st, surprisingly, diesel $oDABZ10IHR7S

i nprovenent at distances greater than 300 nm where the optimal efficiency
was reached. Larger stand-off distances are 5 typical in real applications
where the cleaning nozzle needs to novélfreely within the process vol une
bei ng cl eaned. Thus, based on the data of Figure 4, diesel (or possibly

ot her suitable hydrocarbons) was established to be a suitable alternative
to matergﬁzgﬂ§high pressure cleaning fluid. 10Using the cl eaning nmethod of
the inve or a process vessel adapted for cleaning in accordance with
the invention, it is possible to clean a foul ed reaction vessel w thout
opening the vessel to provide access to personnel and without running the
risk of allowng a catal yst poison to enter the vessel. Wen the foulant is
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cl eaned efficiently w thout posing any dangers to the processes nornmally

conducted within the vessel WO 2012/ 080876PCT/ 1132011/ 055278 11 CLAI Ms:
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vessel fguhfsluRYarNinakigiemite ﬁﬁh‘b@é}bon Tsﬂ@ar'ﬂﬁﬁa@&'eé R ididbfted by one 8PRRYANY a
hydrocarbon stream at a pressure of at |east 9 bar(g) at fouled surfaces

i nsi de t hydrpeaybers corapaidlle wmibeednjalys aliadirocrs th’ﬁéowﬂ@éhﬁ Rrocesd assek r om sai d
foul ed surfaces, the hydrocarbon stream being sprayed fromat | east one
nozzle located 10 inside the process vessel and the hydrocarbon stream
bei ng at3a t enper dthér metheidoas clénedkint claim gobontlash 2 vehidr g'm:hjdesfdiwla(rimg or
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t he organ|c isam -conponen organi c V|ng t he
di sl odgeihsideyloantot fexposédido paomesassy eslsale. defined by the process vessel to an

operative or cleaning condition in which the nozzle is positioned inside or exposed to

the process volume defined by the process vessel and capable of being aimed or

directed at fouled surfaces, including interior surfaces of the process vessel that are
25 fouled.

4. The method as claimed in any of claims 1 to 3, in which the hydrocarbon
stream includes, or is defined by one or more hydrocarbons that are present in the
process vessel during normal operation of the process vessel.

30
5. The method as claimed in any of claims 1 to 4, in which the process

vessel is an oligomerisation or polymerization reactor.



152. The method as clained in claim1, in which the organic foul ant includes
al um ni um and in which the hydrocarbon streamincludes, or is defined by
one or nowe 2hidsogTar bons conpati ble with a catal yst of &CpnBmassssetsl oyi ng
the process vessel. 3. The nethod as clainmed in claim1 or claim2, which
i ncludes displacing 20 said at |east one nozzle froma retracted condition
in which the nozzle is not present inside, or not exposed to, a process

vol une defined by the process vessel, to an operative or cleaning condition
i n whi ch6t he nozzlThe sefusi &8s ateohednisi claimoib, expwﬂﬂdﬂMDphhespna&edssvmhune
defi ned fLgcess vessel . and ca d or d|r ct t

foul eq.sawiaag SoBRERSacReRrclr fnf PEARI e AR ikt UGS 08t are
25fou|edhw#émebﬁsnethod as clained in any of clalns 1to 3, in which the
hydr ocar bon stream i ncludes, or is defined by one or nore hydrocarbons that
are present in the process vessel during normal operation of the process

vesgel . 30 WO 20he08EdePed/ddiméd Lih/ 8hip? 63 id Zvtfichl iee PRédeRd asséll Ri a@d 1 n
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et hyl ene ol i gonerisation reactor, and in which the hydrocarbon stream

i ncl udeshydspcaspens.consi st s predom nantly of, |inear hydrocarbons, as
opposed to C6 and heavi er branched hydrocar bons. 108. The met hod as cl ai ned
inany of clains 1 to 7, in which the organic foulant is or includes
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said at
temperature of less than 105°C.

9. The method as claimed in any of claims 1 to 8, in which said at least one
15 nozzle is displaced from its retracted condition in a compartment or parking space
closable or sealable from the process volume defined by the process vessel, the
method thus including opening a path between the compartment or parking space and
the process volume and displacing the nozzle along the opened path from its retracted
condition to its operative condition, before spraying said hydrocarbon stream from the

20 nozzle.

10. A process vessel adapted for cleaning, the process vessel defining a
process volume and including at least one displaceable nozzle operable to be displaced
between a retracted condition in which the nozzle is not present inside or not exposed
25 to the process volume and an operative or cleaning condition in which the nozzle is
positioned inside or exposed to the process volume, the nozzle being connected to a

high pressure hydrocarbon stream supply line.

11. The process vessel as claimed in claim 10, which is an oligomerisation or
30 polymerization reactor.
12. The process vessel as claimed in claim 10, which is an ethylene

oligomerisation reactor.



15 nozzle is displaced fromits retracted condition in a conpartnment or
par ki ng space cl osable or sealable fromthe process volune defined by the
process We92e12/080816¢ net hod t hus i ncl udi ng openi ng a pat irChaBraensseTse
conpartment or parking space and the process volune and displacing the
nozzl e al ong the opened path fromits retracted condition to its operative
condition, before spraying said hydroch¥bon streamfromthe 20nozzle. 10.
A process vessel adapted for cleaning, the process vessel defining a
process ¥8l unme andhenoboelisngsat! dseadgitnednie ady sptlacesabd & h2aghieh opkdablag t o
be di spl {aceﬁ betf/\agen a reftrgct ed con%i tt'bon N whi cl:h trr:@ r}oz(zjl e_is not
present 1RSI 9&° SFTRBEYVEXpBEE 028 115'9PHRS IEss A enBe dRGIdIPZB5Y A ve or
cl eani ngceordidd @tonnesthbleho ahegn passkerel reydpasirborosteshrh Bepele lioe. exposed to
the process volunme, the nozzle being connected to a high pressure
hydr ocarbon stream supply line. 11. The process vessel as clainmed in claim
10, swhi cigi s an olTHa0rBEésHAldse8l &Y clait iVl iok aldih8 1088aB0Wwhich\IRIudes a
2012/ 080876PCT/ 1132011/ 055278 13 13. The process vessel as clained in any of
cl ai ms 16PPBAAENLQ RAFKING SPasROrdhe displaceable NOZae BiSaF3MRATMENt&Y NRHERY e
| nsi de 1 Boadef BERG NGy defild Xt ’Bﬁ@%‘r@ce@@!\Rﬂﬂﬁé’%iﬁ&@doffhecﬁm%é abl e
to a high pressure hydrocarbon stream supply line. 514. The process vessel
as clai me@pseh any of clainms 10 to 13, which includes a conpartnent or
par ki ng space for the displaceable nozzle, the conpartnent or parking space
bei ng cl osabl e or sealable fromthe process volune defined by the process
vesidel . 1915. The precpmsesesssdel @as déigiadeid any ahglaohs dOafon$4,1i0 wiici4he i n
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