POLYMERISATION REACTOR The present invention relates generally to polymerisation
reactors, and more specifically to loop reactors and a means of improving the efficiency of heat
removal from such reactors. 5Many polymerisation reactor systems employ loop reactors, which are of
a continuous tubular construction comprising at least two, for example four, vertical sections and at
least two, for example four horizontal sections. The vblume of each loop reactor of a multiple reactor
system can vary but is typically in the range 10-200 m3, more typically 50120 in3. The reaction mixture
passing through the loop reactor is typically in the form of a 10slurry. Polymerisation reactions are
usually cxothermic, and the heat of polyggﬂgﬁﬁ' $$ yﬂ@!!yﬂgm&iﬁirom the reactors using indirect
exchange with a cooling medium, prefe ; “CO ally surrounding at least part
of the tubular loop rda¢toresthicficionoylafetistitedbrenpolmhisisaken feature, mbperation of a 15
polymerisatiogkeaeiay & oY Iian RS MENTLITGAGIAG DICHERNAS ACIEXGA CATI he
production rate, or can require reactors of greater surface area in order to achieve the desired level of
heat removal Sch %28 proportion of the cooling required can be provided directly to the reaction

mixture by the diluenand.eepataRtiRade LALLM 86 ANFRSMRIGH RIEAE gripwer

20temperature than the reaction temperature. However the main cooling is_provided by exchanging

heat at the Ut EHAS B B A& P RSSO RS AR I b thd L EXEPRGHRIRINY HRY S8R fluid. The
amount of heahiviibhgand) ol anaigresbiiamribmraastiommirhidreciathe cening Juiehinohe jacket is

proportional tg the surface area, the overall heat transfer coefficien g he;log mean t rature
Citorence (LVPHG ST U Rt Bl L B S PR i e A
essentially thd 2um’ of lihreechantsiidterheatsinaribfen godfitieptreddoe intgfedty betweforredation slurry
and reagipr ing | wall, plus the heat transfer coefficient of the reactor wall itself, which is '

proportional to thé wall thickness, plus the heat transfer coefficient at the interface between coolant
fluid and reactor ext8phAPTERLIG: Aerftions rrenEalbumermie, wed ba Bobofremsrisatibudolant sides

may also reduggidhgyheabiansien eeflicient JLher e isrchpsinlatirsesing LRagrgasing heat
transfer by reducing the thermal resistance of the reactor wall. The thermal resistance of the wall is the

wall thicknesSHiHRY BiAtHe thisrkslr @ ReMitelSrornd Rl s TR RE feHERRER l%Bonstructed.
For example, 131bhaht Ehrdisaloseiaytayabablaininguecuersavalbibiekness Dy using rolled plate

and als stronger material to construct.the reactor and therefore permits lower thickness tolerances.
The fac(t)%)gs £Flc%m SHEERRATE rhgsrsesr%ic‘fﬁﬁ% ne%;]? sl?gﬂwg%ﬁﬂoi’%g\)"é{#fﬁ §m\£%%a§ @ﬁ%%&ﬂﬂot only on
the internal reavibthpresdurtandthemanergisof construl e tbutakoconethin vattous sliksses that are

imposed by thg.geometiy of the feactor and its support as well as the operating pressure of the cooling
water circuit. Therefore there are limits to how much the wall thickness can be reduced, regardless of

the tensile strength éf tRelhvaeegsfusedtiTredecienival saudeheatidigiddtdyte hbksadiwithstand not
only the 10pressuie 81, 4he anacliommixieiad e Aitfarencebetveenthaland he.pregaiye of the

cooling fluid outside), but alsg the hydrostatic pressure of the fluid, particularly the cooling fluid when
the reactdr is {TOPGHEEE ML EeagHeR 1RpEais: FoBReridlr AT s sHIRE&hBYn, a tubular
wall can withstasidhsigyfieanibiitghesinigralgras setasthanpxéemad Ess wiesacand therefore it is

pienine max{i;@n%?n%%s 1%313%5:{{%8 %QEIEIIEQ g .%%lag?gf heat which can be transferred from the
reaction mixture to the cooling fluid in the jacket is proportional to the surface area, the
overall heat transfer coefficient and the log mean temperature difference (LMTD).

25 The overall heat transfer coefficient, or its inverse thermal resistance, is essentially
the sum of three parts: the heat transfer coefficient at the interface between reaction slurry
and reactor internal wall, plus the heat transfer coefficient of the reactor wall itself, which
18 proportional to the wall thickness, plus the heat transfer coefficient at the interface
between coolant fluid and reactor external wall. In addition to this, fouling at the wall on

30 both slwrry and coolant sides may also reduce the heat transfer coefficient. There is much

prior art focusing on increasing heat transfer by reducing the thermal resistance of the

reactor wall. The thermal resistance of the wall is the wall thickness divided by the thermal



15which is the limiting factor for thickness, even though the maximum pressure in the jacket is lower
than that in the reactor itself. Even when a material having a very high tensile strength is used, there
remains a risk of plastic deformation and/or elastic buckling due to this hydrostatic pressure caused by
the head of fluid. In fact, thin-walled reactors made of very high tensile strength materials are at
greater risk of this type of failure than thicker- 20wallgd reactors made of less strong materials.
Typically the loop reactor itself is designed to be able to withstand a range of pressures from near
atmospheric pressure up to around 45-65 barg at the bottom of the reactor. This maximum pressure is
governed by the operating conditions required to keep the mixture of hydrocarbons and light

components SERFPSLHYHOREAsEL YR HEI f1e walide raasca Bmpronm enRe 568ETSr, so as to

ensure stablelieseier civaylafioh anmpreRertinal agathes withay addiional margin to deal with
pressure upsets. The r%actor coolin%éacket iIsu aII%@cfiesigned to be able to withstand a range of

pressures from Tl VAR Up S3PSBBEh B T Bh A FRE TR PR hleLe U SkGe iREA95 the need
to ensure that the jdBkefaeonainis ¢k ffédiqhickidukingsatapitemaens éirahd BOshrtdanvaganditions, as

well as bging e ling system malfunctions. ically, the reactor cooling circuits have a
Very g v L e PR o SR e RS b e e

may have to §G§E§iﬁ%ﬁ@$ﬂf§$ﬂ%6ﬁﬂmmﬂ¢é epdlageeiretiatibthprrpdsynd itsMepbavesfound that it
' possible toyedyce,Liher thehickese oL s radaLaILY aaxenwalnaterial by desioning the

reactor cooling system so as to minimise the 5 maximum pressure which the jacket must be designed
to withstand (REE T vafhickacexpia e rrarsde seadiesighthrésstlessrtehatiet is intended to

ensure that inmateaparaing sopdiions«inaluslig ressitiasaliuctiPRsmiha (ueitical) iacket can be
maintaiqu full of coolgnt without risk of d mg%e qr failure. Design pressure is a fundamental

charactéristiPSPRNY Pidie ShA Bt 45 R aH R BFe Paty siohal safeths REERS W EWf e always

marked 10 orailingl@vihbyisids)phihelse daitySysient facsaiebrieasons. Jieralhe deliosslias the
pressure at t e ition of coincident internal or external pressure, and temperature
expected du:?nﬁgﬁsl%?l%}lﬁaﬁiygegr%%%? he prasamt ?ﬁ%‘gﬁtlsoiﬁclesqg%%a %(Slh’?hag’grﬁf)%&?ﬂé\t{%ﬁ%%? Since a tube
of a given thitididsyeanatithisemnchl tighethsieedhe présaune Hivarréxternhbpresseiré)she external

I5jacket desigh pregsis. 80 AlERAEINAIING fAEIREAGH SIS e minmygy eduired

thickness of the reactor wall, rather than the (higher) interna " design pressure. ﬁterefore if the
jacket design prebdeiaeiimiives froniasiitnessermibsusisiene inien nhesseadtohedatiteiay be

subjected at arlyisenin lowan aeddacReadhe thisknass Qﬁﬁla%m&héﬁﬂgbﬁv@b%memés unlike in US
5565175, in whicg}ﬁ.redtégtiﬁg in required wall 20thickness is accomplishedé% a different
a

manufactuctdHigEnais THETEADS 35K Ao A He el e el RSk g 5e e ve
reduction in rédiintiotiticknessswithautcdigngingetde featio invall CONSKUDEA Reactordga@rcmgly in a first

aspect the pr, | jon provides. a tubular reactor for.use jn polymerisation reactions having a

design pressvg?sé?’%%@aé%\ﬁ%i%g %%}@{mga{??e?sﬂgaaﬁ%?ﬁ ne%%F ]'Z%S\vaﬁﬁ: “lss?g?lée?ﬁ Y wrﬂ?:%laﬁﬁggﬁf"at least part
of whicBYertivallpbresicrs swadoahthss dprgaoresnlgic jacket for the passage of cooling fluid, wherein
the design pressureryparg Hdip PRAEIRI PR ARG WAEBR AR norand ratiented vertically” is

meant that the relevant portion of the reactor has a longitudinal axis w IS no maore than 30 degrees
from vertical FpFETREEIRP RO PR ARSI SR el R tharAns i85 bargatdhediasiomtiidhespect, the

present invertignop! Eas A il 40608 [oRusedhpalympisatioRRastigns havipgadesion
pressure PRt%f 40-65 bar{g, t least a po{ritllon of 4 which is oriented vertically and at least part of which
vertical portid & LIS A GSHrpcALpons an 1ght components such as hydrogen or ethylene in the
25 liquid phase at any point in the reactor, s0 as to ensure stable reactor circulation pump
operation, together with an additional margin to deal with pressure upsets.
The reactor cooling jacket is usually designed to be able to withstand a range of
pressures from full vacaum up to about 8 - 16 barg. The maximum pressure is governed
by the need to ensure that the jacket remains full of liquid during start-up, upset and
30 shutdown conditions, as well as being able to handle cooling system malfunctions.

Typically, the reactor cooling circuits have a very high flow rate, which means that in case



concentric jacket for the passage of cooling fluid, wherein the actual thickness of the reactor wall is
either no more than 2mm and/or no more than 10% greater than at least one of: the minimum wall
thickness required to withstand the design pressure PR as calculated 5 according to the ASME Boiler
and Pressure Vessel code, and the wall design thickness t (mm) calculated according to the
relationship t = PR.R/(10S-0.5 PR) + C + to! where R is the internal radius of the reactor tube in mm, S
is the design stress intensity at the design temperature in MPa, C is the sum of the inside and outside
corrosion allowances for the reactor wall in mm, and tol is the manufacturing tolerance in mm. 10The

manufacturinfgqtole.r nczcl usually 12.5% of the thickness for an extruded pipe and zero for a cylinder
made from p @%\%‘6‘3 WeHh S ey examgle e piusignay hitr it sutare Ve libilkyddis an
internationallyereicotyhis esb ad eidelised hrife)American Society of Mechanical Engineers, and
includes a section ( ion VIII) far use in the. manufacture of pressure vessels. Section Il covers
material 15specifica |§$11t]§1.v ﬁ%&#&%&ﬁgé%?&%’o 8 eeg)" ﬁ%ﬁéﬂﬁ%gﬁ{‘ﬁlg&‘?%% ISAHSh *Hhintenance
and inspectidprof Suttersdintapresdy dasssels flanddstoveldigysystontiroses skitkdd iishdart. The
minimum wall thi REsS ired: ith ' sure PR as.calculated according to the
ASME code is in%nded tégs%%é ﬁ%@aﬁ%i@gﬁ?ﬁggs%ﬁ t %igﬁsggﬂ%gt%%iggshgynt%rgsrsgfaeti%r%hip t=
PR.R/(10S-051P1yed abavep thpaeRighe IRSNIE @olie jadetiriskesiisd ROthickntes inrdlfapsitiingo those
skilled in the ayfanshara HEHSsEEIE BXARNERsURTPONLAD IeRionast 30V ined AMhiist the

ASME code and associated formulae allows calculations of theoretical minimum wall thicknesses
required for BOHALREBPYLiE uaagro PRl [Aesier mesiyre preddndepintpepresiisifvention is

based on theofippyasiakiel éabindpracinmeasd bperasitiprpia)Raamaissafiecting-thasalculation of

e g o Oprs e S gl gy s ey of et

the design te?npera f?é% raétsss in
are publishedhiessatses tire thesASEe conditiddheicthe:rhateiiarishat daehetablestudesdre given to

calculate thistéﬁﬁé%%?é%ﬁp% ?S&Eﬂl%%&[}%?qi erent depending on 30whether the reactor is rolled plate
In"the :

or a seamless pipe. first aspect of the invention, it is preferred that the actual thickness of
thefl reactor wall is AbHEESthEYeRHm Arieisd 90 horentrairti0vthgtetuer airere af legiseone of: the S

minimum wall{bigkaesaeamisackte miinstand-{he.desion Aressuis A B as salqulated agpording to the

ASME Boiler and Pressure Vessel code, and the wall design thickness t (mm) calculated according to

the relalionsPRSELIsRER RTHBIG RGP beihp|ifHEe e vashdsisaniang S e Midwerctor tube in
mm, S is the design sticlsseivtensiy-atihedasiamatenpaiaiuiehaNRans isdhe-94spaf the inside and
outside corrosion allo ances f%rtthe r%ac r wall in mm, awd tol js the manufacturiqg tolerance in mm.
In the second aspect Ag%?ﬁecﬁlﬁ IRk R PR PSS &Y %Wﬁﬁf%%ggﬂ}]ee&efﬁ% IR R is less
than 0.0018.RR#16h hdowtivtaspettsiaf teesibyantibar, it jstinefeiwdcthatdhemettal thittiteesstof the 10
reactor wall ig.gi [ /or n.5% greater.than at least one of: the
i wal e T g S e e
ASME Bbilerthivérpss ssareopelisideide daifreniomeal desyrtoraded eichmteaidufatdbicaccording to

the relationshifdisr RRAISH PR ehfoit 10 WheseR-in e dnternalradiir ofdhesgagtor tube in mm,

S is the design stress intensity at the design 15temperature in MPa, C is the sum of the inside and

outside corroSiBRSHIG &R oF HHEIBHREGEMall in nun, and tot is the manufacturing tolerance in nun.

Obviously in all aspaeteehtas inveftioastheasiiatibicknessioh ewaastonvalpsihe.atieast as
great as the minimum required to. withstand both, the internal reﬁcéoréegdgsigwressure PR and also the
fiore

design pressiitE G THE TAERE IR RESHRY R 5L BEEWS0rR URBP\IAPEER Fithstand a
significaitly hididr imteredpressntty thahaeldernalrpod seich, wahich! immiby {5 strsuadyithe design

pressure of tQSd@e%ﬁE E%L:L%I'}&f tm:a&lssage of cooling fluid, wherein the design pressure in barg of
the jacket P; is less than 0.0018.P>%.
By “oriented vertically” is meant that the relevant portion of the reactor has a
longitudinal axis which is no more than 30 degrees from vertical, preferably no more than
30 10 degrees from vertical.
In an alternative aspect, the present invention provides a tubular reactor for use in

polymerisation reactions having a design pressure Pr of 40-65 barg, at least a portion of



the reactor PR which dictates the minimum required thickness of the reactor wall. In a theoretically
optimised embodiment of the invention however, the design pressure of the jacket Pi is reduced such
that the wall thickness required to withstand 133 is equal to or less 25than that required to withstand
the internal reactor design pressure PR. In this case the minimum reactor wall thickness is instead
dictated by PR, and in the most optimised embodiment of the invention the actual thickness of the
reactor wall is equal to the minimum wall thickness required to withstand PR. This is of course the
lowest wall thickness which can be achieved without changing the internal reaction conditions.

30However Wk%f it isﬁgosesﬁifle to (ﬂn%c()g sgch an arrang_ement, it is generally chosen to make the wall
slightly thicke? AR SR BRI TR 0TaE AL OPISERATECA WBISHY FRATHIROTEON s fugoyadepitérred that the
design pressuveahttie jadkefR thispesagban RANRSERR 2w bathaspesiseiibesimeention where
the cooling fluid is water, the design pressure of the jacket 13, is rally greater than H/10 where H
is the verticallﬁgecl%ﬁﬁ) e v%rrﬂgaﬂ?g%?%ﬁlté%oaﬁ%{ﬁrﬁo tﬁégf%i@ﬁ# ?ﬁéjtgéé,ri FBtaeris éR8ure that
the jacket ca@ﬁ?viﬁ@sténmm Wyﬂﬁbkﬂaﬁsq{m@}mm@tomhbsmmdliihg flesigviressiit| PAy codseavhiere H is
small enguahiatd(d 6, 07eaRE WAL IR HRNIN Xalle.0fd BTG DY 16 present invention is

of course outside the scope of this invention, and such a system could only ade Viable by
increasing th&MHI kAL SR rEbRESP WalFeRGPREt® Arela RiHeP SfRuhy irt whiehaiskdesign

pressure of ilagkil Adican e maumissde S0 0 oS AlEh e he-ABRGARle gy particular

case. Individually, these are all well-known in the art, They include: Reducing the length of the coolant
circuit by optiIRGEa R MR <mindis rp s dhersstn Aty mesidsraresraal Byassemirsif its layout.
15Reducing thecpresallra ain) acragssabpiehvidvesiaphissirdaignisby using improved equipment.

Reducing the pressute drop across the jacket inlet lets, Increasing the diameter aof the pipe
i Pc{ %lagg%éy? E géct FOIGHETE IS BRE can also

e Imar E at uring tolerance 3
supplying coolant to the jacke edumﬁéﬁ’ﬁ
reduce the cootimg2fefficietiojdoyneadddcingribe (eetdrdnstenmoeffipient). Reducing the pressure
drop across the heafﬁéﬁ@ﬁﬁ‘@%%%?%&%%ﬁ?é%ﬁ%ﬂ% edk Mininising he nitrogen. pressure in the
coolant surge tank, the margin needed for the control and the overpressure protection.
Minimising thécviskehke Brecdariireaiossivcriidethorics Bndinsoessprskingreddsie tecisp6Ssibte: overfill
scenario. OpYmiging the FORBRLAUINRLIR SFdRlia-avRidaxersaive PRsvatingRigssures.  In another

embodiment of the invention, the thickness of the reactor wall is greater at the lowest part of the

reactor tRan SPEREFAYABSH peite R shes By ofria s Loicming B rcdgriamdrin ¢AUoR\IRATRIGRIRSE of the
reactor (by heighisiikeridn fedikpeiguatstr30Reieralyshanaacion walldscanstusiesk afia material

g & e P LS R I L AR A LR AR Fie R iRty 20ove 451
according to the ASME code is intended to be the same as the design thickness t as defined
by the refationship t = Pr.R/(10S-0.5 Pr) + C + tol, Both the ASME code and the design

20  thickness are familiar to those skilled in the art, and are discussed for example in US
5565175 mentioned above.

Whilst the ASME code and associated formulae allows calculations of theoretical
minimum wall thicknesses required for both reactor design pressure Py and jacket design
pressure Py, the present invention is based on the appreciation that in practice,

25 The most important parameter affecting the calculation of the minimum wall
thickness for a given Py is the allowable (design) stress intensity S of the material at the
design temperature. Stress intensity values for several materials at different design
temperatures are published in tables in the ASME code. When the material is not in the
table rules are given to calculate this stress value. These rules are different depending on

30 whether the reactor is rolled plate or a seamless pipe.

In the first aspect of the invention, it is preferred that the actual thickness of the

reactor wall is no more than 2mm and/or no more than 10% greater than at least one of the



7 A further advantage of the invention is that the increased heat transfer achieved by the reduced
reactor wall thickness can be counterbalanced by increasing the diameter of the reactor. Although this
reduces heat transfer, it has the benefit that the resultant lower slurry velocity requires lower power
consumption. Thus one could have the same heat transfer but at lower overall power consumption.
EXAMPLES The Examples below relate to 28 inch (12mm) outer diameter loop reactors having
design pressures PR of 40, 50 or 60 barg, and constructed from a metal having a tensile strength of
451 MPa, equating to an allowable stress intensity of 150.3 MPa at 200C (as 10calculated according

to ASME Sectian.IID, Tatiie 2A). To be within the sc%pe_e of the present invention, the design pressure
of the jacket SUFFSURBNG L GUALTSdemiiUerEimiipeheds it r R e Wit reactor wall

thickness musttredither less.81aB Ritler endassshan 1okeareaieiinan thalmisigaumdhiekness required
to withstand R, The minimum reactor wall thicknesses calc in these Examples allow for
manufacturin n’?&?@?ﬁ%@%@%ﬁvﬂoﬁc%@gg— r%r%ré?g{'i Do) E@ﬁﬁéﬁﬁ@# @Hgsfg‘i‘? TS FelPR
employed andheontensiciadiyavbitelriepipeutnchmess8ss Aedrdsionrtetdranstnofitindasige + Imm
outside was agégiﬁpﬂgp@i mpalcalgulal -made using the ASME Bailer and Pressure Vessel
code Section VI, DiViSiO_II:ll 2. @eﬁ%ggr@@ﬁﬁgﬁgﬁ iﬁé%%ésj “below: qulloll—ffgrcﬁﬁlecﬁgg 4, the
design pressufédiR wiite veactet 16150 hargayifiagungthleraie.000811317,2'25 of 12.0. The minimum
reactor wall thickness tsSiiteddespithsiand avenadlssion Diess imin A S8- Algwing for
xample the

manufacturing tolerances and corrosion., EXAMPLE 1 (comparative) In this esign
pressure Pj of HEiACKEERS PR bAHS The wall thickness 25is 19.4mm, equating to a maximum

allowable Pj of 13.3 hesgh Bpiscthertaactoemall,is & 4reraRidddAt-thiskerthandeesired by PR. At
13.0 barg, Pjis alsIQ@g ater. than 0.001?@13R225. Thus this arrgngement is outside both aspects of the

8 B FHeCHBLIRT B rRaR P a ARV EHRRITLRD JithBaIThRR Bt FIE Hve not been

invention. This ShOws esign
optimised accerdingrninermwelititiok38EXANMPL b 2/ithstahitlishendyipe pegandat, as adimpsevement of

Example 1. The.j t ' Pj nyeduced from 13.0 barg to 8.8 barg, allowing the
reactor wall thiclg)r?‘g%l? ttg?a%g %%ﬁ%%{gé Ifc?lll . ??%%?e{aeﬁsasteﬁn%o#g 3 #ﬁi?ﬁ&%ggﬁ%&ﬁ%i‘%%f 8.9 barg).
Thus the wall{85tisticBlaiag 200 dhieke thh spl ateasiat BPRR/GAB-05 P )esE than 91861B. RR225,

meaning that ghisierasnpleiis withindhasaaneiahine ventionsEheRenafitafhis Fxample compared

with Example 1 is that the reactor wall is only 17.6mm rather than 19.4mm thick, resulting in Sbetter
heat trangfer. EXRMBIEBMPa-khis faesmmhol e dnsisdsanipusidsieonovine Herangesfontessure Pj
has been redugeefroal &8argntdid. 8 bargaaliowingdheteasiariwalthickness to be reduced further

to_17.2mm (equa_tin 04 aximuym a!lqw%b&i-:‘ P3 of 8.1 burg). Thus the wall is just 101.2mm17.6%
thicker than requweg) Ey ?}ﬁ,yalﬂéﬂﬁ%??g fedd ﬁé%vﬁ?g@fég‘f)%Fﬁ}‘fgﬁ?ﬁﬁﬁftﬁﬁfﬁww wall
must be at least as great as the minimum required to withstand both the internal reactor
design pressure P and also the design pressure of the jacket P;. As has previously been
20 mentioned, a tubular wall can withstand a significantly higher internal pressure than
external pressure, which is why it is usually the design pressure of the jacket P, rather than
the reactor Py which dictates the minimum required thickness of the reactor wall. In a
theoretically optimised embodiment of the invention however, the design pressure of the
jacket Py is reduced such that the wall thickness required to withstand P is equal to or less
25 than that required to withstand the internal reactor design pressure Pg. In this case the
minimun reactor wall thickness is instead dictated by Pr, and in the most optimised
embodiment of the invention the actual thickness of the reactor wali is equal to the
minimum wall thickness required to withstand Pg. This is of course the lowest wall
thickness which can be achieved without changing the internal reaction conditions.
30 However whilst it is possible to employ such an arrangement, it is generally chosen to

make the wall slightly thicker than this minimum in order to incinde a safety margin.



this Example is again within the scope of the invention, and with a thinner wall than Example 2 gives
even better heat transfer. EXAMPLE 4 This Example is the optimum version of Examples 1-3. The
jacket design pressure 15Pi has been reduced to 5.8 burg, allowing the reactor wall thickness to be
reduced to 16.0mm, the minimum allowable for a PR of 50 barg. This should be compared with the
wall thickness of 19.4mrn in comparative Example I.EEXAMPLE 5 This Example is for a reactor
having a design pressure PR of 60 barg, giving a value 200f 0.0018.PR225 of 18.0. The minimum
reactor wall thickness required to withstand such a design pressure is 18.68mm, allowing for
manufacturing tolerances and corrgsion. In this Example the design pressure of the jacket is 13.0
barg. The wall thic é%@ﬁ?g Qﬁéfﬁ?‘f?,t%ﬁﬁ%?iﬂﬁ@é’%ﬁ%?ﬁ#’ﬁﬂ@%gﬁbﬁé #5848 0 barg. Thus the wall
is 1.9rnm/10%0t06ke > . than required by PR, and Pi is less than 0.0018.PR225, meaning that this

Example is 95accor[g@lé[§%I 0 the invention. EXAMPLE ?he GO‘II'_hls E_x%mple IS aﬁﬁg timised version of

Example 5. The jac éSﬁs i %F’eossu?emfgit Ogswlglgléen reducetFto 09 Egtred: F‘%}the reactor wall

thickness to D§3$Bdgoé@ilmia€$ﬁtm goeeraihingentea lowdbiE)foher PR ioflovoeicul BOEENANREE 7
This Example,is a3 S52G105 hAving & SRSIBRPIESIUIEPR &%%9%5%@9&&32&%& 0],0-0018.PR225

of 7.2. The minimum reactor wall thickness required to withstand suc design pressure is

13.45mm, all¥iisEae tha antrasasicriyesiuraichs enndiesffadorhan s Anaeagsiaviseedbisign pressure of

the jacket is Q41 Racacl bevval shickness isA8RMm eAuRlNRdeeomaxme fligvable,Pj of 10.4
barg. Thus the wall is 4.5mm133.8% thicker than required by PR, and Pj is more than 0.0018.PR2'25,

meaning that T BLIhPIEStSaRHIE fhe SHRM O E R AP E R B SHeRu PHI B ved

version of Exanpleidhlassardirgsiagie inventianciihe jacket fesign pressure P3 has been reduced to
5.0 barg,allowing the reactor wall thickness to be.%e%%d.to 15.2mma.ﬁi[hust %all is.1.7mm/13%
) i

thicker t Uan required ei“/ef@fbﬁr,méﬁde b?lsw A lfh“élﬂ PROVS S |Pi]§ # écég%gffhple is within

the scope of thsiinisedtism T ABLUEAWEMXNNIRLE applicable in any particular case. Individually,
these are all well-known i the art. They include:

Reducing the length of the coolant circuit by optimising its layout.

Simplifying and smoothing the coolant circuit by optimising its layout.

15 Reducing the pressure drop across control valves and instruments by using
improved equipment.

Reducing the pressure drop across the jacket inlets and outlets,

Increasing the diameter of the pipe supplying coclant to the jacket.

Reducing the coolant flowrate (aifhough note that this can also reduce the cooling

20 efficiency by reducing the heat transfer coefficient).

Reducing the pressure drop across the heat exchanger where the coolant is cooled.

Minimising the nitrogen pressure in the coolant surge tank, the margin needed for
the control and the overpressure protection.

Minimising the volume of coolant above normal level to limit overpressure due to

25 possible overfill scenario.

Optimusing the coolant pump in order to avoid excessive operating pressures.

In another embodient of the invention, the thickness of the reactor wall is greater
at the lowest part of the reactor than at the highest part. Preferably, the wall thickness is
greater in the lower quarter of the reactor (by height) than in the upper quarter.

30 Preferably the reactor wall is constructed of a material having a tensile strength at

design temperature of at least 447 MPa, and more preferably above 451 MPa.



Outer diameter of reactor mm 50.0 11111111111111111111. tlaaallaa 50.050.0 50.0 " 712 60.0 8
712 60.0 ill 40.0 712 40.0 Design pressure of reactor at bottom - PR berg

A further advantage of the invention is that the increased heat transfer achieved by
the reduced reactor wall thickness can be counterbalanced by increasing the diameter of
the reactor. Although this reduces heat transfer, it has the benefit that the resultant lower
shurry velocity requires lower power consumption. Thus one could have the same heat

5  transfer but at lower overall power consumption.

EXAMPLES

The Examples below relate to 28 inch (712mm) outer diameter loop reactors having
design pressures Pr of 40, 50 or 60 barg, and constructed from a metal having a tensile
strength of 451 MPa, equating to an allowable stress intensity of 150.3 MPa at 200°C (as

10 calculated according to ASME Section IID, Table 2A). To'be within the scope of the
present invention, the design pressure of the jacket surrounding such a reactor must either
be less than 0.0018 P**, or the reactor wall thickness must be either less than 2mm or less
than 10% greater than the minimum thickness required to withstand Pg. The minimum
reactor wall thicknesses calculated in these Examples allow for manufacturing tolerances

15 of2.25-3mm (12.5-17%) depending on the design pressure Py employed and
commercially available pipe thicknesses. A corrosion tolerance of 1mmi inside + Imm
outside was also applied.

All caleulations are made using the ASME Boiler and Pressure Vessel code Section
V1L, Division 2. Details are summarised in Table 1 below.

20 In Examples 1 to 4, the design pressure Py of the reactor is 50 barg, giving a value
of 0.0018.Pp** of 12.0. The minimum reactor wall thickness required to withstand such a
design pressure is 15.98mm, allowing for manufacturing tolerances and corrosion.

EXAMPLE 1 {comparative)

In this Example the design pressure P; of the jacket is 13.0 barg. The wall (kickness

25  is 19.4mm, equating to a maximum allowable Py of 13,3 barg. Thus the reactor wall is
3.4mm or 21.4% thicker than required by Pp. At 13.0 barg, P; is also greater than
0.001 8.1’;3‘25 . Thus this arrangement is outside bofh aspects of the invention. This shows
that the design pressure and wall thickness, although acceptable, have not been optimised
according to the invention.

30 EXAMPLE 2

This may be regarded as an improvement of Example 1. The jacket design pressure

P has been reduced from 13.0 barg to 8.8 barg, allowing the reacior wall thickness to be



Min. required wall thickness for PR mm 15.98 15.98 15.98 15.98 18.68 18.68 Mil 0 3.45 IIl 1,7 Actual
reactor wall thickness mm19.4 17.6 17.2 16.0 20.6 .

reduced to 17.6mm (equating to a maximum allowable P; of 8.9 barg). Thus the wall is just
1.6mim/10% thicker than required by Pr, and P, is less than 0.0018. P>, meaning that this
Example is within the scope of the invention. The benefit of this Example compared with
Example 1 is that the reactor wall is only 17.6mm rather than 19.4mm thick, resulting in
5  better heat transfer.
EXAMPILE3
This 15 an improvement of Example 2. The jacket design pressure P; has been
reduced from 8.8 barg to 8.0 barg, allowing the reactor wall thickness to be reduced further
to 17.2mm {equating to a maximum allowable P; of 8.1 barg). Thus the wall is just
10 1.2mm/7.6% thicker than required by P, and P;is less than 0.0018.P%%, meaning that
this Example is again within the scope of the invention, and with a thinner wall than
Example 2 gives even better heat transfer.
EXAMPLE 4
This Example is the optimum version of Examples 1-3. The jacket design pressure
15 P has been reduced to 5.8 barg, allowing the reactor wall thickness to be reduced to
16.0mm, the minimurm allowable for a P of 50 barg. This should be compared with the
wall thickness of 19.4mm in comparative Example 1.
EXAMPLE 5
This Example is for a reactor having a design pressure Pr of 60 barg, giving a value
20 of 0.0018.Px** of 18.0. The minimum reactor wall thickness required to withstand such a
design pressure is 18.68mm, allowing for manufacturing tolerances and corrosion. In this
Example the design pressure of the jacket is 13.0 barg. The wall thickness is 20.6mm,
equating to a maximum allowable Pj of 15.0 barg. Thus the wall is 1.9mm/10% thicker
than required by Pg, and Py is less than 0.0018 Pg>%, meaning that this Example is
25 according to the invention.
EXAMPLE 6
This Example is an optimised version of Example 5. The jackst design pressure Py
has been reduced to 10.0 barg, allowing the reactor wall thickness to be reduced to
18.7mm, the minirmnum allowable for a Py of 60 barg.
30 EXAMPLE 7
This Example is for a reactor having a design pressure P of 40 barg, giving a value

of 0.0018.Px*% of 7.2. The minimum reactor wall thickness required to withstand such a



Absolute excess thickness iaupt 1.6 1.2 0.0 0.0 4,5 % excess thickness %21.4 10.0 7.6 0.1 10.0 0.1
33.8 13.0 Design pressure of cooling ‘acket -P barg13.0 8.8 8.0 5.8 13.0 10.0 10.0 5.0

10

15

design pressure is 13 .45mm, allowing for manufacturing tolerances and corrosion. In this
Example the design pressure of the jacket is 10.0 barg. The wall thickness is 18.0mm,
equating to a maximum allowable P; of 10.4 barg. Thus the wall is 4.5mm/33.8% thicker

than required by Pg, and Pyis more than 0.0018.P>% , meaning that this Example is ouiside

the invention.

EXAMPLE 8

This Example is an improved version of Example 7, according to the invention,
The jacket design pressure P; has been reduced to 5.0 barg, allowing the reactor wall
thickness to be reduced to 15.2mm. Thus the wall is 1.7mm/13% thicker than required by

Pr, and P;is less than 0.0018.Pg>, meaning that this Example is within the scope of the
invention.

TABLE 1

EXAMPLE: 1* 2 3 4 5 6 7 8

Cuter diameter of reactor mm | 712 | 712 | 712 712 1712 T2 1712 | 712

Design pressure of reactor |barg | 50.0 | 50.0 | 50.0 | 50.0 | 60.0 | 60.0 | 40.0 | 40.0
at bottom - Py

Mixn, required wall mm | 1598 | 1598 ] 15.98 | 1598 | 18.68 | 18.68 | 13.45| 13.45
thickness for Py

Actual reactor wall mo | 194 0 176 1 172 0 160§ 206 | 187 | 180 | 152
thickness

Absolute excess thickness |mm | 3.4 1.6 1.2 0.0 1.9 0.0 4.5 1.7
% excess thickness % 214 1100 | 7.6 0.1 0043 01 | 3381 13.0

Design pressure of cooling tharg { 13.0 | 883 | 8.0 58 1 13.0 | 100 ) 100 ) 350
jacket - Py

Maximum allowable jacket |barg | 133 | 89 8.1 60 | 151 1103 | 104 | 52
pressure for selected reactor
wall thickness

0.0018.P"% 120 [ 120 J 120 (120 1180 [ 180 ] 72 1 72

0.0005 . P*™ 96 | 96 | 96 | 96 | 151 | 151 | 54 | 54

* comparative



Maximum allowable jacket pressure for selected reactor wall thickness berg13.3 8.98.1 6.0 15.1 10,3
10.4 5.2 0.0018-PC") 12.0 12.0 12.0 12.0 18.0 18.0 11111 72 0 .0005 .PR 9.6 9.6 9.6 9.6 15.1
1111111111 comparative
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CLAIMS

1. Tubular reactor for use in polymerisation reactions having a design pressure Py o 40-
65 barg, at least a portion of which is oriented vertically and at least part of which
vertical portion is surrounded by a conceniric jacket for the passage of cooling fluid,

5 wherein the design pressure in barg of the jacket Py is less than 0.0018.Pg>%°,

2. Reactor according to claim 1, wherein the actual thickness of the reactor wall is either
no more than 2mm greater and/or no more than 10% greater than the minimum wall
thickness required to withstand the design pressure Py as calculated according to the

10 ASME Boiler and Pressure Vessel code,

3. Tubular reactor for use in polymerisation reactions having a design pressure Pz of 40-
63 barg, at least a portion of which is oriented vertically and at least part of which
vertical portion is surrounded by a concentric jacket for the passage of cooling fluid,
15 wherein the actual thickness of the reactor wall is either no more than 2mm and/or no
more than 10% greater than at least one of: either the minimum wall thickness
required to withstand the design pressure Py as calculated according to the ASME
Boiler and Pressure Vessel code, or the wall design thickness t (mm) calculated
according to the relationship t = Pp.RA108-0.5 Pr) + C + tol where R is the internal
20 radius of the reactor tube in mrm, S is the design stress intensity at the design
temperature in MPa, C is the sum of the inside and outside corrosion allowances for

the reactor wall in mm, and tol is the manufacturing tolerance in mm.

4. Reactor according to claim 3, wherein the design pressure of the jacket P is less than
25 0.0018. P>

5. Reactor according to any preceding claim, wherein the design pressure of the jacket
Py is less than 0.0005. P22,

30 6. Reactor according to any preceding claim, wherein the actual thickness of the reactor
wall is either no more than 1mm and/or no more than 5% greater than at least one oft

the minimum wall thickness required to withstand the design pressure Py as



15 10 CLAIMS I.Tubular reactor for use in polymerisation reactions having a design pressure PR of
40- 65 barg, at least a portion of which is oriented vertically and at least part of which vertical portion is
surrounded by a concentric jacket for the passage of cooling fluid, wherein the design pressure in barg
of the jacket Pj is less than 0.0018,PR225, Reactor according to claim 1, wherein the actual thickness
of the reactor wall is either no more than 2mm greatgy and/or no more than 10% greater than the
minimum wall thickness required to withstand the design pressure PR as calculated according to the
ASME Boiler and Pressure Vessel code. Tubular reactor for use in polymerisation reactions having a

design pressure PR of 40- 65 barg, at least a portion of which is oriented vertically and at least part of
which vertical portigsulsisdrioetided by thecbridentil fackdiiosshe passdgedst ewbtimgwhild, wherein the

actual thickness ofdlig.y gaoiaewallis:SILLAR MRS INAD RTHB ANYAIRA MO HRMHQYs greater than

at least one of: either the minimum wall thickness required to withstand the design pressure PR as

calculated accordfifd totHe!H Siheresbircia ipiprelsadies e theras s féeticiml Sde g eigkness t
(mm) calculated agegrdingHarihe nelaionRshimbe RO HOS; @ SRR ki ot 1R whiesaR is the internal

radius of_the reactor tupe in mm, S is the design stress intensity at the design temperature in MPa, C
is the sum of the iR ea‘i?&%%?é’i&@“é’ﬁ%%%?é%%%ﬁéﬁt@éév Ak T Jetblolvs ihm AR B is the
manufacturing tolerEnoeenimmmn. Reactor according to claim 3, wherein the design pressure of the
jacket Pj is less than 0.0018yR225. Reactor according to any preceding claim, wherein the design
pressure of the jacket Pj is less than 0.0005.PR252 Reactor according to any preceding claim, wherein
the actual thi¢kneBsastahecrending wathipwsithding ol Aioyevivasiirir dmglopresmond thajad¥% greater
than at least one ef:themigimumwalhickReasuequirRd P P&%%@V%C‘J%'QHEBES%Q{%@ER as 11
calculated according to the ASME Boiler and Pressure Vessel code, and the wall design thickness t
(mm) caltulated R tb B Esationship t = PR.R/(10S-0.5 PR) + C + to! where R is the internal
radius of the reactor tube in mm, S is the design stress intensity at the design temperature in MPa, C
is the sum of the ipside andﬁside corrosion allowances for the reactor wall in mm, and tol is the
manufacturin tolg%?ﬁtc% T YRRARR S8 PEEEH R A a PR R A isRipResiiTe & s detign
pressure of the jaékét RikistueaiewthbmitiilGyvbeiadd is #iewvardoakheight-ePthe ageically oriented
portion of the jacket in,mejres. ctor according to any preceding claim, wherein the design pressure
of the jacket Pj is%ﬁ%%li%a%ﬁw‘ga@v%% ICKNes “‘Fé*g&?ré" i 6 %iﬁ%tealﬁ%e %?ie{ lbelgecé{%lu?gsﬁnig fgaiﬁlg% to or less
than thé wwall thickfress required to withstand the internal reactor design pressure PR. Reactor
according to any preceding claim, wherein the thickness of the reactor wall is greater at the lowest part
of the reactor than at the highest part. Reactor according to any preceding claim, wherein the reactor

wall is constrircte FEIHORAFEHAINGA0iAY PieirsietEny thhsrein ksdhishren pAthenaasietsrabiy above
451 MPa. greater at the lowest part of the reactor than at the highest part.

20 10. Reactor according to any preceding claim, wherein the reactor wall is constructed of

a material having a tensile strength of at least 447 MPa, and preferably above 451
MPa.

25



