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WO 2009/ 101007PCT/ EP2009/ 051248 1 PCOLYMERI SATI ON
REACTOR The present invention relates generally

W0 00pabdMIEri sati on reactors, and nore specifi cBCT/EP1009/051248
| oop reactors and a nmeans of jnproving the efficiency
of heat renoval from such reactors. 5Many
pol yneri sati on reactor systens enploy | oop reactors,
whi ch are of a continuous tubul ar construction
conprising at | east ppyMERISREAON REAdtor/erti cal
sections and at Iea§T“FW6‘7‘W”7?7ﬂﬁﬂ1é$%rT'hor|zonta
sect Tenptesenhamventiemuslatés geaethlly topolyeadsationaactors, and more

S}{Eﬁlft C?@i’q% l{)%%%etfgtr@r ¥ aﬁ%ﬁpaﬁ%%var é}l\/}brtjgttg%efftlf}%w}{r@lf él/altlgemoval from
sUchagdctapf) m xture paSSI ng through the | oop reactor is
typically in the formof a 10slurry. Polynerisation
r eacMaBrgolymerigalion Tegcteneysiges ginplovdaep reastons ahidare of a
r f cto
cd?l?i:nﬁgif‘sl t{ﬁ%l?%ﬂe(%?s@cétoé% gﬂ%\l;\lngl%(lﬁ anggélcetgr fo? %nﬁe foqﬁ \tfer{zéc'al sections

arpl & flesadoloy fovak emplel fouy m&ehﬁl mfi@;ﬁﬁﬁ“h& ©aluhi¢ of each loop reactor ofa
at |east part of the tubular |oop feacto

oundln
m*ﬁﬁ@ GHERSLES %Vﬁt?pl?ﬂﬁwaﬁy utie Bpigadprary e rprgeql Oz meawﬁéypwally 50-
® [
Ezrdégt FE?%?F%C%B% %L?%ré‘-%a %‘u %rc'fﬁl% rl](gﬂ) rregéﬁltlgg 1€zelly in the form of a
slachi eved can limt the production rate, or can require

reactors of .reat§r surface area in, ordelhE1 hi eve

t he glinrelé%a lggg%qc 11pS ﬁgg@uq?lé(ﬁég ermic, and t ahealg <ﬁ)okymemsatwn is
tyRIcaR@Fdnh@Rd Flont 1 r6R%:k N8ing Skt sk chaheRE P QIHE fnedium,

directly to the reaction mxture by the diluent and
pretesgil peter da desketscendangricale sviseundingnat denstparti thé tububar loop

[ n th reaction

re?étma Tlhgié’ﬁf{(:é&%m?ﬂgg h& ttﬁ elﬁ%\}aa?ﬂs coegl | ?,]tare 13 OBF%\}P% 818;1 by
pcﬂ},ﬂ@bﬁ:{h@bﬂ geada@at A atstiididnit the maMinias Qodling WEich €aCbO4ichieved can

whi ch i aw_gncl osed by the jacket containing the cooling
limt heprodueioniRig T O TREHIC TGHIQYR OF aifalse Syrfags §Tearin egfler to achieve
thEH@ﬂ?eﬁh@véi@?ﬁéa‘t?é?n@al“ ure to the cooling fluid in the

j ac I's proportional to the surface area, the

over Alsmalgatpariansf the ccmiafgfremzmdtcaaf@d prdvédddodjraaiar the reaction

R Bl MRS AT AL TR et tower

tefrpShailra AGR thd Fa@feRfipalatite Ry SRPURIMAR rc@@h W&?ovi&e‘@leby
heat transfer coefficient at the interface

excharginheas kithe puighsirfasaof te reartarwiath waﬂnlc osgi lm;sthb hecket

n oef e ent .of..t act wal | itself
ARt BB PR P PR il R e KB o 3 e
reb&@Rin rhixauie tethe QO@Iﬁﬁg ghignd tatjadkeeisiphéifiaee tdeb WeEhte area, the
cool ant fluid and reactor external wall. In addition

oegalt lpﬁaé trapsgigr| copicignt apdthadeg mew BomstaSIdiffergnee{(MTD).
co oI
coe f %%@E&Xms@é@c%ﬁ{l Cﬁéﬂ%ﬁ)rg{s} ?%vlr'é tl&éﬁl}%ﬁlisgsﬁance is essentially
the lmneﬁsshm@pfhtsathetlreamzfrﬁfer kyeftieduratnie inbefdch Bémlen reactlon slurry
resi stance actor wall. The thermal resistanc

angkregqir 1W§rrra? K I? s {1 e e é@%fﬁaaem dfethe ppcionavall HSelf, which
15839(%'0%11&1 W2n2008/ t&%%z é)gs/ k00 %[agﬁtl,lzﬁﬁ%f@mﬁt at the interface

conductivity of th fromwhic
batwest coatne uidroad rea(mrpﬂxe:melllsra%ﬁﬁaldﬁ&am &dhms@ahmg mye wall on

bt ai reduced thic ss b S|n r.0

o 508 3 -itely e iyt reftbied Bt Qe Bheserhienty Hgre is much
prictaet fokusdport 191@1”6@&9% ﬁee@%raﬂ},ﬁeﬁb)l R:Wﬁém}g KBS resistance of the

tol erances. The factors which "affect the thickness
repetuvalb igsttberiol rasistange bf thamvelMiathicova] thackdeSdbyidediby tte thermal

only on the internal reactor pressure and the

materi als of construction but also on the various

stresses that are inposed by the geonetry of the

reactor and its support as well as the operating

pressure of the cooling water circuit. Therefore there

are I|n1ts to hom1nuch the wal | thlckness can be
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is lower than that in the reactor itself. Even when a
material having a very high tensile strength is used,
wWaQ bwpaoroenai ns a ri sk of plastic defornmati on aPEf/BP2009/051248
el astic buckling due to thisshydrostatic pressure
caused by the head of fluid. In fact, thin-walled
reactors nmade of very high tensile strength materials
are at greater risk of this type of failure than
cohdlictikRY of%@\&\@ét&ief%:ﬁ %@c,thoch&ﬁPI‘i@ccﬁfstrh@c@@ Fok 604Mple | S 5565175
materials. Typically t op reactor itself is
disgosegmnwdy poolainits redmc@dwalhbtc&ncss dynamgeolddd mutegsdl alss a

s TSRy PRSP AC PRGBS SRt e A B ¥ hces
gov dhadsbidy viHich SRRt BeltHigk &8 Sigluiremsnt ESUhE @rglltaﬁb \l‘a‘%ﬁ)ﬁs and
the m xture of hydrocarbons ang I i ght conponents such

dependptipaiye the indemsliresneon piesshies wglthfqmat@rln{;ﬁ eormtruamn but also

abI re

onRL i ! 8864 0489 o SRS Fh P S5k Lpor

wedﬂchsilth& mtmgq:rz eiistiretod tl@tﬁc&iolmg iantRreBs st EhetfisRttBere are lunlts to
cooling jacket is usually designed to

cto be
RN AR o B} bigaucstl psaslist 8§ herenile sirengih of the
u
AT R 80y O AR5 v
pressyraiof thefraddtionfmikivgei{od ttudiffagnse hﬂftbvecrpthamnﬁlehe arwdsure of the

BRI T B g BB contng

fluEPRhémhe GEdcEdHid BotRAME: RedbBFeY silbOthebRWMi @b Gentd¥ Ghically. As is
means that in case 2009/ 101007PCT/ EP2009/ 051248 3

wegtknge®; o avular walllown methefang aiguidisanthy hl@hanpteelal preesures than

ex%h{a'f gfets. By altpcﬂﬁ%reltf L 3URG Ieﬂl tht(ehs?ammum po Eeﬁ%tﬁéﬁ?%dﬂm? jacket

anf cl Feutati on

wHidtai thd limiinpdagobioe tﬁlaqfesyj g thoighee ndRentipsdes@ssn &e jacket
the reactor wall for a given wall materi a

by
is lgwsr than iyt ihhereagtar disel dpiengresyionaigsialduingagveny highitensile
I t :
str%rghgtll gndeggd(ttga\g\/l} %tﬁiﬁgﬁi eﬂ\g[élgghc d%??ﬂgfsﬁgléﬁ 511{/“13%5&1% buckling due to
thiekpdrastatcprabovecaustrtbydes ihgad @fﬁméuhlefactf thlirhara lacteattotsanade of

|1
I BT e R S Bt
wallad rdaBtofPinal b MNesh Sftl‘éhtlg niferfa@ol ant wit hOUt ri sk of

damage or failure. pressure is a fundanenta
charlapically gei Ieomfea@tnyltm?@e desgnedda |‘op mblstto detisignéd range of

R L R

redcas This. madimeaproguetat boedn@bby the 0PRSS EehdMiodshequiRato keep
severe condition of coincident internal or externa

thejpisdwe o hytacarbpsennd ighecanpsasnie gueuss higregsn wakthylene in the

ilqgigr .\rhé%‘]eaéﬁ gﬁ ﬁ% firhe Eer%lg{e&‘ gs%:da g@ ellls?.lrg)ﬁgtﬂg 1"(%@%0% Q%&uiation pump

operationitddesiien N«dthanmddhﬂlnall mirgimial depy ﬁﬂB pfe8surbapseext er nal
pressure, the external 153%5 ket desjgn pressure can

of t &R BECIR SOPIN itk isrustalbr deptemd drbeatis M wihttad a range of
pre%d?éé"ﬁ‘&hrfﬁﬁl %&Rl% ip to%'asﬁ - 96 bﬁljté ‘fi‘ﬁa{x%ﬁuﬁ’fadr!assufe% BEYerned
han t he (hi gher) |ntern reac eS|gn pressure
by ﬁtﬁeﬁ@ﬁ &o ensiufe thhethp geketremesi duil pf laaqmdl derihgsthiowes upsehamd

m ext er nal ssu t 0 whi e reactor
Sh‘@?/‘?"%s%ﬁ%‘ff&%se cI5 s BERE 150 Pl ng L SbRegoes.
TybRhIGK RS T

s 565173%7 %%lp%kbg%?gg E gt"f?ﬁ’ﬂmgﬁ @l? é"&ﬁf‘*’?é"%‘% lﬁ“ednb fhat in case

t hi ckness i s acconplished by a different
manuf actucturing method and materials for the reactor

wal |, the present invention can achieve reduction in
requi red thickness w thout changing the reactor wall
construction. Accordingly in a first aspect the

present invention provides a tubular reactor for use
in polynerlsatlon reactlons haV|ng a desi gn pressure

~e o, oy o ~r—
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which is oriented vertically and at | east part of
whi ch vertical portion is surrounded by a concentric
WO 20R@0100Dr t he passage of cooling fluid, wherBCHEPI89/051248
actual thickness of the reactpr wall is either no nore
than 2nm and/or no nore than 10% greater than at | east
one of: the mninmumwall thickness required to
wi t hstand the design pressure PR as calculated 5
of @é‘(ﬁ@érﬁlél 'EQ)SER: Jha1vasE BahbRI (RRe-h g8 Wé@e t\ées%&gin HOH81 shut-off
desi gn t hi ckness t (n'rr) cal cul ate
he@tt@fih@lrcﬂ@amto:utchtetmepanp@hsh| pt =PRR(10S0.5 PR) +

Cund B heIRus Ml B GablRyR S el ustbicky S pF Figietor vall

fordegivein wa R iedal vy ﬁeélg‘mNF the r@adt§r dddfing HBtHh sé Retol Iﬂﬁﬁlﬂﬁe the
and outside corrosion all owances for the reactor wall

MEXHIHTR Pregyrerwiich tehet;Meh@natftmtesugnwbtq%mmﬁdedqsrgnrm@ssme”) As
| 12. 5%,0
o TAR 0 RS b SE RS SR BB e

conagitdend, tl@ﬁﬁdmh@p(&&(tﬂ/ﬁhdlﬁmc@bnﬁ elan®drtichP) fdcket can be nldigtained full of
Alﬁ Boi | er anga Pr ess re Vessel code IS an

coplaplay byt gisk PT gamagesy @Itvée Tt mesphisdy a pyndapental characteristic

or R SIS gl RGOS LR AU v

onmﬂe‘sl@uamt pass siths reaBee syem Ifdr mforerasomst Breaabe defined as the

‘t}gﬁ |casfr1|ons | t.. establishes ruIe of safetry
PTHBVEAhITGne ée"&ées‘f"&ﬂ“mf’ CPRgERtnters ﬁt BHemakPrEsyre and
teﬂaﬁ@@t@i—‘déx@@ct@cﬁ d&%g rfhaffigviRE essure vessels, and.is

well known to those skilled in the art. The m ni num

wal [Themresrriaseentionid Pased oo the aphsaciation thae sides 2 gbe of a given

I or d t0 t e ASME cod
BRSSP0 kBl Bre ik € fermal
Jacﬁst d&fgnﬁﬁébshk)é cahefteebatheafisifing ficter viRnRlelckRHniRe theMhimtum

C.+ tol. Both the ASME _code and the design 20thickness
reqinsd ARk upl the rearios avallkrathes ghanthe fhghar) intespal regctor design
e PLE R T BBl ocb i SR T A s
to Wh[(xhl.tharaaotltm wafl madydersebjectt atamy thaenisdaiver, tahdl hkessethickness of

o S B B RO SRS BRI iy v v
thl@ﬁ%éjls%célﬂﬁlsﬁ@d%?ﬁ lgardren rﬁﬁﬁ‘ﬁ“adttfbttﬁ{r%qﬁétﬁgd a&ist}rt@?e%lgle%%r the

i nportant paraneter affecting the calculation of
reagiariwAllaihgeiresenhinekivssan eehiavaiedestionin irguithe tathnewatiteout

ress intensity S of the material at the
Ch%gysg% )rear?%}e% (PSSR s i nt ensi ty val ues for

seveXaebrdimil ¢ i afisst adpett the pre8ett ikt GN pLoRTHRE L ABH RSN for use
. published in tables in the ASME code. \Wen the
in pelymerigtiongessgons havinga ﬂ%gleprﬁ%ﬁuéﬁsPla®%4(b6§/b¢fgt @ least a portion of
i
LSS L6 o DRSS AR LR
comea&m‘g’ad&s fq:nth)@passage of cbalinghuiflj whdrcinghedésigof pl’eﬁme in barg of

I hven ref ed that the actual thickness
th"oliadter‘ig 1 eﬁ?tﬂéﬁ*"% 1I8 31’25{10 more than 2mm and/ or no nore

t ha

200010 0BT b s ot R e RSBl porkft of W reqctorhas o
Iorr&tqdmabzdm whwhtmm aod thhe 30 dsgrges fooresettioal, ER:femb}y no more than
10% | cul ted ﬁrdi ng to the ASME Boi |l er and Pressure

S8'SEY 8‘6‘d" lcé d the wal | design thickness t (nmm

cal gy bﬁﬁl@ﬁnﬁ%%r Fgéc@ Gh¢ Bregaﬁ u{v%ht%ﬁ %‘6 S HeR attubtllar reactor for use in

PR R/ (10S-0 wher e is the internal
polyartingati@f retuh@nls ha‘cn@a dﬁuglepteﬂsumi’a 8f #&-66 hergletlieam a portion of

stress intensity at the design 5tenperature in MPa, C

is the sumof the inside and outside corrosion

al | owances for the reactor wall in mm and tol is the

manuf acturing tol erance in nm In the second

aspect of the invention, it is preferred that the

desi gn pressure of the Jacket Pj |s Iess than

PN NI NA S NN S oy o " o, . - -
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20menti oned, a tubular wall can withstand a
significantly higher internal pressure than external
Weer@ssomoe] which is why it is usually the desiREI/EP2009/051248
pressure of the jacket Pj rather than the reactor PR
whi ch dictates the m nimumrequired thickness of the
reactor wall. In a theoretically optim sed enbodi nent
of the invention however, the design pressure of the
wiige {%Q:tneﬁied'v%rtfc%ﬂy' ﬁl?djaﬁb‘&'ﬂpérh 8t whf&ﬁ v\éﬁ Ichl Ilgd}h% &%ﬁﬁounded by a
required to withstand Pi Ts equal to or 1ess
Conml‘iw@qkﬁt fedhe pasaagerdicanking ﬂ@dl wheeirghe a@a@lttbuckmss phthe

RTHL T e A DUV Bt on

of Ok Irrﬁhﬁlﬂﬁn QN oBicRIRAS re@birkd @ WillyedHd 188 dbdigh Reisudd Py, as calculated
thickness of the reactor wall is equal to the m ninum

acgRrringtip e diE E@bp&uﬂﬁ@&rqswrmiem acwha ARl thehyadl d%lgoﬁhickness t
PHGASHIE B B D HPEST A L 63T, PE RIS R

théiﬁllﬂﬁnﬂ\t@chum tﬂlstealctor insbedasmh 8 B thoden@ ayesStnedhsidat the design

arrangemeM% cd? s ge rally chosen to nake the wall
tergpeTaE ok Erthe HHR megnfmiw%@ﬁtwﬁe gorgesion dlowparesdar the

r / 051248 6

Iez?aéﬁ{éﬁg?ﬁs@%p%&e%} 1rs'\e{\!é% %%gﬁa%tgégggdi%é&gﬁﬁgur e of the

j ackidte rhuifatiressolehage G 1&@6)1531 PRZ%BJ?I‘" the thidkatds faspeettsided pipe

gf t I nvention \/\gere1 2 ]1%0 gd's wat er, the
angzerodir §PYudsr Rade rpwelptg dweldedgr eé‘mﬁ 11y greater

t harrHd AQvPRSiRr bhd ?retsﬁl@e Veidel &dtle i8d SdmBAonkl}¢ recogmsed code

Svertically oriented portion of the jacket in metres,
deyisedbyithe Aperersfosiethof Methanjcat Reginecin and ircdudesd sedton (Section

VIRESRREE PR of ol GRS (ot 56V PE bt o

spéd’iﬁﬂatiohﬁ Iﬁ&xablﬁbhﬂs\ka]esl ef ﬁfety\]goﬁf@ﬂmg’ tBel dy o, fﬂﬂ)rﬁﬁﬁ@ﬁ Mhaintenance
invention |s of course outside the scope of th

angl inspRetiw Pt baiers apé ﬁregsrgy yessehs cnd g weH |k90we t‘i*rﬁ’él’ée oilied ia the art.
Tl%mhg{ﬁ{élﬁifdéﬂgldﬁﬂ er gxiéﬁ] ok 3%t8|£t%ﬁc\h/\ﬁ] g%ﬁ% gfeéééi@% SFI as calculated
acpITémguo éleoiSMIEa:qdaaﬂqatenE’dd ware the ssmaanths desi gxstmc&mesfs t as defined

RN I T
thitReds bRk (RedsCiiled ﬁﬁhé 00 8f dithRsconl @?[htmc})le in US

circuit by optimsing its ayout |n‘p|fy|ng an
S56abot memiprethabevsol ant circuit by optimsing its

val Wbk R e g B SRR G AT wTSh Bl hah Bt trortical

miReaa i thﬁﬁn@"s@ﬁr’éqllﬁlﬁed%ﬁﬁotﬂ%&&ﬁ deﬂgn?%é&ﬂb Pk @h@]a%ket design
and outI ets. Increasing the dianmeter the pip

Presspisi by the Picset amtention isthasgda@ikidie appreciation that mFR?él@I@ieng
t he
oq b A B Sy bR REL R AR dethe pihul S
thickizass fera ghoef B isitlendlJowable (Bedgo) shgsd inenpiteS 9011 mistefal at the
acr oss t he hgat exchanger \A/ger e the coolant i s cool ed.

RIER iR #Yrer Ee%%wetrﬂ%?g@nva&i#é serphmeisaals gbflifferens degyen
teﬁnﬁ&gturésré?e Hiﬂﬂgh&i ﬂ%@&i@@l 10 AkRE: O quggm%&%akls not in the
over pressure protection. nimsin
table humearofglmom editulaoolvie smess ivaluel Bvask riles hneminﬁferent depending on
o ress re d gegdil??} ossi le overfill scenario.

esreﬁ OLIREC £F pETHYFY BPder to avoi d
ex C a8 %é/@rs%?ééito‘f% iRVERRM! ®%s preferred tHa tlfbrh‘éﬁﬁ?fhlckness of the
enbodi ment of the invention, the thickness of the
regog v Bk iswalnhore shagream end/at no here thneéﬂ‘yqogmatentﬂlan heleast one of: the
reactor than at the highest part. Preferably, the wall
thickness is greater in the | ower quarter of the
reactor (by height) than in the upper quarter.
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30Preferably the reactor wall is constructed of a
material having a tensile strength at design
waQ 209pae@dure of at | east 447 MPa, and nore pr ePEr/ERI099/051248
above 451 MPa. WO 2009/ 101007PCT/ EP2009/ 051248 7
A further advantage of the invention is that the
i ncreased heat transfer achieved by the reduced
reactor wall thickness can be counterbal anced by
miriRURAH 41N hidih8ssHeQIRIIGH withstah® tHeaRS 1A preshlhik QUG iaaﬂi:ﬁ'l'a&d
reduces heat transfer, it has the benefit that th
aqeering tarthe ASME Beilerang N@Bm@ﬁt’eﬁswl ©qdd, red theovat dqsrgmethlckness t

t.i n.Tusoe oul d v .
BT SHIRH rip E CREFSBR CoA R BT AT it ot where s
thEXAMREESdiud betherasadrasbd@low, § @i Ak Qedign dfesk NEéhsity h2t¥)desien
outer dianeter |oop reactors having design pressures
tepRegiurg o1 MBg, G1is o spaired theinside 8né prigide saresionmlipwancey for the
n ting to an
rel b D P B R B R Rl M SR 08¢ Cag” 10
cal ciulth¢ estoad aedi aTghd Kmvékﬁi\eﬁ Bec et eldltﬁht tHeddsRndAdssure of the

. To be.within the scope of t he present invention, the
Ja&‘%?gﬁlﬁsglé@\fi&n&f Prhe jacket surroundl ng such a

r eacﬁleoﬂ{'}’s?Ect? bE &Erm\té%tlbﬁ Si?lsBJ'i] ngg'ﬁﬂe %ﬁ%& hlc ests %? the
reactor wall thickness mist be el t €ss
repggiswilh zasrﬁlthel%cgmeai than { manantdde moi moreuthart mgmfmshan at least one

g %uued to tand PR ni m r eact or vya‘él
of fit it hERhER Sene {9, B RN LS 35 bGP B as caloulated
ad@a:rdmgat@ttm ABME BbRB&-ANE PPest@eVedsel 2ode, %H@im{elx@alﬁdek?g@thmkness t

endi ng on e design pressure PR e
(lmﬁ??é%@tm ﬁ(gﬁosﬂl% toatbe éeiﬁiqméhipm—cl?m]ééé 0 SAPI«) dT(E ckstolowhere R is

th[ag%%gl&%&ug%f &l%%(:ﬁ?i"t X ulln n[%' Irrg%gs %1? Iéig%%nm%rﬁg rﬁ(aqs%tﬁ &t the design

teApbatuBeid BIPapOds feesswehMasige knd oaeidSe6trbash Mldwances for the
Di vi si ails are sunmarised in Table 1 bel ow

f%@fn“fﬁf awﬁmegné@ & the manplagReing HolFRBsEBIPR of the
r eac@@\hoﬁsﬁy P PRbEets GF Wk R i ?ﬁ? }ﬁ:.eclcgfal QLS 2R 0br warl
. 0. The M ni mum reactor vva thi ckness requi red to
mwsttbh@t keagt as godat as the siigimym espiireé td mtﬁﬁa@ﬂmth tla:l ihmwiah geactor
for manuf ctur| ol erances an orrosion
R e OB S e S i GleER S 1 B e ppsly been
meiktidnBe, d @bHat whip cdBwihiMDa s@ﬁ%c%ﬁ?zbj thﬁﬁrQJﬁ@§ﬁ§%r%@t§e than
19. 4nm equating to a maxi num al | e P of
eXiRing prasyurs, whish rl%‘ablf dris wadlally ithe @smprcﬂsmzlof 496 jlebket Rerather than

%Eé%@toa% g‘}i’é‘ﬁ’ﬁﬂ% é}m 1311101"e§1}a1}r; aleckg?ﬁs 0?@*%8 | erat eﬁ[ Ina

thbcﬁ‘bﬁ‘ba@l@@@ﬁhﬁsedfelﬂﬂaaﬁlméw eNtheGfiventibh Sowb@MSthE 6&1 gt bﬁassure of the
design pressure and wal] thickness, al t hou

Jaglet Bpis agslused pughdh#dhe yak HU@ﬁleﬁFrﬁeQB’de(h@c%lﬂ’eﬁgﬁ@é Ry és eqval to or less
th%rpnfﬁl‘i{n% ggeed nté%?ﬁé&hgnﬁtem% reacld d%s%ﬁéf‘!%g‘“g %8afnqﬁg @ the
mpnmammem:tcﬁ] wilbshidkaess is &ﬂteaé dldtatted‘rb)lBR,Chnhalﬁ thetroosB oftimised

ar al | .Ng the reactor wall i ckness tg be WD
n%tf@%ﬁ%f@ Srseteben C@@Tﬁ&%ﬁ@s (e EROH0p WhH, lsﬁﬁiﬁal to the
t . f
iR Ot R TR T QLRIRPER. Ty RordomtabBledbwpd i
thieRnesamdhid candel aehlsvd:rh‘anh@lt @DAG:iMRDR Sntemabreacigprt dvatlitions.
this eis. thn cope of the inventi
HERT OO (oSS R A BB 0 MBS R A EEhere
mé&lfahe WAR sliGRGE BlckePihhn s SMhiYhuhy SR B N&hdd {8ty margin.
19.4mm thick, resulting in 5better heat transfer.
EXAVPLE 3

Pyschosen to
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This is an inprovenent of Exanple 2. The jacket design

pressure Pi has been reduced from8.8 barg to 8.0
wha00g/101ab7 owi ng the reactor wall thickness to BEI/EP2009/051248

reduced further to 17.2mm (equating to a maxi mum

allowable Pi of 8.1 barg). Thus the wall is just

101. 2mml7. 6% t hi cker than required by PR, and Pi is

| ess than 0.0018. PR225, neaning that this Exanple is

ag a'Iﬂzs\Ms{)fﬂréfeltrE@th%%PlE%eﬁén %ﬁ%sdr@ﬁ?ﬁ% et B¢l 188 fan 2

t hi nner, wal |l than Exanple gi ves evén better heat
OQQOéﬁ’SR ar . EXAI\/PLE 4 This Exanple is the optinmm

ver of 1-3. The acke Sl ress
Teri RO e R Bt SR Sing PR Ry e oian
présede lod theadlet Phis @Kﬁ@ﬂiﬁy g&at*éﬁtlfaﬁ freedhtR Hé& tﬂ%m&mel ght of the
m ni.mum al | owabl e for PR of 50 barg. This should be
vegisaha p@@ntw portipnef gl aclqemndnﬁe@smdfrdqrgo 4nare Hat the Jacket can
T a
BB FIRTRLS ko AR Byl BT S

smgll\ehn@}ﬁthmaﬂm ¢ i2gehteDthan 18 MRAAmOtald8o P, r@cﬁlﬁrd@lw thelpresent
_ reactor wal | thic ness required to withstand such a
INEEEPRYF G cQuish Pl%fs} theseeBef this INYsHtg, 4k sush Ay HeRgPRdgnly be
I Ie t he design

T o B R E PRI Al o ey oAl )

t hi ciwesse asmﬁﬂbelﬁmﬁwaj,eq‘m aﬂmaﬁgﬁhe desngmpncssmmmﬁhb ¢aokét B3 can be

Pi_of . 15.0 b 9m11100th|c
e 856 PR Rt oy Dot o e Sl AR O 0. PRpdually,
thd¥ean dmwéllmhowhﬁthgéﬁn‘phéy inglud@according to the

i nvention. EXAMPLE This Exanple is an

opt ikadyens terlsngih o’éfheaaa}apt @ragit bvmtlprasmguts teysiign

Phe STERENGle G RERMk AELE0H! g Bl L ?a%ﬁﬁﬁg
t he Rudoting herbRuahirep ha@bssicoRRobFalesd Aaarigstrn

This Exanple is for a reactor having a design pressure
lmpﬁ?vﬁ‘ﬁeﬂ‘ﬁpﬁﬁ’rﬂg giving a value of 0.0018. PR225 of 7. 2.

i e B gy B S SR RN 68 651245 o

desilgeregiresthea dimieser b3 t5mTe squpﬂbon\g ogpldmrto theradkact ur i ng
nc.es and I [,OSi on |l e the des

t ol .

pr e%@i"@f‘%fhet‘i% E\ﬁ%’fﬁt‘? Qﬂl%‘l@ 4T g‘ét e 8ieShe cooling
efﬁéiéri‘c?rrkﬁi/ §dﬂo$ng1t§eggzlﬂtraﬁ§lféﬁéééﬂﬁméﬁ)a mexi mum al | owabl e

0.4 barg. Thus iS 4.5mm 33.8%t hi cker

t haqud@tu ﬁ@dﬁrb%su@erOIa n@mﬁ] th¢ éemndlamgemvlmer@ O18:0PRRPB cooled.

mea n%pnagﬁthe Eftrsg)%Ex r{egsur%m tﬁe C%Q;l?lg[\fg 3 eherrﬂ%]]gm needed for
th&e«ﬁlm@l md?uleaeﬁ@fddsmpmedtiaa i nvention. The J acket

design. pressure Pj has been reduced to 5.0 barg,

al | SYinigsingdhe velamg ol waglpnt ahork penl {eyebie liig opergresyire due to

e wall is 1.7mm 13%t hi cker than

pogﬁé%ﬂ#éﬁ%!? and Pj is |ess than 0.0018. PR225,

mearfdmgniting tthe dvotanEpanp lieotder wi dvbidedcbsiscqpreatng pidseures.

' ti .

! nV%I"; alll(())tﬂel' embodiment 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.
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.
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TABLE 1 EXAWMPLE: 1* 2 3 45 6 7 8 Quter dianeter of
reactor mm 712 712 712 712 712 712 712 712 Design

Wperw@ssomoe7 of reactor at bottom - PR barg 50. 0 BOI/BPH09/C51248
50.0 60.0 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 (712mm) outer diameter loop reactors having
design pressures Py 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
calculated according to ASME Section 1ID, 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.Px**, or the reactor wall thickness must be either less than 2mm or less
than 10% greater than the minimum thickness required to withstand Pr. The minimum
reactor wall thicknesses calculated in these Examples allow for manufacturing tolerances
0f 2.25 - 3mm (12.5-17%) depending on the design pressure Pr employed and
commercially available pipe thicknesses. A corrosion tolerance of Imm inside + 1mm
outside was also applied.

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

In Examples 1 to 4, the design pressure Py of the reactor is 50 barg, giving a value
of 0.0018.Px** 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 thickness
is 19.4mm, equating to a maximuin allowable P; of 13.3 barg. Thus the reactor wall is
3.4mm or 21.4% thicker than required by Pr. At 13.0 barg, P; is also greater than
0.0018.Pg>*. Thus this arrangement 1s outside both aspects of the invention. This shows
that the design pressure and wall thickness, although acceptable, have not been optimised
according to the invention.

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 reactor wall thickness to be
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60.0 40.0 40.0 Mn. required wail thickness for PR nm
15.98 15.98 15.98 15.98 18.68 18.68 13.45 13.45 Actual

W0 2@enemomal |t hi ckness mm 19.4 17.6 17.2 16. OPQDER2009/051248
18.7 18.0 15.2 Absolute excess thickness mm 3.4 1.6
1.2

reduced to 17.6mm (equating to a maximurm allowable P; of 8.9 barg). Thus the wall is just
1.6mm/10% thicker than required by P, and P;is less than 0.001 S.PRZ‘ZS, 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
better heat transfer.

EXAMPLE 3

This is 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 aliowable P; of 8.1 barg). Thus the wall is just
1.2mm/7.6% thicker than required by Pg, and P;is less than 0.0018.Pr>%, 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
P; has been reduced to 5.8 barg, 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 19.4mm in comparative Example 1.

EXAMPLE 5

This Example is for a reactor having a design pressure Pg of 60 barg, giving a value
of 0.0018.Pg*?® 0f 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 P; of 15.0 barg. Thus the wall is 1.9mm/10% thicker

than required by Pg, and P;is less than O.OOlS.PRz'25

, meaning that this Example is
according to the invention.

EXAMPLE 6

This Example is an optimised version of Example 5. The jacket design pressure P;
has been reduced to 10.0 barg, allowing the reactor wall thickness to be reduced to
18.7mm, the minimum allowable for a Pg of 60 barg.

EXAMPLE 7

This Example is for a reactor having a design pressure P of 40 barg, giving a value

of 0.001 Ei.PRz'?'5 of 7.2. The minimum reactor wall thickness required to withstand such a



10

15

0.0 1.9 0.0 4.5 1.7 %excess thickness %21.4 10.0 7.6
0.1 10.0 0.1 33.8 13.0 Design pressure of cooling

WQ 200R@01007 Pj barg 13.0 8.8 8.0 5.8 13.0 10. 0 I1BCUEB2009/051248

Maxi mum al | owabl e jacket presgure for sel ected reactor
wal | thickness barg 13.3

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.Pg*%, meaning that this Example is outside

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

Pg, and P;is less than 0.001 8.PR2‘25, meaning that this Example is within the scope of the

invention.

TABLE 1

EXAMPLE: 1* 2 3 4 5 6 T* 8

Outer diameter of reactor mm | 712 712 712 712 712 712 712 712

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

Min. required wall mm j 1598 | 1598 | 1598 | 1598 | 18.68| 18.68 1 13.45| 13.45
thickness for Py

Actual reactor wall mm { 194 | 176 | 17.2 | 160 | 206 | 187 | 18.0 | 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 | 10.0 7.6 0.1 10.0 0.1 338 1 13.0

Design pressure of cooling |barg | 13.0 | 8.8 8.0 58 | 13.0 | 10.0 | 100 | 5.0
jacket -P;

Maximum allowable jacket (barg | 133 | 89 8.1 6.0 | 151 | 103 | 104 | 52
pressure for selected reactor
wall thickness

0.0018. P~ 120 | 120 1 120 | 120 | 180 | 180 | 72 | 72

0.0005.Pg™* 9.6 9.6 9.6 96 | 151 | 151 | 54 54

* comparative
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8.9 8.16.0 15.1 10.3 10.4 5.2 0.0018.PR225 12.0 12.0
12.0 12.0 18.0 18.0 7.2 7.2 0.0005. PR2-52 9.6 9.6 9.6

wW@®2®9161007 15.1 5.4 54 * conparative PCT/EP2009/051248

10

CLAIMS

1.

Tubular reactor for use in polymerisation reactions having a design pressure Py 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 P; is less than 0.0018.P*%,

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
ASME Boiler and Pressure Vessel code.

Tubular reactor for use in polymerisation reactions having a design pressure Py 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 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 (imm) calculated
according to the relationship t = Pr.R/(10S-0.5 Pg) + C + tol 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.

Reactor according to claim 3, wherein the design pressure of the jacket Pj is less than

0.0018.P>>>.

Reactor according to any preceding claim, wherein the design pressure of the jacket

Py is less than 0.0005.Pg>*2 .

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 of:

the minimum wall thickness required to withstand the design pressure Py as
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reactor for use in polynerisation reactions having a

waelz@vgenopr essure PR of 40- 65 barg, at | east aP@DEP10091051248

of which is oriented verticah{y and at |east part of

whi ch vertical portion is surrounded by a concentric

j acket for the passage of cooling fluid, wherein the
design pressure in barg of the jacket PJ is | ess than

0. 0048 a2 8%8&1(11 E@&Fh%%@ﬁ%(mep nd Pregéu?%; V‘eélsel m@rsﬁ{dr{he wall
t he actual thickness the reactor wa I's elthe
nDﬁen@hénkzmmngnmaknkumndhmmmﬂogﬂnnbskﬁﬁMnﬁﬁﬁ&gmedvems(15

h i ni.vum wal | .t hi cknes uired to wthstan ,

hERke ?e o et e GalEaTEs oh et vt lﬁdmpoé ffe design

ASME&:S@%tEI@SEty%ﬂ theXe@igs WithYRSRSh MP4 Q? 1sTHé’§Hn§6f fhe Mt R and

for use in polynerisation reactions having a design

pr egtgmip@oml@m allguangss foa thg, readtor wald in mmpend fodis thé manufacturing
%aﬁ%loqlented vertically and at least part of

mhlc ver'ti'dh portion is surrounded by a concentric

j acket for the passage of cooling fluid, wherein the

actual thickness of the reactor wall is either no nore

-t hBRAGYRACEPIdINE o ABY REaceding slsimowheeadhe designapressird afhe jacket

Onﬁh@ ea? rttﬁ'ﬂlahl@qyl{gr@ﬁqyme%hbﬁ gélg%{;q o V%ﬁ%ll@%‘ijleﬂ%d portion

esi gn pressure
acoﬁﬂﬂum@eﬁmqﬁaﬂsASNE Boi | er and Pressure Vessel code
or the wall design thickness t (mrm cal cul ated

according to the relationshipt = PR R (10S-0.5 PR) +

tube in mMm design stress I ntensi
de8i Igmwﬂetrhpehhamwﬂéhucmd’SPa:qu(ted & whbst&mmemdsm*fe Pnisiedeal to or

R B QR e At TRIEHG oGP Aeioh A pressure
Reagtor according to claim3, wherein the design

pressure of the jacket Pj is |ess than 0.0018. PR225.
React or according to any preceding claim wherein the

.C Reﬁc%r é@@@xﬁ%gﬁo aﬁﬁgﬁ%c&ﬁ efafd! whéeinUfie 9@51%&%8{33%&%&& jacket

. gegg%gm%%‘gﬂ{get %%)H:%eé; P‘Jvh%rgm e ﬁnckn soof the reactor wall is

or ac 0 any prece
cl gicater whtbe &iwest pat atthe aéactolﬂ Itifahl"a@ﬂﬁe Kighdshygart. eact or

wall is either no nore than 1mm and/or no nore than 5%
greater than at | east one of: the m ni num wal |

10t hRekAGSR ch A th %H\TS féc%m%%%l?rg%gﬁgmqﬁééegﬁg i SRsiiRted of

as WO 2009/ 101007PCT/ EP200 ted
ac@ ovathirighaong hensiShVErdBatt aiat bast A7ddBurand Yesfemblycabdes 451

he wal | design thickness t (mm cal cul ated

?dlng to the relationshipt = PR R(10S-0.5 PR) +
C + tol where Ris the internal radius of the reactor
tube in nmm S is the design stress intensity at the
design tenperature in MPa, Cis the sumof the inside
and 5out side corrosion allowances for the reactor wall
in mm and tol is the manufacturing tolerance in nm
7. Reactor according to any preceding claim wherein
the design pressure of the jacket P} is Treater than
H 10 where His the vertical height of the vertically
oriented portion 10of the jacket in netres. 8. Reactor
according to any preceding claim wherein the design
pressure of the jacket Pj is such that the wall
t hi ckness required to withstand the pressure Pj is
equal to or less than the wall thickness required to
wi thstand the internal reactor design pressure 15PR
9. Reactor according to any preceding claim wherein
the thickness of the reactor wall is greater at the
| owest part of the reactor than at the highest part.
2010. Reactor according to any preceding claim
wherein the reactor wall is constructed of a materi al
having a tensile strength of at |east 447 MPa, and
preferably above 451 MPa. 25



