1 8 MAY 200.7 IN SITU FI LTRATI ON DRAUGHT TUBE REACTOR
SYSTEM BACKGROUND OF THE INVENTION 5 1. Field of the
I nvention The present invention is directed to a
‘reactor configuration especially  wuseful in 18 MAY 2007
het er ogenous reactions enpl oying a.soli d catalyst in a
~ liquid phase, and to an 10 ol efin epoxidation praocess.
-enpl oyi ng E‘J,IS]TLBFHW'HQN BRAMKE]T[‘UBE(RE&MSTORGYSTEM
mej ority of propyl ene oxide produced today is produced
by so-called 15 "coproduct” processes in which an
easi |y oxi di zabl e BABKGROWGNDOBTHH ISENTIOPT oduce -
bydr oper oxi des and/ or peroxi des, mhlch are then used
to "indirectly" oxidize propylene.  The reduction
. product sFigld afftke loxéntiored substrate are generated in
large quantities and sold., as coproducts. Typical .
coproducts are styrene and nmet hyl - t-butyl ether. Since
the process Thequssnt mventiopus clrasted of atrhactmxaodﬁgt&hﬂxcm espemally :
sub t t,
il clﬁﬁ.gﬁﬁﬁet@fbgen%% ﬁ:agicing %%ggﬂ% &so OIQIS OLElgr%t 61;12; a0 u@ (_;pz'lgss ¢, and to an
1ﬁavéleﬁ@éw gmvromsecmp}wmrsk@ta refdtoct uat | ons do not
dictate the overal| econony of the process. :
Whi | e. epoxi dation of ethylene wth ‘oxygen. over a-
suppor t eBeckgioved Agat al yst  has been widely used, an
-anal ogous oxi dation of propylene is not viable. Recent
research 25 activity directed to "direct oxidatjon"
of propyl ene ThaaBie ehprepyle exifetnredugesbtoddy inprhdoepd by so-called

" 1Per eedpERiuctd SRS th MRicBIMMadakiYy BkidizibiS 'sﬁﬂébraﬂs '?s Bﬂﬁlzed to produce ;
presence of titaniumsilicate ".zeolites such

ti t BYroRerRidss and/px perorides awhirly aie gherrpied la Girligectly” oxidize propylorie.

- cr yshédelidi®n gﬂid@éty SttthdeHidiz&d sﬁﬁstﬂ&yare ﬁeﬁfeﬁ%‘i l%f’getqﬁantmes and sold
' e.nmetal such as: | - adi um whi ch
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- andné¥3§88s puréhaSd T RheCoiMibRSHb RS Qn@ﬁl&&f@ﬂ?{bﬁﬁc@' th¥ price of each
cticed, o ery l.ow-cost. reactants woul d be used,
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in Dibtedions Sohdt dictad @ik ySérail SconbRly QY 6@ prétess. | i qui d
medi um some neans of ~separating product-containing
liqui.d fromthe reactor nust be provided.. Because the

- catal yst c ) Wh&@oﬁdﬁi@hloﬁetﬁflmlﬁi mgd:tﬁ:d]et zﬂsubb@-ted silver catalyst |
TN TR NN R R L —
25 hi setivitd dlrected to “direct oxidation” of propylene has concentrated on the use of
hydrbgen peroxide, generated exterrially or in situ, in the preséncé of titaniunﬁ silicate -
zeolites such as titanium silicalite as cataljsts_. “The solid crystalline catalyst particles may '
be treated to contain a noble metal such as _paliadium whiéh,catalyzes hjrdrogeh peroxide
production from hydrogen and oxygen. If such a process could be commercially.

30 'p;aqfiéed, only low cost reactants would be used, and no coproduét produced.-

In heterogenous reactions in which a solid catalyst is efnployed ina liquid

medium, some means of separating product—contammg liquid from the reactor must be

prov1ded Because the catalyst comprlses a solid phase slurried in the hqmd the catalyst

35  must be separated_from the product-containing outlet stream by appropriate means. This



1 8 MAY 2001 is conventionally achieved by punping the
product streamthrough a filter to recover catalyst,

either in the formof solids or as a nore concenr (%
catal yst-containing slurry. The catal yst ordinaf &aw 2507
represents a high cost conponent of the overall

'pr oae®syentipaailyachiteed! by pumeping tteatre@cmttdmnnrd)mueh aefileer do recover

| |el§at ﬁeﬁﬁ%ﬁ‘g aldHob? O S 6 23 QEOAEE““& 'ﬁgf@&@ntaﬂﬁng slurry.

n’ epoxi dation process Is scr t{
sol The catalysty otdinanilya repseseRiora déght Poflrc@mpoRent |0fn @overgll process,
t ha t s Patent No. 6, 464, 384,
"bot harﬁglrlé':f}lnﬁﬁeﬁlggéra%g Hg%he%@g%éﬁl ‘erence. :The reactor
Eonf i gurat| on has  been found to exhibit high mass '
transfer. Usgy Qé%etn{i'lgé Urited 888 qfatcﬂtsNa @@% Bgll" QIH%IJdI}CEﬂOXIdatIOII
t hrough system require external catalyst
‘sepayoatss andeserihgd eaploy ingl 2arolié satalysiiis a eacion configietion SlﬁlllaI to that-
V\’ayd{s&loé‘c‘lhﬁ@gﬁ tffl{ltlss ?Jt%rﬁ’ ol @'4%11 B4, d30d ﬁbrﬂﬁlrﬁ:ﬂ%p%rated by reference.
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12 Fiteradeprodune direan tlﬂ] eis rraactedrand@b@lsgcdttofreme@ product unreacted -

gengt tngdrﬂggnaéfst tgee}c oﬁ)l\Pefnt S J: %h‘fl"élt agdﬁt cala@sfla 1ched slurry 12 is.

reac ation: I Nes cumu

. fi |l teternddio tm/temtcua IQaytl}pt ﬁ@g Eengratdvichyfattrition of sgtm@@lxsh@ t11e reactor, -

2§ ur ﬁ‘%@ec rd%?rt:ulm lh}%@ gsusﬁtas' i %t év\éhﬁlé(uy %ﬁ@ﬁr&gﬁé Bilter.

easi n artic si ze,
deS|rabIeto ut|I|zereIat|ver srrall catalyst . _
particles. Unfort daatetye o5l g cahal %%yﬂ@rakllﬁbresmereases with.
i.e: those smaller than 1mih nmean 30 size
- pl udedredsingreatelysimantiols sighilichasibser ¢ashnble & ‘ééﬁ@ rHaiygly small catalyst

opepatiRE. UHRRERSY, small catalyst particles, i.¢. those smaller than lum in mean -

30 size, tend to plug filter elements, which is fatal to continuous operation. The most ~ -

efficient oleﬁh-epoxidation catalysts are very sméll i. €. 0.2um pérticles of titanium
5111ca11te These small particles are exceptionally dtfﬂcult to remove from the produc:t-
" . stream without blockage of filters. Reactors employing such catalysts typically run for
not more than about 8 hours continuously for this reason. Catalyst manufacturers have

35 proposed to produce catalyst agglomerates through use of a binder tp bind the highty '



efficient ol efin epoxi dat| on cat alysts are very small
i.e. 0.2mparticles of titanium silicalite. These

smal | particles are exceptionally difficult tor
fromthe product stream without bl ockage of fi Ifgn@m ZGW
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to hind the_hi ves

hl 2007 .a :
cat SFPEopar ftaff@xs émf%laa& FRRy Profleces a?nﬁdﬁ@% ersﬁa’efﬁtértag%f Catalyst
suchir@fonadcasrass figes (ifsbottﬂtaﬁﬂyﬁ S84 bindeUwiich Bat 88k Sapmﬂy plug filter
5, 5qo 199 and 6,106, 803. Wi le such larger particles
ar e® T@%ﬁlly filterable, and provide |ess back
pressure when enployed in fixed bed processes,

_circulation ont ai.ni.ng. sl u produces . :
- consi derabl e Vc‘ﬁ?"‘i‘{ %‘s‘{ Slg%bif‘rﬁﬂfl?ﬂgﬁﬂln%Etbgpﬁé%/Ong%!lwt.@lﬁlag and mass_ -
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en | ug filter wou
host iR Bhest By el raeribilen: b vonlaitoinies droinpie tpgrovice

andrea@sssystermanbitle aligvsoy vitize séiyction OF aaghits, linhieding agll @ferates for

e WRGDF Aoty B klBemyst | der fved f1nes. 11

woul d be further desi rabl e.to provide a reactor system

- which allows a w de i ncl udi ng
-~ aggl omer ates for m?@ﬁ)ﬁ‘é?‘w QFW@@EH ly be a
1probl em SUMVARY OF THE | NVENTI ON: 15 It has now heen .
surprisingly t. n :
filter bl oc&aﬁaécn:%ﬁ/eﬁe%g sﬁlﬁg‘ltsmglglcg c¥\$neredggrhauga|&|atl S @ @rmon and fllter_

r ealdpakage cmnatmmﬂ ngplaymg) |dragghiptube ireagtont eontaimihalaysiid, particulate
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. t heeleraents J@patemlﬂgmﬂ@ﬁemml PTI ON OF THE DRAW NGS

LFIGURE 1 it ustrates a conventional draught tube

reactor containing a@a slurried solid catalyst -and

external filtratBPROEFHESEIPTIGN QRTHE DRAWINGS at es

one enbodi ment of a draught tube reactor -of the

present invention enploying nmanifolded filter candles

and heat tr aﬁg@@REt]ug}@gtrartw 3 jgenventional draught tube reactor containing a

slurried solid catalyst and external filtration system;

25 o S 7 : o
FIGURE 2 illustrates one embodiment of a draught tube ‘rea.ctor of the
present’ invention employing manifolded filter candles and-heat tranisfer tubes in the

reactor annulus;

30 ' - FIGURE3 ﬂlustrates one embodunent of a draught tube reactor employing

plate—type filter elements and heat transfer fins integral with the reactor wall;

- FIGURES 4a-4c are top views of further embod1mcnts of the present

'mventmn employmg a variety of filter elements and heat transfer elements
35



reactor annulus; 30 FIGURE 3 illustrates one

enbodi nent of a draught tube reactor enploying

plate-type filter elenments and heat transfer fins
~integral with the reactor wall; FIGURES 4a-4c ald MAf 2007
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spaced apart fromthe reactor draught tube defl nes a.

filtrate col lﬁgh%%angfv@\?to‘f‘?%}ﬂ{ep Embldih&l of ﬁm@&t invention

draught tube; Vi ew 0
enmb¥dpigen innef, Cpm@nfplﬂé@m&ﬂr fnltnméﬁmro spacsdrepae fm themeer, reactor 'wall
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.l nner reactor I nes ‘a trate col
-‘space between the filter and the reactor wall; and

FI GURE 7 "'Lﬁtf‘g@ﬁ%‘ iudiilel @:fgltrtﬁ%ib@ﬁodﬁﬁﬂém Q{fe dalgﬁgfﬁg%te reactor

t ube reactor ori en

- 1ps woerstteedvartically eripded Bltarielocated mdlwbqttorroamm@oer .
DESCRI PTI ON OF THE PREFERRED ENMBODI MVENT( S) The basic

- configuration of the draught tube reactors of ‘the
present D EWWGWRHD%@P THEPREGRRIT EMBORIMENH(S)
" States Patent No. 6,464,384, herein incorporated by
reference. The reactors are generally tubular Yeactors

operat ed ver tihgapasig, condigiratiohfithe dydueh fibe tewrlap of the present

. 1§ eagivehtionakdiiowd 1168 NdiEAdsed dhmavshtd diibe Paﬁnﬁ/‘m&hG 464 384, herein
r eapt ants ent eri ng the reactor are intimt el

ed.
The TCRREREHIDY THE e THCrFagtortare garrally tybulag gé%wperated vemcaﬂy,

f or fd ddntdikewigh &@cdut@meab%rl \0:!]1 Qf ceRfrIPYdr@@t Ribe in which reactants’
Elﬁl ene, oxi de, for exiarg the inlet 20 streans may
| nc y tixed

RIS R PR SSp B A de 8 YAy plid, of gascons
suchras mehéanedt oxRago06f plﬂpﬂaaegtaqx@p}ﬂ@ta Sxide, ﬂer:\tarﬂﬁe the infet

- | ene en, and optiaonally an inert L
o R Sy MR o oS PN LY 20 L0t cneor
ot hfmbref @ethiat foQﬁdiKﬁdeSptﬁleﬁ& E}&h‘@éeylséxygém Bfy optlonally an mert gas such
.~ bi'carbopnate so utlo etc sures i nvol
o of PERER 23 el R pae S 1 ol PR R SHRES B 85 Eyst stumry,
r eatica@honast sobaivs, e e Atnler mdasomsi npnolmd nEbgeyléne rmy @ngtitat a liquid
t hestge u tes ?c?an? Etr s etnqérg ced r'v)lnﬁa eq a eYn o% the draught tube or
acconpli oq | oW oqgl aDs dt
- 2pr eWEhJa_bﬂ )Mlxa& mﬁdfl tscabcc;cgrqﬁkslmd_ bwtmgwﬁrdétm (S&asep,@lemmst praferably, as.
Pr ogRh6a Y me 8% 638 Bhiu! MREhGESby Jilor! B yRiSrs. The impellers
" may be driven by any suitable means, preferably by a vertical shaft located within the

draught tube, and preferably driven in turn by a motor located exiornal from the reactor.

30 ' Vertically extending baffles are preferably located between the impelleré, '

+ and optionally above and below the topmost and bo'ttommost impellers as well. The
baffles may be used to prevent a. :swirling flow in the draught tube which might cause

_ segregation of reaction mixture components ie. catalyst particles and bubbles of gas.
The turbulence created by the impellers and baffles i in the draught tube encourage very |

K thorough mixing of the various reactive components.



may be driven by any suitable means, preferably by a
--vertical shaft located within the draught tube, and -

preferably driven in turn by a notor |ocated ext I
fromthe reactor. 30 Vertically extending baff ?eﬂérMa”;remm
- preferably | t
optionally ab e%gar(]:gﬁ%vﬁ?%év}\}dt ghét op hstﬁl‘i)gntle g% %on Slurg flows in a
i mpeouneareireest diggction thrpugh Hisfapmgar saegc biaveas i reaptop elleenany liner ..
a S\ﬁﬂs{éésb@&efehpéﬂd'ﬂ{é &RgnOEY %Erehg& Ldnfdr B Qﬁﬁe shitpfeenters the
segregation of reaction m xture onents, 1.e
cat Aragit g end isercipmatedib @@soromogagroducm@{eoﬁﬁ ings eﬁ:c@rdmarlly_
Gre ey e
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a count ercurrent |rect|on hriou e ahnurar spa
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ordinarily.5 positioned. at the top or bottomof the:
~reactor. Slurry in.conventional reactors flows

t hrough t he %&%?ﬂttl%‘w%% is gy imRreveaRFgt per fhie|cpmyeational draft tube

t he reatias tasdtibal Abdve @9 afiryiget off irﬁﬁte&ﬁah tifliediiOn sP@Ir Aesigned to remove
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purifi. wor ked. b '
P B s irer & B OB S et i e i e s o s as well
. 10 - fTueteastat comfigwhtidneoftiepresgiciaeineion %Ws&hd‘t@nﬁﬁfoﬂd\n&k Bapital cost
aregﬁvqgrally recycled to the reactor.  The present -

i nveh n is an inprovenent over the conventional

draft ‘tube reactor. descrlbed above by V|rtue of an _

nternal filtgration s to renmo

ot yar par 0B B RS FL UET ARG BB RS b nperous forms
t hedmcndlmg)fupbﬂnlﬂm @!mtleuim fafaotrmr tdoﬁﬁgmamhp lits cbhstéstian, heat transfer

res 0.C urr nee
A R R e e
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present  rnvention
2§ os fromaihe vidurry sad mhfealimusil Prpdhdt | strears substmuelisprf@s enftcatatyst, or .

| Vel d; g% méla{(::d?% ¢ AR Hisict HoP is DERAAL! nﬂleg]%}?@%c? Nfeam may

partlcu conflguratlon Its constru . .
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| NV GV SRP Y E et Yarde Dhitiodd oY cRlalySNtdrebychd € &ny fines in- the
substantially catalyst-free Qutlet stream may be separated by relatively small but highly.

30 efficient filters, for example those capable of being efﬁciehtly backwashed to restore flow
cépacity, may be_ separated by ccntrifugafion, but prefer_aBIy are eventually separatéd out

" of flash bottoms or distillation bottoms. The total amount of fines will be low, and mﬁy -

‘be in a form which is ﬁot suitable for immediate reuse, although treatment to extract metal -

~ values may be advantageous. When the pb_re size of the vertically oriented filter media is

35 rélatively large, attrited but still useable catalyst pafticles may pass through the filter, and



arranged such that one portion of the filter(s)
contacts the recirculating slurry . in the reactor

(the "filter side"), while the filtrate S|deo 8 "eay 607
filter(s) is substantial ly isolated 25. fromthe Sl urr);
Sucﬁletr {:Iaﬁte l:étﬂyétgaﬂ%ﬁg ?Era ﬁl%%éy LA gﬁ‘ a}lé( 31% Er‘raes washed -
. cata , ontal n cat af yst
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_bottons or distillation bottons. The total anpunt of
fines will be low and be ina formwhich is not
8yitabl e for Tl ﬁﬁﬁﬁfﬁ%déaltsé%%@
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35 HE8 df Acfineg 2 hpiportion Qe e Brgoniact with the giggiug to be filtered, i.e.
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sepdF atde §f fiediiiet Franaiefrgm dhgepctionshirry 2ad drogevhich e product stream
, 1yvash@&ate”ag"uiamagycl ed to the reactor: Thus, the
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reaction slurry, while the term"fi Itrate side” and
2§ i ke t er ns. maye pereusizador e ifthien pielipm isiseleetpdigo 6f La provide for the_

| f ' | (tie%frec[ SR FifOOh r\ﬁn&?@;ﬁﬁr‘tlgﬁy &lp!:’ﬁcfegt Y Jﬁ@@hﬁ@y%mle size

roduct stream trat'e erive
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peréQeated Apl rﬁﬁeﬁend@ﬁt Pk iR ARl Lo NRLE B emﬁ@)‘eﬂlwmgl a portion
screéns, sintered ceramc material, sintered netal
i . gof the reactor slurry is withdrawn and passed through a filter which collects the catalyst,
30 partlcles and allows the Ilqu1d to pass through the filter. When the filter is full, the
‘catalyst is removed for regeneratton of its eatalytrc activity, disposal, or fines segregation. - |
Fines segregation can be accomplished by a number of conventional means such as
' screening and wet classification. If the catalyst is regenerated or segregated it can be -

slurried wn:h the reaction solvent and returned to the reactor.



porous-sintered stainless steel, or when t he
configuration allows, mcroporous polynmer 20

menbranes. |f the latter are used, it is prefe I

that they be overlaid by a netal mesh * screen !;HOM?W 2007

perforated 'mlth'gl Iterﬁa‘?)é@t;staﬁlﬁalgf ﬁéee&tcattagﬁ” é i Ert Lfeh'hsni]neans that the

. from abrasi on articul at'es

par Progycs streaph avi |CPItt@fl, mavetmems ﬂ@ns‘lepefw@u ppcwetghhgf te weight

. nﬁy?é;@en&tgpepéamﬂt BMhe ﬁa&?‘ﬂstl ), G g&%{e)n 'Bemggt percent,

a relatively. coarse ate

TheY§h8roee @rpieéab&rleqsrﬁl@nfou Q&\éﬁrlgtﬁ@ancenﬁ 4nd mansi mﬁe@zdlysa@omé) 01 weight
" §0 phO 88iedsO Mt i BBrindBIe il O HE B - |
whi wf IS pgrstl a1 %rlgeglendent oge tﬁltv wé)htégrﬁ%hggmm sit filtered
- par l’fPé‘F“é SEPap 001641111!1& &0 P5 gy ﬁmgihmpmmt & caslysﬁéinles thet continuous
ot heeﬂé?eftfoh%a? BB infeniANC | R e:ttedsﬁ/egkﬁ&nsdif%{e' bution of |

the fines eéxpected. i ndependent system for fines
renmpval can be enployed whereby a portion of the

reactor sl ur gy ohcScontbReha6E @O tabds SEMe bRk & . K
filter. which colcl:eclglhdtlhe cat al yst. 30e arstl ﬁ‘re A as shownm

1) | Bigaret hethe i fisr dnedi spnsist %F‘cﬁﬁ’@‘ﬁi ehheerfically eqnenwaéwbesrpé plates,

f i | preferdvly dftirtored Metal, Gaichl 1Y B preferk@NMNE theflidfn, located in the annulus

eneratjon of’ |tsctalyt|c activity, disposal, or -
£ nESvesaghe davsh e apd feadacioy vetisk Vbh Iadfisne 2 a citaway view of a

accRanbi is BRsividitod a0 lzlﬁéls hb&k, ﬁrﬁﬂ‘ﬂﬁﬂbﬂf) @xglﬁtbotﬁﬁ?cﬂlsh&iéﬁdioﬁ%moved
e cat.alys

| scr n d wet ¢ i ficatjop i.S
- BRe R s Wl St e el . s et o withstand
14 hethe apsabil @iessiak, @i teramdtadah ﬂﬁxﬁg%d 23 and iueeqnfp@ed With b&Bholes 25 to

o e aRBRT porfcot B et aBE " P cerbled witnin e

' st reanvivis dravglanitei 26, witeh willesra@erily hess at ad tio ﬁ@’eﬂ@r@ tand vertical -

I e ol e e BRI RE0 S el e dravghe

pertobn6 arey Eicatmb wempeﬂ efler ahxhd]esl IS and haan eﬂ:hﬁlﬁge wen:eg ro. The heat

er r ef r N
20 S8 s 22 £ 8 bor Bt o0 48 BRonaditig g, A bear
i nvamhangnﬂuni pxeﬁvabuewacr, emesiatdiefiis tearspdctive hem exdhange manifolds
. ostr S un
oot e BASAETST DS, D R niIR DL i oy cutaway n e
i lnftiaoﬁ @@ncan/@rﬂlfeﬁmnsthwholm intedisr 3 Ctlmm!nucatmg witk product stream
co
| %ﬁgﬂﬂdﬁ%j Qﬁ%gé Ebﬁqhééﬁgﬁcf)ﬁre%lf&l%}?fe ircllrtrﬁrlg)gg% pxjggtxcg %elta.% c%uﬂet 38,
| 25a sEeihodow fintgrqriof &ulﬂltyr mnﬁleﬁm@danb’ wisaiold psspéistedtierewith comprises
pref @tilé}?t'e)éo@écuﬁ @J’eag is WG hlex%l he preferred.
filter medium ocat |nt e annu bet ween t he
draught tube and the reactor vessel vval . In Figure .2, _
a cutaway Vi eWhred is Elﬁﬁﬁ]tz&raltbﬁla%%ﬁbtcfrr(ﬁﬂ%ﬁﬁ cﬂ&waﬁ m this case

above, with the top and bottom of the reacfor renoved. - ‘
omlh‘mg the draught tube for increased clarity, In thls case, both the filter clements as ‘

30 well as the cooling elements are shown as plate-type elements connected to: the reactor
7 walls. Cooling plates 40 and 41 are hollow assemblies, each having an inlet 42 and outlet
43 for cooling water through the reactor wall. The rlghtmost cooling plate 41 is shown in.

cutaway fashion, 111ustrat111g its hollow mtenor



The reactor 21 is conprised of reactor vessel wall 22,
sui tably di nensioned to withstand 15 the internal

pressure, and termnated in flanges 23 and 24
with bolt holes 25 to attach the top and bottgmjcgme?nm

- the reactor - Pref rably centra 0 W|th|

the reactor iﬂ aﬁﬂglﬁatﬁ ‘g%%/arfé Jé’ha)( h|e§ TFREHOr I“S?HS and
houp[edla:t sﬂr&ﬁsﬂovtfmt lofm:e Irtaetos f@atthy eirtfateccaillectb@fsﬁice§1ocated on the
not :

th n 27 bet
o B st et et Rreeh His2easRP ol gt e outet 47
' verFﬂtexaélexﬁeﬂt %8s shawa laes sia@reginmlethiefiter ﬁrxlﬁbtﬂmgﬁn&thﬂk{ﬁﬁtuﬂﬂextendmg

The 20 exc 9 e wth bot

TclrhE e B EARARE nERR 6 R TRAERS S gihin B Bate e
f | udettjce priefeefiled Ieyenmms dp arcantuitesl tanick edethdng, fbhexample by bolts 50,
respective heat exchange manifolds through passages

34 and 35. The filter candles are hollow, as shown by

cut away i n t keFighe§ #amﬂtctarﬁmn*dh e)pivﬂe“tslmédxfahgmnﬁe rdab@rs having tube

hol Jaterio t sire e

 mant PO Sl 8 S TRUIERLIAR e 26 R Moo il

. 1q hrmiatgmmreadnwgers (4=bé,amdau1tegm fiB8, pl@&s aMdentagial heat exchanger plates
Cint I mani f ol d :

ass@ﬁté%gll it ﬁg?eél&\ﬁok hvg@o ssgém?ﬂldﬁ?ﬁ} ¥t3r ate col'lecting
space" as that termis defl ned herein. In Figure 3 is

shown an alt VE, I r

‘this case 0?111{ ??glru#g@at he r§1u50 §tfﬁ’tge #&H%é{gg{e@s 51 are heat

¢l a¥xchapgen wbeshi The deraghtiyob 26 e sifowint with ebnsipal iafleass?, 3hich are -
el prefered NGHE Q(S}Jnledgﬁ? el AIBAL Sredfof slﬁ:%vfprsaér&go gu}g)@o the plate

- el enents connect the reactor wal
pl dyBsheatexghrcars Shite ubrsh Prslorabiveanptdaddo mem&idmvhqvgl fapthe tube

i nl@{: Og&&gﬁ%&#}é ﬁtplglﬁé 3f omelo@anmeg 5@@}@&6&% %’QE&R b&ment. In |

- reac erlgtrmst cool ing plate 'S
i n. Fizggrianly fteashedinds and heat %Xahanﬂ@rs i5p §rerhﬂﬂ1 ﬂwe type, and mounted,

1 NUREHA, or otferis® aM e 2RQHe fhdibBlalele e tiﬁtef‘éerﬁé’h@s %ave product

- are S|mlarl attached to-the reactor.walls,
2Qr otfen %lletéa% PrEREicaiRg yith ttkreﬁkeﬁc%%lﬁf:tfngosmeh évhﬂe the cooling

. Fil4rmat er Iﬂsx&l 1064 bdiE inSRAER oull Q8 I BDne Bf Mﬂ@h (58} I s Many other
S|de e filt . elenments, throuht e reactor.

wal 9o %Ea‘bqnéd‘&‘cto‘%scf"ﬂfé%\ﬁﬁ“@ﬂ{er eloweper, t#? {Fiter megia 38 jgellzag the heat -
is abmﬂgeraehmis ibBtsabschtia®y abrtitdll §.er toveloited doBstichBt where solid

POk A RSl Beimint 33 L ohR ek i ol emacon

25t ypﬁf andﬁienﬁﬁoﬂ\bﬁm&:dfbyl dbetit 3l airaads Frokd Vﬁfl&l%fﬁ‘@%{ 119" or lessis - -

' |l e by bolts 56. r es
- o e Eobiecb e GRAE G Hrsmine dnor Bl vhbeRn pipgs e
~ t ubehdryipm vertichesrieatatioe mtlﬁceartd ilveate mn@tha:ngle E(S;ts( 4a)
~tube type f r eI e on
ol ate-ype eltREGEr (L gby TN A CBYRaIPoT pRF T alete e
an dleatrﬂxelgma(trs bemectekio laa:wgdnldpd:eaﬂamsadvantages accrue. First, the number of

30 exits through the walls bottom of the reactor are minimized. This is pamcularly mlportant

when reactlons are to proceed at elevated pressure, i.e.; 10 bar to 1000 bar. Second, the
various manifolds and their associated componcnts can be separately assembled, and
inserted and removed from the reactor readily for cleamng, repa1r filter element ,
7 replacement, etc. '
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 (integraI with the reactor wall) (4c) as shown in
- Figure 3. In Figure 4a,, elements 50 are filter

candl es ‘while elenents 51 are heat exchanger tjuBeMAY 2[]37
- The draught tube 26 is showmn with vertical baffles 52 .
~which are e

not - shown for (%]{t Je%g]boa_lgﬁnf:&'?ﬁbe%gét{ﬁqs Eﬁ%}Wn iff !ngéreaf In Figore
heala, émhmvgéwysgs dazruehmiem% sgrreﬁleieéby yc@smﬁ@@ﬁ@u tghg 60, i.e. of
BN Bl $neBs, Iémﬂg Y FilRdate! Eﬁlet:ﬁ%esgﬁéee)’ﬂgbe%\? fﬁtﬁxc{ﬁ@@ g6 L draught

in Frgure 3. Filter candles 5

| ‘_ eniobe Aend. product shegmrontletd3 exteadd intor the Ctﬁbdm PEedicnd passes out

ea{gxogxéﬁ RaRYE 5v§11 95 iRy @h’t g tthé/ R)? or @B@oﬂ@b@f etgghe reactor.

or otherw se attac eactor wal
ThenfFigure Sbemesth ke Hacterayel prdstetast fop olajiys erchihe dilterelgment and

57 >/ G Ribe %ummw&ltlfa p&l@ﬁec{ﬂié &r{agdaﬁmf e&é@g &@C& ‘the draught

he cool i ng fins have bo
an dubfﬂﬁlt%rtusbe oA Wo yawelgpd waﬁéﬁ a{Bgyvelding bum matyh gssembled with

ot h@ingescé?lﬁfﬁoﬂy rcﬁﬁﬂ erﬁh&rn?ean@lzno%% fif cﬁéihltcﬁQh mieer or reactor vessel

-~ However, the f ter nmedia as well as th
1y cHeaig8%r sinsthe maamb gonfigatign of E;aupe @,ewrpdtz@aplurra l%ﬁitered from the

av Ojreludr GRESDT HzbighTineh fe8insd( Fo m@tfﬂlraxééoue&mgds ace. The filter
easi | y-accumul.ate on_a horizontal or sl OE surface.

Ver'tbe at Wk anfhigdragight Bibg mmay bo onsveied oh shasier ispraignpyvhich are

aboaa&é’n%w tofdtlet té p@meéaribﬂg@ahmugﬁ afbe/fie} scksbl Pl 1l 88 Spparatus of
preferred.. Producing reactors with filter

N 'eI eﬁ‘gﬁ‘les's é‘ﬁ%ﬂr@r"rﬂ’ég‘tmt@@ri’é% 5ipe S FEFREESR TRY b%f‘??ér or tube-type. .

14 hagxchRiéds G lshéwn ﬁm«*@hfeom issnck itteCAtuta shads neas Gee of obstrucnon
contructlo COSt S case of filter ele

MG R A s e e Srasion ey o e sRkeind 1o codling of the
exc\maswaraﬁ. Conbialied of uch coBltigldnkntedyt Aiobeadiiaat. ages
-accrue. First, the nunber of 30 exits through the .
wal | s bottom of the reactor are minimzed. This is

particul arlyon Higﬁfet@rﬂfuhﬂ‘nﬁrbnﬁ)eﬂmtenoiﬁsmaﬁaeﬂ QNI&IT@ﬁleeﬂrtlcal filter -
ur e,

at el t d
o BT e B R viiF it it Fraf e ulr yel gt he ractor
: comhem,efmtmmgmfﬂnmescmﬂiaﬂmg esbgcealesm&bltmlmnanwall a® ehettablilar filter

f‘gg LY Bf ek - Sl Gpesls gﬁglﬁ R L ——
MAYth@08e7 fﬂte&mleaienels nlbed vt it eodsnertheo ferming suchalct e shisry cannot

sho T tlﬂe ﬁggtle‘ rfglle%tm% %)agé \ggﬁqglt ﬁfast ﬂsﬁl gﬁgﬁ\ﬁ% Ifﬂ% %sﬁ%g may be

draught tu sur nde onc ri=c
2%0, bsi weldingf adhesive dprdingret-rihg Sdaéa\bplmgi ﬂaﬂfgcs witatoe without gasketing
co“hggﬁﬁng:space 61 between filter tube 60 and draught
~tube 26.° Aproduct streamoutlet 63 extends into the
coIIectlng space 61 and passes out :

¢ "In Figure 6, the filter element 70 lies within the reactor wall 22, wn:h a
" filtrate collectmg space 71 between the reactor wall 22 and filter element 70. A product,
30 stream outlet 63 passes through reactor ‘wall 22 into filtrate collecting space 71. The -
draught tube 26 is shown with internal baffles 52, plate-type heat exchangers 72 extending -
outwardly from the draught tube 26, a—nd.u‘lbe—type_ heat exchangers 29 in the anmular
: sPaée 27. These would be preferably connected to 'él'cl suitable manifold. Various
combinations of the embodiments shown herein may be used. '
35



5 through reactor wall 22 or alternatively through the

top or bottom covers of the reactor. |In Figure 5b,

nost of the reactor wall is deleted for clarity qamy 2000
the filter element and - draught tube 26 is. sho

perspective and partial cuta .. At .the top

Graught  t ubDi AR (g iri %@Y%wnmmm@%awb&gﬂéﬁﬁsrrmedm
al onghywed & Phgumes by toaocam)u dra pﬁﬁﬁ)ﬁ hihe éltov eldmenf dtmmgesbelow the
and;bolts, toQ.t

: e .
_ eng‘il ﬁ’é@; t%-,le ?Xée;@{“g g&%%r?% raacéor aﬁgropn?tgyt (I:]S}glgl}mzé §g%1t1011 is still
c onddngidérad aseingflodateg withirbthe farmdiac l;pasd”uas that tesm fis Ustdhazein, as it 18

{1085 2000 QARE o] RS Dbl P e
-as whla mﬁﬁgdnamu‘inasl@hm it H@rerfhyvhh'e tieomstlanfdtee chedium 70 rests on a
o5 57 P AT s PR AP £ BB ek, 705 shov
' ap pextaiditg upvardbtogiuiredube tdammgpmklnmte tn dire-eind bﬁ:@c ditaught tube located
._ Iélj%fh ge%gtg%? gra\tglstheu)ls( gaﬁg} ﬁts Eg@yBg%iéjn t%g mbgraf Eﬂpreelér}{ﬁl? 70 and the
m pawe[l 290fithe feacer toftomioster Gétm fdtmate cdlleetirigspdce {7, wirich allows filtered
| ack gt Br bl 8 fop EhSRL € TR d s preveted fom
of smcringdhmﬁlstmtg ceH@tmm spacevmiphout Sest b@sm firgugh dhe filger by barriers or
LS B B VAT RTRREAL e anégéfﬂﬁ%s%%?;ﬁ;m st
Wi t fimetana thip aeisicto apr@mmcfdﬂ@mltoh@gu satlepl oplatgaay béﬂﬂ@!c}@é or bolted
oL bl ahgfe o o o0 et g smace
~element. By terns such as "sealingly Iocated" or -
oL L, AU U Gt e e
t er aptionsnwBionsdat Intgareral) (e rgaciop iienals wHt sy oftfgaterial non-corrosive

filggat ?ea%@cljﬂ &ﬁlﬁitl@ﬁs Siﬂﬂ@cﬁng’\bérbélﬂhzgd 51841, RASREYGeel, tantalum-lined
through the filter. Sealing may_be 25 wel.di n

by .
28dhEsFI08, @é}ﬁd}nﬁ‘éma@foﬁp Fg- FRreteERgi, i Fi‘%?{g’éfgff\?dstﬂlf? Egnstructed

Wit Bpéléorﬂﬁfoh%dﬁbﬁlt staRle8d 4@l sucBlad 314 Raikliegute] Basteley, etc.
~filter element 70 lies within the reactor wall 22, -

- with a filtrate collecting space 71 bet ween t he :
- reactor wal'l 122 usd6f ¥erfidaFilte dmanils alldws foroaddieible 80er area and

streamoutl et 63 s.thr rea r [
fil ﬂ‘f%r{agcq:(g sglbgfqnﬁé?ys E%@mﬁ 5 ax‘ghé gml\l\q]lt da&%engge : aglow solids,
28 oy ;muiﬂry dabl Bt §odids, habdidlce szvx&ﬂovqmj m eweteymg floevadf catalyst-containing

: 72 t d
o te )ljgéeaa Hy P%gé‘l [}ﬂ g]ﬁléﬂg}iﬁ Ee??gsng I@e&} egblt}eee & lﬁu&aée Thus, the
anntﬂaa:br cspac ased/for Tdngsam/pa@hd ob @rqunefoarwiiopt soydnsor @dclean or

L AL BT B ol USRS ety o

fluctuatingly causing the filtrate g:ollecnng cavmes and product stream outlets to have a .

éo | ‘higher pressure than the reactor interior can flush fine partlcles from the filter. The
reverse pressuring may be effected by closing product outlet stream and injecting solvent
under pressure, or by 'lowering the reactor operating pressure iﬁtermittentl'y, or both. Ir_i
' the most preferred designs, such “reverse pressuring” or “filter backwash” will not be
‘performed' or will be necessary but rarely. | |

35
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18 MAY 2001 It is also within the spirit of the
invention to enploy a tubular filter nedium. as shown :
in Figure 6, but to locate all or a portion of
filter el enent above or below the draught. tube1 rHeMAY 2007
extending th r.a o]
R P
W t lvduous h@actha&anpfc&rabgpds;einc]agng g@ousgpmamg mgdae intimately mixed
her '
il oRa bRl dlf hERE! ShnelBidordl pARBlkny veot for
. ubédlrecsudhﬁlaemtdmugulremuooh husltsmﬁo\mnqt e dteeetcv wher e
he tubular filter nedium 70 rests on a Fand 73 in
fhe bottom cover 74 of the reactor. A reactant inlet
passage 75 i dnéiecase of psapuient engxidptive, & cxamiile ttheoyaridation Catalyst
r ea l]&]’] IS% v 1
‘fﬁaggr: E?Ifr%ﬁi;ﬂ etf%fgg él%agir o 1(:\%ﬁgﬁlﬂ{§ta srb?l %ﬁg%} mta%g@relamfe y arger
Bet vegomernies tof $ifanaym fsilicalite @Y@%ﬁmchm ﬁmﬁ ﬂh@lospg al|S. Patents
. 76 ‘BfSObrl% 51%19631(% 8(}30%95@&&91‘& «fcd%ﬂ‘cdftﬁs nfldgr g@hﬁ: prc()ﬁ}rlene Iéydrogen

col l'ecting space’77, which
10| oWpaen, luid phese: &acoefhangl, an%b% &ifh ay g volyiile hyréra@qrbcm or nitrogen,

‘contgnbg didkifle REEHERE dhi profhct SRaB] FMGbrai& il bbbk Qmreacted gases
col l ecting space w thout first aSSI ng through the

fi | tbichisgn baaseparated ag recyeded) solvegt w 1Sé>xfamsﬂlérecy%1 and propylene

reagkk M@l“prdFp¥nd %mﬁ@@@uﬁnhéxfﬁﬂ(@ﬁ ea@i‘ﬁg toBH&dMnHWah@ﬁ‘&U@&ﬁensaﬂon
di anmeter at this point to accomod an o-ring

or &95ietee Thapronylene ogidg pepdupiols tséﬂfat‘i%bif giethrgs Wéléé‘%‘fm to those
@3nd gkifed ﬁehyfifdcirﬁén BloBaeR, r@kfhblyTﬂjaea feSioC 1Ok R tiBRY dﬁﬁllanons ‘
made of any material sui tapbl e for ‘the particular
reacti.on envi-sioned. In general, the reactor internals
wi | be of a SiRjeahd facttd eIl @PérRs unuweénsmmma Bssure; pumps
condi tions, includin pord:{lel al n| zed st eel nt[ eSS
st e87¢ M DREeSTAY TROYe eatieap g frm fhe élHate collécting space,
r eagiagifsld, . CRaamAisﬂO\@fseﬁzﬁmﬁbédydue tchﬁe neandl ﬁsracmdhtgﬂfsﬁla{eSA suitable -
' are.cqgnstructe corrosj.on. resistant st

A BRI el ot o P B A Bt er 3 oo darged ivel.

use lmfrea\imgtpm&kctfsdebﬁr flew edezpdases athe oo rof reactor contents bemg

" consj derahle Lter area and avoi dance of o

-subst- érﬁkﬂf‘ltg?i’landvécrelvfgﬁt al. surfaces which mght
ot herw se al I ow solids, 25 particul arI y catal yst

solids, to s
cat al yst - con?ﬁaflhnl n lg\{’tr%l{ergc a‘#ithesf&ﬁr ry P&tn ! u%&l t?{l and desmbed it
%l ememtsnttsmdshat dlekfeetpbctdhmmta‘ ﬂlesrm art.dl dm@ﬂ:geﬂl mas;&le forms of the
the t [
or o i %t%%ﬁ%eﬁ@oﬂﬁ??sgg %qfu% %)gaﬁ(éaglﬁf{g@ v&?&s qu descrlptlon rather than
fil ﬂl@mgtloretand it Bamileratioed. thew@nges qhaegss oAy hgm@ﬂc whl@ut departing from
reag% O%bmt an&sco@?ﬂ?@é%)eht)[o fluctuatingly causing

.the trate collecting cavi t] es and product stream

outlets-to have a 30 higher pressure than the reactor
interior can flush fine particles fromthe filter. The
feverse pressuring may be effected by cI03|ng pr oduct

outl et stream and i nj ectl ng sol vent
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under pressure, or by lowering the reactor operating
pressure intermttently, or both. In -the nost

preferred designs, such "reverse pressuring” 01’3 MAY 2[]]]7
“filter backwash" will not be perforned or will be
NecySHAT §S DUAINMEDeISy. 35 -10 1 8 MAY 2007 ‘The reactor

of- the present invention is particularly useful where
streans of various reactants, preferably also

i ng | udi ng gasleousﬁr eﬂlfahgh‘tttﬁbe FERS br \b&rélﬁtri:z{mhlfﬂ e iﬁtﬁéﬁﬁ’ced into a
an c t.h .sol ] eterogeneous catalyst The :
Foastt LS e cheay SoulFiE Pl or Dt BRiE Yinehyrn Mixed; and
| egomra&ﬁtedmunmﬂ:ﬁtmmbsﬂudm?h antaﬁmluaespa& Hw\bedelnltm tiﬁdght tube and an
‘'t her t he ase 0 ro ene epoxi datj.on,-
xR P e dfielRar uf el S LER A it i Ehariles, e
t r eatipeovetrichibctimpiisisig] | cal ite cryst als of large SI ze or

may be relatiy oner a tes i ta

Ly | ar g
silicalite cf @?‘%P@e Sélugﬁmlgggf’ Holy &’F@’&W%Q&’ff B “’6‘1 Eos“m“ed inan’
Pat smiibr Sﬁﬁﬁﬁﬂ&fw@xﬁ dred gy, 116n8 ABthinfihe inte2Re tral of freeéhctor, a filter

B R 8L O ) 9500 P PP e

vol mtditm iSojadediTanbad slorryn sucholyae ] subscaanﬁl;nwcacﬂl}expaiﬁcle—frée product
arg a | nari |
corpm e CIRRBLP TR GRS Hherdietilf A gl gpfgetng sonce,
- recyul ed, soI vent V\,hl ch is ordinarily recycl ed, and-
propylene X ent s
Propy ene o8B\ AP U8y OB RENNELGR B o  provide s
‘Theprpduspytreameousiet Gem pireodenter. i s separ at ed by met hods
~well known to those 15 skilled in hydrocarbon. _
processing, preferably by a series of fractional - '
distillationg: Stheaee of edaimol, Yyhtnemasaicg/vupeaﬂat egented filter
- undgggi&a '3§1‘r19§§e§‘ BhEorh&s %H')'E,lﬁxr op e@él@mﬂ'ﬁst oﬁrp‘fﬁﬁl?%)éuter filter
- to renove product streamfil romt e fIrrare 5
col Fleragnt ﬁ@ff %%E?Sﬁd inaati ffleate COI@F%HE Rag¢her, flowis |
mai nt ai ned. due to the internal reaction pr essure. A
sui'tabl e 20 back pressure regulator nmay be required to
adj ust produét st%&ﬁ‘afﬁaﬂ%\ﬁft imhb Wesskipewid werafally oriented filter |

| Nnoh@Rsh ROmPriRe Y Glurdiity @28id hﬁﬁ{ag SCHISRIARr LBReANTHA tsaﬁfenclosed
‘reactor_contents bei.ng -recirculated, and vice versa.

Vin R RSP EFEE BRCeL i BlSE s oRmLS FRpEisaies with a product stream

| |_|Iﬂ§i‘ﬁfo&i Qfd i@l pAleRe chRfMnichtts wiP sdi® ARkl Nt ended t hat.
t hese- embodi ments illustrate and describe all possible
forms of the invention, Rather, the words used in the

speci fication. ar eTNm&&iﬁoerf cldﬁﬁ ¢ Tdrﬂlbt tﬂiﬁnﬂrﬁtdg@értfcﬁlﬂfbxtendmg heat -

transfer tubes or plates in said anmilar space

5. The reactor of claim 4, wherein said plates are 1ntegral with the

inner wall of said reactor

6. The reactor of claim 1, wherem said verucaﬂy orzented filter
- medium compnses a tubular filter element sealingly surroundmg at least a portion of said
) draught tube and spaced apart therefrom to form said filtrate eollectmg space between said

tubular ﬁlter element and said draught tube,
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limtation, and it is understood. that various changes
may be rrade wi t hout departing from the spirit and -
scope of the invention. 41 T 8 MAY 2007 WHAT 15§ MAY 2[][]]
CLAIMED I'S: 1. In a draught tube reactor wherein

‘reactants areyint rgdueRgor O Blan 1C&FHefcitt sélfl a}éﬁlbfall} Whiented filter.
optional l y containing one or nore m xing lers,

m X @RpdugHpmpEises @ Y Alterlerpe ssahpghn ﬁqrgpupﬁﬁd&ygﬁld dggier reactor wall

annh@gpasdaa P%t ﬁl@ie‘ﬁ%ﬁlrio T seidauedit cdiBmgapste Botween said tubular filter -
“interior wa the reactor in the formof a slurry

conteEF’ﬁPfr@d%‘FilfBachét"@lyst particles, the inprovenment
conprising: at |east one substanti aI ly vertically
oriented filter di um posj tioned jn an _annular space

outsi de the df-augHt atRiBEs1 H eroridationeof 45t pfinpin uaippry of solid

of tchelyktaaekdenated fditehthe ﬁlpd@eﬂxfem&@ nf;mgt er medium,
"in contact wth said slurréj&i Eﬁafl z?te si de of -
said filter TROHOFRE €61 dF rFeaorPIsqlgify 1, and epprating olefin

t hatoxile SteRSthaptdiatt stegati@tasst particl e- free product. .
streamfiltrate collects on the filtrate side of said:

filter mediumin a filtrate collecting space, and a =
passage commudni catlihe Grodetshofsadioh §,i wietelh @aig Gblieedtdling is a t1tan1um
spac ﬁ 9 ga VI de a product streamoutlet fromthe -

r eacliGplite 2talySte reactor of claim1, wherein said
vertically oriented filter nmedium conprises one or _

nore tubul ar pl te filter, el

oot or 11t ar Ry Dk Bl e O SRk B R PR i e v s
col lrectorng space. 3. The reactor of claim2, wierein :
said vertically ori ented fil ter medium conprises a
plurality of said tubutar or plate filter el ement s,

" “and said enclUsed Thlen;nrecresa‘ of tiean &, ordietemtsmgolscpaaelystfls a noble

sal | L
S e BRI N, SR e s
. saj deastoni f ol d. 4. The reactor of claiml further :
conmprising vertically extending heat transfer tubes

or pl ates in said annul ar space. 5. The reactor of -
claim 4, wher®.n sBiearqsessoéslaiar & wheredysaid oxxpenated selvent comprlses :

| NNeaAbl o ff sfiofahS lerB; sgg' T C%%Chﬁ)ﬂlepflo il femoving a
wherein said.vertl ca ?%%{Y ent e f%(fy l'ﬁ[!) H{E s
product stream comprismg methanol and propylene omde from said reactor, separanng

propylene ox1de from said product stream, and recyclmg methanol into said’ reaetor

13.  The process of claim 9, wherein said oxygenated solvent compnses
' methanol and said olefin is propylene said process further comprising removing a
: product stream comprlsmg methanol and propylene oxide from said reactor, separating

propylene oxide from said product stream, and recycling methanol into.saicl_ reactor. .

14.  The process of claim 10, wherem said oxygenated solvent '
compnses methanol and said olefin is propylene sa1cl process further comprising

‘removing a product stream comprising methanol and propylene oxide from said reactor,

separating pmpylene omde from said product stream, and recycling methanol into said

reactor.’

-13-



- medium conprises a tubular filter elenent sealingly

- surroundi ng at |east a portion of said draught tube
‘and spaced apart therefromto-formsaid filtratd § MAY 2007
col | ecting space between said tubular filter el enent.

and sai.d draught e Y; 12

of claiml1, a%%reﬁﬁps |g%§é#t?ga Hl g@%g%?egﬁf:{§§§££& solvent
medcomprisserpnethaasl and gaid| elefid jig PEQPYép@rrwﬁ PEREQSS| ﬁkgllhyr comprising
Surrgﬂggﬁﬁ M ToT=Ys ‘ I '
- apart 't hergff r omkt?e o for r%r%g??e?{apet{%g? gr@gﬁpig;??ﬁﬂom said reactor,

| spaceartngeeIpylsas axide Fomasaids produst sireaime mfecwiulgmt@noi into said

reag%gg (wall. 8. In. a process for the epoxidation of '

an olefinin aslurry of solid catalyst in oxygenated
- solvent, the i-nprovenent conprlsing epoxi di.zi ng said
- olefin in the reactor of claiml1, and separating =
olefin oxide fromthe product streamthereof. 9. The
process of claim8, wherein said solid catalyst is a
titanium silicalite catalyst. 10. The process of -
claim9, wherein hydrogen peroxide is fed to said
reactor. 11. The process -of claim8, wherein said
~solid catalyst is a noble netal-treated titanium -
silicalite catalyst, and hydrogen gas and oxygen gas
are fed to said reactor.'12.. The. process -of claim 8,
wher ei n sai d oxygenat ed sol vent conprises nethanol
~and, said olefin is propyl ene, said process further
.conprising removing a -product--stream conpri sing
“met hanol - and propyl ene oxide from said reactor,

separating propylene oxide fromsaid product strean]

and recycl.ing nmethanol into said reactor. 13.. The

process of claim9, wherein said oxygenated sol vent

conpri ses -nethanol and said olefin is propylene, said
process further conprising renoving a  product stream
“conprising nethanol and propyl ene oxide fromsaid

. reactor, separating propylene oxide fromsaid product

stream "and recycling nethanol into said reactor. 14.
The process of claim 10, wherein said oxygenated

sol vent conprises nethanol and said olefinis

propyl ene, said process further conprising

-14-.



removi ng a product stream conprising nmethanol and

propyl ene oxide from:said reactor; - separating _ L
propyl ene oxide fromsaid product stream and

recycling nmethanol into said reactor. -13.1'01hﬂw”Ay 2007 :
2007 15. The processsTHAcCt @pTad DIROEOSIURESaI d ,
oxygenat ed sol vent conpri ses nmethanol and said ol efin

i's propyl ene, said process further conprising ,
renoving a pregided aatifiQadT CORRL SidextbRdapetatiom @f heterogenous |

bt OBASGAL s et s et PSR AL R Ay Joetin verticaly

I € Cotfehicd GiltE tnBdia Slithin the deabkt bRk @ annulddspheioAdvide a product -

2007 . ABSTRACT OF THE DI SCLOSURE Reduced attrition of -
%aI%ﬁ?%?“%ﬂ&E%%P@ﬂagg&ﬁg§F§WWbn of . het ér ogenous

catal yzed slurry reactions in draught tube reactors is
facilitated by locating vertically oriented filter
media within the draught tube reactor. annular space to
‘provide a product .5 outlet streamsubstantially free
of catalyst. -15 ' ' I ‘
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