MULTI - LEVEL TUBULAR REACTOR W TH VERTI CALLY SPACED
SEGVENTS BACKGROUND OF THE | NVENTION 1. Field of the

WO popeed40dn This i nvention relates to reactors PQF/US2008/008336
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processing |iquid-containing reaction nediuns. In
anot her aspect, the invention concerns

pol ycondensation reactors used for nelt-phase
producti on of polﬁpsters. 2. Description of the Prior

Art Mel t - phas JbiNAEVERTWBUELAR BEAGEQR: WITHoduce a
vari ety of pol yeMERTEICALLKY SRACES SEGMENTS

pol yet hyl ene terephthalate (PET). PET is wdely used

i n beverage, food, and other containers, as well as in
synthetic fibers and resins. Advances in process

t BAGHEBRIUNBLAFEHER INVENEIQNsed demand have led to
an incgeasi F_,%lr:ﬁ? ocf%ﬁgelh#kmignnarket for the production

and sal e of refore, a | owcost,

hi gh- eThisciieventiopr oekses ftor rpacidusifog Protessing liquid-containing

desirable. Cenerally, nel t-Phase pol yester production

fEeactipp; eBredivBpudi ndNt h@sethes e dasREGtak hPETINVERHPRBY concerns
| .

DR er B B3pRE e U8B0 Mol ke iRRaBloRBr Ep§etiers.

(i.e., 2r eacDmscsiptioreof thne PricrdAtto pol yest er nononers

and/ or _oligonmers. In the polycondensation stage, .

bl yos MEH-HIARE i QYREriZateN t FaD 08s chised i iRIAduER @ Variety of
r LAt 1 ' ;

EOYEERIEI Lith o8 RoroeRANEE Indlcliishe YdHInARR (PET). PET is

- wigiehe nisednial bendragehfoos, @ridy othes rcoptaiders, iasnwell as in synthetic

LA ST ShubiiBin I B LSRPIRDS oL Wi icreasec
r §afmiaPtihaveuel t8an inefeBiAGM | cdOmpeliive HHatket $dr thegsfoduction and
tank reactors (CSTRs). However, CSTRs and ot her

nsalrafiRfET | hettfore, cllavesost highhaffisiencynroeess for producing PET
oBalSRalE and/ or mai ntenance coste for the overall
pol yesGihepalRduakit@hdsac pblyegter isrodastiom | faciliti®®, including those
nmechani cal agitators and various control equi pnent )
twﬁd:éwyah% T acEwloy e @Qﬁ@cﬁﬁ'@ é@)ﬁﬁﬁ agpd a polycondensation
SSRGS i B Pat G 1A RAFERL VA oI NF, ldane) are
t teviverted to polyester monomers and/or oligomers. In the polycondensation
stage, polyester monomers exiting the esterification stage are converted into
a polymer pfoduct having the desired final average chain length.

In many -conventional melt-phase polyester production facilities,
esterification and polycondensation are carried out in one or more
mechanically agitated reactors, such as, for example, continuous stirred tank
reactors (CSTRs). However, CSTRs and other mechanically agitated
reactors have a number of drawbacks that can result in increased capital,
operating, and/or maintenance costs for the overall polyester production
facility. For example, the mechanical agitators and various control equipment
typically associated with CSTRs are complex, expensive, and can require

extensive maintenance.



m ni mzes capital, operational, and nai ntenance costs
whi | e mai ntai ni ng or enhanci ng product quality.

wekiobede3@OF THE | NVENTI ON | n one enbodi nent of PETYES2008/008336
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present invention, there is provided a process

conprising subjecting a reaction nmediumto a chem cal
reaction in a reactor conprising a vertically

el ongat ed header and a plurality of vertically spaced

hori zohas) ya alestyapdsts r foac o highe efficiency opgliyester opmoess that

CEUFIAY SIEEta o SR AR A mamaing o

sefREMdifg pPoditd quedet i on medium travel s through the
reactor. The reaction nediumenters and exits at | east

one of the reactor segnents through the header. In

o AR B NN TN 15 pol yet byl ene

t er ephimadrid @rbidimerithef PheCpEsend MAventidry: tHete is provided a
i ntroduci ng a pol ycondensation feed into a ] o
pBIOEESH FORRFSIRG Stbiastipg a wergtionnmed i e & eheraicad reaefion in a

; . : . by .
R p el el iad hEahgnshga IS B vericaty
agpacek rphiabntdllynglbhgiated neactengegaierfts croupiedittoSatd extending
SRR 15 Roehc T ason, BNl H 1iauattne header
CanBthe ?éaé’to?"?%@r‘n&ﬁ'té ¥s ThO POt RA P\%ﬁﬂﬁﬁ t@“v@b@fhrbﬁ?@?he reactor.

two horizonta ongated vertically spaced reac
sthewsrasticnumedidm enterd and exill$ @) leagtvenellof the ceactoe segments

header, .wherein the header provides fluid
c&?ﬂﬁ%’i\gﬁﬁﬁﬂdﬂetv\een the reactor segments, wherein
the reff GhethdeembBHRASSE St Wﬁf@é@l’ﬁt)’inwﬁ%g,htﬁe‘?éeirs provided a

header as the reaction nmediumtravels froman upp o
opecess tfoemaking pelyethylene terephthalaied PEdnethef process comprising:

reactor segnents, .wherein_the er.and | gwer reactor
s lERREA BonREBLebaT JHRE Tufcd | AMFond GRRhy reactor,
PivReFeiA el BSipesidersatibRcfecd Mg Ve readici AdddilifrAiS the reactor,
wherei n the upper and | ower pipes and_ trays are

swheteintthalpalyspiidensatian fged costrisges RRdrkavingan apprage chain

ol 855 S oMo 4 3090 46 BT Bledshighe reaction

r at Fo from out

wingidiurn tbhsolyegredersatiohdnethetreagtoreabirdinvtheaehetgtdomprises a
of at | east about 0.75L relative to the upper and

| yeieally slanaaipd heaser andyakleash twacdhorzantalbn elangated vertically
f§ NP TebBfor UBBGheARY dRPRId tha@%Rd extending outwardly from the
header, wherein the header provides fluid communication between the reactor
segments, wherein the reaction medium passes downwardly through the
header as the reaction medium travels from an upper one of the reactor
segments to a lower one of the reactor segments, wherein the upper and
lower reactor segments comprise respective upper and lower elongated pipes
and respective upper and lower internal trays, wherein the upper and lower
pipes and trays are substantially horizontally oriented, wherein the upper and
lower pipes each have a length-to-diameter (L:D) ratio in the range of from
about 2:1 to about 50:1, wherein the upper and lower trays each have a

length of at least about 0.75L relative to the upper and lower pipes

2



generally away fromthe header, wherein the reaction
medi um fl ows on the bottom of the upper and | ower

worpesimeneral |y toward the header, wherein thBCT/US2008/008336
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reaction nediumenters and exits at |east one of the
react or segnents through the header; and (c)

recovering a predomnately |iquid polycondensation

product fromthe reactor, wherein the pol ycondensation
pras@ectivejys,nwheeeés tirETeacticnmediurafiomsgen thexuppeeagd hower trays

cHeheral Ay B3 fF Beatien WARtln e dRabia e B agws on the
| Bottdrnl df tha Qfdb%"r afdlederpifestdendilllp ieat theMeiddr OWherein the

there is provided a reactor conpr|5|ng a vertically

eTQﬂﬁ‘@QﬂeG‘eﬁi@HUeen@m%I ancmw@l iat ylegst waet péathﬁyrezqyé@re@egments

y e eagtor
eﬁ{réé@i‘]ng Sut \ﬁvgggg fgg{’nt hfeezg’g'gﬂﬂgt ea {%&"("ﬂaw liquid
tb@lyb@ﬁ@ér@atmgmmhﬁm m@rreacml wietleinothd grblycdndensation
the header and a distal end spaced fromthe header.

ERaiust cm@rusgad?%T howing:AD SUEsAGR chaid lenath Baids &b least about
Emﬁ‘ﬁtqr%étte i Q%ﬁaé]ébéﬂalﬂ_}%%ﬁgf fFeDsER E'tﬁ{a (?6 gycondensatlon

ay exten
| feeglt one- half of t he Iength of the tubul ar nmenber and

. T HIEABEG 3l WP e s
da’étéF gorﬁﬁgg?ggRﬁ%rﬁéhlg:él%ngafed“ﬁ@g&ér %ﬁdté‘%ld%ﬁfy' BRVertically

BRI EF I PTI ON
ea}bmhdrﬁmlzonﬂally helopgateshreaatore segmends e:odl@mn‘ itbeahd rextending

e R L D T

”H}d)élmbﬁé!ﬁﬂ chBlé'datb theatdRfer @i & distadend spased %P& the header.
one enbodi nent of the present invention and

sEacbmf ¢he oeactoe sagmentd corpniges o elongategdctubularimember and a

ot AR E SRR Bie RIp A el TR, rdf eidends along

canleagtioRénalf dfahe ilehgtAdfehe tulbulberénstbéreand divides the interior of
reactor of FIG 1; FIG 1b is a top view of _the

athectubaiar, menaber inte rupmes ansh lawest @*narabsr&;t ddnei HPpgiGand lower
FandhBers el B Rid BB ACaRET with e ode? sflie bR ¥Pena
FIG 1a; and

BRIEF DESCRIPTION OF THE DRAWINGS

Certain embodiments of the present invention are described in detail
below with reference to the enclosed figures, wherein:

FIG. 1 is a schematic depiction of a multi-level tubular reactor
configured in accordance with one embodiment of the present invention and
suitable for use as a polycondensation reactor in a melt-phase polyester
production facility;

FIG. 1a is an enlarged side view depicting an alternative configuration
for introducing a feed stream into the reactor of FIG. 1;

FIG. 1b is a top view of the alternative feed introduction system

depicted in FIG. 1a;



FIG 2 is a schematic depiction of a nulti-Ievel
tubul ar reactor configured in accordance with anot her

wepipogosent of the present invention and suit abCEUS2908/008336
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use as a pol ycondensation reactor in a nelt-phase

pol yester production facility. DETAI LED DESCRI PTI ON

FIGS. 1 and 2 illustrate exenplary multi-Ievel tubular

reactors configured in accordance with two enbodi nents

of theFIIBeQenis ansestidnah ertheievordfi ther attematizadfeed introduction
eratlgr‘f he Irea,g Qrs ng% ?ted n FIGS. 1 and 2

a\ésagk?%ﬂopﬂ@&(fl ugh certain

porti opfc0f2 tige of Jchamdie ‘éi%?ﬁtioﬁt ighnar phdtifewd! tEIUIAY reactor

to reactors enployed in a nelt-phase pol yester

peorfigiired in pacsosdance witht angthes embpdiment of 4be qpreaankinvention

oBbiSTIEBR B i &1 aLhGupadkRanof ERbCD I R elidifse polyester

procmgﬁaﬁlfgcnmyeactors configured in accordance with
certain enbodi nents of the present invention may be
advant ageously enployed in any process where cheni cal

A|P_&b bﬁ@‘tﬁh’""ﬁ NI t he | |qU| d phase of a reaction

ma um-and a vapor ?yproduct is produced as a result
of t heFB8M ¢alandeat illastrafeur éxemplane astiubi-ieved nfukgigre deactors

| Rosiaure TascHitaRgs iU BETAPAIBNISRANe PIGRGM BYpntion. The
pESﬁﬁfﬂ?gor% ﬁlb détﬁﬁlsbf O Fehirs Qfergg gdrlﬁapkggm and 2 are

ring processing erring now t
Fd&scribedorin eetaildibadow. of Althoughi ceraisl parburhsarof the following

| GBS irtion relft BRI 48 JeRCioRs AMaPlVEd B el Bhade polyester

herddiRAbA! priocesdNGRALRSs i rfigtifed Yn %\B@S@%ﬁc%a\mtﬁ rembodlments of
segnents 14 coupled to and éxtendi ng outward

hthed @reaaﬁt inyeotion 1mayefied apmucaonpr ins @s vade uparlaghtof chemical

t ubul b led t :
offeRtet onfier karfeRy feabloss orRied, i JofFERRES, Wi certain
deWoHﬁﬁénﬂ;Sfo thet ?bé‘éiﬂﬁﬁdeﬁﬁdmh'ib be ad#itagéovsH EiBployed in
of header 12. A f| rst vapor gap 20a is defined between

f ABYy RIPGRSS drheresehemigal seactigiis) take placenin thgpdiauighphase of a
25, SRS DS oA A% pesut of e
1ckermivdl aehttipn.d Eurmbmtreactbk@tcoaﬁgured cherdérmépwnh certain
17b. One side of header 12 defines a plurality of

ngoggpgg)ts of the present invention may be advantagéously employed in
chemical processes where at least a portion of the reaction medium forms
foam during processing.

Referring now to FIG. 1, one embodiment of a multi-level tubular
reactor 10 is illustrated as generally comprising a vertically elongated header
12 and a group of horizontally elongated vertically spaced reactor segments
14 coupled to and extending outwardly from header 12.

Header 12 generally comprises an upright tubular shell 16, a pair of
end caps 17a,b coupled to opposite ends of shell 16, and a plurality of flow
diverters 18a,b,c disposed within the internal volume of header 12. A first
vapor gap 20a is defined between flow diverters 18a and 18b, while a second

vapor gap 20b is defined between flow diverters 18b and 18c. Header 12

4



spaced openi ngs that provide fluid comruni cation
between the internal volune of header 12 and the group

W@Roopeetwsor segnments 14 coupled to the side of POIEHSNS/008336
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12. In the enbodinent illustrated in FIG 1, shell 16

of header 12 is a substantially vertical,

substantially cylindrical pipe. In an alternative

enbodi ment, shell 16 can be a vertically el ongated

t definesr a vapbe outiel/22 gn apper iepdycarf 1¢éa @l 3 diquidopreiduct outlet 24

CHOHEY S, A5 178 Sone' S5 AAster 2o, SR f veraty
o§phRHAtd md%Ofth&tX%l/i@e ORI CMmahicatibA Between the internal
el ongati on of shell "16 can extend w thin about

0,
ayumer sf header ddgarédhefgredptofcigiactarnsegraestishddicaspled to the

S FIG 1, header 12 has a maxi num
|%b§r°ﬁ£1%taﬁgf32t (H that is greater than its maxi num
i nterngl thveé Mbédﬁneritnuosteatedbmdmnn dhelldes df2hdaderat12 is a

hei ght-to-wdth (HW rati omtherange of from about
osubstantidlyutvertical, | substantially, eyingdsisat "Ripes | 1pr an jalternative

Pl B cc el T Very Sy RE P i o

ovarisly tef mséwctlomhcwiigubtionbe{erga,nm:tahgtﬁlaqnsqtmet or oval).

1_to about 20 feet, about out 10 feet
sFydher, #‘ﬁ" "r‘?e”%‘ﬁ%é‘&ﬁt E@W? q IPPU§P$361Y€H"@|H OﬁP@fat'P” t'ﬁ%’ example,
f r
h%ucﬂerﬂfal g‘iﬁgépéloﬁgﬁg@rgw shéil '16 c%'n Sabhy \Aﬁﬁ’!‘l’rphﬁggfe 9%,fabout 15,

exten ener a utwardly froma comon si
haaﬂeilegnéﬁs dheerticalup of reactor segments 14 includes a
reactor .se

Feact o 18 BEMRSGTERT s Frted Bt e Pepdar HBes 2 maximum

Siﬁﬂéfﬁﬁt héght (RNthat i$ QreatEPHart rt§)‘r$éi(|rh@|ﬁﬂrﬂérn-°a¢wmt (W). In one
8c. Each'reactor segnent 26 and 28a, b,c presents a

pembpdune@tn@eadapnadwama fheight-toovidtm(H:3V) tatiosintthe range of from

PRI 1€ Aol LR anBUb A" RIS RIS AERT oo 461, m ome

ng@botifteent, + & inethe eestf frémcatdut @Jtd Qbo@tﬁ@@d’éeﬂ BBout 10 to
pr oxi mal end t her eof . rayl ess reactor segnent

g@b@«taﬁ feetonpe? é@s‘ioafeﬁﬁrarzcbw # inthe| rgpgataddrany @moat 1 to about
ét éﬁ ﬁ‘ﬂﬁe’t&‘ab8qg16?é’et3§53¥8%uﬂe%{ menber 34 is

coup ed ader roxirmal end of trayl ess

react omn &mgmbbdﬂﬁenw\lﬂub&amddmclélp} Sﬁ the grouplafdehotor segments
t ubul ar nmber 34 near the gi st al aﬁ of trayl ess .
r Hhds direcliyrainied 4o and ertends ggRerallyiquiwardly fropa a common side

COURLEILO1 AN HXGFIUD BPAEALY sbgPhtd'§41REILABL Y trayless reactor
segment 26, an uppermost trayed reactor segment 28a, an intermediate
trayed reactor segment 28b, and a lowermost trayed reactor segment 28c.
Each reactor segment 26 and 28a,b,c presents a proximal end coupled in fluid
communication with header 12 and a distal end spaced from header 12.

Trayless reactor segment 26 defines a feed inlet 30 near the distal end
thereof and an outlet 32 near the proximal end thereof. Trayless reactor
segment 26 generally comprises a horizontally elongated tubular member 34
and an end cap 36. Tubular member 34 is coupled to header 12 near the
proximal end of trayless reactor segment 26, while end cap 36 is coupled to

tubular member 34 near the distal end of trayless reactor segment 26. A weir

5



tubul ar nenber 34 near outlet 32 (as shown in FIG 1)
and/or nmultiple spaced-apart weirs (not shown) can be

wo cwavem3al ong the | ength of tubular nmenber 34PCEEHS1908/008336
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trayed reactor segnent 28a, b,c defines a respective
reaction nmediuminlet 40a, b,c and a respective

reacti on nmediumoutlet 42a, b,c. Inlets 40a, b,c and

outlets 42a, b,c are |located near the proximl end of

r 88 cea, ep@mﬁys begapuplec tmrahdaextend tipwaddly from the bottom of

c n| catl \gg‘tt gletalg: te&gg}g vo gmaeeﬁfe'lgﬁéad r 15/or multiple

C@;‘%’éécﬁﬁﬁaﬂ \h@rrs 2A61 ahbwongléam\gaéeldcéﬂéaumh n‘!h'éblé"ngth of tubular
44a,b,c, an end cap 4 , and a tray 438a, b,c

Toember 3bmbers 44a, b, ¢ are each directly coupled to

gggder E%%hEﬁ%veé‘ggag@gxé%eﬁf%s%&é ﬁégiq%g ge c?ve reaction

nﬁ’fédﬁ!rﬁ idiée 408 tﬁcmratrbep@btﬁlba‘leaeﬁoh Qﬁedlﬂmb@tﬂet 42a b,c. Inlets
arrents 28a, b, c Trays 48a, c are di sposed Wi thin

49353 iare oubigisat2atib e rat 6 eakrifec Riimak|endy of reactor
f?g@ﬁwggg %%Ba lbeé‘%gré}g iU Q:.rorﬁFﬁ eﬁ%ﬁoﬁ Aith g'\({lntgﬁfé? volume of

prese pr ox1 e coup
r hepdert i12e fHaok diayedt r-:eact&a Ssegmentd28a, d;cstg&lnemiby comprises a

Sl Sk b i 055 i A e
Irrﬁ%?t4 Rt ‘?ﬁ@%igr Abels 42h:b 0%ard ¥ 5\ SGM:%&@ éOlg'fle& R8 header

engt the reactor segnent
t GBunear thewbtwurrmdendbofdeactdn segmhenth 28ach,ce dprmdt cape 46a,b,c are
C|sree|v Eac 48a, b,c .divides
t hapIRH 30 f0plids REBErS fda e dikat e SistaL ery of JedhBR segments
288a b.c i nto an upper chanber 50a, b,c and a | ower
chanber 52a,b,c. In the enbodinment illustrated in FIG
1, eacﬂfraysa%a,@ac; arg dlsmogednméhla rga:be@tmet tubular members 44a,b,c

<be ERE R piobl SABRNePlgl BB Pt 8y o Bhon wray

PA8N bCke peateints lae;nbwnélaér&e conprd t@rwl résw@twé AP Eaiverter 18a,b,c
50a, b,c and 52a, b,c, the upwardly facing flow

sard & dligal endnlocated near thecdistah and Qﬁa@e@tor regments 28a,b,c.

t 889ﬁ"i%{y°£8£’§té 2k chfav “Q‘i‘é@;cge g?i’srét i §u€@f B2 apout 0.75L,

VEerti cal’ di stance from

abDOlQLO whigre dbislthe Gn&EDrrthn ddrgth db tﬁ@reantoﬂsé@nbnt 288DB,c and/or
vvh e D is the maxi mum_,vertical dinension of the

lafrmeRIRsE A4aduC Within Whish FheurasprolivR trak 4ach cis received.

t Fay  Each tray 48a,b,c divides the internal volume of the respective reactor
segment 28a,b,c into an upper chamber 50a,b,c and a lower chamber
52a,b,c. In the embodiment illustrated in FIG. 1, each tray 48a,b,c presents a
substantially horizontal, substantially planar, upwardly facing flow surface
across which liquids can flow. In order to provide sufficiently large upper and
lower chambers 50a,b,c and 52a,b,c, the upwardly facing flow surface of each
tray 48a,b,c can be spaced from the top and/or bottom of tubular members
44a.b,c by a vertical distance in the range of from about 0.1D to about 0.9D,
about 0.2D to about 0.8D, or 0.4D to 0.6D, where D is the maximum vertical
dimension of the tubular member 44a,b,c within which the respective tray

48.,a,b,c is received.



48,a ,b,c is received. The distal end of each tray 48a,
b,c is spaced fromend caps 46a, b,c so that a fl ow

w@ameaeeany 54a, b,c is defined by the gap bet MEBENS1008008336
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di stal end of each tray 48a, b,c and end caps 46a,

b,c. The distal end of each tray 48a, b,c can,

optionally, be equipped wth an upwardly extending

weir 56a, b,c. Each trayed reactor segment 28a, b,c

can, opbesistal gnd iof eaghitigyetBabichissspased faBa emdecaps 46a,b,c so

I t ' I the  bott f .
cE ol DR dasihs S c R Tt ] BB 505 eBRASTIRL psta enc
esbedchedy i489alscr ah@erd dap& 48a,btdibultee digtEPeng 8f each tray
and 44a, c,b of each reactor segnent 26 and 28a, b,c

af8a.bubearrentianally hee iegvinrad withan upwardly aytendgg weircs6a,b,c.

6B HaybaHepBlor ket BB Helibnd. HCBhdpped yitn 2 weir
cH8abad doupld tonande ewnding fupwardly feom! thearbottom of tubular

alternative enbodi nent, tubular nenbers 34 and 44a,c, b
om%fsﬂé@&vér"%wﬁfs 4228 28a, b,c can have a

vari et C i J4, NG|

squar e She EAPRORICAL ISfAPER Fo T, MBGEA"Richers 34 and
c44a gl of eagh ré8atorlsegmertd2® @ndna8a,bec pes fsabstantially horizontal

hori zontal orientation. For ex le, the cenptral. axis .
DIPEPor i | RV ASR bR ATemSHESraElY - HA.4 §ubstaptially, horizontal,
e i [ b K ; r P
ror el MHaRGer et Rl Bnd eIt I to the inside
swplierdf dbiei pipeubin an atetrative 4empodintents itubular veembers 34 and

of , Suppoyt chani sms_such as, faqr _exanpl wel ding,to
5% 33 ey £oaf0f SBament 2Bid Seaid Bnchaud gty S oross-
| e8istiomal eskiped feyn tlRetYuIAM squarebubprovETbeRurt’?, tubular
b,c, or suspension fromthe top of tubular nembers

axemhers. 34 nandedéaicddi anchttrays dabicedeed FpiGhave a perfectly

COB iR BACA BT o Bl TRe 2B o B oo of ubuir
| iegibers 134 Ah@tdiasc, Brext €xtehbianithih sabdut 30U abbt 86Naf 5 degrees
di aneter (D). In one enbodinent, each reactor segnent

2ef herizopdal; ' Ip, additien.draysad fabub GRAbensuRRATteshinabulRraMembers
of %2 PR ng Yo iebty BRI lppehahisif el 5. 1 SBHfe. welding

21 Both sideBalls bbtubilar mebers d4arthodsuppurt lelgsi extendingdrom the

range of from about 10 tgo about 200 feet, about 20 to
abetiemaehtubidar mambers; 448p.¢.cef SugRaN#PN frem theetop of tubular

I Nedkberk 4@11'3%_about 1 to about

In the embodiment illustrated in FIG. 1, each reactor segment 26 and
28a,b,c and/or each tubular member 34 and 44a,b,c has a maximum internal
length (L) that is greater than its maximum internal diameter (D). In one
embodiment, each reactor segment 26 and 28a,b,c and/or each tubular
member 34 and 44a,b,c has a length-to-diameter (L:D) ratio in the range of
from about 2:1 to about 50:1, about 5:1 to about 20:1, or 8:1 to 15:1. In one
embodiment, L is in the range of from about 10 to about 200 feet, about 20 to
about 100 feet, or 30 to 50 feet, and D is in the range of from about 1 to about
20 feet, about 2 to about 10 feet, or 3 to 5 feet. In one embodiment, the ratio

of the diameter (D) of one or more of reactor segments 26 and 28a,b,c to the

7



20 feet, about 2 to about 10 feet, or 3 to 5 feet. In
one enbodinent, the ratio of the dianmeter (D) of one

wW@er00a00®30f reactor segnents 26 and 28a, b, ¢ t oPCT/US2008/008336
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t hemaxi muminternal width of header (W is in the

range of fromabout 0.1 : 1 to about 2:1 , about

0.25:1 to about 1: 1, or 0.4:1to 0.9:1 . In the

enbodi ment illustrated in FIG 1, each trayed reactor
swummmatwm of bead;eraéw) a Inythedeangecef from about 0.1:1 to

ng gat | ?EUE) d E%jnt b ﬁgbfgﬂgfﬁs T C%?eré'ﬂteodlment

dilag®aridSin RIG! Prestitf fré?é@ﬁe@étbﬁ%b@iﬁé?ﬁ&%‘ﬁ‘ct% a substantially -
enbodi nent illustrated in FIG 1, reactor 10 conprises

oldentieal capliguratiant orins agmelernagivenembiadisent, ageactor segments

(3858 SR R rkHE, S, RS ARBE iterem

canematiops.i m zed to nmatch the application for which

reactor 10 i s enpl oyed. For exan‘Eﬁl reactor. 10 coul d
enpl oy Iy %/embaygaenb@estéategégr% s1 (rea@tor 1Qccomprises one non-

ﬁQyé& aﬁé%@t&reégpaye eﬁgeﬁfné)thréé‘ FrH lﬁ%gfgdeg}éﬁ@ég%‘ 28a,b,c.

er nost react or segmsn
fbled/elvar eit steanld thee notedidhat the auotber aadaa‘qﬂflguratim of reactor

L EOTRBtS 8%{@@ PRz o Gtk SR APRIRaIR fOCWBIRD Eeactor 10 is
t@ﬁ‘% Puéﬂarﬁgﬂeoyea@ﬂ& N -douftY &b ﬁﬁl‘: oyugtﬁayed reactor

seg and our tr d reactor segnents.
F$£gments (i lestmames-tfagmﬂ fedictar éﬂgnasnﬂshl hgsUdmatmhfigmration the
an alternative e

o Rost tavell Rl sodtnt GpilE G5 Bufeeh ik BEAT the header.
NReanothek eﬁﬁ’ﬁh@)@ tﬁé Q@bctbh %odldsérﬁklo?r%é)ﬁoﬁ‘-‘?&ybﬂadéﬁetor segment

react or segnent . GS. la-c illustrate an
a@nertwe trayed er@@ctcm segmenta;n Ipysnetines example, the reactor could

- EhaRel BB8 iragRe Mol FediBeft 8o iy {ebBeCieaior seaments.
t ARhFIGWFOE. Flifustidiegtded feB0 a¢l Isdingfloddted iA®ndSE4l® 36, in an
feed introduction system 90 includes an _inlet ope

oalterapiive empodiment; the feed inlot san ey defineddn tha side of tubular
'H'nte%tS?]J %eﬁgald' Bt | ?%%‘8& ﬁémexﬁw%nﬁisg% gﬂponeﬁt ﬁ’%%ed reactor

A di arge opening
dsegmehtm@r 94. In the enbodinent illustrated in FIGS,

la-c, feed distributor 94 is a substantially
cyli ndFIle TaohdiHstrate .an jalternative feeq Wétf%qh&‘éml pygem 90 that

ofpBEeS BT Racks Rigd Jnfiudhh o JcTof Hteet SbaneRft 2. As

perhaps best illustrated in the top view of FIG 1b and the end view of FIG. 1c,
side feed introduction system 90 includes an inlet opening 92 defined in the
side of reactor segment 26, an internal feed distributor 94 extending into
reactor segment 26, and a discharge opening 96 defined by feed distributor
94. In the embodiment illustrated in FIGS. 1a-c, feed distributor 94 is a
substantially cylindrical conduit that is fixed to the sidewall of reactor segment
26 at inlet opening 92. The distal end of feed distributor 94 defines discharge
opening 96 at a location spaced from the side walls and the end of reactor
segment 26. As shown in FIGS. 1b and 1c, discharge opening 96 can be
formed by cutting the distal end of feed distributor 94 at a skewed angle so

8



opening 96 at a | ocation spaced fromthe side walls
and the end of reactor segnent 26. As shown in FIGS.

wdakooasmeboic, di scharge openi ng 96 can be f or medPEUS2008/008336
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cutting the distal end of feed distributor 94 at a

skewed angl e sot hat di scharge opening 96 faces at

| east partially towards the cl osed end of reactor

segnent 26. The |l ocation and orientation of discharge
othetidigchesge apening éésf@ce'sopui ldast padiadly itowardsi theeicipsed end of

:redu e or el lﬂ‘?gat Tha %gﬁf%gafﬁﬁgﬁﬁﬂﬁ% Oﬂﬁ&edlfCH?We opening 96

OB cﬁctrease a|qhﬂ£@|rcw&ln@h aad el iréddcd be &iminatecktagnant zones
liquid form is introduced into reactor 10 via fee

i pean theenst oheactarsegmertadf.or segnent 26. In

non-trg ﬁ??%hg ﬁé%b fqﬁ%nH 20 égreatlo ed, ffé)édmvﬁn cgn be in a

reactio at ~f1 ows nerary hord zOnt4

opreidoenihatelypigaid form)l igrinteatnesd JAtof reantémodvuatf@bdembt 30 of
of non-trayed reactor ment 26 to the proxinmal

oﬁOW@Yﬁﬁdﬁf@thfmms%éms!ﬂt”%tra)é%d rr@%%tpr @ﬁgmﬁn@ﬁ the feed
G%FHS eééé@@?&%ﬁﬂ{?ﬁkesﬁ?ﬁ?qlo% %rﬂar 6"%ﬁ¥,e°3‘. the bottom of

em ca ace eac I on
6fubukarviapaibes 234 fronb¢hé m‘isrtad end ofomen-trayed reaatdrasegment 26 to

segnment . 26, Vapqr 62 can, conprise a byprodyct of the
RBPrOXIMALSRY |0 NAY &S TEREtoT Sepmert ab. s BgeAtion medium 60
aﬂ@%@&hl%%ﬁlrﬂiri *rﬁ%s(t@'i'gé’%i%%e lfneh stﬁ%ﬁehﬂcéler%%ﬁén takes place

segnent orti vapor
dwitbingeegetion rmoediany 601 oAqumﬁeﬁbbaly bzwfarmeeiamt noemtrayed reactor
on_nedi um. 60 fl ows .t

di h . .
ERATPh 26" T YaBP0 B2 BafaBie ADERIBALFLAT T shemigal reaction

| Gardied QUDIAdEARMNr Hgrh&6t P6 FRINGr & VoRitle @BmpdHent of the feed to
chem cal reaction carried out in reactor 10 causes

f eactorgsegmesh2bi ofit least inpedion akvapyr B2 d8 disengaged from and

oS BB i RPN Baeactbh MRl gghs througn

phés-graygdirbactor @eghedit zlaoth foam portion 64 and
predom nately liquid portion 66. In fact, the presence

of foafsciapictednlfilG. dniruene eabedimentialithe Airesent invention, the
g@é}f-nicgf's g@ﬁgﬁcbﬁn@ﬂ B ?Slﬁ ?g%&sur &Jb@esa?@aramg of reaction

Itated by iNcrease ace area an
reedagd G0, ehersty. pr'Hdu&mg a foam poltioth 6% rdndoé priedominately liquid

present jnvention, > i nternal | une and gpen fl ow
aP‘é’&'OBf 66 1ot r?eaféqrbm%cﬁg 583 ﬁ'r‘% CBGPT"F% f@l@PF'?”I%”gI@k@omace in
Lpat |IC{L{]§ éﬁ’ﬁélﬂ"ﬂﬁ r&%n Bk W@Jﬂﬂg {eW ligid d portion 66. In fact

perm I'n applications e anount
f thenipngserweuroft foavagbanit actuallpserhencal certain chemical reactions,

especially those reactions that are facilitated by increased liquid surface area
and reduced pressure. Thus, in one embodiment of the present invention, the
internal volume and open flow area of the reactor segments are sufficiently
large so that the maximum amount of foam formation is permitted. In
applications where large amounts of foaming occur throughout a substantial
portion of the reactor, it may be desired to have two or more initial non-trayed
reactor segments and fewer trayed reactor segments in order to provide
sufficient space within the reactor segments for maximum foam formation.

Alternatively, larger trayed reactor segments can be employed to provide the

9



portion of the reactor, it may be desired to have two
or nore initial non-trayed reactor segnents and fewer

W@ e@ymoboseact or segnents in order to provide seET/U810881008336
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space within the reactor segnents for maxi mum foam
formation. Alternatively, |larger trayed reactor

segnents can be enpl oyed to provide thenecessary

vol une and open flow area to pronote foam formation.
Apecessaryrveluthe mnd apenlflawd area ttee promotet foamf fenmation.  As

oVBSY BERLIVEIGS (712, M Aoy R SLAGRR ol by i dbrion may

ngetigaselas the Readtidht pragréfae!t tFosdto tRN tedBldr. CPRNS] 8 reaction
nore than 50, 75, or 90 vol unme percent gas, while the

r BXRstyBO0nin thenrétiali reacies sagmentay comprisseare thgn 50, 75, or
C r 10,..0r - e
CEFQRRg SRRt i g reBotoh HEGRF ERLn, RE nal reactor
neegineny by f@npﬂse mngah 226,101 easmmnnegxgrcmt@hs. |

passes out o non,—tray reactor egnent via outl et

32. | f Rederringgagaine i) ol$ , @@getffqyﬂnae@ﬁrwfemqn-saxed reactor

OUgEiEhP 260RoBbtior gy 56 adess oflfPHE)edREL I Segment

i n,~and er weir as It exits non-
r 28otiarowtle 32nt If 26einid8 isnerapbyele réadtimnnaedioh B flolvs over the

B3P . 0N e osseghanious SrenBsis oMaRaIdey weir 38 as it
hgki@s headpdyetPreatttUedident Z8Vand RMEG thel iRiPnBRASIGMe of header

I n header 12, vapor 62 from non-trayed reactor
sédgmén rezgtioarmediuo ADipassesiaut of mentegyed reastorcsagment 26 and
tayed, react or segnent.s a, _b,.c he resultin
DR HeRaBly B REREr fdauaporiaz JPis iiitarely e heager 12. In
Upeadéxi i NEpBp BRI Rorddnsedehel et egtRent’ 28ddrPBe combined
medi um 60 fl ows downwardly in header 12 and is

dwitbcthedvagor pwsuged dnt lsayeB seacior segments 28a,b,c.  The resulting

CBAFLRSL b3 A 2502 97308 Al chel 25T R guitng non-
gﬁa?éalréactb@rsiegmrﬂlw, reactios médiunpBafibws tdeengardly in header
surface of tray 48a and towards the distal end of

r dd@ngkissh by flaw divedes ¢8a d@ inlatARa of HeRRIMest trayed reactor
ng%@gbﬁggés subj ected to chemical reaction in reactor
n a,

seg and the chem cal reaction can cause the

f or mat inuppermosttrayet ypaotincsegmeiito284, oactisnrmediunoré0 flows
medi um 60, fl. ows across tray 48a.

X n.a vapor is
oBORIELY BOriARILEDY ot AN a STAGF PEdray 48a and
t Hﬁu%r%@ghe fistal ERY of ?‘?é’&B?Eegﬁm@m 982> Ws ARIEIEEES WboTB! reaction
to the direction of oW 0 eaction nmedium 60 In
upmeslium 60 is subjected to chemical reaction in reactor segment 28a, and the
chemical reaction can cause the formation of a vapor byproduct and/or foam
as reaction medium 60 flows across tray 48a. When a vapor is produced by
reaction medium 60 flowing on tray 48a, the vapor can flow in upper chamber
50a countercurrent to the direction of flow of reaction medium 60 in upper
chamber 50a. The vapor can exit upper chamber 50a out through inlet 40a as
reaction medium 60 enters upper chamber 50a through inlet 40a.
When reaction medium 60 reaches the terminal end of tray 48a, it falls
downwardly through flow passageway 54a and onto the bottom of tubular

member 44a. When the terminal end of tray 48a is equipped with weir 56a,

10



chanber 50a. The vapor can exit upper chanber 50a out
through inlet 40a as reaction nedium 60 enters upper

W@ b@aoe03b0a t hrough inlet 40a. When reacti on PEHUSRZOES336
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reaches the termnal end of tray 48a, it falls

downwar dly through fl ow passageway 54a and onto the
bottom of tubul ar nenber 44a. When the term nal end of

tray 48a is equi pped with weir 56a,reaction nmedi um 60

f teactioovmediue 60 flavs aveouhe tdpe ofdgesural the ledgeghof, through
openi.ngs .i.n d/ or, under I r 56a prior. tqQ enterin

£ PRRPIAGR dng BN s El S, PrBtiTe REsTing diow PaRadgsway 54a.
tReab@in eredilint Bouhah IBESh théabbitem eheiblilt Mensiidt 44a from
of reactor segnent 28a to the proximal end of reactor
sthgndiatal 284. of\igastarsagment 28aiiuithespraximahend wfigeactor segment

28 NhoBiation TRALEh sEaRHbe HEpeotimalishd S5 7agHEH seqment
a28AN0EXHS rédcier ségment RedRIia obdebara and, entbfs Meadér 12. When
flows generally over reaction nedium 60 and exits

| BWAPOE HarRfeAuSed, in| lewgr whemberae2a.othensapemflews\generally over
o}g'%c%n %é”’diuwgﬁ MR ExiROBwet cﬁ%‘é%oé?%jzagélo?lpt\bﬂ ré&ion medium
at least a portron of reaction nedium OWS over
te(e/via)putb%t, 42¢.0Wdhen eic88a 3s ggoviggd @g@lmtlepégaggﬂeiagt a portion
and/ or under weir_58a. Wirs ,b,c, an a, ,.C
c‘éan?é’t'QﬁpWéﬂniqp ?'824’& BYerlﬁ‘_ec B’Hwé’%pa'i%‘inﬁt thenedges of, through
depiriRgs HERIHY/6! yAdaahepBeaRdi UM 60 1N T eact or

segnen 6 and a,b,c. I'n one enbodi nent of the
pr esenWWeirsv38t 56a,b,¢, rendrafa jencaapie eofployst in oeactor 10 to help

R Rl R S A28 O ART kot 20 an

t 984 bQ. 23R onth & olirh&nt betheepre8EM MERtiGR! thdi rRBRFAGH depth of
of the respective reactor segnent 26 and 28 a,b,c. As

r eeactipn nmediina b @ 0n acke seagior segosdrfbandt 28adxc is less than
react.o grent .28a and .flo downwardl v i ader 12 .

[ RRSYOR AT I, 547, ABRULOAS, BRE e bkt aiarg D is the
upairfilin vettieahemeiensidd. ofl fife vedssctrsl tddttor S¥§ment 26 and 28
chanber 52a of reactor segment 28a can pass through a

vapet gap 20a defined by flow diverter 18b or between

[l ow dherdplitn! Hedlth 60 pdSelP i) 00 oPRAYEst ed reactor

vapor produced In rea egent a Cca

| sedraedeR28a2and t flows edovaneardly onlutetiarn120the vapef produced in
react or segnent 26 and . trayed reactor segnments 28b, c. .
Thaved eaatoiseemrpt 48a flows upwardly into header 12. The vapor exiting

lower chamber 52a of reactor segment 28a can pass through a vapor gap 20a
defined by flow diverter 18b or between flow diverters 18a and 18b. As

mentioned above, the vapor produced in reactor segment 28a can be

combined in header 12 with the vapor produced in non-trayed reactor
segment 26 and trayed reactor segments 28b,c. The resulting combined
vapor exits header 12 via vapor outlet 22. Upon exiting trayed reactor
segment 28a, reaction medium 60 flows downwardly in header 12 and is
directed by flow diverter 18b to inlet 40b of intermediate trayed reactor
segment 28b.

The flow of reaction medium 60 through the intermediate and

lowermost trayed reactors segments 28b and 28c can proceed substantially

11



vapor exits header 12 via vapor outlet 22. Upon
exiting trayed reactor segnent 28a, reaction nedi um 60

w0 b@soawnwar dly in header 12 and is direct edP@lyU$1008008336
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diverter 18b to inlet 40b of internediate trayed

react or segnent 28b. The flow of reaction nedi um 60

through the internedi ate and | owernost trayed reactors
segnents 28b and 28c can proceed substantiallythe sane
amedmeiaﬁedamhe above MéfrerefawcedOffIQWVthmughngpermost trayed

ernpst _tra ct or_segnent In.s r

BT Re ot 2h B R iraB B - ashin mefish B plageeds through
Sﬁgy@@t@a%&ﬁ sBgfents 284 BWS as( FlIdvACtd)ORed&tn! Thédium 60 is
is directed from header 12 to trayed reactor segnents

2disecteddray haasier did, ta trayed 18acter segents 28at,e by flow diverters

PR A8 FRhon b, BEAHELs, FERRERLAeh Seghit Rp b via
amsmoam he@c)ereakiloﬁnmbdwﬁ g@Bdows, gendrdly »aemyt from header 12

medi um 60 falls downwardly qQver a term nal end of
t PRyiEaYE48al, ¢ hdeartion tthedivs t Bfh fafls domnwardlyepyer @ terminal

4 reac I TE?%@é

héﬁ%eﬁ qay%ﬁ)atahtgebéorﬁom Oﬂh?”%&@orﬁ er S , ,@ 44apc; (e)
(aéaokt;eacmedrumtﬁﬂ flowsOback H&Nardag\ed?eleaetm tbegmtmm of tubular
28a Cc Vi S 42 an ction nedi um
SOambes ARamer () oo asdian B9 BXES deaMed sossiop segments
pQQS%Sé'v@ouw% ﬂ?égéoﬁnﬁg F@Qcﬁen%bﬂidﬂg dOOYéffI%”@&\R/nwardly in
trayed reactor segnent 28 l ows 1 nto header 12 and

cbheadern £2 tmthehl&e)kidevdmftmecessﬂng This final reaction

or edon RavERstion Fdiiny 60 eRmer EReragsiialedieactsr spament 280

2f’row§| iffP HGBdé‘IOHZ' éﬂldl%bﬂéét%dm' theFb&itorh: ther@bfMIFARNFinal reaction
pl at es can enpl oye header 12 near one or nore

oma@mﬁ%@twmd@m fnom hea@@mz sa@ piedosynetely bariderroduct via
3R i ray. ctor segnment outlets 42a, b,c. Such
ﬁ%‘f'ﬁg’iﬂéﬁ& °§ﬁ'§ 2% can be located in the vapor flow

pat hs agthbtigh not dlistratsd FAFIGH i impitferheavplates/éa®be employed
hits, collects on, and falls dovvnvvardly of f of the

i ipherdarsl? neaneRe orm@@ deyaporavilet 82t RaR-tayed reaptar segment
52, PS5y YA 85 SRR, S IFSEL0 S fonoomens
r platéo cah Ak iccatéd untthetmboasﬂogepatrw by thatrfiquidi evstrained in the
Tiading, varetr B oliecivn. cud IS daaserbuatiopr the mpingement
plates. This helps ensure that only vapor exits vapor outlet 22 of header 12.
Referring now to FIG. 2, a second embodiment of a multi-level tubular
reactor 100 is illustrated as generally comprising a header 102, a first set of
trayed reactor segments 104a,b,c,d, and a second set of trayed reactor
segments 106a,b,c,d. In the configuration illustrated in FIG. 2, first and
second sets of reactor segments 104a,b,c,d and 106a,b,c,d extend outwardly
from generally opposite sides of header 102. However, in an alternative
embodiment, the sets of reactor segments can extend from different sides of
header 102 that are not necessarily opposite. For example, the two sets of
reactor segments could extend outwardly from the header at a 45°, 60°, 75°,
90°, 105°, 130°, 145° or 160° angle relative to one another. In another

12



segnents 106a, b,c,d. In the configuration illustrated
in FIG 2, first and second sets of reactor segnents

wQaoba/0imodg d and 106a, b, c, d extend outwardly frBemr/US2008/008336
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general |y opposite sides of header 102. However, in an
alternative enbodi nent, the sets of reactor segnents

can extend fromdifferent sides of header 102 that are

not necessarily opposite. For exanple, the two sets of

r examnple, s egasiot s100ulcdubskt emglayut thaeell pefsr oofl triactor segments

header _at a 45 60, 75 90, 105 0 o Or 160 . ..

i anteapnyfesnarasharawn headsr Jb2nat faPe Al felative to one
r gasther. 100 coul d enpl oy three sets of reactor

segnents circunferentially spaced around header 102 at

120 anBetesringl againetor §1Gne, diradeasr 10R«definesng fegdi imleto108 for

+senfng, 5 TBBH MR eI R0 b B BRinb i ol g product outet
| 1 90ifer diecharghgra pregdbmindtetliglid pfedudl] asdvarghingf dapor outlets

predom nately |iquid product, and a pair of vapor
ot 2apsfor1disChanifig @ Yemer.gi higagdey 8% generallyr comprises a flow
g I COFDL;I ' , fir t
oFPRER.] Y A RS S oB by MvaRels 13baki ol d sBbpfd set of flow
ddivertees $184,8a. bFitst &md stcamdl setscofindagtdrsegimernstacltOda,b,c,d and

ts 104a, b, c,d d 106a, h, c, d have .
STHRR R 250 RS Sstaily i iSegme coiouratio s the trayed
f%‘c‘t&f s§ﬁ%‘i§ Sdé%%ﬁﬁébbsgo@é’qyﬁw WekdrehBESILHI®. I Thus, the
FI 1. us, ntig d

the specific co uration an
ospecifi¢ ccalfigdeatamin andf opergteaahal edethds ofe grayetsreactor segments

1 ,c,d 06a, b,c,d wll t -d i bed. |
ond#a B Sndothars byt Gathe i 385eed W on can be |
in a predsarafés) Sehb@it d0borEteived hedsed NMHicHO8an be in a

Flow splitter 114 splits the feed into two _
spiesionminately liquid farmpuia feedsinleat| 198. splow splitter1 14 pplits the feed

di { f. th ' t he_i.nt [, t

S e BBty BBBLPORRR e fr O Gor el 1% thh el one of the
PPoittioR8 thahé hstermalaraabf UppErAbstUMBE Feamsbr S€§MBAt 104a, and the
react or segnent 106a.” Once the split feed portions

epther pomiéon taihelintemal daysefgurprrelost segond reagter tsegment 106a.
t - s j pall
 GBUEHE o BEMRRIS R FEIEHRY LG ARENR, b through
HHhe trdyedvddttérsegmeantsi can prdieedif glubstantiallp thé sameannner as
that includes an outward poréi on (i.e., flowaway from
{ fesaTlbedeAbQye Witk TERReRtTar FiGaj) With theuaaaken pidiym following a
(f1emf- I ; I t h
(1o A EBEL U, Bl . Ak oy B fgacer or
t the ink=rdal tray), a downward portion (i.e., flow from the tray to the bottom of
the tubular member), and an inward portion (i.e., flow back toward the header
on the bottom of the tubular member). After flowing through each reactor
segment, the reaction medium is then directed through the header by the flow
diverters to the next lower reactor segment. Referring again to FIG. 2, when
the reaction medium exits lowermost reactor segments 104d and 106d, the
two portions of the reaction medium combine to form the predominately liquid
product, which is withdrawn from header 102 via liquid product outlet 110.
Muilti-level tubular reactors configured in accordance with certain

embodiments of the present invention require little or no mechanical agitation

13



on the bottom of the tubular nenber). After flow ng
t hrough each reactor segnent, the reaction nmediumis

W@ b@g/ogkiosect ed t hrough the header by the fl ow BPECT/E81088/608336
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to the next |lower reactor segnent. Referring again to

FIG 2, when the reaction nediumexits | owernost

reactor segnents 104d and 106d, the two portions of

the reaction nedium conbine to formthe predom nately

| ofgthed reactibuc mediline pracessed hithesein. f Athotghidbe e@2tion anedium

bibteset d8 e Rillthve JibuPt dhectcliTay (3F dofiewhat agitated by
ekROei STEBhRMING, ﬂéwin?rtﬁ&ﬂmh iﬁé/?égdt@rnség%ﬁégfsﬁ dnidt falllgCfrom one

no mechani cal " agi tafi onof” t he reaction nmedi um o
pieactars segmentefa. angthroudivist feamisgceigitatierdiflaw agitation, and

CORURLG ol AitatBa B i Bt difion” i Bl Aifoctiment of the
t priegeah invehtiohadésy tisao bous 508perdenlt,| leke thaanalbe@ 25 percent,
reactor segnent to another, this foam ng agitation,

flesstgn ahpubh0 pereenyr lessithan abgut Apereeto AT Oarsent of the total
. iC i . .N_0 i t . .

PSRARCS WREER e OB SR T L iR Hoactor s

2provitietk by, meesanitahagitdtiot. Thusereactbrs kceafigtiteanin accordance

about 5 percent, or 0O percent of the total agitation,

opith H%?Waé%cﬁmgﬂd'mfdltﬁrﬁ pheceesent inventien¢an opegte without any

tThH*é%Qﬁic%\P %b&’r‘i%' &ﬁ*;\ﬁ&@é’.' deghiYisngs hai'i‘é&alcoﬁﬁ‘aEf"ttboBonventional
hus, reactors Tonfigured in accordance wth certain

ecdrittiuoeist stircgd tdrk prasmtenst (CIVRs)Y whichcempbpe metahanical agitation

Wi t hOltlt apy.nmechani cal m xing devices. This is in

drimes eésméf"}&' to conventional continuous stirred

tank rRactigiRalddSTRBOvaN FIURIBVEPY tURAGANIEAdtors configured in
agitation al nost exclusively. As indicated above,

natadrdaree withuembadimenist of hecpiesegtinyention eactofssas be used

ith e dj ts.of the present invention reactors ca
bl 1 4B0BRROEENSPI prife i Baphd FBdRent i ni 467l twoutar
erEe b EdHfiguredit biccbRiGRIcet WithItihé prés&ritdhvestidr Blé®ployed in a
in accordance with the present invention is enployed

i mel-phase polxsstep proddction facdiycapabler @fcpnqdluyinga@@)gpéa variety
. . of
o4, PEGRHE SR orBey 3 GhtraLBAS' SRR Bt ot phase

podlyestees thahaancbe poduceduiredctordancer withcembiodiments of the
enbodi nents of the ({j)e;esent i nvention include, but are

nRAESENhiin\aNtion, INgRidpe il e NPk leliReHE: folygtbyiene terephthalate
HETED) IS SRS Sy RROTRES, BL PRty aromatic
boro diggichdapstallipel yebtesters; shiolegrmdabtes epolyesters, such as those
comprising butanediol, terephthalic acid and adipic acid residues;
poly(cyclohexane-dimethylene terephthalate) homopolymer and copolymers;
and homopolymers and copolymers of 1,4-cyclohexane-dimethanol (CHDM)
and cyclohexane dicarboxylic acid or dimethyl cyclohexanedicarboxylate.
When a PET copolymer is produced, such copolymer can comprise at least
90, at least 91, at least 92, at least 93, at least 94, at least 95, at least 96, at
least 97, at least 98 mole percent of ethylene terephthalate repeat units and
upto 10, upto9,upto8,upto7,upto6, upto5, upto4, upto 3, orupto2

mole percent of added comonomer repeat units. Generally, the comonomer
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conpri sing butanediol, terephthalic acid and adi pic
aci d residues; poly(cycl ohexane-di net hyl ene
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honopol ymers and copol yners of

1, 4- cycl ohexane- di net hanol (CHDM and cycl ohexane

di carboxylic acid or dinethyl

cycl ohexanedi car boxyl ate. When a PET copol yner is

piepeat adits saorbe dpuvedriions anecynpore eomonbaess seected from the

|G Grbista oE3buRRgReid 26 aprtnafihecdiEioodvig Ao, cHom
p&h@ arith@engigydatne terephthal ate repeat units and up
to 10, up to 9, up to 8, upto 7, upto 6, up to 5,

up to ln generab 3, pelyesiet preduplien priasess arceisingl to certain
COIRBRRRLAECHE R PRLdchy FROREGH L IHpROMARTRLPRAes — an

S Ca e der rom one or

sedtenfiesticn Qtﬁgteiuncgammy@mmr&tatmg stége SD‘Dﬂ‘té‘lehﬁeftlﬂcation stage,
acid, 2,6- ntht hal i ne-di car boxyl ic acid, CHDM
d‘ihﬁt V%ﬂ@r@ %BQ map’qqer é’i"?dP Cénp‘éﬂf'QB%%%lat ﬂﬁaﬁlﬂﬂq glgohol and

pétOI%S§ oft& Hi 'é}gé é@t%HQbrbsqgﬁﬁ’éHtﬁﬁnﬂosth%f'eB Sroduce polyester
dhiee

resent |1 nveniion ca ise two nai
embeorrfers_aandior sﬂlggmeemd Im\ e ]oommdadeasatum staam thbnpolyester

AooPIATS AnipAlgre oo e EfteliGaton,eds eibusacisinto the
aﬁnélgﬂ)yes‘?&epﬁﬁlﬂx W@u%@h@%ﬁ%ﬂpr&g}%@f td P‘E"’Y‘ iABnbMers have

t her pro uce pO yester nononers an [or oli oners
| less Hbade yztmwdéer@hsonhgomges hale fparinyakoet 7nlnnabeufs 50 chain

nd/ oner mth es erifi [ O st e are
e, (arfeshenis vila BBaFelerom of AP T 5eBbe considered
hloRbmeM bp dli@%ﬁ% bﬁdPEEIynE@BOH’ﬁflé é?é‘éfér' e taﬂf{‘f‘ut350 chain
chain I engths, oligoners have from about 7 to about

clﬁagths efgdimer, Jonpsaeple, kG- hALEGHEAEG.ehas a chain tamgth of 2,
6 n dered nonomer or oligoner), and
o2, #hgh -

T than about 50 chain lengths. A
di mer , Therackk staplicy nﬁ@eﬁéf&ﬁpwea&\ theesterifitation| stagé @an be a

of 2, and a trimer 3, and_so on. The acid starting

iaiboRylie Asichueh thit e @aaldialyesier Priust SgEIRTISPSHaL Igast one
d
périlﬁgf%%ﬁé a%ucf‘?égdﬁé‘ﬂéeavgf‘ nowbe dgﬁcd%aboxyw?aﬁbﬁf 4 to about 15 or

uct “conpri ses I C acl

r fesddiéo Na\danbon atdrne. rExageples df rdicarbbxylic dcits saltable for use in
or from8 to. 12 carbo

éﬁi@apmﬁ.'evem%cgu. iDaCE. ms'%@eﬂgﬁllmﬁsgﬁoesterﬁphtha"c acid,
YRR | 2, TR Bicoporc ac
neysinhexamedicarboxylicar boidy| | cyclatiekanediacetic  acid, diphenyl-4,4'-
dicarboxylic acid, dipheny-3,4'-dicarboxylic acid, 2,2, -dimethyl-1,3-propandiol,
dicarboxylic acid, succinic acid, glutaric acid, adipic acid, azelaic acid, sebacic
acid, and mixtures thereof. In one embodiment, the acid starting material can
be a corresponding ester, such as dimethyl terephthalate instead of
terephthalic acid.

The alcohol starting material employed in the esterification stage can
be a diol such that the final polyester product can comprise at least one diol
residue, such as, for example, those originating from cycloaliphatic diols

having in the range of from about 3 to about 25 carbon atoms or 6 to 20
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cycl ohexanedi car boxylic acid, cycl ohexanedi acetic

acid, diphenyl-4,4 - dicarboxylic acid,
waelREhemp3B, 4' - di car boxylic acid, 2,2, -dinethylPQT/US2008/008336

, 3- propandi ol , dicarboxylic acid, succinic acid,

glutaric acid, adipic acid, azelaic acid, sebacic

acid, and m xtures thereof. In one enbodi nent, the

acid starting material can be a correspondi ng ester,

soarlboalsatmnmsat hfuitalde ecbhlShaaatlecluuciet outl ave mc&rlgpl’teduatb; ethylene

cGEp, ERL S EnschTdr, WaTlefel edh Loty digpethanol,

pp}dﬁéﬁ’kﬂ 3rdieduct bgrahecPARIibEE apentansll §ikoldi Olhexane-1,6-diol,

resi due, such as, for example, those originating from

cpeomtyplmql,c3dneﬁwlnmtarngdlph(2 1) 2-@?‘@By|@enfaftﬁﬂl<dt(dtﬁ) 2,2,4-

5 trfrﬁe@p lé'ht%rfes aéﬂ)gg?%l)]g %ﬁgﬁﬁé&% %z?&gﬂ’fy opropane-dlol-

e(hsj ene heksnediol-EGB), d| etmwlumrgkwhbxy)tweﬁém ene2 2-bis-(4-

ycol, 1,4-cycl ohexane-di net hanol o ane-1 , 3-
bUYféﬁQé(yqu ohexybr- Propﬁ’éﬁ‘ﬁ‘—anez $- d'QY‘é"Q%V‘ Sotetr qmemy&cyplobutane

gﬁﬁﬁgfﬂﬁt%‘tpen#ﬁﬁ‘ 8¥ép5§%ﬁ@%ﬂﬂ”%%¢é -&-n{dro%yethoxyphenyl)-propane,

t EJMBWLWDWmMypbbnyB)proﬁaee h;slolsertadledhydjro(qlnnone BDS-

1o+ B QL AR i) SREEAC ot
hydroxy,pyga@mgﬁ% ?heorﬁﬂﬁ r%afér?ﬁl@y%ﬁx%bﬁ'\pnse one or more

,1.S. S tetranet cycl o t ane,

2camonotreErs ar&mﬂghle opmarmersedamlinclude, for example, comonomers

2GR BB B S soptpate g, ametny

hbé@fz)ﬁﬂwlél@ne &la%thyl 2,6- naphthalenedlcarboxylate 2 6-naphthalene-
(sulfonylbls) . 1- phe nyl eneoxy ) bi s(et hanol ), and

15 rrdwacb@s'hcth ethyleagdi glyerl, dirthyeaet iglycakat &441- alohexane-

cBorBABPL Tk, cf oRiEnERRY TR felranititkBBivoct. trans-omco.

caimeélitic NGnhgdAA8! halméthgri dycldharame 1 4 edapitborylates. dimethyl

i sopht halic _acid, dinethyl |sophthal at e

dﬂﬁ%@'ﬁyzrﬁz dicarhpKylats, eﬁ@aalaardjm@tm%nqi decahydronaphthalane 2,6-

2 | |
A, RS R ppencne
20 1hy4d|’©btybamblolamdodn}dtratxtmtthprenfegI yocl, trans-
L
g%rrﬁ%hctl&? bR AP N ARRItDIO steps.  For example,
car%gx

2tl"&~ elstbyﬂcai)qnmtagyzl Gajemh;dﬂ am aptialhedtenfication step for producing a

(bl Selined | eraRiiErrRer o8, Mian sullfr Rl in a secondary

25 DPesierinBaRss astepn StASS, othed pBIédHRTRation stage can include a
prepolymerization step for producing a partially condensed product that is

then subjected to a finishing step to thereby produce the final polymer

product.

Reactors configured in accordance with certain embodiments of the

30 present invention can be employed in a melt-phase polyester production

system as a secondary esterification reactor for carrying out a secondary

esterification step, as a prepolymer reactor for carrying out
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pol yester production process can include multiple
steps. For exanple, the esterification stage can

WO p@boe®3@n initial esterification step for predutblegs/ens33e
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partially esterified product that is then further

esterified in a secondary esterification step. Also,

t he pol ycondensati on stage can include a

prepol ynerization step for producing a partially
cbrepsiyadrizatisnustept aad/ar ast & éinisbebreactetfarcadrying out a finishing

f Lyl shi pg t . raduce the final.polyner
Lot RO Bl BebOal &l Bt Wobdse, ity 1OF the present
Cpivbation einslel @ Hssam lestdifficatien e8hctoR V& IHrepdlyAidh rBactor, and/or
empl oyed in a nelt-phase pol yester production system

a8 faishes saaetey isgivenibelewmihrefermncs itorfdE. dar it ¥6 wederstood that
PR B 1 REEEA S pybaTy SR ¥Shresent inventon

agah qerasally benesiployadeast estetificativar reactorsyUprepolymer reactors,
finishing step. A detail ed description of the process. .
candior ifgisher Jeactoss &”Qs@ﬁ‘ﬁ tﬁ‘?ﬁ%ﬁfq(@ﬁ‘séﬁﬂ%@@!ﬁ Afeahpt limited to

S inbbf UL ABEANIn FiGPF ePOl ymer reactor, and/or a

finisher reactor 1s given below with reference to FIG
1. It Refemidgregaiwtb Fhat 1y whehaeactoorDiigensployed as a secondary

accor.gance W t%@en‘oodi ne tg of tge $resent i nvention
cERieHuGRYN rgadter A Jyelp SSESRLYE teE Arpduction, progess (e.g., a
ItOEPdBé%X TBF makff PE). RBFE Barf bAE %r\éhiééﬂgétégﬁﬂ gsﬁl be'@rried out

ese process condifions are not [imte
eimboeiactont 1MesEor me@npleFlaihoughResterificatipragnay be the primary
FIG 1, when reactor. 10 is enpl oyed as secondar
SRR CAEREIPT obeR | alt ol BEBTRIze! Goi §LPEAN amount of
PpERESHISRsAIOAGRET ald ccurdnfeastds30f AVheRkeRBtorHD)is employed
noré than one chem cal reaction can be carried out in

r aa & secorglary estasifigaticr reactondhgifeedtintroduced inte feed inlet 30 of

el STBGY 25T Flle LRGN Rl Eromgpout 70
ahBoutogs perdemt, FsUtT5 flabdited0 perenerorldD ts 88présmdwhile the
as a secondary esterification reactor, the feed

i prademipately awdrrredustivithdrawnofromeliitieh prodigehautieb @4 of header
C v C ' [ f 0 t

52 Y el RO |t 4" fedsE MEBLP g PRRAHIDYE 1<y Bbout 90
t peﬁ)%nneitdfeastt, atrﬁﬂtl%dpémegt,&dcnti Ielastesl)s'z pb'rc}ganﬁ.d Vghed lngactor 10is
wi thdrawn fromliquid product qutlet 24 o eader 1 .
c%WH?%?é’ @sc@n\?@P%m%?fyoPsﬁ?(rﬁ'Péﬁ%'ﬂ rEB6iar, ébepEP%@iﬂaJ rgaction(s)

7200ty Rehs 9 bhy rco88 e i 0 8Ekon scium o0
by at least about 2 percentage points, at least about 5 percentage points, or at
least 10 percentage points between feed inlet 30 and liquid product outlet 24.
Further, the average chain length of the feed introduced into feed inlet 30 can
be less than about 5, less than about 2 or less than 1, while the predominately
liquid product withdrawn from liquid product outlet 24 can have an average
chain length in the range of from about 1 to about 20, about 2 to about 12, or
5 to 12. Generally, when reactor 10 is employed as a secondary esterification
reactor, the average chain length of reaction medium 60 can increase in the
range of from about 1 to about 20, about 2 to about 15, or 5 to 12 between

feed inlet 30 and liquid product outlet 24.
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enpl oyed as a secondary esterification reactor, the
chem cal reaction(s) carried out in reactor 10 can

WO p@oee®a0 t he conversion of reaction nmedi um 60PEEHUSL008/008336
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| east about 2 percentage points, at |east about 5

percentage points, or at |east 10 percentage points

between feed inlet 30 and |iquid product outlet 24.

Further, the average chain length of the feed

i nt r odW¥leen reactor aegds enmployeshas ansegoridasy estedificationreactor, the

5, | th 2 or._]es n.1l, while the
~fesst R ealtl AP et iged et 36 At AtaiBerSiule o therange of from
papeuCt 804 laboul 45080, BBYBEt 215 A AbdUE 3068C Not 280ttH 29D°C. The
the range of fromabout 1 to about 20, about

2
apwdomipately lmuid produckmyiting i U%_emodég'fct%'ﬂelg?% £an have a
efg?’h%r%‘?u Swﬁhiﬁi%ﬁéc{lﬂa%chﬁgasﬁg,fdr%??ﬁf n{h%gfétggé]eram}g of the feed

average cnal n on ne

| entetingefead irlet 3@ngdn obnd rembadinment,1 tHe tampetratdfe of the liquid
about 2 tog about 15, or 5 to _12 between feed inlet 30
aPepduch exding, i Preductautiel 2dpean pede tbe range of from about 180
eppl S t gy d fi bO®N J e e

R B 8, B B0t 305 Po 5800 o, 290°C.  In one
t empodirnent the aveeageatemaperfatiineoof rdaction 8€dium 8Ddntreactor 10 is

PR R R AR 350 255 St Ao 0s, o
ogghefo 290een hpwe a'%'etrﬁ%@%ﬁﬁﬁgrﬁtd&t é'??%g m&&tm 60 is the

25C, or 100C of the tenperature of t entering
f averagel eft atjeast threm éempemturee measuremestsptakenateeqfal spacings

i R REABl  HRUHE  B halr 10 wror
afelterhperatQréifdhs éptentsr arb@dch ¥R neArohe cross sectional

enbodi ment, the average tenperature of reaction nedium -
ecentroidefqaredominatelyi liguich portiany@6 of reaclienanedium $0 (as opposed

Si2Hice Wy P P08 00 B R o ooy

aliquidgsortibnpt Whaatrebtare10 agrenployed s assEcimIArg esterification
taken at equal spacings along the prinmary flow path of
r @RothL thenvapanbBace RFessyre e srAder 10 (Measreed Ak vapor outlet 22)

t@éﬁ?%@%ﬁfrﬁaiﬁ%ﬁ%iﬁé%fﬂa% Suteg(‘{gf@?h?fhé‘?r{&% ?fféﬁr‘ng out -4 to

sectional centrol predom n 1 qui
oabowtatd psig, wedh tha Bhgeast frgp &stedS peignear the wal | of
the reactor or [ the ur%g(er surface of the

negr. . , . .
pr edom? R F§26tPE 1 PdS fINPIYRS. anResP RN estgification reactor, it
e ©Hedfale I8 HIM WY &S ?Fibf it Qﬂcfigﬁ‘?ﬁcferrea]i:ﬁ? 10 and/or it
vapor space pressure in reactor 10 Frreasur ed at vapor
omialyehe 2ieireble toeheal reastioadnediune$9 asitrflakotrongh reactor 10.
PThe ’he'artllntg ho th818&d %friofr S mt?obaouucttiohdinttooreactor 10 can be carried out

in a conventional heat exchanger such as, for example, a shell-and-tube heat
exchanger. The heating of reaction medium 60 in reactor 10 can be carried
out by external heating devices that contact reactor 10, but do not extend into
the interior of reactor 10. Such external heat exchange devices include, for
example, jacketing and/or heat-tracing. Generally, the cumulative amount of
heat added to the feed immediately upstream of reactor 10 plus the heat
added to reaction medium 60 in reactor 10 can be in the range of from about

100 to about 5,000 BTU per pound of reaction medium (BTU/Ib), in the range
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about 10 psig, or in the range of from2 to 5 psig.
When reactor 10 is enployed as a secondary
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10

15

20

25

30

the feed prior to introduction into reactor 10 and/ or
it my be desirable to heat reaction nmedium60 as it
flows through reactor 10. The heating of the feed
prior to introduction into reactor 10 can be carried
ooft from abardrdlénto abut 2,860 EkdAkmeen tbedanae of fiem 600 to 1,500
eé?g@h a shell -and-tube heat exchanger. The heating
ction nmedium 60 in reactor 10 can be carried out

by extRefatingeaghaity tdeFIGes 1! haker Ofdartdr rMERGEOEmidloyed as a
but do not extend into the interior of reactor 10.

SPREPOBPET rﬁgactﬁéan xmelrfiasge Polwestern prefistionoprocess (e.g., a

gﬁ@;&ﬁkg Ifc\)/r’el‘?m%rlkm 'cl)'?r}ﬂ g% tﬂbﬁﬁéaé ﬁgtrﬂé}al rgﬁgﬁérﬁakéﬁ be! Aftried out

| immedaetoe! y0upsteaexaxﬁ1pt@a<aﬂthbugﬁ pblyeohueni;main agdgdbe the
to reaction nedium60 in reactor 10 can be jn
r Biegomynate ehemical reagivn sadiss eutsingiggcter Q)ea CES@HU amount of

oA Yo et Pl 118 8o o o

tprebpwﬁerB@ddtdsr tiﬁeheerage;]clagml Iangtln Gﬂ iGe fbedwhtmduced into feed

n@?qctt"g):]g bﬁoup)}ggtrgﬁ pgl1 L?%%g OIél? Zaio about 15,
P6O588S1 2, %hl@fﬂenﬂvé?'lgéé CHEH ‘i’eﬁd?ﬁ"bf@ﬁ‘@ p‘i@@é?nﬁ?étely liquid product

reaction can be carr out in Teactor
ewithghasyn frorh gt prodyctoutiet24 cam bma;x tbe rah@e of from about 5 to

e T T L A

| prelpdffFhefizatfon Mifor! ﬂ?@bﬁénﬂ@al'r&a@m @dﬁ*léoaéulam reactor 10 can
prepolé{ée reactor, the average chain length of the

f eaupe fher avrrege chain langshl of rliea@thmrr@siwrn Q to ingecaseny at least

i %bcal.étoén V\Iﬂ ﬁﬁgt@ﬁ%é Xt %?Wébéﬁg 5atgoég0|.€ Qbo ]p? t?rﬁ iﬁe }éngeo bf flom 8 to

averag in-len

P2E Betwedr fded inlsttBaland dguict pmdubﬂdjwm 24 omliquid
product outlet 24 can be in the range of from about 5
to aboW¥hespreamenl Ogist @mplyied 29,2 sreprlymsT J8acipfielie feed can

ﬁﬁt%? ?ée&%l}e? 36"R! 2¥&4 é%tﬁré"ir?% Yalde 6PtHoPHP fB‘Sg{;ng to about

chem cal reaction ar rred o eac
c3bRC tdtmw\aaSa@ealmdsml 305°€h girtR7gY tor 28@7C .o hegshedontifately liquid
to i ncrea

-Bioeek SXBnacia ssodist Suiehed candies artegimesatise g about
RLSEG R (bt B il opHa el GYLNRY 1243 et 20. 1
t bre fepshbdiment, the temperature of the liquid product exiting IIQUId product
outlet 24 is in the range of from about 220 to about 350°C, about 265 to about
305°C, or 270 to 290°C. In one embodiment, the average temperature of
reaction medium 60 in reactor 10 is in the range of from about 220 to about
350°C, about 265 to about 305°C, or 270 to 290°C. When reactor 10 is
employed as a prepolymer reactor, the vapor space pressure in reactor 10
(measured at vapor outlet 22) can be maintained in the range of from about 0
to about 300 torr, in the range of from about 1 to about 50 torr, or in the range

of from 20 to 30 torr.
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enter feed inlet 30 at a tenperature in the range of
from about 220 to about 3500C, about 265 to about

wW@EB903r 270 to 290C. The predom nately | i quPdI/US2008/008336
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product exiting |liquid product outlet 24 can have a
tenperature within about 50C, 25C, or 10C of the
tenperature of the feed entering feed inlet 30. In one
enbodi ment, the tenperature of the liquid product

exiti nyvmerqu'eaci;mrom:ds emplayed2asi 38 prepolymeranggctof, it may be

from 22 ab 00 ab 65 tq abqut .
SHSergE 16 768 1A Bl BB aaBRi e reaflel 10 Angyer it may be
t GEPIRARE UK INdatl easdtiopn mediunin 60 48 neﬂ@wgrthlraugﬁ tdactor 10.
the range of from about 220 to about 350C, about 265

t Genesally, Isccumuiative amam®f beath addad: tor the feed immediately

CRLENEH §eRc P b 525! Slaed RErBR8H RBAER, 50 in reactor

Ca0 dad et rathe @fﬁrbm amna(m‘to‘ aboute$ 000 BTWab, m the range
about 300 torr, in th e of fromabout 1 to abo

50f frery abeyt 400 t%@b%tr%QOQf Fdbn @ointthegange of fmﬁoo to 1,500

r B 10 is enpl oyed as a prepolynmer reactor, it nay
be desirable to heat the feed prior to introduction

i nto r aféminglégaincboFlG.t 1 nwheberedleﬂjrr’abhsaehtpldam as a finisher
reaction medi s it flows through react

a
Q1A t'@Sﬁﬁ?a?‘?'V%Stgﬁtﬁfﬁ’fjuﬁtﬂo APCER™ ﬁgt'oat Reocess for
f ljgé#( Js(_fmgatﬁé By H@g @ﬁ"é\‘h%n 26t fe ﬁéédpfn%dhgéd he@t feed inlet
0 réaction i e in

um 60 reactor 10 can
t 8@ caartye irothef rangeaifdtam mm@ tababhaut 500 @b oBT 8t ka,bo'uh40 or 10

|1 300 W ne | VRr G st JenSbaT dhey piseoRuRaE ighid product

agfthBrdveh o Iléwd’\B%ub?@Qfléf 24 Qanshé it Pah s of from about 30
finisher reactor in a nelt-phase pol yester production

pt;b_caisclzut( 21§. , aboylr dksto faboutaRPngoPES0 |, tot r?ad) av@e@@ally, the
cAAVBandR Sl s AU ettt T EBhapelE shf dissdde chain

8lengtitldp Weactidbn @iedhinteD &Dmdﬂ@aé@bwm |@xstr ifut CitRia least about
| ength of the gredom nat el qui d _product wt hdr awn

| SBo01 atJanet 5P BEtESeR (ANt AUEN Haurprofuy e 4
from a%‘fg Qa&tB ‘:I‘qu't r@lgg?&%%ué fzrl\%r{eQ r@g&l& tﬂ% dfe%ﬁ can enter

50 t nera condensa lon car'ri e

| feedeimtet@0 aDa Genmpeaamee irhmeakarr@gef feom abduﬁmtooébout 350°C,
reacti on nmedium 60 to ingcreas east about

b
- abpu25 HahoUbats s it ILRRe98 S b PRIRTPRUIAEN lgjuid product
38xiftRg IlduidiftoBlQdYGlietCdk | &in Bhve a temperature within about 50°C,

25°C, or 10°C of the temperature of the feed entering feed inlet 30. In one
embodiment, the temperature of the liquid product exiting liquid product outlet
24 is in the range of from about 220 to about 350°C, about 265 to about
305°C, or 270 to 290°C. In one embodiment, the average temperature of
reaction medium 60 in reactor 10 is in the range of from about 220 to about
350°C, about 265 to about 305°C, or 270 to 290°C. When reactor 10 is
employed as a finisher reactor, the vapor space pressure in reactor 10
(measured at vapor outlet 22) can be maintained in the range of from about 0
to about 30 torr, in the range of from about 1 to about 20 torr, or in the range
of from 2 to 10 torr.
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When reactor 10 is enployed as a finisher reactor, the
feed can enter feed inlet 30 at a tenperature in the

WO 200900980 f r om about 220 to about 3500C, aboutPQ@BBS1008/008336
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about 3050C, or 270 to 2900C. The predom nately liquid
product exiting liquid product outlet 24 can have a
tenperature within about 500C, 25C, or 1Q0C of the
tenperature of the feed entering feed inlet 30. In one
enbodi Reactors teonfiguped an osontanceewithgeinboginentst of the present

iRl seRobi VRS Miblerdub dvadiades wiheh Sl Fhaactors in
Othe? ételrific3 i Gnd/or POR/CORBBALARIH stdded oF & Qgglester production

tenperature of reaction nmedium 60 in reactor isin
t BEOCeghgSush raaskerstean be rartieulaty advastageoupvherpemployed as

ey S, R anUGEIERE gl B 0 poces o

preking @HT Faatier] slith (reaatons @ieaNewmedowrlﬁe #2 tommercial
can be maintained in_.the range of fromabout O t

abeRle Pl mreductian tacdities rapable of aredusing PET at atr@u% of at least
2 fat t

230 10,080, BAUCREDLPRGEIat 80 o 1080 ol B,
pleasbaboutrﬂ/m]OOOrpommdsmanmodne Mdeastsswoamp@gadsmnour.

enpl oyed as reactors in e esterifi.cation apd/or, .

ool yuftges rasodimancohiha Bisepab  Bye gy erans provided a
p . r ¢
ag@g%?ggcgéttgﬂ‘smgﬁﬁg c‘ilg)(fl;z&‘ ré’i‘cﬂ?@cﬁﬁg%ﬁ tb¥a chemical reaction in a

etsgastorf comprising arvepticallyeelongatiécd headar ahdra rrﬂlanallbﬁ of vertically
tors

SrBog] Fogeprialvr SpnaaEd FEasiaPBantS CRUPIBE fo Brd extending
pb@ﬂ\kﬁ?&lyoﬂoﬁﬁﬁié hehaér. C qebleclibn hed i 'f@)mBE'ﬁréh?ﬁ the header

rate of | east about 10, 000 pounds per hours
| ea@ﬁh%\mtonwgmeotqoaa o reactionomedium trayets thsbegh the reactor.

o e et RASHERL chfate ol oBbs aRdSqstodin &7t ARy seoments

tnﬁrb@gh gherieddéed i pHOURSSeLANPlg, Th8dredictib® ahedin® enters and
reaction nediumto a chem cal reaction in a reactor

C@*ﬁﬁ' iaEII%@Stao%r af (I,%ﬁqtym@ oﬁig'&?ébl thyegd@r ainlgast 4 of the reactor
pgéa@f\gh{syo,qkep{,%rutghq%l fflced hori zontal | y el ongat ed

nts>coupl e o and extendi ng outwardly
from t hhe rreadmr cahdor eaampte) comiprise bt deest ttopag feddtiehree, at

header and the reactor se nts as the reaction nedi

t legskfeur; gt fﬁ?gﬁ% fivge at é%%%t X, atr{gasle3RNaL P BAIS, memcaVV spaced

eﬁéﬁi taiF azeatréa%ﬁfrt Q%}ﬁeﬁfs t'?ﬁ‘ "o?%ﬁ‘%a%ﬁﬂ ments can
roug the €a I'n anotther exanple, the react

nextendw autnardlydfnom a common side of the header or at Ieast two of the
reactor segments can extend outwardly from different sides of the header.
For example, the reactor can comprise at least three, at least four, at least
five, at least six, at least seven, or more reactor segments extending
outwardly from a common side of the header. In another example, the reactor
can comprise a first set of at least two reactor segments and a second set of
at least two reactor segments, wherein the first and second sets of reactor
segments extend outwardly from generally opposite sides of the header.

In one example, the header extends substantially vertically (i.e., the

central axis of elongation for the header is essentially vertical). Alternatively,
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exits at least one, at |least two, at |least three, or
at least 4 of the reactor segnents only through the

wheadee3The reactor can, for exanple, conpri SEBCHUS2008/008336

| east two, at |east three, at |east four, at |east
five, at least six, at |least seven, or nore vertically
spaced horizontally elongated reactor segnents. Al of

the reactor segnents can extend outwardly froma
cf@mﬂmaﬁrdlarbextend widhinabaut 34, abeutl5t ab Sadegraes of vertical. In

(G SRR . fedtor BEbAENE SN e bl b Taly (.. the

Cééf’ﬁfalsééa@toﬂé!@ﬁgaﬁdﬁ of thétrebewftse‘gmntsars esRptiafly HWorizontal).
at | east six, | east seven, or nore reactor segnments

e&lt@rmtvnglydbemaatqv segsents cammeriend wdthin abeut BBaakeut 15, or 5
Se?&%géggflﬁgﬁﬂ?{t& the r‘?&ﬁEPreiﬁﬁg@O”ﬁ{' $€adtol! E&hpnses no

WO reac or Seghen and "a second

ofneghahieabmiting degiwet or segnents, wherein the first
and second sets of reactor segnents extend outwardly
from géheprgl ¢xamplsosf the si?f@%%ntomV?HBO'h'eﬁlﬁefeaqth"noﬁ@dlum flows

et’ﬁ?g@ét?amé%tnﬁ%dﬁf tr@?@ﬂﬁé ﬁégrﬂeﬁfg b%ﬂgya ;fﬁ)w hﬁﬂ{ Rat includes

e central axis at1on eader
i an esibeartd pd)ﬂtly)nwhenecﬂde) reattior rmadilumaflgws lyeneealticawagfrom the
e@?ﬁ]d Wi t hi n .abou about 1 or

ad 31 dRwat aegtiel Wherer B, feaclicsy Risriameipusoenerally
SRS qhéméwérzmﬂélddwérd @nd ihilard PArichs 6¥'tﬁ'e %ow path can

eIongatlon of the reactor segnents Is essenti al
headhy extead)at I@astaoneahalf conat Irast theer-guadesrontas Ieaert nine-tenths

f
b 18g 6rtha A ot ofBRbatt sBbmBIS o oo oy § ses

no necfipghéthler Bxahitle 08t iea8t ohg &rtﬁeeréaewr%e@hémg comprises a
present |nvent|on the reacti on nmedi um fl ows t hr ough

asutrséa@malbfnéomomtﬁé nleacabd gledgastit gnel toayy dispossd patthe pipe,

b B ArHPHOSEUEE Foa R RERuR ol hE T b ray as the

Ilfe\é\%tldn nﬁéﬂlluﬁm flmrmrélhg?n ﬁm@llmtm ofMmtiié eedctor segments. In
generally towards the header. The outward and i nwar

p@ﬁ‘?théhse’éﬂmpl‘?e at olgasht ene aAf e@@h r@ﬁ@f@ﬁdsgemﬁeésstcomprises a
t
Wiz ttéth |?rr?1deat}a ﬁ{tﬁflof feBRr (S o Yay? d.#&ﬁe‘d substantially

r\ﬁmhmdhestegulanmember aviwgriear tr@(m‘pbgtenais éle??ht tewst ohe-half, at
the reactor segments conprise lantia

HBAPL BRE810uST 1000 cOIHEAPb AE (NS 18 aNalh 66 e ftvbigemember.
pTIP@ re r?'rﬂe&ﬁm‘n GRwls %no?r'ié 't%ﬂ/ VhehhGral8Md 'dtdhg the outward

medium flows on the tray as

portion of the flow path and on the bottom of the tubular member when
traveling along the inward portion of the flow path. In another example, the at
least one of the reactor segments receives the reaction medium onto the tray
from the header and discharges the reaction medium into the header from the
bottom of the tubular member. In another example, the at least one of the
reactor segments also discharges a vapor byproduct of the chemical reaction
into the header. The discharged vapor byproduct flows generally upwardly in
the header while the discharged reaction medium flows generally downwardly

in the header.
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reaction nediumflows through the at | east one of the
reactor segnents. In another exanple, at |east one of

W@ b@oemst or segnents conprises a horizontal | yPCT/US2008/008336
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el ongat ed tubul ar nenber and a tray di sposed

substantially within the tubular nmenber, wherein the

tray extends along at |east one-half, at |east
three-quarters, or at |east nine- tenths the | engt h of

t he tubiubae erxerrmie, tHEhr@aceantmediumﬂowmfmm\ﬁsmeImabend of the

B el 31 e Ut Pt Sre BB et e e fath anc

tﬂ@W@'d)\FtQ‘ ﬂrieoﬂi@stéhéndnwftﬁb redy il ohtd hee fbstvriadh the tubular
In anot her exanple, the at |east one of the reactor

sEgmbers eeseexample, thedistainens of dhe dryocemerisesan upwardly

SRBRG EEAor R ORGS0 L28E B TBE 4B g orton of

| theameattion exediphe, flowes lﬁfoteeqm‘ssmge tof theh®otteat tafr the tubular
segnents al so di scharges a vapor S?roduct of the
chembiall 1Bagrether i9xaRIRe the e ledstRNgyiof ther FRaftor segments

[ i r .

b BUEAU b SRR LML By LRSS el

dihendistallend of tﬁetr’aqadd*torlmn@ky spaoed fromt thee eadocteipoto thereby
diumfl ows froma prox the tray t

o
LR Shw BestagbwRby R Wigh: ey reacin pglitm flows as it
OAURE bhPWEPIED 19e hdtiin Y Uhe HDBLIEF HAGthpERT 1 oriExample,

tray and onto the bottom of the tubular nenb In one
ethentibaylan mendbet ahddhe oay taﬁe sutmyammmrh@m)nmly oriented. In

RSB e Rieap B o SRoefon SOLRE BipdRiimtHmoer can

féﬂ%dhﬁﬁmheams3mga5&ttf@ &Obb@m Qfdéd?éeé lBN'\G'Hzontal In one
nber. In another 'exanple, the at [east one of

r@mple :§f@%jttﬂmlér memheardea pikeend cap coupl ed to a

ena of T e dxaiiie: HE et o the PRSI qains B lengtn-to-

cdiametet tLeDeybatné @f theardrigeroPirempgeae)2: 1l o ab@ut 80k T habout 5:1 to
the reaction nediumflows as it passes fromthe tra

1 8beUe2 B3t Ob bio (1R - banatharanaEIple; AddiiENalbakysdn the range
Lgﬁ é@ﬂ%ﬂty ori en?lﬁdnqu f']é%é:i]éo et ?Zdeatfamta‘r&qw@eclt: éBPP tP 50 feet

aand biis @l threy sangen of dront iabouuhmoaabmrm@lfeetarabem @ntd about 10

t hi nn}abogt 30, about 15, or about 5 degrees of
t?le feel one exanpl e, the tubular menber is a

Fs)legfren{d; oﬁ ?ﬁgﬁg%ﬁ ttfﬂg dleglaﬂ:?&elgagfﬁ%dﬂfmtt@vé@@ﬁrtoﬁbh the reactor,
the reaction medlum flows downwardly through the header as the reaction
medium travels from an upper one to a lower one of the reactor segments. In
one example, the upper and lower reactor segments comprise respective
upper and lower elongated tubular members and upper and lower internal
trays disposed in the upper and lower tubular members respectively, wherein
at least a portion of the reaction medium flows generally away from the
header on the upper and lower trays and generally towards the header on the
bottom of the upper and lower tubular members. In another example, the
reactor further comprises upper and lower flow diverters coupled to the upper

and lower trays respectively, wherein the upper and lower flow diverters
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(LD) ratio in the range of fromabout 2:1 to about
50:1 , about 5:1 to about 20:1 , or 8:1to 15:1 . In

waowvhernsexanpl e, additionally L is in the ranp@r/v2008/008336
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from about 10 to about 200 feet, about 20 to about 100
feet or 30 to 50 feet and Dis in the range of from
about 1 to about 20 feet, about 2 to about 10 feet, or

3to5 feet. In one exanple, as the reaction medi um _
t exteeusintdwhheu@,eadeﬂ@ndemetlow,er flow diverden directe dhe neadtionsmedium

* P8 e bhat B bR °reet SndRpuERmiRe datnaRely Hrougn the
fﬁé&&é’ﬁaﬁ&@ﬁ&mﬁe IdeerO[ﬂﬁy exdatichallyha wHRR g 8ah BeLdefined by
reactor segnments conprise respective upper and | ower

etlmwlgmeédlomdweaer eERBtVeeR e upperr anghipwerniow divesteral wherein

\Z%:?c}r V@z?@%g V\rlhﬂ§ gnﬁ flléWJ ea@{é% o%%@éﬂf%ﬁ %‘gﬂ%gl reaction

reatcbf the rmtbru@abtw@gyﬁémrahdi geawlyfmmmrmetmeaghrthe header
on the upper and |ower trays and gener towar ds the
hwhtke rthen reagtiopomegivms exitiogy By rurped 'Ieé\ﬁé?r sagmeat is directed

?‘@E‘H reactor further

ngﬁgﬁaggsloupper Qﬁfhr e??ow&]%l verters coupled to

t he uppeonenexarpk;, d vapsr mppmnlot\m‘l the chemnaah relaetnon from at
%ee{ and wer fl ow di ver&ersext

a

foasior SOUMEBES i CORTEINGddh Tag diaafier and exits the
MR R GPé' E'mc%ﬁuﬁﬂetd&m& rnca® tH ontg Bﬁ?ﬁ’e} HeddleFPen another

downwardly t header an ower tray.
Aeamplena Igredarm'miety tiquwd cpiodiiet @ fthe echerpicaheeactioer exits the

fl di t d | fl

TS = i et KBt BFat BB Hokl ot B hetedth of &
vapor [y phederdmple, (the KéwdBrcRAs raeﬂéfgh%ow&tho(Hl\NP ratio in the
| ower reactor seg ment and %era pwar dl y throug

t rangeceldieemvab ot 2 fheorakosnt 281 rmmurﬂ éiotahqvglt {1191 umdiaﬂ to 10:1

{8 e leatR SR abP Sk sBInShaS'ah OIS (s rapee of from

oAbdiite2: ¢ he mboat 50eR eibowl 51 halkéutl ZR$! of 84 tof15:he
reactor segnents is conbined in the header and exits

t he retPBE Qﬁaén@evﬁp%fewtqumqwat%nﬁ%ﬁs ﬁh'@'-i'@rw'ﬁfm which
Lie ﬁ@%ﬂfgcél %}e{@:’(@ﬁ% Reri&F P! ﬁﬁgﬁe?%%hgﬂé fhel réé&}ﬂn medium

pr od em cal reactio eacto

acorngrisels afohat podioat ant agaedbivnatelyt linyuid bottivn, fmh\easompnsmg
Inoeaxa&g t he header hasag1 ht to-width ( :VY )
°P§r@@f6? ef BoRPRISHLPT tmomedwnllos:a ed in an

afosermiost drie SPMEt rebeior segPhems Jc;:o“r'r?prk%s]at least 50 volume percent

vapor and a portion of the reaction medium located in a lowermost one of the
reactor segments comprises less than 20 volume percent vapor.

In one example, the chemical reaction comprises polycondensation,
wherein the average chain length of the reaction medium increases by at least
about 10, at least about 25, or at least 50 in the reactor. In one example, the
reaction medium can comprise a polyester polymer or copolymer that is at
least partly formed by the polycondensation. The polyester polymer or
copolymer can comprise polyethylene terephthalate (PET). Additionally, the
process can comprise introducing a polycondensation feed into the feed inlet

of the reactor, wherein the polycondensation feed forms the reaction medium
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and at | east one of the reactor segnents has an L:D
ratio in the range of fromabout 2:1 to about 50:1 ,

W@Roano®w3d to about 20:1 , or 8:1 to 15:1 . | nP@IES2008/008336
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exanpl e, the reaction nmediumconprises a liquid within

whi ch the chem cal reaction is carried out. In another
exanpl e the reaction nmedi um conprises a foam portion

and a predom nately liquid portion, each conprising

t lnethei rpdctor. | the pelyseanphseatien fesd ¢am hate tameavarageiahain length

di I ted | foth
TETeoSE3tir 3550 R3ERRES0 0ol LA 8o 0 %
and a RPloheogxathpleh6f tRABdHMt TREMIBI, AR8feLTS pfovided a process
| oner nost one of the reactor segnents conprises |ess

t RAMPPigIngo| SHiepliNG: et reaglion mediwe drarg eesteplication and/or

C ' [ .. SEs [ on, '

¢ REVEERYs Rt BN, PR in 57 reited” SRAMATY, 4 vaIEAR) rongated
I heagasemdby plurbiitgsdf alestidallyOspated drsizoptiyt eRingated reactor
at least 50 in the reactor, In one exanple, the ]

r 8egMEDS aRdRlafhte aﬂﬁ‘dc%ﬁﬁf‘%‘@ %1“%"9'&!5&@? tB@I'}ﬂ?é’ler-oﬂ' he reaction

' | | f ,
ORI ki SEFIB95 W {4IBH SR, e o et
c amediumpiravets tubygh e eeactoer dihlet reattivre niddilin enters and exits at
ook B Bl Shaen. TERi fre héadhine  rhe detaied
r g8séiition’BEFREN 1t RACKSY Y6 UMHISIB ﬁ& | af %ﬁdoéfg?ieggﬁerification,

reaction nediumn the reactor. e pol yconden
f peapalymetizateorgraraier finjeheheeactoregiyein above appliasde this example

fr about 5.to about, 50.. ahout t bout 40, or 10 .
+ 6 s Pritenfinvantng: SegeicRlly e lad cfsiaetarisdis 16 gereonversion
I an@/oPVERERA 1BnBH)C $SMperitlrd, ShrRrEsEHD] 66riveision inMAsdded Naverage
mediumto an eSterification and/ or pol ycondensation

r edaini lengthingreasss psedeeingharaciesisticsseand say Ihgat input all apply to

P SRaF ST ORAZRPaE Pl Legment o coupl od Lo and
ext endim@®neubxample, 4 rmrodubeiseameved emr aasiodast outlet of the
medi um fl ows t hrough the header and the reactor

sERpfteR swheraincthec deactinn meadium tfoamel the mredyet imethe reactor.
- : ! a |
gg\gag&?“g When2 i %e’?ﬁ'ﬁg?lgP?—E%éﬁfgﬁ;%oﬁﬁglsﬁégéély%q%%?ﬁnon, the

react or segnen

dptatuct ccate ber bppblynp?ﬁeﬁia_iﬁonl pr@cawdtlor The ¢yl of ¢beaproduct or
a secondg stage esteriftication, prepolymerization,
aHaWSP”g‘F’Pﬁ%Wé‘r Progiyict 6an %%@ﬁhﬁﬂé‘vseé% grereakayt U do about 1.2,

eXBaW B.35 td ot ﬁﬁé!‘})rid‘.)i%t DY dLRPE Cinf bﬁ?'éﬁérﬁﬂ%, It.V. of the

feed characteristics (e.g., converston and/or chain

| progiuct or pelycendensatjorpprskugt &, indbevange of fiont abaskt(.1 to about

aﬁ%r’a %ut 0.1 to about 0.4, or 0.15 to 0.35 dL/g. In one example, a feed is
introduced to a feed inlet of the reactor to form the reaction medium and the
It.V. of the feed is in the range of from about 0.1 to about 0.5, about 0.1 to
about 0.4, or 0.15t0 0.35 dL/g.

The Intrinsic viscosity (It.V.) values are set forth in dL/g units as
calculated from the inherent viscosity measured at 25°C in 60% phenol and
40% 1,1,2,2-tetrachloroethane by weight. Polymer samples can be dissolved
in the solvent at a concentration of 0.25 g/50 mL. The viscosity of the polymer

solutions can be determined, for example, using a Rheotek Glass Capillary
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chain |l ength increase, product characteristics, and
any heat input all apply to this exanple of the

WEe@smemmo3o nvention. I n one exanple, a product PGI/US2008/008336
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removed froma product outlet of the reactor, wherein

the reaction mediumforns the product in the reactor.

Addi tionally, when the chem cal reaction conprises

pol ycondensati on, the product can be a
pusgemetkindadéesariptioodefcthe aperating \prinsiple o thisodseameter can be

CBEC T RETM, 3, B85, et SipefsravisESsihp I8 “palkuleld” from the
OnrealsQrdd BoMtioh Qrisddsit9 NET e F6MIvEIng | dquiétios ddsRribeoslieht solution

or. pol ycondensation product is in the range of from

awég@s'%'. meagurgipentsoamd sybsaguenticaleulabens to.14.V.qand from lh.V.
0,1 0 0.35dl _/g. In one exanple, a feed is

introduced to a feed inlet of the reactor to formthe
reaction nediumand the It.V. of the feed is in the

range of from about 0.1 to about 0.5, about 0.1 to

about Q= [Br(tdtol® to 0.35 dl _/g. The Intrinsic

viscosity (It.V.) values are set forth in dl _/g units

as calculated fromthe inherent viscosity nmeasured at

25C i nwhpe phengl, andhdftit Viskosry 4t RBPCatt poRAidiattcentration
by wei ght. Pol yner sagfl es can be dissolved in th

e
solvent at a co®icdh®rat i anLoobs G0%0 phenol Bnel 40% 1,1,2,2-

viscosity of th [ | ution an be determ ned,
for exanpl e, us%ﬁ%%hyoﬁ%@gfu@ \glgigh(f
Capi | I aryvi scongt ee.N#udgid6gamhinon of the operating

: g

principle of this visconeter can be found in ASTM D
4603. The i nherlent=\3arplei flgw time-threugh acprillasmtube

reasur ed S0l Ut pn YishoSkaiand i BL HGIBRCINABE ube

descri be such s@lution viscosity neasurengnts a

subsequent cal cQl atd @unceatratiol. ofapelyfrierninl gravihs tper 100 mL of
I't.V: where hnh = Inherent viscosity at 250C at a

pol yner concent $AVeRI{020%6)5 g/ 100 M _ of 60% phenol

and 40% 1, 1 ,2,2- tetrachl oroethane by weight In =

Natural logarithmts = Sanple flow tine through a

capi | | ahg intriresic iscoSidly vientheblliamiting Ivalue i ateinfihite udilution of the

;%g)écli. Vi é&g?ofg%ﬁggﬁggr? Tiga ilggd%fy tggleItch?v(/inignequra%rch%:

Nint=lim  (nsp/C) = lim (Inn,)/C
C-0 C-0

where nint = Intrinsic viscosity
nr = Relative viscosity = tJ/t,

nsp = Specific viscosity = n, - 1

The intrinsic viscosity (It.V. or nint) may be estimated using the Bilimeyer

equation as follows:

Nint= 0.5 [ %%V _ 1]+ (0.75 x |h.V.)
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The intrinsic viscosity is the limting val ue at
infinite dilution of the specific viscosity of a

w@oiogme30 1t is defined by the foll ow ng equat PORUS1908$1008336
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= Nm (hsp/C) =1lim(In hr)/C C(r)O C(r)O where hnt =
Intrinsic viscosity hr = Relative viscosity = tg/to
hsp = Specific viscosity = hr - 1 The intrinsic
viscosity (It.V. or hnt) may be estirrated usi ng the

Bi | | meyer equationasfollows hi nt 0.5[e 5x1lhv

T8 ek g Bl BB ik PSRl BB Oonshie) i .
%/y,lﬁgrsgﬁm ppt 83-86-(188986 (1949). The viscosity of .
the pol ymer~sol utions can al so be deternined using a

Vi scot dkendsedsitydofdhefralwmer solufionsdian also(ke determined using a

o R, Mlso  DETHIBRGAL (Sthber B tsorblitn of, i gperating
Dpﬁﬁab)e of thé hdifferantinb peessuranviscormaters kidn &¢ foundhin ASTM D

. _In anot her enbodi mnent of the present invention,
tﬁ@?@ P0olheh Metbads kppwadeonesskilpkinige @t yet hyl ene

terephma‘ajn%ﬁ?ef(gllﬁ&dlrﬁgﬁt B ?ﬁ@ﬁ)ﬁeggﬁpfnivéhﬁgh {ftke is provided a

i ntroduci ng a pol ycon ensa ion

pptocessdensekirgnpolyetiytene Mepbthalatbe(PEdT)yﬂmphmeas |compr|sung
f d forps.a reac i on di %et he reactor

B A dasPhdERgatoRtede TtpEe nakypﬂ@d%watlon reactor,

a%’é?éiﬁ ﬁ\@a%&zbéﬁ@gr{bdtﬁnt feRd' fIAR eregét%ﬂ ?ﬁ’&%hnﬁlr\t the reactor,
about 50, abolt 8 to about 40, or 10 to 30; (b)

szb\Jeeemuthg pdlycoretansation rfedd wwonprisasl PEJnbaviegtaroaverage chain

BRI A A5 T Bgt FLARER 1o st 4.1 101
th* (Whﬁb]ebtlﬁb QHG%@%@thﬁrr‘néGmm 3’[03;9@19@&“!@’%3“@?1 mhthe reactor,

ments coupled to and extending outwardly fromt
wg@eq‘:m th/aereecwrtqwmma veriisallyeglongated header and at least two

CREPHQUER) ondaiel PRl SRR ST RematiS i @ibed to and

heri@adirap dutwardipclromn th@dhewddr avieereirt 1the) hBad@PProvides fluid
one of the reactor segnents to a | ower one of the

r eaRNisalipf hetvesh the reactae sagpenta ivhesir the sergtipn medium
“BASES ORI RIPHIA HEAUBPEL BOe N rRLANGRLSMkt from
warngpper one of the reactor segments to a lower one of the reacto’r segments,
wherein the upper and lower reactor segments comprise respective upper and
lower elongated pipes and respective upper and lower internal trays, wherein
the upper and lower pipes and trays are substantially horizontally oriented,
wherein the upper and lower pipes each have a length-to-diameter (L:D) ratio
in the range of from about 2:1 to about 50:1, about 5:1 to about 20:1, or 8:1 to
15:1, wherein the upper and lower trays each have a length of at least about
0.5L, at least about 0.75L, or at least 0.9L relative to the upper and lower
pipes respectively, wherein the reaction medium flows on the upper and lower
trays generally away from the header, wherein the reaction medium flows on
the bottom of the upper and lower pipes generally toward the header, wherein
the reaction medium enters and exits at least one of the reactor segments

through the header;, and (c) recovering a predominately liquid
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the upper and | ower pipes and trays are substantially
hori zontally oriented, wherein the upper and | ower

worEesiwach have a | ength-to-diameter (LD) ratPOI/US200$1@08336
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range of from about 2:1 to about 50:1 , about 5:1 to
about 20:1 , or 8:1 to 15:1 , wherein the upper and
| ower trays each have a length of at |east about O.5L,

at | east about 0.75L, or at least 0.9L relative to the .
up@¥eorgensadiner ppadust frempthe ireatipr, whereinn thengolycondensation

RGP BoMEeS i Ry, a8 ultPBGH, AR eRHR! 1l B oot abour

megli atebbPuboan26hér BPIdaaM50f glidateupRer thardhdrageichain length of
p| pes %eneral I ?&l/ﬁct oward t he header wherein the

Ebnn theipolvcendensationifeedi t s at | east one of the
react n 8!‘?«9'&5@&& ht'rh%ul K]/ ;ol?l%lr %&ﬂ&%@wp?ﬁgﬁ O;Srﬂee[d is in the range of

recovering a o na condensa

pfromiuaboditr O td‘lebbetiOtBZ)rabd\hG] ¢ito aﬂsmjtp(muymralﬂmeﬁ wno about
product conpri ses PET havi ng, an average chain | ength
t%%ﬁ <§Is/9at Inl @3 exaBiple: e, 1LY ot oxfoNENAEsstiop praguct is in the

e, O EnT BBt Do SBPU Y2 280 R SO 85, D24 to 05

| dL/g. of or poI ycondensatl on feed is in the range of

from apout 1 to about about 0.1 to. about O.

or Cabolt @06 xS eo e Taatiat / SEOMENt, EXap WAy from a
| Eorimdf side RS M'féo'?fé%ﬂﬁﬁt' ) é?'fd?ﬁé‘l‘:tex'a&ﬂl@ the phdensation
of fromabout 0.3 to about 1.2, about 0.35 to abo

Oc@ysas the formatnsotie/ gapombymedemawplh@em ke vagor dryproduct is
n_sid

h@ggﬁ?rgeldn rtgﬁ'{; %?%teéﬁtgﬁp‘%[% a Vﬁgobamﬁmﬁt flar th top of the

CRESEST, tWRede AL Qﬁlyéénﬁef@ém{n ByeduA uigt red(ﬁéf&! frérfi€a liquid
vapor byproduct is disc ar%ed fromthe reactor via a

valst locatedinaasdiag bottaenef thecheaderof t he header,

nher e o AT BRI RL P RESbrl RO SRt i fioes o
| reattor tormpeitingr a essrtichllyesiongbtdéd epdes ant a rplenalityosf vertically
there is provided a reactor conp r|3|qrg$a vertlcall

ew)afgasi @@rln@a@@v olABgalesl fRagipt peameats (Gaualed, o parc @xtending

gtk SETMAEY | RFLaN ROTITYE AU ECHAGY have o
tpmxlraalceml ceagledﬂbsthbm&errama riidtakeend spapéd frono the header.
DS 7o 2ol el e BaE o HeoBaE RS mber and a
18y ip oEBE R Ibs#iliafly within the tubular member. The tray extends along

at least one-half, at least three-quarters, or at least nine-tenths of the length of
the tubular member and divides the interior of the tubular member into upper
and lower chambers. The upper and lower chambers are in fluid
communication with the header at the proximal end.

In one example, the tubular member is directly coupled to the header.
In another example, the tubular member comprises a pipe.

In one example, each of the at least two reactor segments defines an
internal flow passageway proximate the distal end, wherein the internal flow
passageway is configured to permit fluid communication between the upper

and lower chambers. Additionally, the at least two reactor segments can each
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tray disposed substantially within the tubular nmenber.
The tray extends along at | east one-half, at |east

W@ broeoxemrt ers, or at |east nine-tenths of theCT/eszyn$i008336
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of the tubul ar nmenber and divides the interior of the

tubul ar nmenber into upper and | ower chanbers. The

upper and | ower chanbers are in fluid communication

with the header at the proxinmal end. In one exanple,

t h@'npdsmaarencha@re coupledi togbeltybulauplerabemati the distatiend, wherein

th bul
sy uRbsaal Bxng IEte way e 688154 Bt g dptsnal flow
lefid nesfired byt eidajad |KeMvBaRSAHEEWRY RIeXith&ténd cap.

S
Ee di'stal” end, wherein the internal flow passageway
i Addisanatiyiratdeast pee mftthel repgtas seamentatdasncoapiieeran upwardly

| 5B PR Sl Bl o BN droxtdle B it Ao plboaggway

coupl eth tend hexdraplel athengehetor asegrnentd sxtendnsutwardly from a
wherein the tray does not extend all the way to the

ePRMBMH %lgetqﬁélﬂe teadehinea ﬁabstanaalhpaggm%man@er

defi

S v+ Bt S A UBETr ek by 8 Ut h€ 8 18R e reactor
cesEgments bas apreagm-;o didnestebr 1gl: D)aaﬂuoanupéerdnge dfffeom about 2:1

clendpPu BTG aheut &1 o it : BB BRrial iASdaRaly the tray

CG8pBEed B sintial§ Wmﬂeéaéw tlfbl]ﬁalb%i}gbé@lhla¥ a length of at least

horl zontal manner. |In one exa tubul ar ne
oabautdh Sbf at leashabbehtl 7 Shwor raéﬁasmro &legmemels theiray presents an

- ttery g Hostoutard ta is Saaded 414~ 8Batt 98 Bt gast about

80 20, ®rlat: Iéast @Q‘E) tf’ré’rﬁ&hb)’tob%d/élawo%ﬁlp&sﬁ@ tubular member. In
substantially within each tubular nmenb has a length

odnether @asmFd@omhe apwardiyfating surfaise us S@awd abqutt to about 50

¢ E2fikg sblyt 1736 abetl gl ithed SRETE & 30 41848 Hath the top andior
Doottdm! clthe fIBRIEr Mediberor Irkbneed&mPled Ethé meaRifiien tddpth of the
and/ or bottom of the tubular nenber. |n another

escmﬂpe megisn SRaeaty traycARGos the Rottor of eachdtuliar member is
I%sggmé% Eé%o'upcﬁgf)’ I@Q ufha}mo gﬁ%uf"%#{;}o@r ggﬁ?ﬁ?n 9% |2§?) The

nches Trom t’he ub!

mevainuml depﬁhﬁofemméactndmmemummm@brm tragfaridier the bottom of
react| n medi um on each tra¥ and/ or the. bottom of each

#oulRmeMber gars ke dhont g bt AY inches, abgyt T to about 32
; eH%Sea%'i‘“Pa%Qﬁehﬁ%%??déﬂa@%@aﬁﬁe?%?” FUTHAE Bl o-wictn
(H W) ratio in the range of from about 2:1 to about 20:1. Additionally, the
diameter-to-width (D:W) ratio of the reactor is in the range of from about 0.1:1
to about 2:1, about 0.25:1 to about 1:1, or 0.4:1 to 0.9:1.

In one example, the header has a height-to-width (H:W) ratio in the
range of from about 2:1 to about 20:1 and the L:D ratio of the tubular member
is in the range of from about 5:1 to about 20:1, wherein L is in the range of
from about 10 to about 200 feet and D is in the range of from about 1 to about
20 feet, wherein H is in the range of from about 8 to about 100 feet, and W is

in the range of from about 1 to about 20 feet.
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each tubul ar nmenber can be about 1 to about 40 i nches,
about 1 to about 32 inches, or 1 to 24 i nches.

wobriwsml |y, the header can have a hei ght - t oP@U/U$1908/008336
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(HW ratio in the range of from about 2:1 to about

20:1 . Additionally, the dianeter-to-wdth (DDW ratio

of the reactor is in the range of fromabout 0.1 :1 to

about 2:1 , about 0.25: 1 to about 1:1, or 0.4: 1 to

0. 9: 1ln ppothes examplee the (aé leasidwo Feactar segments include a first

ey St nd % Rheorh rPactB; SBEelh Fnlei i 5REOHY reactor
F@é\gﬂént B lbbateldelowdRe first readiorzegment lwhereib ene reHttdr further
erein is in the range of from about 10 to about

DERAMPEEES éffd a5d sepond fiow divgeels extesginginte the header, wherein
b
SHRSI 3P By B SE Ll Jo ey SEPREal ATEAPRAR oactr

amgmeﬂut twheretruthe28eterd flow divetrieeris @oapftddeto tHiastray associated
| east rg_\(ictor segnment |nclude a first reacto

s\yghéfh% SERANG, IReKIBHCPREEE oA ditipnally, 2 YARPEIAP CAB 'be defined by
Sﬁ%oélé’cdrﬁaﬁé\ﬁrdl BF bleﬁmjf1 SF & frdied ﬁ%d‘ flév%tdlverters at an

react or segment erel n the reactor er conprise
f éleyatiom dbsee tinel efevatiodiof dhe eeeoreda@niomgegmem t he
header, wherein the first flow diverter is coupled to
the tray associated with the first reactor segnent,

VRahfdricdllRangéond flow diverter is coupled to the
tray associated wth the second reactor segnent.

Addi t i dhal preseat \dgseripfiap uses bwrdeficaletangest ke quandifyl certain
T B R YAE BBl RIS el B tnat when

SeGPBficaeRMges #ePretidedNeEN iraRgeany &s bétwneiree8Ms providing
description uses nunerical ranges to quantify certain

péeeahsuepsrtfer aimdimitatians that/@nlm refite the lavern valye of the range,
UQQWe?Ité’leaﬁrn%mm nfﬁ'g?rdn O&lt%ntggs%@eg‘ \%ﬁl?%( ?Z}q ¢ fange. For

ch Tanges are constriued as pr I hg

Selmmple faOdhsclbaemriUnmaﬂieﬁllrange ofd0 ton Q0 prvides kiteeal support for
\gfr val ue of the ran% ,,as. well as claimlimtations
IO

'mef'tfrwc.qreateﬁéha " (pith e YppehBopRdYeandggrclaim reciting
e‘bf@ggai range of 10 to 100
provi des ﬂ)t (wq’ﬁ? vﬂé’r"f?#drﬁj% [ iti

support for claimreciting "greater
than 10" (with no upper bounds) and a claimreciting
éeﬁs t han 100" (with no | ower bounds). Definitions As
QNS the terms "a," "an," "the, " and "said"

means R8€uddd herein, the terms “a,” “an,” “the,” and “said” means one or
more.

As used herein, the term “agitation” refers to work dissipated into a
reaction medium causing fluid flow and/or mixing.

As used herein, the term “and/or,” when used in a list of two or more
items, means that any one of the listed items can be employed by itself, or
any combination of two or more of the listed items can be employed. For
example, if a composition is described as containing components A, B, and/or
C, the composition can contain A alone; B alone; C alone; A and B in
combination; A and C in combination; B and C in combination; or A, B, and C

in combination.

30



nore. As used herein, the term"agitation" refers to
wor k di ssipated into a reaction nedi um causing fluid

wo b@woegodll or m xi ng. As used herein, the term PErRts2908/008336
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when used in a list of two or nore itens, neans that

any one of the listed itens can be enployed by itself,

or any conbination of two or nore of the listed itens

can be enployed. For exanple, if a conposition is

descri Bedused bereini the demoipverageschaingdengthd/ meaas thaeaverage

It Al I ; ; I A .
AORER SrCBas g R T D reWinel g vesBh aflage chain
| Rngeiidis the; nuimbér offrepiating doid aAdkilceHdl UmitdS Agefhge chain
herein, the term"™ averagﬁ charn |l ength" neans the

[

aleBghy ds reyfissmusy ufthathe umbers avaragee degreenaf. pelymerization
a y r ' { r

Ok ThE e <A B oaff e SRR RA BT xEHEEF s known
i‘ﬁoI thosengkitled ini Ihle) ahehﬁun‘tmemmer ﬁgieNN/Fgrcaeuhbé usebd to directly
p meri zation (PP). The average chain | ength can be i
da?é"ﬂﬁ'%dé‘ﬁy cvgm degg%megngmnt &ndh gEQUR kanalysisi rand  light
t UgRe j I Yuei :
egasRiing B DR By mEas IO 158 e SR abe riblsBla ueight with
acairglations auskd itghtdetaratinertheg chaim tengthed Cloainefengtle is often

BRIk ST e EoETRR TS YT, oot BPFPRIRR (PHramotagraphy
ofPe) ?ﬁéé‘éﬂrﬁﬁ%t@ﬁﬁ&%r W%&)H&Is@ﬁéﬂ@ﬁté’.‘” th gel

S
permeation chronotagraphy ( measur enents and/ or _
vi scosAsyusedhdereine the temas t'sethphising, n’ carhprises, and “comprise”

“conmprising, . conprises," and onprise" are . .
ofiEh CpEHEEsh AGTED TR, Uredatq JFAnsRiR fromm 3 Sibieet recited
shéioré ttheaerhetd BRE Wrenidie dlemantd rédiedPkftBPBe term, where the
elenents recited after the term where the el enent or

neleanentcoremose |alemeatsalisted aftes thedrangitiem tarer @reimet mecessarily

ngce ri I . make up the

su%] ée@? _elé@ehggtgggéfaek%ﬁ%é?ég "cont ai ni ng, "

" cont ajAgsusedahdrein otieatatimsh@oatdihibgs atenedins,” efidettontain” have
meani ng as “"conprising," "conprises," and "conprise,"

piNe/$3BE QRansended MRINing @se CAMANISING, o 1GAMRLIRET 3NG icomprise,”

SR boleerr e 2 Proper(y of Lhe 11 prase o

wher ei As used herein, the term “conversion” is used to describe a property of
the liquid phase of a stream that has been subjected to esterification, wherein
the conversion of the esterified stream indicates the percentage of the original
acid end groups that have been converted (i.e., esterified) to ester groups.
Conversion can be quantified as the number of converted end groups (i.e.,
alcohol end groups) divided by the total number of end groups (i.e., alcohol
plus acid end groups), expressed as a percentage.

As used herein, the term “directly coupled” refers to a manner of
coupling two vessels in fluid flow communication with one another without the
use of an intermediate connector having a substantially narrower diameter
than the two vessels.

As used herein, the term “esterification” refers to both esterification and

ester exchange reactions.
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the conversion of the esterified streamindicates the
percentage of the original acid end groups that have
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Conversion can be quantified as the nunber of

converted end groups (i.e., alcohol end groups)

di vided by the total nunber of end groups (i.e

al cohol plus acid end groups), pressed as a
percenAagtﬁedAbewe,dtheeteém “having, Fhas, dandctiaye” have the same

Fpeereesti e aliokraS FRRPTF PG o R M RSP (B Ee e Brovided

ugkow an internedi ate connector having a

substantially narrower diameter than the two vessels
As usefshised nhereiny the emastharizontallyi slongaded; eneans that the

bl%tag rﬁﬁ&erﬁéﬁébﬁ\ttélondlm c?ﬁ ers el’é%%"gtﬂaﬁqué' ‘?ﬂﬁxﬁﬁjm vertical

hamertg‘m same open-ended msanl ng as "conprising,"

conprlses " and , " provi ded. above.
her ei n% Astyred @Pfﬁ'"hg?ngi%rﬁf'%l IV'@'%gat’l@ng%aﬁth H%ﬁ?'“de have

Ui SBmk rpgﬁﬁlé@m%nlﬁ%%nigﬁ[?ris@qﬁ’a‘&?ﬁpﬁ%” 5@? r‘;%ompnse,

maxi mim v rtic di mensi erein
"provided! alpove." i ncl udes, " and "i ncl ude have the sarre

open- ended nean conpr rjs

P ot Reaiseticieitt 88 4pi0e Mechdiital asiiBBBh’ Fefats & Aaation of a
" FRfchiBR pRddiad tHuseq” Hyefpﬁ{y%lda‘? ﬁ%vbﬁéﬂno9faarlgld or flexible
reaction nedi um caused physi cal novenent of a‘rigid
oelefmeant(s) lagainst oe nifhdn tra@a&ampndnedxunm n the reaction

nmedi u As used herej t he.term en_fJlo a"

"ot or ons oisdtt Terdih. ShE i drHy] Hopbared', fied 3G, the open area
V\Q\%l%blé‘fbﬂfnﬁd‘ ﬂaweavhefrerfﬁélwmdar@bqggn@asuréa%léﬁ%b pléne that is
per pendi cular to the direction of flowt hr ough t

opefimengdiculer tagbe directipn of flaw thepugh liepepeniagers to a

20he 284 et A R o T P s

t@Ibﬁﬁate@oﬂubﬁld”ryhembefhhemg@gbﬁémllymndﬁﬁi sudéwbmde
PET honopol ynmers and PET copol yners. As used here

the t eAﬁsUS%I herery| thee t?@ép‘mﬁtﬁylénéo&Sﬁ?W'atﬁﬁba”d ‘PET”
include PET homopolymers and PET copolymers.

As used herein, the terms “polyethylene terephthalate copolymer” and
“PET copolymer” mean PET that has been modified by up to 10 mole percent
with one or more added comonomers. For example, the terms “polyethylene
terephthalate copolymer” and “PET copolymer” include PET modified with up
to 10 mole percent isophthalic acid on a 100 mole percent carboxylic acid
basis. In another example, the terms “polyethylene terephthalate copolymer”
and “PET copolymer” include PET modified with up to 10 mole percent 1,4-
cyclohexane dimethanol (CHDM) on a 100 mole percent diol basis.

As used herein, the term “polyester’ refers not only to traditional
polyesters, but also includes polyester derivatives, such as, for example,
polyetheresters, polyester amides, and polyetherester amides.

As used herein, “predominately liquid” means more than 50 volume

percent liquid.
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"PET copol yner" nean PET that has been nodified by up
to 10 nole percent with one or nore added conobnoners.

WO-009008Bp| e, the terns "pol yet hyl ene ter epht hed BUS2008/008336
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copol ynmer" and "PET copol ynmer" include PET nodified

with up to 10 nol e percent isophthalic acid on a 100

nol e percent carboxylic acid basis. |In another

exanpl e, the terns "pol yet hyl ene terephthal ate

copol yhAsr useshcherplT theptarymereadtiool mediuPET refeds ftoedny medium

With u o 10 nol er.cent 1,4- cycl ohexane di net hanol
(%ﬁf%é]toacm'cﬁﬁﬁe%chg%ent di ol basis. As used

her ei nAst Hged eidreind thgeterfT “rdsty’sreféds @ lthie trioiety that is the
traditional polyesters, but also includes polyester

dessulting peaduct @fthaschempicakBaPIES  in po PRRiGwWaTeeastign scheme or

p . e . .
RSy s AR 8F SRR SPO R e LS of WgfiEFtne moiety
Vgl actealpeobiairied fram the/chemiedl sisecies), the term

"reaction nmediunt' refers to apy nmedi um subjected to

cheni cAs Ms§dt ihereinaAsthgsdermer@ner bieradeich, n@ydes cthe vapor
r h j: ety i (N r

{ feReficd oy % RRLYciclflcal fop O] i, BLIh EHUE) and any
ovapoib geneetedf by nother | mactions h@se.,c sldepreatiins) of the reaction
rﬁ?ﬁ?'dl ess of whether the noiety is actually obtained

f "WHe chemical species. As used herein, the term

"vapor ARy Ris@BUHereih Clhdq8rh heveraealy 498RGAE8Y Rikads that the
desired chemcal reaction (i1.e., a vapor Coproduct
anmximymy apeaticgke ndimensiomy isot laeger ethani dhe (maximursi dwrizontal
raacti ons) of the reaction nedium As used herein, the

t QIMPMSIBAti cal |y el ongated” neans that the maxi mum

vertical dinmension is larger than the maximum

hori zontal dinmension. Clains Not Limted to D scl osed

Sﬁbﬂmsrﬂwé-iﬂﬂtﬁdat@mﬁdpyedlﬁmmlﬂt%f the i nvelnti on
descr ! B%8 SRR BolfbdieRe by 1e iR EMER dbove are to

| pealisg bstihesteatitie offy, tdiRl ehaukiedol Beendddin aVimitings sense to
nodi fications to the above-descri bed exenplary .
eiterprate fies seepe Pfpthe slaimeg inyeetion. t Vadeus imedifigations to the

Fgﬁoﬁé-ﬁe%ﬁmtet@frgﬂ%hj RAhEdATEhEE c36RPBe feddl§ made by those

i nvention as se
skilled in the art without departing from the scope of the invention as set forth

in the following claims.
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inthe followng clains. Wat is clainmed is: 1. A
process conprising: subjecting a reaction nediumto a

W@ h@aioe®mBo reaction in a reactor conprising a VECT/USENN$/§08336

el ongated header and a plurality of vertically spaced

hori zontal Il y el ongated reactor segnents coupled to and
extendi ng outwardly from said header, wherein said

reacti on nediumflows through said header and said

r Whatds claignediss as said reaction mediumtravels

through said reactor, wherein said reaction nedi um
entersqand @xi I : . ' 52 :
througpf saig‘ ergc(:jégrs. g@ﬁ#ﬂéﬁgr ggcugiééétg}d ?gr{e%ﬁﬂc?ﬁ fetfidm to a
whlsgraioal seactiomeiacke reactor cdeprising ad veoticallyi elahgated header and a

bet ween sai d.reactor segnments,, wherein said reaction
BTy 1 dsBicalarased oGl CIoRgat frAstoGSeamBRts coupled
r RPGhY Yktddlh rBJt\FVﬁVcﬁlllifrcfrh%i@%eﬁ BErwRBRIRsafPtéhction medium

reactor segnents to a lower one of said reactor
stowentrgougihesaid nheadler gnskrsaichdrelactosr segaents as said reaction

SR R RSB St R i s G emers
VaRd eixils afichstBREof 3afH feuor $BdiRenBNArdUgH SaidHeader.
substantially horizontally oriented, wherein said

upper and | ower pipes each have a | engthto- dianeter

(LD) ratio kRt g€¢ Of .. m 2. . 1 erein .
Sard ufiper INg PrRdsdrpe okl i ineil $RHghpadf” Rfblldes fuid
| eapimhidation ehativeed tgai¢ arshadippesegménisOWaheRtiResaid reaction
respectively, wherein said reaction nediumflows on

saegiypprassasddewiwardly thsowgh said Ihgagea2s Faigh saciion medium
> ! . . . ! |
DRSS TRCAF YReRE he 7 S 400, SEBENS 16 e ope of sai

sriattdreselpnents, wHereinr ssidssppdr andilomerl relctohseégments comprise
said reaction nmedi um congri ses a pol ycondensati on

f EsPpectiye UePR" SAMJIONST \RIBRIRIRIRIPES S KkipsPSFHYS sPpepand lower
hawi : . ; _

[RVRE 2818688, S3B Dpbeyhd ol B oaas ol g ibstantaly
shonizardalty oriestedmamieseiexdasd dipper aaddowef pgresceacniave a length-

sj de of said _header.5 . The prpcess,.of .clajns 1-4,. .
efanieiEh (o) GEBdn Wenatioshel Tom 2ok ¢S i Sewberdin; spid upper
I 8R¢& IGWeSPEBAGh hlve allBRgH BFSERa8f 0 F5RI iativedo said upper and
wherein a vapor byproduct "of said chem cal reaction
f lowerapipesaespectiyely, wherein sait readtiognmedsum Slayesbnneald upper
'8nd lower trays generally away from said header, wherein said reaction
medium flows on the bottom of said upper and lower pipes generally toward

said header.
3. The process of claims 1-2, wherein said reaction medium
comprises a polycondensation feed, wherein said polycondensation feed

comprises PET having an average chain length in the range of from 5 to 50.

4. The process of claims 1-3, wherein all of said reactor segments

extend outwardly from a common side of said header.
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said header and exits said reactor via a vapor outl et
| ocated near the top of said header. 7. The process of

W@ L@9189036 6, wherein a predominately |iquid preduts2008/008336

said chem cal reaction exits said reactor via a liquid
outlet | ocated near the bottom of said header. 8. The
process of clains 2-7, wherein said header has a

hei ght-towidth (HHW ratio in the range of from2:1 to
20:1 , wherein L is in the range of from3.05to 6 1

ooss 08 6 T ThE, ERRebS ) sBilts Ak whdsbiRSsEia 188 RE (fBlises at

Cleakfthrée &f s‘amelfe@ctbri‘sﬁgﬂnéMGCtl on m?dl um conprises a
liquid within which said chemi cal reaction is carried

out and wherein said liquid conprises a foam portion

and. 2 g edoTpA3k ELsL |1 eOLS Ohnehdn. JUSpBF B5BAMAL of said

clains 1-9, erern sal em cal ‘réaction

poheraivatl esactionofromnat est tivbeofasaid agactdnasegrmanstuh ooinbined in
sai d reaction nmedi umjncreases by at | east 10.in said

r $3idthgad eﬂandrﬁélthsatdgﬁaqs@r ¥igad ﬁ’é‘P9f potielipsated ”&af the top of
POLiti KA fRF said reaction nediumlocated in an

upper nost one of said reactor segnents conprises at

| east 50 volune percent vapor and a portion of said

reactign um | ocated,in | o t Qne o

r eact o? segrefit STGHSr |°§e§|a|rg§s¥\%mawﬁ E?'Qo?u%e‘g?é?'@@wy liquid
Vﬁﬂﬂuc@%f sgfbeclﬁ’ér?l%ﬁe%tldﬁ ékl@s séldlrebctd/mﬁé% I'hL'JD ETothét located
produced by said reactor. . The process of clains

3near, thetottom of sai IREders a PET copol ynmer conpri si ng

at | east 90 nol e percent ethylene terephthal ate repeat

units and up to 10 percent of added conononer repeat

units. gl4. Th@ proeeSss f efairhk - Wheraih 8afi neéaeudha@aqféught-to-
conononer eat units are deri ved from an adde
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cérbineddrs 3o @0 fewp. or nore thereof.

9. The process of claims 1-8, wherein said reaction medium
comprises a liquid within which said chemical reaction is carried out and
wherein said liquid comprises a foam portion and a predominately liquid
portion.

10. The process of claims 1-9, wherein said chemical reaction
comprises polycondensation, wherein the average chain length of said

reaction medium increases by at least 10 in said reactor.

11.  The process of claims 1-10, wherein a portion of said reaction
medium located in an uppermost one of said reactor segments comprises at
least 50 volume percent vapor and a portion of said reaction medium located
in a lowermost one of said reactor segments comprises less than 20 volume
percent vapor.
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15. The process of claim 14, wherein said added

conononer conprises isophthalic acid. 16. The process
w@Rooglatoss 3- 15, wherein said feed has an averBgBEUSW88/008336

length in the range of from1l to 20. 17. The process

of clainms 3-16, wherein said feed is maintained at a

tenperature in the range of from 220 to 3500C, wherein

t he vapor space pressure in said reactor is maintained

in the range of fromO to 39996 Pa (0 to 300 torr).

rocover?ng LNE RBsRER S daMis il b AP AR % Briflced by said
Prex@tst from said reactor, wherein said

pol ycondensati on product conprises PET having an
average chain length that is at |east 10 greater than

t he average ai g f.1he,RET | jd__. .
pol ycoer‘: 'ensgf'?ohp?(%eegsg. %g %@Qp?g?esgvﬂgfé}él glalr?s P£E8',S a PET
f copdigmet @opipriving at feazy I900mdled perbetit ettiylena tereptititdlate repeat
outl et of said reactor, wherein said reaction nedium

f Pt aRd ug tsr%a%&cenhd‘saqi%ecﬂ eggopemerHepeahunie |t. V.

of said product is in the range of from0.3 to 1.2

dL/g. 20. A reactor conprising: a vertically el ongated
header 14nd dhplproetss gf caim a3, wherén sgid@dded comonomer repeat
horji zontal | y. el opgated reactpr segnents cqupl ed_.to and

eXRlsH AT STiVREr HPP! 12brAdid) FRadRMer R ERdafToRs alte group
t&‘@nsl%ti | @fr e H%ﬁal&eg%gf,s DeufaphtaIME dREiRIlic acid, 1.4-
coupl ed to sai d header and'a distal end space rom
seyalohexene-dimetbanol diatbilene glacel, andl eaasbinations @fidworor more
S rre&ts conpri ses an el ongated tubul ar nenber and a

t&%yre f sposed substantially within said tubul ar

menber, wherein said tray extends al ong at | east

one-half of the length of said tubular menber, wherein
said tiay difhedesocass iohtelaimar 14f wherein (g aaddedbegmonomer

BB HER aeBPEh BRI T IT G Communt cati on with said
header at said proximal end.

16. The process of claims 3-15, wherein said feed has an average

chain length in the range of from 1 to 20.

17.  The process of claims 3-16, wherein said feed is maintained at a
temperature in the range of from 220 to 350°C, wherein the vapor space
pressure in said reactor is maintained in the range of from 0 to 39996 Pa (0 to
300 torr).

18. The process of claims 1-17, further comprising recovering a
predominately liquid polycondensation product from said reactor, wherein said
polycondensation product comprises PET having an average chain length that
is at least 10 greater than the average chain length of the PET in said

polycondensation feed.
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19. The process of claims 3-18, further comprising removing a
product from a product outlet of said reactor, wherein said reaction medium
forms said product in said reactor, wherein the It.V. of said product is in the
range of from 0.3 to 1.2 dL/g.

20. A reactor comprising: a vertically elongated header and a
plurality of vertically spaced horizontally elongated reactor segments coupled
to and extending outwardly from said header, wherein at least two of said
reactor segments have a proximal end coupled to said header and a distal
end spaced from said header, wherein each of said at least two reactor
segments comprises an elongated tubular member and a tray disposed
substantially within said tubular member, wherein said tray extends along at
least one-half of the length of said tubular member, wherein said tray divides
the interior of said tubular member into upper and lower chambers, wherein
said upper and lower chambers are in fluid communication with said header at

said proximal end.
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