WD 2005/ 000461 PCT/ US2004/ 016465 POLYESTER PROCESS USI NG A Pl PE REACTOR

FI ELD OF THE | NVENTI ON The invention relates to pol yester processes using a
pi pe reactor and to 5 correspondi ng apparatuses. Mrre particularly, the

i nvention W%J b€l Processes and to correspondi ng apparatuses including
an esterification pipe reactor operated in an upfl ow RCTHGRAFHdMcTTDdE,
especially in a regine including stratified flow. BACKGROUND OF THE

| NVENTI ON 10 As. the busi ness of manufacturing pol yesters becones nore
conpetitive, alternative processes have becone highly desirable. Relevant

background for this |InpgHYESTER PROCESS ﬂsm@@mm%tcﬁgﬂ i cation rel ated
to the present one and filed the sane day entitled "Paol yester Process Using

a Pipe Reactor"” with the invent I}gﬂ% PREGUI n. 15 Anot her rel ated
U S. patent application filed tﬁ?%‘é’r%‘eﬂgg& as Pﬁe present one and entitled,
"Pol yest er Process UBienigventibh pelafRe de tpolytstervprotessds ausingy miper seactoBand € Roger
Debruin and. Daniel lLee. Martin. In.,additiaon,are .rel ated cases U. S.

Aopl i cat | ort Ser {esRging gprsalusss Mare persio e i aterBon Segfes opovgsigs end
Provi si onal Applol e bipendigeippatatidies inblRdiAE 4n 0t&ifidati@ifipipe PeabRE SPlSHkd 000.
SUMVARY OF THE | NVENTI ON Itppia%s an obj ec? of this ﬁ_l\)/epnti_on to preO\Z/rli%rg

pol yest er pr oce¥¥W¥ qrdpwatlew piode espestally #ya regimedncluding siratifisdiflovh rel ates to a
process for making a pre-polyester 25 conprising: providing an
esterification pipe reactor conprising a pipe, the pipe having an inlet and
an outlet and constructed sBACKIGROUNDWOF THFIENVENTPONe fromthe inlet to
the outl et, foll ows path that i.s not totally vertical nor totally,

hori zont all? and re?bst&l_ﬁg’_uﬁlﬂgs THH _ﬁ’é'aétpaﬁtﬂgtefﬂwq?as MRE REMPFEEes owar ds
the outl et undeflterm@f¥eproédssedtHa® bécdase Highly aRable] RASvIN® bAXMeBublSor this
pre-polyester. 30 The ,invention also relates to simlar processes erein

[£]

the pipe is invention is given in a U.S. patent application related to the present one and filed
the same day entitled "Polyester Process Using a Pipe Reactor” with the inventor,

Bruce Roger DeBruin,
15 Another related U.S. patent application filed the same day as the present

one and entitled, "Polyester Process Using a Pipe Reactor”, with the inventors,
Bruce Roger Debruin and Daniel Lee Martin.
In addition are related cases U.S. Application Serial No. 10/013,318 filed
December 7, 2001 and U.S. Provisional Application Serial No. 60/254,040 filed
20 _ December 7, 2000. '

SUMMARY OF THE INVENTION
It is an object of this invention to provide pblyester processes using a pipe
reactor. Thus, this invention relates to a process for making a pre-polyester
25 comprising: providing an esterification pipe reactor comprising a pipe, the pipe
having an inlet and an outlet and constructed such that flow inside the pipe from the
inlet to the outlet follows a path that is not totally vertical nor totally horizontal,
and reacting one or more reactants flowing in the pipe towards the outlet under
esterification reaction conditions to form the pre-polyester.
30 The invention also relates to similar processes wherein the pipe is

constructed such that flow inside the pipe from the inlet to the cutlet follows an



constructed such that flow inside the pipe fromthe inlet to the outlet
foll ows an WD 2005/ 000461 PCT/ US2004/ 016465 2 overall upward (outl et higher
than inlet), but not totally vertical path; this path nmay be in addition

general |y pon,daemegard, non-vertical. Further, the i nvejﬁ?ﬁé‘?n relates to any
Srigircles

of these processes wherein stratified flow appears in

Simlarly, the invention relates to a process for making a pol yester

ol igoner, a polyester o r both conprising: p erformng any oft he

af orenenti oned processes for making a pre-polyester; and reacting the
pre-pol yester and optionally other reachants, under polycondensation
reaction conditions, to formthe polyester oligoner, the polyester or both.
10 The invention also relates to processes corresponding to those descri bed
here wherei n t heepllppward (awleshiphte tied idet); but doa totdllyonsriicabpate thib gathin® from t he

inlet to the qutlet.follo an overal |, dowmnward (outlet |lower than inlet),
but not totall &e%g(idgt?o&%ene\éa{ymonﬁqu gtrﬁ’nﬁ% in addition generally
non- upwar d, non- ver Fugka, thé idvdrfidherelatl|te Ghy OF tHekt SrobRVRNheddin Isfratifedpr ovi de

apparatuses for_polyester 15 processes using a pipe reactor. Thus, this
i nvention rel atf¥ 3FgeashifdheRPkes corresponding to the processes described

above. BRI §F DESCR SRk OreT v cRRAVNES 20 aThiRods CRMIANANG foguigos, whi ch
are incorporated in and Constitute a part of this specification, i1llustrate
several enbodi ridigemerod pplyestenordreth ornpsiig: p sipeming 2 nyoi hhe Hforetwstienedt i on

serve to expl ai iﬂﬂﬁil I g | i ! . i cal
enbodi nents of IJt?‘?{%ae"L'%E(:)fb?/esteg ag’?oﬁgelééégg aggié&g%l&gﬁ%?% glsye%t?s&?\ég{lh%ﬂ resent
i nvention. Key dffer kantowts, \Ddsi pphywbidensatipm rdactipn dendifiossa bk fofmpthé polabster30 | A

line fromtank £0,BLPfe hSed2BPhdm.

10 The invention also relates to processes corresponding to those described
here wherein the pipe is constructed such that flow inside the pipe from the inlet to
the ouflet follows an overall downward (outlet lower than inlet), but not.totally
vertical path; this path may be in addition generally non-upward, non-vertical.

A further object of this invention is to provide apparatuses for polyester

15 processes using a pipe reactor. Thus, this invention relates to apparatuses

corresponding to the processes described above.

BRIEF DESCRIPTION OF THE DRAWINGS
20 The accompanying drawings, which are incorporated in and constitute a
part of this specification, illustrate several embodiments of the invention and

together with the description serve to explain the principles of the invention.

FIG. 1 shows typical embodiments of the polyester processes and apparatuses of

25 the present invention.

Key to Number Designations in Fig. 1
1 tank (optional)

30 1A line from tank to pipe (optional)
3 pipe inlet



3 pipe inlet WO 2005/ 000461 PCTI US2004/ 016465 3 5 pipe of esterification
pi pe reactor 7 vapor disengager (optional) 7A vapor line (optional) 9
recycle line (optional) 5 11 pipe outlet 15 pol ycondensation reactor
(optional ﬁ%ﬁo W3, as a pi pe reactor) 15A line from pol ycondensati on
reactor to pipe (Optional) 10 DETAI LED DESCRI PTI ON OF "IRRAUHGEN 1 n this
di scl osure and the clains that follow, unless otherwi se indicated, the term
pol yester is used in a broad sense and refers to a pol yner cont ai ni ngnore
than 100 ester |inkages (or nore than 100 correspondi ng |inkages in the case
of derivatives of "straight" or "pure" ppl yesters such as pol yetheresters,
pol yester 15 am des and pol yetherester amdes). Simlarly, polyester
nononers would have 1 to 2 such |inkages, polyester diners 3 to 4 such

| i nkages, pol yeSter pipe ofesisrification pipsteadior | i nkages and pol yester ol igoners 7

to 100 such linkages. Pre-polyester refers. to polyester nononers, diners,
trimers, oligor rlzers ‘?ﬂﬂ‘ﬁ%ﬁ%ﬂ%’a@?%‘ﬁ’@ of these.. For sinplicity, polyester

processes will hg undgadine@sptional) ncl ude processes 20 for making

pre-pol yesters §hen used jn this disclosure and the clains that follow,

unl ess indi cated ot HEFXAledwe (opienal} ocesses according to the present invention
include a pyocessg fqgipe dmki ng a pre-polyester conprising providing an
esterification pipe reactor conprising a pipe, the pipe having an inlet and
an outlet and céhst riedxceriessasipn reacier (P ionhloand siyinche atpipe rpicpe) from t he i nl et

to the outlet foil OVYﬁ'le?roBmgé] ctgjrr?@elhsajtiﬁnﬂ:%tmttghﬁél(%tiggﬁﬁ tical nor totally

hori zontal ; and reacting nore reacta g in the pipe towards
the outlet under esterification reaction conditions to formthe pre-

10 DETAILED DESCRIPTION OF THE INVENTION

In this disclosure and the claims that follow, unless otherwise indicated, the
term polyester is used in a broad sense and refers to a polymer containingimore
than 100 ester linkages (or more than 100 corresponding linkages in the case of
derivatives of "straight” or "pure" polyesters such as polyetheresters, polyester

15 amides and polyetherester amides). Similarly, polyester monomers would have 1 to
2 such linkages, polyester dimers 3 to 4 such linkages, polyester trimers 5 to 6 such
linkages and polyester oligomers 7 to 100 such linkages. Pre-polyester refers: to
polyester monomers, dimers, trimers, oligomers and combinations of these.

For simplicity, polyester processes will be understood to include processes

20 for making pre-polyesters when used in this disclosure and the claims that follow,
unless indicated otherwise.

The processes according to the present invention include a process for
making a pre-polyester comprising providing an esterification pipe reactor
comprising a pipe, the pipe having an inlet and an outlet and constructed such that

25 flow inside the pipe from the inlet to the outlet follows a path that is not totally
vertical nor totally horizontal; and reacting one or more reactants flowing in the
pipe towards the outlet under esterification reaction conditions to form the pre-
polyester.

More specifically, the pipe may be constructed such that flow inside the

30 pipe from the inlet to the outlet follows an overall upward (outlet higher than inlet),



pol yester. More specifically, the pipe may be constructed such that flow
inside the 30 pipe fromthe inlet to the outlet follows an overall upward
(outl et higher than inlet), WO 20051000461 PCT/ US2004/ 016465 4 but not
totally vertical path; this path may be in addition generally non-downward,
non-vertic r, the pipe may substantially enpty;, i

subst anti alwloymﬁér*@g&gf mechani cal or structural inter naq%%/@é%éﬂﬁgﬁ? s and the
| i ke not included of course). The pipe is understood to be hollowin the
context of this disclosure and the clainms 5 that follow. For sinplicity,
esterification is taken to include, throughout this disclosure and the
clains that follow, not only its comon ngani ng, but ester exchange as

wel | . The processes according to the present invention also include
processes for, 10 nmaking a polyester oligoner, a polyester or both

conpri si ng per f drhotgothliheersdat path; thik path myaydk if bligormORr&aR ndodowibdrd)y a
pre-pol yester previously described and .reacting the p re-polyester and
optional ly ot hermflévﬁ%’tcﬁlnf the, ffrpemey Wﬁﬁ&’é‘h% Q%Pgng‘a&ééﬁttsfaﬁﬂal%ﬁﬁ?ﬁ ®i ons, to
form the pol yestiféch@liéay o Btfuctiril EinleMial Ffch@hint® hud> Bk hike TBi chdsd of HFe).0ONed
step of reacting_under, pol ycondensation reaction conditions may be 15

carried out in alBiSEMRFdSPMEHLLE QP bllew ip g cppext s this faglo ddbe ¢lagst or f or
pol ycondensat i onya: fiw, €actions taking place as part of the processes
according to the present invention ordinarily produce water (and perhaps
other types of) vapoFor simplidity, eatirifisationdsriplenito inelpdes thyenghoutethis| disclosehac e
product yi el d. ThyShe ibifusRERGORIE SoPbnih B 6BnBh G3Ehe! Y Q0L QAIRY Lur ¢ her
conpri se renoving vapor from i nside pi pe. ven Space i mtatton
normal |y presentwadlt manufacturing sites, it may be convenient for the pipe
to be serpentine; th s, having.at. l.east gne nd, n referred
orientation for the g’lilf)%m‘l&er?segc?%cggddjg%?éh°var?sﬁgttlﬂ‘fe§§?nsal%%8§ﬁd |9‘F°‘ff’|sﬁ? ?%: The

10 making a polyester oligomer, a polyester or both comprising performing (the steps

of) any of the processes for making a pre-polyester previously described and
reacting the pre-polyester and optionally other reactants, under polycondensation
reaction conditions, to form the polyester oligomer, the polyester or both. This last
mentioned step of reacting under polycondensation reaction conditions may be

15 carried out in a polycondensation pipe reactor or other type of reactor for
polycondensation.

The reactions taking place as part of the processes according to the present
invention ordinarily produce water (and perhaps other types of) vapor, which
unless removed, may significantly reduce product yield. Thus, the processes of the

20 present invention may further comprise removing vapor from inside the pipe.

Given space limitation normally present at manufacturing sites, it may be
convenient for the pipe to be serpentine; that is, having at least one bend. One
preferred orientation for the pipe in accordance with this is shown in Fig. 1. The
pipe 5 has several horizontal zones joined by bends.

25 In the reaction systems covered by the processes of the present invention,
there may be solubility problems involving one or more reactants. For e xample,
terephthalic acid is not very soluble in ethylene glycol, thus making it difficult to
get the two to react in making polyethylene terephthalate. Thus, the processes of
the present invention may further comprise adding a solubilizing agent into the

30 pipe. For purposes here, a solubilizing agent makes one or more reactants more



pi pe 5 has several horizontal zones joined by bends. 25 In the reaction
systens covered by the processes of the present invention, there may be
solubility problenms involving one or nore reactants. For exanpl e,

terephtha“%ﬁzaééﬁm%ﬁenot very soluble in ethylene glycghTﬂkQHQ%ﬁgﬁing it

difficult two to react in meking polyethylene tere al at e.
Thus, the processes of the present invention may further conprise adding a
sol ubilizing agent into the 30 pipe. For purposes here, a solubilizing agent
makes one or nore reactants nore WO 2005/ 000461 PCT/ US2004/ 016465 5 sol uble
in the other(s) or the reaction mxture generally; in this context (in
reference to solubilizing agents), reactants will be taken as only those
that are precursors for polyester nononers (as solubilizing agents are not

such precursor s)solubUint thel @ha@) Wbithe 2ébGora gt pametalgie i RAS &ofQRP(IhSI NY a
pol yester nononer, dinmer E@nd/or trimer; those conprising a polyester
ol i gorer: t hose TEf5HRFS %?31 1Zing 3gsiel reactapiy il beyiky] &y ABIYJPeREnihet &8l vent s

such as chl or i ng}&drsais qorotyestethbdetheld (b MM RZingd RBHE B noPALLL ;ﬁ'}eeﬁfgsﬁﬁ of

phenol and chlorinated hydrocarbons (like tetrachloroethane), ]

t et r ahydr of ur an #tald¢ pdeinlging agents inclnde those ogepprising & prdyester Bonpmers dimpr
conbi nati ong of . ageqt s pal .0 Li . 10
especially gf tﬁsel@t&;%gwgg@r%a proglrjng% [ relétféﬂhdeil%gf?lgéeggfe asgsogtaé%%%ggerred.
These agents nelosbeomprisng wighkic selxettantch gsrdhtoringted avhdiatico Qikeotrichleropi pe or

added. to the | pe sepanately in e or | t.. L m.xed. wth,.reactants
(here pol yyesteﬁjﬁgﬁ% or%lfl gﬁg%ﬂerssgﬁ%h?nﬁpaﬁ%/dqwaag{;m{aﬁeg shJF{?B?ﬁ"P% n@lkggent
woul d be consi de¢tedhibmethene),t ketrahydrdfurae dreslimahyl sulfoidepaet aall sas hosbhny

For m ng pol yest SPEPERE (REpRys St B SEEEarn GoPa TRt BB SIEBEN  he
present ingent iegptciallpof Hiengse Bingprsdust@dm Bk pr@ROS aRt ien GREMEE | Thesd
di carboxylic aci (abbreviated here as a diacid), a diol, a diester, a
hydroxy ester, SE8HT Ba%Pe mixedoyith reagiinds prordp Radivpn tuthe Pirerr added 1o theaci g
ester), a h ydroygy GRhRRKYH whekl & {(PPRE NI @heE with reactants (here polgester -
mo‘nomer precursors) in any way, the solubilizing agent would be considered to be
the mixture less any such reactants.

15 Many different types of reactants or mixtures of reactants may be used in
forming polyesters and pre-polyesters according to the processes of the present
invention, the types or mixtures of reactants comprising a dicarboxylic acid
(abbreviated here as a diacid), a diol, 2 diester, a hydroxy ester, a carboxylic -acid
ester ( abbreviated here as an acid ester), a hydroxy carboxylic acid (abbreviated

20 here as a hydroxy acid) or combinations thereof. It is possible that related materials
such as tricarboxylic acids and other such multifunctional materials could also be
employed. It should be understood that acid in this context would include
corresponding mono, di or higher order salts. Of course, the pre-polyesters and
polyesters being formed may be in turn reactants themselves.

25 More specific reactants or mixtures of reactants of interest comiprise
aromatic dicarboxylic acids preferably having 8 to 14 carbon atoms, aliphatic
dicarboxylic acids preferably having 4 to 12 carbon atoms, or cycloaliphatic
dicarboxylic acids preferably having 8 to 12 carbon atoms. Such comprise
terephthalic acid, phthalic acid, isophthalic acid, naphthalene-2,6-dicarboxylic acid,

30 cyclohexanedicarboxylic acid, cyclohexanediacetic acid, diphenyl-4.4'-dicarboxylic



20 here as a hydroxy acid) or conbinations thereof. It is possible that
related materials such as tricarboxylic acids and other such

mul ti functional materials could also be enployed. It should be understood
that acid in this context would include corresponding nono, di or higher
order salt se, the pre-polyesters and polyesters being fornmed my
be in turﬁﬁPégﬁ?gﬂgg t hensel ves. 25 More specific reac?&ﬁﬂ@”@ﬁ“ﬁ?@%ures of
reactants of interest conprise aronatic dicarboxylic acids preferably
having S to 14 carbon atons, aliphatic dicarboxylic acids preferably having
4 to 12 carbon atons, or cycloaliphatio dicarboxylic acids preferably
having 8 to 12 carbon atons. Such conpri terephthalic acid, phthalic
acid, isophthalic acid, naphthal ene-2, 6-dicarboxylic acid, 30

cycl ohexanedi car boxylic acid, cycl ohexanedi acetic acid,

di phenyl - 4, 4' - dacidyr diphenli3oH-WWEarBORHE O 6212, RETAMAODABLRAAD didirids|ith .

di pheny-3, 4' - di ca({ boxyl.1c .acid, .2, 2, -di net h(gl -1, 3-pr.opandi ol , di carboxylic

acid, succinic YUt :i%‘“&‘?ﬁ %f}d»zi‘éﬁp_tﬁ geidy @pidaic goid] sgbecipatid, méheci ¢ aci d,

m xtures ther e@breofttith thd'Bkd. I8 acid BSmpLAl AP BRI b 3 Fggg{ﬂjglefoys 8d by the
u

ester thereof, such as with dinethyl terephthalate. r rfore specific
reactants or ni3tWitheimghyltergehibatates conprise cycloaliphatic diols preferably

having 6 tg 20 car bgpfd0 F en@lid ' ials. f | aving.3 to 20

car bo% at o(rzr;s. Such (;orrprri tsﬁg)rée)tsrq%lgﬁgﬁg*a&t:sglog(Eﬁft!g]regd%ef}%%é’%e CBW@E%‘? ,

E) ritet hyllezed_gl lﬁ}@lO,ah}il,aﬂs diodd pﬂg_&x&;ﬂoﬂeﬁnﬂiﬁgaﬁhamgl gz_arbtrmpanﬁ-dr, fﬁplhai:iwﬂiols 2 10
utane-1, 4-di o ane- 1, 5- exane- 1, 6: di ol .. neppen ,

met hyl pent anedi %FB%QB’4§]a%mJgZ§ IITOE? ‘ﬁﬁ?%%%f’%’r?é’d ijsd'l‘:}-1 (CPmRyISe sibflene glyg"ly(%@)’

2,2, 4-trimet hyl diethyleme ghitd] trichlyld¥ , glidobt hykhedutenrad dinethinod) propane-1,3-

i~ (hyar oxyet noRgh - Bushbtioh, pE e leotR o b6 EHlexgropersyigstle, 3 2; 4-

di hydr oxy-19, 1, Sméhylpént-aeaibhp|4),c 2ahabiernBedial-(2,4%, 4,2 4-trimethylpentane-diol-
t et ranmet hyl cycl ghut anedj ol , 2, 2-bi s-(3-hydroxyet hoxyphenyl’) - pr opane,
2, 2- bi s- (4- hydr@»¥)repdbsrarrdin(},3)1 3.2 shetipdmapanpsipd6F.B), dexanpdielr (b lnbne,
BDS- (2, 2- (sul T ofiyhyirSybthdzy)-benzene,  2,2-bis-(4-hydroxycyclohexyl)-propane, «. . . 2,4-
dihydroxy-1,1,3,3-tetramethyl-cyclobutane, 2,2,4,4 tetramethylcyclobutanediol,
2,2-bis-(3-hydroxyethoxyphenyl)-propane, - 2,2-bis-(4-hydroxypropoxyphenyl)-
15 propane, isosorbide, hydroquinone, ‘BDS-(2,2-(sulfonylbis)4,1-
phenyleneoxy))bis(ethanol), mixtures thereof, and the like. Pre-polyesters and
polyesters may be prepared from one or more of the above type diols.
Some preferred comonomers comprise terephthalic acid, dimethyl
terephthalate, isophthalic  acid, dimethyl isophthalate, dimethyl-2,6-
20 - naphthalenedicarboxylate, 2,6-naphthalenedicarboxylic acid, ethylene glycol,
diethylene glycol, 1,4-cyclohexane-dimethanol (CHDM), 1,4-butanediol,
polytetramethyleneglyocl, trans-DMCD (trans-dimethyl-1,4-cyclohexane
dicarboxylate), trimellitic anhydride, dimethyl cyclohexane-1,4-dicarboxylate,
dimethyl] decalin-2,6 dicarboxylate, decalin dimethanol, decahydronaphthalane 2,6-
25 dicarboxylate, 2,6-dihydroxymethyl-decahydronaphthalene, hydroquinone,
hydroxybenzoic acid, mixtures thereof, and the like. Bifunctional (A-B type where
the ends are not the same) comonomers, such as hydroxybenzoic acid may also be
included. |

Some specific reactants or mixtures of reactants of very special interest

30 comprise terephthalic acid (TPA; understood to include crude, purified (PTA) or



phenyl eneoxy)) bi s(ethanol ), m xtures thereof, and the |ike. Pre-polyesters
and polyesters nmay be prepared fromone or nore of the above type diols.
Some preferred comonomers conprise terephthalic acid, dinethyl
terephtha%aa Qahthallc aci d, dinethyl |sophthalate di net - 20
naphthalenedlcar 6Xyl ate, 2, 6-napht hal enedi car boxyl i c BEPHSﬂ@W%Wf%ne gl ycol ,
di et hyl ene gl ycol, 1, 4- cyclohexane di ret hanol (CHDM, 1, 4-butanedi ol
polytetranethyleneglyocl, trans- DMCD (trans-di met hyl -1, 4- cycl ohexane

di carboxylate), trinellitic anhydride, dinethyl :

cycl ohexane- 1, 4-di car boxyl ate, di nethyl .decalin-2,6 dicarboxylate, decalin
di met hanol , decahydronapht hal ane 2,6 25 gicarboxylate, ,

2, 6- di hydr oxynet hyl - decahydr onapht hal ene, hydroqui none, hydroxybenzoic
acid, m xtures thiies BtbeendWinétha téréﬂhﬂxamﬁ’é(fum‘:)t b)Q'I@l'exafnédg‘nétB{ﬂ?ﬁI w}ﬁjﬁ) the ends

are not the same) cononomers, such Xybenzoi ¢ acid nay al so
i ncl uded. Sore isgpbthpliG zcid @RA) &thfkﬂecﬁly(}?i ﬁégerwm&t@a&t}@mé of very speC| al

ur 1 ed (PTA) of WBb0RrE0b a0l B EEan A o e B P B el T oe
di met hyl terephﬂﬁaﬂ@téﬁpﬁwﬂwmn%ymwuﬁeﬁanéwﬁnhﬁchaﬂﬁﬂm&m}@ﬁmjandBEmﬁthaI|c
acid (1PA)4 B‘pt-? dﬁ’ie&%v?ﬂh({k@bor combi nations thereof. Many types of

pol yesters may be e usi )rocesses of the present invention. Two of
speci al interest ar Rapgsk \stitddy ireiids tizclepind laad a]naecxai?h‘sT)haarfoild%Emulcﬁ bePET

nodi fied with CH ate in this ure ndtrw ns t hat
fol | ow shoul d B@%ﬂ@sﬁ%@ eﬁ Crpl&eespffcﬁgcaﬁ 8°tr3 éﬂd Eﬁ‘@t?fsb Iy and
not just end paixmhpléSdiscldsae of Gie&mglee),todOSHduﬂleb"ﬁkaﬂ‘ tolspeificaly@isbloge?,10 shoul d

be taken to specifically g ﬁclose 2 nd 3.17 and al] ot her nunber
subsumed i n thé%éﬂéé 14mad toﬂ]eﬁglem’eﬁrawﬁmﬂ e eepge FES ngt ikt e of O

to C5 (onqgto fruvBerCAd QS WITCP &R CH QB Medcéagﬁm%y&&%@%wﬂ@sé gsure of

not only d and C5 hydrocarbons, but also of
specific disclosure of not only C1 and C5 hydrocarbons, but also of C2, C3, and C4

hydrocarbons; ranges that are clearly meant to be ranges of integers shoultlibe

understood correspondingly.
One area of intense interest regarding polyester processes using a pipe
15 reactor is the effect of flow regime in the pipe. Surprisingly, it has been determined
that ﬁnder many circumstances it may be desirable to operate the esterification pipe
reactor, at least in part, in a stratified flow regime. Accordingly, the processes-of
the present invention include those previously described wherein stratified flow
appears in the pipe (of an esterification pipe reactor). For this purpose, -stratified
20 flow may be defined as a flow pattern in a pipe in which liquid flows along the
bottom and vapor flows over a liquid-vapor interface. Pipe reactors can be designed
by those of ordinary skill in the art to meet this criteria in operation by application
of standard engineering design techniques with reference to the disclosures herein.
In the systems considered here, operation so that stratified flow appears in
25 the pipe will produce two, three or more phase systems.
Given different pipe designs, it may be desirable to operate with stratified
flow in a certain given percentage or section(s) of the pipe. Calculations to
determine needed parameters may be performed by those of ordinary skill in the art

using standard engineering tools after consultation of the disclosures herein.




hydr ocar bons; ranges that are clearly nmeant to be ranges of integers should
be understood correspondi ngly. One area of intense interest regarding

pol yester processes using a pipe 15 reactor is the effect of flowregine in
t he pipe.“ﬁyﬁﬁg@ﬁhﬂgly, it has been determned that under many
circunstances it nmay be desirable to operate the esterPEVESROPIH64SE pe
reactor, at least in part, in a stratified flow regi me. Accordingly, the
processes -of the present invention include those previously described
wherein stratified flow appears in the pipe (of an esterification pipe
reactor). For this purpose, stratified flow may be defined as a fl ow
pattern in a pipe in which liquid flows along the bottomand vapor flows
over a liquid-vapor interface. Pipe reactors can be designed by those of

ordinary skill in tHeri#itdtioh@ig¥aedctdrdbgeraidd tb Piddacd NP SpRficdd vBMciagP! i cation
of standard engi _ne&r@i ng design techniques with reference to the disclosures
herein. In theB&gethempeodess Han 84> mus end opesPaRding vapsr supstficial Melosifieed 1 ow

appears in  25gth@aRi PG i) EotHr&?d%EemﬁyVﬁll &b eRefdnal R §enh§§ﬁ1]5eens- G ven
different pipe designs, it nmay be desirable to operate wth stratified flow

in a certain gpeesidiselecionthe deverpll) Sewtradnipdhe pipe (Hdhajiopess s@sionlivdl imns to
det er m ne need . ; .di nan kKill in
the art usgi ng&g}' an@a?@hg %%ﬁtér?ligs)e/cro ?ﬁ%ﬂgﬁ%ﬁ?‘{s@?ﬁ St%gﬁgcﬁp?\gtr?%% b’o‘ﬁ l%/aﬁtz

di scl osur es heinqgiart. E440 iPO@5th 0ei6d plesetif sieald(he/20dsptible. ThuEsthe pideessest i on pi pe
reactors operat t o produce |i.qui uperfi.cial ,vel.ocities. jnside the pipe
of |ess than Oc.ﬁ‘lagle rﬁrgsgrgnlﬂv?%w é%q%%(%dﬁ?’ﬂ% Wﬁ%%urs%’s 8%'555? l?q%c}vt{?re’{‘/‘e':hSiqu s less
than 3.0 n's, hpbdicaCvasstydniess thhd 0.05 agsS(withank prefdrredrameel oT D00 tONS pi pe

per pendi cul ar t he (,overall) flow path jn_the.pipe, (atf .that cross section)
will in5 very H&'%Sﬁlqlfl & ARer %@W@F’&LY%%‘tﬁéi)fégsr@%’e&Pﬁl’é(‘g@8&% fied flow
regine, afy | eaglkferrbd r4dgé of 00166 3.0 mNOind dnbier 600.580 m(ﬁgwfqr&mk}%&r)be
acceptabl e. Thus, the processes of the present invention include those

previously des¥Fspaay fiflerrassrseptipnal qrea ingide dheppips perpediopsr s they(ovgrallless ¢ han
0.15 m's (W t hgQPEaR irEthepip the #RAOEBssQEctionf {0f @ulde,Jeach phase must be:meving

at some point or there can be no stratified flow).
Given different pipe designs, it may be desirable to operate with superficial
13 velocities as above in a certain given percentage or section(s) ‘of the pipe.
Calculations to determine needed parameters may be performed by those of
ordinary skill in the art using standard engineering tools after consultation'of the
disclosures herein. '
Two parameters of interest in the art relating to the present invention are the

20 Baker plot parameters, By and By. These are defined as
B.=(GLA ¥)/Gg, dimensionlessand.

B,=(Gd/ A), Ib/(sec ft’)

25 ‘
where, A = (p'epr) 2 ;¥ =(1/ T U /;_/(p’;_)z)"3 :Gg = vapor mass velocity; GL=
liquid mass velocity; g | = ratio of liquid viscosity to water viscosity,
dimensionless; p’c = ratio of vapor density to air density, dimensionless; p'L =
ratio of liquid density to water density, dimensionless; 0" = ratio of liquid surface

30 *  tension to water surface tension, dimensionless; and air and water properties are at




nits for the liquid) and the vapor superficial velocity is less than 3.0 m's
(with one 10 preferred range of 0.01 to 3.0 ms and another of 0.6 to 3.0
ms for the vapor) across any full cross sectional area inside the pipe

per pendi c 2055%064'3? (overall) flow path in the pipe (at that cross
section). course, each phase nust be noving at sofeTIBRMMOBH6S here can
be no stratlfled flow. Gven different pipe designs, it may be desirable to
operate with superficial 15 velocities as above in a certain given
percentage or section(s) of the pipe. Calculations to determ ne needed
paranmeters may be performed by those of ,ordinary skill in the art using
standard engi neering tools after consul tgtion of the disclosures herein.
Two paraneters of interest in the art relating to the present invention are

the 20 Baker pigetc qa)%arm] 3ka@ 7B}bf/ ? 1050 Heft d 1 g (G 11
t/1i )/ Go, dinensi onI@?;s an - geg ?t g““g%&mﬁ‘ﬁﬁw (P cp

yv2 11 /1/ (P r)Bandbepk; @th ed;, M&gaﬂﬁa%é veI OCI ty GL = liquid nmass vel oci ty;
L = ratio of liqui dggeeﬁﬁ&aaﬁg E?eawafs%f)e cifed SORIthat lsqegggﬁsﬁ.up@lnﬁﬁ B fs ¢ =

rati o of vapor density to alt densit | mensi on b %of l'iquid
density to wat éﬁSSdhaansZerBdISrgmﬁrdhﬁneE@guﬂ toéOrmlnlec(lagmemmleksshanfcace 30

tension to svat e f nsi_onl

properties Jare %‘Pa% @%@%g %%DF B DGR g%gﬁfﬁydf@ﬁff?sﬁs‘ﬂ(cggnqi)areénd 101. 3
kPa ( 14d7 | bf / iindde thS;pq:eRerﬁeydlsulﬁlﬁ rﬂl&&i%ﬂiﬂ})ﬂdik@@h& 13 thlap%bC(ﬁJQhatGdrdjlssedl pp
5-40 and 5-41. Esterifjcation react ors e such tha is |ess
than 4.0 while S%?“’F‘L“'ﬂi B §W‘Hﬁ‘§' %etbe Yiptems CP‘?“’% FAD b Watlgﬁ‘i‘?ﬁ?wt 0 4.0
while (1 og 10 Bygimesatleagsn bir@Evet if not, @RUadimb Preséht GHohid Backptite. Thu. 700 on

average across any full cross sectlonal area
the processes of the present invention include those previously described wherein

10 B, is less than 4.0 while By is less than 2.0 or By is greater than or equal to 4.0
while (log 10 By} is less than or equal to -0.677(log 10 By} + 0.700 on average across
any full cross sectional area inside the pipe perpendicular to the (overall) flogspath
in the pipe (at that cross section). '

Given different pipe designs, it may be desirable to operate with B and By

15 as above in a certain given percentage or section(s) of the pipe. Calculations to
determine needed parameters may be performed by those of ordinary skill in the art
using standard engineering tools after consultation of the disclosures herein. - -

The processes according to the present invention also include: those
corresponding to those described abave wherein the pipe is constructed such that

20 flow inside the pipe from the inlet to the outlet follows an overall downward (outlet
lower than inlet), but not totally vertical path and such path may be in addition
generally non-upward, non-vertical.

The apparatuses according to the present invention include those
corresponding to the processes of the present invention. In particular, an apparatus

25 for making a pre-polyester comprising: an esterification pipe reactor comprising a
pipe, the pipe having an inlet and an outlet and constructed such that flow inside
the pipe from the inlet to the outlet follows a path that is not totally vertical nor

totally horizontal, and wherein pre-polyester forming reactants are passed towards

the outlet.




I nside the pipe perpendicular to the (overall) flow path in the pipe (at
that cross section) will in very many of the systens considered herein be
in a stratified flow regine, at least in part. Even if not, the regine

present s cceptable. Thus, the processes of resent invention
i ncl ude tﬁ‘gcg@%fﬁ@ﬁqousl y described wherein 10 B. is le ET’P%QPI“’%?ﬁS\Ahi l e By
Is less than 2.0 or B" is greater than or equal to 4.0 while (log 10 By) is
| ess than or equal to -0.677(log 1o BX) + 0.700 on average across any full
cross sectional area inside the pipe perpendicular to the (overall) filog.
path in the pipe (at that cross section G ven different pipe designs, it
may be desirable to operate with B. and By 15 as above in a certain given
percentage or section(s) of the pipe. Calculations to determ ne needed
parameters may be paMdors cﬁcbuy,tth@p@e @layHeddonstiyitedisub tab floWeingifé theusi ng

standard engi neeri g too ‘i Ecﬁultatlon f the disclosures herein. The
processes accorRiP‘hg mdh apftet follpws an oNeral SBVarACYS et tofally vertical

correspondi ng tgut H.Qsﬂn ma?ea@koa&o%eﬁ ﬁ&i-abwda@rmllﬁﬁ-aeﬁlcsloﬁ% et €d such
that 20 flow inside the pipe fromthe inlet to the outlet foll ovvs an

overal | dommarlaab(%%ﬂbeéﬂbﬂt@%@iymeéjﬁ(aﬁﬁﬁf@le?meﬁmm%t totally vertical path
and such path may bermkgoacllskd Rorafie BthBbloYenl AetRAAH inclRIMERE KrCal - The

appar at uses accor di ng e present I nvention inc correspondlng
to the process emal@tig 1 mlyqsteeelamtncr, ra\pelrybst@rmr both cpmptisingdrgrof tlerepappasat us 25

for maklngapre est er S |f|cat| e.re
conprising a p|p5% ﬁ'éetscnbg‘g%“r% g an Einﬁ%hé) réa%{ T SRSt ‘f ‘Bﬁﬁﬁﬂ%c?ﬁgb(er uct ed
such that fl ow pipes nldelasttrﬂmnquq:ofycmmmhﬁon pnj)tetcadtor thiyeheoatpdipdond@sations a pat h

that is not totally verti or tot, i zontal., and wherein
pre- pol yest er fIBPene/ ’Péaﬁ r‘?ﬁ]%e %%@@gﬁ?jpp GRidgRsatiohe outlet. WO
2005/ 000463 PCTI USZQ@%f&&&%Gﬁ thelﬁbpMAﬁﬁesSdmﬁé teBé linkentidiecddinBRed R)¥ara€

constructed such that flow inside the,  pipe fromthe inlet to the outlet
follows an overdifertlyprigdiectly ( throhgh atbatdgmsy 167845} ¢ Hagocess e quipment) 1n fluid
communication.

As discussed previously, it is often important to remove vapor from inside

the pipe, so the apparatuses of the prcsen't invention may further comprise means
15 for removing vapor from inside the pipe at at least one point along the pipe. This

point along the pipe could include the inlet or the outlet. In addition or instead of

removal from the pipe, vapor could be removed outside of the pipe, generally

and/or prior to polycondensation and/or during polycondensation. Means for such

vapor removal include vapor disengagers, vents and other devices known in the art.
20 See Perry's Chemical Engineers' Handbook.

Also as discussed previously, the pipe may be serpentine.

One variation on the apparatuses of the present invention possible is the
addition of a tank’ for holding solubilizing agent (which may be mixed with
reactants (polyester monomer precursors here) if desired) that is connected to the

25 pipe at a point other than the outlet. Further, a recycle line connecting the pipe at a
point nearer to the outlet than the inlet with the pipe at a point nearer the inlet than
the outlet could be employed at least for addition of recycle as a solubilizing agent
to the pipe. Similarly, a flow line from the polycondensation reactor to the pipe at a

point other than the outlet could also be added.



path and this path may al so be generally non-downward, non-vertical. The
pi pe may also be substantially enpty (as defined preV|oust) 5 The
apparatuses according to the present invention also include those for

maki ng a l'igomer, a polyester or both conprisin of t he
appar at usggb)égdrg}é)@(lhgﬁsl y described and a pol ycondensat i 8&T B‘r““@onnect ed

to the outlet of the pipe; this last nentioned pol ycondensati on pipe
reactor may be a pol ycondensation pipe reactor or of any other type

sui tabl e for polycondensation. 10 In reference to the apparatuses of the
present invention connected neans dlrecfly or indirectly (through a b
ridging piece(s) o f process equiprent) n fluid comunication. As

di scussed previously, it is often |nportant to renmove vapor frominside the

pi pe, so the appar atlﬁé%ﬁpzﬁituiebeacéﬁrﬁﬁé% thé\pRIErit OltveRadn falo! (Hefude QARG Se nmeans
15 for renoving vapor frominsjde pi pe at at | east one point along the

pi pe. This poi ferresperding Weth?)‘iepﬁ@s%'@ﬁd ébqv?l@’lh%@ the pipe s é@ﬂsﬁ'ﬂct%@lcbﬁhﬂtet I'n
addi tion or i ng{GARRE e ﬁ@f}‘cﬁh uien mﬁe Qﬁtfé?foll\fv%@% o ensgﬁwon Bie / o

out si de of the pipe, genéral prior to pol yco

during pol ycondlehmﬁymmcmmﬂs aﬂtbﬁmh m@th mayshsoin additiow gendrallyl nmbeupraphr

di sengager g, %%%ﬂ%ﬁé ot her devices known in the art. 20 See Perry's
Chem cal Engi neers ndbook. Al so as di scussed previously, the pipe nay be
serpentine. One var Dab|spebiﬂmohkxécrmmnafoatthiselastaheﬁtioeed)mhsgmf a'pmtaﬁielson

ossible is the addi n of a.tan hol S I nt whi ch
Ir?ny Ibe m;ed wiZFgPr “F'I &‘ 5 Rrset Jey @tlé?( Pg%‘? I I g’l‘ R ((:Ies: red)

that is connectraduﬁg)dfyhﬁh&ﬁthlal;ﬁpe at sefpeptieN tThod, NBe aﬁﬂ'ﬁ@dtudeﬁl%f(ﬂié bfb%entFUft her,
a recycle line connecti n pe at a point_nearer to the outlet than the

inlet with the ipeplonincly ﬁ)‘g?sﬁtﬁ“ﬁ@éi’%ﬂmﬁﬁg"}eﬁ‘FsefPrEeH’Qant"P@réﬂ?ﬂ BEPPBUl d be

enpl oyed ap Ieaaﬁmefaﬁronasulutahmh&&mwfé i€ sédSenBnSRIdHRL hil 18dsNEned@R Mt ant O the
pipe. Simlarly, flow line fromthe pol ycondensation reactor to the pipe

at a point ot wéfpctt\fh istaperefronp @ bead. WBHSJOTa‘{ﬂﬁ@I IBEOYH i Proyously U ueek 6 1
PCT/ US2004101644R tive distance for the weir refers to a hydraulically effective distance tq aclieve

the objective of keeping the upper pipe sections from going totally dry; this can be
determined by those of ordinary skill in the art using standard engineering methods
15 following study of the disclosures herein. -

Fig. 1 iHusﬁrates the apparatuses of the present invention as well as the
corresponding processes. Optional tank 1 is for storage of solubilizing agent.which
may be mixed with reactants. It is connected (if present) by 1A to the pipe of the

20 esterification pipe reactor 5. Pipe inlet 3 is where fresh reactants are ordinarly
charged to the reactor and is a reference point for flow through the pipe 5. Pipe 5 is
shown in a preferred orientation such that several horizontal sections are bridged by
upward bends and the inlet 3 is below the pipe outlet 11 in elevation. During
operation, reactants flow through the pipe 5 forming pre-polyester. Shown here

25 near the pipe outlet 1 1 is an optional vapor disengager 7 and vapor line 7A for
discharge of vapof from the flow in the pipe; as explained previously, vapor build
up may negatively affect product yield in the reactor system. Flow through the pipe
5 leaves at the pipe outlet 11, Optionally, flow may be recycled through the recycle
line 9. Flow from the pipe outlet 11 optionally enters the polycondensation reactor

30 15 (if present) which may be a polycondensation pipe reactor as shown. Optionally,

some flow from the polycondnesation reactor 15 may be sent to the pipe 5 through



Il The apparatuses according to the present invention also include those
correspondi ng to those described above wherein the pipe is constructed such
that flow inside the pipe fromthe inlet to the outlet follows an overal
domnmard,‘gﬂg totally vertical path and such pat i ddition
general ly oﬂyﬂ%@%?d, 5 non-vertical. One special coggﬁgﬁygﬁﬁgﬁﬁ or this

| ast nmentioned class of apparatuses according to the present invention is
keepi ng the upper sections of the pipe from running dry when the pipe is
serpentine. Thus, the apparatuses of the present invention include those
further conprising nmeans for renoving vappr fromthe pipe 10 at a | east one
bend and wherein the pipe is serpentine and has at | east one weir at an
effective distance froma bend. Means for vapor renoval is as previously

di scussed. Ef f petihy 854l BbaitheoukR O ahd) &5 ARIay adt@f edlabilitngaddy@daadistueadd y
effective distaafe tq achieve the objective of keeping the upper pipe
sections from g%y totally dry; this can be deternined by those of
ordinary skill in the art using standard engi neering nethods 15 follow ng
study of the disclosures herein. Fig. 1 illustrates the apparatuses of the
present inventiB¥mplesye| | as the corresponding processes. Optional tank

I's for storsage of S%Qh\kehﬁbd“&n%eﬂhﬁéﬁml&t}ate&rw tREFORbXER dbplel AEiANt s 1t
is connected (if present y Ato the pipe of "'the 20 eSteriftication pipe
reactor 5. Pi peshonldeie @ndesstopfhdhat these shamplescararindudedemerelyi foamuippsescdfar ged to
the reactor and. [ i fl . I .Pipe 5is
shown in a pref%ﬁré%o%g%ﬁﬁfﬁﬁﬁgﬁg%g%ﬂhﬁkg?S%%%é?@@Hﬂ%?@§§ﬁ$§$&%§3?$%ns are
bri dged by upwspedfibdiydadieaet. tAng titiel é@t th8 dxemjled e givea for penvenichet anil i n

el evation. Duri oper atii on,.reactants flow through the pipe 5 form ng
pre-pol yester. %ﬁ%@ﬁgﬁ@ﬁﬂﬁagéhggpgthe pipe outlet 1 1 is an optional vapor
d isengagerp 7 and v apor | ine 7A for discharge of vapor fromthe flowin
the pipe; as explained previously, vapor build up may negatively affect
product yield in the reactor system Flow through the pipe 5 |eaves at the
pi pe outlet 11, Optionally, flow may be recycled through the recycle



line 9. Flow fromthe pipe outlet 11 optionally enters the pol ycondensation
reactor 30 15 (if present) which may be a pol ycondensati on pi pe reactor as
shown. Optionally, some flow fromthe pol ycondnesati on reactor 15 nay be
sent to the pipe 5 through WO 2005/ 000461 PCT/ US2004/ 016465 12 the line

15A. Fl owsywighweu@le® and 15A may act as solubilizing a i scussed
above. Exanples 5 The invention can be further illust %mzﬁ%m? U f ol 1 owi ng
exanples, but it should be understood that these exanples are included

merely for purposes of illustration and are not intended to limt the scope
of the invention unless otherwise specifically indicated. Any titles in the
exanpl es are given for conveni ence and sghould not be taken as limting. 10

WO 2005/ 000461 PCT/ US20041 016465 13 Exanple | Using ASPEN nodel i ng,

exenpl ary vol unmes and pi pe dianeters were calculated for a conmercial scale
pi pe reactor syEkanplkar esterification of purified terephthalic acid (PTA

in ethyl ene glycol @3 us version 1 Pol ymers Plus and
ASPEN s PET Technol ENQ?P@E H% ?@F‘Bm Vléﬂefm’m éﬁ?ﬁ&]‘aﬂy °lesS ¥5tfel ed as a
series of 5 CSTRidubaéd ff a a&ﬁﬁb@mf maleqﬁmemOrayﬂémgoﬁdsMﬁemﬁto%unﬁeadeI The
results of the nodeling and ipe sizing for a stratified flow pipe

reactor for est @quhﬁhélﬁiqcéﬂ](PlTs"f)rlﬁ epulcpe elvee! (BERoBFEN &dysransion &b 1"‘*r1 t he

exit to the enpy &epﬁgaﬁambyﬁ'slpﬁmmm@wis%e& hﬁe%ﬁéﬁ'cﬁﬁ&éﬁ@oﬁ aki ng
of f water vapor o 10 the end of the Teactor length are shown in Table

1. WD 2005/ 00043111 ﬂ@gg Gaies 0f 6455 R 1pqctor models followed by a plug flow reactor
model. The results of the modeling and a pipe sizing for a stratified flow pipe

reactor for esterification using polyester monomer recirculated from the exit to the
entrance as a solubilizing agent for the feed PTA and taking off water vapor only at
10 the end of the reactor length are shown in Table 1.
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OL CV- 4 W 2005/ 000461 PCT/ US2004/ 016465 15 Exanple 2 Using ASPEN
nodel i ng, exegqp vol unes and pi pe dianeters were 0I;gal cul ted for a
comerci aPv pe reactor systemfor esterificati WSZB‘H 14462
terephthalic acid (PTA) in ethylene glycol (EG. A SPEN Plus version 11.1
with Polymers Plus and ASPEN s PET Technol ogy was used. The esterification
reactor is nodeled as a series of 5 CSTR reactor nodels followed by a plug
flow reactor nodel. The results of the deling and a pipe sizing for a
stratified flow pipe 10 reactor for esterification using polyester nonomer
recirculated fromthe exit to the entrance as a solubilizing agent for the
feed PTA are shown in Table 2. This exanple shows the efficiency effects of
a single vapor takgnét added in the mddle of the reactor length. 15

Using ASPEN modeling, exemplary volumes and pipe diameters were
5 calculated for a commercial scale pipe reactor system for esterification of purified
terephthalic acid (PTA) in ethylene glycol (EG). ASPEN Plus version 11.1 with
Polymers Plus and ASPEN’s PET Technology was used. The esterification reactor
is modeled as a series of 5 CSTR reactor models followed by a plug flow reactor
model. The results of the modeling and a pipe sizing for a stratified flow pipe
10 reactor for esterification using polyester monomer recirculated from the exit to the
entrance as a solubilizing agent for the feed PTA are shown in Table 2. This
example shows the efficiency effects of a single vapor takeoff added in the middle

of the reactor length.

15
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2005/ 000461 PCT/ US2004/ 016465 17 Exanpl e 3 5 Usi ng ASPEN nodel i ng

exenpl ar ywOooags6and pi pe di aneters were cal cul at ed WNS&O%@W cial scale
pi pe reactor systemfor esterification of purified terephthalic acid (PTA)
in ethylene glycol (EG. ASPENPius version 11.1 with Polyners Plus and
ASPEN s PET Technol ogy was used. The esterification reactor is nodeled as a
series of 5 CSTR reactor nodels followed_by a plug flow reactor 10 nodel.
The results of the nodeling and a pipe sifzing for a series.of stratified
flow pipe reactors for esterification using polyester nononer recircul ated
fromthe exit of the first pipe reactor to the entrance of the first pipe
reactor as a solubilizing agent for the feed PTA are shown in Table 3. This
exanpl e shows tﬁgan?l%gm zation

5 Using ASPEN modeling, exemplary volumes and pipe diameters were
calculated for a commercial scale pipe reactor system for esterification of purified
terephthalic acid (PTA) in ethylene glycol (EG). ASPEN Plus version 11.1 with
Polymers Plus and ASPEN’s PET Technology was used. The esterification reactor
is modeled as a series of 5 CSTR reactor models followed by a plug flow reactor

10 model. The results of the modeling and a pipe sizing for a series of stratified flow
pipe reactors for esterification nsing polyester monomer recirculated from the exit
of the first pipe reactor to the entrance of the first pipe reactor as a solubilizing
agent for the feed PTA are shown in Table 3. This example shows the optifnization
effects of using recirculation only as required for solubility concerns and using plug

15 reaction profile with no recirculation as much as possible.
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effects of using recirculation only as required for solubility concerns and
.0 wU

using plug 15 reaction profile with no recirculation as nmuch as possi bl e.
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EXAMPLE 4 Lab-Model Comparison
Lab Scale Reactor

A lab scale esterification pipe reactor was built to demonstrate such
esterification of PTA and EG in a laboratory setting. The lab unit consisted of a
pipe reactor made of 664.75 inches of 0.5” 18 BWG stainless tuBing heated by
electric tracing, a 1200 ml receiver with agitator for receiving the output. of the pipe
reactor and acting as a disengagement zone to allow the removal of vapors, a
recirculating monomer gear pump which pumps liquid oligomer from the receiver
back into the inlet of the pipe reactor, and a PTA/EG paste feed system wlhiichi'feed
raw materials into the recirculating loop.

The reactor was started by charging a PTA based CHDM modified (2.5
weight percent) oligomer of approximately 96% conversion into the receiver
(C-01) and filling the pipe reactor with this oligomer in recirculating mode.. After
recirculating the oligomer at temperature, a PTA/EG paste feed was introduced into
the recirculating flow. After the reactor reached steady state, samples were taken
from the C-01 receiver at a rate equal to the product generation rate .

These samples were analyzed for percent conversion by proton NMR
analysis to determine the extent of reaction that took place in the pipe reactor.
Percent Conversion based on Esters were determined by Proton NMR using a
Trifluoroacetic Anhydride Method.

Ten mg of the sample to be analyzed is dissolved in 1 ml of a solvent
mixture of chloroform-d with 0.05% Tetramethylsilane (TMS)/trifluoroacetic acid-
d/trifluoroacetic anhydride in a 72/22/8 volume ratio. The mixture is heated to
50°C and stirred as needed to completely dissolve the sample to be analyzed.

The appropriate amount of the sample solution is transferred into a 5 mm
NMR tube and the tube is capped. The proton NMR signal is recorded using an
average of 64 signals collections. The NMR signal using 2 600 MHz NMR and a
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5 EXAMPLE 4 Lab- Model Conparison Lab Scale Reactor A |lab scale
esterification pipe reactor was built to denonstrate such 10 esterification
of PTA and EGin a |laboratory setting. The lab unit consisted of a pipe

react or of 4.75 inches of 0.5" 18 BWG stainl ess I ed by
el ectri c”t%‘?(g% OF{&(’%?‘E 1200 m receiver with agitator forﬁ%éﬂ\g}‘f“ﬁg&%he out put

of the pipe reactor and acting as a di sengagenent zone to allow the renoval
of vapors, a recirculating nmononer gear punp which punps |iquid oligomner
fromthe receiver 15 back into the inlet of the pipe reactor, and a PTA/ EG
paste feed system which"feed raw materighs into the recirculating |oop. The
reactor was started by charging a PTA based CHDM nodified (2.5 wei ght
percent) oligoner of approximtely 96% conversion into the receiver (C01)

and filling theNMppulsesaqiete ivdllectet vhichlgivgoamntiiative ®6ioh NNIRkighgls e, .

After 20 recircul ating the oljgo t enper at,ur PTA/ EG, past e feed was
i ntroduced int o"'ﬂS‘E %co%él?ﬁ Eﬁ?rh%l ﬂg%&ﬁ@ﬁ et ﬂf?m%’?w BARbaekt eady
state, sanples BehRasiAlEMe chiirbiialeulaling 6 Bérvéi: catlveRidndraci8 st the
product generation rate . These sanples were anal yzed for percent conversion
by proton NVR S§igjapsby e aeascangicplenlitions Bsle®nt of reaction that took place
in the pipe react or. Aregdhenflen QR foMIE RERRaPATEHoiRR (ERlRES erm ned
by Proton NWMR using ae Trifleuoroac_eti}ﬁ% Anha/?jr_i ggg?\}m ﬁo ) Tent\gﬁfgﬁ%g?% he

sanpl e to be antiessrred, dnd paricers obnwersiangaltulated viingithe firpglat i xture of
chloroformd with 0.05%,Te ﬁﬁﬂ ilane (TMS)/trifluoroacetic acid-
d/trifluoroacetic an%é?’&ltgé§l a%ﬁéﬁ?) volunme ratio. The m xture is heated
to 30 50C and sti rr esireaB =fe@idgmhn toc valeyticoraeh .88 iand 417V pphe sanpl e to be

anal yzed. The appropfiaje unt. of th anpl,e,s0 Lon is transferred into
a 5 mm NWR tube and‘g‘{ﬂ%—t%ﬂnémcag&g%&ew4?#3?%%‘% RR"si gnal is recorded
using an Hgverage ofAldDst Aralley betleked.Ls pps andih el pivivtesd giliel usi ng a 600 MHz

NMR and a WD 2005/ 000461 PCT/ US2004/ 8&?465
between 4.10 and 4,16 ppm

Area E = A valley between 4.10 ppm and 4.16 ppm to a valley
between 4.0 and 4.08 ppm -
Area F=8.6 ppm to 8.9 ppm '
15 Area G=7.55 ppm to 7.8 ppm

Percent Conversion = 100*(B + (0.5*C) + D + (0.5*E)/(A + F + G)

The samples were also analyzed by gas chromatograph for percent DEG by
20 mass to determine the rate of the side reaction. The effect of residence time and

recirculation ratio was seen by varying the feed rate of the paste.

Results from laboratory runs éan be seen in Table 4 below.



20 NMR pul se sequence is collected which gives quantitative proton NWVR
signals and al so decouples the carbon 13 NMR frequenci es. The NWMR spectrum
is anal yzed by neasuring the correct areas cal cul ating the percent

conversi o id groups to ester groups by the area ations

bel ow. 5 Bygg%g@%)%een the follow ng chem cal shift po?ﬁﬁ@g%@g%ﬁgéced to TV
are neasured, and percent conversion calculated using the fornula. Area A =
7.92 ppmto 8.47 ppmArea B = 5.01 ppmto a valley between 4.82 and 4.77 ppm
Area, (> 4.82 ppmto a valley between 4.74 and 4.69 ppm 10 Area D = A val l ey
bet ween 4.28 ppmand 4.18 ppmto a valley between 4.10 and 4.16 ppm Area E
= A valley between 4.10 ppmand 4.16 ppmto a valley between 4.0 and 4.08
ppm Area F = 8.6 ppmto 8.9 ppm 152Area G= 7.55 ppmto 7.8 ppm Percent
Conversion = 100*(B + (0.5*C) + D+ (0.5*E))/ (A + F + G The sanples were

al so anal yzed by gas chromat ograph for percent DEG by 20 nass to determ ne
the rate of the side reaction, The effect of residence tinme and
recirculation ratio was seen by varying the feed rate of the paste. Results

from |l aboratory runs car‘bg*oe@ [ TapeTaToer ow] WO 20051000461
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Conpar i sgﬁo%ﬁh%@ﬁ%ﬁ nodel was used to sinulate the | a%a%%%?%?@% previ ously

5 described in this exanple. In this case, ASPEN 11.1 with Polynmers Pl us,
and ASPEN s PET Technol ogy was used for the nodeling with a nodel
configuration simlar to the one described for exanples 1 -3. Neither nodel
configuration nor software were signifigantly different fromthat used in
exanples 1-3. In order to correctly simulate the dissolution of PTAinto
the oligoner at different conditions

Model Comparison

An ASPEN model was used to simulate the lab apparatus previously

5 described in this example. In this case, ASPEN 11.1 with Polymers Plus, and
ASPEN's PET Technology was used for the modeling with a model configuration

similar to the one described for examples 1-3. Neither model c onfiguration nor
software were significantly different from that used in examples 1-3. In order to
correctly simulate the dissolution of PTA into the oligomer at different conditions

10 in the lab, it was sometimes necessary to add dissolution kinetics to the model.
Table 5 shows three comparisons of lab runs with the model without dissolution
kinetics included; this model was found to be of reasonable accuracy when the
experimental conditions resulted in completely dissolved PTA as in these runs.

Table 5 also shows two examples of comparisons of lab runs with the model

15 including the dissolution kinetics; this model including the dissolution kinetics
closely maiches the measured conversion when free PTA is present at the end of

the lab scale pipe reactor as in these runs. Conversion is defined in this context as

the percentage of reactive (acid if use PTA as here) end groups in the liquid phase

that ate esterified as measured at the outlet of reactor.

20
TABLE 5
25 Completely Dissolved PTA - No Dissolution Kinetics in Model
Paste Monomer | Temp. | Paste Unreacted | Model Measured
feed Circulation { °C Mole - | PTA Predicted | %
(g/min) | (g/min) Ratio Weight % | % Conversion
(EG/PTA) Conversion
8 507 2632 118 0.00 §7.053 95.170
8 507 253.9 |18 -1 0.00 96.645 93.750
15 507 2655 |18 0.00 96.269 91.630




10 in the | ab,
nodel .
di ssol uti on

it was sonetinmes necessary to add dissolution kinetics to the

Table 5 shows three conpari sons of

ki netics included; this nodel

| ab runs with the nopdel
was found to be of

accuracy We@hobdiescEXPer i Ment al conditions resulted in co
Table 5 al so shows two exanpl es F&T

PTA as in these runs.
runs with the nodel
i ncl udi ng the dissolution kinetics

15 including the dissolution kinetics;

wi t hout
r easonabl e

| etely dissolved
Pd4tateons of | ab

t hi s nodel

cl osely matches t he nmeasured conversion

when free PTA is present at the end of the |ab scale pipe reactor as in
these runs. Conversion is defined in thig context as the percentage of
reactive (acid if use PTA as here) end groups in the liquid phase that are
esterified as neasured at the outlet of reactor. 20 TABLE 5 25 Conpl etely
Di ssol ved PTA - No D BSalN#: CofiplétehebissdobvetlDidvbliiddn RaKimetiddvedeer Tenp. Paste

Unreact ed Model Measured feed Circulation C Mole PTA Predicted % (g/ mn)
(g/mn) Ratio Weight % % Conversi on (EG PTA) Conversion 8 507 263.2 1.8
0.00 97.053 95 ﬁaz{e VEHEma>T k. § FIDU_ 0 1hikacle] Fiider 1o pliastia § 1. 8
0. 00 96. 269 91 K3 20U HJ0E6 quMySZOO§¢Q1646)FmagmﬁTA:%ot Comgl etely
Di ssol ved/ Di ss gyﬁ,h Ridf ngqtics Ngdel Pastyeipnotrss Easkgior eact ed
Model Measur edOd Feeg g/ nlf G‘@Tﬂp\wrledl (o ggn‘/&sll&gv/ aﬁ’) 1(Ogl m n)
Ratio Wi ght 9 i MVersigem 19 6 g c3—2-93 90. 935
Ratio igprven S to S ey

15 507 2615 ;1.8 3.34 90.228 85.490

5

The specific embodiments described and shown in the specification and
drawings should be taken as illustrative of the present invention and. not:for

purposes of limiting the claims that follow, unless specifically indicated otherwise.



15 507 261.5 1.8 3.34 90.228 85.490 5 The specific enbodi nents descri bed
and shown .in the specification-and - draw ngs shoul-d be taken as-illustrative
of the present invention and, ;not for purposes of limting the clains that
follow, unless specifically indicated otherwise. 24 Clains 1. A process
conprising: esterifying one or nore reactants of a reaction m xture flow ng
t hrough a pi pe reactor, wherein said,pipe reactor includes at |east one
substantially straight pipe section and at | east one curved pipe section,
wherein said reaction m xture fl @¥gimghrough at | east a portion of said
strai ght pipe section in two-phase |iquid/vapor flow, wherein said

t wo- phase |iquid/vapor flow exhibits a liquid superficial velocity of |ess
than 0.15 neters per second and a vapor superficial velocity of |ess than
3.0 neters per second. 2. The process of claim1l wherein said two-phase flow
| iquid/vapor is at least partly characterized by Baker plot paraneters B.
and By, wherein B. is less than 4.0 while By is less than 2.0 or B. is
greater than ol equAlPracessAompRRinEecstarbyng OBy yr mere readanthahy macEmaixiye -
0.6777(! og},9:.B. . T - . Of i ' ' i, qui d
super 1 ci o 8 g PR veiory WRolRhPGRP §ip8 okl Buces W Shebdbaoll oy
vapor supsirdightipgle sealoacnd yit fesst bne tireed g@ipgeectidn, fwheraif) sfid rdactidh @ixmet doss per

second. 4, Th rocess of, clagim| wherein said two-phase vapor/liqujd flow
o otrati Ve i Bi SPOTAE G i EUGR BPS RE WP U TGS ACYEOR Al |y
strai ght phaRinS&Ed tRphaSe LGHRALAGT NAY le¥hiBRY h ZIQRHdRdup¥ RIal §BLEIEY oBtessTihan
process of claim|l wherein said reactants flowin a not totally vertical,

not t ot aPily nieears paysecting agé aeepdr Isypeniwisrglocis hi ses thim ddgketers petsgeanda porti on
of said curved pipe section. Z5

2. The process of claim 1 wherein said two-phase flow liquid/vapor is at least
partly characterized by Baker plot parameters B, and By, wherein By is less than 4.0 while By
is less than 2.0 or By is greater than or equal to 4.0 while (logyp By) is less than or equal to —

0.6777(logio By) + 0.700.

3. The process of claims 2 wherein said liquid superficial is in the range of from
0.01 to 0.15 meters per second and said vapor superficial velocity is in the range of from 0.6

to 3.0 meters per second.

4. The process of claim 1 wherein said two-phase vapor/liquid flow is stratified

flow.

5. The process of claim 1 wherein said substantially straight pipe section is

substantially horizontally oriented.

6. The process of claim 1 wherein said reactants flow in a not totally vertical, not

totally horizontal, generally upward fashion through at least a portion of said curved pipe

section.



7. The process of claim 1l wherein said pipe reactor has a generally
serpentine shape. 8. The process of claim1l wherein said pipe reactor is
substantially devoid of rigid internal structures. 9. The process of claim
1 wherein at |east one of said reactants5is selected from the group

consi sting of dicarboxylic acids, diols, and conbinations thereof. 10. The
process of cl af-mihewreess of daim | releeiameid pipppracty IBG tagrnemlA. sergehling
process %Blggjeri sing: (a) providing a pipe reactor conprising a pipe, wherein
said pipé'has an inlet, an outlet, and at | east one substantially

hori zontal section; and (b) reacting one or nore reactants of a reaction

m xture while said reaction mxture flows in said pipe towards said outlet,
wherei n sai d rleadhf Grocassxelusleint |lowkeesiage ripsakeripl esubsiantiallyedéwnidolt o t he
out | et al.gng: th that is not totally vertical nor totally horizontal,
wher ein §1§ilcgm?%§%ﬁ SRt ure flows in two- phase |iquid/vapor flow in at

| east a portion of the substantially horizontal section of the pipe,
wherein said two-phase vapor/liquid flowis at |east partly characterized
by Baker pl ot 9paFlmpreesss oBclaimd Bhereinviideast oneBof sagd reastntshianeldcted filid e By is

|l ess than 2.0 or Ba.is greater .than.or. equal to .4.0 ile. (login By) is

| ess tha eogm‘é%ﬁ%ﬂspggpg%afr%’@m&ac?l‘%afhoig’ W%W%lﬁﬁ?onf’\fl‘i\gﬂﬁqefocess of claim 11
wherein said two-phase |iquid/vapor flow exhibits a |iquid superficial
velocity of less than 0.15 neters per second and a vapor superficial
velocity of l18sdhepeees. of clahdrahgem ssidocadantd GomTiie HiE end$BA0f claim 12
wherein said liquid superficial velocity is in the range of from0.0l1 to
0.15 neters per second and said vapor superficial velocity is in the range
of fromO0.6 40 3 HobRE esfipfehs:Second. 26 14. The process of claim 1l
wherein said outlet is |ocated at a higher elevation than said inlet. 15.
The process ofa)chrividitgla piveredctorsamprisingct hing wsnginisgidspips hay drf iplatcganand/ or

outlet, and at least one substantially horizontal section; and

(b) reacting one or more reactanis of a reaction mixture while said reaction
mixture flows in said pipe towards said outlet, wherein said reaction mixture flows inside
said pipe from the inlet to the outlet along a path that is not totally vertical nor totally
horizontal, wherein said reaction mixture flows in two-phase liguid/vapor flow in at least
a portion of the substantially horizontal section of the pipe, wherein said two-phase
vapor/liquid flow is at least partly characterized by Baker plot parameters B, and B,,
wherein By is less than 4.0 while B, is less than 2.0 or By 1s greater than or equal to 4.0

while (Jog;o By) is less than or equal to -0.677{(logio By) + 0.700.

12.  The process of claim 11 wherein said two-phase liquid/vapor flow exhibits a
liquid superficial velocity of less than 0.15 meters per second and a vapor superficial velocity

of less than 3.0 meters per second.

3. The process of claim 12 wherein said liquid superficial velocity is in the range
of from 0.01 to 0.15 meters per second and said vapor superficial velocity is in the range of

from 0.6 to 3.0 meters per second.




pol ycondensi ng. 16. The process of claim 11l wherein said reacting conprises
esterifying. 17. The process of claim 16 wherein said esterifying forns a -
pol yester oligomer and/or polyester paokdnmer reaction product. 18. The

process of claim 17 further conprising polycondensing at | east a portion of

sai d reaction jar ofuChrocddd- of HBmPII0GR&SInOfiE bddlaid Tochidh tth 8 iSRRI sigY addi ng
a solubilizing agent to said reaction m xture upstream of Said outlet. 20.

The procebs #id @fedi m 19 wherein said sol ubilizing agent conprises at |east a
portion of said reaction product. 21. The process of claim 1l wherein at
| east one of said reactants is selected from the group consisting of

di carboxylic agi dBhe fioebs ofMEmCONRhORE ﬁﬂ:ﬁréabﬁﬁ%@&mp%s cdBRARAL LTS Of
claim 1l wherein said reactants conprise EG and TPA
_polycondensing.

16. The process of claim 11 wherein said reacting comprises esterifying.

17. The process of claim 16 wherein said esterifying forms a polyester oligomer

and/or polyester polymer reaction product.

18, The process of claim 17 further comprising polycondensing at least a portion

of said reaction product.

19. The process of claim 17 further comprising adding a solubilizing agent to

said reaction mixture upstream of said outlet.

20. The process of claim 19 wherein said solubilizing agent comprises at least a

portion of said reaction product.

21.  The process of claim 11 wherein at least one of said reactants is selected from

the group consisting of dicarboxylic acids, diols, and combinations thereof.

22.  The process of claim 11 wherein said reactants comprise EG and TPA.




