;. fgeBet4p<6 Tt PROCESS AND APPARATUS FOR PRODUCI NG POLYBUTYLENE
TEREPHTHALATE BACKGROUND OF THE | NVENTION 1) Field of the Invenﬂia)rqm[h?ﬂgg
present invention relates to a process and an apparatus for continuously

-produci ng pol yester type 5 polyners such as polybutylenemwmm mummmmmre and
' polyethyl ene terephthalate. 2) Relatdd=Art Since pol m
terephthal ate (hereinafter referred to as PBT) resins are exgghdent in the
10 crystallizing characteristic and al so excellent in mechanica
properties, electric characteristics and heat resistance, they have been
used for, appl i cat i orfEOSERSh AR ARPARATUS - FOR: PRPNEING HOLYBYIYHFNE part s,
mechani cal parts and aut onobil es amsrEEHEHALAIENMand has been increased 15
steadily. Heretofore, for the general PBT production process, a

t erepht hal i i | kyl e [ rising dinethyl terephthalate as a main

i ngr edi ent m@%&wp%% i%ﬁf@- but anedi ol (hereinafter referred to
as 20 BD) as ,a inin i e are placed at an appropriate ratio in a

m Xi ng vessgﬂ, §%f$§L§§£& qgﬁ%ﬁﬁﬁ%ﬁ?%muajyst i s added and conditioned and
then they are sent to fr rifj i.on. reaction . ve set.to
predeterm ned reacti or}q}ee_r%er a% ufel%@glg{&m%an#i%eto S%%Oﬁjs.st fd-ta% _
transest er i firCald} RACH AN IO Riod e S MUY PESARI S Midpesti rring
bl ades are disposed in series and nethanol” fornmed 7as reaction - product s,
and tetrahygfymiedy (Rreiawidarydefardmd dadaphthdadordrd 5 by g
deconposition of the nethanol formed as reaction by products and BD and

wat er are sepdraited liehed td:SgHdRilage.t ower. Then, a pol yneri zation

catal yst is added and the process proceeds to the pol i .W ction
stiep. At first, vertical stirring vessels or 10 horizﬁ@@ﬁmnﬂ”mmmmFg vessel s
are disposed in plurality for the prepolynerization s X her, a
hori zontal <t)irRedgbtegs€elt is di sposed as a final pol yner Fis@#t on step. In
the vessels for the polynerization step, a condenser is disposed for

removi ng BD, THF 15 amdl&® &olvsthededs tesephdhadnts ddeaed nafdathe step

is operated in a reduced pr ure atnosphere at .high tenperature. In the
exi st ent coﬁF&ﬁﬁE&g %@Tafe gﬁﬁoﬁ%ﬁ%ﬂi ﬁqﬁaﬁﬁﬁﬁﬁ%eé% Ihéeaction vessel s

is 9 to 6, irni .l r r t her r, are..nstalled 20 in
each oflfhe%rr agt%l&ﬁq&ggg%%gﬂgﬁ%rg%gﬁﬁ i%l%lléat%ﬁosr? %&%Le(r%r%’eglrt éncondenser f or

separ ating gadhHeneuiNg 1R 1aadl i o R AIOUIEES AG RS ety ki these

production steps described above, since the products are exposed In a

reaction st ak@igdtadzel)i @heyeMIAbdd @ed ARNG PR atd RS ISueh @fs the

resin fornmed by polynerizing reaction is broken at the bond sites by

t hermal decenpeirig maatiines,t @lecawaiontilte pdaegrsee meichaeliysar ipaattison and

i ncrease the acid val ue of 2 8 JUL 208 - 3 the resin (carboxyl group

concent r at i endaautivaobélisnalindertdhedir demapel Yasr beero inorsaseche qual ity.

Further, since the polynerization step is operated in an reduced pressure

at mosphk? e, Sit€add lyecessary that the evacuation 5 unit has to be operated

bW an additional device, and high in%gnance cost__and hi%p i.nstall ation
/i divToft

cost are required for BERELGFETS h@eRGFaratld, production

process, a terephthalic acid alkyl ester comprising

dimethyl terephthalate as a main ingredient and a glycol
comprising 1,4-butanediol (hereinafter referred to as

20 BD) as a main ingredient are placed at an appropriate
ratio in a mixing vessel, a transesterification catalyst
is added and conditioned and then they are sent to a
transesterfication reaction vessel set to a

predetermined reaction temperature by a pump. In the



SUMMVARY COF THE | NVENTI ON An obj ect of the present invention is to 10

i nprove the well known processes for producing a high nol ecul arZ\aeiJMLt 2003
pol ybutyl ene terephthalate with inproved efficiently for the entire
apparatus and econoni cal operation upon energy saving throughout the plant
facility. 15 An object of the present invention is to inprove the prior art
descri bed abaqve and pravide a continuous pol ycondensatiaon apparatus and a
conti nuous%5§IV§§%§éﬁ§§tqagﬁ°& JEEE A &M Qe S?eprsotdlfcﬁlﬁ& pol yners of
favor abl e I id Ly .e I t i t abi | ity .and resins_o
excel | ent %&%%qygsi“{sﬁrheéﬁgt%ﬁgjg v}ﬁqlah%%% rﬁ%%u?ﬁtl% éjrsgeycy vﬁl %ee rsueF)Spr éléjfsi ng

t hermal de | 14 i tjon.. 0f i j th necessary m ni num
reactors c@%@%ﬁ?ﬁ gﬁﬂ&ﬁ?e%%o%%ﬁ{%gdnob%}g&%@%ﬁﬁe%&\q ai ned by using 25
ter epht hal ice taGiH, (BB NAT (I di§fB1 8] LG AT AL AN B )asdhstarting
material for the production of PBT, conducting the direct esterifying
reacti of Stgp bt it idn8 cflUehe2 it rartbl FIMERY 4 N@JAAEH Py-step in
three or four reaction vessels, thereby mnimzing the nunber of vessels
requiring sthiogdudi® powe Bt harteniare tdeparesiederice dine to minim ze the
heat hysteresis at high tenper s atures during production of the resin and
decr easi ng dils iddrsigoroft anemeac ten,eraviprdlyrearibadilorgraadped vist titse r esi n.
Typi cal enbodi ments of the present invention are sumarize below. 10 (1) An
appar at us fagidesh @nich Fdes B qsiesdu d IRF §61sy Bt yhen @ alemestitzidigat e, whi ch
conprises a first reactor for reacting an aromatic dicarboxylic acid

conpri si ng &L AGER -aciPF &l 16 trai TR G tiGidadiserit T G VeS8 i9% t her eof

with | ycol .conmpri.sing 1,4 15 butanediol as a majn ingredient, thereby

or oduct g R TAGERY W 1 RIS dd 66 BPOIR e FAHA T Yr 2.2 16 5,
a second r r. faQr I ting.the aljg r..fromthe first reactor,
t hereby pr g%% %r?ge %Ileg%léﬁq%%gﬁsiﬁq gsﬁtel[g)r oagllf{dt %Ivﬁ%tthheécrf dver age degree of 20
pol ymer i zatjon Qfn 23 tsqﬂ%]r@]dzeasstéu 1 rBa Ve d Us Turdihen

pol ycondensating the I'ow polynerization product fromthe second reactor,
thereby prRUGnRG ig 4t idh Bleprul am WHddhe AN HA tHd gxﬁl?n@iqrz%gﬁ degree
pol yneri zation of 70 to 130 with good heat stability and 25 excel | ent

hydrol ysi s tiesi SitaiiGe.a GorleraRaaria Wb Spars eeD fid i UWeires wi iy GIYCiTHE

pol ybutyl ene terephthal ate, which conprises a first reactor for reacting an
aromat1® dianar baxtdn ¢ camiet! aanprassitign éryeqprtdehldtes aoidl tdse sstreg nis ~ 6 ~U
2Q03 - 5 ingredient or a derivative thereof with a glycol conprising

1, 9- but anedirgiradsda imaian Hespcsad arnes Uy edyngarddrs g &idl i gomer with an
aver age degree of polynerization of 2.2 to 5, a second reactor for 5

pol ycondend&F RS &t Sol | Joneh & riomh e iGtt iMeitsorPB H&3sHht P epari ng a

| ow pol yneri zatiqn product w an average degree of, pol ynerjzation of 25
to 40, a tIﬁtre(?’rgz;‘cetpW"}ub@rr fotﬁ'tlﬁber I&ﬂ?’ﬁ%ﬁﬂe"éﬁéﬁg %%e It(ﬂmépoli/neri zation
product fr t r r, Q j i I | ar
wei ght pol %?ﬁ%ﬁn\f%eﬁﬂgjﬁ %\%g&r gagémé%g[; gsg%%qey%e&%%gﬁr}gnaaro%] %r{goil% , and a
Fourt hy g eagtore fqy Jaurdier RANANdRNNANG t hePY westen i he third
reactor to an average degree of polymerization of 150 to 200, thereby
produci ng g&dliith MY eCWoHaaMants b6 Raestielg Wrdd aoed; hratersd ability and
excel l ent hydrol ysis resistance, characteri zedg in that (i) reactors w thout
any stirreneadptian exi-griiueneires airgmdesi.used for the first and second
reactors, (ii) the first reactor is an approxinmately cylindrical vessel 20
type reactor having am itheste gnbdurtoidn ettéfpr degrmidesss adwiug, on at | ower
parts, respectively, of the vessel proper and an outlet for volatile
matt er s andimegctihen pRpdnaddu@re #xrdredipggera g@actdfon Lates sl proper,
and having _a cal andria type heat exchanger formed in the 25 | ongitudi nal
direct¥en o Ghd sfRsIAtYodar #hd i ihfdd Rl 1ot /addsel
proper and being inmersed in the process sol ution, the process sol ution
supplied i rftogr”tel%e RYe POHNYTSTIFSM Bt §AFEF 40 etS HT R I"’lﬁ/\etrhepi?qn her eof 2
8 JUL QU003 -, .6 IS ated .to, a predeterm ned .reactiaon te rature by the
heat exchar’?‘g‘eesar?c}'i}% A SIF SRR Y 5P %2&%3@@&%%“ on due to a
density dif C YA . r I fference bhe f ormed
vol atile b)?fegr%%o lfg?’%éggn%ﬁcfaatt{]l%%n?e?snecso ahid otn, (EI‘IQIC; telglésgagfond
reactor is an approximately cylindrical vessel type flowreactor in a
doubl e cylinder structure having an inner cylinder opening in the vessel
and an inlet for the process solution at the | ower part of the double 10
cylinder structure, the process solution passing through tubes of a shell
and tube type provided on the outside of the inner cylinder of the double
cylinder structure and thereby heated to a predeterm ned tenperature and
passed upwardly to the Ievel of the inner cylinder 15 opening and then



and an another end in the |longitudinal direction of the vessel proper
respectively, and an outlet for volatile matters at the upper paZté)amlt 12803
vessel proper, and a stirring rotor rotating in the proximty of the inside
25 wal | of the vessel proper is provided in the |ongitudinal direction of
the vessel proper, the stirring rotor ihthe vessel proper is provided with

a plurality of stirri | ade bl ocks in accordance with 2 8 JUG 2003 the
viscosity dff& h?%%c&%srb%Tﬁ i PP FUHEEE AT Y 3t s W Wathout any

rotating shaf ong the center of the stirring rotor, d (v) the fourth

reactor is eil‘#mcf'a% ztg?ﬁ éfoﬁ)ﬁ%rr)o’xi%t“éqve&/ﬁr}?dr l%‘ssxaeﬁnu’infjer'S react or

havi ng an inl et atrqge an outlet for a process soluti oﬁq at | ower \garqts an one
er e 4§ e

end and an Hnoth rPaDli}ﬁ“%rrfezaftolhod?t hat® J5¥4a ot ther% pr oper,
respectivel sa%]ﬂ] r yvolati t e r{_of the
vessel pr opryer}e, eeapa e%ﬁéﬁ %l;és)’ t%/\tg J%IO rgs@[eclzérgraglE’Inléy ?torf%tr sg}r?eottg;‘ﬁ é;1ugapclalngr} he
proxi m gy Qfnf{hendNsidgdalde 0ft dd8yesseladi R al iddeed ongid udi nal
direction of the vessel proper, and the rotors each have stirring bl ades,
(2) A procesisgH Qfa 00T d1esIsd s r ol Igh i ol Ml ydreneoderepht hal at e,
whi ch conprises a first step of reacting an aromatic di carboxylic acid
conpri si ng teameiptddatdoxr Eod bEsrat ivn i ndredppdrarus. derivati ve t her eof
with a glycol conprising 1,4-butanediol as a main ingredient in a first
reactor, thereby producing an 20 oligoner with an average degree of
pol ymeri zation of 2.2 to 5, a second step of pol ycondensing the oligoner
fromthe fiSWMAEREPE TRE sSBOGNT ¥@hct or, thereby preparing a | ow
pol yneri zati on product wi th an average degree of polynerjization of 25 to
40, and a third step &t FRi9HeroD s HoIRAESHRIENSHHERNHER oW pPo? yneri zat i on
producﬁpfro,mthe second steH(i nathrd reac%(gtr to an avera ejaﬁjegree of

z

pol ymerPzatiTHr BF€ 70% ek, X1 ME SR PTIAR I TRE PG & wei ght

pol yester with t 4. 03 -s..excellent

hydr ol ysi s\%éelsel :‘séjaagrcrel?ealoqﬁa%%i ge%tﬂ%re c%en%prllht%huaé?@ts%r%ldtﬁrﬁi ng pol ybutyl ene
t er epht hal at L ehe £O0Td 5eBy ae d ) 'Sle SLAR @9&35 al,@romatic

di car boxyl i cn‘?parcﬂ%c]é co_rf%%% ng terepht ha?.i c acllc% q a nﬁl}?s.n S Ingredient or a
derivative ddei@pfcal tdpera HGOl uSHEN SN davdiriytanesiglo@ds ehdmai n
ingredient in a first reactor, thereby producing an oligomer with an
average degsemmwoffwiyimwyi zation of 2.2 to 5, a second step of

pol ycondensing the oligonmer fromthe first step 10 in a second reactor,

t her eb¥5prepari ng a |Aw qigl eatereZz athenpprssshuctinvdrnit zon alerage degree of

pol ymerization of 25 to 90, a third step of further polycondensing the |ow
pol yneri zatinRr p¥odite Briom taet stevriikedr@hove and rereekde o8 to an
average degree of 15 polynerization of 70 to 130, thereby producing a high
nol ecul ar VRGP HHAS RABFCONGRP AT RN tFPRAH BT 31 thetOHot3RDtlensi ng t he

pol yester framthe third step in a fourth reactor.to an, average degree of
Dol yrrer | zatT O S A2 6 Fod T THET B br oL Y ok B RFC T B ar vl ght 20
pol yester w {1t ﬂﬂ? I | ysi si stance,
characteri e%%?%a{??fe%‘g%%%i%h%? ac efrazle(lz d %&?Wgﬁ%? ﬁ?aﬁ?l) (iv) and
(v) desgribachiim il 105 s0alngs (2 @feiintn: WAl opRd el carhmnyl o acid
conprising terephthalic acid as a main 25 ingredient or a derivative
thereof and;ite f yGRkm CO@Fdwi g e ds B 20l b ASe BndBI deddtisSglient are
supplied to the first step in a nolar ratio of the forner to the latter of
1. 1.7 to dion Jdrimhdotddudtict of 2tiBe RdsAD03ith necsdsedrys carried out
at 220 - 250C and 33 kPa - 150 kPa, the second step at 230 - 255C and 100
kPa - 0. 133niPanamdredetaors rabrasii fwotiem. st ep each at 230 - 255C and 0. 665
kPa - 0.067 kPa; the stirring blades of the 5 third and fourth reactors are
rotated in a range ofTle Siexp@oing oRIRCEDIEAN reRR T ORIREIELY ORSIM@ first
to the third steps is in a range of 4- 7.5 hours, or total reaction tine

for thé>firRreRN iRl ¥oreH stlepresnahter rehiger 689 659 02 8. BPhbdRd a slurry
of the aromatic 10 dicarboxylic acid copprising terephthali cid as a main
"ngredi ent T 38 deht VIRAVE ARGIRE T It 1He G1S CRTOREDI P8 7 A% but anedi ol
as a main ingredient prepared in a ratio of the forner to the latter of 1 .
17 to 1 B TRt The 119 st P TRt Hath S1ER =07 G 15
esterifying catalyst or a polynerization reaction catal yst; and anot her
third reactor or a plurality of third reactors is provided in parallel to
the third reactor in the third step, thereby producing different kinds of

pol ybutyl ene phthalate with different degrees ' 20 of polynerization from
that produced in the nain |ine of



the third and fourth reactors or adjusting operating conditions of each of
a plurality of the third reactors to increase kinds, precise qug ELJUL 2003
control and production rate of polybutylene terephthalate. 25 B

DESCRI PTI ON OF THE DRAWNGS Fig. 1 sh_O\r%{s _an apparatus |ayout in a process
for continuously producing PBT according to one 2 6 JUG 2003 - 10

nbodi nent of the .pr. t inventign. Fig. .2 sh t.us | t i
pr ocess f oPSCSTERHEIRS v IOl rig BEEECHR (F 1 HndidrsTs Sbod ment of

the present inventiqQn. 5.F g.. 3 shaws apparatus layout .in a process for
conti nuouslvfsgreg%dci%r?&rﬁgy lcn&rmdiz(éﬁq gt%o ﬁglpbge ooagi neft- of° t he pr esent

i nvention. _B FI;RI%IED I HRVENT; Ei QRW? n

enbodi nment JEggatlhils I rﬂfﬁgﬁ%’}%ggﬂéﬁ S arlggal%area}%ustjﬁ%you egf a process
for continuaus! ¥ o o iR R QIHE TG PR AU A NG 0 idH Sdpiinti on. Since a
direct esterifying process is very advantageous froman econom cal point of
Vi ew ass an athglest idudi Yy @Rt dtilorP I dUHNG S Pl RS ticrdda il e 15
esterifying process has been often adopted recently for the production of
pol yest er s nulmibetrhe fd e exgs t e ftayenics INwertadx il deries ian siteg ting materi al
condi tioning vessel for mxing and stirring TPA and BD as the starting
materials fresiPBT in a predetermned ratio. In 20 the process, a

pol yneri zing reaction catalyst or additives such as a stabilizer or a

qual ity controll er arypPise i@t Pk Hihe AEFed, Inventhian

enbodi nment, the polynerizing reaction catalyst or the additive is charged
to a starti®§ PFBIETAZS RIS 1ine 2 just 25 before the inlet of an
esterifying.reaction _vessel froma catalyst supply line 10 and supplied to
The esthr i Ting.  eacArom RRAIE B STy RAIGS 2 3 L 2408 -
11 catal yst n i ncl ud tal..c ounds .sych as organic titanium organic
tin, or gani%c?l i ruéca{]iiez?,e e ec@epglr}:&jaﬁt@cles’ V\%\llc ncoo\/\n/}P]ilh%sr eac ]iro% rate depends
on the kin i i tal y: : .as well as they
5 give a s%&%ﬁ%iﬂ%&g@eﬁ%ﬁtﬁ afqua a?%ycas&/ulﬁaltg) uel%an The heat
stability Qfordia gigsldeadpitBial id Rard ifHlamaid ingMilerdenaynm 4 hat the
catal yst of the organic titanium conpound is influenced with the anbi ent

nMoi st ur e t Aedecraaase thexaiflwitilc £fdlaciol Idongleyide 1,01 ni m ze the
effect, the catalyst is added to the point just before the inlet of the
esterilyi ngputeasdial wesselmadim tigr eghilsodi ,neritere@iyngeradicirgarenm ni m ze t he
rate of deactivation of the added catalyst, it is possible to decrease the
amount of tHdgemed ysitthe vy gatb At rastifee aifs REeRs i At iggoPthe.2 Furt her,
since the reactions are carried out in the presence of the catal yst at high
tenperaturdé¥ or & ISP REAERT A AHLGRHRN L RAKD HI1AEME ol or t he

pol yneri zati on product, increase t THE content .or the term nal carboxyl
group conceéntPat }@n%(f's[to T s 1124 é’prperpdﬁﬁlitheaaaqvbes, t her eby

deteriorati : i . J,0 i ical_properties such
as the st rgr%%%eﬁ%é\ﬁ{ylgoa&%}vg{loéphnﬁ %gﬁﬁv@(%%ﬁ%ﬁ?has been
attenpped fh yBV QLGS USH P ol e, HPan & {44 and 4 disegh post - 25
frequently "at ‘present in the industry is excellent in view of the cost and
the perfor aahe HP¥EMRIonddits € tEHY 1RAI YRS Re 100} SBSn S 0sUEdL | S

i nevitably col ored even when the catalyst is used. Therefore, 2 BJU
2003 - 12 firgw avenesdcdras teesst et t ertpdsbybyp tdduciondi aadigise of a
phosphorus type stabilizer (for exanple, phosphoric acid, trinmethyl
phosphat e, ntaliggthelayt weiogphaiel yestoey) waisth been stedidde edegiret her, in

anot her process the quality 5 is stabilized by nodifying the position for
char gi ng t o lymemierd Han oif cilt &g sk3Ghnil tthaedibieazestaleftey @nd/, in the
or di narg process, the appunt of the catalyst used is from?20 to 100 ppmin
terms 6P mAxA9ilent third iRd XSOt SMRIR VNP T D ARRAT2OIS tRE st abi | i zer

sed is 10 from O to .600 in ter of tallic o) orus cqncentration,
o e 1 et &Y iR el PRl SRR & SR Mol
above are supplied to tgue first etségrf'g ilr%areacti on vegse{ig t hrough t he

supply i ne 2 =5 o1 asuplpﬁﬁ n]"g:je TSt T Pt et i & AR A St al yst
dditi [yt 1 [ j 0i ned
W th the stbaiy ITHE B e e R S e S SRR ™

reaction vessel (first reactor) 3 is in a jacket structure (not

illustrated) to 20 keep the process solution at the reaction tenperature, a
cal andria type heat exchanger 4 is disposed in the solution as a solution
heating unit, thereby heating the process solution flowing in the tubes by
an external heat source, thereby conducting the reaction while 25
circulating the internal solution only by the spontaneous circul ati on due
to a synergistic effect between the change of the density caused by the

- o, . o . . .



2 8 JUL 2003 - 13 tenperature difference. The nost desired type of the
reactor is a calandria type for spontaneously circulating the p qgeﬁﬂ
solution in the reactor by utilizing the spontaneous evaporati ng ZU@
side 5 reaction products formed by the gesterifying reaction. Since the
reactor of this type does not require an external stirring power source, it

has a merity toalyfhe. appal abLs: Aol €Al Do SLILifi et & shaft seal ing

devi ce for iTring s nO Tof e required an fabrication cost

of ‘the reactgg i, fgdurer. o, Al PXATBL e, o, SYCILY PARLOL: . A fleyde as shown

in JP-A-108 1 1s désirable. wever, e present 1nvention s not limted
to such a‘¥%@&@biﬁ@daﬁtol§g8ﬁérOﬁiﬁﬁtéﬁné@éﬁaég,&éfr@br@§Ct0r having a
stirring bl'ade 15 for a proCess reason. In the first reactor 3, water
formed by rearyhenitakesnaost 2apstdosm a WhkEbndBKeScBoPasoPhase 5 toget her
wi th gasified BD vapors and byproduced THF vapors. A tenperature from 220C
t o 250Csrandb@l y edtudens pt £15§ ut e 061 Shomdit | Fr eh eviad efli psessedetar e 20
preferable conditions. In particular as to the pressure condition, an

opti mum pr eshser eby opdépaning sa deder po hgde I hzatton daneduak twi BD- FPA nol ar
ratio of the starting materials (hereinafter referred to as B/T). In B/ T =
2.0 or higheverage Gpremcehtpatyoarizmihen ppbcedste54@olattlohréan be
ensured even under a pressure higher than the atnpspheric pressure, the
desired estER3FVPhgt Pat FerEhaT peOt veoPERn SRt hr% BNrERiet er ni ned resi dence
tinme. However, in B/T = less than 2.0, the esterifyin 2 JUL 20Q - 19
ratio is Id%%}%ﬁesz?ﬁﬁ?%agﬁoéﬂ%tréﬁ%@iB%el%%ﬁo?ﬂ ¥%%g%%5se u%ﬁ%by

pol yrmeri.zat i e nd. bri b e f in i sadvantage in a
DacuumSy o e aRbRE. £ 7t oo 87 Bbhn PL R LB Dhe BRI HEF S 560 B/ T 2%

| ess than 2 Lt i j ; .t he feagtion es e,t
subatnnsphe??%r%é%sé%?%%ggégng%géﬁggl%Qdﬂit?gntga%@?bW§#£t%eP%§fT?ng poi nt
of BD and |Qé\@étéf'eféﬁaf:&tt)lﬁ'e%?ﬂ@ﬁfr@éh@@nsiﬁ?‘aﬁhé’,pé s€aetEpomrate | overs
when the reaction tenperature is lowered, but in 10 t'he spontaneous

circul ati ontligpehiedci@icodbr suchal St¢tigdelr @e@bed Nof hSl edoli sendén t he
pressure reduction increases the reaction by-product gas volune to inprove
t he circul af nhSpetrd oz dncehearehy nprbducenct arhagh golecahaef¥etghon t he

i nprovenent of the reaction condition. 15 Further, the pressure reduction
can al 46 i nppbyester Viblhi sgodakeabishabtiite ardaehgeplonict of the
esterifying reaction and nake a forward reaction rate constant |arger.
Further, theY@FPEreis oheshdteRAf ngChREaesert 79 iy Fakt(bh tine and
decreasi ng the anount, as.the side-reactjon gioduct becomne

f 20 THF .
" orrar kabl o B3O HEET it BURKENTRY nt W S5t rY 197 ner F eHBt 1 RO e wit h a
syner gi sti cu gl eet  onuLoueELDI fhec eactLon Lerpgnatbie.opnd thyp the

anount of orned can be reduced remarka Feferabl e Teaction

t enper at ur eq4 i S+ C is.f 2 d i r der
mp urecphd $i St CASEC égoiggago%%ggxgégk&w cyPARAE FUL BT L ¥ e siD

subat nospheric pressure o the residence tinme of 1.5 to 2.4
hrs angor eaﬁ%%@”ré@@’@@faﬁﬂfrﬁngfa122'151§31et 2afidJah! olit 2803for 18 pt&c239C are
remar kably etffective for the inprovenent of the esterifying reaction rate
and the decsenseioh &helewdrinpadpts HreépsoetivelNpe afotie wésd&lE forned in
this case is about 15 to 25 nol% h in terns of nolar fraction 5 of the
starting nepeeopeatr A afheugast ofor heolasi phamsetzene &ndsraagbianil e
conponent | eaving the process solution is separated into water, THF and BD
by a distilPatPbpdestsnat (hoe “hROR)PrspesethabboasehePFPPSE . e8R@ri fyi ng
reaction vessel 3. Water and THF are 10 renpved fromthe systemand BD is
returned thPdUYRT a2 pERipPEatfohYRE ehet cexaparaer nforPee sYstlf or as the

starti material to a BD tank,33 fromthe bottomof the distillation

col utm 2inr olGh St Bt PaLy CHEEFT 37 0t *Fhe Tetytl cPESPEL SUPLRFaH FBS( e
starting material 1 onditioning vessel 1 fromBD,tank 33 through a BD
supply Iineigﬁ}g%nﬁg%%eoge%bglge%fffnpf%%eﬁt9?an?e§égi%mgﬁﬁ%%%t% to purify
adj ust nment t t] ri ificati te (not

a0 ustment ofetBEaSLaL! LDBIRLET ohe FRLBYCED BUILLLGAL Lo L1681 DY (ot
condensers &H@tv§§9@@)€96p9£e§§ufﬁer?ﬁﬂ@ﬁ'99_9@8'f@@eg'ﬁgPﬁegh@Eeéf initial
pol yneri zati on vessel 14 and a final polynerizer 18 is returned to the BD
tank 33 through a BD recycle line 36 to further inprove the BD unit. In
that case, fresh BDis supplied to the wet 25 condenser at the fina

pol ynerizer 18 through a fresh BD supply line 39, then to the wet condenser
at the initial polynerization vessel 14 through a BD recycle line 37, and
to the BD tank 33 through the BD recycle |ine 36. 2 8 JU 2p03 - 16 - The
process solution reaching a predeterm ned esterifying ratio in the
esterifying reaction vessel 3 igrsupplieg through a connection pipe 6 to an

Ly S C— .




10 esterifying ratio in the esterifying reaction vessel 3, is supplied to
an initial polynerization vessel (second reactor) 14 by an oli g%rﬂmfnﬂwﬁz
di sposed in the mdway of a connection pipe 11. The process sol Utio
supplied to the initial polymerization_vessel is heated 15 to a _
predeterm ned reaction tenperature by a shell and tube type heat exchanger

15 and subj‘tasc%)eed to pciol ycondecge%ati an rcfacti n to.ncrease the deqree of

pol ymer i zati-on" aﬁeeéict o B CHFUI Y G § &2 &%tr‘al“?zfﬁ r(fegarye about
25 to 40 u I react | C it .23 to 25 pressure
of 100 kParil’[%%lto.Se%%g’a%%éﬂ}c ga%daq%ess&ggn%egogﬁlﬁ‘g%olﬁ(e%?&% os%f%;‘&aﬁl%g?u he initial
pol ymer | zatdaaeesesl dhib it Shd it f 15 AITBlITRN, A%y §y GACtOF having no
stirring blade, but the present 1nventionis not [tTmted to such a 25
reactor. HQWeyRITmathili® 'BAHdUhA BdtSidd Wl RAnWeNAaidar Yyage is a
pol yneri zing reaction ratedeterm ning step and the reaction proceeds
smoot hl y i fpradirGessad arRiMiHy gfodwad dsliRpl,i ed i1ig the readridon 2 8
JUL 2003 - 17 sufficiently. Fromthis point of view, it is not necessary
to stir thegaaeess ss@rUtapprdyinsttielnt gy lhlratte caid ves sy sufd ifdewt hat BD
formed by the polycondensation reaction is renoved to the outside of 5 the
system Furtdsatoy tin @ glaftdre exy timgde ngdrrandtonrd hassmiuctred ratera reacti on
tenperature as | ow as possible in order to keep the resin produced with a
preferred QYAINALLaRPLEMT oI tthe MHAsRfl b EpricdistedorHEheand t he

desirabl e reaction t erature i.s preferably 250C or 10 |lower. A suitable

react or forprt%s(?peﬁ'oitmﬂ'r?q §%ﬁ*§pgﬁ“ﬁ%§%{{t SHovts riiloﬁblﬁ 10- 76102. BD,

wat er d THE forned by the reaction are collected into .a hase zone 16

copt uhder B YRCed TESSh Y at HbSHHb S ait T Seith s 115 (e Stsi de. of

the systemypon 1y %Of%ee'ﬁatén%[‘ %é’ﬂ‘ tfgﬁkdgﬂso% SRS ed danpsdfgam ther eof .
a etermne

The process solution er a pre residence time (reaction tine)
in the initjealeRoliyrnd za Qusesse! cHe A & €aTHde rl B Sy SR i ed
t hrough a connection pipe 17 to the final polynerizes 20 (third reactor)
18. In the dridvalhdreinyrerdzasd 40!y rpfe it elasidead Rolpart zal iy degree is
produced by further pol ycondensating reaction, while undergoing a good
surface remadsey effwetdlyy tsi ithd nigevdladeS th8: wirhemastinddmg center shaft
driven by an external power source 25 21, thereby increasing the degree of
pol ynet bzatdpening arid didlen dpjparimtasddvwr theoydmathealryreer iagsinddy r d
reactor) is an apparatus disclosed in JP-A-10-77348 fromthe vi ewpoi nt of
the surfac@n®erifdf itpaFeler@rr thring provigdedopdrh arg oohlr Bhsunpti on
characteristic. The reaction is conducted to a degree of polynerization of
about 70 td’oél?&ﬁlelmqtr?li%@“cia’%?@% R § GF c‘HEFdi BRfifs as 230C
to 255C and. _a pressure. of .0.6 kPa t0.0.067 kPa. 5 Rolycondensation has
been so far acratfrtﬁjeecf eoouﬁ’ i%l"f)w?cghvees%’ejirsd ETC W e hroa]'ynlgzeongr1“_"r!t\sli scosity of
the process S0l Wik U eSale FdAle JOINIPIIZ & G &Ry O
pol ycondensation in a single uni't, thereby greatly reducing the apparatus
cost. Fotaloywedidenae 4 igloddds Hbineidd rad tudhighdLasd Wrfe igndt - 7.5
hours but fromthe viewpoint of the quality, the residence tine throughout
the entire ol Wrerdrddiestens i fHef vimpl pudinal réngaect it tithe hours.
Further, the residence tinme can be nade | onger by adjusting the tenperature
and 15 t he ywesslurgropdr r epsped; iveldy, iandase ait Yedubongvalet preduct i on
rate, for exanple, this can be carried out to minimze the quality
fluctuati omatitreqmrat ciherupper keapt af adiel vedsel gbr gt yneandsa one of PBT
evaluation itens as |ow as possible, it is desirable that the 20 reaction
t enper at ur S IZBOC rtInvESta iR PRTLhe Rty vht o3 daccor di ng
to the_foregoing apparatus |ayout, the nunber oé reactors i s decreased, as
c

conpar 8d wifsht+ HE SRS Vhal PERSE At APTARS Hhd R%ius the appar at us
fabricati 25 | , d d d th f digstillati |
and condengki P TTUT Tor it oottt Torobh BT Tediitd due to the
decrease | B‘%&iﬁ%ﬁ_' : n&i&r Exbetlfeop\%?ﬁ Ség#dé{/arr%géfo&f@%@%iﬂ? Pi pelines,

2 6 JU Q strumentati on par can be omtted greatly,
and utilit ﬁﬁsg . for. ev ' b EaEd NG, NBAL Uy oeans, g greatly
reduced as)bwe ,lslt‘{%gr%gysat‘f:%ﬁe%l g the r%nn?%]g cost as anot her advantage. 5

Further, to obtain PBT of higher intrinsic viscosity (1V) another final

pol ymeri zer (fourth reactor) can be provided after the final polynerizer
(third reactor) 18. This enbodinment is shown in Fig. 2. Apparatus |ayout
and functions of first, second and 10 third reactors are the sane as
descri bed above, referring to Fig. 1 and thus their description is to be
omtted below. Fresh BDis supplied to a wet condenser at a fourth reactor
23 and then through a BD recycle Iine 38 to the wet condenser at the third

T ~ ~ Ar- r 1 o o ~—— - R T T 4 —



20 between the third reactor 18 and the fourth reactor 23. Since the
process sol ution has such a high viscosity as a few hundred kPa i t@
fourth reactor 23, the same stirring device as used in the thirgsqe[m-t §0318
is no nore used, because a rotation phenonenon, i.e. 25 attachment and
staying of the process solution on rotating stirring bl ades, occurs. That

is, areactqQr with a.stirrji devi ce for i.gh vis ity solution nmust be
used- A eui I ek I DRSS ATh B JUl° BOFEIn0 for high
Vi scosity | ytio [ eat i ed in JP- B-.6- 9

JP- A- 98- 10333193%'351 n%]{%ﬁgt(raﬁerég%tdiaa% ntfocéaagczlgﬁ p%r}}aoflr?: \%ﬁqn%é&rrea?égbte row,
referring t i ul_ar I i Y rJ I S ed in

JP- A- 48- 102%93:}%\] a%g%e%enigf&en%c'@ﬁdlgg 72%365 ﬁ%éq}ﬁeferz)aﬁfets%nf% %S/ent ion

will not beddiMdit it helfldx i S0prdyn RACQ 3R dse 1 djgxi al

pol yneri zation reactor with two stirring shafts each havi'ng bi nocul ar
spectacke ridadtpe rdvidd nth biradas 2% ldh asudlieteddher givaddernately with
a phase difference of 90 and at specific distances therebetween, the two
stirring shafltt e ngk dedwdo macts drhesnaldret ratdelan vdridtieephase idi ff er ence
of 90 and driven by an external power source 25. The process sol ution

suppl i ed frdm tlediudiiret]l phirtedtsi pushiedrendresaengetbmer war dl y due to the
stirring blade rotating action fromthe center to the outward direction,
where the pPrAReEtistlnti aindirfergdeketa o v shatfidee madiiali @ tadthon,

t hereby evaporating the vaolatile conponents fromthe inside of the process
20 sol uti ofBRFF Rty hd e’ skt irg‘?ﬁp%'t HRgh& 3Nt 1S 19 her i ncrease

in the yiscgsity. The process solution s then dischar as, pol ymer 29
havi ngL8. RigHer Bl et G gt e % ottt dihe T T Gif (S ontiided 1o a
pol yneri zat | r.ee ut 0,10 u I .suych react j.on._conditions
as tenper atdua?ler!l g}% ﬁtfcq{eosa%?‘s& lJz%r('}e]!;s slurr? 8810% qgﬁbg@%chgg?%o cgla%?éflk a and

resi dence tJ 0 ur nadi i:ng-different

ki nds of de%gﬁ%so%lB Fi]ro%fbp'po y%ﬁ?gﬁeene tlregraergb%ﬁalrp{;{%%cﬂaltq&t q{e(jf sanme time
will be deggrddeed below, referring to Fig. 3. The enbodi ment of Fig. 3
shows disposition of another third reactor 26 in parallel to the facility
of produci n@)pol ybut Wi ey dederphtditatraaonidlly adodicidegr ee of

pol yneri zation shown in Fig. 2. Fresh BDis supplied to the wet condensers
at t helboumdil yimeaptlene 3 earapletha Yeet ¢ hiwhdl ele asimyr 12635 s raespiectti valep t hr ough
the supply line 39 and finally collected into the BD tank 33 through the BD
recycl e 10 9f e @B NBAMMr @Rt iz Hezrrhdod i adid «Gamrl MemS of Fig. 1

and Fig. 2, and also through a BD recycle line 40, respectively. The third
reactors 1EHPHRNANIT 3 HETrd IRE DAL e H S 19 G t%e’flh‘éatr%“aect or as
expl ai ned in the enbadi nent. of Fig. |,~but the present. invention 15 wll

not be i mttr}betfetoofes% £ rEATt Jpsrjdh%s]s’ %'%fﬁqrb%dltoreha\ﬁ%ga t he second
reactor 19 j.s. divj : | dway, of n I i - ne
portion of nﬁilergplr eegdslaésnotlt uer} E)gn 'S ?tgdr%%&tcﬁrg’ {}%férllde%ye clf&gql}%ﬁﬁarrgugh a
flow coptraly Malmes Al rangd, analhede diadded Pordd Ometi Z0 1de oF oLess
solution is led -to the third reactor 26 through a branch connecti on pipe
30 and a flwv 3,0 redcotad ex &2, of §5PREddricd s inkni theerdioidi srdt  Siwans t he
division into two portions of the process solution, but the present

i nventi on wHd fiatstbestlapnitrech tder@iad. r&bctide, artee ey imremdr i gr ocess
solution is passed through the third reactor 18 and the fourth reactor 23

t o produce Joot yinityerie & erop miedatte withh an Hegrapgreéegode pof yneri zati on.
The other divided 2 6 JUL 2003 - 22 portion of the process solution was
passed t hr ARfymeet 24 fah rafact ort 62 o Frddudd vl ke | ehef wiekght hal at e
with a |ower degree of polynerjzation. This series of the product -
pol ybutyl e 1AM d1Q PP PE PORICELR 5L GTh RIRAResi F &M prlorti on by

adjusting the flow contyrol Vﬂllyei 31 %’ld 32. A further t%lrrd reactor can be
provi ded, tHY Fote R HoWf i TS AW g, T S hrdficd% WIFET €mt kind of

pol ybut yl ene_+i.er ep! late e W a di i ¢ valu t he sane
degree of %flﬁgﬁ‘%/%‘%@aﬁ odnf gicgp?%md%ﬁgoe’ p%}%/{)eﬁcgisréﬁog&%éejlr% Ht ﬁréfﬁe with a
little diff . r.ee I zat i o) ] t tl rate by
setting di e%]%ﬂdrelgaﬁll%ﬁnt E}gény t%%%g ‘#%hm({%%ge otr %}ﬁ%@{ I rd érrgcgct or 26.
The stirring blades of the third and fourth reactors are 15 rotated in a
range of 0.5 rpm- 10 rpm According to the present invention, the entire
apparatus efficiency can be inproved by maeking an apparatus for
continuously producing PBT fromtotal 3 reactors, i.e. one for the direct
esterifying step, one 20 for the initial polynerizing step and one for the
final polynerizing step, together with an econom cal operation of the
apparatus due to the resulting energy saving. Furthernore, according to the

T S - N - - — =



Z 8 JU, 2003 - 23 initial polynerizing step and one for the final

pol yneri zing step, together with the energy saving of the appara2q$‘u§£zmm
furthernore, according to the present 5 invention, different kinds of

can be produced by dividing the productfon Iine follow ng the second
reactor of an apparatus for continuously producing PBT into a production

| ine for higkeelilegrebydtopgbyreresascancandoanat beocgssddoti on |ine for a
| ower 10 degree of polynerization. Yield of such different kinds of PBT can
be adj ust edcpogénhenswyt Rredorongcarlyputitless Serepatigdate, uyhish

conti nuously produci ng PBT. Exanples 15 The present invention will be
descri bed i ROBBEAPPShal EWLSEFERPI A§ FBAEXARF| 8, ALOMARILEh t he present
invention will not be limted. In Exanples, an intrinsi¢ was determ ned
with an CstﬂéFar9P§¥6ﬁ§téFlgtCQGEFlﬁ%ngt§r§BP§QﬁﬂleaEGdWP§~aZGaﬁﬁenol and

50 wt.o tetrachl qroet hane nd.ac%d vag e _wa de% rninﬁd by neutralization
titrati ubBﬂrﬁ$§§8FuPFoh gFrﬁﬁ? t¥®b ﬁ?§?°§l86 Elaag Xcgﬁlvent with

heat i t 230C for_ 5 m . Sh i le 1. P d db
hont | Moo S3BPst Bindofs PbiRareRs 8100 binldll SptraBRbR Y PRONUCE 2Y)

PBT was produc st ef Liyi k ndizt: | at,.anr ced
pressurepingEiggpF238%Oghdeéégﬁspgﬁgggﬁgg?gr?ﬂyggébg%érsh}gBL% 303 - 24

reaction COQ@éEhEQSdééréerSﬁuﬁggyﬂéQ§§HEQohnoEXQUQ|Qo35,Wﬁe%%c%Bd'ntr'nS'C ;
viscosity of 0.85 dl/g was obtained only by nelt polynerization. As shown
in Exanpl e 3tepi gb godlycobydEBIingt bhanocadgdmesl deonf the Tiegitt ehepas
obtained in the esterifying reaction at a reduced pressure and a | ow

reacti dm t enpeaasacenfioreacshort thesedgnpeepamengThe lbet al reaction tine in
this case was 5.2 hours and it was confirmed that pol ybutyl ene

t er epht hal apelymarbeaptodupsdducht Watibughyayeragehdgggesdodffici ency in the
apparatus | ayout under the reaction conditions of the present invention.
Further norBOlyBeréaeEipReChcrd Gal 48/of PRFrAt stgprepfedtirtiero | ower the

t enperature and shgrten t he reiidenc time in the figal p%Iynerization
reacti on stBplycopdgnging 5pg3lRWSR grizpLiloRyprodupt LEpfy the) -

117'“"1>VK§EEQEE g%é%”&h'gl%M?ggcgégggér4tg aﬁ'gvgrgggl%eg%gébngrlrlray

15 polymerization of 70 to 130, thereby producing a high
molecular weight polyester, and a fourth step of further
polycondensing the polyester from the third step in a
fourth reactor to an average degree of polymerization of
150 to 200, thereby producing a high molecular weight

20 polyester with good heat stability and excellent
hydrolysis resistance, characterized in that reactors
characterized by (i), (ii), (iii), (iv) and (v)
described in the foregoing (1) are use; the aromatic
dicarboxylic acid comprising terephthalic acid as a main

25 1ingredient or a derivative thereof and the glycol
comprising 1,4-butanediol as a main ingredient are
supplied to the first step in a molar ratio of the

former to the latter of 1 : 1.7 to 1 : 3.0, and the first
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step is carried out at 220° - 250°C and 33 kPa - 150
kPa, the second step at 230° - 255°C and 100 kPa - 0.133
kPa and the third and fourth step each at 230° - 255°C
and 0.665 kPa - 0.067 kPa; the stirring blades of the
third and fourth reactors are rotated in a range of 0.5
rpm -~ 10 rpm; total reaction time for the first to the
third steps is in a range of 4- 7.5 hours, or total
reaction time for the first to the fourth step is in a
range of 6 to 8.5 hours; a slurry of the aromatic
dicarboxylic acid comprising terephthalic acid as a main
ingredient or a derivative thereof and the glycol
comprising 1, 4-butanediol as a main ingredient prepared
in a ratio of the former to the latter of 1 : 1.7 to 1
3.0 is supplied to the first step upon admixture of an
esterifying catalyst or a polymerization reaction
catalyst; and another third reactor or a plurality of
third reactors is provided in parallel to the third
reactor in the third step, thereby producing different
kinds of polybutylene phthalate with different degrees
of polymerization from that produced in the main line of
the third and fourth reactors or adjusting operating
conditions of each of a plurality of the third reactors
to increase kinds, precise quality control and

production rate of polybutylene terephthalate.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows an apparatus layout in a process

for continuously producing PBT according to one

, 000N r| (-1DIUO~~t"" O J w



Z 8 ,~UL 2003 - 26 WHAT IS CLAIMED I'S: 1. An apparatus for continuously
produci ng pol ybutyl ene terephthal ate, which conprises a first ngﬁﬁ; for
reacting an aronmatic dicarboxylic acid conprising terephthalic i 2083
mai n i ngredient or a derivative thergo; with a glycol conprising

1, 4but anedi ol as a main ingredient at %0- 250C, thereby producing an

ol igonmer with avera egree of polynerization of 2.2 to 5, a second

react or foF“}?&% e %:tti Hri?ésetﬂtlp 419%omthe first reactor at

230- 255C, thereby pr [ |. ow _pol yner.| i on praduct wth an average

degree of pol yneri za?ﬁ%’ g#g %’:‘?“{s_o %ba%’ naaraga{%iolradxporugcaclt%ra T U her

pol yeondensall ng e, J i ROINERGI 23] GhPradsla IO d N, saeand reactor at
gahng

230- 255C, thereby produci l'ecul ar wei'g polyester with an

aver age de@h®R QM WEHHAH At {hdhdi3 Wi th good heat stability and
excel l ent hydrolysis resistance, reactors wthout any stirrers by an
externag power sourcershkel g R faf dfpaddied Bnghseciond reasdeds. 2. An
apparatus for continuously produci ng pol ybutyl ene terephthal ate, which
conpri ses &dr rinvieaciuyl f ProRatinnPENh edaswdirg dicasttoyl i c acid
conprising terephthalic acid as a main ingredient or a derivative thereof
with a gl yesbcthmsritsiafy th9mnemeedi dlnweentaiomi n i ngredi ent at 220- 250C,

t her eby producing an oligoner with an average degree of polynerization of
2.2 to 5, a second reactor for polycondensating the oligomer fromthe first
reactor at 230-255C, thereb reparing a low 2 a ~~t 200 - 27

pol yner i zatﬁWE&%(ﬁM%Qw@&%\%é@g‘: dSYFESET KN pol yneri zation of 25 to

40, and a third reactor far further polycondensating the | ow pol ynerization
broduct from the secnd® T dact bR 2 RRERBET o0y 1 GdUEHg o hi gh

nol ecul ar wei ght pol yesier, w an._av. o) ol jzation of 70
to 130!.,Léland agf oulrot hyE’raSL 'ctlo\rq ro:E'rn %LP%E etgaﬁkqgsotj@agé% pnésfl lrcl)ag %ﬁéépgo$y%°s er from
the third ILAGLf,dR 13N AYLIAHE HRORRE A M9t WIRId Rt Ofe ) L0 200,

t her eby producing a high nol ecul'ar wei g pol yester wth goo eat
stability angdaxcelid entsield ol m&é@%@mmfa&fé&&w thopd ryany
stirrers by an external power source being used Tor the first and second
reactors. ZdvAnhtyssad Usr@e e ddithdmidd Bigpintorof, viderss mar he first
reactor is an approximtely cylindrical vessel type reactor having an inlet
and an out ligtdusdrr iz Jproosesss safart iprpditciroyver palyssterspeot idiefegt of the
vessel proper and an outlet for volatile natters and reaction by-products
at thelapp@sterifypara wfoqdrs Vessdieqir opien aadperitad neeeeral antlky ¢ type
heat exchanger forped in the | ongitudinal direction of the vessel proper
and near tﬁg‘q FHQABIGHAN A R XASERHS pr ofert R PR P i iiRFSERN 5% t he
process sol ution,. the QHrocess sol utiion rs{[g%[pl i ed]oi nto the vessel proper at
T4

the inlet AYIHEY dwedSTRRIgS thet et i I ned react i on
emper at ur & dyc he: Deay exchangers and. el ngptigd ogh and maed by

spont aneous connection due 1o a density itrerdnce cause y a temperature
18 JUL 2003 ff §{Lneh Lef AN d N dOripd gﬁé@é%&mﬁ@a%@iog%x@nd the
process solution. 4. An apparatus according to aim1l or 2, wherein the
second2peaciHy Jixso@éb@,pm Q¥ @RSt 7 T | Feld€8bn VessLl ydyper flow reactor in
a doubl e cylinder structure having an inner cylinder opening in the vessel
and an i nl elddiorivd®e quacess s@ e Bdr tde 4 oywedl pay tcafttdkleoubl e
cylinder structure, the process solution passing through tubes of a shell
and tube type pron etk pradded oin sildies ofteheandinein cyhisdenbodit he doubl e
cylinder structure and thereby heated to a predeterm ned tenperature and
passed upwdrdity ttdie Holwwerising eed ¢iheen cgd takest opent by 2@@i thed f1 ow ng
down t hrough the inner cylinder, and the vessel proper is_ provided with an
outlet for AolFtaTFEHeQ & S Fehdtatir Bl ph Rty sl e thel Wpber part

t hereo 5. apparatus, according to Qaim1l or 2, ., wherein the third

react o%si s k%?%‘;?zﬁ?ﬁ a St i?]‘{jr?rbaefs‘ifé@s 129 e ateor VHEST ggﬁ?f“i nl et and
an outlet for rocess.sol uty.on | ower_par{s_on_on nd and on anot her
end in thed ocnagclalol%sl%aﬁu%p?ir%ch%enafoq ?r}/@ ?/eps%ie:fe%r%%e%gr espectively, and
an outlet f v.ol At d up e per, and
a stirring e?%%%%?%#afi%%ﬁ%?%%% m P@%%%ﬁ%ﬂ%?@gvg%?é%g?he vessel
proper is provided in the longitudinal direction of the vessel proper, the
stirring rotor in the vessel proper is provided with a plurality of
stirring blade bl ocks in accordance with the viscosity 2 s ~~~ Zo~Q- - 29
of the process solution, and the stirring blades are without any rotating
shaft along the center of the stirring rotor. 6. An apparatus according to
Claim2, wherein the fourth reactor is a horizontal, approximtely
cylindrical vessel type reactor having an inlet and an outlet for a process

.



- 30 nol ecul ar wei ght polyester, with good heat stability and excell ent
hydrol ysis resi stance, the third reactor being a horizontal cyl2i 8"1{“‘952003
vessel type reactor having an inlet and an outlet for a process Solution at
| ower parts on one end and on anot her ﬁ@d_in t he | ongitudinal direction of
t he vessel proper, respectively, and an“outlet for volatile matters at the
upper part of_ the vessel, pr r, and a stirri rotor rotating in the

proxi m ty ST TNsTaiE Wt UGT PR L ST et It 4y TV ted i n t he
Iongltudlnq! direction of the vessel £r9$ﬁ£ the.stlrrlnqﬁa?tor bei ng nmade

of a plural 1Yy or 8t i PTIHY b1 atfe by b LTt cE Wt e viZcosity of
t he proces i Lrry b el i t ating
shaft al on;w%%eu%ﬂeﬁf%érég? %%:%Cgﬁrﬁr#%‘ger%‘?gggd%.éﬁgcp&oc}gl?géf%?gc%}ﬁ i nuously
produci ng pAbnbiH i 258 & LT ephthal af 8ot Wb Cble CONRM | SES e il 1 siep of
reacting an aromatic dicarboxylic acid conprising terephthalic acid as a
Mai n i ngredi Bfd Hrs Bglef i ¥aht Ver oS eoh #hé howa D F B uEONPs 1 1IHhé1tand

1, 4-butanediol as a main ingredient at 220-250C in a first reactor, thereby
produci ng ath®lhgotrestawihiap o etiagerdegl eenof PPD) YNt igadt DouXdr 2. 2 to 5,
a second step of polycondensing the oligoner fromthe first step at

230- 255C i nita secoall ricactorthda hetrledycprahast ngf atheovwppdyneri zat i on
product with an average degree of polynerization of 25 to 40, a third step
of further polawbitepenpeundel $ oinbblgmeed Zét tlontlpe oldeient om t he second
step at 230-255C in a third reactor to an average degree of 2 6 JUL 2003
- 31 pol ymRisairontofdgeredsa sphe t ¢t byt be oﬁg@?‘h’@ a Hr Prd®F el ar

i ght I ter, f th st f furth densi th | t
rom (RS LT 25 She DFonc TR L bat YR ERlIed of S bR AUE: togl ce of
I i zat] t 00, . thereb | hi i ght
ol yoster vl T BB Feat St MY 15f WP cHeErr ot Fhg gt & T Enle. e

fourth reactor bel ngngohiggiaont by ADPEAKL TBLE!: £ithi Ui ol cyessst type

reactor having an i and an outlet for a process solution at |ower parts

on one end @ul-Oivanpdhesr efgl | [dbde &9@81$§Q}”§% M reeds om Oftd he vesse
proper, respectively, and an outlet for volatile nmatters at the upper part
of the vess@dcPEHPLrthé hembOREIOf Ny i EGtiWPs KAt ded rMMOrsSré@di@éi ng in
the proximty of the inside wall of the vessel proper in the |ongitudinal
directilén o tdeivesSejopdopes, ahdrtihery osdnse eded hewetigoss i areng bl ades.
9. A process for continuously produci ng pol ybutyl ene terephthal ate, which
conprises acdirybedseep inothe epresemcancar bhet ¢atal vt bakyhighaci d
conprising terephthalic acid as a main ingredient or a derijivative thereof
with a gl ycoPMRORpFREe nfrd, a- ber@ankdnel BT HOWEi Rl degFedf eheP &t t3%®- 250C in

first th duci , 0l ] i, th . f
pol yror | 2R A1 L0 SO19F BhG BeLURGF SEBhYO BHPLOnaeHaTRG: Chet ot goner
f the fi 230-255C |in. t [
| ow pol yrer 155 ORCRTootE: CaF  re b Do Bragebakir chfape LORb Rt BAEPRN' 07 2

to 40, ,3nd o Uil gl SRl LT LEops ZaBe Jik 2003 endZeppol ycondensing the

| ow pol ymeri zation product e second step at 230- Cinathird
reactor to @@t@¥§6§Q€i§§QEE§ QhaPOtyngri geti 88 PéwdPik® 488, thereby
produci ng a hi gh nol ecular wei ght pol yester, with good heat stability and
excel | ent hydlyel ysi sSprese st aasesughesei théhset acngelj cett carokyéis aci d
conprising terephthalic acid as a nain ingredient or a derivative thereof
and the gl ydevetoppensi igr Indw bod aakbys bl has beemi at {ergpeedehdrare suppli ed
to the first step in a nolar ratio of the ( ~ fornmer to the latter of 1 .
1.7 to 1 . BnprovuingAspebcessbiendr dphngandcChatanunywheedi moshe aromatic

di carboxylic acid conprising terephthalic acid as,a main_ingredient or a
deri vative fRededRthyidat hRrgsgebl 1RokPRi NARSEIY- bSit 8%e8 68N Es1A main
ingredient are suPpIied to the first stﬁg in amlar ratio of the fornmer to
the latter BFei of1theigogt andothe RefharPRREE - stEQ"s¥eEarti8d out at 33
kPa - 150 kPa e second step at.100 kPa - 0,133 kPa and the third step at
0.665 kPa -* %ﬁ%@aQ?GPOQX?Sg?gr%%£¥@65c85?8F58 3 t?%Yﬁ?%?iﬁherein t he
aromatic di | i cl o I S epht I C j mai n

i ngr edi ent %?iggﬁéréggﬁiggeghggéogég%%§§ﬁegglg%%?'cgﬁ%gfgfﬁgel,4-butanedioI
as a main ingredient are supplied to the first step in a nolar ratio of the
former to the latter of 1 . 1.7to 1. 3.0, and the first step is carried
out at 33 kPa - 150 kPa, the second step at 100 kPa - 0. 133 kPa and the
third and fourth step each at 0.665 kPa - 0.067 kPa. 2 8 JuL 2D03 - 33
12. A process according to aim7, wherein the stirring blades of the
third reactor are rotated in a range of 0.5 rpm- 10 rpm 13. A process
according to Claim8, wherein the stirring blades of the third and fourth
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(c) precondensing the esterification product fromthe first sta durin
second stage at tenperatures of 230C to 255 C and at 100 kPa to 135Lk§&0
(d) continuously polycondensi ng said precondensate at tenperatures of 230C
to 255C and at 0.665 kPa to 0.067 kPa; ée) renovi ng water and

t et rahydrof urane from an out put vol ati]L conponent fromsaid first

esterification reactaor to roduce said ycoI (f ondepsi n out put
vol atile cdﬁ’tﬁﬁ?é’rﬂmedﬁzt e ‘?erpsattet[fé“fi MR%Q%{E% ‘?ge‘?:‘{/](ﬁlngto
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and at 33 kPa to 150 kPa; precondensing device for precondensing the
esterifi catironthy ahutindrompitdeedd r sthestagaardureo gt ree sectony st ageedit
tenperatures of 230C to 255C and at 100 kPa to 0. 133 kPa; pol ycondensi ng
devi ce for icontiqmudlisite pdlG camdelrsitryreniof prevohidensat tartun enper at ur es
of 230 Cto 255 C and at 0.665 kPa to 0.067 kPa; renoving device for
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! ! extgrnal stirring power source, it has a merit that the

apparatus layout can be simplified, a shaft sealing
device for a stirring shaft is no more required and the

10 fabrication cost of the reactor is reduced. As an
example of such reactor, a device as shown in JP-A-10-
85501 is desirable. However, the present invention is
not limited to such a device, and it is not
objectionable to use a reactor having a stirring blade

15 for a process reason. In the first reactor 3, water
formed by reaction takes a steams form, which makes a
gas phase 5 together with gasified BD vapors and by-
produced THF vapors. A temperature from 220°C to 250°C
and a reduced pressure or slightly elevated pressure are

20 preferable conditions. In particular as to the pressure
condition, an optimum pressure condition is determined
in accordance with BD~TPA molar ratio of the starting
materials (hereinafter referred to as B/T). In B/T =
2.0 or higher, the BD concentration in the process

25 solution can be ensured even under a pressure higher
than the atmospheric pressure, the desired esterifying
ratio can be reached within a predetermined residence

time. However, in B/T = less than 2.0, the esterifying
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increases the reaction by-product gas volume to improve
the circulating performance within the reactor and give
an effect on the improvement of the reaction condition.
15 Further, the pressure reduction can also improve the
leaving rate of moisture as a by-product of the
esterifying reaction and make a forward reaction rate
constant larger. Further, the effects on shortening the
esterifying reaction time and decreasing the amount of
20 THF as the side-reaction product become remarkable by
the improvement in the esterifying reaction rate with a
synergistic effect on lowering the reaction temperature,
and thus the amount of THF formed can be reduced
remarkably.
25 Preferable reaction temperature in this case
is from 220°C to 250°C and, particularly, under
subatmospheric pressure of 50 to 80 kPa, the residence

time of 1.5 to 2.4 hrs and reaction temperature of 225°C
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starting material to a BD tank 33 from the bottom of the
distillation column through a BD recycle line 35. The
recycle BD is supplied to the starting material

15 conditioning vessel 1 from BD tank 33 through a BD
supply line 34, and the recycle BD in the BD tank 33 1is
subjected to purify adjustment of the starting material
BD by BD purification treatment (not shown), if
required. Furthermore, the recycle BD discharged from

20 wet condensers (not shown) at pressure reduction devices
disposed at an initial polymerization vessel 14 and a
final polymerizer 18 is returned to the BD tank 33
through a BD recycle line 36 to further improve the BD
unit. In that case, fresh BD is supplied to the wet

25 condenser at the final polymerizer 18 through a fresh BD
supply line 39, then to the wet condenser at the initial
polymerization vessel 14 through a BD recycle line 37,

and to the BD tank 33 through the BD recycle line 36.
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The valve 7 controls the first reactor to a constant
liquid level and keeps a constant reaction time. The
process solution, when reached a predetermined

10 esterifying ratio in the esterifying reaction vessel 3,
is supplied to an initial polymerization vessel (second
reactor) 14 by an oligomer pump 12 disposed in the
midway of a connection pipe 11. The process solution
supplied to the initial polymerization vessel is heated

15 to a predetermined reaction temperature by a shell and
tube type heat exchanger 15 and subjected to
polycondensation reaction to increase the degree of
polymerization. Reaction is conducted to a
polymerization degree of about 25 to 40 under such

20 reaction conditions as 230°C to 255°C and a pressure of
100 kPa to 0.133 kPa for a residence time of 1.0 to 1.5
hrs. The initial polymerization vessel 14 is shown in
this embodiment as a reactor having no stirring blade,
but the present invention is not limited to such a

25 reactor. However, the reaction at the initial
polymerization stage is a polymerizing reaction rate-
determining step and the reaction proceeds smoothly if a

necessary amount of heat is supplied to the reaction
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O-4hqg it may suffice that BD formed by the

polycondensation reaction is removed to the outside of
the system. Further, it is preferred that operation is
conducted at a reaction temperature as low as possible
in order to keep the resin produced with a preferred
quality and control the amount of by-produced THF, and
the desirable reaction temperature is preferably 250°C or
lower. A suitable reactor for the operation is an
apparatus as shown in JP-A-10-76102. BD, water and THF
formed by the reaction are collected into a gas phase
zone 16 kept under a reduced pressure atmosphere and
discharged to the outside of the system upon
condensation by a condenser disposed downstream thereof.
The process solution after a predetermined
residence time (reaction time) in the initial
polymerization vessel (second reactor) 14 is supplied
through a connection pipe 17 to the final polymerizer
(third reactor) 18. In the final polymerizer, polymer
of desired polymerization degree is produced by further
polycondensating reaction, while undergoing a good
surface renewing effect by stirring blades 19 with no
stirring center shaft driven by an external power source
21, thereby increasing the degree of polymerization. A
suitable apparatus for the final polymerizer (third
reactor) is an apparatus disclosed in JP-A-10-77348 from

the viewpoint of the surface renewing effect and the
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about 130 in thls case under such reaction conditions as

230°C to 255°C and a pressure of 0.665 kPa to 0.067 kPa.
5 Polycondensation has been so far carried out in two

vessels due to a wide range of viscosity of the process
solution, the present final polymerizer can carry out
polycondensation in a single unit, thereby greatly
reducing the apparatus cost. Total residence time for

10 the first to third reactors is 4 - 7.5 hours but from
the viewpoint of the quality, the residence time
throughout the entire polymerizing steps is preferably
in a range from 2 to 4 hours. Further, the residence
time can be made longer by adjusting the temperature and

15 the pressure, if required, and, in case of reducing the
production rate, for example, this can be carried out to
minimize the quality fluctuation. In particular, to
keep an acid value of polymer as one of PBT evaluation
items as low as possible, it is desirable that the

20 reaction temperature is 250°C or lower.

When PBT is produced continuously according to
the foregoing apparatus layout, the number of reactors
is decreased, as compared with the conventional
apparatus layout, and thus the apparatus fabrication

25 cost can be reduced, and the number of distillation
columns and condensers relevant to the apparatus can be
also reduced due to the decrease in the number of the

apparatus units. Their connection pipelines,
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means are greatly reduced as well, thereby lowering the
running cost as another advantage.

Further, to obtain PBT of higher intrinsic
viscosity (IV) another final polymerizer (fourth
reactor) can be provided after the final polymerizer
(third reactor) 18. This embodiment is shown in Fig. 2.
Apparatus layout and functions of first, second and
third reactors are the same as described above,
referring to Fig. 1 and thus their description is to be
omitted below. Fresh BD is supplied to a wet condenser
at a fourth reactor 23 and then through a BD recycle
line 38 to the wet condenser at the third reactor 23,
followed by the same functions as in the embodiment of
Fig. 1. Process solution 20 having a degree of
polymerization of about 70 to about 130 obtained in the
third reactor is supplied to the fourth reactor 23 by a
polymer pump 22 at the midway of a connection pipe
between the third reactor 18 and the fourth reactor 23.
Since the process solution has such a high viscosity as
a few hundred kPa-s in the fourth reactor 23, the same
stirring device as used in the third reactor 18 is no
more used, because a rotation phenomenon, i.e.
attachment and staying of the process solution on
rotating stirring blades, occurs. That is, a reactor
with a stirring device for a high viscosity solution

must be used. A suitable reactor is a biaxial reactor
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below, referring to a binocular spectacle rim-type
5 polymerizer disclosed in JP-A-48-102894 (Japanese Patent
No. 1024745), but the present invention will not be
limited thereto. The fourth reactor 23 is a biaxial
polymerization reactor with two stirring shafts each
having binocular spectacle rim-type stirring blades 24
10 as fixed thereto alternately with a phase difference of
90° and at specific distances therebetween, the two
stirring shafts being set to each other alternately with
a phase difference of 90° and driven by an external
power source 25. The process solution supplied from the
15 inlet port is pushed and extended outwardly due to the
stirring blade rotating action from the center to the
outward direction, where the process solution undergoes
a good surface renewing action, thereby evaporating the
volatile components from the inside of the process
20 solution and promoting the reaction, with the result of
further increase in the viscosity. The process solution
is then discharged as polymer 24 having a higher degree
of polymerization. The reaction is conducted to a
polymerization degree of about 150 to 200 under such
25 reaction conditions as temperature of 230°C to 255°C,
pressure of 0.665 kPa to 0.067 kPa and residence time of
0.7 to 1.5 hours.

An embodiment of producing different kinds of
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Fig. 3 shows disposition of another third reactor 26 in
parallel to the facility of producing polybutylene
5 terephthalate with a high degree of polymerization shown
in Fig. 2. Fresh BD is supplied to the wet condensers
at the fourth reactor 23 and at the third reactor 26,
respectively, through the supply line 39 and finally
collected into the BD tank 33 through the BD recycle
] 10 lines 38, 37 and 36, as described in the embodiments of
Fig. 1 and Fig. 2, and also through a BD recycle line
40, respectively. The third reactors 18 and 26 will be
described below, referring to the reactor as explained
in the embodiment of Fig. 1, -but the present invention
15 will not be limited to such a reactor. The process
solution leaving the second reactor 14 is divided at the
midway of the connection pipe 17 and one portion of the
process solution is led to the third reactor 18 through
a flow control valves 31 and another divided portion of
20 the process solution is led to the third reactor 26
through a branch connection pipe 30 and a flow control
valve 32, respectively. This embodiment shows the
division into two portions of the process solution, but
the present invention will not be limited thereto.
25 The one portion of the process solution is
passed through the third reactor 18 and the fourth
reactor 23 to produce polybutylene terephthalate with a

high degree of polymerization. The other divided
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with a lower degree of polymerization. This series of
the product polybutylene terephthalates can be produced
5 in any desired proportion by adjusting the flow control
valves 31 and 32. A further third reactor can be
provided, though not shown in the drawing, to produce a
different kind of polybutylene terephthalate, e.g. with
a different acid value but the same degree of
10 polymerization or produce polybutylene terephthalate
with a little different degree of polymerization or
adjust the production rate by setting different reaction
conditions from those for the third reactor 26. The
stirring blades of the third and fourth reactors are
15 rotated in a range of 0.5 rpm - 10 rpm.
According to the present invention, the entire
apparatus efficiency can be improved by making an
apparatus for continuously producing PBT from total 3
reactors, i.e. one for the direct esterifying step, one
20 for the initial polymerizing step and one for the final
polymerizing step, together with an economical operation
of the apparatus due to the resulting energy saving.
Furthermore, according to the present
invention, PBT with a high degree of polymerization can
25 Dbe produced through bulk polymerization by adding a
reactor for high viscosity treatment to an apparatus for
continuously producing PBT comprising total 3 reactors,

i.e. one for the direct esterifying step, one for the
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the apparatus.
Still furthermore, according to the present
5 invention, different kinds of PBT can be produced by
dividing the production line following the second
reactor of an apparatus for continuously producing PBT
into a production line for higher degree of
polymerization and another production line for a lower
| 10 degree of polymerization. Yield of such different kinds
of PBT can be adjusted together with economical

operation of the apparatus for continuously producing

PBT.

Examples

15 The present invention will be described in
detail below, referring to Examples, to which the
present invention will not be limited.

In Examples, an intrinsic was determined with

an Ostwald viscometer at 30°C, using a solvent of 50 wt.$%

20 phenol and 50 wt.% tetrachloroethane, and acid value was
determined by neutralization titration upon dissolution
of PBT in benzyl alcohol as a solvent with heating at
230°C for 5 minutes. As shown in Table 1. PBT was
produced by continuous operation of the direct

25 esterifying process of TPA and BD. PBT was produced
under esterifying reaction conditions at a reduced

pressure in Examples 1 and 2 and under esterifying
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Example 1, high quality PBT with an acid value of 10
5 eg/ton was obtained in the esterifying reaction at a
reduced pressure and a low reaction temperature for a
short residence time. The total reaction time in this
case was 5.2 hours and it was confirmed that
polybutylene terephthalate can be produced continuously
‘ 10 with a good efficiency in the apparatus layout under the
reaction conditions of the present invention. Further-
more, to lower the acid value of PBT it is effective to
lower the temperature and shorten the residence time in

the final polymerization reaction step.
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polybutylene terephthalate, which comprises a first
reactor for reacting an aromatic dicarboxylic acid
comprising terephthalic acid as a main ingredient or a
derivative thereof with a glycol comprising 1,4-
butanediol as a main ingredient at 220-250°C, thereby producing an
oligomer with an average degree of polymerization of 2.2
to 5, a second reactor for polycondensating the oligomer
from the first reactor at 230-255°C, thereby preparing a low
polymerization product with an average degree of
polymerization of 25 to 40, and a third reactor for
further polycondensating the low polymerization product
from the second reactor at 230-255°C, thereby producing a high
molecular weight polyester with an average degree of
polymerization of 70 to 130 with good heat stability and
excellent hydrolysis resistance, reactors without any
stirrers by an external power source being used for the
first and second reactors.

2. An apparatus for continuously producing
polybutylene terephthalate, which comprises a first
reactor for reacting an aromatic dicarboxylic acid
comprising terephthalic acid as a main ingredient or a
derivative thereof with a glycol comprising 1,4-
butanediol as a main ingredient at 220-250°C, thereby producing an
oligomer with an average degree of polymerization of 2.2
to 5, a second reactor for polycondensating the oligomer

from the first reactor at 230-255°C, thereby preparing a low

@ac -n
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further polycondensating the low polymerization product
from the second reactor at 230-255°C, thereby producing a high
molecular weight polyester with an average degree of
polymerization of 70 to 130, and a fourth reactor for
further polycondonsing the polyester from the third
reactor to an average degree of polymerization of 150 to
200, thereby producing a high molecular weight polyester
( ! with good heat stability and excellent hydrolysis
resistance, reactors without any stirrers by an external
power source being used for the first and second
reactors.
3. An apparatus according to Claim 1 or 2,
wherein the first reactor is an approximately
cylindrical vessel type reactor having an inlet and an
outlet for a process solution at lower parts,
respectively, of the vessel proper and an outlet for
volatile matters and reaction by-products at the upper
(M} part of the vessel proper, and having a calandric type
heat exchanger formed in the longitudinal direction of
the vessel proper and near the inside wall of the vessel
proper and being immersed in the process solution, the
process solution supplied into the vessel proper at the
inlet at the lower part thereof is heated to a
predetermined reaction temperature by the heat exchanger

and being stirred and mixed by spontaneous connection

due to a density difference caused by a temperature
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wherein the second reactor is an approximately
cylindrical vessel type, flow reactor in a double
cylinder structure having an inner cylinder opening in
the vessel and an inlet for the process solution at the
lower part of the double cylinder structure, the process
solution passing through tubes of a shell and tube type
(" provided on the outside of the inner cylinder of the
double cylinder structure and thereby heated to a
predetermined temperature and passed upwardly to the
level of the inner cylinder opening and then flowing
down through the inner cylinder, and the vessel proper
is provided with an outlet for volatile matters and
reaction by-products at the upper part thereof.
5. An apparatus according to Claim 1 or 2,
wherein the third reactor is a horizontal cylindrical
) vessel type reactor having an inlet and an outlet for a
('} process solution at lower parts on one end and on
another end in the longitudinal direction of the vessel
proper, respectively, and an outlet for volatile matters
at the upper part of the vessel proper, and a stirring
rotor rotating in the proximity of the inside wall of
the vessel proper is provided in the longitudinal
direction of the vessel proper, the stirring rotor in

the vessel proper is provided with a plurality of

stirring blade blocks in accordance with the viscosity
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stirring rotor.
6. An apparatus according to Claim 2, wherein the
fourth reactor is a horizontal, approximately
cylindrical vessel type reactor having an inlet and an
outlet for a process solution at lower parts on one end
and on another end in the longitudinal direction of the
vessel proper, respectively, and an outlet for volatile

( ' matters at the upper part of the vessel proper, the
reactor has two stirring rotors rotating in the
proximity of the inside wall of the vessel proper in the
longitudinal direction of the vessel proper, and the
rotors each have stirring blades.
7. A process for continuously producing
polybutylene terephthalate, which comprises a first step
of reacting an aromatic dicarboxylic acid comprising
terephthalic acid as a main ingredient or a derivative
thereof with a glycol comprising 1,4-butanediol as a

L main ingredient at 220-250°C in a first reactor, thereby producing an
oligomer with an average degree of polymerization of 2.2
to 5, a second step of polycondensing the oligomer from
the first step at 230-255°C in a second reactor, thereby preparing a
low polymerization product with an average degree of
polymerization of 25 to 40, and a third step of further
polycondensing the low polymerization product from the
second step at 230-255°C in a third reactor to an average degree of

polymerization of 70 to 130, thereby producing a high
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a horizontal cylindrical vessel type reactor having an
inlet and an outlet for a process solution at lower
parts on one end and on another end in the longitudinal
direction of the vessel proper, respectively, and an
outlet for volatile matters at the upper part of the
vessel proper, and a stirring rotor rotating in the
proximity of the inside wall of the vessel proper being
provided in the longitudinal direction of the vessel
proper, the stirring rotor being made of a plurality of
stirring blade blocks in accordance with the viscosity
of the process solution, and the stirring blades being
without any rotating shaft along the center of the
stirring rotor.

8. A process for continuously producing
polybutylene terephthalate, which comprises a first step
of reacting an aromatic dicarboxylic acid comprising
terephthalic acid as a main ingredient or a derivative
thereof with a glycol comprising 1,4-butanediol as a
main ingredient at 220-250°C in a first reactor, thereby producing an
oligomer with an average degree of polymerization of 2.2
to 5, a second step of polycondensing the oligomer from
the first step at 230-255°C in a second reactor, thereby preparing a

low polymerization product with an average degree of
polymerization of 25 to 40, a third step of further
polycondensing the low polymerization product from the

second step at 230-255°C in a third reactor to an average degree of
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polycondensing the polyester from the third step at 230-255°C in a
fourth reactor to an average degree of polymerization of

150 to 200, thereby producing a high molecular weight
polyester with good heat stability and excellent
hydrolysis resistance, the fourth reactor being a
horizontal, approximately cylindrical vessel type
reactor having an inlet and an outlet for a process
solution at lower parts on one end and on another end in
the longitudinal direction of the vessel proper,
respectively, and an outlet for volatile matters at the
upper part of the vessel proper, the reactor having two
stirring rotors rotating in the proximity of the inside
wall of the vessel proper in the longitudinal direction
of the vessel proper, and the rotors each having
stirring blades.

9. A process for continuously producing
polybutylene terephthalate, which comprises a first step
of reacting an aromatic dicarboxylic acid comprising
terephthalic acid as a main ingredient or a derivative
thereof with a glycol comprising 1,4-butanediol as a
main ingredient at 220-250°C in a first reactor, thereby producing an
oligomer with an average degree of polymerization of 2.2
to 5, a second step of polycondensing the oligomer from
the first step at 230-255°C in a second reactor, thereby preparing a

low polymerization product with an average degree of

polymerization of 25 to 40, and a third step of further

gM , @
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molecular weight polyester, with good heat stability and
excellent hydrolysis resistance, wherein the aromatic
dicarboxylic acid comprising terephthalic acid as a main
ingredient or a derivative thereof and the glycol
comprising 1,4-butanediol as a main ingredient are
supplied to the first step in a molar ratio of the

( former to the latter of 1 : 1.7 to 1 : 3.0
10. A process according to Claim 7, wherein the
aromatic dicarboxylic acid comprising terephthalic acid
as a main ingredient or a derivative thereof and the
glycol comprising 1l,4-butanediol as a main ingredient
are supplied to the first step in a molar ratio of the
former to the latter of 1 : 1.7 to 1 : 3.0, and the first
step is carried out at 33 kPa — 150 kPa, the second step at 100 kPa - 0.133
kPa and the third step at 0.665 kPa — 0.067 kPa.

11. A process according to Claim 8, wherein the
aromatic dicarboxylic acid comprising terephthalic acid
as a main ingredient or a derivative thereof and the
glycol comprising 1,4-butanediol as a main ingredient
are supplied to the first step in a molar ratio of the
former to the latter of 1 : 1.7 to 1 : 3.0, and the first

step is carried out at 33 kPa— 150 kPa, the second step at 100 kPa - 0.133
kPa and the third and fourth step each at 0.665 kPa — 0.067 kPa.
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12. A process according to Claim 7, wherein the

stirring blades of the third reactor are rotated in a
range of 0.5 rpm - 10 rpm.

13. A process according to Claim 8, wherein the
stirring blades of the third and fourth reactors are
rotated in a range of 0.5 rpm - 10 rpm.

14. A process according to Claim 7, where total
reaction time for the first to the third steps is in a
range of 4 - 7.5 hours.

15. A process according to Claim 8, wherein total
reaction time for the first to the fourth step is in a
range of 6 to 8.5 hours.

16. A process according to Claim 7 or 8, wherein a
slurry of the aromatic dicarboxylic acid comprising
terephthalic acid as a main ingredient or a derivative
thereof and the glycol comprising 1,4-butanediocl as a

main ingredient prepared in a ratio of the former to the

-
-

latter of 1 : 1.7 to 1 : 3.0 is supplied to the first
step upon admixture of an esterifying catalyst or a
polymerization reaction catalyst.

17. A process according to Claim 8, wherein
another third reactor or a plurality of third reactors
is provided in parallel to the third reactor in the

third step.
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, +GLO%( Fgi En- §?§l§égiﬁéuch as 1,4-butanediol and the subsequent
polycondensation of the esterification product obtained,
comprising;

(a) continuously feeding said aromatic
dicarboxylic acid and said glycol into the first
esterification reactor as the beginning process stage;
(b) carrying out the esterification during the
first stage at temperature of 220°C to 250°C and at 33
kPa to 150 kPa;

(c) precondensing the esterification product from
the first stage during a second stage at temperatures of
230 °C to 255 °C and at 100 kPa to 0.133 kPa;

(d) continuously polycondensing said precondensate
at temperatures of 230 °C to 255 °C and at 0.665 kPa to
0.067 kPa;

(e) removing water and tetrahydrofurane from an
output volatile component from said first esterification
reactor to produce said glycol;

(f) condensing an output volatile component
obtained in steps (c¢) and (d); and

(g) recycling to first esterification reactor said
glycol obtained in step (e) and condensed component

obtained in step (f).
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stage;
carrying device for carrying out the
esterification during the first stage at temperatures of
220 °C to 250°C and at 33 kPa to 150 kPa;
precondensing device for precondensing the
esterification product from the first stage during a
second stage at temperatures of 230 °C to 255 °C and at
100 kPa to 0.133 kPa;
polycondensing device for continuously
polycondensing said precondensate at temperatures of 230
°C to 255°C and at 0.665 kPa to 0.067 kPa;
removing device for removing water and
\ tetrahydrofurane from an output volatile component from
said first esterification reactor to produce said
glycol;

i condensing device for condensing an output
volatile component obtained in said precondensing device
and polycondensing device; and

recycling device for recycling to first
esterification reactor said glycol obtained in said
Eemoving device and condensed component obtained in said
condensing device.



