26 SEP 2005 - 1 PRODUCTI ON PROCESS AND PRODUCTI ON APPARATUS FOR
POLYBUTYLENE TEREPHTHALATE BACKGROUND OF THE I NVENTION 1) Field of the

I nvention The present invention relates to a process and an &ﬁﬁgg"%§ for
continuously producing polyester 5 type polyners such as pol ybutyl ene

t erepht hal ate and polyethylene terephthatate. 2) Related Art Since

pol yet hyl ene tere ht hal at e éhereinafter referred to as PBT) resins are
excel l ent in t h&RRPUGHAY) RONERS M RRQPYSTTEN aRBPARBBUSXEOR ent i n
mechani cal properti es, elegbr c characteristics and heat resistance, they

have been used for applicatPoRSUTEHENEQd EQEEHTHALATEC hi nes, el ectronic

parts, nechanical parts and autonobiles and their demand has been 15
i ncreased steadily. Heretofore, for the general PBT production process, a

terepht hal i vyl e \ng di rethyl terephthalate as a main
I ngr edi ent §%§ﬁ§§°g$§ éF @gﬁpFﬁggﬁ31§ 4- but anedi ol (hereinafter referred 20
to as BD) asg, a i pgregdie | aced at an appropriate ratio in a
m Xi ng vessg1 gﬁé??aﬁgeg er?blcagﬁgn catal yst is added and conditioned

and then they are sen&haoﬁgegéaesgmw B LA SRACHLN YEssslsset to a

predeterm ned reaction tehperature by a
and an apparatus for continuocusly produc1ng polyester

35 type polymers such as polybutylene terephthalate and

polyethylene terephthalate.

2} Related Art

Since polyethylene terephthalate (hereinafter

referred to as PBT)} resins are excellent in the

10 crystallizing characteristic and also excellent in
mechanical properties, electric characteristics and
heat resistance, they have been used for applications
such as electric machines, electronic parts, mechanical
parts and autcmobiles and their demand has been

15 increased steadily.

Heretofore, for the general PBT production
process, a terephthalic acid alkyl ester comprising
dimethyl terephthalate as a main ingredient and a
glycol comprising 1,4-butanediol (hereinafter referred

20 to as 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



I - 2 punp. In the transesterification reaction, two or three stirring
vessels with stirring blades are disposed in series and nethangl forned as
reaction by- products, and tetrahydrofuran (hereinafter r ef er FEREFZMS 45
THF) forned by deconposition of the nethanol formed as reaction
by-products and BD and water are sepafrdted in a distillation tower. Then,
a polyrmerization catalyst is added and the process proceeds to the
pol yreri zi MyWeactibrtke cprapsestesi figakiooalkeagtdomy, ity wassel s or
hori zontal stirring vessels are disposed in plurality for the
pr epol yner i ZHSE sk Bl nande s $&t ¢ hei thaskbriciont blastssr @ingy vessel is
di sposed as a final polynerization step. For continuous polycondensation
process fordlSEPSRS gt ng4 ehes t @pdpRehaprBEPe, formed gsa reaickdiorelBy 1 ow
Vi scosity ran ,tggfrat d under subatnospheric k6 pressure, a plurality
mul ti-tray RYPeic LY RARYRFSTBFaR pharsingf ter vefErgad dohpl ete
m Xxi ng -type L vessel s are used in series as disclaosed 20 in
IP- A- 48°7090° %Hﬁgo‘ﬂ‘%‘? e‘ifbﬁ’o‘é\%‘a‘f‘fi}ﬂﬁﬁiam 8 thsgreLdGind®ampd
esterificatj eaction or _transesterigation reaction are continpously fed
to one enc?sg;}e;au%%lAr%arbc‘fooﬁégo?%cgﬁc‘éggsﬁ@eﬁi}gp?"(ﬁ‘??& A fre Se;?&%cﬁ‘iﬂensat i on
reaction dawp {qtdhe oo e ay ﬁ r while transfer.ring the oligoners
fromone stirring ves§%?f%% gﬁ%%%ér. %thﬁsp8§HW§E%F8§}°Phe pr esent
INVeNtors catalyst is added and the process proceeds to the
polymerizing reaction step. At first, vertical
10 stirring vessels or horizontal stirring vessels are
disposed in plurality for the prepolymerization step
and, further, a horizontal stirring vessel is disposed
as a final polymerization step.
For continuous polycondensation process for
15 polyethylene terephthalate, etc. in a relatively low
viscosity range, operated under subatmospheric
pressure, a plurality multi-tray type, columnar
reactors or a plurality of vertical complete mixing
type stirring vessels are used in series as disclosed
20 in JP-RA-48-7090. Oligomers of low polymerization
degrees formed by esterification reaction or
transesterication reaction are continuously fed to one
end of such reactors to successively proceed the
polycondensation reaction down to the downstream tray
25 or while transferring the oligomers from one stirring
vessel to anotner.

In this connection, the present inventors

proposed an apparatus for continuously producing



proposed an apparatus for continuously producing 26 SEP 2005 - 3

pol ybutyl ene terephthal ate, which conprises a first reactor for reacting
an aromatic dicarboxylic acid conprising terephthalic acid a268EPRINS
ingredient or a derivative thereof with a glycol conmprising 1,4 5

but anedi ol as a main ingredient, thereld producing an oligoner wth an
aver age degree of polynerization of 2.2 to 5, a second reactor for

pol yconden®i¥Ry e ns | fyorritt ha bat e hewhiebt competioes ®hdiiefsy preparing a
| ow pol yneri zation product with an average degree of 10 pol ynerization of
25 to 40,aﬁﬁ?9¥qqﬂéafr¥%3§%ﬁn$o@n {TPRAEECpElgashexrddd rgiche | ow

pol yneri zat i on product fromthe second reactor, thereby producing a high
mol ecul ar ETBH: DAY SR TP AL bR a0efagd AcBréR ARIIESILEREr ioZatd on of 70
to 130, or jurther, a fqurth 15 reactor_for_further polycondensing the
polyester'f%ﬁﬁvéaﬁyﬁtﬁh%F?% b 1® GhyGodr SGBPYE§AEE & 4pol yreri zati on
of 150 to 20Q,_.thereby producing,a high polecular weight polyester with
good heét su%tﬁq%qeﬂp%anadsp %f&%’r?eﬁ?gﬁ§giﬁ?§si Eﬁf’ég ¥t RRCEULESC A8 s wi t hout
any 20 stirgrer . ext er nal wer ,source being used _for. the first and
second reac{lgrior%s%ga@gng A%ﬁ?f%% | SRIERF| 8? Pﬂg.ﬁ’mﬁ@lé&%%é’?) Starts of
whi ch are ineorporal e Nergld Ly L6l eEEPCE,, | BohE 3RRILA g, [ he second
reactor is an 5 approximately cylindrical vesse Pype, oW eactor in

doubl e cyl ig1d@fontls Ueddif & VE NPs @Nr & ABES - CYELREEE preparing a
low polymerization product with an average degree of
10 polymerization of 25 to 40, and a third reactor for
further polycondensating the low polymerization product
from the second reactor, thereby producing a high
molecular weight polyester with an average degree of
polymerization of 70 to 130, or further a fourth
15 reactor for further polycondensing 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
20 stirrers by an external power source being used for the
first and second reactors (US Patent Application Serial
No. 09/642587), parts of which are incorporated herein
by reference.
In the apparatus, the second reactor is an
25 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



opening in the vessel and an inlet for the process solution at the |ower
part of the double cylinder 26 SEP 2005 - 4 structure, the pr S

sol ution passing through tubes of a shell and tube type heatzgggﬁﬁﬁﬁér
provi ded on the outside of the inner cglinder of the double cylinder
structure and thereby heated to a predeterm ned 5 tenperature and passed
upwardly to theﬁéevel I nner gyILnder openi ng .and then fl ow ng down

th
through  the-FRREPLEY| ?Eaep‘%ﬁmss RS Y Se FAHING | IHFPWIN st #PP8d with a
luralit d -t t i ded on the inside wall of the out
Pl nder” oo ookl BYBCEURE Bupll R ieithantng RESTiSY ot rhe” O
tt d i on.b . . Th t
vent or o oS EREAE e KRR SRS oL Ll R oo I SRl 4nd e Bieton of

the processe slyhk@naAdiheOkr ALY, A% AMARE O THE | NVENTI ON An
ep de an appara

obj ect of t resent 1 nvention is to provi us and a net hod

for prOd}‘CiQQmeQllfQEEyEﬁﬂepta%%%%h}l.l??aﬁcﬁ%ftcgoﬂ‘ga qualdt Vo £f{igiently and

continuously by providing a plur partitioned reaction

conpar t nent snhart 891 $866Rdopk@delOanaHR O f TR AL AGS IO EAHPGL T MENt S
being stirred and heated to attain conplete mxing, thereby @limnating

short pass giid ihgepatydeaasposhiinen tHegtdsPfsd her Pswcess sol ution. 25
The object of the present invention can be
stirred with a plurality of doughnut-type trays
provided on the inside wall of the outer cylinder, and
10 the vessel is provided with‘an outlet for volatile
matters and reaction by-products at the upper part
thereof. The present inventors have found that short

pass and thermal decomposition reaction of the process

solution admit of improvement.

15 SUMMARY OF THE INVENTION
An object of the present invention is to

provide an apparatus and a method for producing
polybutylene terephthalate of good quality efficiently
and continuously by providing a plurality of

20 partitioned reaction compartments in the second
reactor, each of the reaction compartments being
stirred and heated to attain complete mixing, thereby
eliminating short péss and thermal decomposition
reaction of the process solution.

25 The object of the present invention can be
attained by using, for the second reactor, a vertical

cylindrical poclymerization vessel having a plurality of



attained by using, for the second reactor, a vertical cylindrical
I on vessel having a plurality of 26 SEP 2005 - 5 concentrical

pol yneri zat

partitioned reaction conpartnents therein,

conpart ment
outlet for

successi vel
conpart ment
deconposi ti
apparatus f

oifdo PHECHTEAEed FR2AFRECPeLOMPAT CEHTaY TS s

each of the react26SEP 2005
s being provided with stirring blades and a heater, and an
volalite matters being prbiided at the upper part of 5 the
vessel , where polycondensation, reaction is efficiently carried out,
the process %ﬂg

whi | e

f d di al | d i d f h ) i
et [P orE a8 ernBl hohR by kbl Breb Rt S U her

A LEARL o qp0d,deat adatiep ol adugt, Gual idae (1) An

or~ ‘conti nuousTy Pproduci ng at y terep

| at e, which

_ <o b odticl g 8ré ate, which_
Compr | i ng IorEpR AP Ss SRR REPRRED APIRE Gtk PR AL 2 Ner ot

with a gl yahle CUBUL B! Nohdrd pbuLaBRAEALARS A HREEiRG gl ent, thereby
ﬂ a% aver egree of polymerization of 2

a second react ki drp] pobyepndensati nghtihe 28e0birgeiEys fdamding, fid st

| ow pol ynmerizati on product with a | ow degree

produci ng an ol 1 gonmer wt

reactor, thereby preparing a

erage

to 5;

of  pol ynerje ai t@itednth achdi rdateachotomph ritteinltey i spehymandsnsaty ng t he
i zation product fromthe second reactor, thereby producing a
hi gh nol ecudmans 26r vedl ghddpal Yesard wWhnivhran yafewage egnas:pol yneri zati on

| ow pol yner

10

15

20

25

reaction compartment to the inner one, whereby
preventing occurrence of thermal decompositicon reaction
and degradation of product quality.

(1) 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-
butanediecl as a main ingredient, thereby producing an
oligomer with an average degree of polymerization of 2
to 5; a second reactor for polycondensating the
oligomer from the first reactor, thereby preparing a
low polymerization product with a low degree of
polymerization; and a third reactor for further
polycondensating the low polymerization product from
the second reactor, thereby producing a high molecular
weight polyester with an average degree polymerization
of 70 to 180, or an apparatus for continuously
producing polybutylene terephthalate, which comprises a

first reactor for reacting an aromatic dicarboxylic



of 70 to 180, or an apparatus for continuously producing polybutyl ene
terepht hal ate, which conprises a first reactor for reacting an_aromatic
di carboxylic 26 SEP 2005 - 6 acid conprising terephthalic ac P8 SEL 20054
ingredient or a derivative thereof with a glycol conprising 1, 4-

but anedi ol as a main ingredient, thefeﬁy"producing an oligoner with an

oo tondsis BorRY tVH 2L b o Pic Pad £ g 2 PREPRT L GREHOLALO!

polycondensaﬁlng e mer” fromihe fi reactor, t y preparing a

| ow pol ymer izt iq%gri%g%% ML 8 1o fegroe, oh1 DohyBELARL oYL a third

reactor for furt ycon ating the pol ynmeri zati on product from

10 the secondJreagtar od henehy, b aduc gy e, higbranlepubancipgl gt pol yester

wi th an average gree pol ymeri zat 0to 13 and a fourth reactor

for further; ;eRmecondensifg dher A vestphefboNpbhombhi kdri8aCcker 2to an
aver age degrée of polynerizatioﬁﬂg% 15 t% 208? lgmthereby produci ng a high

nol ecul gr wWei Gt apAlasiErreachdF afd £rp3EPcbAdbAghtthy the first reactor is
an approximately cylindrical vessel type reactor having an inlet and an

outl et for caigcaeessrso WHONEbist onesictpalt sherebpeptepalkyingok t he vessel
proper and an outlet 20 for volatile matters and reaction by-products at

t he upper lpar podfyntehel acessmt graghect @abdhhaving degakendfia type heat
exchanger formed in the longitudinal direction of the vessel proper and
near the i psildmesdldatigint e Vebsed| rpaoper &nd berhfermersed in the

process _ . _
polycondensating the low polymerization product from

10 the second reactor, thereby producing a high molecular
weight polyester with an average degree polymerization
of 70 to 130; and a fourth reactor for further
polycondensing the polyester from the third reactor to
an average degree of polymerization of 150 to 200,

15 thereby producing a high molecular weight polyester,
characterized in that (i) 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

20 for volatile matters and reaction by-products at the
upper part of the vessel proper, and having a calandria
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

25 solution, the process solution supplied into the vessel
proper at the inlet at the lower part thereof 1is heated
to a predetermined reaction temperature by the heat

exchanger and is stirred and mixed by spontaneous



25 solution, the process solution supplied into the vessel proper at the
inlet at the lower part thereof is heated to a predeterm ned reaction
tenperature by the heat exchanger and is stirred and ni xed by6SEEiMieous
26 SEP 2005 7 convection due to a density difference caused by a

tenperature di fference between the f of led vol atil e by- product gas and the
process sol ution .Q%{) t he second r IS a vertical % | i ndrica

pol ymer i zatio8 S7d B 57 Yy %9%?hggfégngFGESﬁcgﬁPFEFe pQrtitioBed
[ h ' h.of th ti A t
reaction Qc[%h%:e{:ta%”xtés c&) FEELOncEH e b Eng §orned wAIRR RGPS 0O

provi ded w I 71 Ng ades and a hearer, tile

U ers DS S0 ALt Meper DLbBLiLRe Yeselyliddde (i1

reactor is-a zon drrcalr vesse aving an inlet

and an out g%fargﬁreﬁsmaogﬁé&%%ftJé?fiﬁ&rk%’irpgﬁg&%u?i%lt%% gr’é%saé‘ld an

anot her en ongi tudi na rection of essel proper

respectvelnsviaif 210881 £ty fOF Yohathl eabBH Bhstak ibheURRSdxf of the
15 vessel proper, and a stirring rotor rotating in the proximty of the

i nsi de wal lccafpdtnatessetnPrOPEf 8chpPbeviHed reBcthen ergigaudin@ltgli rection
of the vessel ©proper, the stirring rotor in the vessel proper is provided

with a plurainy pfowtded iwpchl aderbiagkslatged0aadcar taace i tdhd he
viscosity of the process solution and the stirring blades are w thout any
rotating shaf tout@lengfahevakat eieochatherst beinggprotrardedardt (Hhe the
fourth reactor is a horizontal, approximtely
upper part of the vessel, (iii} the third reactor is a
- 10 horizontal cylindrical vessel type reactor having an
inlet and an outlet for a process solution at lower
parts on one end and an another end in the longitudinal
direction of the vessel proper, respectively, and an
outlet for volatile matters at the upper part of the
15 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
20 accordance with the viscosity of the process solution
and the stirring blades are without any rotating shaft
along the center of the stirring rotor, and (iv) the
fourth reactor is a horizontal, approximately
cylindrical vessel type reactor having an inlet and an
25 outlet for a process solution at lower parts an one end
and an 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



cylindrical vessel type reactor having an inlet and an 25 outlet for a
process solution at |lower parts an one end and an another end in the

| ongi tudi nal direction of the vessel proper, respectively, aiflSEP H95 et
for volatile matters at the upper part of the vessel proper, the 26 SEP
2005 5 - 8 reactor has two stirring Totors rotating in the proxinity of
the inside wall, of ﬁhe vessel.gro er in the longitudinal direction of the
vessel propetcyit N¥Ret Y8t SFATEARA RRYELSt FOtEtd ™ ddedha n the second
reactor, each of the stirrin bl.ades.can be fixed tq one compn

ol - 1 engt ETRFHET G SEnhRe. TRRATBeband Peachsr BT He BF QR | Chl
cylindrical I | | vessel _havin 10 partitioned congcentrica
reaction cJﬁ%%r?%@%%égﬁkgg%iﬁlr§55ﬁ°8f°%e§£%i3@8%5Hp§FFﬁ§HPS ng provided
With stirrd a ti Ll b tirring blades being fixed
to one con&gﬁgh§+¢gf%n€$ghr%ngi%ggéggbg b&%ﬁﬁ%ﬁted to a driving neans

mount edson the upper partLdSsefhAe k% .. pr r, a et for
volatile natters being provF§e8 atrt§§%§65e€%§3f”%?gfhgﬁxﬁiﬁﬁq or can

be a vertiosladyd i aghisal rPREMMEL 23k eBrHeSS §la1 MAWRA H W R i i oned
concentrical reaction conpartnents therein, the stirri'ng bl ades provided in

20 the inneshdfgction conpartnent is wthout any counterpart rotating
shaft along the rotation center.
The second reactor can be a vertical

cylindrical polymerization vessel having two

10 partitioned concentrical reaction compartments therein
each of reaction compartments being provided with
stirring blades and a heating coil, the stirring blades
being fixed to one common half-length rotating shaft
connected to a driving means mounted on the upper part

15 of the vessel proper, and an outlet for volatile
matters being provided at the upper part of the vessel,
or can be a vertical cylindrical polymerization vessel
having two partitioned concentrical reaction
compartments therein, the stirring blades provided in

20 the inner reaction compartment is without any
counterpart rotating shaft along the rotation center.

The term “one common, half-length rotating

shaft” herein used means a common rotating shaft whose
lower end locates above the central reaction

25 compartment without extending into the central reaction
compartment. In other words, the stirring blades in
the central reaction compartment are without any

counterpart rotating shaft therein. Typical



The term "one conmmon,

hal f-1ength rotating shaft"” herein used neans a

common rotating shaft whose |ower end | ocates above the central reaction

25 compartment without extending into the central reaction c@

ot her words, the stirring blades in the central reaction conpartnent are

Wi t hout any counterpart rotating shatt2therein. Typi cal 26 SEP 2005 - 9

enbodi nents_of the éeseﬁtthnvention are summari zed below. (2) A process
erg Bt hg

for continud
producing 5 a oQligoner wi th an average degree of polynerization of

ticf

In

FoPyGFEVICe A e AT R St s e donpri ses

2to 5

by reaction of "ah aromatic dicarboxylic acid conprising terephthalic acid

Q%{edient $r8?88g§%i%%Ei%%nkqﬁ§§Qﬁ§§fr}55&E'COI conprising 1, 4-

as a nmin i
but anedi ol

anminin

Irent ~and then ensing 19 t he ol igonmer in

series of ol ybdtyLung’ cLeaghonaL a kel P atE N & PALYGELAgT @ Tow

degree of

charact i zgd 410i§88krPLOEHCEROR vRirape! %re%{)loﬁg%w@zg{?&%n of

pol ymeri zati on by~ pol ycondensati on of the “15

pol ymerization an i'gh rol'ec

Is carried out

in a

vertical cybieerscey reekbyfBhi sat ban avesseli  idiidd @lonpl yoesization vessel )
a plurality of partitioned concentrical reaction conpartnents

therein, eacbmpiisbegreaetpbnhat@EpalcieRiss heidith prayd&etet thrsiirring

cont ai ni ng

bl ades and

10

15

20

25

a 20 heater, and an outlet for volatile nmatters being
derivative thereof with a glycol comprising 1,4-

butanediol as a main ingredient and then polycondensing

the oligomer in series of a plurality of reactors,
thereby producing a polymer of a low degree of
polymerization and a high molecular weight polyester,
characterized in that production of polymer of a low
degree of polymerization by polycondensation of the
oligomer is carried out in a vertical cylindrical
polymerization vessel (initial polymerization vessel)
contaidinq a plurality of partitioned concentrical
reaction compartments therein, each of the reaction
compartments being provided with stirring blades and a
heater, and an outlet for volatile matters being
provided at the upper part of the wvessel, the
polycondensation reaction can be efficiently carried
out, while a process solution (oligomer) to be treated
in the reaction compartments is successively
transferred radially and inwardly from the outer
reaction compartment to the inner one, and more
specifically, a process for continuously producing

polybutylene terephthalate, which comprises a first



provi ded at the upper part of the vessel, the polycondensation reaction
can be efficiently carried out, while a process solution (oligaoner) to be
treated in the reaction conpartnents is successively 25 t r an<P SEFEP0S
radially and inwardly fromthe outer reaction conpartnent to the inner
one, and nore specifically, a processifor continuously producing

pol ybut yl eng tereghthalgte ' conprises a first. 26 SEP 2005 - 10 step

whi ch
of reacting® &TP a? bnhETc-Hi'dafBoRy PR Caci #1Cadhorivditty 3% Epht hal i ¢ aci d as
in i ' derjvati th f with. | | .. I Si 1, 4-
but anedi o SO hafho P ERRERRLYS BREATEE Polbidy Lneeail 4 diuci g an
[ | - | I zat | f 2.to, 5, d st
ot Cpol yoorderiyagt fnothe EdEohi Th A BIYER, BB sInd 1 % ond reactor .

e oY, br ohaEdigasal s POl ¥ITh! 1A REOIHCL Wit AL JUEIATE deor ee o

pol ymeri zation o step of further polycondensing the

| ow pO'SY“Eﬁ@Eéﬂ)Q”pP&QQE?BFf ERME RE ol %E:O%q.t e ia’?fearalﬁrd%gfee@%@r’

t her eby produci ng a high nolecul ar Wwei ght pol yester w an average degree

of pol yneri g4t {Rer 0bat 78nt 85180+ 0% A aDI@ER%S fs@ef Y i NUously producing 15
pol ybut yl ene terephthal ate, which conprises a first step of reacting an

aromati ¢ digel pesnliéss 8a5dthe0BRigsnag ireapthRalfiiGACiftas o Mgin

i ngredient or a derivative thereof with a glycol conprising 1,4-

but anedi ol sscendatreacbgredtBeteby @repastingeactieiy polymerization
product with an average degree.of polymerization of 20

16 to 70, a third step of further polycondensing the low
polymerization product from the second step in a third
reactor, thereby preducing a high molecular weight
polyester with an average degree of polymerization of
70 to 180, or a process for continuously producing

15 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 in a first reactor,

20 thereby producing an oligomer with an average degree of
polymerization of 2 to 5, a second step of
polycondensing the oligomer from the first step in a
second reactor, thereby preparing a low polymerization
product with an average degree of polymerization of 20

25 to 70, a third step of further polycondensing the low
polymerization product from the second step in a third

reactor, thereby producing a high molecular weight

polyester with an average degree of polymerization of




20 thereby producing an oligoner with an average degree of polynerization
of 2 to 5, a second step of polycondensing the oligonmer fromthe first
step in a second reactor, thereby preparing a | ow pol yneri zaRb&EP HH8duct
wi th an average degree of polynerizatigon of 20 25 to 70, a third step of
further pol ycondensi ng the | ow polyﬁéﬂﬂzétion pr oduct fronIthe second step

' hi rd h b I I I t
with an aveloRSubaPectBr  Bofoherty Stbsn %%h :In%tﬁoytigoe;
d f t t n t.he ester fro e ir
Slepin a 1o 68 dhstdr! BeppDe %C%B?lﬁ Fa@%go alm.%h%%gtew%? II%gghg
I
Phar ot or i Zhete §¥8Ii§§§ F8 BIoR Pl 2 e A lod el 00 2 1

descri bed lﬂlggeaﬁogggghag Qébre%;%ﬁgiﬁﬁingredﬁgg{gﬁl&fd%ﬁér gxybbc acid

conprising terephthalic”acid™as in nt or erivatTve’ thereof
and thesgl yeRhrs6pBEE 850914, 4nRut %%@t%lrsa%l'%rja%i@f#nzé@% I)f{“ are

supplied to the first step in a nolar ratio of t or mer he latter of

1: 1.7 to (diy, 3(9iipndahhe (filv)SeSlen Hedi G rirpd MF@S 250C and 33
kPa - 150 kPa t he second step at 230 - 255C and 0.5 k 0 k a and the

third and fatethsd8;sthp azehatltic23q car®iyland 066 kheris P67 kPa; the
stirring bl ades of the second reactor is rotated in a range of 5 ppm- 100

ppm the stieréepgtbhadesaofidt he at makch dndydfealirdrt rencd oderaveciokated in a
range of 0.5
thereof and the glycol comprising 1,4-butanediol as a
10 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 220° -
250°C and 33 kPa - 150 kPa, the second step at 230° -
255°C and 0.5 kPa - 20 kPa and the third and fourth
15 step each at 230° - 255°C and 0.665 kPa - 0.067 kPa;
the stirring blades of the second reactor is rotated in
a range of 5 ppm - 100 ppm; 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
20  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
25 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



rpm- 10 rpm total reaction tinme for the first to the 20 third steps is
in arange of 4- 7.5 hours, or total reaction tinme for the flrg gh%§ B
fourth step is ina range of 6 to 8.5 hours; a slurry of t he 288 90

di carboxylic acid conprising terephthalic acid as a nain ingredient or a
derivative thereof and the glycol 25-cd#prising 1,4-butanediol as a main

i ngr edi ent epared in a ratio of the fornmer to the Iatt of 1 1.7to 1
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operating ton ura |ty of théTth or’s
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apparat us |ayolfle i th - B 9585 Boubeh EQQEtBEQU§EYaH5%@®¥dHJd%gEé%i ding to
one enbodi nent of the present invention. Fig. Shows an apparatus | ayout

in a procesgondbcidtis C@ﬂté_élbﬁuéf)Iaprd_ﬁﬁﬂ.fi@yPB-f RGROWING treAnPher
enbodi ment of the present invention. Fig. 3 shows an apparatus |ayout in a
process to increase kinds, precise quality control and

production rate of polybutylene terephthalate.

10 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows an apparatus layout in a process
for continuously producing PBT according to one
empodiment of the present invention.

Fig. 2 shows an apparatus layout in a process

15 for continuously producing PBT according to another
embodiment of the present invention.

Fig. 3 shows an apparatus layout in a process
for continuously producing PBT according to other
embodiment of the present invention.

20 Fig. 4 1is a vertical cross-sectional front
view showing a second reactor (initial polymerization
vessel) according to one embodiment of the present
invention.

Fig. 5 is a horizontal cross-sectional view

25 along the line A-A of Fig. 4.

Fig. 6 1is a vertical cross-sectional front

view showing a second reactor (initial polymerization



for continuously produci ng PBT according to other enbodi nent of the
present invention. 20 Fig. 4 is a vertical cross-sectional front view
showi ng a second reactor (initial polymerization vessel) acc@P®ERZAS one
enbodi nent of the present invention. Fig. 5 is a horizontal
cross-sectional view 25 along the IinelA-A of Fig. 4. Fig. 6 is a verti cal
cross-sectional front view show ng a second reactor (initial

pol yreri zat VGRS86) SEFCSE68 1T £9 Aty SR HNPRL ¢ B ahBEhBFS8RBSdI ment of
t he present ; bnvgmtion. PREFERRED EMBCDI MENTS OF THE | NVENTION Fig. 1 shows
an enbodi menf' ' of “tRS invention. 5 Fig. 1 is an apparatus |layout of a
process for continuously for the producing PBT according to this

i nvention. Since a direct esterifying process is very advantageous from an

economni cal ?ﬁggﬁéﬁgDvbﬁFQ§i¥5ﬁ*"5¥ﬁ¥ﬁ56¥%££¢g§5@efor produci ng a

pol yester, I'rec sterifying proce en often adopted

recently for the prodyqyion iRl Yesidfisa il i toe Lo Lol gheRee pureral 1

denotes a starting material conditioning Vésse or mXing an sPFrring

TPA and $D_ as the stali.ng Wl @i alend:ofe BT dfodc PEedgt gEglged 15 ratio.

In the process, a polynerizing reactiion catalyst or additives such as a
stabilizer epracgdehihlbusa9nticd It#e AR ABIL NBST addedriinghts step and,

" this invention. Since a direct esterifying process is
very advantageous from an economical point of view as
an industrial process for producing a polyester, the

10 direct esterifying process has been often adopted
recently for the production of polyesters. In Fig. 1,
reference numeral 1 denotes a starting material
conditioning vessel for mixing and stirring TPA and BD
as the starting materials for PBT in a predetermined

15 ratio. 1In the process, a polymerizing reaction
catalyst or additives such as a stabilizer or a quality
controller are sometimes added in this step and, in
this embodiment, the polymerizing reaction catalyst or
the additive is charged to starting material supply

20 line 2 just before the inlet of an esterifying reaction
vessel from catalyst supply line 10 and supplied to the
esterifying reaction vessel. The polymerizing reaction
catalyst can include metal compounds such as organic
titanium, organic tin, organic zirconia, etc. and it is

25 well known the reaction rate depends on the kind and

the combination of the catalyst to be used, as well as

they give a significant effect on the gquality such as



this enbodi nent, the polynerizing reaction catalyst or the additive is
charged to starting material supply 20 line 2 just before the inlet of an
esterifying reaction vessel fromcatalyst supply line 10 and28$¥H 1§ o
the esterifying reaction vessel.. The polynerizing reaction catalyst can
i ncl ude netal conpounds such as argamicl4 titanium organic tin, organic

zirconia, etfc. and it is 25 well known the reaction rate depends on the
th@ecaﬁgiﬁbﬁié

ki nd and Fadt StRe iddttal wft the eesiskern@sPBBII B8 they give
a significant _effect on,the quality such as 26 SEP 2005 _ 14 _ hue and the
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the catal yst _of thet.grﬂanic titani um.conpound is inf]luenced with the
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the esterifying rea

m ni m z& thg pate,af mﬁﬁ?ﬁ%iz\éigh%n e fe:[c{{e, %qideedccﬁqg%ﬁ}lr%?t:h%i(:%d%ggpossi ble to

decrease the anount o catal'yst 'charge o) e5Pn of good

hue. Furthgpe ﬁbmﬁ% Hngtr%%%BE%nihﬁﬁﬁgﬁﬁ%fi5¥jéﬁg-égké£¥%%§$ sence of the

catal yst at high tenpéerature for me, vari ous Sl actions take

place to cokeacthen pek%ERTiizatinan Qﬁ&&&&%medﬂ?3r%§§%ﬁ£h@h%{EEQRntent or the

15 term nal carboxyl group concentration to higher than he appropriate
val ues, themnehymiletether aaitBg oifh@lea@utalvalti f BTy d@ueqi ng the physi cal

properties such

catalyst, it is possible to decrease the amount of the

10 catalyst charged and produce a resin of good hue.
Further, since the reactions are carried out in the
presence of the catalyst at high temperature for a long
time, various side-reactions take place to color the
polymerization product, increase the THF content or the

15 terminal carboxyl group concentration to higher than
the appropriate values, thereby deteriorating the
quality of PBT or lowering the physical properties such
as the strength, etc. While a development for new
catalyst has been attempted for improving such

20 problems, organic titanium used most frequently at
present in the industry is excellent in view of the
cost and the performance. However, the resultant
polyester polymer product is inevitably colored even
when the catalyst is used. Therefore, improvement has

25 been attempted by the combined use of a phosphorus type
stabilizer (for example, phosphoric acid, trimethyl
phosphate, triphenyl phosphate, etc.) as the

stabilizer. Further, in another process the quality is



as the strength, etc. Wiile a devel opnent for new catalyst has been

attenpted for inproving such 20 probl ens, organic titani umused nost

frequently at present in the industry is excellent in view oRf6:SHP 2005t

and the perfornmance. However, the resultant polyester polynmer product is

i nevitably colored even when the catallst- is used. Therefore, inprovenent

has 25 been atte %gg gé t he conbi ned use of a phosphorus type stabilizer
r
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supply |inesgahof s sUpPL¥EAYikhe $hald ivdg gd'n@'ir@“@emé%’ﬁh catal yst

addition line 10 for the catalyst prepared separately, which joins supply
line 2, respeesiyebyphdBgnhewts denchn g &8 erid yfék?_l{@é&t lon vessel
|

(first reactor) 3 is 15 1n a jacket structure (not ustrated) to keep the
process solution at tiRer sagkitangt aFPAEEU & nCHRNMHiBalyst
prepared as described above are supplied to the first
esterifying reaction vessel 3 through supply line 2 for
supplying the starting material and through catalyst
addition line 10 for the catalyst prepared separately,
which joins supply line 2, respectively. The outside
0i the esterifying reaction vessel (first reactor) 3 is
in a jacket structure (not illustrated) to keep the
process solution at the reaction temperature, calandria
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
circulating the internal solution only by the
spontaneous circulation due to a synergistic effect
between the change of the density caused by the
volatile gas formed in the esterifying reaction step
and the temperature difference. The most desired type
of reactor 3 is a calandria type for spontaneously

circulating the process solution in the reactor by

utilizing the spontaneous evaporating action of side




type heat exchanger 4 is disposed in the solution as a solution heating
unit, thereby heating the process solution flowng in the tubes by an
external heat 20 source, thereby conducting the reaction whi 26 SEP 2005
circulating the internal solution only by the spontaneous circul ation due
to a synergistic effect between the tHénge of the density caused by the
vol atile gas formed in the esterifying reaction step 25 and the tenperature
di f f er ence. F9hethD8t PERSEFEE fypBedob Y dhet @St yist wingl meect Bonype for

spont aneous circulating the process solution in the reactor by
utilizing t‘%ﬁ%ng oﬁ?ﬁné%ﬁ%’g@&aﬁér ShitSg D8 SRSt NIt oH o 205 - 16

ti duct d by the esterifying reaction. Since the reactor of
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1
reactor having a stirring bla or a process reas

f t t st gang, . f: ' kes _phase 5
wat er forneskaky1seaet 5QBnt 8kgs8,St & @%vﬁyuggﬂ@ﬁﬁ%ﬁmwﬁ.Jﬂgﬁ P@

together with gasified BD vapors and by-pro vapors. A'tenperature
from 220C t@6 250G ande i t5bsubat fBgRRAL, C thleesHeR ¥ Svatidn is

super at nospheric

not limited to such a device, and it is not

10  objectionable to use a reactor having a stirring blade
for a process reason. In first reactor 3, water formed
by reaction takes a steams form, which makes gas phase
5 together with gasified BD vapors and by-produced THF
vapors. A temperature from 220°C to 250°C and a

15 subatmospheric pressure or slightly superatmospheric
pressure are 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

20 to as B/T). In B/T = 2.0 or higher, the BD
concentration in the process solution can be ensured
even under a pressure higher than the atmospheric
pressure, the desired esterifying ratio can be reached
within a predetermiﬁed residence time. However, in B/T

25 = less than 2.0, the esterifying ratio is lowered to
increase the reaction load in the subsequent

polymerization steps and bring about a problem of

causing disadvantage in a vacuum system and auxiliaries



pressure are preferable conditions. In particular as to the pressure
condition, an optinmum pressure condition is determned in accordance with
BD- TPA nolar ratio of the starting materials (hereinafter reR6SERR20030 to
as B/T). In B/T = 2.0 or higher, the BD concentration in the process

sol ution can be ensured even under a prlessure higher than the atnospheric
pressure, the desired esterifying ratio_can be reached wthin a

pr edet er mi et T 631 HehR8TEF fe. %%@\Félrl,nqerIBla'F T T a5 Hamre. D; 0t he
esterifyingrgatio %f Igmereg to _increase the reaction |load in the
subsequent * potynettS4t1+0R §PepStahd neRG HBUP eSO R & causi ng

di sadvant a i m.system and ayxiliaries 26 SEP 2005 - 17 relevant
t her et o. A%?%%kﬁ% ,g§%CB¥?e§SP§§S t#@ﬁ PIFSSYLe LG VAl o set the

reaction pr : t er.i ressure. Th ressure. reduction can
| oner the b0|ilngt%%iﬁ?lgggngggggl8&2Fﬁ%ﬁ@ 818 % e H % e.
Usual | y5 t hegyeacl i QP at S n .-reaction tenperature is
| ower ed, but iEﬁ@fhe %pongggggﬁg'c;é/?%uIrgh%%nlotnyﬁ:eatreealcqwo o RSiEh a

structure amd nedddeieADOChBBRLLuLRC 1B GRS, SR QN dyicr eases (he

reacti on by-product gas volune to inprove the circulating performance

W thin the seacidieand 8i¥8ul1aBishf @Gbe0Reble JMRYOGI|Nt, of the reaction
condition. Further, the pressure reduction can also Inprove the |eaving

rate of noistruetwse aadyiproedust epbobiifenest @hiel Wi igaction angsake a
forward reaction rate
increases the reaction by-product gas volume to improve
10 the circulating performance within the reactor and give
an effect on the improvement of the reaction condition.
Further, the pressure reduction can alsoc improve the
leaving rate of moisture as a by-product of the
esterifying reaction and make a forward reaction rate
15 constant larger. Further, the effects on shortening
the esterifying reaction time and decreasing the amount
of THF as the side-reaction product become remarkable
by the improvement in the esterifying reaction rate
with a synergistic effect on lowering the reaction
20 temperature, and thus the amount of THF formed can be
reduced remarkably.

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

25 time of 1.5 to 2.4 hrs and reaction temperature of 225°C
to 230°C are remarkably effective for the improvement of
the esterifying reaction rate aﬁd the decrease of the

amount of THF formed. The amount of THF formed in this



15 constant larger. Further, the effects on shortening the esterifying
reaction tine and decreasing the ampunt of THF as the side-reaction _
product becone remarkable by the inprovenent in the esterifyﬁﬁ@igbaﬁﬁlon
rate wth a synergistic effect on Iowering the reaction 20 tenperature,
and thus the anount of THF formed carr B8 Teduced remarkably. Preferable

i o i i f n 220*C to 250*C d,
Darti bul'ar T RSEALE Soplli: ted cER2E moatode I 06 B0l KBy, the resi dence
25 ti f .4c-h action.tenper e of 225*C to "C are
errkanty SHEELTPGc ol Tend Sl AL Aestue grnielente o ot
S a ) . . .
?Ris 22 Sggéggogh?£i8?sggsgngg_gb%&ﬁgfg%ﬁ)Qﬂygﬁﬂﬁ%Wxi%PY%ﬁﬁst%? mol ar
fraction 0fp£8@e§§a§5Fﬂgigﬁt§%'%Epgggtégni 51§Htépe T@@S$§$2%Siﬁone 5 as

a volatile conponent [eaving the “process solutionh’i's sepa Yo water,

THE and $BD Pyq5sei di st bhabbomeo! (W @%@wr@hmpcﬁéé&%ﬁ@bﬁf#i rst
| 3 rom

esterifying reaction vesse . Water and THE are ™ renove € system

and BD is restspetdythgorghcaiobUklkiseat i30n ${ARCting appd Ny ot 0 the system
or as the starting material to BD tank 33 fromthe bottom of the 10

distillati onemotedmitbrnoupgh BbsteaycClagd iBte i3p.refhernd@oyictsudP &S supplied
to starting material conditioning vessel 1 fromBD tank 33 through BD
supply |ingusifiaadithestepyete.BRgannBRritank 133 & stsathj &€t £8 the
starting material to BD tank 33 from the bottom of the
10 diétillation column through BD recycle line 35. The
recycle BD is supplied to starting material
conditioning vessel 1 from BD tank 33 through BD supply
line 34, and the recycle BD in BD tank 33 is subjected
to purify adjustment of the starting material BD by BD
15 purification treatment (not shown), if required.
Furthermore, the recycle BD discharged from wet
condensers (not shown) at pressure reduction devices
disposed at initial polymerization vessel 14 and final
polymerizer 18 is returned to BD tank 33 through BD
20 recycle line 36 to further improve the BD unit. In
that case, fresh BD is supplied to the wet condenser at
final polymerizer 18 through fresh BD supply line 39,
then to the wet condenser at initial polymerization
vessel 14 through BD recycle line 37, and to BD tank 33
25 through BD recycle line 36.
The process solution reaching a predetermined
esterifying ratio in esterifying reaction vessel 3 is

supplied through connection pipe 6 to initial



to purify adjustnment of the starting material BD by BD 15 purification
treatnment (not shown), if required. Furthernore, the recycle BD di scharged
fromwet condensers (not shown) at pressure reduction devi ce26 SERMSed at
initial polynerization vessel. 14 and final polymerizer 18 is returned to
BD tank 33 through BD 20 recycle line 36 to further |nprove the BD unit. In
t hat case, o the t condense final_ polynerizer

|
18 t hrough é gﬂeﬁbzggb p%ésﬁngdse EQ?QWQF COH&@N%%? at initia

pol yneri zat | vessel ne 37, and.to BD tank 33 25
t hr ough BDlgggycIZ ?nglégog? rocéégs 91 %&lwe%%$?ﬁﬁf S edet er mi ned

f f I h h
connect | on By 9e-E° l%"?ﬁft?.%‘]%i?sg‘&rﬁﬁ%%q/ B e R e Bessel
(second reaghons Hcofputndl ciioieot s lianosed d o-adl st theyll g rate

of the process solution at the ﬁlg‘ COﬂﬂEé?lOﬂ pIp

control th!?e‘frélsénﬁeﬁéte%rs taoc%n%Q%srittariIea]dtch.LBrg V&I]Smll@velT egp;!‘@@é) s

constant reaction tine he Pprocess sol ution, en reac a pr edet er m ned

esteri fyi ngsolation) Nwaskherchyinee e el aasseld BstSroepphded to
initial polynerization vessel (second reactor) 14 by ollgoner punp 12

di sposed i ncabteonidwaytel icginectrearrt itk pigdssall.3 Fis fupdlidd o5 show a
second reactor (initial polynerization vessel) according to one
initial polymerization vessel (second reactor) 14 by
coligomer pump 12 disposed in the midway of connection
10 pipe 11.

Fig. 4 and Fig. 5 show a second reactor
{initial polymerization vessel) according to one
embodiment of the present invention, where Fig. 4 is a
vertical cross-sectional front view and Fig. 5 is a

15 horizontal cross-sectional view along the line A-A of
Fig. 4.

In Fig. 4, numeral 14 aenotes a vertical
cylindrical closed vessel proper, whose outside is
covered with heating medium jacket 402, and rotating

20 shaft 403 and driving means 404 are provided at the
upper part of the center of vessel proper 14. Vessel
proper 14 has two concentrical compartments partitioned
by partitioning cylinder 405 therein, that is,
doughnut-type first compartment 406 and cylindrical

25 second compartment 407. Stirring blades 408 and 409
for stirring said first and second compartments 406 and
407, respectively, by rotation are fixed to one common,

half-length rotating shaft 403, that is, a rotating



enbodi nent of the present invention, where Fig. 4 is a vertical
cross-sectional front viewand Fig. 5is a 15 horizontal cross-sectional
view along the line AAAof Fig. 4. In Fig. 4, nuneral 14 dendbSEP20
vertical cylindrical closed vessel prgper, whose outside is covered with
heati ng nmedi um j acket 402, and rotating 20 shaft 403 and driving neans 404

are provi degh te LG, oJIDRSL PALLAOhet Do 6ROLEE gboyasselogypper 14, Vessel

proper 14 has two concentric conpartments partitione y partitioning

cylinder 4Q%dier@idhe U | Senodoughuubatge shiskeoppartrent 406 and

cylindrical 25 second conpartnent 4 tirring bla 8 and 409 for
Stirring saighdd fistends GECONG, COARARLIRNT 50408 n3n¢ 0%, respectively, by

rotation are fixed to one common, half-length rétating shaft 403, that is,

a rotating 26 R 2000 ar20prsPahitavhesenkowat sead sofsra 4taeat /sy above

second conpartnment 407 w thout extending into second conpartnent 407.
Furt her gor exldviead | 408 tavbdil @09 Ccohl §1ir4t0cangadthente apidd\Wetrthat the
outsides of stirring 5 blades 408 and 409 in first conpartnent and second
conpar t mentcohit: e A0 74 0 6 espact DV el yesHeating lyedi Wmatimgetmathiazhes 412
and 413 and heating tubular coils 410 and 411, respectively, are provided
t hrough vesigdietpriopezlas 48 ahd #ddemngaheasfing tsbuwdamarainent4¥®6 10 of
vessel proper 14 is provided process solution inlet nozzle 416 while at

t he | ower ﬁgyj &kl i heeseeteively, are provided through vessel

proper 1l4. At the lower part of first compartment 406

10 of vessel proper 14 is provided process solution inlet
nozzle 416 while at the lower part at the center of
second compartment 407 of vessel proper 14 is provided
process solution outlet nozzle 417, Furthermore,
outlet nozzle 418 for volatile matters is provided at

15 the upper part of vessel proper 14 and is connected to
a condenser and an evacuator through a piping (not
shown in the drawing). 419 and 420 denote heating
medium inlet and outlet, respectively, to and from
heating medium jacket 402.

20 Stirring blades 408 in first compartment 406
rotate at a higher peripheral speed than stirring
blades 409 in second compartment 407 rotate, and thus
the process solution in first compartment 406 is
stirred in a slim state of low stirring resistance,

25 whereas the process solution in second compartment 407
is stirred in a broad state of high stirring resistance
because of lower peripheral speed of stirring blades

409 in second compartment 407, whereby stirring blades




second conpartnent 407 of vessel proper 14 is provided process solution
outl et nozzle 417. Furthermore, outlet nozzle 418 for volatile matters is
provided at 15 the upper part of vessel proper 14 and is conn@étS¥P 205 a
condenser and an evacuator through a piping (not shown in the draw ng).
419 and 420 denote heating nediumimn &l and outlet, respectively, to and
from heati nmedium jacket 402. 20 Stirring blades 408 in first
conpartnentEQ%Gan?o?g#e ¥p1ghnirgiét Sp et %ﬁa%Mrtmﬂ511VT|¢ige bl ades
409 in secopd coppartnent 407 rotate, and thus the process solution in
first corrpa?%ﬁ%n?gﬂﬁé Pg SEEFFrEg o 18SH it S ¢md seeand ring

| st ance, t he proce solytion in second conpartnent 407 is
gt?iSIrfed in %%%g%gﬁg?e‘lgﬁ ﬁpéh%g?i'rrilﬂlﬁgrtr}‘@sq"ﬁrzfgcestlb’%’%’dlgsé’ﬁ%i%mm;] )
eri pheral ed.of .stirring. blade 409 .in secand c rt ment , er eby
gti rlroi ng bl g@%sg§6wééé’b%ogg¥ Efuniﬁgpﬁ&- Eff a t _gcﬁf_ 1'j[ataet 3‘ih€i hgnzarre
rpm cam gi S % iyrrl effect i irs sec
cgnpart Eegtg@%%%%%d@%S%%ngt %%F%Pe,cos |arrrtimr?§1tbl4§(¥és anfbg: % wi t hout any

count er par te k@t@t i 8onshakh rab st Q@lSOrfotd%?)io 9+ Yt itrilgfes gompart ment
407, and thus there is no fear at all o eposition of the process

sol ution onselitheos obatoNghshabtadndqt RearesWhd RGe Q%ts%ﬂtqfr?éf i on thereon.
In the second reactor, the process solution 10 continuously Ted through
inlet nozzlegeddbiendeiSnathereon.

In the second reactor, the process solution
continuously fed through inlet nozzle 416 enters at
first compartment 406, heated by heating tubular coil
410 and stirred by stirring blades 408 while proceeding
with polycondensation reaction, and the generated
volatile matters such as 1,4-butanediol, etc. are
evaporated and trapped by a condenser (not shown in the
drawing) through outlet noizle 418 for volatile
matters. The reaction-proceeded process solution
enters second compartment 407 over the upper edge of
partition cylinder 405 from first compartment 406. The
process solution is also heated by heating tubular coil
411 and stirred by stirring blades 409 in second
compartment 407 in the same manner as in first
compartment 406, while further proceeding with the
polycondensation reaction. The generated volatile
matters such as 1,4-butanediol, etc. are evaporated and
trapped by the condenser through outlet nozzle 418.

The reaction-proceeded process solution is

led to successive final polymerizer 18 from the lower




first conpartment 406, heated by heating tubular coil 410 and stirred by

stirring blades 408 while proceeding w th polycondensation reaction, and

the generated volatile matters such as 1,4-butanediol, etc. 268EF52005

evaporated and trapped by a condenser (not shown in the draw ng) through
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sol ution ente&sﬁzecond conpartnment 407 over the upper edge of partition
o]

cyl i nder 40B2F f PPEPIEo eaRATRe M0 61 0 THeh xeugh oeettetohatzdr is al so
heat ed by h [ t% ular coil 411 and stirred by stirring blades 409 in
second conggﬁtﬁgﬁt E@?pFﬁcFﬁ§ Sshe titther e ipe Y@%@de@§ﬁ§a¢$ﬂent 4006£ |
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vo:a?ile 25§%%?§§§§ hc hﬁépfﬂfﬂﬁﬁeﬁR%HQﬂ?n(ﬁ%?c%§%5€%5§b¢a§§§land o
trapped by e_c ser. through qutl et, nqzzl e 418. The reaction-proceede
pr ocr:)ess sol %‘FI %ngl&ggmﬁgﬁ f"&xé'ﬁ%c@ SFe 1 ﬁ%ﬂttggi"iﬁinﬁﬁ%%? ‘?LB?}‘F?F?PPH; Lom;zrﬂ
26 SEP 2005.x of, ,se d art nment ro out| et noz

f or the%gro%%%égggﬁﬁbﬁgn%O$h%%%0ﬁﬁﬁ3%eﬂﬁﬁﬁﬁ%ﬁ1p§%ﬁﬁ5?g€ ¥t CRABLpr ocess

sol ution pr@gyegﬁoggfbgggnbgywﬂngkyygqy(%g%éﬂggrgéégﬁﬁﬁs%?%%ghgntgﬁyfirst

and second 5 conpartnents 406 an vessel proper

short pass GotMi LHOUEL28Y LRSI BRccHRC UBRS] ddihd I 4 FOULA W §i TSt and
second conpartnents 406 and 407 because of any provion of closed
connection bebessebetwaal bRevive eFMRALIRN S nHWS: o4 hei5880nd 1 eact or
between the two compartmentsf Thus, the second reactor
10 can contribute to continuous production of high quality
polybutylene terephthalate polymerization products.

In the polycondensation reaction of
polybutylene terephthalate in the second reactor,
bishydroxybutyl terephthalate having an average degree

15 of polymerization of 2 to 5 is continuously fed to
vessel proper 14 through inlet nozzle 416 to proceed
with polycondensation reaction, while separating
generated 1,4-butandediol and water vapors within
vessel proper 14, and polymerization products of

20 polybutylene terephthalate having an average degree of
polymerization of 20 to 70 can be obtained. The
generated wvolatile matters such as l,4-butanediol, etc.
are discharged through outlet nozzle 418 for volatile
matters. The secona reactor is operated under the

25 following conditions: liquid temperature: 230° - 255,
pressure: 0.5 to 20 kPa; rotation of stirring blades:

5-100 rpm.

According to another embodiment of the



10 can contribute to continuous production of high quality polybutylene

t erepht hal at e pol yneri zati on products. In the pol ycondensation reaction of
pol ybutyl ene terephthal ate in the second reactor, bishydroxyB6atSHP 2005

t erepht hal ate havi ng an average degree 15 of polynerization of 2 to 5is
continuously fed to vessel proper 14-th¥ough inlet nozzle 416 to proceed
wi t h pol ycondensation reaction, while separating_ generated 1, 4-butandedi ol
and wat er vEFEEENN HYED Vel 2Hripyn 140 Bid- pbt yHesFeat Porpprroddct s of
20 pol ybutyl ene terepht hal ate having an, average degree of polynerization
of ICz)o %/o 7)6 ¢an t@‘éeﬁgt%%tmts ‘?Ja%%fﬂ%/%llari \éonﬁé‘Fﬁigl?ﬁéﬁgas

1, 4- but di_ol,,. etc. di sch d through oytlet nozzle 418 for volatile
mat t elrjsfin'?'hlg%&éggjﬁc 5 e@rﬁbr‘-‘!riscg @%’at%%nﬂ% PRIBBUEGFNBREAGTdEREi ti ons:
liquidt , 0 - 5C ressure: 0.5 to 20 kPa; rotation of
si??iingegrgrgng%gf%%O%%J + RO -iQﬁ%ﬁ%tﬁ%?°%3b68WﬁﬁﬁFmSPtthe 26 SEP
2005 - 28 RoRReNhANRALL AL §?§%9%|§§$%£Et§én¥e§§?¢ngég er _14 has

three conpartnents partitioned by a loni ng- ¢ €485A and

405B, that isd deyghnwy shaped figed, AAdeR 9000 dRUGRANL - shaped

second conpartnent 5 406B, and cylindrical third cohpartnen 7C therein,

and Stirrin@i@bﬁd%%m@X%%méﬂgﬁiﬁﬁﬁi‘gggéndwﬂémbéffﬁenéiﬁﬁEECQHHartnent
406A, second conpartnment 406B and third conpartnent 407C by rotation,

respectivel yhiate compartment 407C by rotation, respectively, are

fixed to one common, half-length rotating shaft 403.

10 Heating tubular coils 410A, 410B and 411C are provided
in first, second and third compartments 406A, 406B and
407C, respectively. In this embodiment, the process
solution enters first compartment 406A through inlet
nozzle 416 at the side of vessel proper 14 and enters

1> second compartment 406B through the clearance between
the lower edge of partitioning cylinder 405A and the
bottom of vessel proper 14, then enters third
compartment 407C over the upper edge of partitioning
cylinder 405B and leaves vessel proper 14 through

20 outlet nozzle 417 for the process solution at the lower
part of third compartment 407C.

In this embodiment, vessel proper 14 act as
three complete mixing vessels, and thus can proceed
with polycondensation reaction for a shorter time, and

25 can contribute to continuous production of
polymerization products of polybutylene terephthalate
with better quality and less heat degradation.

The process solution after a predetermined



fixed to one common, half-length rotating shaft 403. 10 Heating tubul ar
coils 410A, 410B and 411C are provided in first, second and third
conpartments 406A, 406B and 407C, respectively. In this enbodbidft2005nhe
process solution enters first conpartnent 406A through inlet nozzle 416
at the side of vessel proper 14 and ent%r s 15 second conpartment 406B

t hrough the §g§gésggetg%ﬁw§%%6éﬁﬂ%ﬁ{qﬁﬁéﬂed.eé$£i€ﬁ$£itioning cyl i nder 405A

and the boftdn of vesse . P g Iconpartnent|407C

h . | tiani | nder . . | eaves.vesse roper
(ﬁe{ hﬁ oﬁgﬁpggigﬁggg%mﬁégg[ éflel?lf‘%ri:‘ g(%etcﬁo\ef‘dprroegaecs%c}%olﬁ i b 3‘313??11}: owerIo pgrt
f third : ' | ne. r .act as
?hréelgongfg§g6& xPﬁaﬂgéggéﬁg,%gﬁ% tmﬁgﬁigﬁﬂ%%%ﬁgif %f%%ggofégbﬁ'ensation

reaction fofeac8hesten ting, d 25 52 J4 t Lnueus production
of polyneri %at [ on5 products g?%pcﬁ%y aut %Oglﬁgﬁ t el%% 'thig?%f[gékwg?h better

qual ity mnddéessefeph1gREr-aAGalion dERe dY %e&méga%afaee?@r o
predeterm ned 26 SEP 2005 - 24 residence tine (reactioh tinme) 1ninitial

polynerizatponyueﬁaehséseaqndebQ&Qh@L)wh%ﬂésdﬂuﬁ&ééih%tﬂr@@gb connection
pipe 17 to final polynerizer (third reactor) 18. In the final polynerizer,

pol ymer of Sudésceedepelymer iefdteican kdegitde i ingriorthtes by §uekhgs
pol ycondensati ng reaction, while undergoing a good surface renew ng effect
by stirringsbiadesgléenicelr shaft driven by external power source
21, thereby increasing the degree of polymerization. A
160  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 power consumption characteristic. The reaction is
conducted to a degree of polymerization of about 70 to
15 about 130 in this case under such reaction conditions
as 230°C to 255°C and a pressure of 0.665 kPa to 0.067
kPa. 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
20 carry out polycondensation in a single unit, thereby
greatly reducing the apparatus cost. Total residence
time for 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
25 preferably in a range from 2 to 4 hours. Further, the
residence time can be made longer by adjusting the

temperature and the pressure, if required, and, for

example, in case of reducing the production rate to



stirring center shaft driven by external power source 21, thereby

I ncreasing the degree of polynerization. A 10 suitable apparatus for the
final polynerizer (third reactor) is an apparatus disclosed 26 SEP 2005
JP-A-10-77348 fromthe viewpoint of the surface renewing effect and the
power consunption characteristic. Thé “eaction is conducted to a degree of

onsumpt on is conducted to a degree
Conti 1 one *o0-858cEHE Sdabdeln s ibbakdon oo hedllRe ofber ko,

ol yoondenal Lgrahegcbae0.0cf 8 SHILLEL A o, dPONeSAl b Lo o v de

range of visco roces uti 6n, the pr esent

can 20 carry.oHt ol YEQNASNBLoR1EN a:SildlR il d NAADY ! eal !y

reduci ng the apparatus cost: Tofal residénce time ITst to third

reactors isrdaction DeMbErabllel 1aMshecvLewpglat of the quality, the
residence tinme throughout the entire polynerizing steps is 25 preferably

in aramge from2 to gnhaubsT kur bhebudhe cdlSiiNee | idr-sal bg made
| onger by adjusting the tenperature and the pressure,” if required, and,

for exanplee thecéseegbingdupbagathe nugdust,i ame ateder 26 SEP 2005 - 25
m nimze the quality fluctuation. In particular, to keep an acid value of
pol yner as oescobrPBisedakwuatisen, iakserbmndpardsaWwwdspadsd ble, it is desirable
that the reaction tenperature is 250C or lower. 5 Wien PBT is produced
cont i nuous| gomeent dongl epphlethior dgeiond ,appar atuss [tehe Hppdtetwsinber of

fabrication cost can be reduced, and the number of

10 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
piping, instrumentation parts and valves can be omitted
largely, and utility costs for evacuation means,

15 heating medium means are greatly reduced as well,
thereby lowering the runnihg cost as another advantage.

Further, to obtain PBT of higher intrinsic

viscosity (IV) another final polymerizer (fourth
reactor}) can be provided after final polymerizer (third

20 reactor) 18. This embodiment is shown in Fig. 2.
Apparatus laycut 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

25 at fourth reactor 23 and then through BD recycle line
38 to the wet condenser at third reactor 23, followed
by the same functions as in the embodiment of Fig. 1.

Process solution 20 having a degree of polymerization



reactors is decreased, as conpared with the conventional apparatus |ayout,
and thus the apparatus fabrication cost can be reduced, and the nunber of
10 distillation colums and condensers rel evant to the appar36$ERH0SHe

al so reduced due to the decrease in the nunber of the apparatus units.
Their connection piping, instrunentatidnh parts and val ves can be onitted

| argely, and_utjlity.costs for evacuation neans, 15 heating nedi um neans
are greatly® {388& 5@ \%&BI FLO%&%&bﬂW%M He§ ubhl 7d EBRELAS anot her

d C s h btai BT of hi intrinsic viscosjity (1V)
Shotner o BAOAPRCoE ERUEAERE Bt el i okt
' ' .Lthis enbodi ment is_shown in . 2.
hoparat s | youEHal aﬁ—:ﬁ?.ﬁ%;n” )OS‘Peﬁttrls“cn, _psleoceoﬂooer‘gmt £ (i BERPOPE are the
d [ o £ g, an us el escripti
fgnﬁeasom'etsfééhgﬁgl g@v.w Pe’s:%gg%%irr!sgg@pléliég:et (]:)thae \/%50%%?1%e?1%j(;?t12%nat fourth
reactor 523 ghd Lhen ghﬁggghvggc{;’%&)ﬁ a%ég N 38 f Sy ide %,egoPdenser at

third reactor 23, foll owe functions as in enbodi ment of

Fig. 1. Prosesshsekdtion 28, hanieng stedeqries: iof Q%%{@éiggtﬁggdzﬁnSEP 2005
- 26 of about 70 to about 130 obtained in the%hl rd reactor 1s supplied

to fourth relmctdr c@3cbyrpobyer npUMR rd2 uiled ! R JH WRY, Of ot He; GANNect i on
pi pe between third reactor 18 and fourth reactor 23. Since the process
sol uti on 5 piasnsmehon, high.vastashinents and ew dpindy esf kflge Spidcess
solution on rotating stirring blades, occurs. That is,
10 a reactor with a stirring device for a high viscosity
solution must be used. A suitable reactor is a biaxial
reactor for high viscosity solution treatment as
disclosed in JP-B-6-21159 and JP-A-48-102894.
In this embodiment, description will be made
15 Dbelow, referring to a binocular spectacle rim-type
polymerizer disclosed in JP-A-48-102894 (Japanese
Patent No. 1024745), but the present invention will not
be limited thereto. Fourth reactor 23 is a biaxial
polymerization reactor with two stirring shafts each
20 having binocular spectacle rim-type stirring blades 24
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 external
25 power source 25. The process solution supplied from
the 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



fourth reactor 23, the same stirring device as used in third reactor 18 is
no nore used, because a rotation phenonenon, i.e. attachnent and staying
of the process solution on rctating stirring blades, occurs. 20/58P 2005 10 a
reactor with a stirring device for a hl%h viscosity solution.nmust be used.
A suitable reactor is a biaxial reacter for high viscosity squLion

t r eat ment as di sclosed in JP-B-.6-21159 and JP-A-48-102894. In this

enbodi nent , %%%E??%?lSngﬁPPISBéfﬁﬁﬁeref§Wi93mﬁcqﬁﬂQﬂrqqﬁf?QVa.blnocular

I d JP- 2894
P tont N r%%é%ﬁ%flﬁﬁu%F‘EL'ezprggéﬁfc%ﬁ@@ﬁﬁ%ﬁ A 1S e 19 TOR Cher et o.
i t witht tirrin
Ghatts eacnt BPRabind BbE8kabn BRG BROKRR'S %l{r%éér%wwg %fs%es 24 as

fixed there teky |ff rence af t specific
di stances t §$e %?&ggnSk ﬁﬂk&ge@ g???%ﬁ% éhaft%lﬁ;%ﬁf%% each ot her

al t er natsel y ratéasasamaﬁgoﬁl fkergpae qafs %9 g%d r% ernal 25 power
source 25. The process sol ution suppl |e§ n et port is pushed and

extended ouny@ifhyaduegher BE@réb'b&'@@l@h@@id&ﬂfﬁd’KJfHé'fgbé oGyt he
center to the outward direction, where the process sol ution 26 SEP 2005 -

27 under goes @ogdodtsdrface pemmmgzattlb@ndetdl%'eewf MAPOr B4 6 Ngo t he
vol atil e conponents fromthe inside of the process solution and pronoting
the reacti 02Q0wintert hechesabttabnf oohldr iioner easea dnpdhrwtscesity. The
230°C to 255°C, pressure of 0.665 kPa to 0.067 kPa and
10 residence time of 0.7 to 1.5 hours.

An embodiment of producing different kinds of
polybutylene terephthalates at the same time will be
described below, referring to Fig. 3. The embodiment
of Fig. 3 shows disposition of another third reactor 26

15 in parallel tc the facility of producing polybutylene
terephthalate with a high degree of polymerization
shown in Fig. 2. Fresh BD is supplied to the wet
condensers at fourth reactor 23 and at third reactor
26, respectively, through supply line 39 and finally

20 collected into BD tank 33 through BD recycle lines 38,
37 and 36, as described in the embodiments of Fig. 1
and Fig. 2, and also through BD recycle line 40,
respectively. Third reactors 18 and 26 will be
described below, referring to the reactor as explained

25 in the embodiment of Fig. 1, but the present invention
will not be limited to such a reactor. The process
solution leaving second reactor 14 is divided at the

midway of connection pipe 17 and one portion of the



5 process solution is then discharged as pol yner 24 having a higher degree
of polynerization. The reaction is conducted to a polynerization degree of
about 150 to 200 under such reaction conditions as tenperatu’éSHP2050C to
255C, pressure of 0.665 kPa to 0.067 kPa and 10 residence tine of 0.7 to
1.5 hours. An enbodi nent of produci ng &% ferent kinds of pol ybutyl ene
terephthalates at the sane tinme will be described below, referring to Fig.
3. The enbodFHAeRES BPLEF§ON3ishdRe dicspdsingd diragtamnothethrougll reactor 26

15 in paral Lel to the facility of producing polybutylene terephthalate
with a hi ghl:g%‘&rﬁﬁnﬁfroéol‘f?llrﬁ?isz%tli GRd S C?éi‘gl.gezd mEeskoBD*fs supplied

to the wet _condensers at .reg;tor 23 and at third reactor 26,

f th
respectiveIEvetﬁfgﬁaﬁssﬁﬁﬁngﬁpnéSS %QN§Qiqﬂﬂq%/Eﬁﬁiﬁﬂqe%éeﬁhFﬁﬁﬁhBD_tank
of Fig [ G ERYEbgneletn s oe O A E e R 19 e abre Pespect i vely.
26 expl o nesrSROCeEPRLEY i a0 RS BN nd LA | fakac i on
wi il not becdd ihéedi basSUEN hel BACKAIs T UGS,y S Lo Ledyi ng second
e way an

reactor 14 is divided at th of "connecti'on pi pé one portion
of the 26 ShHiy@9PPorBwiPl10RBESHEONYHi®Rd S HHE ISP, third reactor 18 through

fl ow control valves 31 and anot her divided portion of the process solution
is led to third reactPhe26nthper@iion of the process solution is
passed through third reactor 18 and fourth reactor 23
10 to produce polybutylene terephthalate with a high
degree of polymerization. The other divided portion of
the process sclution was passed through third reactor
26 to produce polybutylene terephthalate with a lower
degree of polymerization. This series of the product
15 polybutylene terephthalates can be produced in any
desired proportion by adjusting 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
20 different acid value but the same degree of
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 third reactor 26.
25 The stirring blades of the third and fourth reactors
are rotated in a range of 0.5 rpm - 10 rpm.
According to the present invention, the

second reactor can contribute to efficient and



branch connection pipe 30 and flow control valve 32, 5 respectively. This
enbodi nent shows the division into two portions of the process sol ution,
but the present invention will not be linited thereto. The odé S¥&2005n of
the process solution is passed through third reactor 18 and fourth reactor
23 10 to produce pol ybutyl ene terepﬁt@ﬁ ate with a high degree of

; . . Cvi ded . ¢ h Luti
Postod t b oroRiREuS, BEbplRti o8 B e s S P Sl Rt hal At e wi th
f i | Thi N f th duct 15
SO:Sﬁﬁ{ylgﬁggﬁg? pﬁ?ﬁg¥§$ggéggkgggyp?§ éﬁ?“é% ﬁ;ﬁpnéhégﬁhﬁcproportion by
rovi ded. | TRHbERELTMatAL) 62 Bractls Se1uh il INas 4SS R on S ki ng

provi ded, though not s raw ng, to produce ki nd of

pol ybutyl engatet epbhbal ak&ctr8ol ¢ p?}%&ﬁ:n‘%%tdﬁ'f fbﬁ{iyr'%nigtc%rgsr%%%#ﬁm?m the

sanme degree of polynerization or ce pol'yb afate wth

alittl e difherppbcdegr es10tipal Ywer 23l %a@ti&}ﬂi&&&péé\ﬁu@&@%“ on rate
by setting different reaction conditions fromthose for third reactor 26.

25 The stirahoghdtadesootrihewt bicr d pand ah@wiih FRASLPI o euspigted in a
range of 0.5 rpm- 10 rpm According to the present invention, the second

reactor canrupnpipbogeototebhsCeenteand,2GhSkRE20GH imdtat Hopt i nuous
production of pol ybutyl ene terephthalate having a good quality by
i nt ensi vel yoeonduenfaget short pass and thermal decomposition of

the process solution therein.

10 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 for the initial polymerizing step and one for the

15 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

20 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 initial polymerizing step and one for the final

25 polymerizing step, together with the energy saving of
the apparatus.

Still furthermore, according to the present

invention, different kinds of PBT can be produced by



conpl ete m xing of process solution in at least two partitioned reaction
conpartnents, while transferring 5 the process solution fromone reaction
conpartment to another by overflow or spontaneous flow withodf SERHYS any
pi ping or transfer means, thereby elim nating occurrence of short pass and
t hermal deconposition of the process S8l ation therein. 10 According to the
present inventjon, the entire apparatus efficiency can be inproved by

maki ng an Cg]p‘f)]a H9strr PEBAEFREBAs Ly NS S@ddiond BT oiRgcl 3 reactors,

i.e. one for the dirgct esterifying _step, .qne for. the initjial polynerizing
step and ong"3%or°t h%gl%“f?Haﬁrﬁﬁf‘?ngpirzicﬁ&ts‘ﬁ’é’ﬁustld’gé%mu%ﬁ% 1%??

econom cal . operation of, the aratus . due to the resulting energy saving.
Furtherm)rel,rg)‘g%c%r%?%%u?‘bl?ﬂeﬁgggsgﬁtr hilrg?\%@r’ft idﬁr‘ﬁ,rq@B'F’%Nith a hi gh degree of
pol yneri zat | - p u hrough bul k pol.ynerization by adding a
react or forém v}_%%é)g??yg?ge%ﬁr%%htert gggﬁiugﬁﬁé’l%at © 51T caozltcf"%‘:iﬁ)usl y
produci Bg Pc?é‘l'%fé)érpéf sbgg ﬁ@%ﬁka%iobﬁacﬁ%ﬁﬁ ¢85 e c{ioffetrrée direct
esterifying step, one Bt e At al pol'ymeri Zi ng step dnd one for the

final 25 potyiesigsngpBtepn HQIGHEKL LWt Iﬂotg}éﬁ:h%'}erv&%ﬁsaevécﬂﬂ:nqcaf he

apparatus. Still furthernore, according to“the present 1nvention,
different kipwlsaofoEJe canebappheduced iy 26n8ER ANy Rl adiMigling the
production line follow ng the second

PBT.



reactor of an apparatus for continuously producing PBT into a production
line for higher degree of polynerization and another production |line fora
| oner 5 degree of polynerization. Yield of such different ki R4SEFF2008T can
be adjusted together with economi cal operation of the apparatus for
continuously producing PBT. 26 SEP 2005-- 31 WHAT IS CLAIMED IS: 1. An
apparatus for_conti nuousl roduci ng pol ybutyl ene terephthal ate, which
conpri ses HNHAT stS ?%%E¥%§ E%F reacting an aromatic dicarboxylic acid
conprising ferephthaljc acid as a main ingredient or a derivative thereof
with a glycol conprisithg?RPArabifahadi PTEL "EMELY HFRHEEH | t her eby

duci | jth e degree of polynerization of 2 to 5;
b second r BRITTCFRI 5| FEOREBREALAAG t HE Lo (GO SH0rA (HF St rst reactor |
th b ' | ization _pr.oduct with a | ow degree of
poﬁ;ﬁe¥igg?ﬁ%%#ggﬁgf%r?%%5§L¥g§£%§ra%8PaE&FtﬁéFgg&ﬂﬁy éﬁEé?ing the | ow

I | zat | t .secaond reactar,. thereby, praduci ng a high
ﬁg|ggﬁ{éfa'%§ﬂ%ﬁ%ggﬁ y%%%%ghﬁﬁaﬁlgngg&er3§eadgﬁf€blo rIQﬂ ri%ation of 70

L oseay s 1hee pPOOR £EBE! cn! 8 BIYEOY CinoadMudilrd g1 Dol ymeri zation

vessel having a plurality o oncen ( artrtione réacpion _
conpar t nentisu¢deE®i &y £8ch ﬁgiﬁhgna%g&b%,C%maﬁfetbryefﬁl%d&ei'd@  ovi ded
an

with stirring blades and a heater,
oligomer with an average degree of polymerization of 2
to 5; a second reactor for polycondensating the
oligomer from the first reactor, thereby preparing a
low polymerization product with a low degree of
polymerization; and a third reactor for further
polycondensating the low polymerization product from
the second reactor, thereby producing a high molecular
weight polyester with an average degree of
polymerization of 70 to 180, where the second reactor
is a vertical, cylindrical polymerization vessel having
a plurality of concentrical partitioned reaction
compartments therein, each of the reaction compartments
being provided with stirring blades and a heater, and
an outlet for volatile matters being provided at the
upper part of the vessel.
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, thereby producing an



an outlet for volatile matters being provided at the upper part of the
vessel . 2. An apparatus for continuously producing polybutylene .
terephthal ate, which conprises a first reactor for reacting fSERH0atic
di carboxylic acid Conprising terephthalic acid as a nmain ingredient or a
derivative thereof with a glycol conprid€&ing 1,4- butanediol as a main

I ngredient, thereb producingvan 26 SEP 2005 32 oligonmer with an average

degree of pUINFUITZaYIbh BF 2verads, dgoseeond PedoTET izt sl ywhrilensat i ng

pol yrer i At proctRtoltt ReatFa Gobr BBLSFonBBrPREAP Rt n: & thi rd

the second Teahrt TRERLEGEoFRRE: A5 Rron CRERED BrERAGN Dol yester |

Feactor for o e b By kbRl N EERGEEn I8 e dPel Spana A thi ra. reactor,

of pol yror (oatrr: Bi e 4oy 5 Bb Pl A b P a R Pt or s & vertical
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partitioned reaction conpartnments therein, each of "the reaction
conpar t nentthed & digb i ovd Sledow t fihe 8ELYT bPE4RLAEES saRd R %@.te%rulﬂndhan

outlet for wvolatile matters being provi ded at the upper part of the

vessel . 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, thereby producing a high molecular weight
polyester with an average degree of polymerization of
150 to 200, where the second reactor is a vertical
cylindrical polymerization vessel having a plurality of
concentrical partitioned reaction compartments therein,
each of the reaction compartments being provided with
stirring blades and a heater, and an outlet for
volatile matters being provided at the upper part of
the vessel.
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
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



3. An apparatus according to Claim1l1l or 2, wherein the first reactor is an
approximately cylindrical vessel type reactor having an inlet and an
outlet for a process solution at |ower parts, respectively, &pSEP2008sse
proper and an outlet for volatile matters and reaction by-products at the
upper part of the vessel proper, and Baving a cal andric type heat
exchanger forned, in the IongitudinaL direction of the vessel proper and
near the i nSTIREWAPTORErt ARA2BEEEP 2p@srseds inyddwelPyasfs and bei ng

I mer sed in‘%re rocess solution, hhe.process solution supplied into the
vessel properiatoR het PRI BECSESPhECLBhd P paPrli@kdn s tharersseb a

pr edet er m ned reactiog tentrﬁtu%e ﬁ% ghe heat exchanger and being stirred
and ni xed B Fpohtdhedls 1BORhetti SASALOYES Radéndnarant riet divadte@used by

a tenperature. di nce. between the forned vol atil e by- product gas and
t he p;rrc))cess'éjcgso'il 3%%%%gi{:m%ﬂegpBSFS%&?%&?H‘P&F@&L’F@ @yai%elq'tﬁatz, \?\herei n
the third | oy | tal.cyli,ndrical.  vessel type reactor having
anei nl Ie'[ aFl angrg)%%?e‘?m?o%égggprggégése%gp&t fn&ﬁ(eéf%yov%ry 2<% h one end

and on anaidigtednth natbecLoaokbudi gl odieiRction ol e ygssel | proper,

respectively, and an outlet for volat matters at e upper part of the

vessel p”ﬂ%ﬁmpé&ﬁk@keS&iffé?@n&@tBétﬁghﬂtEﬂ%iﬁ&ﬂﬂ%ﬁlﬁaygﬂﬂféﬂéthhe
a

inside wall of the vessel proper is provided in the ongl t udi

direction drddecvegsel anaopee, ptBeess solution.
4. 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 of the process solution, and the stirring
blades are without any rotating shaft along the center
of the stirring rotor.
5. 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



stirring rotor in the vessel proper is provided with a plurality of
stirring blade bl ocks in accordance with the viscosity of the process
solution, and the stirring blades are without any rotating sRASERIMAg t he
center of the stirring rotor. 5. An apparatus according to Claim 2,
wherein the fourth reactor is a hori-zodtal , approximately cylindrical
vessel type reactor having an inlet and an outlet for a process solution
at | ower pafesSeh PRePRRd rEABC6R1ARIYReRNEh@N wuthet divgl tuediatal ledi recti on
of the 26 SEP 2005 - 34 vessel proper, respectively, and an outlet for
volatile mMRAtEFSS2ttRReuppRRrpRRALtoPLt Kb ey desselprspmer t Hde react or has
two stirring rotors rotating in the proximty of the inside wall of the
vessel prcmé%a?EPrt%%SIBHaigEaFﬁéPngP§8Fﬁoﬁq§@tHW§ vésddle proper, and the
rotors each_ have stirr%n bl ades., 6. An apparat us ac%grding tg Claim1 or

2, wherei I 8%HnY rgaﬁt oRStdeawadlt Plalthey VEidSic AT ORAsSdl havi ng two
partitione | cal reagtion, .co rtnments therein, each of the
reaction chéﬁ%ggﬁﬁﬁ%gﬁﬁbn%?o@%aggtﬁfpﬂggt%PFiﬁ?ﬁﬁ%;ﬂ§¥%ﬂﬁf%1 ting coil

the stirring.blades:bebignl hxgd Lo one cogma, hal f  length rotating shaf

connected to a dri-ving nmeans nountée upper part of the vessel, and

an outlet for volatilg,matbersrei Qﬁc%ﬁ:aﬁh%i@gftczﬂa*l% YPRgr part of the

vessel. 7. An apparatus according to alm
wherein the second reactor is a vertical cylindrical

vessel having two partitioned concentrical reaction
compartments therein, each of the reaction chambers
being provided with stirring blades and a heating coil,
the stirring blades being fixed to one common, half
length rotating shaft connected to a driving means
mounted on the upper part of the vessel, and an cutlet
for volatile matters being provided at the upper part
of the vessel.

1. An apparatus according to Claim 1 or 2,
wherein the second reactor is a vertical cylindrical
vessel having two partitioned reaction compartments
therein, the stirring blades provided in the inner
reaction compartment are without any counterpart
rotating shaft along the rotation center.

8. An apparatus according to Claim 1 or 2,
wherein the polymer.produced in the second reactor has
an average degree of polymerization of 20 to 70.

9. A process for continuously producing
polybutylene terephthalate, which comprises producing

an oligomer with an average degree of polymerization of



wherein the second reactor is a vertical cylindrical vessel having two
partitioned reaction conpartnents therein, the stirring bl ades provided in
the inner reaction conpartment are w thout any counterpart RO6ISERHWSshaft
along the rotation center. 8. An apparatus according to Claim1l or 2,
wherein the polynmer produced in the seéond reactor has an average degree
of polynerk%atiog of 20 to 70. 9. A process for continuously producing

pol ybut yl erfe t@rephY haPAFELORhPEN 2B 0RFPMSES SpId@atingK Y kire cldgdner with an
aver age degree of olynerizgtion_of 26 SEP 2005 -- 3 5 2 to 5 by reaction
of an aromﬁ?TPEﬁ%g?%OR?F?B SERALICCHMEA SiSng ferdphtaTsdient PBs2a main
ingredient or_a_ _derivative ther ﬁf MI;h a_glycol conprising 1,4-

but anedi ol &&F W et % i hQFEGP nVlg d 3t AY SR eIty L14ie ol i gomer in

[ f ' f b dyci I f I
deoree of BRIAEH oL FonscRALA Rrgrenaraturae b golsuidgrs tng " "
h teri [ ' f I f, I d f
P01 yor | zat; 0h By DAl E0RaeRSEEan 6T ot R LEALE GO 1% L TI%0 out in a

vertical cyiiddiseabrogolyiEr h2abhoRetes el iy naadl wality of

partitioned concentrical actron conpartnents t ein, each of the
reaction coippyrhideni st Dehngnar aVhaed Wot Bl LRag oHY ades, and A heater,

and an outlet for volatile matters” being provided at the ‘upper part of the

vessel, thechpodycontesgat hobhkeaptrbancks ol birCintne cad i£d aut,
degree of polymerization by polycondensation of the
oligomer is carried out in a vertical cylindrical
polymerization vessel having a plurality of partitioned
concentrical reaction compartments therein, each of the
reaction compartments being provided with stirring
vlades and a heater, and an outlet for volatile matters
being provided at the upper part of the vessel, the
polycondensation reaction is efficiently carried out,
while a process solution to be treated in the reaction
compartments is successively transferred radially and
inwardly from the outer reaction compartment to the
inner one.
10. A process according to Claim 9, 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-butanediocl as a main ingredient in a
first reactor, thereby producing an oligomer with an

average degree of polymerization of 2 to 5, a second

step of polycondensing the oligomer from the first step



while a process solution to be treated in the reaction conpartnents is
successively transferred radially and inwardly fromthe outer reaction
conpartnment to the inner one. 10. A process according to C ai2hSEP 2i5ch
conprises a first step of reacting an aromatic dicarboxylic acid
conprising terephthalic acid as a maimn3ifngredi ent or a derivative thereof
with a glycol ' -butanediol as a main ingredient in a first

' 1,4

react or, th%?e%ggn$%é§LF%@CEHrOIF GHEP YWPERPAF 108y é d§¥ degree of

I i zat | f 2 10.5 d . f I d i h i
Prom the {198t vitepeabiSerPsnnnct vils o xtaliond SHas Gt thercby

i ' i QR t with . d f

Pol ymer | zacror e PEEAPERLCBE LAY oUHSr qabeg SRR e o Seurhnsi ng ¢ he
I I ' | t h t. [ thi tor,
ther by pr dieey or BB REHE" BT PoadRERt s iR h et Pt diSge dear ee
of pol ynerigzatif Qéegoiﬁoa1§Hirph§%§ck%§,s%ﬁgngyr?@gﬁaéfn g, vertica
cylindrical polynerization vesse having a plural’ity of partitioned

concentri cahi §18agsiOBu1 £PNREE AENES 11,BEREIN 18RC Qnofa\;eh%hdee%@éz%

conpartments ~being provided with stirring blades and a Heater, and an
outlet for oolpsi{re pBtieisnbeirngopteviigeqd ahetrle tHepRRJI-It of the

vessel, the polycondensation reaction is efficiently carried out, while

t he processrsattbrohs a vertical cylindrical polymerization vessel
having a plurality of partitioned concentrical reaction
compartments therein, each of the reaction compartments
being provided with stirring blades and a heater, and
an outlet for volatile matters being provided at the
upper part of the vessel, the polycondensation reaction
is efficiently carried out, while the process solution
to be treated in the reaction compartments is
successively transferred radially and inwardly from the
outer reaction compartment to the inner one.
11. A process for according to Claim 9, 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 in a
first reactor, thereby producing an oligomer with an
average degree of polymerization of 2 to 5, a second
step of polycondensing the oligomer from the first step
in a second reactor, thereby preparing a low
polymerization product with an average degree of

polymerization of 20 to 70, a third step of further



to be treated in the reaction conpartments is successively transferred
radially and inwardly fromthe outer reaction conpartnment to _the inner
one. 11. A process for according to Claim9, which conprisesZ2fSER2005st ep
of reacting an aromatic dicarboxylic acid conprising terephthalic acid as
a main ingredient or a derivative theriof- with a glycol conprising _

1, 4- but anedj ol as mai. n ingregient in a _fingt reactor, thereby producing
an ol i gomerP ¥ﬁ°338ﬂaeﬁsa§ SdeGie @ BT AR hth At ert 2fronsthe Zecond
step of polycondensing the_oligomer fromthe first step in a secon

react or, th%%%%@gp?léﬁgrﬁ'ﬁgaat g\ﬁd FOAATEY -z HNSFEpF d?ﬁff%‘]{}u%?]% %126a\é(élr3a%05
degree of hzation of .20 to 70, a third step o urther

- 37 - poI@g%%ggégéﬁai?ﬁewﬁ&ﬂgﬁoﬁﬁiﬁﬁﬁﬁﬁﬁ(ﬂ%ﬁﬂ (ﬁV?F%ﬁﬁt??9r§Fcond step
inathird - pr.educi n hi gh | ecul ar. wei ght pol yester
with an aveégggggga?gg%gggao ?rr;}?)l icg’t ?‘&9'0 ﬁfﬁ‘g&h a“h‘b‘g% ?Eurtp steﬁ
of furthergpptyepn ' .pal ter .f the. thir st,ep_in a fourt
reactor, thereby grggggFﬁgd%R%ﬁgﬁ Xﬁ%lg§ﬁﬂégﬂ%ﬁig cx%dﬂV%sﬁgfrﬂnth an

i i f ! t d act or
average deggespoin ROEYIRERZALLER O %@%%@é%%%ﬂﬁrgg &, pgeond re

is a vertical cylindrical polymerizati aving a plfurality of
partitionedneDacenati vak gheaphilge s te@NRALHTR Sl e SACh 9F the

reaction conpartnments being provided with stirring blades and a heater,

and an outpelytherizaetasvhl ecmasters BNy wieaW dekk adedd®i reactor
is a vertical cylindrical polymerization vessel having
a piurality of partitioned concentrical reaction
compartments therein, each of the reaction compartmerits
being provided with stirring blades and a heater, and
an outlet for volatile matters being provided at the
upper part of the vessel, the polycondensation reactor
.is efficiently carried out, while a process solution to
be treated in the reaction compartments is successively
transferred radially and inwardly from the outer
reaction compartment to the inner one.
12. A process according to Claim 10 or 11,
wherein the second step is carried out at a temperature
of 230° to 250°C and a pressure of 0.5 to 20 kPa and at
5 to 100 rpm of the stirring blades.
13. A process according to Claim 10 or 11,
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, respectively, and an outlet for volatile



upper part of the vessel, the polycondensation reactor is efficiently
carried out, while a process solution to be treated in the r%actlon
conpartments is successively transferred radially and i nwar d2§ SER2A05he
outer reaction conpartnent to the inner one. 12. A process according to
Claim 10 or 11, wherein the second stepSis carried out at a tenperature

.5 to_20 kP nd at 5 to 100 rpmof the
in rzf’?ntgobfg‘%‘egs%%’g%?s%gré%e%%cgﬁmiﬁ?@ EhecrarRPio andie, tst\MIe:r' hiel:gn thﬁ
[ ' ' i ndri el type reactor having a
Tm ;? ;ﬁgc;%roglﬂsﬁ Zrt&%ror agnt%lF o@il%!sggéﬁl“%f‘a?l'%ﬁvg SFBﬁeggBéﬁ?swérllo@ef end an::l
' nal | ' ti f the  vessel, respectively,
and an_outl é‘?%%%%ﬁﬁ%%%@%%&ig%%@”h%resixzgdaaae-helgﬁg@ﬁ%t o
| S d ' in the proximty of the inside
vl 1o the e B et T e Ligi RGP RapeaneLEaranoror ¢ he
I tdo rd N ' ' f. apluraliity of stirring
\6?23: blp(r)gﬁgr Fnlhg?éoirﬂ andcegsvt\{t &%i?gﬁ%?gf?@k%fl?hacﬁ?ﬁ‘é@égesml&ﬂ on, and

the stirringneblvadendieiye WMoy tyss olat kg, shallqal pro.the center of

the stirring rotor. 14. A process according to _ : It{\ird
reactor is &alhdeiszoetialg GyldHIH Gy viﬁtsﬂiﬁ@/pgnafgaﬁgﬁ%hg%ng an inle

and an outlet for a process solution at |ower parts on doné énd and an

anot her endcenter of the stirring rotor.
i4. A process according to Claim 11, 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 an 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 is provided in the longitudinal direction of the
vessel, the stirring rotor in the vessel is provided
with a plurality of stirring blade blocks in accordance
with the viscosity of the process solution and the
stirring blades are without any rotating shaft along
the center of the stirring rotor, and the fourth
reactor is a horizontal, approximately cylindrical
vessel type reactor having an inlet and an outlet for a
process solution at lower parts an one end and an
another end in the longitudinal direction of the

vessel, respectively, and an outlet for volatile

matters at the upper part of the vessel, the reactor



in the longitudinal direction of the vessel proper, respectively, and an
outlet for volatile matters at the wupper part of the vessel proper, and a
stirring rotor rotating in the proximty of the inside wall @bSER2005esse
is provided in the longitudinal direction of the vessel, the stirring
rotor in the vessel is provided with-a3Blurality of stirring blade bl ocks

i n accordan i he viscosity of the process solution and the stirring
bl ades are %ﬁﬁsﬂﬁgkéﬁ}?ﬁﬁ%ﬁiﬁ@téﬁﬁfFOEPBhﬁg L Re thénpaoxdimitthe ot i rri ng

rotor, and the fqurit [ tor is a horizontal, approximately cylindrical
vessel type ?%58?%%‘ aJﬁﬁgféﬁfi 12t vaRgeaniButhet lpsgiszudinedess sol ution

at | ower pard;s : d. nother _end in the |ongitudinal direction
of the vessé1fﬁ?£§g§éﬁ?VE ?vggﬁegh 6ﬁ§IEPef6Pt96FaFPP€ h@gtters at the

upper part g&ﬂyyidgxgﬁgdeghe reactor 26 SEP 2005 - 39 has two stirring
rotors rotating inthe proximity of the inside wall of the vessel in the

| ongi tudi nalys5.directigp pf,d VE .and.the.roto each_have stirring
bl ades. 15. A process aéﬁﬁ%&?ﬁ% t%gg%%}ﬁglboogliiw 5§h8fe#ﬂ'a slurry of the
aromati ¢ di eaelexyl i€ Acidy MRS 8, hybal i hd ag _a min
i ngredi ent or a deriyativéfthereof andﬁ%ﬁgggéggékgggﬁ%%FsPﬁddl,4-
butanedi ol astanisiing ngreditemaprenased 1o 2 £athosghrobbe toper to the

e

latter of 1 : 1.7 to 1 : 3.0is suppliedtot irst step upon adm xture

of an- 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.
16. A process according to Claim 11, wherein
another third reactor or a plurality of third reactors
is provided in parallel to the third reactor in the
third step, thereby producing different polybutylene
terephthalates having different degrees of
polymerization from those produced in the third and
fourth reactors of the main series of the third and
fourth steps, or adjusting operating conditions for
each of the third reactors to control of increase in
the product species, minute quality adjustment and

production rate.



esterifying catalyst or a polynerization reaction catalyst. 16. A process
according to Claim1ll, wherein another third reactor or a plurality of
third reactors is provided in parallel to the third reactor i2fSER2005h rd
step, thereby producing different polybutylene terephthal ates having

di fferent degrees of polynerization fromthose produced in the third and
fourth reactors of the nain series of the third and fourth steps, or

adj usting operating conditions for. 4gach of the third reactors to control
of increase in the product species, mnute quality adjustnent and
production rate. 26 SEP 2005 -40 17. A nethod for continuously producing

pol ybutylegne terepQthahdliFor ‘gﬁ}gar °§§’§Fﬁljoaﬁangr@%t?§ngn ol i goner by

reaction of'_(a) an aromatic di ! I'C acid’ I'ng terephthalic acid
as a nai nteré diegwhich camptikés/produéinghardifoniértty feattion 8FyHo!l conpri sing
1,4- butanediol as a main ingredient and then polycondensing the oligoner
in seri ean afomatiy dicarboxylio facideeomprising wrephthalip abidcasratmmaimt i on reacti on of
an average degree of ol ymeri zat.i Qn 20 tqQ 70 inp.the pol ycondensation of
the ol i gothgFedient cga?rﬁl?rg‘@téﬁtt{‘?‘ﬁog“? érgq}‘u%(ﬁicﬁg'lpd"‘%‘ll&ié'i ty of partitioned
concentri IR ' -V ' Lvl.J .l cal pol ymerization
vessel , p%%ﬁ%géi %Pﬁ?s | F‘?ﬁg{ %‘f%ﬁlgg pgﬁ#dg?ﬁh&xﬁé}ﬁ?ﬁﬁgé@gﬁ f the
reaction $epien dfaPlikadity ofiféhclsrgyvi ded with an outlet for volatile matters at
an upper part of the Vvessel, and wherein the polycondensation reaction
i ncl udes successi vewherein polytenddnsation prastion of anlaverage degrdecof reated in the
reaction c artnents. ) . . i

pﬁgglenzgﬁon of 20 to 70 in the polycondensation of the oligomer is

carried out in a reactor having a plurality of partitioned concentric reaction 3

compartments in a vertical cylindrical polymerization vessel, provided

with stirring blades and a heater in reach of the reaction compartments,

and provided with an outlet for volatile matters at an upper part of the

vessel, and wherein the polycondensation reaction includes successively

transferring a process solution to be treated in the reaction compartments.

18. A method for continuously producing polybutylene
terephthalate, which comprises producing an oligomer by reaction of (a)
an aromatic dicarboxylic acid comprising terephthalic acid as a main
ingredient or a derivative thereof with (b) a glycol comprising 1,4-
butanediol as a main ingredient and then polycondensing the oligomer in
series of a plurality of reactors,

wherein polycondensation reaction of an average degree of
polymerization of 20 to 70 in the polycondensation of the oligomer is
carried out in a reactor having a plurality of partitioned concentrical
reaction compartments in a vertical cylindrical polymerization vessel,
provided with stirring blades and a heater in each of the reaction

compartments, provided with an outlet for volatile matters at the upper



18. A method for continuously produci ng pol ybutylene terephthal ate, which
conpri ses producing an oligoner by reaction of (a) an aromatic

di carboxylic acid conprising terephthalic acid as a main i ng?@&@rﬁooér a
derivative thereof with (b) a glycol conprising 1,4- butanediol as a nmain
i ngredi ent and then pol ycondensing the oligoner in series of a plurality
of reactors, wherein polycondensation reaction of an average degree of

pol ymerization of 20 to 70 in the_pglycondensation of the oligoner is
carried out in a reactor having a plurality of partitioned concentri cal
react i on paenpfthevesset, and whemin topolgybndensatic reaetiviai saidt i on vessel ,
provided with stirring blades and a heater in each of the reaction

conpar t ngRagior ebudessticogssivelintransferring aprocesasolitionto betreated t he upper 26

SEP 2005 .- 41 pgrt of the vessel,, and wherein the pol ycondensation
react i on INtheIEAGHON COMNIIMENS, A8s successively transferring a process

solution to be treiﬂgcoﬂ&ggmﬁ&%?ﬁbfggﬁgpﬁmr?ﬁgﬁégrpg% pol ycondensati on

reaction after an age degree 0 ol'yneriza to 70 is carried

out by aRplifhaerizas 6f 2008y 708 édtricd ot by andtiRR réﬁ&éﬁiavﬁﬂg af iePCess
solution at” | ower parts on one end and on another end ih a horizontal

cylindri cald ancmutht forapreness belution ahlowertpasts dnoone emd aid be matters at the
upper part qf the horizontal CY_I indrical vessel  reactor, provided with a
st i rri ng anether epdiin @ hogizontal gylipdacalwessel seactors having anowidgtifons t he vessel

e Bk RSP s o AL L LR, 0L L, e
o 8BS OO Ut bty hbedRenny ot any otat g
inside wall of the vessel in the longitudinal direction of the vessel, 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 are without any rotating shaft along the center of the stirring rotor.



