"; e3e\ X: 6pTesk DESCRI PTION REACTOR 5 TECHNI CAL FI ELD This invention
relates to a reactor,. and especially to a reactor for producing polyners
More specifically, the present invention is concerned with a reactor for .-
produci ng a styrene polymer or a styrene copol yner by solution 10 ( 3
pol ymeri zation or bul k pol ynerizati on. BACKGROUND ART | As production S
processes of polyners, emulsion polynerization, suspension polynerization,
solution 15 polynerization and bul k pol yneri zation are mﬁdely known.

Dependi ng on the polymerization process, the resulting ymer sonmewhat

differs in properties. An appropriate polynerization pr ocesscummw‘“mm m W e,
chosen and adopted in accordance WDESCRI®TI®N red pol ymer

particular, solution polynerization and bul k polynerization have *sesmd

wi de-spread utility, as they are resource saving and energy saving and they

LT S e T st RN

pol ymeri zati on, however, dissolution of a polymer in a solvent regugh#s in a
honbgeneous phase systen1so that the viscosity of the polynerization
m xture increases as the polynerization progresses. Another problemis also

involved in that, as the 5 produq@qﬁﬁfggﬁeyﬂﬁﬂﬁ pol ynmer increases, the
heat renoval area decreases inverse to the I ncrease of the reactor

volume. In generaly,;ROWRYEL ¢ 3 bh féladééé QUL tr dXdSTOU R DS EERL 11y to

a reactor for producing polymers. More specifically, the
present invention is concerned with a reactor for producing
a styrene polymer or a styrene copolymer by solution

10 polymerization or bulk polymerization.

BACKGROUND ART _
As production processes of polymers, emu%éion
polymerization, suspension polymerization, soluﬁion

15 polymerization and bulk polymerization are widely known.
Dependingonthepolymerizationprocess, theresultingpolymer
somewhat differs in properties. An appropriate
polymerization process is, therefore, chosen and adopted_in
accordance with the desired polymer.

20 In particular, solution polymerization and bulk
polymerization have found wide-spread utility, as they are
resource saving and energy saving and they also permit easy
solution of pollution problems by adopting them as closed

processes.

25 In each of solution polymerization and bulk



“evol'ved in a polynerization reaction fromthe polynerization mxture the
viscosity of which is high. In addition, the 10 reactor is brought into
such a state that a zone which does not nove for a long tine, in other
words, a zone of so-called extraordi nary stagnation tends to occur in the
reactor. When a zone of extraordinary stagnation occurs, the polynmer forned
inthis zone is susceptible to deterioration or gelling, and 15 nay adhere
the inside of the reactor. Mxing of such a polyner in a normal polyner
results in a substantial inmpairment to the quality of the resulting

pol ymer. To overcone this problem a variety of approaches have been

proposed topaloidrogatibaNtRweived , Z0s Sfueidr a8rihoByie 2A rsd 8@nakingn. One
of such approaches is to conplete polynerization wthout raising the final

pol ymeri zat ireBudegr £€.a t ge%»eo\ﬁ@' bRabkBesys66@Sid At ithe RakyeBiitzation

m xture is still low According to this approach, the polynerization
m xture undgg tﬂf@ﬁ@ﬁ%ﬁh@ﬁlt§ti8ﬂ\’ml§1t\ﬁ'r§%§dfé/as?§s 89 M@boﬁxﬁ@e@z%mn
extraordi nary stagnati ly occurs . This appr oac however, has

devel oped ap, eezyrege@gemz&m«fﬁhéﬁgﬁemﬁxti&aﬂ 3t enPb14h8 fneéﬁé?r d$ theduced.

Anot her approach i's to earing stress to a polymerization nlxture

such t Bat ag:?l'c;!éﬂ[: Eéhesdhallef]gf a‘&b& dy 1ﬁcgfe|a§e@ea€ dék@ﬁ%fzeémcwﬁ ?&%

i ncreased t elg ten t eat V|ng a al'so to prevent

ovourrence qleae2008 ohy z%gfg tg%a{ev AU o T 3eaaRLeaghy grever.

i s acconpanie N a Sscrew tatlng el'ement is
enpl oyed, vigorous m Xin Iace in the reac 10 and t esi dence
time distributi onf%fgetrhe 5 %5“ &lﬁl%#ﬂe‘:?% * {Hfet PRRYE dr %é‘(‘?gﬁes
broader with tE ﬁ jtatin omer .To overcqone the ahove escrlbeg .probl e
reactors haV&°H&& g’ﬁ?&‘p%% S T RRFF2 'l8ﬁ‘ BB s PP YMGF6é8ssiPRy f1 ui d
15 of increased viscosit which have a narrom/re3| C je distribution,
that i's i GRXGREPORORI BYSERS Gkt 0F | Crich BAhbam (ovaArt ErRbar toF

reaction heat. These reactars |nclude for exanple, the reactor dlsclosed
in U é(a Pat BRECKBTY S BECUGNE dik FECPedctbRte0-RAs @ FQ8E MhiFD 8982335001,
The former reactor i s equjpped wth plural heat exchanger tubes and

agi tating el8heMtSS fafi 8l Ate CdBiPhi HR P §HF MAEdS ed st O FRE CRAL S
reactor has agltatln el ements arranged at intervals in plural stages and
passages ar ¥ 5éerfiéﬁa5yr%a9rtartdm%@n%&%%%%mhh@ﬁ@%%rgu H¥herg

el ements, and is also provided with a cylindrical 3
a zone of extraordinary stagnation occurs, the polymer formed

in this zone is susceptible to deterioration or gelling, and
15 may adhere the inside of the reactor. Mixing of such a polymer
in a normal polymer results in a substantial impairment to
the quality of the resulting polymer.
To overcome this problem, a variety of approaches have
been propoSed to avoid occurrence of a.zone of extraordinary
20 stagnation. One of such approaches is to complete
polymerization without raising the final polymerization
degree, that is, while the viscosity of the polymerization
mixture is still low. According to this approach, the
polymerization mixture under processing is low in viscosity

25 sothat a zone of extraordinary stagnationhardlyoccurs. This



"heat' transfer el enment arranged surrounding a periphery of a drive shaft.
The reactor disclosed in U S. Patent No. 2, 727, 884 tends to devel op
grid-like channeling in the flowng direction of 5 a polynmer and a zone of
extraordi nary stagnati on when agitation is insufficient. As |arge

cl earances exi st between the agitating el ements and the heat exchanger
tubes correspondi ng thereto, the reactor involves another problemin that
the surface renewal rate on and along the surface of each heat 10 exchanger
tube is low, resulting in adhesion of the resulting polyner, blocking with
the resulting polyner, a reduction in heat transfer coefficient or the

| i ke. When agbtahichp hsweosdyiched Hevalopkheapheio paippllyema tagariiy stress
in order to increase the surface renewal rate 15 on the surface of each
heat exchanggerttben kheecagkt ahengegkbesentsi gecavsed to vibrate in the
direction of lift by so-called Karman's vortices produced fromthe

agitating el ement pngbHebBYapge688ACEs & BpBUYhE kRABAr¢aat atlradd d e heat
exchanger tube, leading to a stress fracture. Especially 20 when the

di stances bgbworBrthgtN6AINBRANANGREN LPLE 2BHbher AW LAl LR ﬁ'@i@i‘é?gr e

smal |, such vibrations pronouncedly occur on the agitating el ements.

such Vighr at ens sl B AGFLE! L SLE RIS Al AL C nEloABhIERL et age Of

pol ymeri zation, at the tinme o Initiation and termnation

pol ymer i zat irgﬂﬁgﬁﬂgkwif aﬁ’}d ah 43! @Qﬁfg?evé{—&‘é A 00 ¥ aaz{yﬁgg;SPr Wi th

a sol vent or e, no Sufficient Shearing stress can be app I'n such

a reactor i ini.tial stage_of polyperization t the ti of the
"ol it bon SRECESFRRaPYoRaRnaSoRe: IhE cApbSiacRh A08ske™ ndPances,
during washi of _the  reactor th.th | vent_ or_the

I

i i ke. As, \
consequence= FREPEBAERATY Aok TTR4=BAN haspolHet oA ToH FERRATH 158 duced
in the initial staqge of he pol yneri zati.on or a&ath tinp ﬁ the initiation
or tormi nat EURTET Aol Ovas | 7L PER S A EbH: hES RLAT St PEHEAG @l vent

the |ike, th hing ti | . Th t di sc| d i
Sb. A 50800 She, RS AHRBFonEAaS A8 ERBUELenats cPE, PRI TIRRLE RS A6 or

medi um which are anran%ed between the agitating el enents disposed in
pl ural stagBixtensnhl the 5£25TREI PREPMEEhBLrEPERE, Wadburd s RBUFFIng

power.
To overcome the above-described problems, reactors have
beenproposadaspolymerizationreactbrsforprocessingfluid
15 of increased viscosity, which have a narrow residence time
distribution, that is, high piston flow characteristics and
permit even removal of reaction heat.
These reactors include( for example, the reactor
 disclosed in U.S. Patent No. 2,727,884 and the reactor
20 disclosed in JP-A-04335001. The former reactor is equipped
with plural heat exchanger tubes and agitating elements, which
are combined in multiple stages. The latter reactor has
agitating elements arranged at intervals in plural stages and
passages arranged for a heat transfer medium between the

26 agitating elements, and is also provided with a cylindrical



*15 t'he cylindrical heat transfer elenment arranged surroundi ng the periphery
of the drive shaft or, when the flow velocity of the polynmer passing

t hrough the heat transfer elenent is low, the surface renewal rate on the
heat transfer elenment is |low. As a consequence, this process involves a
probl em 20 such as adhesi on of the polyner, blocking of the heat transfer

el ement or a reduction in heat transfer coefficient. To overcone the
above-descri bed probl ens of the conventional art, the present inventors
proposed in JP-A-11106406 a reactor in which each agitating el ement has 25

a natural frequency of 40 Hz or higher. 5 It has, however, been found
that, in thiheapropasafertabement s mneddmurowatinday ipeg ipheatwodl a
frequency | ower than 40 Hz can still be usable w thout devel opi ng

vi brati ons deperdishgfan the rotating speed of the agitating elenents or . 5
the viscosity of a polynmer solution and also that, in this reactor, even
the agitating el efertreaadr 8aycbgsadnat Ur al Patesitensy 20f7 240Hm Ot ehigher i n
contrast may devel op vibrations when the viscosity of a polynerization

mxture is lowlewbeoptduweid-ol fité ithSREing i gheOF18heRGt Aerdist BACES

between heat 10 exchanger tubes and the heat exchanger tubes are snall. Due
to the g in taldome ahde A6 Al st QRURNGA 18f s £26Ha 89bLAIHdIa §) €9BNLRt O 40
Hz or higher, agitating el enents each having an unnecessarily’l arge

thickness relsains@rE@chbatW il 95rﬁsio&%éﬂgneégﬁégﬁite%%*wé%‘ﬂ & large

di aneter are used even 15 under suc peration conditions that vibrations

are not deV%gQEg@iﬁﬁseélé@%&seQﬁB 3l Béhg%&la"r{g@é tﬂB%s%Qﬁ%é;g&%&{SS“e”Cy'

| ower than 4 a consequence, t ove tTeactor has a een”found

to invol ve apather, Prakl ?g‘atclﬂaii:p%B@oﬁfv‘:a%c%h\égthjé@a§%bqerﬁ he react ofyls

decreased. 20 There is a known enomenon t € noving Speéed of an

object thro | uig._iner S : orflc e _produce nd, t hat,
when a forcggQF?g%ug%gﬁk?% ?%ggd??ggéggglg?gt%%ér%@ﬁf%?ﬁgofi??cgo'ﬁ%Fdes
wWth t nat.yr [ cy of the obj.ect, the abject de ops_resonance to
resultﬂfn agggﬁépéﬁﬁﬁﬁggﬁﬁsi%@Vééﬁfqﬁiﬁﬂ&ﬂfﬁﬁéké?ho?ﬁ@ygkﬁeE??%ﬁtb?gthe
lift . 6 AgiLtatin | enent s ,al. so, devel op_ resonance and a simlar
phenomenon \Rﬁgmeﬁeg‘?ﬁ?% 19 ws]%é’eghfan’E‘?%‘é@éjsn%lﬁﬂﬁtyﬁ@%hékFﬁ&uf:?:éﬁf&eh’&y in
t he directLﬁn gf lift coincid%s with the natural frequency of the agitating
el enents. HORBYeFr2PRESForRBERGCESRbeld SPCeddfagitating el enent is | ow at
a base portion th éeof close.to the drive shaft but is high at tig; t her eof
I't has, therefol8SPpRBAEAFHPT P tCPRARE e MR R R WHEERT kP PP bY 2
rotating speEd of the agitating elenments would not devel op vibrations and
woul d be safB®2ANYRFIERKIRPL TR FehEPCErase IS SMtda R pEREWAG PRt e he
di stance between heat _exchanger tubes and their adjacent agitating elenments
and t vis@BsFB? SRrEAER PEI §AER BERGt PEFhaRgesr sybsal thes At iR yet
on designing of a safe reactor on the basis of a formula which reflects
t hese condi EiLBR8Nt 15SDF8EsEdURE DEbFRES| RVERIEORN LAe cdtjasctobfl ke iy esent
invention is to Erovide a reactor necessarily and sufficiently designed to
sati sfy opefarfrahlednBprmansssuchtines poodusedoffrext rtdw digidratistqgnati on
occurs 20 in the reactor, no vibrations occur on agitating elenents, and a
sufficient shemenhg anddys remonamcanplisedrbnght intbi abnstagewbdth the
pol yneri zation, at the tine of ‘an initiation and term nation of '
pol ymer i zat heat axdhiamgeoneubeisiandéng tad s s tadesisnfraeishrag dEspédeiaEhgt or
with a solvent or the Iike. 25 Another object of the present invention is
to pr@di de when the distances between the heat exchanger tubes and the

agitating elements are small, such vibrations pronouncedly
occur on the agitating elements.

As such vibrations of the agitating elements also occur
in an initial stage of polymerization, at the time of an

25 initiation and termination of polymerization, and in some



7 'a reactor having high adjustability sufficient to decide the scope of

't he operation or conversely to permt nodifications to the design of
internal agitating elenents such that the required operation conditions are
satisfied, when the reactor 5 is used for a different purpose in the
future. The present inventors have proceeded with an extensive

i nvestigation to sol ve the above-descri bed problens. As a result, they have
found the existence of a correlation between the natural frequency of each
agitating elenent and a value 10 at which the agitating el enment begins to
vibrate, said value being derived fromthe viscosity of a solution inside a

reactor, thenstdméeédg dncieth alhshia@eitt atragecebeneith andollkentoostthuet i on
of the agitating elenment, leading to the conpletion of the present

invention. fPxd) reRcdof f BELitli SHbd PihfesPFE€sENEah YEMPOI EOMDE | Siash a
cylindrical vessel elongated in a flowmng direction of a liquid and

provi ded w4 reddtidiuifl tHE @hidnd1askhgdi 8 Yol Rler B ive, Stathed frAd1ged
coaxially with the cylindrical vessel "and one ‘or nore plate-shaped or

round- bar - shargh 39i%3EHt1Gr Angl 8BRALR a1 b8NEENGol Pn8rdLE8¢bhNand in
per pendicular to the drive shaft, said drive shaft” and agitating el enments

bei ng g1 r angsg kpskde e Gkl AYLLGH PFalne 20d-0REH A%, EAENRS
A S tum

o
pl ates or bars or conbi nations thereof [or coil |'ar, plate-shaped

or hel i cal Jpa, xChANgens, S BRI ILRS AP Tc AR NER aBHEEPIEE e N9

arranged on a side of an I'nner wa

L polymerizatignieadthin iRt PuCed 1N SRR AL AR Fhat the
0, Ot 1 M EL KB, S5A0 18R, ;0L VAR LORUEIOLL SAlel o el ve (19
e U R A, (A TR i S e
2 B4LTE, TR 40 Do Al bl AL TSR 0l

the agitating elenent projected on a .
. The reactor disclosed in JP-A-04335001, on the other

hand, has the passages for the heat transfer medium, which
are arranged between the agitatingelements disposed inplural
stages. Channeling of a polymer, therefore, occurs through
15 the cylindrical heat transfer element arranged surrounding
the periphery of the drive shaft or, when the flow velocity
of the polymer passing through the heat transfer element is
low, the surface renewal rate on the heat transfer element
is low. As a consequence, this process involves a problem
20 such as adhesion of the polymer, blocking of the heat transfer
element or a reduction in heat transfer coefficient.
To overcome the above-described problems of the
conventional art, the present inventors proposed in
JP-A-11106406 a reactor in which each agitating element has

25 a natural frequency of 40 Hz or higher.



'plane parallel to the drive shaft as neasured in a 15 direction of the
drive shaft, H distance (nm), as neasured in the direction of the drive
shaf.t, between centers of widths of the plates or bars or conbi nations
thereof or the coiled, tubular, plate-shaped or helical heat exchangers,
which are 20 projected on the plane parallel to the drive shaft and
interpose the agitating elenment, ,u : viscosity (poise) of the liquid
inside the reactor. The reactor according to the present invention can be
used preferably for a polynerization reaction such as solution 26

pol ymeri zati on or bul k pol ynerization, especially for 9 produci ng a

styrene pol yner oIt $iay,eneweope!, yo®én ﬂdllrichehéeaCir@Ithc’i@;C]]@fdbdﬂga!LP e
present invention, the ratio of the length (1) of the cylindrical vessel,

as measur edagﬂtabfnélémnr&tog e8ch R Dhg lehgath sl Erddudrdy, UbRBRtE ar d) 5
ranges preferably from1l.1 to 15. In the reactor according to the present

I nvention, gacg, ch:aﬁh§t§9it Bkl GQa%'l%”%’ltt%orﬁ%y d%%e@dcﬂ g; Wl@&%b‘l@ﬁfg e or

pi t ched bl ade paddl e, a rectangular honbi c, el ongated rectangul ar

elliptic p'@éaez?é;l‘arﬁﬁ%}f S‘ﬂE\tQL b ?‘%eHBp&'f t%%dal;;@‘éﬁ"tﬁﬁgagferﬂr nEQScHeOf or

a bar haV|ng ar s ape i n~cross-section, “whic y optlon y be

t aper eg, yvf’féégfg{z %{fbﬁé‘éé‘igrh ? 951641550, P{‘ﬁ:%l%tﬁe prese & i 4 | owt ng

di rection O | CIUI accordi ng I nvention,

ELARIONE R e L ERE NI R SRR T
ITustratl OF8 uéirqc?%%ali&lt-lz or hlgher in contrast may develop vibrations

when the viscosity of a polymerization mixture is low, when

the rotating speed is high or when the distances between heat

10 exchanger tubes and the heat exchanger tubes are.small. Due
to the limitation of the natural frequency of each agitating
element to 40 Hz or higher, agitating elements each having
an unnecessarily large thickness relative to its width or
agitating elements each having a large diameter are used even

15 under such operation conditions that vibrations are not
developed even when each agitating element has a natural
frequencylowerthan40Hz. Asaconsequence, theabovereactor
has also been found to involve another problem that the
effective volume of the reactor is decreased.

20 There is a known phenomenon that, as the moving speed
of an object through a fluid increases, Karman’s vortices are
produced and that, when a forced frequency in the direction
of the resulting lift coincides with the natural frequency

of the object, the object develops resonance to result in a

25 significant increase inamplitude inthedirectionof thelift.



"enpl'oyed to neasure natural frequencies in the present 20 invention FIG 2
is a schematic illustration show ng a reactor according to one enbodi nent
of the present invention FIG 3 is a horizontal cross-sectional viewtaken
in the direction of arrows A- Aof FIG 2; 25 FIG 4 is a schematic
illustration of an apparatus for 10 measuring in the present invention a
frequency at which each agitating el enment begins to vibrate; FIG 5 is a

schematic illustration of each agitating el enment, which was enpl oyed in
Exanple 5 and Exanple 6, as 6 viewed froma plane perpendicular to a drive
shaft; FIG 6 is a schematic illustration of each agitating el ement, which

was enpl oyelgihaExagpkéeheand Biawpldevelons rdsenthda @ndne sfmiilfse ti ps;
FIG 7 is a plot of a rotating speed, at which each 10 agitating elenent in

Exanpl e 1 bpgénsmeaovi iéeh &he/ebsut ihbespbdd N fcidands bhel e tsaid ichge! ement
projected on a plane parallel to the drive shaft as neasured in the

direction ofréfeetleiyven thef dirktGioR 45 12 R Gbiwtides @lidth BHeSRAAka AL
whi ch each 16 agitating elenent in Exanple 2' begins to vibrate, versus the

width (D) ofréhgensistativie B iy elealdd 0N Bopkase, paraldiflading he
drive shaft as nmeasured in the direction of the drive sﬁaft; FIG 91s a

plot of a rﬁ%ééhfaff SHER Agidla tWHLE &RCht 24 120 LBl P £b8FeRbnithdpl e 3
begins to vibrate, versus the

close to the drive shaft but is high at tips thereof. It has,
therefore, been difficult to determine to which extent of
rotating speed bf the agitating elements would not develop
vibrations and would be safe. As the shaking frequency also

10 varies depending on the distance between heat exchanger tubes
and their adjacent agitating elements and the viscosity of
each polymer solution, no proposal has been made yet on
designing of a safe reactor on the basis of a formula which
reflects these conditions.

15

DISCLOSURE OF THE INVENTION
Anobject of thepresent inventionistoprovideareactor

necessarily and sufficiently designed to satisfy operatipn
conditions suchthatnozoneof extraordinarystagnationoccurs

20 in the reactor, no vibrations occur on agitating elements,
and a sufficient shearing stress can be applied in an initial
stage of polymerization, at the time of an initiation and
termination of polymerization and in some instances, also
during washing of the reactor with a solvent or the like.

25 Another object of the present invention is to provide



‘width ( D) of the agitating el enent projected on a plane parallel to .the

drive shaft as neasured in the direction of the drive shaft; FIG 10 is a
plot. of a rotating speed, at which each 25 agitating elenent in Exanple 4
begins to vibrate, versus the 11 wdth ( D of the agitating el ement
projected on a plane parallel to the drive shaft as neasured in the
direction of the drive shaft FIG 11 is a plot of a rotating speed, at

whi ch each 5 agitating elenent in Exanple 5 begins to vibrate, versus the
width ( D) of the agitating elenment projected on a plane parallel to the
drive shaft as neasured in the direction of the drive shaft; and FIG 12 is

a plot of aarokattog lspebsly highwhdgliseabh11@yaghtaiégnelwmaatiys Exanpl e 6
begins to vibrate, versus the width ( D) of the agitating el enment projected

on a plane pajopld 6F tive rdidive shaddnvsr $& ltrd3 ekfli ENfodl £ 8644 Oohs Of the
drive shaft. 15 BEST FOR CARRYI NG QUT T ENTION In the present

i nvention, aJ eae 8%3@%'?@3%$e§nQErBQQ Séhtagﬁhﬁaéwﬁéﬁ‘é& shenoatged ¢fethe

fl ow ng direction of fhe liquid may have a length (1), as neasured In the

flowing dir %E;‘u@.'}:e‘a‘ oﬁ@?alcigH'c%ncﬁQl@r%”gi'g a(tq)sfrl%td Owlljrérq 8k PL &% bly 20

from1l.1 to nore preferably from1.5 0, parti‘cularl y pre eraly

from2g0 84 Ttgg’&glg&t ngleﬂ%htstsgg{%oﬁél ﬁlg?eg‘é Ne B Proximty of the

baf fl es conpos of plates or i ons
The present inventors have proceeded with an extensive

investigation to solve the above_—described problems. As a
result, they have found the existence of a correlation between
the natural frequency of each agitating element and a value

10 at which the agitating element begins to vibrate, said value
beingderived fromthe viscosityof a solutioninsideareactor,
the ;otating speed of the agitating element and the
construction of the agitating element, leading to the
completion of the present invention.

15 A reactor according to the present invention comprises
a cylindrical vessel elongated in a flowing direction of a
liquid and provided with a liquid inlet and a liquid outlet,
a drive shaft arranged coaxially with the cylindrical vessel
afid one or more plate-shaped or round-bar-shaped agitating

20 elements extending in a direction perpendicular to the drive
shaft, said drive shaft and agitating elements being arranged
inside the cylindrical vessel, and baffles composed of plates
or bars or combinations thereof and/or coiled, tubular,
plate-shaped or helical heat exchangers, said baffles and/or

25 heat exchangers being arranged on a side of an inner wall of



"t her'eof, or heat exchangers, e.g. , the coiled, tubular, 25 plate-shaped or
hel i cal heat exchangers. Preferably, their 12 DH ratio may range from
0.1to 0.6, with a range of fromO0.2 to 0.5 being nore preferred. In the
present invention, each of the agitating el enments substantially

perpendi cular to the drive shaft may be, for 5 exanple, a flat-blade paddle
or pitched bl ade paddle, a rectangul ar, rhonbic, elongated rectangular or
elliptic plate, a round bar cut off at upper and | ower sides thereof or a
bar having a triangular shape in cross-section, which may optionally be
tapered or may optionally be twisted or tilted 10 with respect to the

flow ng dire¢d gaftdhe 'I‘hgu'r@acMB'i}O%r ehwkheReg@nehe 1 gURKEE! @fet O
sol ution pol ymerization or bulk polynerization in a polynerlzatlon r eact or

of a prefered el @@heﬁi‘.st §clﬁ)rh%%egtnétﬂy 'f% hoy Qkef

aml
et hyl ene and “propyl €ne; enyl aromatic ounds sucE as styrene

al pha- met hyl.sty goey SLXT hesn vl Q%#Bg%bgséjfﬁérﬁyto% Begagings, e o

o-, m and p- netﬁylstyrenes an styreénes, yt'enes
haV|ng hal o d henzene ri e. g. - chlora t es and o-,
m and p- br%r?rlor&gtt;%r e?l’ers1 eTHLessép%(?%ﬁ%t% Jés)rdérhrr?l}?e%??sl eint%eff %‘f Y or in
conbi nation. To these nononers, one or nore copol yneri zabl e nononers such
as acryonitrile and nethécByﬂlD/H$fef50n®§7benbﬁmﬂuﬂ)Further rubbery

pol yners, for exanille= potybttadirene—copotyre+rs—ef—but adi ene wit hstyrene,
acrylonitrile and net hyllnet exerylOatld 0423 mat@r&8433ubber, pol ychl or oprene,

et hyl ene- propyl ene 13 copol yner and et hyl ene- propyl ene-di ene nononer

copol ynmers ¢amr@lis0 be used in the formof solutions dissolved in the
above-descri bed nononers. In addition, the reactor according to the present

invention can al sq,bg QQI ?g ?%aet\jg:a(lr?"ﬁ W R ggq_fta[%qln#r% Saydl | abl e by

addition reactions an po y by con sati o ynerlzatlon

reacti@ns, such as.n and,paolkyeste r i.on next

e e T hea i n aRoiERGtIA PR ERE %‘@i*f%}efﬁga%eufeﬁ’%sné W e "E
oi eront, an agi tati ng el CHonte 1 HE A Enath SOt h s SRUAC T SIS | engt h
froman actual drive éraft to each tip of an agltatlng elenent is fixedly

secured, and an accel% {9V sensor 2 is nounted on the tip

D: width (m) of the agitating element projected on a

plane parallel to the drive shaft as measured in a
15 direction of the drive shaft,

H: distance (m), as measured in the direction of the
drive shaft, between centers of widths of the plates
orbarsorcombinationsthereoforthecoiled, tubular,
plate-shaped or helical heat exchangers, which are

20 | projected on the plane parallel to the drive shaft
and interpose the agitating element,

L : viscosity (poise) of the liquid inside the reactor.

The reactor according to the present invention can be
usedpreferably for a polymerization reaction suchas solution

25 polymerization or bulk polymerization, especially for



"15 of the agitating elenent 1. An initial displacenent is applied to the
agitating elenent by hand, and the resulting natural frequency of the
agitating elenment is neasured by an anplifier 3. The reactor according to

t he one enbodi ment of the 20 present invention will be described with
reference to FIG 2 and FIG 3. FIG 3 is a horizontal cross-sectional view
taken in the direction of arrows A- Aof FIG 2 . Acylindrical reactor 4
el ongated in the flowi ng direction of a polynerization mxture is provided
on an outer wall thereof 25 with a jacket 5, and a drive shaft 6 is
inserted in the reactor 14 4 such that the drive shaft 6 extends
coaxi al |y wpkrBdukeéngeackey réneOdollifed by¥esehabhebcopd a1y el ements 1
are arranged at predetermned intervals in nmultiple stages such that the

agi tating el enent snleaty@ndddy aclbiashhob RELPSRILEHE A ndhOidlhie tild ve
shaft 6. Between the agitating el enents’1 which are adjacent each other in
the directi | 23t i 1 b tor i ]

tubul ar - pl S Cronel o Ra iX Pest et e A RN R
paral l el wt j i ngk ! : e simlar,.t heat
exchanger YEge%ﬁgtg‘g&%?\ﬁ%%g%ﬁaoﬁg%a?} ?’Lg%gggg% &bré%em‘t%e?rﬁllnaeaeq‘ienrt grd\)al s in

pIuraI5stagg§Pﬁ§s}§%E§%Egkgg ?Egﬁlgz%ggPngge heat exchangers 7 are

connected t ransfer medium 8 (for exanple,
wat er or a usual transfer nedium. flo 15 through the heat exchangers
7. The heat exchaggggrhse ?gﬁét\;grpaa%?rt%? EP},@E‘?{ PaﬁaePﬁgﬂa‘G‘?‘E%ﬁlr (‘?ﬁ‘ﬁ?‘r enove
heat of pol ri zation, .Baffles formed, of at es. or, bar whi ch have
partition ePfddi€ a%igig?‘rﬂ?ﬁéﬁ%stwgﬁa EL?/ peladeds l@%ﬁé’l&F%Ieﬁe heat
exchangers g éo Ow(g%fr nor e of thi agitating elenments. 1. which are
arranged at PLAGSRRIIRr A FEGLRRONLGEN sTRPMRHE RANIRted ragEangNleke dri ve
shaft 6, naéFegtdjsppsed per stage. The shape of each agitating elenent 1

may be a fl HaBdrEeora FPERAREHFHEL Taaliwrer pag: keies sideshonbi c,
el ongated rectangular, 25 elliptic or like plate, a round bar cut off at

upper 18nd | bieEFe®E or & Bag havirgfa srianpylapashare dn crasguisectdvape in
cross-section, which may optionally be tapered or may optionally be tw sted
or machi ned"B3FBitanoph loagddat be & apeaed, ook mp ppbiohanlyfbe hyisted
pol ymerization mxture. 5 The agitating el ement shown by way of exanple in
FIG 5 is aordpertaf wathdrespectiocthe £lowtingfdi ractuippeofarie lowadidsi des
thereof as viewed in the flowng direction of the liquid. FIG 6
i | lustratesInhehshrgpetolr abeoaditatinghel present] iaventdwed DriHairlithect i on
fromone of its tips. 10 As the distance between the agitating elenent 1
and t he formula ranges preferably from 0.1 to 0.6.
15
BRIEF DESCRIPTION OF THE DRAWINGS
In the accompanying drawings:
FIG. 1 is a schematic illustration of an apparatus
employed to measure natural frequencies in the.present
20 invention;
FIG. 2 is a schematic illustration showing a reactor
according to one embodiment of the present invention;
FIG. 3 is a horizontal cross-sectional view taken in

the direction of arrows A - A of FIG. 2;

25 FIG. 4 is a schematic illustration of an apparatus for

10



“above-descri bed heat exchanger 7, it is desired to set DH at 0.1 to 0.6,
especially at 0.2 to 0.5 ADMHratio smaller than the lower |imt results
in a low surface renewal rate, thereby causing adhesion of the resulting
pol ymer, blocking, 16 a reduction in the perfornmance of heat transfer, or
the like. As illustrated in FIG 4, the apparatus for neasuring the
frequency of agitating elenents was constructed by providing a section of
the reactor 4, arranging therein a drive shaft 6, and disposing agitating-
elenments 1 in 1 to 3 stages 20 such that the agitating elenents 1 extend in
a direction perpendicular to the drive shaft 6. Further, heat exchangers 7
wer e arr angegabetimenihhthagrieaentoi evenendbs &l £ rakjueihcgr etasdheeerRlacho each
other in the flowng direction of a |liquid, such that the heat exchangers 7
extend in pagdktheling ehemeat2beadnbatongisharents 1. At a predeternined
viscosity, the 16 agitating elenents 1 were rotating at a predeterm ned
rotating speed angrghesstatge sfnahdy At i ONsuHfr S0 Pfo !bea&g'afgﬁtt'a'&&,nﬁl ement s
was phot ographed by a hi gh-speed canera 10 t hrough an i nspect’ion w rndow 9
arranged in ' k ~gf e r i ventd il | :
herei nafter eggﬁ'deggé\rl\?gégﬁi ‘r’ig u?lglﬁg?&%%tg?ﬁ%%@%@o%% E;%\ﬁ[%lvé %8 g?arrpl es.
Howevers, thei e Lnventi I Abimhted.o.anly h anpl es.
Exanplg 1 1gl$ﬁ§§e$%§géé %%aggipgfpﬁédgkg%%%tggiﬁ Pﬁgv%o§§?gg§round bar s
were used. The le h o i { at4 f ..of a
drive shaft to thggFi'pgﬁst%eggg%}?%%%gleﬂ%ngﬁ% %él%rgr??f’\ %%ﬁté:%&%gl ance
(H), as nea i.n i t] f_Lhe |V t ween t centers
of the mﬁdt%ggg n%é %gﬁnghgge ﬁ%gYe%x%%g%%%ﬁ%féﬁﬁ(ﬁ94x§§§qﬁwﬁ ect 8§ on a
pl ane paral | el drive shaft and_interposed any one of the agitating
el enent s magﬁgggﬁnkg$ﬁe°8?a té&? ?EFSOf the round ' bars (the w dths of
the agitating ele ts_projected on_a plane parallel to the drjve shaft)
were 25 mm 30 nngg d 35ifnf EgoFeQBeEtF9EF§En?h€pﬁﬁgur8F FRigheRer8s of
the three tgges of, agiiatin elements were determined. As a result, they .
vere f8und pEibatindrelementinksanple,] hesins toveihratife KRRESENE of a
pol ynmer sol ution was adjusted 0.02 poise by dissolving polystyrene Rellets
in et hyl ben?éR&NiR Pt Sheiagitatdnoelananfyraolipehepgosfuel abpparalle
polystyrene, The 17 rotating speeds of the agitating elenments were varied
to cal cul at &°t e rdrtashaftspaamsagereddn heudirerrian ohitdle gndve
respective types of agitating el enments began to vi brate becane equal to the
nat ur al freéééﬁ@ﬁes of the respective types 5 of agitating elenments . As a
result, the rotating speeds were 31.2 rpm 40.6 rpmand 49.5 rpm
respectively, as ERGwn8i AsTabpéot. oflsangothtingpapeeds depiwbied eackl G 4,
the respective types of agitating elenments were actually observed to

det er fbPne 16gidB&tinggetprent iat Exbmphet Adedieganot vibrdteal eresusathesul t,
the rotating speeds were 32 rpm 42 rpmand 53 rpm respectively, as shown
in Tabl e 1. wIh&hdilanef ehe agfi taltd nayp temtemgpebdaeted cardpl dve patrallied speeds
at which the agitating elenents begin to vibrate are 16 plotted in FIG 7.
The dashed kpnehe nilticed ehaf tcasrméeasuned et whendli bectdianed £t HeDirafrer ound
bars and a rotating speed, at which vibrations began, was cal culated in
accordance whafitthe present invention, while the solid Iine designates a
correlation between the dianeter (D) of the round bars and 20 a rotating
speed at which obseGved Ysbanaplebsobeganotdbesg kpsed,i Adi wRient Bathsaf e
operation is feasible when the natural frequency (Hz) of agitating elements
i's greater aaaaa@imgl dBerhddt aln WhhRPB1ENT G iR kBOvEhLIES! Syaqid the
vibrate. Exanple 2 25 Three types of agitating elenents in the form of

round 18 width (D) of theagitatingelement projectedonaplane parallel

to the drive shaft as measured in the direction of the drive

shaft;

FIG. 10 is a plot of a rotating speed, at which each

25 agitating elementleExampleA4begins to vibrate, versus the

11



"bars were used. The viscosity of a polyner solution was adjusted 3.3

poi ses. ‘Under simlar conditions as in Exanple 1, the rotating speeds of
the .respective types of agitating elenents were varied to calculate their
rotating speeds so 6 that values (K) at which the respective types of
agitating elenents began to vibrate becanme equal to the natural frequencies
of the respective types of agitating elenents. The results are shown in
Table 1. Using the apparatus depicted in FIG 4, the respective 10 types of
agitating elenents were actually observed to determ ne rotating speeds at
whi ch they woul d began to vibrate. The results are shown in Table 1. The

di aneters (BWidih tmEofmrech@ﬂmta@enbmehetp&bij@@t%mﬁﬂ&Fahnwymltlia round
bars begin to vibrate are plotted 15 in FIG 8 . These lines indicate that

saf e operatitanthe dessehdreambhen hbasnakdr ah fHeaderey ibhzdr fhagidiatd Nng
el ements is greater than a value (K) at which the agitating el ements begin

to vibrate. doeaapl e 3 20 Three types of agitating elenents in the form of .
round bars were used. The length (R) of each agitating elenent froma

center of a drivemgiaftiitesthepibp 9F LheoaQiifdi &i’er@d'ltw% L 0 mMm
The distance (H) , as neasSredpin t he dir%ctioﬁéSQQ%he drive shafft et ween

the cergers Lfi dta ny di Breft %ﬁla‘gféirdplsé‘%pﬁggfﬁétt eg?ﬂﬁgggt%%‘@é&@ He

proj ected ona plane 19 par al to the Ive s t and’i nferpose any one

of L1201 A PPERILS Jne 0 The SAMSLLa o) pShl Doutund bor s
thr(?e types «f 88 A1 0% B AMRY ReWEhfed in the direction of the drive
shaft; and
FIG. 12 is a plot of a rotating speed, at which each
10 agitating element in Example 6 begins to vibrate, versus the
width(D)oftheagitatingelementprojectedonaplaneparallel

to the drive shaft as measured in the direction'of the drive

shaft.

15 BEST MODE FOR CARRYING OUT THE INVENTION
In the present invention, a reactor composed of the
cylindrical vessel elongated in the flowing direction of the
liquid may have a length (1), as measured in the flowing
directionoftheliqﬁid,todiaméter(d)ratiqi/dofpreferably
20 from 1.1 to 15, more preferably from 1.5 to 10, particularly
preferably from 2 to 8.
The agitating elements are arranged in the proximity
'of the baffles composed of plates or bars or combinations
thereof, or heat exchangers, e.g., the coiled, tubular,

25 plate-shaped or helical heat exchangers. Preferably, their

12



'5 determned. The results are shown in Table, |I. The viscosity was ajusted
0. Ol poise. The rotating speeds of the respective types of agitating

el enents were varied to calculate their rotating speeds so that val ues (K)
at which the respective types of agitating el enents began to vibrate becane
equal to 10 the natural frequencies of the respective types of agitating

el ements. The results are shown in Table 1. Using the apparatus depicted in
FIG 4, the respective types of agitating elenments were actually observed
to determine rotating speeds at which they began to vibrate. The results 15
are shown in Table 1. The dianmeters (D) of the round bars and the rotating
speeds at wi/¢hrabeormand - drayes fhegi 0.1 co/bbeatwi e & pholleedfi firdh@. D .
These lines indicate that safe operation is feasible when the natural
frequency (Ho) 0afs a@iitmaf iMtGrLlpiaFRlrselds 20 greater than a value (K) at

whi ch the agitating el enents begin to vibrate. Exanple 4 Agitating el enents

~in the formof roundhapseWBhe iSRGt iDHE dASCOgIHNE 861 8aPPhY@lenftl i ON
was adjusted 3.3 poises. 25 Under simlar conditions™as in anple 3, the

rotating spegshstddtiaaf f RRrbesPeetiye tY¥PESe Uy At tf}{éf@ @%frﬁ’é‘,tsf re

varied to cal culate their rofating speeds so that val ues at which the

e Ve ckaapId, 204l LI BB LA LALAD BRI SO 10 the

natural frequencies of the respective types agifatin émént’s. The

ey o ® 2Rl 2l forkes (5L bREARARE AR AL L 091 b0 ElEadh 1 hE

respective types of agitating el enments were ac ObServ €rm ne
rotating spee i to_vib e, Lhe results _are shown in
Tabl e 1. 10%Tg§u§?agn% gérhstt Ié%% %f(lﬁﬂ:eerr Sﬁﬁdiﬁg?% sﬁ‘r?geﬁﬁ SF5C tPﬁga ds at
which the r I.s in to vibrate.are plotted, i,n_Fl .10. These |ines

i ndi cat e thggQggggabﬁgﬁaqqg afésgggfiBPecﬁﬁgﬁ—FﬁgtﬁﬁpﬂrgblF effehcy (Hz) of
agitating el enents.i.s greater than a val ue (K),.at whjch the agitatin

el ements 159 é:dioﬁlatl(}yvﬁﬁr%?%gr?ézgﬁpWQYBOP%ﬁoé’g%VpQ? ‘f’lﬁgFSa‘?’?ﬁdﬂéleéﬁEnts
as sh in Fl 5 and FI G re enpl oyed. Each agitating el ement was
fabri cat ed H?tgLFﬁSREQHﬂtQatgﬁﬁﬁéoy&PgaQXEﬁﬁEFOanﬂ%lBh€r1§%8é§'20 t her eof ,
whi ch bar had a dianeter twice as |large as the width (D) of the agitating-
el ement proj ect ed YORCRCFSaME 1R §PRebet 8URIAFLOE ERaPPlBEiRBasured in the
direction of the drive shaft, and by tapering the round bar toward its tip.
The | ength PRLYBErdadtigg ©at g kePodwmerizafiancént ar POLYMed igaiti@rnshaf t
25 to each tip of the agitating el enent was 840 mm The di stance 21 (H ,
as measur ed feRCERE Qifr acPrefesred empdieehaff thee presenthd nyemtdon of t he
wi dt hs of coil -shaped heat exchangers which were projected on a plane
paral | el toaiflee ¥ esaphaet ey liemesapdpedpahgnenanct at kennliatramaig c

el enents was 85 mm The 5 widths (D) of the agitating el enments projected on
a pl an® par gomploungst s clr iage sslyakneas aipasumethiyhstieeder, estiyoenefs t he
drive shaft were 25 mm 30 mmand 35 mm respectively. The natural

f r equenci es hefrinige addiytlatsiubg téltarredt beneeredetirgsi nedg.The-,esul andar e
shown in Table 1. The viscosity 10 was adjusted 10.8 poises. The rotating
speeds of t pemedhydsttinrentespasd of-, agt &ad iprg télyémeytre near, eanvdsited ene s
calculate their rotating speeds so that values (K) at which the respective

types of aghuatingg hellegenias edepanzedevirbhgse begapecequal tadt he natural
frequencies of the respective types of agitating '

p-chlorostyrenes and o-, m- and p-bromostyrenes. These
20 monomers can be used either singly or in combination. To these
monomers, one or more copolymerizable monomers such as
acrylonitrile and methacrylic esters may be added. Further,
rubbery polymers, for example, polybutadiene, copolymers of

butadienewith styrene, acrylonitrile andmethyl methacrylate,

25 natural rubber, polychloroprene, ethylene-propylene

13



'15 el enments. The results are shown in Table 1. Using the apparatus depicted
in FIG 4, the respective types of agitating elenents were actually
observed to determ ne rotating speeds at which they began to vibrate. The
results are shown in Table 1. The widths of the agitating el enments 20
projected on a plane parallel to the drive shaft as neasured in the
direction of the drive shaft and the rotating speeds at which the agitating
el enents begin to vibrate are plotted in FIG 11. These lines indicate that
safe operation is feasible when the natural frequency (Hz) of agitating

el ements 25 is greater than a value (K) at which the agitating el enents 22

begin to vi e yneraie &idieni-piopsllefrids ede HRwhdm dddol ymenl FI G
6 were enployed. Each agitating el enment was fabricated by cutting 5 off a

round bar atcdiPRAlsAMe h@wer ifi €8s Hah 9f st eioard Nadh Byl aietgie t Wi ce
as large as the wwdth ( D of the agitating el enent projected on a plane

paral lel to Adird ue sthalfe fforasY ed Thihddie: id eehé 28k i didynghaf t,
and by tapering the round bar toward its tip. The length (R) of each

201 1a1ing ol SnSE tees 7t SEpEtt ok o 4 Lo He AipPheiied RnBibdddtfon e
d. . f ; . ! f. , ' ! f . f
coi |- siaped Feat> SIS suPL ke o Pe iR AR B tatorh rad Bl *Lo e

dri haf d . d ) f h i, i [,
The i dtns. ORI BY onden S Al GalymishS Aiech bRACEIBIRE' SudBiad T

the drive shaf.t nas neasur.ed i.n the direction of the drive shaft were 25 mm
30 nm and 3§1yr‘?'rﬂ 5 cﬁq]\)yeﬁiferfhe natural frequencies of the agitating

el enents were determned. The 20 results.are shown in Table 1. The ,

i Scosi 1y wns ad) dNRESseRpon it Wiatie Rl B dede TP erhbn ALt i ve
types of agitatin | ements were varied to determne their rotating speeds
at which val (’%fe%ﬁe%ﬁ &P the E8¥dd@Sve types of agitating el enents

began io vi brate hecane equal_to the natural 25 frequencies of  the
respectfve types &S 84PrRting & ehent’ the apparatus for measuring the

natural frequency of each agitating element, an agitating
element 1 the length of which is equ.al to the length from an
actualdriveshafttoeachtipofanagitatingelementis fixedly
secured, and an acceleration sensor 2 is mounted on the tip
15 of theagitatingelementl. Aninitialdisplacementisapplied
to the agitating element by hand, and the resulting natural
frequency of the agitating element is measured by an ampli_fier
3.
The reactor according to the one embodiment of the
20 present invention will be described with reference to FIG.
2 aﬂd FIG. 3. FIG. 3 is a horizontal cross-sectional view
taken in the direction of arrows A-Aof FIG. 2. Acylindrical
reactor 4 elongated in the flowing direction of a
polymerization mixture is provided on an outer wall thereof

25 with a jacket 5, and a drive shaft 6 is inserted in the reactor

14



'23 " The results are shown in Table 1. Using the apparatus depicted in FIG
4, the respective types of agitating elenents were actually observed to
determ ne rotational speeds at which they began to vibrate . The results 5
are shown in Table 1. The widths of the agitating elenents projected on a
pl ane parallel to the drive shaft as neasured in the direction of the drive
shaft and the rotating speeds at which the agitating el enents begin to
vibrate are plotted in FIG 12. 10 These lines indicate that safe operation
is feasible when the natural frequency (Hz) of agitating elenents is
greater than a value (K) at which the agitating elements begin to vibrate.

24 Tabl e ¥ siRH ghht Rhenddivd AEEVIESER8:ANs CRAIXSAINGL W eh thieerpieheyr ( Hz
)Rot ati ng speed at which value K becane equal to the natural frequency (r

m Rot ati ng speednathahisieosarreed, vahi aht 9A§ B€8ABnts 1 are arranged
(rpm 84025850. 024031. 232Ex.

184030850. 0%%%Qe@é@éﬂﬁ%ﬁééoi&@éﬁé&355131841@1-1%@%5% 34832s044EX. that the
284030853. 34851. 45384035853, 35662. 866130025950 0114. 67. 78EX.

4130030053, 317 413 914150035385 450 14 1 1/B4038B5 10 R4 87Ex - °°

5840308p10. § (396 3 5%0. 885117. 8122130025953. 32214. 815EX.
6130030953. 3272g.rggj%1§gg§lﬁ3§'l 953. 33124. 426 25

Between the agitating elements 1 which are adjacent each
other in the direction of.the polymerization mixture in the
reactor 4, coiled, tubular, plate-shaped or helical heat
exchangers, which are arranged in parallel with the agitating

10 elements 1 and are similar to a heat exchanger 7 depicted in
FIG. 3, are arranged at predetermined intervals in plural
stages as illustrated in FIG. 2. These heat exchangers 7 are
connected to the jacket 5 so that a heat transfer medium 8
(for example, water or a usual heat transfer medium) flows

15 through the heat exchangers 7.

The heat exchangers 7 have partition effect and in
addition, can remove heat of polymerization. Baffles formed
of platesorbars, whichhavepartitioneffect, or combinations
tﬁereo'f may be used in place of the heat exchangers 7. |

20 One or more of the agitating elements 1, which are
arranged at the predetermined intervals in themultiple stages
on-the drive shaft 6, may be disposed per stage. The shape
of eachagitatingelement 1maybea flat-bladepaddleorpitched
blade paddle, a rectangular, rhombic, elongated rectangular,

25 elliptic or like plate, a round bar cut off at upper and lower

15



"According to the reactor of this invention, a shearing stress can be

applied by agitation to elimnate any zone of extraordinary stagnation.
Further, the distance between each agitating elenent and its associ ated
baffl e or heat exchanger can be shortened to 5 prevent adhesion of a

pol ymer or a reduction in heat transfer coefficient. In conventional
reactors, any attenpt to increase the rotating speed involves a potenti al
probl em such as stress fractures of agitating elenents or contact of the
agitating elenents with heat exchanger tubes due to vibrations of the 10
agitating elenents. In the reactor according to the present invention,

however, nosidésathensofake plhse havihg agttabna@lelremdse sinthat safe
operation is feasible. 26 CLAIMS 1. A reactor conprising a cylindrical

vessel el ongabes-58c8ibhpPWRICH hggt bpei@ﬁaalfkyi Bl R Q4 G, Wi th a
liquid inlet and a liquid outlet, a drive shaft arranged coaxially with

said 5 cyliggticahl vesseh aRee@NSr Aadiifed AlBSNRA %sp%f&dtga{dt;éhaped

agitating elenents extending in a direction perpendicular to sal Ive

shaft, sai dedeiye Sﬁ'ﬁféc@{@na&ft@lﬁé”ﬁofgﬁg?ﬁ.‘%ﬁtg%hn%i@{tﬁﬁ%ged I nsi de said

cylindrical vessel, and baffles conpose ates of ‘round bars or

conbi ngtions thergod éﬁgﬁ#ﬁiﬁﬁﬂéq%%eﬂkugﬂg v byOwh agg'éggﬂggeoinr$%écal

heat exchangers, said es and/or sald heat exchangérs berng artanged on
a side of idne jel_rea terd zed in_that id

agi tating ?el_nég%t gaég%:%dﬁjaos&gd %g_trdrgflgfg Peﬁ%ggn‘gg ng;feég e}lp? ﬁ%na%d;j;?vﬁeer (K) at
determ ned Trurs FREYEBerlY Pharss Forhe AN AsPsRAn ol Shr i
0.867) (n/ L€ -0. 1404 . - 0. 3) 20 .n: rotatjng speed (rpm
of said agi a&i/ r?sg le]I]élﬁseXtE{&}teF? Aﬁq'%ih‘?p(erﬁoégigaia@%?%ﬁg rF'g{eé?%‘?r’gn]t 3% om a
center of said drive shaft to, each tip of ggid agitating elenent, D width

(m of said =gITatINP FEMRATIPN of EXF edOnCE pFEnELIPSral lel to said drive

shaft gs neasureq\in a djrection _ -
1 s the distance between the agitating element 1 and the

above-described heat exchanger 7, it is desired to set D/H
at 0.1 to 0.6, especially at 0.2 to 0.5. A D/H ratio smaile’r
than the lower limit results in a low surface renewal rate,
thereby causing adhesion of the resulting polymer, blocking,
15 a reduction in the performance of heat transfer, or the like.
As illustrated in FIG. 4, the apparatus for measuring
the frequency of agitating elements was constructed by
providingasectionofthereactor4,arrangingtherehnadrive
shaft 6, and disposing agitating elements 1 in 1 to 3 stages
20 such that the agitating elements 1 extend in a direction
perpendicular to the drive shaft 6. Further, heat exchangers
7 were arranged between the agitating elements 1, which are
adjacent to each other in the flowing direction of a liquid,
such that the heat exchangers 7 extend in parallel with the

25 agitating elements 1. At a predetermined viscosity, the
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"25 of said drive shaft, 27 H distance (n) , as neasured in said
direction of said drive shaft, between centers of widths of said plates or
round bars or conbinations thereof or said coiled, tubular, plate-shaped or
hel i cal heat exchangers which are 5 projected on said plane parallel to
said drive shaft and interpose said agitating elenent, and ,u : viscosity
(poise) of said liquid inside said reactor. 2 . A reactor according to
claiml1, which is a polynerization reactor. 10 3. A reactor according to
claiml1, which is a polynerization reactor for producing a styrene pol yner
or styrene copolynmer. 4. A reactor according to claim1l, wherein the ratio
of its | engidit{atl)ng edemerasu edre rotaitd rid aviangrdis eethone@irckaitd rig qui d,
toits dianeter (d) ranges from1l.1 to 15. 15 5. A reactor according to

claiml, whyadd fathrad seitk agf taibPAgr ebBBEBESohs B ff kalk- Blpadea cagddl e or.
. pitched bl ade paddl e, a rectangul ar, rhonbic, . elongated rectangul ar "or

el liptic plateiercd dadpbakogehpdbll BY HPREGhABFeL@Wesmst Ses tt'f'ﬁro‘?fng or a
bar having a triangul ar shapé in crosS-section, which my be tw sted,

o 4ol HABBERAy 803 i 0 s 8L Bt i SR 1
5 4.

The present invention will hereinafter be described in
further detail based on the following Examples. However, the
present invention is not limited only to these Examples.
Example 1 |

10 Three types of agitating elements in the form of round
bars were used. The length (R) of each agitating element from
a center of a drive.shaft to the tip of the agitating element
was 840 mm. The distance (H), as measured in the direction
of the drive shaft, between the centers of the widths of

15 coil-shaped heat exchangers which were projected on a plane
parallel to the drive shaft and interposed any one of the
agitating elements was 85 mm. The diameters (D) of the round
bars(thewidthsoftheagitatingelementsprojectedona;ﬂane
parallel to the drive s'h.aft) were 25 mm, 30 mm and 35 mm,

20 respectively. The natural frequencies of the three types of
agitating elements were determined. As a result, they were
found to be 40 Hz, 48 Hz and 56 Hz, respectively.

The viscosity of a polymer solution was adjﬁsted 0.02
poise by dissolving polystyrene pellets in ethylbenzene which

26 is usually employed upon production of polystyrene. The
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15 plotted in FIG. 7. The dashed line indicates a correlation
between the diameter (D) of round bars and a rotating speed,
at which vibrations began, was calculated in accordance with
the present invention, while the solid line designates a
correlation between the diameter (D) of the round bars and

20 a rotating speed at which observed vibrations began. These
lines indicate that safe operationis feasible when thenatural
frequency (Hz) of agitating elements is greater than a value
(K) at which the agitating elements begin to vibrate.
Example 2 |

25 Three types of agitating elements in the form of round
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104| L?s10%| & ()-: @10%| & () - (>WmJ6~\:s, #10% U&' ()-& 0
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SF#10%JU&' ()- R DbGCs,z 10% h& ()-S-10% h& ()-10% h& ()-z 10% h& ()- 10 U 10
U 10 UL?s1@4rs were used. The viscosity of a polymer solution was
adjusted 3.3 poises. Under similar conditions as in Example
1, the rotating speeds of the respective types of agitating
elements were varied to calculate their rotating speeds so
b that values (K) at which the respective types of agitating
elements began to vibrate became equal to the natural
frequencies of the respective types of agitating elements.
The results are shown in Table 1.
Using the apparatus depicted in FIG. 4, the respective
10 typesofagitatingelementswereactuallyobservedtodetermine
rotating speeds at which they would began to vibrate. The
results are shown in Table 1.
The diameters (D) of the round bars and the rotating
speeds at which the round bars begin to vibrate are plotted
15 inFIG. 8. Theselinesindicatethatsafeoperationisfeasible
when the natural frequency (Hz) of agitating elements is
greater than a value (K) at which the agitating elements begin
to vibrate.
Example 3
20 Three types of agitating elements in the form of round
bars were used. The length (R) of each agitating element from
a center of a drive shaft to the tip of the agitating element
was 1,300 mm. The distance (H), as measured in the direction

of the drive shaft, between the centers of the widths of

25 coil-shaped heat exchangers which are projected on a plane
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V& () -5 f 1%@%&%1&&&2 1I'(P'xe0 results are shown in Table l. The viscosity
was ajusted 0.01 poise. The rotating speeds of the respective
types of agitating elements were varied to calculate their
rotating speeds so that values (K) at which the respective
types of agitating elements began to vibrate became equal to

10 the natural frequencies of the respective types of agitating
elements. The results are shown in Table 1.

Using the apparatus depicted in FIG. 4, the respective
typesofagitatingelementswereactuallyobservedtodetermine
rotating speeds at which they began to vibrate. The results

15 are shown in Table 1.

The diameters (D) of the round bars and the rotating
speeds at which the round bars begin to vibrate are plotted
inFIG. 9. Theselinesindicatethat safeoperationisfeasible
when the natural frequency (Hz) of agitating elements is

20 greater than a value (K) at which the agitating elements begin
to vibrate.
Example 4

‘Agitating elements in the form of round bars were used.

The viscosity of a polymer solution was adjusted 3.3 poises.

25 Under similar conditions as in Example 3, the rotating speeds
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of the respective types of agitati_ng elements were varied to
calculate their rotating speeds so that values (K) at which
the respective types of agitating elements began to vibrate
became equal to thenatural frequencies of the respective types

) of agitating elements. The results are shown in Table 1.

Using the apparatus depicted in FIG. 4, the respective
typesofagitatingelementswereactuallyobservedtodetermine
rotating speeds at which they began to vibrate. The results
are shown in Table 1.

10 The diameters (D) of the round bars and the rotating
speeds at which the round bars begin to vibrate are plotted
in FIG. 10. These lines indicate that safe operation is
feasible when the natural frequency (Hz) of agitating elements
is greater than a value (K) at which the agitating elements

15 begin to vibrate.

Example 5

Three types of agitating elements as shown in FIG. 5
and FIG. 6 were employed. Each agitating element was
fabricated by cutting off a round bar at upper and iower sides

20 thereof, which bar had a diameter twice as large as the width
(D) of the agitating element projected on a plane parallel
to a drive shaft as measured in the direction of the drive
shaft, and by tapering the round bar toward its tip. The length
(R) of each agitating element from a center of the drive shaft

25 to each tip of the agitating element was 840 mm. The distance
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interposed any one of the agitating elements was 85 mm. The
widths (D) of the agitating elements projected on a plane
parallel to the drive shaft as measured in the direction of
the drive shaft were 25 mm, 30 mm and 35 mm, respectively.
The natural frequencies of the agitating elements were
determined. The results are shown in Table 1. The viscosity
was adjusted 10.8 poises. The rotating speeds of the
respectivetypesofagitatingelementswerevariedtocalculate
theirrotatingspeedssothatvalues(K)atwhichtherespective
types of agitating elements began to vibrate became equal to
the natural frequencies of the respective types of agitating
elements. The results are shown in Table 1.

Using the apparatus depicted in FIG. 4, the respective
typesofagitatingelementswereactuallyobservedtodetermine
rotating speeds at which they began to vibrate. The results
are shown in Table 1. The widths of the agitating elements
projected on a plane parallel to the drive shaft as measured
in the direction of the drive shaft and the rotating speeds
at which the agitating elements begin to vibrate are plotted
in FIG. 11. These lines indicate that safe operation is
feasible when the natural frequency (Hz) of agitating elements

is greater than a value (K) at which the agitating elements
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begin to vibrate.
Example 6
Agitating elements as shown in FIG. 5 ahd FIG. 6 were
employed. Each agitating element was fabricated by cutting
b off a round bar at upper and lower sides thereof, which bar
had a diameter twice as large as the width (D) of the agitating
element projected on a plane parallel to a drive shaft as
méasured in the direction of the drive shaft, and by tapering
the round bar toward its tip. The length (R) of each agitating
10 element from a center of.the drive shaft to each tip of the
agitating element was 1,300 mm. The distance (H) , as measured
in the direction of the drive shaft, between the centers of
and the widths of coil-shaped heat exchangers which were
projectedcnlaplaneparalleltothedriveshaftandinterposed
15 any one of the agitating elements was 95 mm. The widths (D)
of the agitating elements projected on a plane parallel to
the drive shaft as measured in the direction of the drive shaft
were 25 mm, 30 mm and 35 mm, respectively. The natural
frequencies of the agitating elements were détermihed. The
20 results are shown in Table 1. The viscosity was adjusted 3.3
poises. The rotating speeds of the respective types of
agitating elements were varied to determine their rotating
speeds at which values (K) at which the respective types of
agitatingelementsbegantovibratebecame equal tothe natural

25 frequencies of the respective types of agitating elements.
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rotational speeds at which they began to vibrate. The results

5 are shown in Table 1. The widths of the agitating eiements
projected on a plane parallel to the drive shaft as measured
in the direction of the drive shaft and the rotating speeds
at which the agitating elements begin to vibrate are plotted
in FIG. 12.

10 These lines indicate that safe operation is feasible
when the natural frequency (Hz) of agitating elements is
greater than a value (K) at which the agitating elements begin

to vibrate.
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and its associated baffle or heat eXchanger can be shortened to
5 prevent adhesion of a polymer or a reduction in heat transfer
coefficient. In conventional reactors, any attempt to increase
the rotating speed involves a potential problem such as stress
fractures of agitating elements or contact of the agitating
elements with heat exchanger tubes due to vibrations of the
10 agitating elements. In the reactor according to the present
invention, however, no vibrations take place on the agitating

elements so that safe operation is feasible.
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| bars or combinations thereof or said coiled, tubular,
plate-shaped or helical heat exchangers which are
b projected on said plane parallel to said drive shaft
and interpose said agitating element, and
Lk : viscosity (poise) of said liquid inside saia reactor.
2. Areactor acéording toclaiml, whichisapolymerization
reactor.
10 3. Areactoraccordingtoclaiml, whichis a polymerization
reactor for producing a styrene polymer or styrene copolymer.
4. A reactor according to claim 1, wherein the ratio of
itslength (1), asmeasuredinsaid flowingdirectionofsaidliquid,
to its diameter (d) ranges from 1.1 to 15.
15 5. A reactor according to claim 1, wherein each of said
agitating elements is a flat-blade paddle or pitched blade paddle,
a rectangular, rhombic, elongated rectangular or elliptic plate,
a round bar cut off at upper and lower sides thereof or a bar having
a triangular shape in cross-—séétion, which may be twisted, tilted
20 or tapered.
6. A reactor according to claim 1, wherein D/H in said

formula ranges from 0.1 to 0.6.
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