14 August 2006 VERTI CAL MULTI TUBULAR HEAT EXCHANGER AND DI STI LLATI ON

. COLUWN SYSTEM | NCLUDI NG THE SAME TECHNI CAL FI ELD 5 The present invention
relates to a vertical nultitubular heat exchanger and a distillation
colum system and nore particularly to a vertical multitubdlifagustgad06
exchanger for performng heat exchange by introducing a process fluid

cont ai Ni g R EAROWNNRT ITLAN EARIEVANER G MARGERANEXDIBTALIATIONPS and a

distillation colum systemusing the vertical 10 nultitubular heat

exchanger . BAG(G?QJNDOWUMWQ\*STEFWNCLWNGWWE or exchangi ng heat
between a hot fluid and a cold flurd is a device widely used in a chem cal

I ndustry. 15 Conpared with other types of heat exchangers, the

mul titubul ar heat exchanger is characterized by its high reliability since
it can beTEgINHDAEIFiEEYere conditions and operated continuously for an
extended period of time. One exanple of a nultitubular heat exchanger w ||

be exm ai ned THd hpredetterineehtiofi gelated Otowa clertisah miudisbeibat | fowatl vi ew
of a 20 conventional vertical multitubular heat exchanger. As shown in

Fi gure 10exehargér aald aubistitlatiohacolheat systdrapgerd h2dre paniculady @ dubul ar
shell 122 extending in the vertical direction, flat upper and |ower tube
sheet s 128ertitdl 130 titiubpdare dheat exehangssr ftahqbelrﬁme‘ringaﬁest exhangé D¥6
respectively of the tubular shell 122, and a plurality of heat 25 exchanger
tubes 134intmdusinge proeass duigneentairsng@astpolymeyizsidle KM siaree itRchanger
tube 134 are resgectlvel flxed t per and | ower tube . sheets 128 and

the. u
130, and Bept 8¥e88NYELtUdeS et A istibatiomicolyme sxsiem st vertigRls 134.
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BACKGROUND ART

A multitubular heat exchanger for exchanging heat between a hot

fluid and a cold fluid is a device widely used in a chemical industry.
15 Compared with other types of heat exchangers, the multitubular heat

exchanger is characterized by its high reliability since it can be used under

severe conditions and operated continuously for an extended period of

time. One example of a multitubular heat exchanger will be explained

with reference to Figure10, which is a cross-sectional view of a
20 conventional vertical multitubular heat exchanger.

As shown in Figure10, a vertical multitubular heat exchanger 120
comprises a tubular shell 122 extending in the vertical direction, flat upper
and lower tube sheets 128 and 130 disposed at the upper and lower parts
124 and 126 respectively of the tubular shell 122, and a plurality of heat

25 -exchanger tubes 134. An outer circumferences 132 of both ends of each
heat exchanger tube 134 are respectively fixed ta the upper and lower tube
sheets 128 and 130, and a process fluid is introduced into the heat

exchanger tubes 134. A fluid for performing heat exchange with the



process fluid introduced into the heat exchanger tubes 134 is supplied
around t he heat exchanger tubes 134. As one exanple of an application of
the vertical nultitubular heat exchanger 120 expl ai ned above, a case where
the vertical nultitubular 5 heat exchanger 120 is used as H AHgHEEN0 f or
a distillation colum system (not shown) wi |l be explained. Wen the

process Thilddsonlify iffrshlbiad dnic tH@RRiAZELCRAGer tiased Higagipisappsiedgas

t hus obt ai ne roduced into the heat™ exchanger tubes 134 at the

upper tub ' &f Bfes {88 process gas is cooled and condensed
by the f|§ﬁ°§”§§fhse$§§ﬂ Eggﬁ?%gn@l the heat exchanger tubes 134. Then, the

process fluid S haswsliddtRm bhenkoyeticavhruiingtediat Heati de of
t he heat exck‘%ﬁ%@% Fgggﬁ?ﬂ éhHOOéV\#/beF\S/her, in the above-nentioned vertical

mul {1 ubub2endegdr 120CBAPEMed Ubovlca Ciel Wiers frevettica) mibditeblldror an
extended period of 15 tine 1s sonetinmes prevented by adhesion of foreign

mat er izl Spesch@BhangRP! YIB'iszededBhsr &atotderserupper sistilktion 36!ehnt he
upper tube sheet 12§ and to inner surfaces 138 of the heat exchanger tubes

134 near §\htenPHAbt shemhnedllt bereqflairEd.s Witén Hbeeppicassediulertei Aebel ow.
If the process fluid is a nethacrolein-containing liquid, for exanple, 20
that is, #fstilled isr vaposzéd ant @onesiltingi pracesscoapdhunt ebl@inedds then

pol ynmeri zabl e substance which is significantl ol yneri zabl e, theq there is
a t endencintfomiudstkinpolthedreatekang@nger 4ubes Taabths HpPRBIYRRshesh B
substance to adhere to the upper surface 136 of the ugper é28 and,tq t he

i nner sur sideesham®forthenpreeass Oamingeroleghand sendeRsed yqu%rﬂ‘fg
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exchanger tubes 134,
However, in the above-mentioned vertical multitubular heat
exchanger 120, the continuous operation thereof for an extended period of
15 time is sometimes prevented by adhesion of foreign materials such as a
polymerized material to an upper surface 136 of the upper tube sheet 128
and to inner surfaces 138 of the heat exchanger tubes 134 near the upper
openings thereof. This will be explained herein below.
If the process fluid is a methacrolein-containing liquid, for example,
20 that is, if the process fluid contains in its components an easily-
polymerizable substance which is significantly polymerizable, then there is
a tendency for the polymefized material of the easily-polymerizable
substance to adhere to the upper surface 136 of the upper 128 and to the
inner surfaces 138 of the heat exchanger tubes 134 near the upper
25 openings thereof. In addition, the polymerized materiai that has adhered
to the upper surface 136 of the upper tube sheet 128 and to the inner
surfaces 138 of the heat exchanger tubes 134 near the upper openings

thereof grows as an operation time passes. Here, the term "grow’ refers



14 August 2006 to the increase in size of the adhered polynerized materi al
due to additional polynerization occurring on the surface of the adhered
pol yrmeri zed material. Such adherence and growth of the polynerized

material decreases heat transfer efficiency of the vertical 14eusiiG
heat 5 exchanger 120, resulting in the decrease of heat exch?n[ﬂ{eﬁr)

ef fecti vgnags iqd1dasepai asizen off feciadtheyedf pehengare cHIAR{PY i dPar heat
exchanger’ 120. Since the polynerized nmaterial adheres fthroug‘,ﬁwt et he upper
surface %aéitioWaltb@lWﬁ@ﬁtatiUbe oscaming 26N the Keatacs aakriEe 1¥e8hcy i s
remar kably reduced.” 10 If the operation is continued fi;]thh r efﬁ@%ﬁ t he
growt h OPDWWeriﬂ@diWﬂEtérifaid rBuay iasihepeoes et aramin of ¢ %|Po°3¥mt eat

exchanger t'ubes 134. This nmakes it necessary, for t.he cl ri zed
mat eri al MAekal deersass heantrahefaicafficienéi AigEe Wﬁi&é' Wiggﬁg”gﬂ%%&enakes

inpossible for the vertical multitubular at_exc -
oper & edexésangds 120s ubsylitingencibnt deGase| ‘gﬁbe@te?ﬁ&i t I&fé%ctﬁ)\?er?{sg

vertical nultitubular heat exchanger 120 w.l | p : r nor e,
t he cont iandosesparatignt effiﬂle@?jéﬂétth‘%rYe(B?'C%h@%ltgpﬁfqraﬁg%ﬁgg%n éﬁ;‘/g?ém (not

shown) conprising such a vertical | tit I 1]

al so be ﬁimmln@@.Olmebﬂsamm@ﬁ%@E@F%?ng{et ﬁ@g?gggég%aggm ect of
the present invention to provi vert l,c | £} i abhanger

t hat can %riéﬁehppﬁhéUEPoﬂg??fg1g§’ ?H% H%%tl ghgﬁfgére%ffﬁrdétégé?éls%ai S W

continuously operable for an extended period of tinme. 25 1t is also an
obj ect ofegH%egTesent invention to provide a distillation colum system
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polymerized material progresses until it clogs the heat exchanger tubes

134. This makes it necessary for the clogged polymerized material to be

removed from the heat exchanger tubes 134 and also makes impossible

for the vertical multitubular heat exchanger 120 to be operated. As a

15 result, the continuous long term operation of the vertical multitubular heat
exchanger 120 will be prevented. Furthermore, the continuous long term

operation of the distillation column system (not shown) comprising such a

vertical multitubular. heat exchanger 120 will also be prevented.

20 DISCLSOURE OF INVENTION

It is therefore an object of the present invention to provide a vertical
multitubular heat exchanger that can prevent the clogging by the

polymerized material and is continuously operable for an extended period

of time.
25 It is also an object of the present invention to provide a distillation

column system that is continuously operable for an extended period of

time.
The above-mentioned object is achieved according to the present



14 August 2006 invention by providing a vertical multitubular heat
exchanger for perform ng heat exchange by introducing into heat exchanger
tubes a process fluid containing an easily-polynerizable substance
conprising a shell extending in a vertical direction, an ulfhBHOHEWIWheet
and a |l ower tube 5 sheet respectively disposed at the upper portion and the

| over portﬂxfé@fti% W‘ep??@ild'in apd gemicar alidiNtueiulfeaheatk cbaoigengéubi whose
outer circunferences of both ends are respectively fixed to the upper tube

sheet angdefbemimyiedtubrcisiegs byistretociag impeheatrdatangterttubespper tube
sheet is torned t©0 be sloped and at | east one of the heat exchanger tubes

10 is di sprsads fluidheoizihinigt sn dadilyepdlomrsizands isLibstante t temppiserg sur f ace
of this wupper tube sheet. According to the vertical multitubular heat
exchanger sipéll bReeridiagenta vénticantireotionnan bppeasebesheebahd® BwWasttupeocess
fluid, for exanple, 1f the process fluid is introduced into the heat
excharnger sheoberesedtivelpisposaat 115 sipper pirtiont aved éoe fowgepdrtioadifes out
of the heat exchanger tubes at the |ower tube sheet side thereof after
havi ng extteangeslt hentheat piurality |afnwdreatt anshangere tbasd Wi@ithd OHHY heat
exchanger tubes. In the case of the process fluid containing,th

easi | y- potiyowmferssice ssofdeetinerds are resrefitiedy §ixed)tgithe; uppest ibﬁe§1%ﬁt t he
upper surface of the upper tube sheet and the upper 20 ends of the heat
exchanger andpibe wer tigpe sshantg WheReIN &k HPPSE Q‘H‘%‘F?-pr & HBPRL JHPE
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flat uppe he upper tube sheet of a conventional vertical
mul ti tubu{'%ﬁgéé‘g:fceegﬁéﬁgnger, can be substantially elimnated. In addition,

Fones: “post AR fEle MERHIER ot ascohmodronts praset (e
invention, in the case of cooling a hot process fluid, for example, if the
process fluid is introduced into the heat exchanger tubes at the upper tube

15 sheet side thereof, then it comes out of the heat exchanger tubes at the
lower tube sheet side thereof after having exchanged the heat with a lower
temperature fluid around the heat exchanger tubes. In the case of the
process fluid containing the easily-polymerizable substance, if the process
fluid is retained at the upper surface of the upper tube sheet and the upper

20 ends of the heat exchanger tubes etc. for a long time, then the easily-
polymerizable substance tends to be polymerized and the polymeric matter
tends to adhere to the upper tube sheet and the like. However, according
to the present invention, since the upper surface of the upper tube sheet is
formed to be sloped, a retention of the process fluid, which normally occurs

25 at a flat upper surface of the upper tube sheet of a conventional vertical
multitubular heat exchanger, can be substantially eliminated. In addition,

since at least one heat exchanger tube is disposed in the vicinity of the

lowest position of the upper surface of the upper tube sheet, the retention



4 14.August 2006 of the process fluid flow ng downward can be prevented
nore reliably. Wth such retention -preventing effects, the
easlly-polynerlzable substance becones difficult to polynerize thereb
preventing adhesion of the polynerized material to the uppttAuggst t or
t he heat exchanger tubes. 5 Furthernore, even if the operation of the

vertical guhpstybilas fiGal no@hsdanspfwhed sem beuptbvertiedgmone rediathhe

pol ymeri zéd mat'eri a pre ed by the above-nenti oned

retent i onppnevent i-BG ritfdnestereraig effbetsetiny easiy-potggerigable stiestgocgner i zed

material occurs in the heat exchanger tubes. Accordingly, the operation

for removpggote IfiRelty s’ i BHEer itteéreblyatpreasnting bedhesmurened ythe
conduct ed ?or the conventi Eﬁgyﬂnvert i cal mlSJyI tpi t ubul agr; heat [ep;tghangers

becones u Bmﬁdmat\é’ﬂbﬂb e oppef tubé Bheebot tmabest leowhangemiypes.at i on
of the veF?tlca mul ti1tubul ar he‘g? exchanger. In the vertibcal mul titubul ar

heat exchppgper@oréheviresentng nyperation, of 1the heertingér melfitubsdanthaate upper
tube sheet is preferably fornmed to be sloped downward fromthe outer
portion texangngde iserontihupdytthen giosvtbofofl &nel pabineezed eM@eriat né upper
surface of the upper tube sheet is sloped downward by 0.005 to 0. 1 radian
rel ative prevdrte! dye thentdiovienmertiongdpdetertianprayrying ?%%Cﬁ’pp@f"dt ube
sheet. The upper tube sheet of the vertical 20 nultjtubul ar. heat exc‘thanger
can be eatidngforenmbactaggiog Wrﬂ%rﬁowl’apf'ﬁﬁ%waé%”@tr QLCULS SN0 difite as

possi ble for the upper surf f t b ' [

}[/ih:}[/v :)I Ezé??mg?ﬁ E)Lﬂ%e?gl y(r?gﬁ?ﬁ"'é)r.é’éﬁgqﬁat ﬂféro:[or{gﬁﬂ@gﬁgﬁ?ﬂ {}%ﬁ pngibég?e' "
SS . n 0.1.r [ ' '

procek neobfcsré?r.'aﬁﬁmatsﬂa@xﬁ%}i Hhe 55 o niraneliRy PRI et

present inventions d . B

equal to 69’@5%”?%@?Iafésr&'gﬁrﬁ@{'gﬁ@%’é\t}%%?éxﬁiﬁ hesi onrﬁgfg rmﬁerég(%g%sc’][ | ui d

pol ymerized  qnt gfib 3k fir tHE UBRGAUSHST RFRY term operation of the vertical

multitubular heat exchanger.

In the vertical multitubular heat exchanger of the present invention,

15  the upper surface of the upper tube sheet is preferably formed to be sloped
downward from the outer portion toward the central portion thereof, and
more preferably thé upper surface of the upper tube sheet is sloped
downward by 0.005 to 0.1 radian relative to the plane containing the upper
outer edge of the upper tube sheet. The upper tube sheet of the vertical

20 multitubular heat exchanger can be easily manufactured.  Further,
althaugh as great a slope angle as possible for the upper surface of the
upper tube sheet may be desired in view of preventing the polymerized
material adhesion, it is preferable that it be less than 0.1 radian in view of

the processing easiness and the processing cost. Also, an experiment

95 conducted by the inventors of the present inventions has demonstrated
that a slope angle greater than or equal to 0.005 radian can better prevent

the adhesion of the process fluid polymerized material at the upper surface

of the upper tube sheet.



of the upper tube sheet. 5 14 August 2006 According to the invention,
preferably, the upper end of the heat exchanger tube disposed in the
vicinity of the | owest position of the upper tube sheet is provided so as
to not protrude fromthe upper surface of the upper tube shetéugush29¢R
vertical nultitubul ar heat exchanger, the process 5 fluid on the upper

surface of thaceBpaRgt PenENReENfibapreferably, tine Lppestengai theomsst t he
upper tube sheet. ang nost of the process fluid flows into the heat

exchangerg i ddhatibbsdigheses ed the vitisityiafithet lpwefst pleaitioroaédhe UpeSTt i on,
t hereby preventing adhesion of the polynerized across the entire surface

of the upppe $hdw ishaeviddaiss ey to hot phatrpdedeom thewpnercsirfaee of 1oe
preferably, the upper ends of all the plurality of heat exchanger tubes are

provi ded §gharstuibe shdetpr oh tde efficah muktitupplar haatlexebapger HBEWRIPERSE ube
- sheet. The vertical rmnultitubul ar heat exchanger of the present invention
can f gci lfididten the uppeventiaoe of thehuppet dshe sheet flows tomargsioer Iofeton the
upper surface of the upper tube sheet. 15 Alternatively, .in gheé$r?sent
i nvent i orpositienuyfpitie eppsr bibaisheeheanginesh ot sharraeats SxichIRYS Npes
except for the one disposed in the_vicini2¥ of the.Laﬁﬁs% o§iFi tof t he
upper tultbesheat exepapgeprivbiedtiptsts sisRRSED IRt thgqXICHHEY Ot uﬁ&g t ube
sheet. According to the present ipvention, the connecti bet ween
the. UpperpasiiensHsebikiov B R AP ek ah APB OV TBRe s 4 Basi e ke
OnM ng to this coupling strength, even- i by bpyrar e
const ant | SMIERER é’(fttéﬁ '-?RP?"h"é‘ Bpgﬁ.onlguhhg{,gﬁﬁ%;ﬁt[ e%?ﬁﬁgmgﬁtéél?l'nﬁlz?rqd out of
both the praqcess fluid and ' f i h 38 chBRpgkrBgBes e
vi br a0; on‘gregﬁrt?ig)ﬂ' W PRB%ﬁhggo& %\nge gé%#'gggg?hfe%nd Ca pgl sating flow
directly ML 9t ar ' Sth B UPSet skifackhef eaupper fabéor mance
of the cd&%ﬁ@%#@ﬁ% %%B&ggﬁ ﬁghﬂ%%ﬁr exchanggr t ubes and thepuppe[ t ube
sheet andgphgse A& WeaicdiNfultRabular heat exchanger of the present invention
can facilitate the prevention of the retention of the process fluid on the
upper surface of the upper tube sheet.
15 Alternatively, in the present invention, the upper ends of all the
plurality of heat exchanger tubes except for the one disposed in the vicinity
of the lowest position of the upper tube sheet may be provided so as to
protrude above the upper tube sheet. According to the present invention,
the connecting strength between the upper tube sheet and the heat
20 exchanger tubes can be increased. Owing to this coupling strength, even
if the heat exchanger tubes are constantly subjected to the vibrations
caused by the flowing in and out of both the process fluid and the fiuid
flowing outside the tubes, the vibrations caused by the pump or the
compressor, and a pulsating flow directly from rotary pump machinery or
95 the like, the sealing performance of the connections between the heat
exchanger tubes and the upper tube sheet and those between the heat
exchanger tubes and the lower tube sheet is prevented from being lowered,

and therefore leaks of the process fluid from the connections therebetween



exchanger tubes and the |ower tube sheet is prevented from being | owered,
and therefore | eaks of the process fluid fromthe connections therebetween

6.14 August 2006 can be prevented. Further, by increasing t tr r
efficiency by decreasing the diameter of the heat exchange{]fgyﬂé@ag@éﬁal o)

I ncreasing the nunber of the tubes to broaden the heat-exchangi ng surface

between  dhe J¥ 95@9enfddii d Fapther Ny lincr@alsirmyvinatotresisfier efificieacy ubps, the
connecting 5 st rengtpl between multi"pl e thi nner heat exchanger tubes and the

upper andjedrawBing Hhe drdineter sRthebhebnexehseger Wibesr dhdalso inbregsirgent
I nvention, the | ower surface of the |lower tube sheet is preferably forned

to be sl qpathumber\¢itheGabesubtdroabighahe heatexotzraiggswiateabstwsry ent
the retention of the easily-polynerizable 10 substance on the |ower tube

sheet . | Rhadstiolcess. fldilearndwry flalr flawmngbutdide lod ke tubbs, Sreeeonneciinef er abl y

sl oped downward fromthe outer portion toward the central portion thereof

by O. 50055tt@1q1h Hetwasiramuiéplatthirmercheateshangec dubas aindgheneppey@nd out er

edge of the |lower tube sheet. This is due to the sane reason as that

expl ai nedowks tabe\shaetgaadi bg indreagpder surface of the upper tube sheet.

According to the present invention, preferably, the easily-_polynerizable
H&@ﬁsc%?h%'

subst ance is According, tonthéquesest mv%iqn,i@ea@%er s Vel or
ester thereof. Al so, the process fluid preferabl contains_ a,.
pol yner i zubrosheehidipreferably farmamkto t?&é?%‘?fi‘e-ﬁ@ﬁt‘fﬂ '8351(5‘35"%'&?‘1"@ _
e e T 1 e il BoSine PR RoR Y B8 Oyt dlet on,
col uth ' aeEan s T ORE ¥BTim: the condenser being the
above-menti ongd versilcal, WLELT UBHRE of hd 60lePXGHE@GRYet is preferably

sloped downward from the outer portion toward the central portion thereof

by 0.005 to 0.1 radian relative to the plane containing the lower outer edge

of the lower tube sheet. This is due to the same reason as that explained

15 above regarding the upper surface of the upper tube sheet.

According to the present invention, preferably, the easily-
palymerizable substance is acrolein, methacrolein, acrylic acid,
methacrylic acid or ester thereof. Also, the process fiuid preferably
contains a polymerization inhibitor.

20 Further, the above-mentioned object is achieved according to the
present invention by providing a distillation column system that comprises
a distillation column for distilling a fluid containing easily-polymerizable
substance and a condenser connected to a column top of the distillation

column, the condenser being the above-mentioned vertical multitubular

25 heat exchanger.
According to the distillation column system of the present invention,
since it employs the above-mentioned vertical multitubular heat exchanger

as the condenser, a long-term continuous operation of the distillation



According to the distillation colum system of the present invention,
since it enploys the above-nentioned vertical multitubul ar heat exchanger
as the condenser, a long-termcontinuous operation of the distillation 7
14 August 2006 columm system can be achieved. Al so, the abbdéugbst2efad
object is achieved according to the present invention by providing a

di still atdo@impodyyTBnFYah &8 abteeveanprises a distillation colum for
distilling a fludid containing easily-polynerizable 5 substance and a

reboi |l er conngricedtii® abend-wienthmigdrobsiéct hie dickidvieldatdomordiogl uamtha he
reboil er being the above-nentioned vertical nultitubular heat exchanger.
Accor di ngyrégethipvdirgion bptorovidoeg andistifati emooiumhesystemetiat ioorept ses,

since it enploys the above-nentioned vertical nultitubular heat exchanger
10 as the giidtion caldrangfdredistitiont anfloiss coptaiaingosastly by miestzabiet i on
colum system can be achieved Further, the above-nentioned gbject is

achi eyed sabstaniiag@nidoatreboilpr esaneciad, tmai evlubyn pedemichdhea d:lﬁgﬂatI'CPfht i on
columm systemthat conprises a distillation colum for distilli i:\ fluid
cont ai ni egheasi tiye pebpiter being tha mbovesmeantienes ‘(ﬁfﬁé@h%ﬂ“%@&ggé to the
columm top of the distillation colum, and a reboiler connected to the
col umm bexcbangert he distillation colum, the condenser and the reboiler

fo the distilAgepennedene Jsletian solume Brteanet T LR Tan, Toentghie "
O e A BB LEBo B BRARL  BUIA OB BE PP Spesphger = ne
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heat system can be achieved

Further, the above-mentioned object is achieved according to the

present invention by providing a distillation column system that comprises

a distillation column for distilling a fluid containing easily-polymerizable

15 substance, a condenser connected to the column top of the distillation

column, and a reboiler connected to the column bottom of the distillation

column, the condenser and the reboiler being the above-mentioned

vertical multitubular heat exchangers. According to the distillation column

system of the present invention, since it employs the above-mentioned

20 vertical multitubular heat exchangers as the condenser and the reboiler, a

long-term continuous operation of the distillation column system can be

achieved.

BRIEF DESCRIPTION OF DRAWINGS

25 Figure 1 is a longitudinal sectional view of a vertical multitubular heat
exchanger according to a first embodiment of the present invention;
Figure 2 shows a variation of a top cover for the vertical multitubular

heat exchanger of Figure 1,



exchanger according to a first enbodi nent of the present invention; Figure
2 shows a variation of a top cover for the vertical nultitubular heat
exchanger of Figure 1; 8 14 August 2006 Figure 3 shows another variation
of the top cover for the vertical nultitubular heat exchantfbAugusiEZfe 1;
Figure 4 shows yet another variation of the top cover for the vertical

mul ti t ubul ar F@g}reeéc?l%\%r?%th@r%r@atﬂdn Df ih@utsp Toveewsr sthiel bepticdlher

vari ation of top cover for the vertical nultitubular heat exchanger of

Fi gure Lmfitaub6iaf Henta R¥dnqelof mplg ged sectional view of the vertical
rrultituburpar ﬂeat execc:ahanger ag?cordigg to the first enbodi nent of the

present i nvenr:igm;e AQnbwaHyet dnstHersyatiatiur of ttee tep chvenfer te Weginat 8 is a
, partially enlfarged sectional view of the vertical nmultitubular heat

exchangermafpapdianhd) excrerRed cfrmgdienent of the present invention;
Figure 9 I1s a schematic view of a distillation colum system 15 conpri sing

the vertical FiguretSibhbars Sihanexedavartatiae ob thie ngp tcovehéor reyerntical
i nvention; and Figure 10 is a longitudinal sectional view of a conventional

vertical molitubtiahHemt ehedtangectedifggure 20 DESCRI PTI ON OF PREFERRED
EMBODI MENTS Enbodi nents of a vertical nultitubular heat exchanger according
to the preseFigurevéntisoa \partiaby erlargedesentionat efiswertfe the YPHIFHgS.

g
Figure 1 is a longitudinal sectional view of a vertical nultitu ar heat
exchangermulidebulérngeadb axrhangest ascedsingetr the firid ﬁwem\v@ﬁ%@n 25

As shown in Figure 1, the vertical multitubular heat exchanger | has
present invention;

10 Figure 7 shows a variation of Figure 6;
Figure 8 is a .partially enlarged sectional view of the vertical

multitubular heat exchanger according to a second embodiment of the

present invention,;

Figure 9 is a schematic view of a distillation column system
15 comprising the vertical multitubular heat exchanger according to the

present invention, and

Figure 10 is a longitudinal sectional view of a conventional vertical

multitubular heat exchanger.

20 DESCRIPTION OF PREFERRED EMBODIMENTS
Embodiments of a vertical multitubular heat exchanger according to
the present invention will be explained with reference to drawings. Figure
1 is a longitudinal sectional view of a vertical multitubular heat exchanger
according to the first embodiment of the present invention.
25 As shown in Figure 1, the vertical multitubular heat exchanger 1 has
a tubular shell 2 extending in a vertical direction. The tubular shell 2 has
preferably a circular cross section, but it may have a cross section of any

other shape. The vertical multitubular heat exchanger 1 also has an



a tubular shell 2 extending in a vertical direction. The tubular shell 2
has preferably a circular cross section, but it may have a cross section
of any other shape. The vertical nultitubul ar heat exchanger | al so has an
9 14 August 2006 upper tube sheet 8 and a | ower tube sheet146ugEsH&6 vely
di sposed at an upper portion 4 and a | ower portion 6 of the tubul ar shel

2, 5 PR AR e ROSRY AT U BEE: 4918308 o ape Bl cover
shape B 2oL RIND FLHE e Bobl TR RS BRI P, BSpBEdiama hose o
v vaen et oudh S DO D LT o AP ol g

Cover! SNEhaSEPRIZ e LURCSRSC O T gl forl1zOad baBle huaelde form,
i ke  noLy AU g, A SO.orf Rnah LARMTE N ISt WBRIE AR FRECOVETe o and L he

| ower™ tu sheet y be o | xed type as shown in Figure

1, or it t r ' | el eraghtteshargydrsord tong
head/ spl ?t rlsaﬂg%%t%?ef,d?aﬁ??géﬁ &Sﬂf\%&{g/ﬁgﬁlﬁl - outr type and nfghe | i ke (not

shown) . 1§ sHuien ihhﬁigli%%i 9ajo mul tE ket athehattachrndrngetwéen sthir top ded
with an upper space 16 defined by the top cover 12 and the top tube sheet

8, an ipdwedrmedi e theappakStulef shedt Bymidyebé wifud aovenhee? saparatgsber t ube
sheet 8, and the |ower tube sheet 10, and a | ower space 20 defined by the

bot t om clyper ag4samant ime Figwes 1t ube isheast Neve e dormhef tgoyeveshest has 20
a top port 22 that comunicates with the upper space 16, while the bottom
covel0 14integradedoypem pdubelshasaiaintegratadi bimecani the Hlike (Beshopdde 20.
Further, the vertical multitubul ar heat exchan erh% ha& tﬁ pII ur al t'j of heat
exchangeflseudbe attasharerds balwesn itoer Peam SovRe 1 RNC 1B e and

the | OV\BsrhefeL{b‘F 0 %]aeye E)eloof 3 ttuthFsh%létt ?lrxe%i try%lérgse SROWn i%GngurBOIt,rbre?'E'ﬂ'?ay
have the form of a floating head/gland type, a floating head/split flange
type, a floating head/pull-out type and the lil_<e (not shown).

15 Thus, the vertical multitubular heat exchanger 1 is provided with an
upper space 16 defined by the top cover 12 and the top tube sheet 8, an
intermediate space 18 defined by the tubular shell 2, the upper tube sheet
8 and the lower tube sheet 10, and a lower space 20 defined by the
bottom cover 14 and the lower tube sheet 10. Also, the top cover 12 has

20 atop port 22 that communicates with the upper space 16, while the bottom
cover 14 has a bottom port 24 that communicates with the lower space 20.

Further, the vertical multitubular heat exchanger 1 has a plurality of
heat exchanger tubes 28 each of which is fixed to the upper tube sheet 8
and the lower tube sheet 10 at the outer circumference 26 of both ends

25 thereof, respectively, and communicates the upper space 16 with the lower
space 20. As explained below, since the process fluid is introduced into

the heat exchanger tubes 28, the tubes 28 are preferably made of a

material that does not react with nor degenerate the easily-polymerizable

10



25 thereof, respectively, and communi cates the upper space 16 with the
| oner space 20. As expl ai ned below, since the process fluid is introduced
into the heat exchanger tubes 28, the tubes 28 are preferably rnade of a
material that does not react with nor degenerate the easinVbéHQH’éterQﬁol e
10 14 August 2006 substance and, in addition, a material that does not

cause anylsfiaheei Sid oim bhEitieata enatepagenat dbes 2R taese dnyesomodidns easily
wel ded. Thus, the heat exchanger tubes 28 are made of, for exanple.

aust eni t b thetiRalt extitRByeraudesntsithefeenidd andtieadagliyowslded. fEhustic
steel pipes. 5 The tubular shell 2 is provided with two ports 30 and 32

communi Cfel ﬂ@aNéx'&hhhﬁeMb@éﬂB% Are fRREe ol Sforvweeswiphe aatistenitic heel
exchanges heat with the process fluid introduced into the heat exchanger

tubes 28jbesl alatdrgticMetritia sty gipewsot furatighstébepipeser nedi ate space 18 via
the ports 30 and 32. The internedi ate space 18 may be of a 1 -path type 10,

havi g a si nghe clubuter stselsh@wnisi rprBiviglede Wwithortwiot pastsbe3bf aad2-32at h or
3-path type (not shown) where the internediate space 18 is partitioned into
a pl ur al¢drgroinicainpewith The imteemesiktat s psicacd 8lawheyell sd Hddpidat ded
with a partition to define a channel therein, wherein the channel in the

i nt er medéxata regesc be a8 withytHee podcess Haisl injtndugech iTtp| theoheat axelypager; 15

diverging flow type, a double diverging flow type, a splittin ow type,
and t hdUbpRe28 iEketaisnst within apd fwwhrmhdbséﬁt%rm%gléﬁ%épaggi 1;5 ¥¥ped

S1 ope. alEQPOT G #R8 ppel Ne inreIaE At SPAEF I8 i RE U e BBhReHi ng t he
2050, ihad " SRl S0 bR B0 HFIAIR.T oL R BT U2 o 0
00 el gte Pt AR E15e Hhakas gebds pond gragsnedbcaon! | ed
mechani ¢ pality58f Bfambers. The intermediate space 18 may also be provided
with a partition to define a channel therein, wherein the channel in the
intermediate space 18 may be of a longitudinal baffle 2-path type, a
15 diverging flow type, a double diverging flow type, a splitting flow type, and
the like.
The upper surface 34 of the upper tube sheet 8 is sloped downward
from the outer part 36 toward the central part 38 thereof. The slope angle
8 of the upper surface 34 relative to the plane containing the upper outer
20 edge 40 of the upper surface 34 is preferably 0.005 to 0.1 radian, more
preferably 0.006 to 0.04 radian, and still more preferably 0.007 to 0.02
radian. It is preferred that a polishing process be applied to the upper
surface 34 of the upper tube sheet 8 by, for example, mechanical polishing
such as buffing or electrolytic polishing, but, on the other hand, such a
25 process may not have o be épplied‘ Further, in the vicinity of the lowest
position or in the central part 38 of the upper surface 34 of the upper tube

sheet 8, a lowest heat exchanger tube 28L is disposed.

Also, the lower surface 42 of the lower tube sheet 10 is sloped

11



such-as buffing or electrolytic polishing, but, on the

25 process may not have to be appli ed. Fgrther: in the SFE?LiPsng% fﬁgh :
| owest position or in the central part 38 of the upper surface 34 of the
upper tube sheet 8, a |owest heat exchanger tube 28L is dithAyeust 2004
the |l ower surface 42 of the | ower tube sheet 10 is sloped 14 Auguét 2006

downvar d é{o&\?@éﬂﬁfé‘am?ﬁe RRftér gértt%\datdlﬁw@eehtml paat 4646etsef eofhe The

sl ope an wer surface 42 relative to the plane containing the

| over outer f | o L8
déﬁfg;& oft 1 1SWEF stifdcrcaz 4R lativertefteraplanes ebataising toen t h
same ran g%? siOpe angl es as the upper surface 34 gf%nt he upper g;ube t5 ©

sheet 8 explainad. abeieor 98 1bWas seirfadecsPaatprefetaniyseleasssfr
. e fhoe
connecti ng tﬁe&?u[)e?%% to the upper and IOV\F/)er tubemsheets 8 and 10 wi ||

be expl aifgds r2ngecot B '
_ pd@rigiesanthé ppeeasurtachdfgel thebepPos take
connecting tubes™28 to the upper tube sheet 8 are structurally simlar to

the pgrtigppetd ekpaimedbbbeexchanger tubes 28 for connectin

to the | ower t_ubebsheet 10, the former case will be only xg tihﬁet u\?mgthS
reference to Biggtices of thé et exshiangan tielne 3 2§@r LEENESHAID &\ee %@fs fﬁe
connecting portions between the upper tube sheet 8 and the at hanger
tubes 28.toAbeshoper and fower tulte sheetsBmnd 1 QodliseR&xpP 'HSQ- h&e'@gegégi nt o

each 15 of which a corres di heat '

Snds 55 mirtiatis ohéhdeatcehanr tiesss Bgononsatco ey Zebto (fen Lhec!

upper surface 34 of the_upper tul?e ﬁheei ? G0 p&npq;e o hdad

FZ)ErBO\elllr gediumel‘?t%@é}[’f@etggoﬁ%sﬂ% drallyn §imitay; chr Rtehéo kT e>Ic anger tubes

nserted into the holes 50 t intdd '

g)ﬁggfgﬂgereﬁimﬂfsm?ﬁs#eméﬁﬁmgg'ngﬁagﬁf@ g?r%tgq @Q%c@pgécﬁ Itu getéti&t}gg%; t ube
. r, e Lr [ drize [

25°6 thdneviarmascank il Do EuE SR T R o O e B 20

as not 1o oL gt RELUBREI Wi iPsfe buRAesling!pditians baiwempdheends 52

upper tube sheet 8 and the heat exchanger tubes 28.

As shown in Figure 6, the upper tube sheet 8 has holes 50 into each

15 of which a corresponding heat exchanger tube 28 can fit, and upper ends

52 of all the heat exchanger tubes 28 are positioned lower than the upper

surface 34 of the upper tube sheet 8. Each of the holes 50 is provided

with several grooves 56 so that, after the heat exchanger tubes 28 are

inserted into the holes 50 to be positioned therein, the heat exchanger

20 tubes 28 are expanded and fittingly secured to the upper tube sheet 8.

Further, the entire circumferences of the respective upper ends 52 of the

heat exchanger tubes 28 are welded to the upper tube sheet 8 so as not to

form a step between the upper tube sheet 8 and the upper ends 52 of the

heat exchanger tubes 28. Such entire circumference welding between

25 the heat exchanger tubes 28 and the upper tube sheet 8 is also effective
for enhancing air tightness therebetween.

Also as a variation, as shown in Figure7, after the heat exchanger

tubes 28 are inserted into the holes 50 and then expanded to be fittingly

12



heat . exchanger tubes 28. Such entire circunference wel ding between 25 the
heat exchanger tubes 28 and the upper tube sheet 8 is also effective for
enhancing air tightness therebetween. Also as a variation, as shown in
Figure 7, after the heat exchanger tubes 28 are inserted it &ugHst 2f&s 50
and then expanded to be fittingly 12 14 August 2006 secured to the upper

tube sheel, 8, .4Ne Wqﬁdtm heas @fthbhﬁgbﬁgtenoeb%ﬁ@lﬂ@roft%H@%She% may be

machi ned “0r ‘gfound 'so no step 1s forne et ween the upper ends 52 of

the heat egggyﬁ%@gg?qubgg% %anfﬁééi ng ShiHear graviniese LRt 96 stdje isippened ube

sheet 8. _ operation ove-nentioned vertical multitubular heat
exchanget, i klorf¥heftiphat BRfls 82061 HidTAbLe bkithangeramedig8 arbtimappbei n - gas

i s condense [ e vertical multitubul ar heat exchanger is explained.

First, R fRINSSTd AbILga tubel didiBiced into the upper space 16 10
220t t

t hrough the top port he vertical nultitubular heat exchanger 1. A

portign of thenbnphedaeses sEtthacabbesmeationesd coadieas erultiobutamhaet i ng
t he upper surface 34 of the upper tube sheet 8, and the nethacrolein |iquid

pr oduced dxhig et onillebs agxmainesl. | dFor simplictyppeassuvhace mathsrcreledn upper
tube sheet 8. I5 Since the upper surface 34 of the ugper tube sheet 8 is
sl oped ¢manvier dohtiemsete wittier theorvdrtisaBenubitdbdlar hbegbnexehan@ft idn 38
and is also snoothed by, for exanple, buffing, the nethacrolein |iquid
| ai d on texplaimpger surface 34 of the upper tube sheet 8 fl ows downward
along the wupper surface 34 or toward the aentral “ff([)rtion 38 of the. upper
tube sheet 8 Bushi theounethachgleinignsoss iMEoHwcRd 18iq fAR HPRETLPPRRE Hper
tube sheet 8. The downward-fl owi n thacrol ein || quj L nto 4 he heat
exchafigethtqQuats the gogi Red et OéﬁBﬁd’gqr 830594'{')*&%%% bgﬁ* gﬁ%%ﬁ??l} gn o}%‘ t he
| onest h%%trtion of the introduced methacrolein gas is condensed upon contacting
the upper surface 34 of the upper tube sheet 8, and the methacrolein liquid
produced by the condensation is laid on the upper surface 34 of the upper
tube sheet 8.
15 Since the upper surface 34 of the upper tube sheet 8 is sloped
downward from the outer portion 36 toward the central portion 38 and is
also smoothed by, for example, buffing, the methacrolein liquid laid on the
upper surface 34 of the upper tube sheet 8 flows downward along the
upper surface 34 or toward the central portion 38 of the upper tube sheet 8
20  without being laid on the upper surface 34 of the upper tube sheet 8. The
downward-flowing methacrolein liquid flows into the heat exchanger tubes
28 disposed along the way to the central portion or the lowest heat
exchanger tube 28L. disposed in the vicinity of the central portion.  Thus,
since the methacrolein liquid is not retained on the upper surface 34 of the
25 upper tube sheet 8 and the like, the adhesion of a methacrolein
polymerized material to the upper surface 34 of the upper tube sheet 8 and
in the vicinity of the upper ends of the heat exchanger tubes 28 is

prevented. In addition, preventing the retention of the methacrolein liquid

13



exchanger tube 28L disposed in the vicinity of the central portion. Thus,
since the nethacrolein liquid is not retained on the upper surface 34 of
the 25 upper tube sheet 8 and the |like, the adhesion of a methacrolein

pol ynerized material to the upper surface 34 of the upper tlh&ugHse208 and
in the vicinity of the upper ends of the heat exchanger tubes 28 is

prevented,, .LF It I i ; i Ol g04 ré &gt s atiaeineis |iquid
13 14 Auém':b“fggg ddoﬁﬂptgﬁtt@gt efylgrgg\%vtgﬁ né?fe?rf?el pg\ISSmQri zed material. As a

resul t Lo shanpebe dian bhs HRYNE Mahacasisimmduidahmigradhel beat 1 qui d

t hr ough €at ~ exChange S 28w al so be surely obtained. Also,

t he met h%&;?glaﬁiggﬁg&ﬁe%Qscwppgggggep%;gwrbmgmdmat exchanger 5 tubes 28.

Al t hough t acroleirn I'iqui roduced by the condensation flows al ong

the inner sur 8rekhide dlfadaxs Bondensbdberh?Bihe heat eechanget ei n
liquid wthi nhﬁ;ogstnga?" f(tar;(change?ét ubes 28 is driven by the nethacrolein

gas agd thgekidee AhNLGH tHewRuaTaErelath tinukd brodsceld myvnedcondensationei ng
retai ned on the inner sSurfaces 58 of the heat exchanger 10 tubes 28, since

the flowiehanngbsy e iMernstifaces!58 nf dhe hadt exehangendubes e theyui d
fl owi ng through t%e heat exchanger tubes 28 are surelé_ obt ai nigh
Subsequenhéihadrbreimeiduid neiteimthe deiad exabangent tubest B8 iRedrver:sh Hifyer
tubes 28 at the |ower tube sheet 10 side. Mst of the 15 nefhacrolein
liquid conethpovaleinfgashandiéae nggo‘lfarn@grdwawra%t%f@w C{%W?{ff
whereas a portion of the nmethacrolein |liquid adheres onto_fhe .|
surface agithsut heingovetainedeor HBgt INNer b"’;)-’cl'g%??sd%& togrg‘feoh.ea{—ﬁ%gp@ﬁgsl; because
of the slope forned on the | ower, surfacg 42 of th e h 10,
t he #Bt hdePeserf Iﬁ‘aﬁ?dt%ﬁb%dc Fnsls fqgv\ilpe srt‘}teiiﬁ%'lé'%ﬁhob%?hgn%ﬂ%v\er
t ube sheet 10 fl ows downward or, t rd .t C )¢ hout
‘bei ng retBf rP%é?é'&H,id p%wf% Fhr&’% tﬂﬁe’ﬁ% tr%%i%{eqnegﬁgfjﬁw%wmsﬁ
obtained.

Subsequently, the methacrolein liquid flows out of the heat

exchanger tubes 28 at the lower tube sheet 10 side. Most of the

15 methacrolein liquid coming out of the heat exchanger tubes drops down by

gravity, whereas a portion of the methacrolein liquid adheres onto the

lower surface 42 of the lower tube sheet 10 by surface tension. However,

because of the slope formed on the lower surface 42 of the lower tube

sheet 10, the methacrolein liquid adhered to the lower surface 42 of the

20 lower tube sheet 10 flows downward or toward the central part thereof
without being retained thereon, to fall down therefrom eventually.

| In the conventional vertical multitubular heat exchanger 120 (see

Figure 10), since the process fluid tends to be retained for a long period of

time on the upper surface 136 of the upper tube sheet 128 and in the

95  vicinity of the upper opening and the like of the inner surface 138 of each

heat exchanger tube 134, an easily-polymerizable substance such as

methacrolein tends to be polymerized. On the contrary, since the vertical

multitubular heat exchanger 1 of the first embodiment is provided such that

14



In the conventional vertical mnultitubular heat exchanger 120 (see Figure
10), since the process fluid tends to be retained for a | ong period of

time on the upper surface 136 of the upper tube sheet 128 and in the 25
vicinity of the upper opening and the |ike of the inner surthfuguss@i6 each
heat exchanger tube 134, an easily-polynerizabl e substance such as

met hacr okjgh né@soledn guRPWINROT Zedetained n tenuppersuarr é4t3d thd ti cal
mul titubular heat exchanger 1 of the first enbodinment is provided such that
14 14 Augiust g20Pe uphernrideasheleei 8, Ipotymedrizatipnnbardiz PREWSNBAYoHE he
upper surface 34 and the |I|ike of the upper tube sheet 8, pol rization
hardly ocgiesiendf tihe meitiaesslem pﬁlwherin@dmﬁeélaéﬁ%t%HPﬁéFisﬂég%ﬁa% rial to
the upper surface 34 of the upper tube sheet 8 and in the Vic%ﬁ%iﬁWOf t he
upper opeifithg wopert fube Sheekd afd trhthe Nivdnity @f the PR APKUES €
exchanger tube 28 is prevented. |In addition, even iL Eﬂi.ogeratu%n of the
vertiBal likalof thebirirer swracebéhehgaeh heatsexchangfidybei4e SIS ¥IPIq

Gchangern Aaiion v b HidbaARTAoN af 16° el at MU BER 4 5t R e e
Convant | Gris carinyash thapaly masaes TRLT = e gL sl rEREL rrdetlfa .

mul 1t ubiaH HEGE cHrey NoRtssrodrnge | HBRE, 0 Cop R IR

vert i cal SRRCABNEY AemHaAnG 118 ndu A AR R e Y ease i

neat ;gxchanger. eh 1 £l IENESS\ Mo RAPYeRiLan RSB Yedt (dehengirsal

mul t i anger can al so be prevented. A vertical

mul ti tubylar, Heat \exchargsry aGANER RloWs afgpethad coetinaduseiengf terme
present invention wll be described with reference to 20 Figure 8. The

vertical Jpdrhtibnind ie Veaicabkriitngenanheat dkalyangern he

Also, since the adhesion of the polymeric matter is prevented,

decrease in the heat transfer efficiency of the vertical multitubular heat

15 exchanger 1 can be prevented and decrease in heat exchanger

effectiveness and separation efficiency of the vertical multitubular heat
exchanger 1 can also be prevented.

A vertical muititubular heat exchanger according to a second

embodiment of the present invention will be described with reference to'

20 Figure 8. The vertical multitubular heat exchanger according to the

second embodiment is similar to that of the first embodiment and is

characterized in that the heat exchanger tubes except the one disposed in

the central portion protrude from the upper surface of the upper tube sheet.

Therefore, the second embadiment will be explained only with regard to

25  the structures or elements which differ from the first embodiment. Also, in

the drawings, the elements of the second embodiment similar to those of

the first embodiment have the same reference numerals as those of the

first embodiment. Figure 8 is an enlarged sectional view of the

15



second enbodinent is simlar to that of the first enbodinent and is
characterized in that the heat exchanger tubes except the one disposed in
the central portion protrude fromthe upper surface of the upper tube
shéet. Therefore, the second embodi nent will be expl ai ned dhiAxgxst ROP@gar d
to 25 the structures or elenments which differ fromthe first enbodi nent.

Also, in Gk t t the sesendndnhedismnexctiangear to
céﬁ@eﬁr@lp'&gﬁ% (Hé?w@bﬂﬁﬁ@ Spo¥r fUre n xctiamgd

t hose of ment have the sane reference nunerals as those of

t he firS%uéﬁ%fébefiiﬁ@%rtifél%hﬁitﬁbbl%r%ﬂ%ﬁ‘r@*@eﬁ@ﬁdwdmgtdehetsfecohd 15 14
August 20 connecting portion between the upper tube sheet and the heat

exchangeren-p%@ ek the vertical nmultitubular heat exchanger according to
the second e ogi ment. As shown in Figure 8, in the vertical nultitubular

heat exchangeras Bhaea?ndi Figur® 8,hie e aredtieabatliltitriylat heatpperhangers2L of
the | owest heat exchanger tube 28L does not, simlarly to the first

enbodigrenaccdiditg tielehe fseeont enbipgiererdytiauppad eatl GHeolifilowegdiagieet 8,
whereas the upper ends 62 of all the other heat exchanger tubes 60
protrude Excmander tuEe8Lsdoés oot 3dinvilanhéo dppdirst eirebadigants prefivfee
circunference welding is 10 applied between the heat exchanger tubes 60 and
t he upper fronbéhe hupperssuriacenS4t of Hiehupper $HbetshelheWhPRRS Hag RS t he

upper ends 62 of the heat exchanger tubes 60 %bd tcRe ctgf)er rS%Hrface 34 of
the upperended&Xntetl the, other iheat @xchanger dnees &Y BRI t\RER ANE P AR at

nhanci ngseifAcei dhiafcle upBel NOPELASmeR: Bt AT e Rl fBPar heat
bet wadh BRI AETUaED SRt Seo e idta chag o0 AnASnEeare Liks Sheers, ¢
: gcggﬁ:tegﬁ?féf;c%%c@%%% ﬁ@%goﬁﬁ@ctio‘fﬁ beffteAUhb! IEMI%H a8hdbesd ofrpBanger
heat exchanger tubes 60 and the upper surface 34 of the upper tube sheet
8. Entire circumference welding between the heat exch‘anger tubes 60

and the upper tube sheet 8 is also effective for enhancing air tightness

15 therebetween.

In the vertical multitubular heat exchanger according to the‘-second
embodiment, the connecting strength between the upper tube sheet 8 and
the heat exchanger tubes 60 can be increased. Accordingly, even if the
vertical multitubular heat exchanger is constantly subjected to the

20 vibrations caused by the flowing in and out of the process fluid or the fluid
which exchanges heat with the process fluid, the vibrations caused by the
pump or the compressor, and a pulsating flow directly from rotary pump
machinery or the like, the sealing performance of the connecting portions
between the heat exchanger tubes 60 and the upper tube sheet B is

25  prevented from being lowered, and therefore leaks of the process fluid
from the connecting portions therebetween can be prevented. Further,
the increased connecting strength provided by the heat exchanger tubes

60 disposed around the lowest part heat exchanger tube 28L also prevents

16



20 vi-brations caused by the flowng in and out of the process fluid or the
fluid which exchanges heat with the process fluid, the vibrations caused
by the punp or the conpressor, and a pulsating flow directly fromrotary
puip nmachinery or the like, the sealing perfornance of the1%dﬂﬁW§i29@ﬁ
portions between the heat exchanger tubes 60 and the upper tube sheet 8 is

25 pr eve%édséélmg)@rﬂﬁrd% ef.thandotmettriprortieak hetivaere the dowest f | ui d

fromthe connec portions therebetween can be prevented. Further, the

i ncr ease%aq.prm%qt 'ﬁg&éﬁg@nmﬁ‘e @8l igiet thy tpeerhtutte esteiedngefromulbeing 60
around t

di sposed e |l owest part heat exchanger tube 28L al so prevents 16

14 Augustiog@pPeq, t h@scﬁ%ﬁé@%@@a@@i%&h@@e@t ttansfeneffistency byctadansdndet ween
the | owest part heat exchanger tube 28L and the upper tube sheet 8 from
bei ng | aWBr 8fhm&lstOof WhE Thédic eeahianget HabheabOtanhsalep WToreasiege jhey
deceasing the diameter of the heat exchanger tubes 60 and al.so increasing
the 55numgnbef of tiee tulesss asao mmmwea@ex@mn&e@blamar@ﬁ%t
transfer surface, the connection of nmultiple thin heat excg nger .t ubes 60
and the supfmve, ttheecameattich cfhmuiéipdethinyheat exshrrgersvbgs ﬁi%%%th%f a
distillation colum systemutilizing the vertical nultitubular heat
exchangerupgert tudepsteatr cannsuyRarforpe®xpl ai ned with 10 reference to

Fi 9. Fi 9 i hematj c . vi f the distillati. I ; t
cortpr 1 si ng 1 hAnvemcskment o 4 a3t otk aple rysiein B, G YD o
mbodi t of th t ti.qpn. As_sh ' ' WSl | ati
Col umn syBuBipoarisal Sxsnapber A DR WsrBHR e Rebfitise Ppldfiof Fth !t on
terial t ai ni || Ye, | ' i Thigtidbgbh! | at i
col od 728Eeraaes B8 FIOUTERE  Eiebne T e A G e e e bor tfon

Liontc AU SRS i A mR et ot o

connecte tom he top pipe 80 of the distillation

col um 72,4 Gy &5 IR ehfb ddimertbfRRBgresent invention.

As shown in Figure 9, the distillation column system 70 has a
distillation column 72 capable of distilling material containing an easily-

15 polymerizable substance. The distillation column 72 comprises a supply
pipe 76 connected to an intermediate portion 74, a top pipe 80 connected

to a column top 78, and a bottom pipe 84 connected to a column bottom 82.

The top pipe 80 of the distillation column 72 is connected to the top portion

88 of the vertical multitubular heat exchanger' 86, which is the above-

20 mentioned embodiment of the present invention and also works as a
condenser. A distillate pipe 92 which is branched into two separate pipes

is connected to the bottom part 90 of the condenser 86, one pipe being
connected to the upper portion 94 of the distillation column 72 and the
other being connected to an outside. The bottom pipe 84 of the

95  distillation column 72 is also branched into two separate pipes, one pipe
being connected to the bottom part 98 of the vertical multitubular heat
exchanger 96, which is the embodiment of the present invention and also

works as a reboiler, and the other being connected to the outside. A
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88 of the vertical nmultitubular heat exchanger 86, which is the above 20
ment i oned enbodi nent of the present invention and al so works as a
condenser. A distillate pipe 92 which is branched into two separate pipes
i s’ connected to the bottompart 90 of the condenser 86, oneT%W$@U§b2&@§
connected to the upper portion 94 of the distillation colum 72 and the

other being conneel gyt ARcOHS\Acn T0%oMMICAIA B Ree Bdwel ddieoRS! 04

distill att? ranc Into two separate pipes, one pipe
bei ng con ed_ i r i | 4fl thelrebailepeat
exchangep?gﬁfg cﬂ?\{”@#é}ﬁcpﬁ@@%ggiér?erﬁ'%cg%d?ﬁgh%?%%gﬁi ?ggednft ihon andeal SO

wor ks as r [ jIn}ﬂgr' [ F\f‘We e étainde. ah 17 14
August 2006 ef%r%é?%?ﬁpgl congir)%tﬁioggh%g%w |gﬁ i's %ﬁkﬂgc?gg to thae | ower

e | bSihle! LA ' estidr® cohgmhof2 part 100
bortion 10 Bt i otesid LA Aoyet B cEluih, Gesretis 2 par

revent “pol ynerization of the easily-polynerizable

substanc la BRatb"BSIQHM (Betrgy fdoti bat it heaye deupnovided as a
distilla ir%ﬁérgo ur?n672 is 5 prgferg%ly amg?gte col un)ﬁ (a tray colum), but

it may bepiey werkras et Wankeweroaprap tawer,vend thelike, a spray tower, and
the like. An operation of the distillation colum system70 wll be

expl ai ned by Adessdrabionoftthe distitatidrecelurenisysterndithwilkbei exqlaings bY om a
met hacrol ei n- containing liquid. 10 First, the nethacrol ein-containing
liquid i feasceibimgdheate wheretmathadreieincisndistiled dremgai MedRACTIELIBDt ai ned
for exanple by bringing a nethacrolein-containing gas, which is obtained
by cat al wointaigés@digsicdbhase oxi dati on of isobutylene with a nol ecul ar

oxygen-cont ai ni n as, into contact wth ter to collect, net olein in
the 1@rm of aﬁll’§gug fs M®h§6fm?|%ﬁ°6?a'ﬂmga%¢eﬁ.prﬂpeared' SIFH %

T e asanle St s o7 BB b I st
prefer abln¥eﬁ‘1%cclzergletir(%—éorﬁ?ai'ﬁr?ﬁé]aggﬂmﬁiigh is obtained by catalytic gaseous phase
oxidation of isobutylene with a molecular oxygen-containing gas, into
contact with water to collect methacrolein in the form of an aqueous
15 solution of methacrolein. The methacrolein-containing liquid is then
supplied into the distillation column 72 through the supply pipe 76.

A polymerization inhibitor is preferably added to the methacrolein-
containing liquid in order to inhibit polymerization. The polymerization
inhibitor includes one or more kinds thereof selected from a group

20 consisting of a molecular oxygen-containing gas, hydroquinone,
methoquinone,  cresol, phenol, t-butylcatechol, diphenylamine,
phenothiazine, and methylene blue, one or more kinds thereof selected
from a group consisting of a copper salt compound such as dimethyldithio
copper carbamate, diethyldithio copper carbamate, dibuthyldithio copper

25 carbamate, and copper salicylate, and a manganese salt compound such
as manganese acetate, p-phenylenediamines such as p-phenylenediamine,
an N-oxyl compound such as 4-hydroxy-2,2,6,6-tetramethylpiperidinooxyl,

carbamides such as urea, thiocarbamides such as thiourea, and the like.
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containing liquid in order to inhibit polymnerization. The pol ynerization

I nhi bitor includes one or nore kinds thereof selected froma group 20

consi sting of a nol ecul ar oxygen-contai ni ng gas, hydroqui none,

net hoqui none, cresol, phenol, t-butylcatechol, cliphenylanitAugust 2006
phenot hi azi ne, and net hyl ene bl ue, one or nore kinds thereof selected from

car bamn 3?3%§°§§th§?%ﬁ%%%ﬁgégé’ﬁ@h%féﬁgﬁﬁ?i?3’.‘*@%@%@?3@:Sf' B peILg. copper
o o &r (e of BREiRRTY 5F b BdedTRRAAISRBLBR. | AR addthg Ut as

manganes enedf am nes such as p-phenyl enedi am ne, an

manga _ ; ! s enedi
car bam deP g EnZag0f, S EIRYEIEHE I, b SRTFRINANTR | MATheS ke,

18 14 Auguishidl) mE)bdinttdasceinsenyl ined e diaiidticoesiumy 7 crdtied as a

si ngl e i nhi wo or nore inhibitors may be added in conbination.

Upon addigigy te diflIvesih Zsupply NHUR t 8refilix iguidie omeithac solvan-amant ai ni ng
l'i qui % trﬁ%y t:Jipéﬁk(%lil i toérg?sl? mayggey [ P]t roduced di Friqect ly into the distillation

col UM 72neRT intfodudB thpouls s®! lkRfddi feed Sinepl(yot ishowh).a Adsd,uk thejuid, or
ot her solvent and then introduced through a liquid feed line (not shown).

Al'so, if gowemepiebyiarrinhilsiiorrisithbi rhbtexulas okpge moioataining @aggénmeyrii ni ng
gas, it may be directly mxed into the easily-polynerizabl e substance by
bubbl i ng direttiyhmixdd ireo the e dilyrpalymarizatile ancalby swibkdigg andithe| vent
and then mxed 10 indirectly into the easily-polynerizabl Eubstanc . Upon
per f or mi niket rer altennatively tth@%b@cdlﬁolw@gené‘cwﬁﬂhﬁ{ﬁd €N PH®f erabl y
supplied through the colum bottom 82 of th distihlationfcolunn gZ and/ or
throl@h indiceeipinicethe@asihiolumeszahleiSURSIARGE- ni HRON BESTAMBHIRSd i nto
the distillation 15 colum 72 is then vaporiz i nt t I n gas
and fed BUHIGe ”Leolfﬂﬁl‘i‘c%if AOvgeT RN ngi 5 r@r&tfgfﬁﬂgzgﬁéﬁlﬁ‘%g t op
port 22 %rc}uhge“n the column bottom 82 of the distillation column 72 and/or through
the reboiler 96.
The methacrolein-containing liquid supplied into the distillation
15 column 72 is then vaporized into the methacrolein gas and fed from the
column top 78 of the distillation column 72 to the top port 22 of the
condenser 86 via the top pipe 80. It is noted that, although the
methacrolein gas contains the polymerization inhibitor, a portion of the
polymerization inhibitor is removed from the methacrolein gas within the
20 distillation column 72 and consequently the methacrolein gas may not
contain a sufficient amount of the polymerization inhibitor to prevent
methacrolein from being polymerized.
The methacrolein gas fed into the condenser 86, which is the vertical
multitubular heat exchanger of the present invention, is then condensed
25  into the methacrolein liquid. As explained above, since no methacrolein
liquid is retained on the upper surface 34 of the upper tube sheet 8 and in
the heat exchanger tubes 28 or the like of the condenser 86, the adhesion

of the polymerized material is prevented to allow for a long-term
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condenser 86 via the top pipe 80. It is noted that, although the

nmet hacrol ein gas contains the polynerization inhibitor, a portion of the
pol yneri zation inhibitor is renoved fromthe methacrolein gas within the 20
distillation colum 72 and consequently the methacrol ei n ga4 Augugbe006
contain a sufficient amount of the polynerization inhibitor to prevent

met hacr O'C‘%iggi,r{ C%ﬂe@@}iﬁ@' Mﬁﬁézgﬁd%meh% %4 GigRugasthkebrigtern he

condenser vertic i tubul ar heat exchanger of the

present | aRIAN, op8rfien AOPLEEREMaNaR Ealm bosiEmh POIa o Whblmis d. As

expl ai ne ce no nethacrolein liquid is retained on the upper

surface f pbga%% tube sheet 8 and in the heat exchanger tubes 28 or
t he Iike%§§8trﬂé8§ n ens'g'r 86, the adhesion of the polynerized material is

prevented to @] B‘é&Bﬂi%@héﬁ@wm@lhé&omn%@‘ﬂétniﬂ@@iﬁ;uid:@aﬁémouuﬁromerat i on
of the condenser 86, aresult, the long-term continuous operation of

t he dBStithbaédIQHWBbﬂﬁiﬁw 8y drafe s Blsationboluenh 32 isl foocadhte flowsupweed On t he
ot her "hand, the nethacrolein-containing liquid taken out from 5 the col umm

bot t om 82y efint the Félsdildr 36 Fram thé Woitahd to thédoped The taropetaives @f thet hin
the reboiler 96 fromthe bottomto the to&aﬂThea;ﬁgggggtuégro&%{ggnnas -
met hacr ol piethagoleinrcagalriingi liquid isooonisblied Ly NP ®isé
flows through the reboiler 96 and the tenperaturg—controlled nethFcroIein
i 5 retur rfesivs fthmuggh the reloifar 86 @nd thentarepergtyee-gontrofedBSNARP At 104
ORI I RN A R o s
D ! Sl ias ccREhaY et plERe s’ SEERL bRl piBenayr f ace
ﬁﬁ gfl;rgldgim-f:&rg]&ingég aini Hi fauidIRERsO0pRErd i P! YOBSIACIePRERT tRE 15

bottom to the top without being retained and accordingly the upper surface

34 of the upper tube sheet 8 of the reboiler 96 is filled with the

methacrolein-containing liquid, adhesion of the polymerized material

15 hardly occurs.

During the long-term continuous operation of the distillation column
system 70, the methacrolein-containing liquid remaining within the
distillation column 72 and the reboiler 96 may be collected through the
reboiler 96 and the bottom pipe 84 after the operation of the distillation

20 column system 70 is temporarily stopped for a periodic inspection or
trouble with other equipment and the like. Upon collecting the
methacrolein-containing liquid, it flows downward from the top to the
bottom within the reboiler 96, which is also the vertical multitubular heat
exchanger of the present invention. The methacrolein-containing liquid,

95 when it flows in this manner, is not retained on the upper surface 34 of the
upper tube sheet 8 and the lower surface 42 of the lower tube sheet 10 or
the like of the reboiler 96, and therefore adhesion of the polymerized

material onto the upper surface 34 of the upper tube sheet 8 and the lower
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During the |l ong-term continuous operation of the distillation colum
system 70, the nethacrolein-containing liquid remaining within the
distillation colum 72 and the reboiler 96 may be collected through_the
reboil er 96 and the bottom pipe 84 after the operation of tHeAHIOYEt 20QR i on
20 colum system 70 is tenporarily stopped for a periodic inspection or

Lroubl e WiiyaBLNeS ofGHEPERAr AIBE Lot 1 By IRONKEAL! kBRGNS in the

met hacr ol ér n-contai ning 11 qui ownward fromthe top to the

bott om wi E&%é‘t\&@ﬁpm’eb%drf‘der%%r 851 6fplafned Sbde vAictbesihgi! aftéulthbar heat

exchanger "0 resent 1 nvention. The nethacrolein-containing liquid, 25

when i t beté\ﬁqgid?n ﬁh&rﬁe F@dtﬂ%fr,gé % ﬁé@tar&@a,aﬂh@aﬂoggirtgwm theresatsandrangedd of

the upper sheet 8 and the | ower surface of the | ower tube sheet 10

or the Ijjegsof2g hgusehoi iy Gewtaneft ey efslymerithasiatier ofs igrevenledreri zed

material onto the upper surface 34 of the upper tube sheet 8 and the | ower

20 14 sAuggshsB0enti§ utHiscsiods dfe rbboileme6 andealshicke distilatiareoluke i s
prevented, as in the case with the condenser 86 expl ai ned above.

Accor di ngtystedt 7a tepepaier sbhtinuodslyhier raxbeixtendes pesiodest dimeafterne
clogging in the heat exchanger tubes 28 due to the growh of the paolyneric
matter isrepsmréingetie Speategukithoyt, raduisngl armyinspestiosnsi the inssdamd al so
the distillation colum system 70a to operate continuously for an extended
peri od of the rebaifer&6 upenstmpperajiarhkeeingeiest@adad. wi t hout requiring any

i nspection in the inside of the reboiler 96 upon its operation being
restarted. VhiWbileHbecaghadigents of theeverticel éﬁ‘l‘lt'mﬁlﬁﬁf Eﬁﬂ?aﬁxqp@é‘lger
exchanger 10 according to the present jinvention h e X ' , the
fol | M ng@CGAHRE i18n %a?f eﬁ@”ﬁdﬁ&‘?”%ﬁl%"?"q Pasts eé%!%%?ﬁeﬁb?o@e'@mﬁg

enbodi ments,. the upper surf.ace 34 of the upper tube sheet 8 is sloped down
fromthe 5%@%90%%Pﬁﬁﬁhe§§aP§Mard the central portion 38, the upper surface

may be sl oped\gRBVRS fhd Q¥BV & rfentioned embodiments, the upper surface 34 of

the upper tube sheet 8 is sloped down from the outer portion 36 toward the

central portion 38, the upper surface may be sloped downward toward a

15 position that is deviated from the central portion 38 or there may be two or
more positions that are lower than other portions.

There have been explained the first embodiment where the upper
ends 52 of all the heat exchanger tubes 28 do not protrude from the upper
surface 34 of the upper tube sheet 8, and the second embodiment where

20 only the upper end 52L of the lowest part heat exchanger tube 28L does
not protrude from the upper surface 34 of the upper tube sheet 8 while the
upper ends 62 of the other heat exchanger tubes 60 protrude from the
upper surface 34 of the upper tube sheet 8. Alternatively, however, the
upper ends 52 of all the heat exchanger tubes 28 may protrude from the

25  upper surface 34 of the upper tube sheet 8, or the upper ends 52 of several
heat exchanger tubes 28 disposed in the vicinity of the lowest part heat
exchanger tube 28L may not protrude from the upper surface 34 of the

upper tube sheet 8 while the upper ends of the other heat exchanger tubes
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15 position that is deviated fromthe central portion 38 or there may be
two or nore positions that are | ower than other portions. There have been
expl ai ned the first enbodi ment where the upper ends 52 of all the heat
exchanger tubes 28 do not protrude fromthe upper surface 3% A89Ushel@@per
tube sheet 8, and the second enbodi nent where 20 only the upper end 52L of

the | OWeshePayoln [4ef frot RIGSEef YHRaE8La4ItheNappEr elbsidhdet aBn t Mheupper

surface 3 pper tube sheet e upper ends 62 of the other

heat —exch F%ErttHQ‘?'ﬁJr&BePro‘Pttﬁﬁq'?edctré%d@htafh@er 4gpes zwﬂ’ﬁéi@gpéﬁ epfdst 52 afpper

t ube shee A'ternatirvely, however, the wupper ends 52 of all the heat

exchanger, tt et Bier fimmer t3becghadid, upper
W@?g?%ﬁgﬁ?ﬁﬁtﬂo@fﬂgﬁtﬁd @ éhsurface BA B t3be pp

t ube shee pper en 52 of several heat exchanger tubes 28

di sposed | Vird Bihestin bhené Qudpheriaet magdrialeisciraveeted ubed 288 may
not protrt e%gn%rtpéhe upper surface 34 of the upper tube sheet 8 while the

upper ?ndgr@éte& hBe HUEheheatthextanpehangeedubas 60t theigpper 2006 628f
protrude Fromthe upper surface 34 of the upper tube sheet 8. The greater

the nunbeéh bhetrhgatirenc trnuppet soefac2s34 fuf thepuppentid&shert Butheh do
not protrude fromthe upper surface 34 of the upper tube sheet 8, the nore
the adhesppsatef théeopplingestieregthnmtecieal thesippes/wibeethealftiapAdhs Nidlat er

t he nunber of the heat exchanger tubes 60 the upper ends 62 of which
protrude éxonanper e 66us foddaing4. of the upper tube sheet 8, the greater

IR A AR B A I L TR
O e b S BeSioe PBSERER) b AEohd bl (e
o v, W AR o RN A BRIl Gab s

a col I ect Lon, of {6 TP44FE Yn'ay BE' Brepared, for example, as an aqueous

solution of the methacrylic acid as a coliection of the methacrylic acid

obtained by bfinging a methacrylic acid-containing gas obtained by

15 catalytic gaseous phase oxidation of methacrolein with a molecular

oxygen-containing gas into contact with water, an extracted liquid obtained

by extracting the methacrylic acid from the above-mentioned agqueous

solution of the methacrylic acid using an organic solvent as an extraction

agent, or a fluid obtained by properly distilling the above-described

20 extracted liquid.

Further, instead of the methacrolsin-containing liquid or the

methacrylic acid-containing liquid, other easily-polymerizable substances

may be distiled. The easily-polymerizable substances include, for

example, the ester form of methacrylic acid, acrylic acid and maleic acid or

95 the ester form thereof, styrene, and acrylonitrile. These easily-

polymerizable substances may further include a mixture with a high

boiling-point substance or a solvent, or with a byproduct from the formation

of the easily-polymerizable substance. In the case of acrylic acid and an
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obt ai-ned by bringing a nethacrylic acid-containing gas obtained by 15

catal yti c gaseous phase oxi dation of methacrolein with a nol ecul ar
oxygen-containing gas into contact with water, an extracted |iquid obtained
by extracting the nethacrylic acid fromthe above-nenti onedl44iugpss2006
solution of the nmethacrylic acid using an organic solvent as an extraction

agent, Oadt fit Wdepbinai REdPY GEPmeclLidech hixtlienof tdustabavie, despidiied 20
extracted P/qui d. Further, instead of the methacrolein-containing liquid or

the et hagyyhtrolai, dnasitadidnevdienuirt fotnhalin exsthley g | whish asblitbe
substances may be distilled. The easi | y-pol yneri zabl e substances i ncl ude,

for exaf@}?rodlﬁ@se@b@rﬁ distainint et heoylid acicadydcatatyty¢ igaseoiud phaseml ei c
acid or 2 he ester formthereof, styrene, and acrylonitrile, These

easi |l y- polidanheni maieliens ubsisanietheayasairafherethactaldin, athei mixiugewsan a hi gh
boi I i ng-poi nt substance or a solvent, or with a byproduct fromthe

f or maBi onnchfdet Aemedare i padetierickhbhd watert andle like, twikichage H1e &yryl i c
acid and an 22 14 August 2006 acrylic ester, the m xture can include a

i xture gfrodoets wpani dbtainttg dne onethacdoledr ly @ patatylieigasgaus PRASRr, and
formalin or the like, which are the by-products upon obtajning the acrylic
aci d by oatidayjoncrepsissus pHagein dﬁﬁd&ﬁﬁ@nofeﬁ'@mﬁ%yhﬁl @8'4 na'?‘gee%tgée of

nmet hacrol ein, the m xture can 5 incl uge a m'@<ture of ceti.g achd aﬁd wat er
or the |imethagiyiaieathe mixtue.can Rrleee apurtBE: i APHYC 3 AT 85PEPei n by

o o Y S S F L R SR aEREld PRon YBRARGLR, RRREYIE 1 e
o 2Nt 5 ARt B bUfdofEredllihy, are Lhe by-products
o aton TeagLifibn, YRHOCT, Y BOVE MBS SRBRee bed iowet < | hc
out er surface 42 of the lower tube sheet 10 is sloped downward from the outer
portion 44 toward the central portion 46, it may be sloped upward from the
outer portion 44 toward the central portion 46.
15 Furthermore, a case where the vertical multitubular heat exchanger
of the present invention is used as a condenser for a distillation column
system and a case where it is used as a reboiler for the distillation column
system have been described above. However, the vertical multitubular
heat exchanger of the present invention is not limited to being used as the
20 condenser 86 and the reboiler 96. Instead, it may include other types of
condensers, coolers, heaters, or evaporators as well.

In addition, the vertical multitubular heat exchanger of the present
invention may be provided with a baffle plate, a longitudinal baffle plate, an
impingement baffle, a channel flange, a shell cover flange, a shell side

25 nozzle, a floating head cover, a fixing rod and a spacer, a degassing
connection, a drainage connection, a instrument connection, a support

saddle, a lifting Jug, a level gauge connection, a component for preventing

thermal expansion of an expansion joint and the like, all of which are
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portion 44 toward the central portion 46, it may be sloped upward fromthe
outer portion 44 toward the central portion 46. 15 Furthernore, a case
where the vertical nultitubular heat exchanger of the present invention is
used as a condenser for a distillation colum system and al4A¢@ushedQs | t
Is used as a reboiler for the distillation colum system have been

descri beﬂﬂ@gﬁeﬁoﬁ\ﬁé@{ai h.telé? e&gh%hﬁg}_ mul titubul ar heat exchanger of the
96

pr esent frmte ei ng used as the 20 condenser 86 and
the reboiler Instead, it may include other types of condensers,

cool ers, heaters, or evaporators as well. In addition, the vertical
rrultitubué p\hﬁpE{ESexchanger of the present invention may be provided with
a baffle plate, alongitudinal baffle plate, an inpingenent baffle, a

channel flangeg, 25kl h f0VEToff tRNGResans eténtidriavilSbaozamparadf witht i ng
head cover, a fixing rod and a spacer, a degassing connection, a drainage

connegt i (ompal&ipid BRBRTIESNNRLHI OThedexampled of texlpreserd ihveniiog areg, a
| evel gauge connection, a conponent for preventing thermal expansion of an

expansi onnedkdhdensert Badl i relsdileroivhehéiohthar appas take Anpedtof26aeh afncl uded

in a typical heat exchanger. EXAMPLES Exanples 1 to 4 of the present

i nvent i orthainh Ihde ac slypaide dppiet rsurfaceonguad dbeveoroparglives examplgs angea

exanpl es of the present invention are the condenser and the reboiler

wher ei n térnvepiional dsmdsinser arid saanmv(emtlonﬁéﬁ?m&eraweﬁb?iéoﬁﬁmbeft@%ﬂ“f ace,

and the conparative exanples are a conventional, cond négr nd _a
pe

convent | dwa$ a dlasi uppenrubei Aheat sk & fﬁlé‘.ﬁnlof‘l’% i pef* f0B¥"8Reet and
2 L CHSlUSE ISELs Sl 38 Shbldt & £ R T Reliétaitei e,
e | S OTABRICY d kst Bt Zonify' RRE brl MvFd@ldntetdr! Br 8. FohnobAGSs
equipped internally with a 30-stage stainless steel (8US304) sieve tray.
The surfaces of the upper and lower tube sheets for the condenser and the
reboiler of the examples 1 to 4 are sloped downward from the peripheries
15 toward the central portions thereof, and the slope angle is 0.01 radian

relative to planes containing the peripheries of the respective tube sheets.

Examples 1 and 2 and Comparative Examples 1 and 2: Purification of
Methacrolein- Containing Liquid

20 The methacrolein-containing liquid was supplied into the distillation
column. The composition of the supplied methacrolein-containing liquid
was 93% by weight of methacrolein, 3% by weight of acetic acid, and 4%
by weight of water, and the supplied amount of the methacrolein-
containing liquid was 50 kg/hr. 200 ppm of hydroquinone as a

25 polymerization inhibitor was added to the methacrolein-containing liquid,
which was then rectified with air being introduced as a molecular oxygen-
containing gas by 0.3% by volume relative to the vapor volume generated

by the reboiler. The distltation column was operated and managed at the
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The surfaces of the upper and | ower tube sheets for the condenser and the
reboiler of the exanples | to 4 are sloped downward fromthe peripheries 15
toward the central portions thereof, and the slope angle is 0.01 radi an
relative to planes containing the peripheries of the respect4 f&igughe006
sheets. Exanples | and 2 and Conparative Exanples 1 and 2: Purification of

et h | ein 4 A . . i

suéﬁﬁféﬁlﬁﬁmﬁ%ﬁ ieRefPe 2 F e e T e T e B e
t [ N= i ni | i QUi %, b ' f ' % b

el gt of el c i el Moy Bracte ot "ORP S U GG Hte rount
£ th il T T _ ¢

hyar oqui HBAE S8 &8t FB R PE G eI, At e e e 8, O T he

met hacr ol e n- PR Thatddibldt aillifid difipafive hinbled, Wb af theei ng.

I ntroduced as nmol ecul ar  oxXxygen- containing gas by 0.3% by volune rel ative

to thg vapu eedtsdtruded fent eheivpper slrfacd ot theaUpper ¢coberm was
opera?ed an(J ér/r)ggnag Z[tU%!té% g4 14 August 2006 colunm top pFépssure of 101

kPa, the gpidim 4190 4tANBELIRE WAbeHiRentegardstheCebaipsFativaesxampha Zot t om
pressure of 104 kPa, the columm bottom tenperature of 76 degrees Cel sius,

and the rgfll wordt izt ekcHamgest tubke disposkd linanthet heeotaparaxrtios
exanple 1, none of the 5 heat exchanger tubes protruded fromthe upper

surface qeotfespapiing tulthe lohesest. pdsitibotih thie ekameid @i dienbob PERdUERe
conparative exanple 2, only one heat exchanger tube disposed in th?
central foomi tme Ypper sspiacei of the upeer otwbst shest twhve i ther pihex digdte 2)
did not protrude fromthe upper surface of the u r tube é@g;t whil e the
ot hedOhea@xchangeritahgs PretindgdfremthacetPRe oHHT3RE 8{3&@ URRPF Be®he upper

the. comptiathoclQeimiHES T16RIa 12, 53N ye 1T THRPIRe LBk 2oR0S TiRer o al
the comparative examples 1 and 2, a type of the lower tube sheet where all the
heat exchanger tubes protruded from the lower surface was used.

in the examples 1 and 2, the operation was stopped for a while after

15 the distillation column had been operated continuously for two weeks, and
the process fluid containing the methacrolein-containing liquid was drawn
out. Two days later, the operation of the distillation column was restarted
and then the operation was continuously conducted for another six months.
Thereafter, the heat exchanger tubes and the upper and lower tube sheets

20 of the condenser and the reboiler were inspected. As a resuit, no
adhesion of the methacrolein polymeric matter was observed.

On the contrary, in the comparative example 1 where an attempt was
made to operate the distillation column in a way similar to that in the
example 1, clogging occurred in the condenser two months after its

25 operation was restarted, and the operation was stopped because the
condenser had become unusable. When the upper surface of the upper
tube sheet and the heat exchanger tubes in the condenser were inspected,

it was observed that the upper surface of the upper tube sheet was
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heat -exchanger tubes protruded fromthe | ower surface was used. In the
exanples 1 and 2, the operation was stopped for a while after 15 the
distillation colum had been operated continuously for two weeks, and the
process fluid containing the nethacrol ei n-containing |iqui didAsigustd@0b out .
Two days later, the operation of the distillation colum was restarted and

then the QRgsiRldiDTbalBTed Wi B8 Yl ymeprdecherodar ara@limest Sk mPNELS.

Thereafter eat exchanger t'ubes and the upper and | ower tube sheets 20

of the condaBngr Aikd HRrbaiBEbE With polfRBAstenatidial. T esuhe.reboilendhesion
acrol’ein po

of the met l'yneric tter was observed. On the contrary, in the

conpar at izy&, exanRhEmatd e Rt fid BBRIm¥GSed Msteriad waeadherédion the
distillation colum In vvag simlar to that in the exanple 1, clogging

occurr ed el RRRISNER ubper T BResf,I#1d BppraXimanelyaBotinof heat ar t ed,
and the 08 ration was stopped because the condenser had beconme unusabl e.

Wien & he gyppahgertiBges t@érédiemermoerog(?atbwithhlem palytharizedesatesiathalyer
tubes in the condenser were inspected, it was observed that the upper

surface efddifien UipRess bbbenstbtiatvas m@baibunipfdheoagmearizgsd s1aeyiacover ed
with the polymerized material and alnost all the heat exchanger tubes were
cl ogged wids apsn \aobereedmihedower surfades pbbe lewer duBe, shgpifoi thRely 5
kg of the polynerized nmaterial was adhered on the upper surface of the
upper tulsensiesser aaddhapebodenat el y 50% of the heat 5 exchanger tubes
t hereof were clogged with the polyneri %e%‘e In addition, it was

15 e

observed t hat AlBcsiththe SOMpATabYVe BEamg n?‘tfgélé}fia@étﬁ"éq’t W\ﬂés%dseoioadher ed
R R IR T AP 5 N v
2, the comvenser WesoBogaaar o MabSKrR: My deiaoll s rBstarfediam! ©
restart eq‘/hich is a period of time similar to that in the comparative example 1, and
the operation was stopped became the condenser had become unusable.
The adhesion condition of the polymerized material on the tube sheets in
15 the condenser and the reboiler and the clogging condition of the heat
exchanger tubes were similar to those in the comparative example 1,
except that the polymerized material adhered on the upper surface of the

upper tube sheet of the reboiler was approximately 4 kg.

20 Examples 3 and 4 and Comparative Examples 3 and4: Purification of
Methacrylic Acid -Containing Liquid
The methacrylic acid-containing liquid was supplied into the
distillation column. The composition of the supplied methacrylic acid-
containing liquid was 95% by weight of methacrylic acid, 2% by weight of
25 acetic acid, and 3% by weight of acrylic acid, and the supplied amount of
the methacrylic acid-containing liquid was 80 kg/hr. 200 ppm of
hydroquinone as a polymerization inhibitor was added to the methacrylic

acid-containing liquid, which was then rectified with air being intraduced as
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which is a period of time simlar to that in the conparative ex

the operation was stopped becane the condenser had ggcorre unugaglmejl.e %’heand
adhe5| on condition of the polynerized material on the tube sheets in 15 the
condenser and the reboiler and the clogging condition of th&4Asgust 2006
exchanger tubes were simlar to those in the conparative exanple 1, except

that 't he polygenict oy RBh&ldMbirtdl Yadth0 Ihypsleme elbtice tofthelvapoapper

t ube she ere er was approximately 4 kg. 20 Exanples 3 and 4 and

Conpar at i a . biE i s , : ‘ .
e r||:1>é'| QB t3 36‘? BYbiIEF. catherdisfillafMat atuyhi wascoperaten
Li quid Th\)éﬁlflret cbgfal cdac é-%c')-mgaiﬁ-lni ng i quli oll was supprlmi ed i (r:ItIg t he tatning

di stillatdon fohugBg ANQHEOBBRENA! relsBers UppBi k@ ayetteaojumn dep d-
cont ai ni ngr&ri qui ga'%/as ES% by wel ghfmjm(‘:lj met hacrylic a(ﬁrg, 2% wei gnilt of 25

acetic aghhndHatuRYePY7 Waigehés Telsicisy the calirdn batibn peessyie okt0 &y
t he net hacr)ﬂ I C acl d-co\r?‘t%"gi ning li quiyd was 80 kg/ hr. mgoo&gfrn of oo

hydr ogui npRe-@Snh BeltyrPtdrpeiatoré ohiod degresssCatidesi and the raduraghol |
. eC 1 PO , lic
acid-containing li1quid, which was then rectified with air being i nt?oduced
as 26 14fAugust 2006 a nol ecul ar oxygen-containing gas by 0.3% by vol ume
relative to the vapor volune generated by the reboiler. The di stfi | ation
col uMm was opén atotd therekaraplegddand thaecabparatieopxamede & d1g1e @ 12‘53 t he
colum top tenperature of 77 degrees Celsius, the,colu bottomB ssure
of 10 kPehedt exehangemtubestprowsudathom the PSSR 68 g UBPEL (UBR t he
reflux ratio of 2. In both the exanple 3 and the cq ixe BRLe 3
Egge oI Lﬁ‘wetﬂed? Q?(tbhtbiﬁgﬁ?(aﬁ"@ & BhBt Eﬂmp%ﬂﬁ‘f%@%r Suf Qge of the
er tube sheet. In th the exa e 4 an . GO | i
?(r:lloy 18ne ﬁ%ﬁfh%%ﬁh%'m{a d'tsﬁﬁéeai'ggbge%erﬁﬁéj‘t %@'@@n@gfﬁﬁoﬁlﬁgthg *
rres iti i :
trom tho lgwes ptsqf)ﬁit%é}%g\ h—?ev\gfémB?éhs W bl pfdiPu G FHER thé LipBefl sipfaceraft r ude
the upper tube sheet while the other heat exchanger tubes protruded from
the upper surface of the upper tube sheet. For the lower tube sheet in
each of the examples 3 and 4 and the comparative examples 3 and 4, a
15 type of the lower tube sheet where all the heat exchanger tubes protruded
from the lower surface was used. |
In the examples 3 and 4, the operation was stopped for a while after
the distillation column had been operated continuously for two weeks, and
the process fluid containing the methacrylic acid-containing liquid was
20 drawn out. Two days later, the operation of the distillation column was '
restarted and then the operation was continuously conducted for another
six months. Thereafter, the heat exchanger tubes and the upper and
lower tube sheets of the condenser and the reboiler were inspected. Asa
result, no adhesion of the methacrylic acid polymeric matter was observed.
25 On the contrary, in the comparative example 3 where an attempt was
made to operate the distillation column in a way similar to that in the
example 3, clogging occurred in the condenser three months after its

operation was restarted, and the operation was stopped because the
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the upper tube sheet while the other heat exchanger tubes protruded from

t he upper surface of the upper tube sheet. For the | ower tube sheet in
each of the exanples 3 and 4 and the conparative exanples 3 and 4, a 15
type of the lower tube sheet where all the heat exchanger tlhé&iggsbe0Qkied
fromthe | ower surface was used. In the exanples 3 and 4, the operation was

st opped folrrV%P\é\/rréir h%(ga&%gé@,et Qﬁ‘dgé@g I |W‘f~.bﬂnth(\eo+ﬂl5@f Baffabeest PrRELBPEF

cont i nuo&® hé process fluid containing the

met hacryl,ic_aci d-cont.aini | quu i W eddysshadted, the
operati oﬁu%? sﬁﬁgt %’%&tﬁpﬁﬁgo‘#%wagég'lﬁig@%\g?ﬁggng%\wshen tdF\e op{ar ation
was conti.nhuousl C |ﬁﬂ3§ét h b X hsppdhauBaf Egeet tWes heat
exchangerjt t%es%a{?gogﬁe&ﬁagp{eﬁa rI gg\graétéu%gqgﬁeg?g of the condenser and

the r ebo;;';;@ﬁﬁng?@gt{msat\ﬁﬂh (A8, Foly s mteRdhant alindfst idierehbatryl i

acid pol er was obser On the contrary, in the conparative
exanpge %ﬁ‘@ﬂ%hge?quﬁte%%?%v@éggéﬁ%ith0p@||9ﬁie?iz_%d eihdishie Inhatari@h, cbi um in
r e

a way simlar o that int xanmpl e 3, Clogging occurred in the condenser

three nonpkasieddiR Afs® é}ﬂﬂ*b&irh@fbl K¢ Wfathegholpmerized oymednl ovesas
st opped brgcaruselthe 27 14 August %%%6 Qcondenser had beconme unusabl e. Wen

t he upperagréréacenothd hepp@nasurfdasefstreetupper tiee heheetetbaeanjerandibes in
t he condenser were inspected, it was observed that the upper surface of the

upper t ulspFbRietatwhs 600h P tee tleat exchangentubes therpef warei deadrdméii al and
al nost all the heat 5 exchanger tubes were clogged wth polynerize
adhesi ve that polyaherized t materialoi | &7 addiionapghrwas naleenyed E’@f’%f‘a tsmal?
Cheetot harsomnt dfd e pppbIarkad ymetRB Wato diea: SRETRE Y PEoMS Pher oof
that 5 SHMFECES AHBOWST LRE Jorgindr Bed anasear eI eloIsine, ed on the
| ower Further, in the comparative example 4 where an attempt was made to
operate the distillation column in a way similar to that in the example 4,
clogging occurred in the condenser four months after its operation was
15 restarted, and the operation was stopped because the condenser had
become unusable. When the upper surface of the upper tube sheet and
the heat exchanger tubes in the condenser were inspected, it was
observed that the upper surface of the upper tube sheet was completely
covered with the polymerized material and almost all the heat exchanger
20 tubes were clogged with polymerized adhesive material. In the reboiler
aslo,'approximately B kg of the polymerized material was adhered on the
upper surface of the upper tube sheet thereof, and approximately 70% of
the heat exchanger tubes thereof were clogged with the polymerized
material. In addition, it was observed that a small amount of the
25  polymeric matter was also adhered on the lower surfaces of the lower tube

sheets of the condenser and the reboiler.

As explained above, the vertical multitubular heat exchanger

according to the present invention can prevent clogging by the
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surfaces of the | ower tube sheets of the condenser and the reboiler.
Further, in the conparative exanple 4 where an attenpt was nade to operate
the distillation columm in a way simlar to that in the exanple 4,

cl bgging occurred in the condenser four nonths after its optt AUOYRtZRA6 15
restarted, and the operation was stopped because the condenser had becone

unusabl e'p%ﬁ{eésrffléﬁj Hiftetiap NP Bferetorch8an R bl b keAtinapds|yt fre aeat

exchanger condenser were inspected, it was observed that the

upper S!”ebg&ﬁdga tReIHPPSF fitee SheglthiRs tReNRlistifdtion covienad sisterhhe
pol ynerized materi'al and al nost all the heat exchanger 20 tubes were

cl ogged V%éeﬁfbﬁ@{%@gbéfﬁre@sfoﬁgﬁsih‘éénﬂaheéa‘rﬂ'be bPetét@d ebntiheouslgsion, an

appr oxi na ynerized material was adhered on the upper
surface %xtéﬁ@e&lﬁﬂ#fod HBpenfdieet thereof, and approximately 70% of the heat
exchanger tubes thereof were clogged with the polynerized material. In
addi tkon, it pahovBReheeprdsuRit iaventidh hasthesn ekpldiredSvitforgieeence tat t er
was al so adhered on the |ower surfaces of the |ower tube sheets of the
condenserspukic herefirpsd eembbslimeptsi ved abourdinane skill tincanhe nart Millbul ar
heat exchanger according to the present invention can prevent clog i ng by
the 28 Iréchgpir tRAO6mauifigatieny edndainpiodena@ats rearef lod eMase pah %er at ed
continuously for an extended period of tine, Further, the g'isti | lation
col urm syreineaimirae vhthdn tige tssopieeand spaih of the SRESBRL KeNbeNopdiNg SgoPe

conti nuouslké for an _extended period of ti&ge. 5 Althaughlt.he pr esent

i nvent i orpfrihe mresentiprentivyiswetermiped seiRly Ry aRBREFPY €19t er r ed

enbodi ments, one of ordinary skill in the art will recognize that

nodi f0cat i ons and i nprovenents can be made while remaining within the
scope and sprit of the present invention. The scope of the present
invention is determ ned solely by appended cl ai ns.
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10 29 14 August 2006 WHAT IS CLAIMED IS: 1 . A vertical multitubular heat
exchanger for perform ng heat exchange by introducing into heat exchanger
tubes a process fluid containing easily-polynerizable substance, said heat
exchanger conprising: a body extending in the vertical direction; an upper
tube plate and a | ower tube plate disposed at the upper pdrAugesiG0fe | over

part respgct i y..0 i.d_.body, and a plurality of heat exchanger tubes
with the @‘ﬁf"éﬁlﬁélqlc%mgﬁce of both ends of each heat exchanger tube

being fixed to said upper tube plate and |ower tube plate respectively;
wherei n an uppér suf¥ aestieal sailtitubplssr heabeeyshanger s fororpasteravn®ehedbped

0 1 ach SR PO RS A s e Bishege B Rk RHganBE” oo
upper t ubgasigl-pdigmaittable $utRtafde shidRedtteXchangepoemptisimgt d heat exchanger
tubes is disposed in the vicinity of the |owest position of the upper

surface of thealosyrextengdiag i thevérnticahgieeciepi i cal nul titubul ar heat
o ! . | ! 4
CXEIST CCOuf kR g, I B 8 SR e

heat exchanger di spo vicrnrt Ition of
sai d uppeand theigwertpart respeofivelyoédaiddbodyo angr ot rude from t he upper surface

accordi ng' Lo aRPIBFINGP! heaLeXRNEnOghwIsSS WHB (P AHeCIBEReRRBohPoR | sai d
pper sur Fade ohback ARA0BREnardd AB0B, Ge R Tl o ol b B e Pl e e
exchanger loaardube piate sespedtnely, wherein the upper ends of all said
plurality of hs«%tereei)r%%rha@ ee[r stuu aec%’ofesxalcc‘ Hgéglgtube plate is formed to be sloped
downward from the outer part toward the central part thereof by 0.005 to 0.1
radian relative to the plane containing the upper outer edge of said upper tube
plate and at the same time at least one of said heat exchanger tubes is
disposed in the vicinity of the lowest position of the upper surface of the upper

tube plate.

2. The vertical multitubular heat exchanger according to any one of
Claims 1, wherein the upper end of said heat exchanger tube disposed in the
vicinity of the lowest position of said upper tube plate is configured not to
protrude from the upper surface of said upper tube plate.

3. The vertical multitubular heat exchanger according to any one of
claims 1 and 2, wherein the upper ends of all said plurality of heat exchanger
tubes are configured not protrude from the upper surface of said upper tube
plate.

4. The vertical multitubular heat exchanger according to Claim 2,
wherein the upper ends of all said plurality of heat exchanger tubes, excluding
one disposed in the vicinity of the lowest position of said upper tube plate, are

configured to protrude above said upper tube plate.
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one disposed in the vicinity of the | owest position of said upper tube
plate, are configured to protrude above said upper tube plate. 30 14
August 2006 5. The vertical rmnultitubul ar heat exchanger according to any
one of Clains 1 to 4, wherein the |ower surface of said | ower tube plate is
formed to be sloped. 6. The vertical nultitubular heat éﬂdN&ﬂgéﬁOQ%cording
to daimb5, wherein the |ower surface of said | ower Haﬁg}g%ate I s sloped

downward from®he blie&ertical WQ'HW&U@WF%”‘_ ARgeHaFeo fNHYPNE 9os to
0-1 radi agiifsaf 18, Wherbif thel e vl (Hils RAFRIAG ¢ he

| ower tube plate. e vertical I tubul ar heat exchanger according to
any one offe sldpadns 1 to 6, wherein said easily-polynerizable substance is
acrolein, methacrolein, acrylic acid, nmethacrylic acid or an ester

thereof. 8. The vertical nultitubular heat exchanger according to any one

of Cains 11tg 7, YA RrficA2hItRLOASE helat WxdhbHEENaEcERIMEtd SCRIm 5,
polynmerization inhibitor. 9. Adistilling colum system conpri si nt% a
e

di stilli nghersimthe fayer siirfacel ofmaid lowsdr tabe plate i sipgidndewnward from

ily-pol i zabl t I t
of "t ho o BT PR 1RS \BAFR! 398 BafeRl ENI0 Bhr 5 2T SRNGR eharferts L 5P
condenserplahgé can¥RhingAk IGNEE bitePeldge of e lowerhapgplateccording to any one
of Clainms 1 to 8. 10. Adistilling colum systemconprising a distilling

colum for distillation of a fluid containing easily-polynerizable

St e S R AR TR o 7

col um, said system characterized i a

vertical Qldisist ubibas, heldresx cduid geasipepoiytengable aupstame 6 adraleis, 1 to
8.
methacrolein, acrylic acid, methacrylic acid or an ester thereof.

8. The vertical multitubular heat exchanger according to any one of
Claims 1 to 7, wherein said process fluid further contains a polymerization
inhibitor.

9. A distilling column system comprising a distilling column for
distillation of a fluid containing easily-polymerizable substance and a condenser
connected to a column top of the distilling column, said system being
characterized in that:

said condenser, is a vertical multitubular heat exchanger according to

any one of Claims 1 to 8.

10. A distilling column system comprising a distilling column for
distillation of a fluid containing easily-polymerizable substance and a reboiler
connected to a column bottom of the distiling column, said system being
characterized in that:

said reboiler is a vertical muititubular heat exchanger according to any

one of claims 1 to 8.
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31 14 August 2006 11. A distilling colum system conprising a distilling
colum for distillation of a fluid containing an easily-polynerizable
substance, a condenser connected to a columm top of the distilling colum,
and a reboiler connected to a colum bottomof the distilling colum, said
system bei ng characterized in that : said condenser and 1dahdgusiZ8i06er are
vertical multitubular heat exchangers accordi n_ginto an%tione of Clains 1to

8. 32 11. A distilling column system comprnising a distilling column for
distillation of a fluid containing an easily-polymerizable substance, a condenser
connected to a column top of the distilling column, and a reboiler connected to
a column bottom of the distilling column, said system being characterized in
that :

said condenser and said reboiler are vertical multitubular heat

exchangers according to any one of Claims 1 to 8.
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