; €3eGDG@TD OVERTI CAL MULTI TUBULAR HEAT EXCHANGER AND DI STI LLATI ON COLUWN
SYSTEM | NCLUDI NG THE SAME TECHNI CAL FIELD 5 The present invention rel ates
"to a vertical nultitubular heat exchanger and a distillation colum system
ahd nore particularly to a vertical nultitubular heat exchanger for
perform ng heat exchange by introducing a process fluid containing

cost o POl S ERTEOBPE AR L AR GRRIRAER AN BIRI Aritigt Lo on
ART A rmul titubul ar hg@@m@a%gggﬁfmmg%n\g@%rﬁn%,y@t ween a hot fluid

and a cold fluid is y us I ndustry. 15
Conpared with other types of heat exchangers, the multitubul ar heat
exchanger is characterized by its high reliability since it can be used

under se It nd operated continuously for an extended period of
tinme. m:%@gﬁr\pﬂ@LoF?gEQua! titubul ar heat exchanger will be explained with
refergnce to ffb@“[fﬁ’%@en‘f‘hﬁrﬁherit%rﬁ @ %% SeCta onatticdl em@titubA8r cheaent i onal
vertical rmultitubdl ar heat exchanger. As shown in FigurelQO) a vertical

mul ti tububaih iRl &€ hangstiidish @elmhhsepstant, ubnt anoshgddrtit@@rgxterdi ng in
the vertical direction, flat upper and | ower tube sheets 128 and 130

di sposed \@irtithe mipietbard heskerexeanhgel Zéraperfa@bingeseadt exehangd he

tubul ar shell 122, and a plurality of heat 25 exchanger tubes 134. An outer
ci r cunf erigtrogsickRRagirdoetsh fridcootaieiu epeby -pokpnarigeble sblestaggedpo
respectively fixed to the upper and | ower tube sheets 128 and 13(?,, nd a
process fheatdexghangerotilasdandt® distdlatioat C@%W&rﬁ{é?em&biﬁgltg&.v% 'FF‘ﬁi d for
perform ng heat exchange with the 1 process fluid introduced into the
heat 18xchanipbulasdreatexehang®ipl i ed around the heat exchanger tubes 134.

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 muiltitubular 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 to 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



As one exanpl e of an application of the vertical nultitubular heat
exchariger 120 expl ai ned above, a case where the vertical nultitubular 5
heat exchanger 120 is used as a condenser for a distillation colum system
(not shown) will be explained. Wen the process fluid to be distilled is
vaporized and a resulting process gas thus obtained is then introduced into
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obj ect i s saphifwRdtPaanEHk Mg the upher BueteRt 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 material 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



invention by providing a vertical nultitubular heat exchanger for

perform ng heat exchange by introducing into heat exchanger tubes a process
fluid containing an easily-polynmerizabl e substance, conprising a shell
extending in a vertical direction, an upper tube sheet and a | ower tube 5
sheet respectively disposed at the upper portion and the |ower portion of

t he shell @%d iﬁ?r@bdé%aliri\téiz(éf dregte axdHmagepolymheszetiopateialedue 1o
€s 0

ci rcunf ett%n oth ends are respectively fixed to the upper tube sheet
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this upper tube sheet. According to the vertical nultjtubular heat
exchangen, of i1 @R €568 hbaY gahister, effinienicy afdbe v ticabMubigURUIRIt NgHtocess
fluid, for exanple, if the process fluid is introduced intgo the heat
exchaggers,icHbageat 20heespiiery inuthe dscrsiasetofshemt exehager efRAYaNSSSmes out
of the heat exchanger tubes at the | ower tube sheet side thereof ter
havi ng exglinpgperdtion befatienty lof dhe owsticalempliitaPHIE he el S BT 19 heat
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upper surface of the upper tube sheet, and,the.up - n Lhgyheat
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substance tends to be polynerized and the polyneric matter tends to adhere
to the uppgéicedbe sheet and the |ike. However, according to the present

i nvention, since the upper surf - eriHamenghesbwitls bérthed to be
sl opd®) a ret &ntth8n ocﬂeegﬁgnprl%cgés'ﬁeuﬂ} gﬁrm?'ch nor mal | ;g}occurs 25 at a
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Wth such retention-preventing effects, the easily-polyneri ,(zegfl e suéastance
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pol ynerized material to the upper tube sheet_or the.h ; ubes. 5
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exchanger is continued, the growth of th ol i rd } event ed
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heat exchéﬁﬁé‘%sf %%'é‘%%%@gﬂﬁ‘%@%&‘éﬁ??bgmggwgﬁ'f’)ws f%r t he continuous | ong
term operation of the vertical nultitubular heat exchanger. In the vertical
mul titubul ar heat exchanger of the present invention, 15 the upper surface
of thg, UppREUEUREESF IRVENef@Nbl y formed to be sl oped downward from the
outer”portion toward the central portion thereof, and nore preferably the
upper surface pfis thsrafoReantotiecsbitite peessint prRvEmHNM M RIC K ¥651G8) 0. 1
radian relative to the plane containing the upper oHt er edﬁe of, tﬂﬁ upper
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pref er abl efttita@¢. it be less than 0.1 radian in view of the processing
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tube sheet, 5
time.

The above-mentioned object is achieved according to the present



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 sheet. In the vertical nultitubul ar heat exchanger) the process 5
fluid on the upper surface of the upper tube sheet flows toward the | owest
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i nvent1on, upper the plurality of heat exchanger tubes

except fognd hgnane dhgpesedlurblifyheofvikdati tekchlarigee ltapest winsiet | ontepf the
upper tube sheet nmay be provided so as to protrude above the upper tube

sheet . Acepediigrdritdser PoBEENYs iany easpextivelnExednoehtiuppesttubaghediet ween
t he upper tube sheet and the heat 20 exchanger tubes can be increased.

Owi ng to &hidstreoupivendubtr smggth, wiesrain idn uippehesaurfaoe ldrigper uppbedsubee
constantly subjected to the vibrations caused by the flowng in and out of
bot h the pheetssfdrmeditabe sloped landlaf legwt ﬁgemﬁ/@ed@eatwqhﬁm@f tuhes

vi brations caused by the punp or the conpressor, and a pul sati ng flow
directQy is dipposesrip thenyiCimdyrmfribeyowesbBosition efikbe YRRLISUHTRGR OhENF or nance
of the connections between the heat exchanger tubes and the upper tube
sheet andUYPREEEUPRSIWEEH t he heat exchanger tubes and the | ower tube sheet
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heat - exch F@%é% AUid RGRtreeLWBENNthePhOsEScHdY et tabdstdiené luppérftliosi ng
outside of the tubes, the connecting strength between nultiple thinner heat

excharger shebesidinthémafupnsat itacsimesvaut ¢futhe bBbateschangee tubes eadke.
According to the present invention, the | ower surface of the | ower
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
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therefore no clogging by the polymerized material occurs in the heat
exchanger tubes. Accordingly, the operation for removing the
polymerized material that has to be frequently conducted for the
conventional vertical multitubular heat exchangers becomes unnecessary,
which allows for the continuous long term operation of the vertical
multitubular heat exchanger.

In the vertical multitubular heat exchanger of the present invention,
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 the 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
multitubular heat exchanger can be easily manufactured. Further,
although 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
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.



col ugm system can be achieved. Also, the above-nentioned object is achieved
according to the present invention by providing a distillation colum
system that conprises a distillation colum for distilling a fluid

contai ning easily-polynerizable 5 substance and a reboiler connected to a
columm bottom of the distillation colum, the reboiler being the

above- rent! ongoyeiing @) t@'iﬁ@%ﬁ%agré@ﬁébl??@ﬁ&lmer Ancobflithg heatt he

distillation co yst em of resent 1nvention, since it enploys the
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present invention %gﬁprow ding a di stFi)I | ation col urmmsgyst em t hat %ﬁonpri ses

a distil 'Lﬁ{;ﬂéﬂuﬁ@'é&"@étf ol thsteHidangnaltitubuldr beat exchanger, the process
easi | y-pol'ymeri zabl e 15 substance, a condenser connected to the colum top

of thg difgfiijldratie0ppet sorfacens ther@hpé wibecsneaici@us towere thellawashot t om
of the distillation colum, the condenser and the reboiler being the
above- merdgined ofethti upermuidd shbel, sanchemstexcigngiresssAtddr o wa IR t he
distillation colum systemof the present invention, since it enploys the
above- menthieohedt 2xchenget dubguthatt ishdishosedain ére h\éﬁtﬁlétrysogéh?hio\“,’% enser

and the reboiler, a long-termcontinuous, gperation.of the distillati
col um sym&éﬁonamebébncm%eléﬁlngBﬁlhEF'QﬁESEﬁFQDWP&Q‘%ﬁtZWW‘N(% e?—’ﬁt L?g 1is

a long tugdr?gclze Sé?%cleOunpaplervtiu e gﬁe&. V%Jritr?éarl, irmt'%iptrgggh?fn\}é?ﬂfon, more
10 preferably, the upper ends of all the plurality of heat exchanger tubes are
provided so as to not protrude from the upper surface of the upper tube
sheet. The vertical multitubular 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

25 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 according to a first enbodi nent of the present invention; Figure
2 shows a variation of a top cover for the vertical mnultitubul ar heat
exchanger of Figure 1; 8 Figure 3 shows another variation of the top
cover for the vertical multitubular heat exchanger of Figure 1; Figure 4
shows yet another variation of the top cover for the vertical multitubular

h h f Fi 1. 5 Fi : ik hal i f th
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second. epaA KRR Gyl PIRSHI ABWFY balkidd bawie tabes, thesshamaiting Vi ew of
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exchaggerst b Sy deh BBt MEQRRHeri HBRE icPRNgantude gune the urper and

| ongi tudi nal Sectional view of a conventional vertical nultitubular heat

exchanger|ouf {DESERELs RnPe RRIFEEREED EMBODI MENTS Enbodi ments of a

vertical nultitubul ar heat exchanger according to the present invention
will be expl aimedrainghts eherprasent mvbraiimgse Bvwgrr surfacs of thendgwerdi nal
sectional view of a vertical nultitubular heat exchanger according to the
first enbathensheebis phefepablyefdrmed ¢athesiopsl. AsTR@owmitical mytikodular t he
vertical nultitubul ar heat exchanger 1 has a tubular shell 2 ex.tegE%i ng in a
vertical hgateexdhmngerhean alad preveandithe reteriigs ef HhaBey!lwRAlYRENEAPE oss
section, but it nmay have a cross section of any other shape. The verti cal
nul t ilOubusurstaeae axhmiayer tubg shiealas an 9 upper tube sheet 8 and a
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verti cal ubular he exchangers 1 ato 1 own in Figures 2 to 5.
Further, &g eaichasmatsHitweanid edleRo aay eamkreaubri as thippexplaied sheet 8

may be of a cover sheet separated type as shown in Figure 1, or it may have
t he figr matdverregaeling sheeipper surface of the upper tube sheet.

According to the present invention, preferably, the easily-
polymerizable substance is acrolein, methacrolein, acrylic acid,
methacrylic acid or ester thereof. Also, the process fluid 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




10 integrated type, a tube/sheet integrated type and the |Iike (not shown).
Al so, ‘the attachnment between the bottom cover 14 and the | ower tube sheet
10 may be of a tube/sheet fixed type as shown in Figure 1, or it may have
the formof a floating head/gland type, a floating head/split flange type,
a floating head/pull-out type and the Iike (not shown). 15 Thus, the

verti cal | titubylar heat er 1 is provided with an upper space 16
defi ned 6%MWWQ % e@bga?%fﬁgﬁﬁgggﬁe top tube sheet 8, an internedi ate space
18 defi ned by

he tubul | - : eglc8rdiandid hgnd ower
t ube sheet 10'?‘¥Sé’nd&r§e|%§é¥§5ﬁ%¢tﬁﬁ @??\gﬁgb%eﬁ%ﬁgoﬁcgrﬁ clog/er 14 and the
| over tu i orb PG ' i QyatdARNBPEbA i ddat
comuni cg}?gggﬁf[%\,]etgﬁledﬂu%ggrrg\zlggﬁg81%%@ E'ﬁc'?ﬁgnﬁo%%om cover 14 has a
bot t om pyy ty; Njdr agiRS 1M IR ewRdinFRaeasRP-pofuhthieabld he
verti cal Qérrﬁl'%tmattu% é:r%ﬂﬁrﬂégtfog%%gwgg a1F has a pl u?gﬁi ty o hHergt exchanger
tubesy28 LA i£8 fedof bxednhectdtrtdiBpesiubiibBogtbaebf Shamistilridrower
t ube gheet 1ga§%eﬁ+eocouteep circunference 26 of both ends 25 thereof,
respect i \@J|ymnanHeGRBBIB GRiGS thd absveemestiaeedhtrticahmiititubahar heplace 20.
As expl ai ned below, since the process fluid is introduced into the heat
exchangerexonzege?8, the tubes 28 are preferably nmade of a material that
does not react with nor degenerate the easily- polémari zable 10 substance
and, in addi t AcooraingetoethieatistiHatiod @edumot sydareohiie perTUYi iBMEBHORhe heat

exchanger tubes 28 thenselves and is easily wel ded. Thua, Lhe Eeat
exchangersincdéise?®ley s thmabovs-mepiiorsdvgrical Jpeitig ylae NepLEXCRARES!

austenitic-ferritic steel pipes, or ferritic stee i pes. The t ubul ar
shel 1102 ias BreoUekeiteiia |w”9\7\k§r5b??@t'W%apgéatb%ﬂtﬁecﬁﬁﬁwé‘ﬁm%O't‘ﬁ‘g‘

i nternedi ate space 18, whergi n a fluid that exchanges heat with the process
fluid i ntSRIFSRN REAENEVREat exchanger tubes 28 is retained within and

s AR R e I Sepsee ool e

i nternedi ate pa ving a single chanber as

shown i nﬁe@%ﬁ?i&vderﬂi%ﬂ Eggrév%gngfa gistiIBAbR ludnPaistehyP@t Coohpideswn)

where the internmed a s partitioned into a plurality of

chanber s. 5 Tigtili M & "RJURINE fsrPareillify BaJuRl SonbEinfT eiadidg-palymeaizable i ti on
to define a channel therein, wherein the channel in the internedi ate space

18 may besustanteng tcuddsabebabhhecdad theypelunan 16p dofvtheyidigtifation t ype, a
doubl e diverging flow type, a splitting flow type, and the |ike. The upper
surface 3eblomn, hendiEpesbailesecartanted tpthel eplomuibeieat af thedishikatiaf er part
36 toward the central part 38 thereof. The slope angle B of the.u r
surface 3lpeimt the coendaasen And bt apRPHEY tt?éngp RGN 40 of

h f 34 i f | 0. 005 0,1 i " bl
0 06 Lo erbaal st b AR el Prnangs T, orsraripesBahs AR EsPbaLR™ V¢
f d t hat i shi ! be. [ 4 of
oo g, TR LR ROSETRNCS P B, Wi iR
buf f i 0\5er‘?ilc§fHL9Wdt‘t>LﬁaEﬂleb§ Q}(Eﬁﬁﬂ@%@ aﬁ'f'né Renathesr BARdhe TeBBIlar, 2D
0 be applied.” Furt

procéss may not have er, inthe vicinity of the | owest

posi tion Pl GRLDAL APeratidd of thalistARgiorsybluase syéteh the hepper
t ube shee@ng,%arthfg\?@st heat@%(changer tube 28L is disposed. Also, the | ower

surface 4zcwkvehe | ower tube sheet 1 Uis sloped 11

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,



downward fromthe outer part 44 toward the central part 46 thereof. The
slope‘angle of the |ower surface 42 relative to the plane containing the
| ower outer edge of the |ower surface 42 is preferably selected fromthe
sanme range of slope angles as the upper surface 34 of the upper tube 5
sheet 8 expl ai ned above. Portions of the heat exchanger tubes 28 for

connecting the tube 8 to the upper..and | r gp 1Q,wi Il be
expl ai ned. Si E&Qé"r?h QWFO%&QPPP{%'%@& oiﬁﬁﬁa 0 e§0t§§§2érsé§e?\6nérjﬁ%glnnecti ng
tubes 28 to the upper .tube sheet .8&.ar tructurally simlar to the portions
of the héﬁP'tfﬁHg\élﬁE & @?f’é%"@'%cihnecti ng the tubes 28 to the | ower

tube sheet 10..th i on| ' | f i t
Figure 6. Fiobies 1 STENSHFERaRl e Ry o BT EOpY I 102 BEREEE o1 D1 ons

bet ween theﬁﬁaﬁgkéﬁh aﬁb@?ﬁé&%ryﬁé@% heat exchanger tubes 28. As shown in

Fi gure 6,Mt holes 50 into each 15 of which a
cor regpondi ng el SXEIARDEH BHBEAS SRftidA bf ttandopipBger fuTctSPerioan! |t he
r Tubes

heat exchange are positioned |lower than the upper surface 34 of

t he upper -eseh difregh@ €s 50 is provided with several
grooves S@LEEEPEE?{%%% théﬁrrleat gxchanger tubes 28 are inserted into the
hol es 50 to bgipgs td ored thwtieilp, ehfegbdaiseetiohahgeew2@ft thesvesical e
expanded and fittingly secured to the upper tube sheet 8. Further, the
entire cimeuntueiceeatf etdrangspactondinapiethentitst 5embpdimenheeft th&changer
tubes 28 are wel ded to the upper tube sheet 8 so as not to forma step

bet ween tpresgrpémventbmn;sheet 8 and the upper ends 52 of the heat exchanger
tubes 28. Such entire circunference wel di ng between 25 the heat exchanger

t ubesl028 and tHiguigpp&homma \afiadtonsof E'gét‘lrg%?effecti ve for enhancing air

ti ghtness there between. Also

| Cation. h ( ; "
the heat exchdngei t8biss aZSO%rF'gﬂP/ﬁ?\é?qrrbg%: %t%&t'gﬁa?h@%@slogoﬁjéégg(/gﬁgﬁ? ver

endpor t1 R oRUare PREL X hanaRr g 38R B aTRR ot HF 00"

that no st 1S ed between the upper ends 52 of the heat exchanger
t ubes 28 gﬁegseirﬁé&ﬁ% &’surface 34 of the upper tube sheet 8. 5 The
operation of t#;gu@é)oy&wtg@rmamerwewl of Ml t hifstiletion behmexshateger wil |
be expl ai ned. r sinp|icity, a case where nethacrolein gas is condensed
wi t hi 1 t hgoMRrlsie@! tHaulVidrtisdiulnaultinemdl aeXtudeatn gechagex phedarding Fior dhe t he
nmet hacrolein gas 1s introduced into the upper space 16 10 through the top
port 22 oprédentvrvéniteth; amditit ubul ar heat exchanger 1. A portion of the

i ntroduced net hacrolein gas is condensed upon contacti ng E.he Ejgger aiurface
34 of the uppdrigutd Osiseatlopgitudinal recHenphyie AT ICPRUFRLBPBUYERFRDy t he
condensation is laid on the upper surface 34 of the upper tube sheet 8. 15
Si nce t hemufiisbuar haakesah@d?98he upper tube sheet 8 is sl oped downward
fromthe outer portion 36 toward the central portion 38 and is al so

snoot hed by, for exanple, buffing, the nethacrolein liquid laid on the

| d d al th
2R L pEScRlp g oM R R ERRECPRRRIODIMENTSCOITIaT d & o ter 8750
wi t hout bei ”g.éﬁmib%d?ﬂgbi‘seoﬂ%p@éfntiwhﬁﬂ (I8 hEBE eNemafgéubecsitey t8. The

f
downwar d- f| ow ng e rolein liquid flows into the heat exchanger tubes 28

di sposed gk@ gedd1ft IWR¥ntion WNR teestplaineroR ithaafarentbeoldvamitgheaFigexehanger
tube 28L disposed in the vicinity of the central portion. Thus, since the

met hacr ol qi i 4 iisngicLdipanstctiehali vied ona teeticappeultiubbiker et @fchangezs upper
tube sheet 8 and the |ike, the adhesion of a nethacrolein polynerized
materi al taecbhdingppehedirst aoe@Hment théhe ppesentubyestiedt 8 and in the
vicinity of the upper ends of the heat exchanger tubes 28 is rev%nted. In
addi t2®n) pr evAstshownt heFigirent,itbe \@rticabmydlithbeian Reat exeianger 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



13 _inhibits the growmh of the polynerized material. As a result, flow
channels for the nethacrolein gas and the nethacrolein |iquid through the
heat exchanger tubes 28 will also be surely obtained. Also, the

met hacrol ein gas is condensed within the heat exchanger 5 tubes 28.

Al t hough the nethacrolein |liquid produced by the condensation flows al ong
the inner surfaces 58 of the heat exchanger tubes 28, th netQﬂégolein

li qui d WHPRER telbr sheat Bexatanparer hessP@et 10 desReANRIY NP BZEADI ei n gas

and the like flow ng downward and thus flows downwar i t hout bei

r et ai nedUBRSt RETtiemdrand ef ey BRtien @I‘Péth%é%‘b‘ék?é\lﬁ‘ﬁgeﬂ 3 60% l?f?é(?rgg, si nce

the flow channels for the methacrolein _gas and tge net hacr&l ﬁisn OIsiecalui d

flowi ng EIEPOSER P¥er HeatuRBerhhgeeneabss %gér ROURPELPVEDt A HER

Sub tly, th th lein liquid fl t t he heat tub

26 at 1 REeTBA: e bovanaie So% B et Coroniis T8 RatEd SHPR R o
' t of the heat h t ubes . d '

por t115n_ SPoWRGIEaR bl & i MAGNAY SarAEE ShEs Ehda BuBE s S o the

| ower tube she 0 rface.tensi.on, r | \@pe

f or ned gﬁ"‘f%@ f‘%ﬁé? 1% fogc@oggﬁeocfv?hg@ﬁlm&ﬁqﬁg)@rﬁﬁ%&%ﬁgtﬁ?%ﬁ%gcroI ein

liquid -t I f firah e tiopO fl

dl)\?\;:/var Sﬁig(raért?%/vwh(r)@ ??I"%u%g?rgﬂurspgffu@ﬁheefetg% \%\/}ttgggut rekij‘%lg rerfgﬁﬁetgbt herg\(l)\ﬁ,

to fall g?\‘é\%’r Y hessd rtﬂﬁ‘a%}tﬁg hebD gt RRyCHE\HINd iconel/sheet iseplarated

mul titubu heat exc see Figure 10), since the process fluid

tends towbr et shoes PFigutong eelii athythaventheotheofigpeoveur heet 136 of
t he upper tube sheet 128 and in the 25 vicinity of the upper ogening and

t he 10 keirpégtdtedi typer suubatshed8imégestet typat aexdctiendie {ndtesnewn)an
easi |l y-pol yneri zabl e substance such as
Also, the attachment between the bottom cover 14 and the lower tube
sheet 10 may be of a tube/sheet fixed type as shown in Figure 1, or it may
have the form of a floating head/gland type, a floating head/split flange
type, a floating head/pull-out type and the Iike (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 fiuid 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



met hacrol ein tends to be polynerized. On the contrary, since the vertical
mul ti tubul ar heat exchanger 1 of the first enbodinent is provided such that
14 the nethacrolein liquid will not be retained on the upper surface 34
and the like of the upper tube sheet 8, polynerization hardly occurs and

t he adhesion of the nethacrolein polynerized material to the upper surface

the s |1 RS BRRERaTE BN SR BaE aiftel Rt adas Mo AP erPBgon 00 N

the 5 |i eac exchanger tube 28 is

prevent o b8, A 1 80 RIS0NLL 209, 0RELRELOm Ot I LIE s ubul o

heat exc P nerized materi does not grow,

t her eby ﬁﬁeb%%&iep%gggéeF'tplgg%ng% re! Fﬁ%d!%egf, R Danaple t40gendl steel

Conseque , era renoving the polynherized material that

has 10 Deigkeaedivic Knaandiud oberof fiprigeveat pipesl verti cal

mul titubular’'heat exchanger S unnecessary, which allows for the

contigiuous | g tgHNIQPEEREN 00 qE thievideit | with AWt igorbsll B0 head 82changer .
Al so, since the adhesion of the polynmeric matter is prevented, decrease in

the heatcémanshieatigh Wethenr¥ aitermedvatet ispabemiB i whboéiar ehehtid1thaixchanger
1 can be prevented and decrease in heat exchanger effectiveness and

separ at i exctedriged peay with tHee pyecds< dlidnnttddudedl BntoHbatheatcéxaty@iger can
al so be prevented. A verti caF mul titubul ar heat exchanger according to a

second efubedi 284 rethindtewpthas end flows thriooighvihelintey mrdiate seaci'idvief er ence
to 20 Figure 8. The vertical nultitubular heat exchan%er a corﬁli ng to the
second effisoportert0 psdsidi | Rhetiotarmadiate space i18smaynbS @l R hPARdYPE
characterized in that the heat exchanger tubes except the.an i,.sposed in

t he 1@ent hayingod tsirdﬁierﬁ*tﬁm@@%aﬁr%?ﬁ"t’%ég %p%lérre Lo #8208 08 %%;B’gartﬁﬁﬁbe

sheet. Therefqre, the second enmbqodinment wll b I : k regard
to 25 th 'Pﬁ%&}f?%;(@gt %WOV&FQWEQ i'%‘r‘?rmerdﬁ%ﬂe %%%Db égﬁgrrswﬁéen%ngﬁpnent.

Al so, in_the draw t el : ﬁ{gép' biiidear to

t hose ofatplluléras'iw\gkggﬁg'é)cé?gent%v%eé{rﬂ%dLtsagér;g%%gggfbenc %Egt?éélpgbgigb?hose of
the firsyRrHodi AgRh. 1@EHe 8 ERaRRelCHereARdwRBREINODR chaewedfintthe 15

connecting portion between the upper tube sheet and the heat exchanger

tubes ofintéena@ité capacall1s byl Be beal lengitadipel lzaftler @-patht typdieasecond
enbodi nent. As shown in Figure 8, in the vertical nultitubular heat
exchangedivBrgiogoitali rigpé oa tdwe ks e cbinerging ddivrtyme, a kplitiigeflowrfaPs2@ngs t he

| onest heat exchanger tube 28L does not, simlarly to the first enbodi nent,
prot r udethferldt®@.t he upper surface 34 of the upper tube sheet 8, whereas the

e S O uabbr bufansefd el NS R PRI e |

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

95 process may not have to be applied. 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



10 applied between the heat exchanger tubes 60 and the upper tube sheet 8
so as'to achi eve snooth connections between the upper ends 62 of the heat
exchanger tubes 60 and the upper surface 34 of the upper tube sheet 8.

Entire circunference wel ding between the heat exchanger tubes 60 and the
upper tube sheet 8 is also effective for enhancing air tightness 15 there
between. In the verticgal | titub EXEMNR slend. t Phehe

second eﬁ%%ﬂ?%%ﬁ*ﬁoﬁh & 6H c?%ﬁﬁﬂgﬁﬁgﬂgﬁﬁebetmegﬁﬁ?ﬁgqﬁpper t ube sheet 8

and the heat exchanger tubes @0 LgheagLdhe AEAELdTRBININGgViEIR | f the
vertical SIRIS idNSkl rtWe&W%&gHg%ggrﬁ}lfs{bc%o%tantIy%squbj ected to the 20

vi brations caused by the ow i is Ofefdtabpr sersted Ifrord e t he
fluid vvhil%Weé%ﬁﬁrn&ﬁgeh%fawewm\ﬂgrf ﬁ[e}rf%?gc%sjss ?I ui d, %e vi brati ons caused by

the punp or the PIHes abbee stiritedBrest Liye fupgparr ooy punp
machi nerf%'?etrﬁé]%?r@{es%agg% %gs perfEPmance of the connecting portions

bet wegn t ubes 60 and the upper tube sheet 8 is 25

preve te(frp‘%reg%a%)éﬁ)ég O%EP\e/%', and therefore | eaks of the process fluid from
the connectingpesté BRshé heseketnengec arbde2fifer ennadctiratbadubes 7

i ncreased connecting strength provided by the heat exchanger tubes 60

di sposed griaengopdieah @WeHEr Risd sheats Braritahgavill tepexpigin soSPI&ER s 1G

t he sealing performance of the connecti Bg%porti ons bet ween tgg tlam'fSt part
heat exchasigionst oheheBleatrekdHangepebesud® foheenng HPEMUPESng°| %d.

Al so, when increasing the heat transfer efficj eggg ba/ decse ?itﬂg éggt
di anet er @fpéeubeathast chaarge stiugbed!IF0SFHR al% NP PRI ng the 5 nunber of

t he tubes so as to broaden the heat - exchangeahl [ ace, the
Connagt | caliangariupe Ai0r RERSCORBHHRGAPs ARdD e TqwET FHEe Sheeribale

sheet 8 can be surel erforned. An_e I IShH {i um
syst em utthe; &qrﬁgertwéxglﬂli Leaqnfﬁmm'%"G%@ﬁ’g'wﬁgge{g@%%ﬁgnﬁw%f@' t ﬂre‘ggféesent

Lnvention il L Do SxRlRisaeAob! idhd dickher egfifedthdidiiions bétuperetis | s a

schemat i cBvSed oin'e ion col um system conprising the vertical

mul titubul ar hg%ﬁﬁg%@é%g{ost@%ﬁg%ﬁg%gr@érhgb@gmmi ment of the present

i nvent i onYPRE" ure e distillation colum Sést em 70 has a

(distillation gl yiBuA2ndaBaR &, dhe dippet hibagheat Erhas holsa Printeyeaen
easi | y15 pol ymeri zaYﬁ/ e substance. The distillation colum 72 conpri,ses a
suppl 5 Pi Be wHick eNBeeESPondinanhéat excretigarduper2® ean7it, and $RPH| RdgQ
connected to a colum top 78, and a bottom pi pe 84 connected, to a | um
bot t om 8257Tdfeall thpe piepe e36hahgehtull s 2BIargtReHtieaed ,pwes than é%%ﬁ‘@&cegd to

the top portion 88 of the vertical nultituybular_hea e ichis
t he aboves@ffarend4 eidbeenpRe LR sheet Re At tﬁ‘?ﬁ&l@ﬁ%{gﬁ]g’ngr%ﬁg%&h\/\or ks

d . Adistillat i 92 ich i Lt t
B pos 1. woineevetltGaavenae el o1y B PRat exGHeHgel Ry HeLT ©
bei ng connected to the er rLi . beSih | i &athanyer2 and
thle gt her Irmrﬁadde%ge? gﬁﬁ‘r‘% i‘ﬁtéh é;ip%’é‘t é@ﬁ%ﬁ%ﬁn‘ m%tgéﬂ of ther25

di st | ti o . A tub@aheeh .
ei ngontibeS s ove it At FAEER)sohted 1o e e b

bei n om part of the vertical nultitubul ar heat

exchanger 60 drirh N8 &IFRRIEABSS 0pfthé hespeethenuppey @ndsch2 aidhal so
wor ks as ﬁé%%yit’]lt@?,é@rrl%h?%e ot her being connected to the outside. A 17

te”peratUfrf‘e%?%%dh%'nglékI@@bé—@asvmieqneio@dqonhemmmtuber@aeﬁ\ﬁew B6rqtdR 104 of
the distillation colfum 72 is connected to the top part 100 oté?';%gt reboi |l er

96. To prqupAnta REsY BetlEehiths ufpdrhebeatidef SrandrineiuriAre I PacE®as wel |
as inprove the efficiency of the colum, the distillation col ym, 62 is
heat exchanger tubes 28. Such entire circumference welding between
95  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
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5 preferably a plate colum (a tray colum), but it nmay be provided as a

packed tower, a wet wall tower, a spray tower, and the |ike. An operation
of the distillation colum system 70 will be explained by describing the

case where nethacrolein is distilled froma nethacrol ei ncontai ning |iquid.
10 First, the nethacrolein-containing liquid is prepared. Such a

th | ei n- t ai ni [i i d tai ned f i i
oL hacr ol oL Sant i S <20 PR SRLALAsE Lok Al cPinerhosi no o
i dati f i sobutyl it I I - i Nj i nit
oxi ot on O ok BRRLELEDS WL 2L SSHL Y SEYAIT SORITLRG R0,
sol LT on of MELNRC o 1 .o Ehe e sk ol pLpecanial okeo 44 aslyoublen
I i zat | Lnhihit i f I dded to th th | ei t ai
polyrer 23100 5Lk bl added 10 the meChacr ol efnoontal i

I nc| “ges one ggﬁ[@r%rmﬁ%# %é%%ﬁ@-‘n@&rﬁ%éd oyar&cal HOItRGbGIRShesi ng of a

nol ectll ar oxy ntai ni ng gas, hydroqui none, nethoqui none) cresol)

Phenol . AR GNBE: ofIBRRY! Framemplieotdicace iehernthethebydleime b ue,
one or nore R s thereof 'selected froma group consisting of a copper salt
conpound guchsagodiepsByl dithih oteopRsticarmanttisuladi ey | elidhta@ngecofper
carbamat €, di gut hyl di t hi o copper 25 carbamate, and copper salicylate, and a
nanganes%)@é,tne%prrpound such as manganese acetate, p-phenyl enedi am nes such
as p-phenyl enedi am ne, an N-oxyl conpound such as

4- hydr oxy- 2, 2F@s6- tred raettarybleip@asdin ouxgdycechintenthre PR hSRECEIr &,

t hi ocar bam des such as thiourea, and the like. 18 One of thes?

pol yrer i zatoagh ithai toit per 2&pf e acitigalamultitsioniAreneahEXERJNIC - t b or
nmore inhibitors may be added in conbination. Upon adding the p i zation
i nhi bi t orpgrtios ehienbnRadyedMmRtRgRIRIEm 885 IIF AaNFeNshd § ‘Pﬁ‘tﬁo{‘g%‘)s(tﬁ%y be

i ssol vedneratarges Sataneaan fhe ekt a! e BeaBridgdITgR® | nen
introduced th h | i qui Jo I 34
ool yror | aaeueEny e SPHEEnDRESH It BRd 1P ingUBBEY suf@p ad or bitFurper o be

directly trfﬁibéeghé. t® the easily-polynerizable substance by bubbling and the
i ke, or alternatively it may be dissolved in a solvent and then m xed 10

i ndi nact Iy i nigintleneasppir palriaey i3zabk ehsubppeandabe Useetp8r forsiopryl t he
bubbl'ing, the nol ecul ar oxygen-containing gas is preferably supplied

t hr ough t§ewaalaneTrdet themo8ieroportion 86 sowardtthencerdrainporti®rad8/@d ishr ough
the reboiler 96. The nethacrolein-containing |iquid supplied into the

di still atalso stBoothedrby7fori examele, Raiing.zbe methrerpie fblavid 1AM s and
fed fromthe columm top 78 of the distil]atiaqn_col ugn 72 ta the t port 22
of the cowpeerssuriggeyds ohihe pnsarplibgo sheet BsIQYScHOVRMATdR LTI t he

(he cow & Ohe® oPH pe 0" T IS O ! °
pol yror | 2RPRRSRHARBIbP” 1AV aehBr P T e il woikroren e B S (e 2o
disti]|ati 2 and €]

o o o oS bTTy Fa PSR SO TR LG8 by Tl

et Ract O GhAnl/RTESV RS RANIEIIRDiquid fIoTRL RIS AL idkt E3enbRGer lbed he

condenser Whi"ch™ | he vertl titubular heat exchanger of the
e 28 rdispdied SR NHEONRGNEE dnd5 central thtioRt bachel kiwest geiad. As

expl ai ned”abov since no nmethaCrolein liquid is retained on the upper
surface 3dx@hanhdeér WQSL@Q&MM $hanitinity dhehbesntet goatiger  (Tiloes 28 or

the like of the condenser 86) the adhesion of the polynerized material is
pr event edsireeathleomwstioscraldinrgri¢ismabretained on the upper surface 34 of the
95 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



contj nuous operation of the condenser 86. As a result, the long-term

conti nuous operation of the distillation colum system 70 as a whole is

al so nade possible. On the other hand, the nethacrolein-containing |iquid
taken out from5 the colum bottom 82 of the distillation colum 72 is
forced to flow upward within the reboiler 96 fromthe bottomto the top.
The tenperature of the nethacrol ei n-containing lLiqupd | by a
heating opRIbASitHR GHewth of tha W@Uéﬁgmétef'@ﬂ)oi f‘é(r]a b%déﬁéfbﬁﬂéﬁ%ﬁ@@
tenperature-controll ed nethacrolein is retur - apss At ure
control pPhéheometiagiodeinogas %%‘Sttﬁfowefg%rfoq?ﬁeﬁ'gpéﬁ]?ﬁ&a otrtlﬁcol u%n 72.
During a steady operatiqn,.since the nn cral ein-containing liquid flows
upwar d i reXch@neehsipes 2§6Wf[|f%|ﬁ1oﬁf’eswoetl¥ %&F?&g‘etahe top without being retained
and accordingly t upper_surface 3 hube sbsetxéh&igdhe
reboil er 96 i éYqu,ﬂﬁgd'ﬁ)‘\ﬁ?ﬁﬂcﬁoﬂ%ﬁn@%g%?épé?ﬁ?%@ﬁ@gﬁ”ﬁﬁﬁg I'i quid, adhesi on of

the pol y[{‘&é?éfﬁae'@}@%}@@f éﬁé rﬂﬂh‘%&‘ol@ﬁ'ﬂigtﬁid duxsed B9 theneridyrisationt i nuous

operatiio _ fon colum system 70, the et hacrol ei n-cont ai ni ng

liquid r?[Bg;b;jQ‘teEQn tﬁfé‘t ﬁé?e%lgr:f%ééé, |5t bPRNBOhEAN ekéhanget ebesIRs, | ke 96 may

be colle roug ere er 96 and the bottom pipe 84 after the

operati O%anéd?sléﬂhﬁﬁ iilalitem 3 FelatExchesigem iess28 dsrivar by teopped
for a periodic Inspection or trouble with other equi prment and the |ike.

Upon col | getHdioldif JB BR6 teb gke-fwingi dowgwiardaind, thus fidwswslongwisist d from
the top to the bottomwi thin the reboiler 96, which is also the vertical
mul ti t ubuliaholiedkirexcbtaiged ofi theeinpeessifaces, && obriheTheat exchanger

met hacrol ein-containing liquid, 25 when it flows in this manner%j .S not

r et ail0ed tabesh@8yupsiacestive gty ehainalacfQiptes MEHRAIARID 833n8"YhE'S ower
surface 42 of the | ower tube sheet 10 or the |ike of .the boi | , and
thereforeﬂamptﬁiﬂdﬂbﬂ%fiop’wgﬁ'@ﬂuﬂ@dhﬁﬂ%@i%cmgc?rtt'ﬁ%eﬁggec}esﬂ?&ge 34 of
t he upper tube sheet 8 and the | ower 20 surface 42 of the | ower tube
sheet 10 ¥Rtaingd.|ike is prevented, as in the case with the condenser 86

P T o, SRS IR Tl B e et

restarted, th r tubes 28 due to the growth of
the pol yf@%&yﬁﬂﬁé&} E{JP%$a?éeé?%"ed-lo@epoﬁwb%ﬁétm ot Bige.alMawts of hthe eboi | er

96 and als ron colum system 70a to operate continuously for

an e?i%?”%@trﬁ’ééﬂo‘f&n%idia %nﬁﬁ%&futrcﬂjtﬁé&fédtregwhhagepemms dmpsitloouky
requiring any i1 nspection in the inside of the reboiler 96 upon its

oper at | on?mingg Wiesiezst adpomiin ftthe etdtbdrdairs lighid lesheses e the
mul titubul ar heat exchanger 10 according to the present invention have been
expl ai nediowdresrtadedlrg tharbwer duse shgeha0rydsurees ()SIPR. t RYWeVver,
above- nenti oned enbodi nents, the upper surface f34 of ”}ethuep er tlflbéa sheet 8
i s sl opedbelcawsd cbrthehsloget tarmas enothePWBHEHE acke?2 © ower 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

25  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



central portion 38, the upper surface nmay be sl oped downward toward a 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 nent where the upper ends 52 of all the heat
exchanger tubes 28 do not protrude fromthe upper surface 34 of the upper

tube shegho fe i, blacn AEGRNGNIEARAS rEminehenaheppdneurfumauppenddng 521 of

t he | owest ™ par eat  exchanger tube 28L does not protrude fromthe upper

surface 34.0h¢t oF fuske spsets Spwhirherizatomippend)erutué? arid tthe ot her
heat excﬁgﬁgég t?%bg@BGB protrude fror%w{yhe upper surface 34 of the upper

tube shegfyrRsidh bERMEth¥BkYrolBMBYIEmerded tateriabtedthesapper sunfacdddheat
exchanger tubes 28 may protrude fromthe 25 upper surface 34 of the upper

tube shee) tBe WpdhRILLBREEBIMER tfe sievhabf eaupprt kRegE BOBY 28

di sposed in the vicinity of the | owest part heat excha%r tube 28l may not
pr ot r gde |fkeosn tHeinmesutacd 56eof3dact heled axohengenbebe Heets Brayeni&dt he
upper ends of the other heat exchanger tubes 21 28 prﬂtr de fromthe
upper surlfackiiBdn obvemé thppeeratibe of tee vegticatiauljitdayiar NEREEXEMPEICof ¢ he
heat exchanger tubes 28 the upper ends 52 of whjch dci notba}pr otr%ﬁ% fromthe
upper surf mceorinugd tthe pppeerzeanatrridl dpes Ret gt PREFVHRENTRTS ¢ he

polynmeri zed material is prevented, and the reater e [ of,. 1 he heat
exchangeranmyubdegeing hef dgsehe@ﬁdgx%'ﬁa%@e'&/\ﬁ#gﬁgp? tr uéfeg}fsrémlg’ u‘fg‘p?ter

surface 34 of the upper tube sheet 8, . the e, upki gth
bet ween t%réﬁﬁgrfotrdﬁ@%‘ﬂggﬁh@ %ﬂi}ﬁm@iﬁ@egje@%&%@%hﬂgﬁtégﬁ S’f@bgé fg%q%ﬁtﬁgt ai ned.

Al so, while jn,the_abqve-nentiof e i ; irsd Al I efs 10

met halr ol %@Qbé%rnqassffi?%%@‘? t le%ﬂi@e‘ﬁ%@%@%ﬁ?gnﬁé&ybﬁghgg%l ised to
the distillati f | i, G :aci : h8nGase, langretdracrylic
aci d-i:on!tba%cfﬂrhggl ?‘&ﬂ@%&%%e'@@gﬁg?@sﬁﬁreﬁﬂéﬁngP ?as an aqu%rgus sol>/u!ti on

of the é@% o | fodgaf nfiMliludclaoneef exdteamgdrnacryl i c acid obtained by
bri ngi ngetS rre?')régc(?fy (e %ci d- cont ai ni ng gas obtained by 15 catal yti c gaseous

phase oxi dati as@f st ageolzeihesin lofatne! polyearioxygier denPeVRHEdgas i nto
contact with water, an extracted |iquid obtained bé extr cting tBe {

met hacr yl decraeise frr tine thentavansferefficensy afteeneristlumuhiubuiangea

met hacrylic acid using an organi c solvent,  as an extraction a a

f I ui d5obtexarehdsr pt ogenl yoadi BtEVenteg @ne Bereass dp E\@@Q&%E%PQ%{ ed

liquid. Furth i nstead of the : | ei n;
ot hachy| SEeclanaS R SRR G aeneY WaditypbrynH oo he ances

may be distilled. The easily-pol jzabl e substances include, for exanple,
the esterSXSIFNPRE" Wﬁ‘a%ﬁ?lqlecB%%\%/eﬁégCryl ic acid and malefic acid or 25 the

Subst ances. g U ieey PR e e R e A e por
subst anceg Qi i SRINY Git thePbraddrlt iRvENBORANIT bET desdrived witmatdference 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 embodiment will be explained only with regard to
95  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



of the easily-polynerizable substance. In the case of acrylic acid and an
22 acrylic ester, the mxture can include a m xture of acetic acid,
propionic acid, acrolein, malefic acid) water, and formalin or the |iKke,
which are the 5 10 by-products upon obtaining the acrylic acid by catalytic
gaseous phase oxidation reaction. Also in the case of nethacrolein, the

. S oxgaton. f : . : Wi
nre the nobnielit Bofth PhkbErfing Yot (@pRCEN! 1 e ool R chager I ot
phase oxi E@iso{)'fh@ee%%i[tﬁ@ rf%ﬁu‘?u&ﬂfﬁ 'P\%a?@&h‘%g@?@&%ﬁdﬁhp%ameds@é&w@ﬁ er

met hacryl can include a mxture of acrylic acid and acetic
acid or t | i i ch are the by-products upon obtaining the nethacrylic
acid by agﬁgtog:ﬁﬁgp\émgaseous phase oxidation reaction. Further, while in the

above-nenti on | eEigulds liavwale Yerdalswii@edulst héat lexchanger t ube
sheet 10 is slq%pggta%vmmﬁlgufromthe outer portion 44 toward the central

porti on 4Gecdiif@Yo Be SbEBRE ewiydithdritothd beperierd 520r ¢fitbie lddesbhaatl t he
central portion 46. Furthernore, a case where the vertical rmnultitubular

heat eXChéﬂ&%n?@r U pBESEHds Ny esimitarly to tisedirat eanhastitkend epratoider
distillation colum systemand a case where it is used as a reboiler for
the distiifrbat ties upPletmsuriyss 8 diathe bpper delse rshised &buhereasotis ePpef he
vertical rmultitubular heat exchanger of the present invention is not
limted tenbeigfyoliabdhasothke heahdxnbangss tubes PRPOEMSS EPMEe PREEEad, it
may include other types of condensers, coolers, heate

wel | . In addacecid afhiheseipprEdHbenghaat Bul lE:”fiﬁ%a&‘r%f{?zﬁag‘% wi%ﬁ’w"éﬁ%?é&ﬁf
10 applied between the heat exchanger tubes 60 and the upper tube sheet 8
so as to achieve smooth connections between the upper ends 62 of the
heat exchanger tubes 60 and the upper surface 34 of the upper tube sheet
8 Entire circumference welding between the heat exchanger 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 8 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
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invention may be provided with a baffle plate, a longitu

an inpi ngenent baffle, a channel flange,pa shel | covgr f?aESL b:fnglplgfgé
25 nozzle, a floating head cover, a fixing rod and a spacer a degassi ng
connection, a drainage connection, a instrument connection,’a support
saddle, a lifting lug) a | evel gauge connection, a conponent for preventing

t her mal ; f - 2. _ ' !
nl uded TR <641 ar e R Mg el B e g% o e
present inventiqgn wi,ll b d _wi ; )

exanpl es pﬁ?tn?@?p?’é%ré%ﬁg%ern@rﬁ)% gwgt Ehheg L@?r%ﬁ\u?gr ggﬁgxm}ﬁb%ﬂrgrA The

e e IBRelBReT WS8R HoBhsRs O hobhRantRs diiBleopycbyppecasing ace,

and the exanpl es are conventional condenser and a

conventi gaglrd{q?ﬁé’éelreéf ‘{W@X?é'é} 8R€RaRbet hewehasn arfd allsaiiperedsibg tieeet and

a flat | € Sheet. common 10 distillation colum is used in the

exanpkes 1.4 0.f Kb (e COMRAI Bl bR dexane! resatlexah ahgestile heab tiansier
i nner ~di amer[’er ofﬂge. 15mand i s equipped internally v?n th a 30-stage .

stainl esssteed halUSSMoctmirewe niultple Thin raatfaciangerithbeggieansgnth
’ nkneg
tube sheets for the condenser and the reboiler of the exarrprﬁ[%s lto ZWS;e

tS|hoped daypper @ibier sheédthe cartiepberdlppetormegard the central portions
ereof_, and_the slope angle is 0.01 radian relative to, pl i ni
t he peripheri gs efnddutmess péaa idistiltalias §ﬁb@ﬂ@_sy§$@;ﬁw@gir§g 3H§S\Qecr iﬁtaf’jII ning
C_Orrparatlve Exarrpl es 1 and 2: Purification of t hacr,ql ei n- Well
Liquid multitubular heat exchanger of the present invention wﬁl%eeegpla?ﬁgé ¥ifH "9
10 reference to Figure 9. Figure 9 is a schematic view of the distillation
column system comprising the vertical multitubular heat exchangers
according to the embodiment of the present 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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20 The net hacrol ein-containing liquid was supplied into the distillation
col umh. The conposition of the supplied nethacrol ein-containing |iquid was
93% by wei ght of nethacrol ein, 3% by wei ght of acetic acid, and 4% by

wet ght of water, and the supplied anount of the nethacrol ei ncontaining
l'iquid was 50 kgl hr. 200 ppm of hydroqui none as a 25 pol yneri zation

oot i 11 edemipeatie oAt biAEy BHLOEIChd SoRDFRIH b tes LR SNSRI Gas by
i ot 11 atatnoGHE el O S0 bR APdh DTS deiTalon e 20 Hefipieoele™ - ™
Col um bt onterssstREPa oAl of BScoram Sy e e o s |
Conpar at 198 xaimnave, Heorg ot ohg! 4 Saichon, M shicti HIRAEATME 2 877 oo

th f f . t.h I h [ 2 d
he oo AT Laie IO (B hey R BT e B e the

central AR L5BCAANTBYES & RprkptBRbr IR iNOMken (he exarpie 2) i d

€ upper surface he upper tube sheet while the other

heat 10 exchange {Pkr 960at 619 BolUren WpBRIM TW Wilkke dixpidiaeddper t ube
sheet. For thg‘g‘I %?/\%r;éqﬁb@r @tﬁeet in each of tﬁe exanples 1 and 2 and the

conpar at | ¥&s SHARR! 188 daddvdreameyinacroleinhis distited tfrra aheethadreianal | the
heat exchanger tubes protruded fromthe | ower surface was used. In the
exanpl es dorBfhidg lidugd.operati on was stopped for a while after 15 the
distillation colum had been operated continuously for two weeks, and the
procags fl ui dFémtt ahei myethaerofeirmaontaiBing Juniai i nyanajedsd G & out .
Two days later, the operation of the distil] atifon col un%g/asg{r est srted and
then the mpthacro@invesntaning higeid Canche ARIREG G SXAPRIG P¥i I NPRPHS.

Thereafter, the heat exchanger tubes and fhe er_.ang | eets 20
of the comedmaeYALIHEINRSYSRSeW ésphéaé%%‘?gﬁ.ca@ygicr %%thsuﬁﬁasz%hesi on
of the nethacr.ol ei p .po ric ter e ) e ariyeain the
conpar at i 9¢ @&8%9@ '%o%gﬁ%n%nﬂg%tgn&%%ggﬁaé s opréttragﬁg]%? e i I?%ci)l | ati on

col um i . MY S \afert 8 [ifoch Nribioa bRl 1 Tne clopagictuancayueeds in the

condenser ¢ er i operation was restarted, and the

oper gt °“¥eﬁ%ﬁoﬁt PRPRLIRSSAISA. t NEheoRGsRaerolbRdcbeimBguticaab| is. théren t he

upper ‘surface of the upper tube sheet and the heat exchanger tubes in the

condenser s\esifed NEBaskedistiiidtiomsonimsemeethrobah thésupppepipaiyface of the
upper tube sheet was 25 conpletely covered with thevgﬁolyrreriéré)ﬁi mat eri al
and al nost  al IA thwdyrhesizatiac Hiahigstort isbpesfaeatdy Adsigsb io NEhMEdN§H& #1024
material. In the reboiler also, approximtely 5 k otl_ t he r])ol gmer{'.zed

mat eri al oastaicingr Bguich in Isder to inhibit polymerization. he polymerization

inhibitor includes one or more kinds thereof selected from a group
20 consisting of a molecular oxygen-containing gas, hydroguinone,
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-tetramethy|piperidinooxyl,

carbamides such as urea, thiocarbamides such as thiourea, and the like.
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upper surface of the upper tube sheet, and approxi mately 50% of the heat 5
exchanger tubes thereof were clogged with the polymerized material. In
addition, it was observed that a small amount of the polynerized materi al
was al so adhered on the | ower surfaces of the | ower tube sheets of the
condenser and the reboiler. Also in the conparative exanple 2 where an

attenpt was nade to 10 rate the distil i i Syl
E) Ba; ait inotn@uaeafbf?tﬁﬁfg F?,lé@éﬁ?gﬁgaéﬁg@r‘tlo\sﬁ_t%k‘;%f?&%%"cegigg% slhgte i¥ionoft It o its

_ started which is a [ of tine.simlar hatyian t he
conpar at i Wk arPIF e1inhii@rs Haay K& 5&9% &S M F Ry orf diiig e
had become unusabl.e. Thﬁ. a,(dh&zi gf %H di(gﬁ't sl Pcﬁ Eﬁﬁf{%&&%@a?ﬁéﬁe%%??glsegn
Egﬁd}?ibgn@{)k%@ﬁqaﬁomf IPRLTOE el e gn %ﬁecre%lol—ﬁer én@et he c?'oggi ng

f. eat .exchan [ ATH] | ok i i

conpar ati‘?@'b&?é Irgai,b%@@%&é%ipngggvﬁéﬁyﬁe%L%yahgpte%glﬁqdaZ%’te?gélt on the
upper ésgmﬁgfbeegfdéé%ﬁéggﬁggad%gg%hgefd,Oé &ﬁ@x iglfd | 8F ovsr seRepxigmtel y 4

K/g.hZ : : ar frparative arrplesSand4: Purification of
t hacr ylth% Aﬁﬁ?%d% 3@% L4 qg:hqdﬂ“&d‘rqméa%dﬂ isho )d- cAardoai ifii thg | i qui d

was suppliéed i ati colum. The conposition of the supplied

met hacryl i g, a0t Ahiling isitael dovssul 95 dxpyemebatdinafg geshiangy ike aci d

2% by V\el%ﬂ{/ ofr 25 acetic acid, and 3% by Wg?,ght gf acrgylgiachacizj,/ and t he

suppl i ed @rauint miked ot haxilylpolyamrizatdatsabetarpd by buibbliag 0! k@ hr. 200

ppm of hydroqui none as a pol ynerization inhibitor was added to the

met hacr yl like, asi dieonativelyng ayube, digsciyedds @ heolveetEnd daemi el r bei ng

|ntroqucgd as 2G a nolecul ar oxygen-containi ng gas bx 0. 3% by vql ume

(r:g: atlove md|rebﬁy;Aagnnhzcﬂasmlv-@dmmt@b'%f%bﬁéaﬁ%oi Yeer WZOW@ ﬁ]eati on
um was operated and nmanaged at the columm top.pressure of 8 kP h

col unm t opukidingr fheir@ogcurar JRyiaessceRiaNg, gtaﬁg'%o‘?r@ ra%’éYt%W’gPe(aadserg of

10 KR, s Ihe IO SRS ABE GFHHE %ifialior EHLRRT 752hRbAst AL Ne
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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of 2. In both the exanple 3 and the conparative exanple 3, none of the heat
exchanhger tubes protruded fromthe upper surface of the upper tube sheet.
In both the exanple 4 and the conparative exanple 4, only one 10 heat
exchanger tube di sposed in the central portion (corresponding to the | owest
position in the exanple 4) did not protrude fromthe upper surface of the

upper tube sheet while the other heat exchangear, tu r tkr@m t he
upper surdoadi@ueust RReiRRN Qfu s‘?%@e.nﬁ%r&?'hz\sl t()ame?gglflg’bgﬁéﬁggg tlErr] each of

t he exanples 3 and 4 and the conparatj.y I kyrpe of the

| ower t uls@ndineU SWRBREAIAN Oﬁﬁéegglﬁi'ﬁ@tl%ﬁf%%%t g%%%”g?g)t réﬁd%o\l fromt he

| oner surface was used. In the exanples 3 and 4, the operation was stopped

for a whidlgogPae® RASS'Pstillation col um had been operated continuously

for two weeks, apd the proc fl ui - aini igBidamken dEt from
eqepber&%%ncggtﬁgr El%&B@riCannHchaﬁ

aci d- cont ai ni Pj‘ wn out. Two days Tater, the operation of

the dist [}b're;ééégﬁﬁﬁgbggﬂ} BB RS AR oL ARN7RNS fORRIAID Nowngmward

conti ﬁuo or another six nonths. Thereafter, the heat

exchanger @Hilp,eﬁ]ea%éitb? SEPRBM 38 HoPeRh 16 URe tepeeThedtent peratanedent®  and
r

the reboi? were inspected. As a result, no adhesion of the methacrylic

acid pol mﬁgcr@%heéorv@ﬁw@a&w@ds 2ontedllddheycanheatiyg aperatiencasphr at i ve
exanpl e ere an attenpt Was nade to operate the distillation columm in a
way Sinm |gswt Antd\adh tie Fésoira0m lae d3th eclenyzp atureccaintretied meth@cedltienser
three nonths after its operation was restarted, and the mration S

st opped biegausmddithrdtigh therdensraturadcwdtdmipaibZaly &e (sl pad U%%er
surface of the upper tube sheet and the heat exchanger &.ubes n tﬂ'fee
condamserofithe distplationd columnad2obsPriied enhsteddhe &0ty §'0E8 t he

upper tube sheet was conpletely coyered with th ol z erd al and
al nost  al inetihecieein-sorigelag géduiduhiews erwar 6@3@% C%ﬁ[éﬁo §rrfg§l%nz[eHl

dhesi ial, | h il I j
pol yer | Zealiam & ing fgathanepe i e AR FCERTREY P et slifdoe
ser e ol ogdbachi T1F (Ebolyier SRR e 1o e o O T e Chsor ved.

were cl og nmateri a n addition, it was observed

that a sngll | fnihBe |RRlid M dHatbreberthal pugmatigedadinateeidl on t he
| ower sur éaére\égi) HWQBP%\%&Bt u'llglgl sheets of the condenser and the reboiler.

Furt , r?rdlyeomar ative exanple 4 where an attenpt was nade to operate
the distillation colum in a way simlar to that in the exanple 4, clogging
occurred in thBugagdpesengitenn comimsows pperdtion epehardish e e8lW it art ed,
and the operation was stopped because the condenser had.beconﬁuunx abl e.

Wen the gpplem sTof atiee ofmethacippierceniginisgediduichd e'REMBAt VEXtRa @%r t ubes

Lhe. Upper dlaitietiomoselurs TZoapdetns yobater 88 WAy noe Heo st e Siar dhe ort ol
Shei ve. FekalermBd ARaHnE NOROT BiPeaBRos el T, SPEL ST b i apelixen! zed
P heat 24 hecabiTNaRHSeTbr Bk THmieT oo oftoP B o B B e et
were cl Oﬁgrﬁ%b %Mﬂ&&ﬁ%ﬁé@@b@%ﬂiﬁt ghialthe! Nikeddilpem, dotievtsgoliser ved

that a s neric matter was al so adhered on the

| ower surfaGes -0k e chtiRing Lc!gfbiéhﬂe?l%mf doheveamad érever thendop hto rtbdoi | er .

As expl ai ned above, the vertl mul titubul ar heat exchanger according to

the presenoidiy QkhiPNtHEAFeBYiRYEDS, Wwhiggingldaytheneertical multitubular heat

exchanger of the present invention. The methacrolein-containing liquid,
25 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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28 _polynerized material and therefore can be operated continuously for an
extended period of tinme. Further, the distillation colum system accordi ng
to the present invention can be operated continuously for an extended
period of time. 5 Although the present invention has been explained with
reference to specific, preferred enbodi nents, one of ordinary skill in the

t will i t hat dificati d. i b ad il
el ni ngSVTERR 12 Rb lae dBUeR BB ER ofd PhdnBr REEE PrEvEREdogs B L cope o
| &5 MRSV ey coreERE S A e AR Bk gy ek, | AT

VI ( _ i exchanger r perforning

Cont ai i naparteneT e sIRF b e Sehtad {ie 2 ogtint 3o felf ekehangent d S
i ni g £t -2 tace, "t heat -
EeaHR S JE T Sl et T g e A

| ower por Pﬂg?ﬁéahﬂz ﬁﬁ&'éllw?s”gwoetlﬁe@oirérug@laiﬁd/apsfo headigneiongeslummes

whose “out rences of ends are respectively fixed to the upper

tube Shee%yﬁgﬂ} 708 @O\tﬂgégéﬂébeoﬁ@%usmh@r%hnemna@mebea‘unf@‘cﬁm@f aftee upper
|

t ube shee or e e sloped and at | east one of the heat exchanger

tubes is Ré-%%ﬁﬁg the bperatforiwitibityreefuitimg drywespeptientindhedhstdeeotipper
surface of the upper tube sheet. 2. A vertical nultitubular heat exchanger

accor di ngtHeOrédRigNds upbariel dpéfationppeingsestarted.of the upper tube sheet is
formed to be sloped downward fromthe outer portion toward the central
portion ther eahild.thA embcdtmientalof ithaaricahsultiskinangeat £X66RASRG to
claim?2, 20 wherein the upper surface of the upper }ube shrﬁet ils s| oped
downvier d bgcarddas toottte lpreagharinventian \aveo bees sxelalngt aithe HeIPWY Ypper
outer edge of the upper tube sheet. 4. A vertical nultitubul ar heat
exchanger vagabheas max Eea'ﬁ?dﬁne of clains 1 to 3, wherein the upper end of

o the upper  tABUSs e PEORR TR Bitach Sub iR sh Blpgh YErteReTR of e "
surface C)[het DSngPL%e %Hggt §W§%§Oped 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

95  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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5. A.vertical nultitubular heat exchanger according to any one of clainms 1
to 4, "wherein the upper ends of all the plurality of heat exchanger 30
tubes are provided so as to not protrude fromthe upper surface of the
upper tube sheet. 6. A vertical multitubular heat exchanger according to
claim4, wherein the upper ends of all the plurality of heat exchanger

tubes, 5 excluding one disposed in_ .the vicinity of t I ostitd on of
the upper28psetisiigefromtae pirRATIRI TGS 26 Pt)trﬂ?ol‘fr?éjee aeogﬁggﬁgpuzrpﬁe% tuge

o3 bk BT A e

a5 Ry Rl G U R AR

0 0.1 ¢ g{enegmecza o el R b e Bl P e et the
a Ogrel{ledtg?2%1nﬁjb%lgBgftﬁé'hefé'ﬂ!etxbhﬁﬁaéaw@@eoe@r@ﬂapgew eAds®2lohg t o

any o wherein the“easi|ly-polynmeri zabl e substance is

acrol ein, Wﬁaﬁ‘%ﬁéﬂilﬁ% ﬁgoﬁcfﬁéhléE{)éFisdrfaeeté‘!ﬁ@whbcum@érdttwe shéer 8f hee eof .

10. A ver ul ar exchanger according to any one of clains 1

to 9, V\heb%éc}eﬁﬁg&ggﬁgﬁ@sst,fé@tﬁ detwbbarthe uppsritsbe sheley Beand dve beat

i nhi bitor stillation colum system conprising a distillation

col um fogxghé,t,gé,l iune 260 lisliottgiagtiai ni ng an easil y-pol ynmeri zabl e subst ance
and a condenser connected to a colum top of the distillation colum, the
condenser bei ngsoa el ircéhe mpavetmbotianedexmbedinantfethactisiiAtRY €6 any
one of claims 1 to 10. 25 12. A distillation colum. system conmprising a

di sti10 at imetheotalein has beiest dessrikpdh thedirgseshinyenitiog RAY be ap fiedt6

easi |l y-pol yneri zabl e substance and a reboiler connected t
of the di $he Idistilidiorn @fumethadrylic e 2% Vb‘{el'ngFr‘a?Wér??e%%{l grﬁﬁfﬁ?ﬁ%fg?t}]g;

ool i oy SEihOeRIRING Soud dney; PeapTeRrell Ton hfmbfe, 75 af dusbplp gt on
containin . easi_ly-pol | Zzable ‘
ol oRofliqhar dhel i BBFHRCaFighHS 4 fifectBpCep IRRALIIINRE it o @

col umm bo%‘?%}‘gfﬁufb&etﬂ'fﬁigél at | RBtHeRHHIBY adi e dpraiang egasindbtdieed ebypi | er

bei ng vertic heat exchangers according to any one of clains

1to 18- 32:a0lis! gA8Yeds: phAa¥eAoxidation of methacrolein with a molecular
sl . Al a@. Al % A?{ Aagl .Aa. A Al (9. ALY. AYuY. AY(. Aa . AY; L. AY(E. AYuY. A; | . Ausl . A

A
sY. Al 29. ApxhyaX-dstaiing (ks iAtdcANtakt WithhaxBg am: extracted liquid obtained
by extracting the methacrylic acid from the above-mentioned aqueous
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 methacrolein-containing liquid or the
methacrylic acid-containing liquid, other easily-polymerizable substances
may be distilled. 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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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 lug, 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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the condenser and the reboiler wherein the upper tube sheet of each of
them has a sloped upper surface, and the comparative examples are a
conventional condenser and a conventional reboiler wherein each of them
has a flat upper tube sheet and a flat lower tube sheet. A common
10  distillation column is used in the examples 1 to 4 and the comparative
examples 1 to 4, which column has an inner diameter of 0.15m and is
equipped internally with a 30-stage stainless steel (SUS304) 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 distliation column was operated and managed at the
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5 heat exchanger tubes protruded from the upper surface of the upper tube
sheet. In both of the embodiment 2 and the comparative example 2,
only one heat exchanger tube disposed in the central portion
(corresponding to the lowest position in the example 2) did not protrude
from the upper surface of the upper tube sheet while the other heat
10 exchanger tubes protruded from the upper surface of the upper tube sheet.
For the lower tube sheet in each of the examples 1 and 2 and 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 result, 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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5 exchanger tubes thereof were clogged with the polymerized material. In

addition, it was observed that a small amount of the polymerized material

was also adhered on the lower surfaces of the lower tube sheets of the
condenser and the reboiler.

Also in the comparative example 2 where an attempt was made to

10 operate the distillation column in a way similar to that in the example 2, the

condenser was clogged about two months after its operation was restarted

which 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
95 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 introduced as
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5 the column bottom temperature of 99 degrees Celsius, and the reflux ratio

of 2.

In both the example 3 and the comparative example 3, none of the
heat exchanger tubes protruded from the upper surface of the upper tube
sheet. In both the example 4 and the comparative example 4, only one

10 heat exchanger tube disposed in the central portion (corresponding to the
lowest position in the example 4) did not protrude from the upper surface of
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

90 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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it was observed that the upper surface of the upper tube sheet was
completely covered with the polymerized material and almost all the heat
5 exchanger tubes were clogged with polymerized adhesive material. In
the reboiler also, approximately 5 kg of the polymerized material was
adhered on the upper surface of the upper tube sheet thereof, and
approximately 60% of the heat exchanger tubes thereof were clogged with
the polymerized material. In addition, it was observed that a small
10 amount of the polymerized material was also adhered on the lower
surfaces of the lower tube sheets of the condenser and the reboiler.
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 6 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
95  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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extended period of time.

5 Although the present invention has been explained with reference to
specific, preferred embodiments, one of ordinary skill in the art will
recognize that modifications and improvements can be made while
remaining within the scope and sprit of the present invention. The scope

of the present invention is determined solely by appended claims.

10
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10 a plurality of heat exchanger tubes whose outer circumferences of
both ends are respectively fixed to the upper tube sheet and the lower tube
sheet;

wherein an upper surface of the upper tube sheet is formed to be
sloped and at least one of the heat exchanger tubes is disposed in the

15  vicinity of the lowest position of the upper surface of the upper tube sheet.

2. A vertical multitubular heat exchanger according to claim 1,
wherein the upper surface of the upper tube sheet is formed to be sloped
downward from the outer portion toward the central portion thereof.

3 A vertical multitubular heat exchanger according to claim 2,

20 wherein the upper surface of the upper tube sheet is sloped downward by
0.005 to 0.1 radian relative to a plane containing the upper outer edge of
the upper tube sheet.

4 A vertical multitubular heat exchanger according to any one of
claims 1 to 3, wherein the upper end of said heat exchanger tube disposed

25 in the vicinity of the lowest position of the upper tube sheet is provided so
as to not protrude from the upper surface of the upper tube sheet.

5 A vertical multitubular heat exchanger according to any one of

claims 1 to 4, wherein the upper ends of all the plurality of heat exchanger
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tube sheet, are provided so as to protrude above the upper tube sheet.

7 A vertical multitubular heat exchanger according to any one of
claims 1 to 6, wherein the lower surface of the lower tube sheet is formed
to be sloped.

8 A vertical multitubular heat exchanger according to claim 7,
wherein the lower surface of the lower tube sheet is sloped downward from
the outer portion toward the central portion thereof by 0.005 to 0.1 radian
relative to a plane containing the lower outer edge of the lower tube sheet.

9 A vertical multitubular heat exchanger according to any one of
claims 1 to 8, wherein the easily-polymerizable substance is acrolein,
methacrolein, acrylic acid, methacrylic acid or ester thereof.

10. A vertical multitubular heat exchanger according to any one of
claims 1 to 9, wherein said process fluid further contains a polymerization
inhibitor.

11 A distillation column system comprising a distillation column for
distilling a fluid containing an easily-polymerizable substance and a
condenser connected to a column top of the distillation column, the
condenser being a vertical multitubular heat exchanger according to any
one of claims 1 to 10.

12 A distillation column system comprising a distillation column for
distilling a fluid containing an easily-polymerizable substance and a
reboiler connected to a column bottom of the distillation column, the

reboiler being a vertical multitubular heat exchanger according to any one
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distilling a fluid containing an easily-polymerizable substance, a condenser
connected to a column top of the distillation column, and a reboiler

5 connected to a column bottom of the distillation column, the condenser and

the reboiler being vertical multitubular heat exchangers according to any

one of claims 1 to 10.
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