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MULTI TUBULAR CATALYTI C GAS- PHASE REACTI ON APPARATUS
BACKGROUND OF THE I NVENTION 1. Field of the Invention
5 The present invention relates to a multitubular

catal ytic gas-phase reaction apparatus suitable for
use in the production of chlorine gas. 2. Description
of the Related Art 10 Conventionally, production of

| ndus iy Al TIHARR A RS YA AR Y TIEh GRE- PEAGES RERGTAONO APPARATUS
that are generated by catalytic gas-phase reaction,

generally uses a multitubul ar reaction apparatus for
effective renoval of heat generated by exother nal

reaction. A nmulti tabyl-dg UIN%B.@FI e RRYERESN Ncl udes a
15 plurality of reactlon tubes charged with a catal yst

r [l nd circul ates a heat
e ch r?geaid ?‘Ccth% I?;Qr%nt:.o cul :

i um ( heat ium within the reactor

shel | 1q,0008 108, ag%ghttggn%bf&easnéo é;ﬁ&i@?%!uﬁ&f@i‘ @Stalytic

reactio n exothermal” Teactl on usi

rmrgllﬁsls-t bU|egIréeagﬁCt%t TS ar%t%%pgu le trhe ??x Rroduction

SI'tes ere

of val, of reactl on heat i s worsened by drlfts of
‘H%éﬁﬁﬁéar FA%w , or in sites where the catal yst

concentration is high and so the reaction speed is
high, or the like. In the hot spots, deterioration of

a_ca aI SL r,a 2 ase i r|ty of a reaction

pr20‘d 053 q&'@a& ﬁ;?teﬁ Eur " due to extrenme

temper at %%%ernlt%.onally, praduction of industrial gases such as
chlorine gas and acrolein that are generated by catalytic
gas-phase reaction, generally uses & multitubular reaction
apparatus for effective removal of heat generated by exothermal
reaction. A multitubular reaction apparatus includes a
plurality of reaction tubes charged with a catalyst within a
reactor shell, and circulates a heat exchange medium (heat
medium) within the reactor shell to cool the reaction tubes and
thereby removes reaction heat.

In exothermal reaction using a multitubular reaction
apparatus, so-called hot spots may be generated in sites where
the efficiency of removal of reaction heat is worsened by drifts
of a heat medium flow , or in sites where the catalyst
concentration is high and so the reaction speed is high, or the

like. In the hot spots, deterioration of a catalyst or a

decrease in purity of a reaction product is prone to readily
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When a heat nmediumis supplied to renove heat of a

reactor, the flow of the heat nediumin the

hori zontal direction (lateral direction), that is, in

a direction perpendicular to the 5 |ongitudinal

direction of the reaction tube, primarily controls

the efficiency of heat renoval of the reactor.

Accordingly, i r 58k negener ation of hot

sperer 5&% Eoe%?ggélﬁ%eté@%éﬁ%%t rol” the flow of a heat
mediumw thin a reagtor s . P € Het@0bt B reactor,
t he Iatﬂ“‘gﬂ1 agﬁl?%éfnfgﬁg&féq%kgg%t&%gd of restraini ngr

the generation of hot spots . 28414 teral
ot Betosis ok tha.Rerbefntl £ fo¢ MRt Mredtibidir

I'titubul tion tub i : _ .
MLLLARART E2ETL20 L% SAIPER iR ascper o o

hel | havi baf f | dthereipn..It i

Rk 1901 LIS L PRI B!, IS5 ot o

substantially constant rate of t | ateral flo
C KBonaaE Labahar, Of heAt AN S IR FECREPEL | BCOTItILY
per pendi cul ar to the | ongitudinal _dirgectiqn of,,t

B e
the baffles. However, in the nmethod described in # .
PAPID IR BB ARy o5 @ Reat Medibhy L H R AT URT TS eT1 being
flow, i.e., inthe flowin the djrection along the
r bawPpeRieaBedni §heobrtaEaL o pEPEE Mt h heat renoval
in the |ateral flow,_ so the heat transfer w] hinfoFe spots
conpar t AEnd Rethes %FPFEFEﬁPF?gcm%t%ﬂe.m(vg}‘}%é’ oPRE SPOLSE.
hand, European Unexam ned Patent Publi catLon 25 N:E-)'t N
198678Batest| Hoes3BRAL 45| ALECHAPEF t TLEPAP U@ FRPATATY
having 2 ] )
including a multitubular reaction tube equipped with a
circulation device of a heat medium and a reactor shell having
baffles arranged therein. It describes that the presence of
the baffles maintaing the substantially constant rate of the
lateral flow of the heat medium, i.e., the flow in the direction
perpendicular to the longitudinal direction of the reaction
tubes, within one compartment separated by the baffles.
However, in the method described in U.S. Patent No. 3871445,
heat removal in the vertical flow, i.e., in the flow in the
direction along the reaction tubes is poor as compared with heat
removal in the lateral flow, so the heat transfex within one
compartment is not sufficiently constant.

On the other hand, European Unexamined Patent Publication

No. 1080780 discloses that, in a multitubular reactox having
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a disc baffle, the disposition of a space having no
reaction tubes arranged therein in the centra
portion of the reactor shell reduces the influence of
a decrease in heat renovability due to a vertica
flow However, in this case also, in a site 5 where a
heat nmediumflow in the end portion of the baffle is

BB BnpaPhbe PiaRfRir R B MR vk gAY Breaction

fmal n,” causi ng the géneration

Spots in_sonme cases. Eurp J4N n tor
PRPEEaFEATRET THB58E el QeI g o aog F the reac
gas- phase catal yti ¢ i dation 10 s 7 4

7 ke IpEadHaPFi TibAPRL RGP ChenaAgbeR s bR a oo oLty
pur pose of preventiqgn of hot spot .generation arisin ;

f Og% tRGAIAFIEHGAY 18 -a eV ey O PrSu R g e ey on @ site
reactor shell, the reaction conditjons wthi e .
 shereon PapEmafsuBsELau Y St e“cdné’ckﬁﬁ%f °rélh§?8i pgtfle 1s
a catalyst in the reaction fubes is chgffed 5 on the ction
basiversrd.hBoFE3aNE PART feheet e ¥ARMHhi¥ ddh S8™Raf o2
that the nonuniformty of reaction conditi ci}r%ﬁggog

t Rabescaemabn, Caped nosthegareyatFARLHSE & BENS SHESS.
poses a problem in that the nethod of_charg%gﬁ a,, 3
cat al ysEuropegs UseppmidaeddPatensuinpRiceEt By 140068

I NVENTI ON An obj ect of the present invention is to hod b
pddvicdeses wbEti.- inbal 375 Rhass Gatajatish s¥d dation; BRthod by
apparatus capable of solving the above probl ens,

k Depingg oo anElxefebad Frul lagn hasdi frehange IeprEpT . for

tube and a heat nedium restraining the 25 generation
ofthexperpiose dHIPERNARLIAN P& hoki PP hIgRAtH Oy, ardsing from

nonuniformity of a heat medium flow within a reactor shell, the
reaction conditions within the reaction tubes are estimated and
the way of charging a catalyst in the reaction tubes is changed
on the basis of the results of the estimations in such a way
that the nonuniformity of reaction conditions among the

reaction tubes is reduced. This case, however, poses a problem

in that the method of charging a catalyst is too complicated.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a
multitubular catalytic gas-phase reaction apparatus capable of
solving the above problems., keeping normal the heat conduction
between a reaction tube and a heat medium, restraining the

generation of excessive hot spots to maintain the life of a
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catal yst, preventing the corrosion or breakage of the
reaction tube due to an el evated tenperature, which

does not require a conplicated specification and is
suitably used particularly in production of chlorine

gas. 5 The present invention relates to a nultitubul ar

catal ytic gas-phase reaction apparatus, conprising a _
ptktal ity , Preveantiipphsubeseriangedbiealpagaldfethe yeaction
baffl e capable of changing the direction of novenent

okuBe@dd tEdinueleRbtedutatperatwra, daicihodosisehptt pe@uire a
di rection perpendicular to the 10 | ongitudi nal

dichRpiiontell dhweimanitivn hies saisphty tdwd pasticularly in
di sposed in aregion including a part of a section

§gau%@§°nhggtcﬂggfyﬂéfgggg in the direction of the
face of the baffle and does not have the reaction

t ubes af‘dﬁlé%&‘b?%etd'{e{ﬂéht%}greﬁ.hﬁ%aéﬂ H%ild tukfldar catalytic

di spose tween the space and the 15 reaction

4RSS phDaYl REaLREoRAEELROME UIEaRbr G166 OpL@EaLEY of

Feaction tu . n the present invention, the

£ lglr%gg@g%ﬂs‘:.{lﬂgfr ?g?ﬁig{qu Ph %&Eﬁfié’l ar § apgesh é ncapeole of

from rows i'h between the space and

E rhég 5?%@15' e t&ik]:%%tiégx H8didv i ¥ Lthdat Reafiah Setroduced

réactron tubes are charged with a catalyst
R ey S
C3bbaFsphsh T B EE o) MERoPantnfbaceinti ) apectenac 1
gﬁgggﬁgér gﬁrgaéegfgﬁ Ui At ds TPLbbvioH ¥REre the
heat medium flows in the direction of the face of the baffle
and does not have the reaction tubes arranged therein, and
flow-adjusting rods, disposed in between the space and the
reaction tubes, having the same longitudinal direction as that
of the reaction tubes.

In the present invention, the flow-adjusting rods are
preferably arranged in the range of from 1 to 10 rows in between
the space and the reaction tubes.

Additionally, it is preferred that the reaction tubes are
charged with a catalyst and the flow-adjusting rods are dummy
tubes not charged with a catalyst in reaction tubes.

As the baffle of the present invention, a disc baffle and

a perforated disc baffle are preferably used. In this case,

a heat medium inlet and a heat medium outlet are preferably
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4 formed as circular conduits. Mreover, as the baffle
of the present invention, a segnental circle baffle
is also preferably used. In this case, a heat medi um
inlet and a heat nmediumoutlet are preferably 5 forned
as distributor pipes. Wen the baffle is a segnental
circle baffle, the space i.s preferably disposed in the
ségrEdarns [GAFCrdag FEFWILFR -t he present invention, it
is preferable that the reaction tubes are charged .
with a Mergpyst.ang the Pasfde of the PH%S?@EC%S}S?P“"“' a
tubes are divided into a plurality of zones by varying
t Weddendadnaloelamafifileois psoEef§sablypsed. In'this case,
mul titubul ar catal ytic gas-ghase reaction apparatus
ofa featpmeddmm iimlett apd pshpaktmedivm pupletepnp| preferably
used in the production of chlorine gas. 15 Accordi ng
t dddmedpaesditticibatbiropipede Mlepodine bafdfle is a segmental
flow adjusting rod in between a space not having
I edoidlerbdfibbs, therspapedis peedieraily dispeseh inUessegmental
renders uniformthe flow of a heat nediumin contact
WibislE fillee wiedoti.on t ubes and maintains normal the heat
conducti on between the reaction tubes and the 20 heat
medi um IRkhither psksants ihkrengtor| aitonsoprefersbigctihhat the
spots, thereby being capable of maintaining the life
ofreactdshalybbsaageperaegéd ngiiora asitailystd amdesdkagénside of
of the reaction tubes. Additionally, the nultitubul ar
r ¢ael reacappar aubesobkret Aévhdedenhtonaepliioaldéy of zones by
mai ntai n normal the heat conduction

varying the kind and/or amount of the catalyst.

The multitubular catalytic gas-phase reaction apparatus
of the present invention is particularly preferably used in the
production of chlorine gas.

According to the present invention, the disposition of
flow-adjusting rod in between a space not having reaction tubes
arranged therein and reaction tubes renders uniform the flow
of a heat medium in contact with the reaction tubes and maintains
normal the heat conduction between the reaction tubes and the
heat medium. This restrains the generation of excessive hot
spots, thereby being capable of maintaining the life of a
catalyst and preventing corrosion and breakage of the reaction
tubes. Additionally, the multitubular reaction apparatus of
the present invention can maintain normal the heat conduction

between the reaction tubes and the heat medium by arranging a
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25 between the reaction tubes and the heat nedi um by
arranging a 5 flowadjusting rod, and thus has an
advantage of elimnating the need to contro

conpl i cated operation conditions. BRI EF DESCRI PTI ON OF
THE DRAWNGS 5 Figure 1 is a sectional view indicating

an enbodi nent of a nultitubular catalytic gas-phase _
I G-Il jasdnat nedof ahdethys dsentan dyanitege PEgeléminating
is a sectional viewindicating another enbodi nent of

t R eMilddd Waulcanteatlakyiptigasefhaperatichi oondldions.
apparatus of the present invention. Figure 3 is a

di agram indi cating the shape of a baffle arranged in

the nul titubul ar catal yti c gas-phase reaction

appar at us i ndi ggirg¢ pRsErgwvreok. OFi gHEEDAAWINGSi agr am
i ndicating the shape of a baffle 15 arranged in the

mul tit ululgr-catal vt bEcgsnNasew endlcatingpparieabsdinent of
indicatedin Figure 2, Figure 5 is a diagram

iﬂphﬁﬁ.ﬁﬁ% @rSBaps19tia Hadipensadapicdidm apparatus of the
sim

ation of the present exanple. 1, 2 nultitubular

r Mt aRRAALes . 20 101, 201 upper tube plate 102,
2 %ﬁmr tubéﬂélate 103, 203 heat nediuminlet 104

ﬁoﬁfreaﬁuﬂﬁfﬂéﬂﬂ Qut et elP2ond96vid@5indP6at8ng4andther
affle

embodiment of the multitubular catalytic gas-phase reaction
apparatus of the present invention.

Figure 3 is a diagram indicating the shape of a baffle
arranged in the multitubular catalytic gas-phase reaction
apparatus indicated in Figure 1.

Figure 4 is a diagram indicating the shape of a baffle
arranged in the multitubular catalytic gas-phase reaction
apparatus indicated in Figure 2.

Figure 5 is a diagram indicating the shape of a baffle
adopted in a simulation of the present example.

1, 2 multitubular reaction apparatus

101, 201 uppex tube plate

102, 202 lower tube plate

103, 203 heat medium inlet

104, 204 heat medium ocutlet

105, 106, 205, 206, 3, 4, 5 baffle

107, 207, 52 reaction tube
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25 107, 207, 52 reaction tube 6 108, 208, 53

flow adjusting rods 109, 209 reactor shell 110, 111,
210, 211 space 31, 33, 41, 43 boundary 5 51 segnent al
baf fl e wi ndow DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS
The nmul titubul ar catal ytic gas-phase reaction
apparatus of the present invention includes a

plural i t)¢0f Jo@actsizonet Lbesqjdde fag araesl in parallel,

a baffl e capabl € of changing the direction of novenent

of a hegt,gmedjjsm EQEFQ&-‘C&%H‘W a reactor shell to a

direction gerpéendicular to the longitudinal direction

of the ,,eact.i.qan es S that is disposed in a
19 %ﬁﬁ@ | POSe€l
part of ! eo’sélcjtq'l‘otr?ﬂ\%ﬁerge t he- heat nmedium flows in the
directi o%@i,hilfa g lﬁ’ox?rfld baffl e and does not

have th e i on 'tubes arranged therein and

fl ow adj usting rods i ] et ween t he space
and the %a@?gﬂﬁngﬁ%egééﬁgéﬂbm?%‘g sane | ongit udi nal
direction as that of the reaction tubes. Figure 1 is
a sectional view indicating an enbodi nent of 20 the

it bSO SRS TERRERRSS SRS o

D o o g LT A BB P BhSe S P MBberatus

T U O et e R SBte A pa 2 B8 S on cuves
arranged in parallel, a baffle capable of changing the direction
of movement of a heat medium introduced into a reactor shell
to a direction perpendicular to the longitudinal direction of
the reaction tubes, a space that is disposed in a part of a
gection where the heat medium £flows in the direction of the face
of the baffle and does not have the reaction tubes arranged
thereln and flow-adjusting rods, disposed in between the space
and the reaction tubes, having the same longitudinal direction
as that of the reaction tubes.

Figure 1 is a sectional view indicating an embodiment of
the multitubular catalytic gas-phase reaction apparatus of the
present invention, A multitubular reaction apparatus 1
includes an upper tube plate 101, a lower tube plate 102, a heat
medium inlet 103, a heat medium outlet 104, baffles 105, 106,
reaction tubeg 107 and flow-adjusting rods 108. A heat medium

is introduced into the inside of a reactor shell 109 from the
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25 is introduced into the inside of a reactor shel
109 fromthe 7 heat nediuminlet 103 by way of a

di stri butor pipe by neans of, for exanple, a punp
(not shown) such as an axial flow punp, a centrifuga
punp or the like, and flows in the arrow directions,
and then is discharged fromthe heat nedi um outl et

1G4 acTheaduhaifles 15350y X6y oF 4 lELsaditvdtditibape by means of,

reaction apparatus indicated in Figure 1 are
segieRtahng Eclaep%fir?&é sHdwnesubBngstagliditlal flow pump, a

direction of the reaction tubes are alternately

ar I d ' it i i
AN ot LEnyTIR.08] eyt Rszectsons.

paa[rf& Q:'ﬁle?xr Il¥ h&%g?ggeangrbﬁetﬂ@ ﬁ@é{ ln?éﬂi‘ﬂt?%}%l.ieﬂg 194, The

t he purpose, are sposed In such a way that, for

CHYMIe bLig hg,%% to@ar-t%fee;nu&%ﬁfcg{éghset {ggg%gﬁlm&ﬁg?mus

um-dnd the reaction tu IS

rm:i.rnediclar%e% r:i.%a‘i-'li r%hﬁl laru,a%ie eR@LEL! S?Lrgitlgpgéﬁgles; '}i.n the
n I'n | 0

t Héreéin, a sSrté where the“drrection of novenent

ﬁég.tenati@}ag#épq gglvrf%g%g%%f oR t&%&éi%gg;t@%gsveﬁrg afternately

ecreasea or an e
eSS SHE PBheresss. bl he; ARcsudiides  Phe fhrerval
ol B s S AR Fag 4048 Pk B3 dRn artcF by req, ana the
BRAE R BePanALhE O B SUbeFEscane ALaBRRb L ath o vay
C O tc EPBroROTRLET oF R AT b gt T B sy Dgfveen the
S 3 Sg%gig%{‘%ggﬁgﬁmﬁaa%%%%igﬁt P§60s2: Le26bbOR /AP %r more.
In a reactor shell having baffles disposed therein, in
a gite where the direction of movement of a heat medium is changed,
the linear speed of a heat medium flow is decreased or an eddy
flow is generated, and thus the heat removal efficiency of the
site is prone to decrease. For instance, where a heat expansion
is present in a reactor shell, a heat medium flow concentrates
on the expansion height, so the linear speed of a heat medium
flow near baffles above and below the site is decreased in some
cases. Here, the heat expansion refers to an expansion and
contraction joint for absorbing the difference of an expansion
and contraction between a reaction tube group and a reactor
shell due to thermal expansion.

In the present invention, in a region including a part



10

15

20

25

shell due to thermal expansion. 25 In the present

invention, in a region including a part 8 of a

section where a heat mediumflows in the direction of

the faces of the baffles 105, 106 in the reactor

shel I 109, spaces 110, 111 as portions in which the
reaction tube 107 is not arranged are disposed. In

otde s $eEtiben iwhetid ashabemedieat £3owenivdiig idiyresddemeof the
readily poor due to the disorder of a heat nedium

f liwear 6fNetie GazEaeedibbe 1®adn ohetrhmstdd Bhesld 108t spaces
the heat renoval of the reaction tubes 107 is

unifor i gar poedicfst ihOwREERr €R6 téEcybmer Btbenlo? is not
excessi ve hot spots. However, where spaces 110, 111

arf AR ade WREPRoLRAC i D d 4IRS WANRISLO i3l MilteNathere heat
arranged in the spaces, the change of a heat nedi um

f':@%&@b&a&%@b@s&%@%éﬁqysbbsg e the AL86+8€P of a heat
t ube

s are afranged and the spaces, whereby the heat

f%{ga\mtl.ehw ket hE: EL85540 (i esRdi136ERLbeE 109, so that
spaces

econmes sonetines insufficient- Accordingly,

%ﬂehﬁ?gylﬁdn{o%li' aff_flfegs:—tageeisﬁ BRI abYSi #luntil®rmly carried

i
présent 1 nvention, in between the spaces 110, 111 and

. it ; : . vor

| Mt GBELbBRebH U dlfe A1 dh SRBRINT NOUBS | Hovever,

SIS 5 %{E%E ngt hg,heagbi 8515%39@&' Ghiopgh-th6n tubes are
P e | % t he heat

change o fection of movenent of

SR A el TG i mostun

. ( ng t channel o . t he bea

ium.i.n r at, . $ub
el e SN, st e B SRR e e
of__sites

arranged and the spaces, whereby the heat removability of the
reaction tubes adjacent to the spaces becomes sometimes

insufficient. Accordingly, in the multitubular reaction

apparatus of the present invention, in between the spaces 110,
111 and the reaction tubes 107 are disposed the £flow-adjusting
rods 108, the longitudinal direction of which are the same as
that of the reaction tubes. Although the change of the

direction of movement of the heat medium causes disorder in the
heat medium flow in the spaceg, designing the flow channel of
the heat medium in such a manner that the heat medium reaches
sites where the reaction tubes 107 axre arranged by way of sites
where the flow-adjusting rods 108 are arranged substantially
gets rid of the disorder in a heat medium in contact with the

reaction tubes 107. This renders unifoxrm the heat removability
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where the flow adjusting rods 108 are arranged
substantially gets rid of the disorder in a heat
mediumin contact with the 25 reaction tubes 107. This
renders uniformthe heat renovability 9 of a
plurality of the reaction tubes 107 as well as ensures
the_ heat renovability in a desired extent, leading to
t hef R etpapAt tY #£ gtéWeFﬁFPBﬁ"Bft‘-}Rﬁs &pdas “Ier?‘Jt RE ensures the
mul titubul ar reaction apparatus of Figure-1,
al PRBbJEMoebiildhreln fafeatved gxtead . o%e%ﬂl%g tﬂ Ble grestraint
the heat nediumflow, the present invention is not
| | % t SRPEFREEAD, ORRPT SBIE- an up-flow or a down-fl ow
may be adopted. Additionally, a raw material of
cat al yti¥n gdwe phuklel ubathd o reagiiiione @ppereials ofadtioyre 1.
tubes 107 may al so be supplied in an up-flow or a 10
dosktiioegh theafipyret hedicabes manneksobfan bp-fidew of the heat
medi um and the raw material may be concurrent or
c ongdicunt W owanthe agheztesdt; inyengppnops inatte tivépeddilmgreto, and
on the purpose. In the nmultitubular catalytic
g sk ens enrugscf 1 on oxap gawat-fd.owfmah beprd@epited. Additionally,
invention, a circulating nmechanismis 15 preferably
praviasreda texrsat v cadplitdac sadashiasedieamtdioschapgdiled to the
fromthe heat nmediumoutlet 104 is cooled, and then is
agaactisupiubed fridinmadye dlest beedupmlieidetinl @3 up-tfhew or a
inside of the reactor shell. Figure 2 is a sectional
vidowr 1ilicsat | Tha&nbs hethe gy ehalPfieds dtliethe heat medium and
mul titubul ar catal yti c gas-phase reacti on apparat us of
t Heheprevardtdmasinmagrbe Aonhrrbnbwmcongaction, and selected,
apparatus 2

as appropriate, depending on the purpose.

In the multitubular catalytic gas-phase reaction
apparatus of the present invention, a circulating mechanism is
preferably provided in such a way that a heat medium discharged
from the heat medium outlet 104 is cooled, and then is again
supplied from the heat medium inlet 103 to the inside of the
reactor shell.

Figure 2 is a sectional view indicating another example
of the multitubular catalytic gas-phase reaction apparatus of
the present invention. A multitubular reaction appafatus 2
includes an upper tube plate 201, a lower tube plate 202, a heat
medium inlet 203, a heat medium outlet 204, baffles 205, 206,
reaction tubes 207 and flow-adjusting rods 208, A heat medium

is introduced into the inside of a2 reactor shell 209 from the

10
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i ncl udes an upper tube plate 201, a |lower tube plate

202, a heat nediuminlet 203, a heat nedi um outl et

204, baffles 205, 206, reaction tubes 207 and

fl ow adjusting rods 208. A heat nmedium25 is

introduced into the inside of a reactor shell 209 from

the 10 heat nediuminlet 203 by way of a circul ar

Caretti tnebyumehnke0f203 bprwax afph aizcylam conduishywieans of,
such as an axial flow punp, centrifugal punp or the

| ifesr eadathpilleowsa ipuntphd naitr elvodn) esticbngs aandxfihénfilew pump,
di scharged fromthe heat nediumoutlet 204. In the 5
MddritiriFdgd1 penpldrothapike3tarsd ifndiveatedhierafiigudérggtions,
the baffle 205 is a perforated disc baffle and the

bafifd endf6id Aisendirsedbatbh&he Reiiband dNgh budilesl 204. In the
direction of the reaction tubes are alternately

A ARGEG NG D Hdd RS 020 2ppattadE. ihlecatedetviaFighrehe, the
baffl es 205 and 206 is not particularly limted, 10

angh e bakl kesa gependhigaodi s ROShd Ay baffle 206 is
di sposed in such "a way that, for exanple, the heat

transfRr peeehb CH.ﬁn{:hgeiS%:F(‘tudi}ﬁif‘@ﬂré@idﬁn@d:h@ﬁeactlon

reaction tubes is 1000 W nmore. In the

mﬂ&aew*&&Jeaalrt%%tatt%ayaaeﬁaﬁgaa ingi @t etel o MH €06, The

heat nmediumis supplied by neans of a circular

Ifval %E tHELReai c SBY U & Bbeti L83t thsuedly 1limited,

|un1out et 204 of the circular conduit are arranged

?ru%ﬁt fag ?&Efﬁ@ddhggnﬁﬁhbr& tﬁﬁrﬁblﬁf‘ﬁ]ye Ofarth@isposed in such

reacti on appar at us circul ar

copgiiiten QPerf'or:]:géx?h éntﬁférh@a%nifﬂngféi’%%fék%eﬂﬁ‘ﬁetween

entlr perlbhery 0 titubul ar reaction

ggawe% dmgpeglns &hﬁlé’&eé%]éﬂ%xﬁrtﬁb@rse&@ 28b¥ W/m’K or moxe.

arged
In the multitubular reaction apparatus indicated in

Figure 2, a heat medium is supplied by means of a circular conduit.
The heat medium inlet 203 and the heat medium outlet 204 of the
circulaxr conduit are arxanged so as to surround the entire
periphery of the multitubular reaction apparatus. In the
circular conduit, openings are intermittently disposed over the
entire periphery of the multitubular reaction apparatus; from
the openings are preferably introduced ox discharxged & heat
medium.

Additionally, in the multitubular reaction apparatus of
Figure 2, as in the mult;Ltubular reaction apparatus of Figure
1, a raw material of catalytic gas-phase reaction may be

supplied in an up-flow or a down-flow; the £low of a heat medium

11



medium Additionally, in the nultitubular reaction
apparatus of Figure 2, as in the nultitubul ar

reacti on apparatus of Figure 1, a raw material of
catal yti c gas-phase reaction nmay be 25 supplied in an
up-flow or a dowmn-flow, the flow of a heat nmedium 11
may al so be carried out in either an up-flow or a

dophsfd 10 PROESE1edThAl 1h%ithlee £ op- ehenral & dofint Row manner .
raMIﬁaterial and the heat medium nmay be concurrent or

Co@ﬁﬁ‘etﬂs\ﬂeth@@q_o%%r?&zs 88 tARF APh8ELi al GRECREE Rgat medium

an the purpose. 5 Figure 3 is a diagramindicating the

Sh?ngﬁ é’é RAnkallilar 6 @RERG IRl hendddiiddiid abs appropriate,
catat yt

C gas-phase reaction apparatus indicated in
LRSS e e I
L0 OB 25 B i ox = nesers
s R Byl P o add Haotion
058 S AL By HLF1h08 25T Hh ol 83 AR § dicnang
D S a4 150 BEE e PPeEs YR e diERH PabkEetor ana
o SerBl s ABRRAS s 38, Y BESodPR Y 0 ppeorton wne
10 1 LEobe 08 WRELEL o3 2Snh0ube LAY SAPIRELRy S B e

108 _.are arranged_i n_one row_ alon oundari.es .31, 3 .
of HRECEIPRE Ghare FREVABEHG Pagaen b e atbtrifutor pipe

are indicated by arrows. Here, the baffle 105 in Figure 1 has
a shape lacking the space 110 as a segmental baffle window: the
baffle 106 has a shape lacking the space 111 as a segmental baffle
15 window. An alternate disposition of the baffles 105 and 106
causes the space 110 in the baffle 105 and the space 111 in the
baffle 106 to be £low channels of a heat medium. In Figure 3,
although the flow-adjusting rods 108 are arranged in one Trow
along boundaries 31, 33 of the sites where the reaction tubes
20 are arranged and the spaces 110, 111, they may be arranged in
two or more rows; the number and the arrangement of the reaction
tubes 107 and the flow-adjusting rods 108 are not limited
thereto.
Figure 4 is a diagram indicating the shape of a baffle

25 arranged in the multitubular catalytic gas-phase reaction

12



20 are arranged and the spaces 110, 111, they may be
arranged in two or nore rows; the nunber and the

arrangenent of the reaction tubes 107 and the

flow adjusting rods 108 are not limted thereto.

Figure 4 is a diagramindicating the shape of a baffle

25 arran%ed in the nultitubular catal ytic gas-phase

r eAPPPERTUEIRGRR tadidn Kigere &d | BhFpyahed Paffdepd@rcluding
a baffle 4 excluding the spaces 210, 211 are

peBer apedes hel ¢ eZdtli anet peretOed ithe me@ction tubes 207 and
fl ow adjusting rods 208; by the baffle 4 are supported

t hgherfbew+ ahjvsbbrg 20dsan0ld: ey thewbafflet4 mger sugported the
208. The 5 directions of the flow of a heat medi um by

t hweacktahatubead0? amd ethadf bat-exijystinowsoddHeds. The
the baffle 205 has a shape |acking the space 210 as a

5 pedioeations ahtheef Déhef hAdmedht inbdiuvhady Ithe?28brbatan conduit

shape | acking the space 211. An alternate disposition

of atbeihai éhesd2bp antowds Cieuees thee hafdde 208 hasl@ shape
the baffle 205 and the space 211 in the baffle 206 to
belatkung cites nplazecb 10 deal perdodation; W éther hand, the
al t hough the flow adjusting rods 208 are arranged in
onBafP¥e ab0GChéfica Sapelald@cingl tHe3 sPaddeSit ean alternate
where the reaction tubes are arranged and the spaces
218ispdditibeyomyiebBaff 186005 BAA! 206 lda e s EP¥Ee 210 in
the nunber and the arrangenent of the reaction tubes

10 20thersh e fdqpvand YAk Hac®dBl 2% ahe BAELhEN2bEdto be flow
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thereto. ~ Figures 1 to 4 show enbodi nents where the
f | evate LSt 6002 heat medium. In Figure 4, although the

flow-adjusting rods 208 are arranged in one row along the
boundaries 41, 43 of the sites where the reaction tubes are
arranged and the spaces 210, 211, they may be arranged in two
or more rows; the number and the arrangement of the reaction
tubes 207 and the flow-adjusting rods 208 are not limited
thereto. '

Figures 1 to 4 show embodiments where the flow-adjusting
rods 108, 208 are arranged in one row in between the spaces and
the reaction tubes: however, the present invention is not
limited thereto, and flow-adjusting rods are preferably
arranged in the range of from 1 to 10 rows along the boundary
of the spaces and reaction tubes in between the spaces and the

reaction tubes. The arrangement of flow-adjusting rods in one

or more rows can have an effect of bringing the flow of a heat
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rods 108, 208 are arranged in one row in between the

spaces and 20 the reaction tubes; however, the

present invention is not limted thereto, and

flowadjusting rods are preferably arranged in the

range of from1l to 10 rows along the boundary of the

spaces and reaction tubes _in between the spaces and

t iBediwm cih GPRtaRs Wit the HFFGHMD e wFtudl Ay

rods in one 25 or nore rows can have an effect of

br § Heakhtaned IFdaver 15 theapumbsr ol ifdav rdiomtdae weap are 10
the reaction tubes close to a straightened flow, .if

t heowrurige L ests .f IPoflegdiingt iRgPFodchi @D IRFEXGiRnGy Py decrease
| ass, a decline in production efficiency by decrease

i nin Hden mvrdepiof Itger caectdnnt teees | ks Prergntef anfl also an
al so an 5 increase in production cost as a result of
uptierensefin Imrodustian rogip @satauseissliyr oo mpsd-zinige of the
flowadjusting rods are further preferably arranged

i cedEt iemgepairatusois prassntety t Thel 1oy -pddtetihgyrods are
in the range of | to 3 rows. As a shape of the

f | Dertddiu ginefpraldly tdrragigede iof thecalamge, of1Q &o 5 rows,
square pole, a triangle pole, or the like is
presderiahi harlad gpteftiratily shaghe sange odr ti ol 3r kpws.
limted; a shape may be acceptable that honbgeni zes

t he fl dw afshapecaf timedi Lowad positiaod rodi tttheasphpe alfi & wolumn,
of reaction tubes as conpared with a case where no

f loovecadines tpaige + GdstEirangdier oded. olm thecAtikleytiisc prefexably
gas- phase 15 reaction, a catalyst is normally charged

i radortealt the thbépe isandttpastieslariy dveidjadst anghape may be
rods, dummy tubes are preferably arranged that are

t o degaratlenthab éomugediaeisntha fdatadf stheat medium in contact

with a plurality of reaction tubes as compared with a case where
no flow-adjusting rods are arranged. In a catalytic gas-phase
reaction, a catalyst is normally charged in a reaction tube,
and thus, as a flow-adjusting rods, dummy tubes are preferably
arranged that are the reaction tubes not having a c¢atalyst
charged therein. In this case, the reaction tube and the
flow-adjusting rod may be made of different materials or of the
same material. When they are made of the same material, because
there are substantially no differences in thexmal conduction
behaviors and the like between the reaction tube and the
flow-adjusting rod, the control of the designing of an apparatus
and supply conditions of a heat medium can be simplified.

Preferred materials of the reaction tube in the

14



charged therein. In this case, the reaction tube and

the flow adjusting rod may be nmade of different

materials or of the 20 sanme material. Wen they are

made of the sane material, because there are

substantially no differences in thermal conduction

behavi ors and the |ike between the reaction tube and

t hgifdiawbadiawsireagtiod, abparadakr 6 ohetbeedest ghWgntion
of an apparatus and supply conditions of a heat

nmedindluea) EerSefamplecdme2d1Brehensed sBighiskSaRl the like.
the reaction tube in the 14 nultitubular reaction

appri-alUsa férides BHRIGEE KDY SUINABL, | SEEHNe, U304, hastelloy
exanple, nmetals, glass, ceramcs and the ike Met’ I

maiger halktelAsku @e thoﬁle@géﬁli tRESBiRe . Sleﬁé?’%ese O‘

hastelloy S, "hastelloy C, inconel and the Iike.

5t hg%%tlumas}lgam'mﬁral léaI}J'bo\M EBPeeﬁer@Prb PNl @f or less,
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mass Wofr |ess is preferab Mat'erial's of the

fl qw adiagstlpgerod that are preferably wused include,
as in the case of the above reaction tube for

exanpl &, yeLah 51 % tﬁﬁye GELATLG ggggw fod icise B8 preferably

nmet al materr a hat are pre I nc

T ﬁgedNincgf(%él(i%s ?rh s%u.%%(%hehgﬁbsu 9¥F§tlon tube, for

hast el | |ncone and For exanple

Cougieraadt, 4708t 7 ng P i EETAARTADEURRE i et

t he Justfng r nat

o) SN S PP o o i g

ad%gkg? .'ﬁftf eﬂ?%é&l{@c& ahﬁg%gligytdﬁelnconel and the like.

r€ac
For example, a combination of Ni used for the reaction tube and

iron used for the flow-adjusting rod, or a combination of Ni
used for the reaction tube and Ni used for the flow-adjusting
rod, or the like, can be preferably adopted.

Preferred heat media used in the multitubular reaction
apparatus of the present invention include heat media generally
used as heat media of catalytic gas-phase reaction: the examples
thereof include melt salts., organic heat media, melt metals,
ox the like; fxom the viewpoints of thermal stability and ease
of handling, melt salts are preferred. Compositions of melt
salts can include a mixture of 50 mass % of potassium nitrate
and 50 mass % of sodium nitrite, a mixture of 53 mass % of
potassium nitrate, 40 mass $ of sodium nitrite and 7 mass % of

sodium nitrate, and the like.
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apparatus of the present invention include heat nedia
generally wused as heat nedia of catal ytic gas-phase
reaction, the exanples thereof include nelt salts,
organi c heat nmedia, nelt netals, 20 or the like, from
the viewpoints of thermal stability and ease of
handling, nelt salts are preferred. Conpositions of

nelt  sahisefan lhneﬁélg&e@emmw&@foégh%% Qtaferg.bly used

potassiumnitrate mass of sodiumnit |te

miﬁU%@dQeﬁ%t’Qﬁsbo‘gfﬁiespﬂ utﬂé;% %faﬁe.'l’er% BBESrdted disc

rumnitrite an mass % of nrtrate,

:ir”ga%?E 5 567 éé%fﬁ%“%ﬁi‘fhﬂgééi‘?% : SL;E?%E%%E’&‘%“&‘M ;
ci %%?’B g??l S e%r extglh‘p &\Rﬁwdg%aft %s:é'ﬁngﬁggfg;e ?r% gised, an
ol L4 B 0 SR e R Bral R Al i Mo msontor
SI SLP bt (A NP 56 5o RamRe f?&h%a%‘ﬁéﬁag“’&agf?&e and &

el iirarEg s éfflaﬂo%% ARoEpatPa L dridiins ARER oFgR: an tnlet
ET%E? @nsol?%f%\?mﬁ Bpef oGy ?%%'P%?sraﬁiyfa?tclfﬁaiﬂr donduit.
fi??ffin*iw# %?P‘Z’rﬁ’p‘n%eé’ '%Zstré‘ﬁe j"ﬁ% iE HASHAS pRdnaicatea
bR opEs 5 140 5Rerrd ey o T T

t ubes c be. ef icie

t.h t tly laid
CrEt dikbos el ko the, 38 e arnbechq Geckiph aRer £igv channels

gogéj ap[lea meg:{]um, and the flow-—adjusting rods 108 are disposed
in between the spacesg 110, 111 and the reaction tubes 107. In
this case, the reaction tubes can be efficiently laid out in
sites other than the spaces 110, 111, whereby good production
efficiency can be yielded.

Also, when, for example, a disc baffle and a perforated
disc baffle as indicated in Figure 4 are alternately disposed
as baffles, preferably, the space 210 disposed in a perforated
section of the perforated disc baffle and the space 211 disposed
in between the periphery of the disc baffle and the side wall
of the reactor shell are flow channels of a heat medium, and
the flow-adjusting rods 208 are disposed in between the spaces
210, 211 and the reaction tubes 207. In this case, the reaction

tubes 207 can be efficiently laid out in sites other thau the
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efficiency can be yielded. Al so, when, for exanple, a
disc baffle and a perforated disc baffle as indicated
in Figure 4 are alternately disposed as baffles,
preferably, the space 210 disposed in a perforated 20
section of the perforated disc baffle and the space
211 disposed in between the periphery of the disc

baffle a he,.sj d h S QlnsS Relei Ale b
f 1T sa%e({’s%o]’?l 'a%h\gébﬁ%gol?t% %gi‘%gﬁ Ethgn R
fIcwgégg sting rods 208 are disposed in between the

SPAC

10, 211 and the reaction tubes 207. In this

3 d outth T CEE RS er IR SORe O1 ShS;Eeagiony fybes are
R SRSty FROBREFBA Ph e R P D0 (BEgSgfothe Haseles.
Do U ROt O A0 BIIGHESL AP SULLR o ene
RRIREICIRITREC P SUTS T NEN, 1 P
P Sres s ! e oo hoh phiesBER B Jooa. 1e 1
o LU0 L0 A8 SR LAY B I AR YA g the
size of the reaction tube is not particular

I .
| iHQ“é‘cﬁd:’&}ﬁfﬁélg gggpi%;plswgog‘gﬁgr | e&§eaen¥ﬁratlon through

cat al yti c_gas-phase reaction can be used. For exanpl e,
a theRafH¥eSube having an inner dianeter of about 10

to 70 e
m}]n the present invention, the size of the reaction tube

is not particularly limited, and a reaction tube generally used
in catalytic gas-phase reaction can be used. For example, a
reaction tube having an inner diameter of about 10 to 70 mm,
an outer diameter of about 13 to 80 mm, and a length of the tube
of about 1000 to 10000 mm can be preferably adopted from the
viewpoints of reaction efficiency and heat removal efficiency.
The layout of the reaction tubes in the multitubular
reaction apparatus of the present invention is not particularly
limited; the interval of the center of each of the reaction tubes
is preferably disposed so as to be in the range of 1.1 to 1.6
times the outer diameter of the reaction tube, more preferably
in the range of 1.15 to 1.4 times. If the interval of the center
of each of the reaction tube is 1.1 times oxr more the outer

diameter of the reaction tube, a flow channel of a heat medium
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15 an outer dianmeter of about 13 to 80 nm and a

| ength of the tube of about 1000 to 10000 nmm can be
preferably adopted fromthe viewpoints of reaction
efficiency and heat renoval efficiency. The | ayout of
the reaction tubes in the nultitubular reaction
apparatus of the present invention is not particularly

2Q, d igieleqds Hgy Qﬁ@ﬁ:\.@h oéo tthe 568t eFedfdvasichi ©f dfheeaction

reaction tubes is preferably di sposed so as to be in

t ri?ea(@ﬁge?(%dl 4k tRelifretvAPS st Nes QUlnfls dralBES! Hf increase

the reactfTon tube, rmre preferably in the range of

P ﬁ%d’luh ot drd Tyt ds WSdsth?r b2l upkikRRgC 8R!t gr reQEtion
eac

e reaction tube is 1.1 tines or nore th

o%p}r%xga;\.{jé iﬁﬁgv%técp%n %écq:%ﬁts‘ébﬁn ﬁﬁéﬁvsﬁi&%ﬂr@f a heat

IS SU |C|ent Yy ensur ed,

heaeter V\ﬁ?ﬁﬁﬁpgké ﬁe%treaggc 15 W atNE8hot S0 ILPLy dafusté?ieby a drift

€SS, an I ncrease

pr oduct| 410N oSt a raev %sc%dit of upsizing of a reactl on
apcpara us s prev a decrease in i near speed

f h di i
?engvagiﬁh gﬁglﬁé{gnﬁ% }fcf?ecb Lk ren IEgé R in the present
pfevgep”tegxg% W}%qevalﬁg%n URls fla10 Db 8 Eade! 1HPal Raasal

e Cross sec |ona area

pr er a %dlfaﬁleeﬁ %Cg*lggll% ﬁ%f%?glr%nﬁl ItﬂeS range of 5
{ in th 20
pre i 6’%& I egltoglg %%gggrg{)a.gr Qracﬁgf%hoef §rt00350% of the

reac e direction.

t lgé]%leg%E%% &Feifinsgﬁgfcﬁ-lse&lon' If

If t he abg_ve CLOSS, S
Ct1onal d&r éa

(o855 56F ?HS e
re_'%ceto shel |, the

5

ove cross se]::|1:9.onal area of the space is 5% or more of
the above ¢rass sectional area of the reactor shell, the flow
channel of a heat medium is sufficiently ensured, so the heat
removability of reaction heat is good:; if the cross sectional
area is 30% or lesg, an increase in production cost as a result
of upsizing of a reaction apparatus is prevented and a decrease
in linear speed of a heat medium and/or a decrease in heat

removability caused by a drift current is also prevented.

When a perforated disc baffle is used as a baffle of the

" present invention, the perforation cross sectional area of the

perforated disc baffle is preferably in the range of 2 to 40%,
and more preferably in the range of 5 to 20%, of the cross
sectional area within the reactor shell. If the perforation

cross sectional area of the perforated disc baffle 1s 2% or more,
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channel of a heat nmediumis sufficiently ensured, so
the heat 15 renovability of reaction heat is good, if
the cross sectional area is 30%or |ess, an increase
in production cost as a result of upsizing of a
reacti on apparatus is prevented and a decrease in

i near speed of a heat nedi um and/or a decrease in

heat desLsmyabh lHdat saneeib ity dubfdo thus seall licE allsat medium
prevented. 20 Wen a perforated disc battle is used as

a ff LanObe I evdi€SENtiH AEREi 005 dinaepsy,f ar bgQ6n uniform
cross sectional area of the perforated disc baffle is

Pri¢f REal! YerhdydBeL 1 BN GAnObe Zeduiré¥tin aNdai®i®t of a specific
preferably in the range of 5 to 204, of the cross

SQG1RNEL 52 Wd RhB Alod23 PEaslebh. tihbed RE-ranged can be

perforation 25 cross sectional area of the perforated

dirs@ePalf ke isgf%%b‘iﬁn@{relar 8:a8sdgcreaset | Nth€aproduction
renmovability due to the stall of a heat nedium flow

c . ent.ed. isf it is 400 or less, a region
u%ﬁ?ﬁ%ﬁg&?ﬁ Eeagopgﬁovability can be ensured in an

anmount L fd [ 0 S f

oacti on’y REREEHS mad BS o fRt Eon s R T Cathiyst 4o
S%Hén@aﬁ”&h)’a‘ ééggti?ﬁ Bub&sSulth +hHe RLedUCth@Ninside of the
eftfici"ency is good. I'n catal ytic gas-phase reaction,

n | ' ' [

Rt e fRL A Tl r Y, SE0LHBANLEEPT Bty bR zones
ph -V dix.d BN I I .
vgs{/i%%g%' ﬁg Hﬂﬁdﬁgﬁg/ %l?d.t %%ﬁn%udrﬁc}hgg éﬁ;%? %Ia}%tlf}%\i/:%enmen a
2 sl AWARBEER) 315! SuBhPRed b ihd BRARACH AnkUBRarged with a
chargea W aScat yst, t he

_ _ In proximty to .reaction
t%%a'l?s%t,’ ih' 8rox£|nfty to the reaction tube inlet, i.e., the

raw material supply inlet, the reaction rate is large; as the
distance from the reaction tube inlet becomes long, the raw
material concentration tends to be low and the reaction rate
tends to be low. Consequently, in exothermal reaction, the
amount of heat release in proximity to the reaction tube inlet
may be excessive, whereby excessive hot spots may be formed in
some cases. When a reaction tube is divided into a plurality

of zones in which the kind and/or the amount of a catalyst is

" varied, for example in proximity to the reaction tube inlet,

a catalyst with low catalyst activity can be c¢harged or the
amount of a catalyst can be reduced to prevent from run avay
reaction, and as the distance from the reaction tube inlet

becomes long, a catalyst with high catalyst activity can be
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raw material supply inlet, the reaction rate is |arge,

as the distance fromthe reaction tube inlet becones

long, the raw 15 material concentration tends to be

| ow and the reaction rate tends to be |ow

Consequently, in exothermal reaction, the anount of

heat release in proximty to the reaction tube inlet
meshagyesi.c essavea tahes £yare beesbavgeliosushotizareiheh@amount of
formed in sone cases. Wien a reaction tube is divided

i Matadyptuiallidnge20 ah ebesase , whhe devhiatkiiondofind/eoreaction
the anobunt of a catalyst is varied, for exanple in
prtdriny the iheideast ithe rebetibhetubeacantlad yetdenistiall, so
| ow catal yst activity can be charged or the anount of

a @af abyshtLan dekeduetdetlitnPEpvent cdi @@ suppAveyed and also
reaction, and as the distance fromthe reaction tube

| Heide2d ke GORE 2xdo@ G rmR lC deakysbnWkbhuhii gbraayapysteed can
activity can be 19 charged, or a catalyst can be

ChaliadeS4al LbavelBeoanBEnt Sdw matadtdsl, | addargenally, the
this case, the deviation of the reaction rate in the

| REAd o shira1r aRGt ben dividceaBnBeneREeneaRkL! with dib€erent
formati on of excessive hot spots can be suppressed and

altSpera®Reeld M8y Hieif¥ehBREBRL LY RAGdA A iy Fb¥pective
proceed can inprove the conversion of a raw materi al.

AddigkionRaltey cohteoll eRe! @empBehltulBY be divided and

heat” nedia with different tenperatures may be

i ndependgRt beckhtuliatedtiont R £88P8B1YVEsele8508Sréfction
control the tenperatures. 10 The present invention is

S%'g?%@a)tu“és%@eﬁs_iﬁ eS$dthiePha12PRALRLHSsUSRENI Bs oxidation
exothermal reactions such as oxidation

reaction; examples of the reaction that can be adopted include

catalytic gas-phase oxidation reaction to generate chlorine gas
using hydrogen chloride gas and oxygen gas as raw materials,
catalytic gas-phase oxidation reaction to generate
(meth)acrolein and further (meth)acrylic acid using propylene
or isobutylene and oxygen as raw materials, and the like; in
paxticular, the reaction can be preferably used in production
of chlorine gas. In addition, the multitubular catalytic
gas-phase reaction apparatus of the present invention can be
effectively adopted for a system in which the size of a reactor
is large and the nonuniformity of a catalyst flow is prone to
occur.

Chlorine gas can be produced by catalytic gas-phase

reaction to introduce hydrogen chloride gas and oxygen gas as
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reaction; exanples of the reaction that can be adopted
i nclude catalytic gas-phase oxidation reaction to
generate chlorine gas using hydrogen chloride gas and
oxygen gas as raw materials, 15 catal ytic gas-phase
oxi dation reaction to generate (neth)acrolein and
further (meth)aorylic acid using propylene

| sohyt i ene and ¢ x% en as. LAt oy %LEFg%ﬁwatEﬁ Li KStalyat.

reactlon can e pre sed I'n

d ction ori ne gas. tison, -
nﬂ@Yé%?ﬁﬁﬂ ?h{: H 988 Ibé% igg'reacFlon appanfﬁénlng
of t resent inyention can he fectlvel adopt ed
F orYeF e for il cienara e dyy Tor snaliprt SR i
and the nonuniformty of a cat t. flow_is.pron .
oc %ﬁomﬁ9ﬁ%ﬁ%9ﬂeiﬁﬁ5e%ﬂP 6F5§ﬁ%§ﬂnﬁy TEACAN? P|8% oBlorine
gas- phase. 25 reaction to |ntroduce q%g{o en chl ori de N £
gaSOBRRIRAS g m%%l%rpé\ﬁ FrﬁPe?Fa q O Zeectiont o
reacti on tube charged with a catal d .
CIPEFIREC GRIPORASe %%Ww‘asmaa% SRR iy ngetc In this
hydrogen chl oride generated in, for exgggF‘ therna
deR@Fpostte &P&%%W%} %Mmga? C in a gas
chlorine 5 co unds, phos atlon rea tion or 1
c PR FaR iR lw Q%h chrloxd HPE‘ 6% do be, for example,
conbustion in an incinerator, etc, In this case, {h
coH FiPdiie ST MoRPdr SRERNERIS) VASURSsE OF §oFge still further
cont ai ni ng hydrogen chl ori de can be made to be,

exBhprelune oF \RFT MAFe GrEbridie MR nko oFo Pﬁﬁémt&fm

more, still further 10 80 volune % or nore, fromthe
vi%ﬁﬁkﬁ#ﬁn%ﬁ-production

Oxygen gas may be supplied alone, or for example as air
or the like; it may be supplied as an oxygen-containing gas.
The concentration of oxygen in an oxygen-contailning gas can be
made to be, for example, 80 volume § or more, furthexr 90 volume %
or more, from the viewpoint of production efficiency. An
oxygen-containing gas having an oxygen concentration of 80
volume $& oxr more can be obtained by normal industrial methods
such as., for example, a pressure swing process of air and
cryogenic separation.

As a catalyst, a catalyst containing ruthenium and/or a
ruthenium compound is preferably used., This case pxrevents
clogging troubles of piping or the like due to evaporation or
splash of a catalyst component and also eliminates the need of

a step of processing an evaporated or splashed catalyst
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efficiency. Oxygen gas may be supplied alone; or for

exanple as air or the like; it may be supplied as an
oxygen-contai ning gas. The concentration of oxygen in

an oxygen-contai ning gas can be 15 nmade to be, for

exanpl e, 80 volune %or nore, further 90 volune k or

nore, fromthe viewpoint of production efficiency. An
oxygepecant ai Furghgasoltayi ohlaniokygen benpeofuvaefoat a more
of 80 volune %or nore can be obtained by norma

i naldrsdnt t fdeond NMetihersittireasa ]l sbofrematipd eyiewpriasts urfe chemical
swi ng process of air and 20 cryogenic separation. As

a eqiBlMstiung, ealpRistSEtepstaidd 8¢ o atPeng sroepndderifying step,
rut heni um conpound is preferably used. This case

Pr eyeine lsa@gi, NGt El O afe HmP1AFIGdQr ahfietHuKeF i ity and
to evaporation or splash of a catal yst conponent and

al SPeedt IBabessidit PEed tiradbed 6 QNLEF 1BVELESSTAGaAR icular,
evaporated or splashed catal yst 21 conponent.

Fug tRd1Rs®, c6hteih N8y CANHeh AP GG 8k PrdPifably used. The
advant ageous tenperature also fromthe viewpoi nt of

chedd o3l a QftH1lydY bAtasfi A§Stu Sl &Pturk & deshds dfé REivantage
step, purifying step, absorbing step, etc. can be

Si ¢! dt20bhne 3N Gint ifrRC ithie oo re i0Rebat hgAre@ehs chloride.
can be restrained to a low level. In particular, a

Cafid YSdn ettt FN it Heh1 AN iokTaex 1e o TaRbE8kably made to be
used. The wuse of a catalyst containing ruthenium

0Xph 1t ¥aH 1y fridHY BNEREGrarfe @ 188! Y0 MEYO¥|, NdntH€rms of the

conversi on of hydrogen chloride. The content of

r e dENdXicd@ah s gatalysly hfanB8ealPsPSPrice. A catalyst
can be used by being supported on & carrier such as, for example,
silicon dioxide, graphite, rutile or anatase titanium dioxide,
Zzirconium dioxide or aluminum oxide.

When a plurality of zones in which the kind and/ox the
amount of a c¢atalyst is varied is disposed in a reaction tube,
the construction can be preferably adopted that involves, for
example, charging a catalyst having a small content of ruthenium
oxide in the inlet side of the reactor and charging a catalyst
having a large content of ruthenium oxide in the outlet side.
This case restrains run away reaction, so the reaction rate
distribution within the reaction tube is made relatively

uniform, thus having the advantage of suppressing the formation

of excessive hot spots.
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10 preferably within the range of 1 to 20 mass % in

terns of the balance of catalyst activity and

catal yst price. h catalyst can be used by being

supported on a carrier such as, for exanple, silicon

di oxi de, graphite, rutile or anatase titani um di oxi de,

zi rconi um di oxi de or al um num oxi de. 15 Wen a

pl Wxamplyesof zones in which the kind and/or the

amount of a catalyst is varied is disposed in a

reacti onnebenarthe, CONS tpeddron ingankbeopreifl & wet forth in
adopted that involves, for exanple, charging a
CamidhissHeBaYL NGy guerd lofcant eninple § tidienidsm tel davieftion is
the inlet side of the reactor and charging a catalyst

20 pavilnghidebakagreegtent of ruthenium oxide in the
outlet side. This case restrains run away reaction,

5S0 (tﬂ)e SHRAEEL9Bn’ 8ketndl 8LbbBLEENOW b MhEat e eaRt i ON

tube is made relatively wuniform thus having the

advant agg 9£m§y99£8§swag pdied MBI t1Yf FRXGLERIECOE a heat
hot spots. 25 22 Exanples Hereinafter, the present

I nm%a&hemﬂ ln PRe $@ladtyd thdin rmbeudehalnlulbsitrmﬂﬂsaloéeacnon
an exanp e, ovvever the invention is not limted

hgpgaeatﬁs( }- ?zhay!:auaenlﬁf riberd! oW r|tfQf A sheal aaagram

m A si atiron was perforined for the flow rate of

Bakic %&ﬂb%w gk te o 628ERE S Led QR ithe! B8mulation of

titu ular reaction apparatus as i'ndicated in

10 F' HEE elanfd1BUT erRelrb A tdIAPERPRs 52 and the flow-adjusting rods

15

20

25

53 are disposed so as to penetrate through the baffle 5 having
& segmental baffle window 51 disposed thexein. In this example,
the flow-adjusting rods 53 are disposed in one row in between
spaces and the reaction tubes 52,

The horizontal component (i.e., the component of the
baffle face direction) of the flow rate of the heat medium
flowing in the region till 50 mm on the baffle face towards the
central line from the segmental baffle window 51 of the baffle
was measured, and thereby the £low of the heat medium above and
below the baffle was analyzed. This is because the vertical
component is thought to flow along the reaction tubesg, and no't
to have substantially contributed to cooling., The larger the
horizontal component of the flow rate of the heat medium is,
the better the cooling efficiency, leading to rare formation

of hot spots. Moreover, if the heat medium flows backwards to

23



i ndicating the shape of a baffle adopted in the

simulation of 10 this exanple. The reaction tubes 52

and the flowadjusting rods 53 are disposed so as to
penetrate through the baffle 5 having a segnental

baf fl e wi ndow 51 di sposed therein. In this exanple,

the flow adjusting rods 53 are disposed in one row in
beteaergnepaeadsbafdltheindactdofrpmbése 5xntBarHdne, an eddy
hori zontal conponent (i.e., the conponent of the

badf | nd aewliofeaiieomead nidddufl aw farmedf shetheatooling
medium flowing in the region till 50 mmon the baffle

f ager i@ els iheeawesd r alpakdiane tbrannt htesegmehstion model are
baffl e wi ndow 51 of the baffle was neasured, and

t heg elvatdie ifl aMerfrdinevieat, medi um above and 20 bel ow
the baffle was anal yzed. This is because the verti cal

conponentrdattilteudissled )f | ow al ong the reaction tubes,
and not to have substantially contributed to cooling.

Theyd & gefanddi@r N szt @l conponent of the flow rate

of the heat nediumis, the better the cooling

efgl e RN+ dRAGINB A0 hdar € formation 25 of hot spots.
Moreover, if the heat nediumflows backwards to 23

the seg iHaffle window 51 fromthe central Iine,
an eddy of the flow of the heat nmediumis forned, so

t oo &P O 1k %{nlecgee_tnwgswroe%}ped. Paraneters of the

simul"ation no are Indicated in the following, 5

i(r%ifr%ﬁ&%rﬁgtﬂ RPEI sdeammi er: 450 nm Baffle
Distance W3 from the central line of the reaction vessel to the
segmental baffle window of the baffle: 165 mm
Thickness: 6 mm
(Reaction tube)
Outer diameter: 21l.4 mm
Pitch W4: 29 mm
Arrangement: equilateral triangle arrangement
Number of tubes: 158
(Flow-adjusting rod)
Quter diameter: 22 mm
Pitch W5: 29 mm
Arrangement: One row along the segmental baffle window
Number of rods: 11 rods per row

(Heat medium)

Kind: HTS
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(Baffle) Body inner dianeter W: 450 nm 10 Baffle
edge length W2: 306 nmm Di stance WB fromthe central
line of the reaction vessel to the segnental baffle
wi ndow of the baffle: 165 nm Thickness: 6 nmm
(Reaction tube) 15 Quter dianeter: 21.4 mmPitch W:
29 mm Arrangenent: equilateral triangle arrangenent
NUFrHoer raftetuB&sm® A58 (Fl ow adj usting rod) 20 Quter
dianmeter: 22 mm Pitch Ws: 29 nm . Arrangenent: One row
al ong t Hersegaentahubatibe shatpwis Newbewaoé, r bidbuery”
rods per row (Heat nediun) 25 Kind: HT'S 24 Pl ow

I {ta®aillba®/ irbar eluestsinul at Vo8, pmahy sadopbédwvar e,
"Fluent"” (available fromFl uent Inc., US. ) was

aqept edmuldxidhmekatiles results 5 The results of the
simul ati on using the above paraneters are listed in

5 Tabl e lghiheadiestd ¥ the hAakilondiusahg th@labove parameters

1o

15

20

are listed in Table 1. The results of Table 1 indicate that
the flow rate of the heat medium in the site where the
flow-adjusting rods 53 are laid out is a minus, so the heat medium
flows backwards to the segmental baffle window 51 f£rom the
central line in the site; on the other hand, that the horizontal
component of the flow rate of the heat medium in the site of
the second row of the reaction tubes is sufficiently large, so
the heat medium noxrmally flows. These results show that
disposition of the flow-adjusting rods 53 in between the
reaction tubes 52 and the segmental baffle window 51 can arrange
the reaction tubes 52 only where the flow of the heat medium
is normal. The formation of hot spots mailnly occurs in sites
where the flow ¢of the heat medium is abnormal, so in the
multitubular reaction apparatus of the present invention that

renders normal the flow of the heat medium passing through the

" reaction tubes, the formation of excessive hot spots is thought

to be suppressed.

Table 1
Heat medium flow rate in the 1st row 1
. -0404 m /h
Example (£low-adjusting rods)
p Heat medium flow rate in the 3xrd row (2nd row +0.,05 m}/h
of the reaction tubes) '
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15

the flowrate of the heat nediumin the site where the

flow adjusting rods 53 are laid out is a mnus , SO

the heat medium flows backwards to the segnental

baffl e wi ndow 51 fromthe 10 central line in the site,

on the other hand, that the horizontal conponent of

the flowrate of the heat nediumin the site of the

second row of the reaction tubes is sufficiently

| arge, so the heat nmediumnormally flows. These

resul t s ThkOWnbbdimedits padi tkanpdt theclbswdadgneinnghould be
rods 53 in between the 15 reaction tubes 52 and the
sagreiial tbafd APL Wxtplarly sad natr aoge Limbtatseéi orThe scope
tubes 52 only where the flow of the heat nedium is

n@fathe Piresedrmniventdbnhal apet snigi hiyiceduks the above
sites where the flow of the heat nediumis abnor nal
S@ddertia iofd,t bebuhaicataat bpreappaiaamss efllt hedifications
present invention that 20 renders normal the flow of

t ha-chaaleffadiaufbPae sSinglids Qugiriiie theeaqldias bwdesenses and
the formati on of excessive hot spots is thought to be

S WpRSSs @ italled t7 thieeatanedi um flow rate in the 1st

rowa -D.a4 m/h Exanple (flow adjusting rods) Heat
mediumflow rate in the 3rd row (2nd row +0,05 nB8/h |

of the reaction tubes) 25 The enbodi nent and exanpl e
dirpueaed e nepnreheeidriee thought to be all

exenplary and not to be limtative. The scope

A multitubular reactor of the present invention Keeps
normal the heat conduction of a reaction tube and a heat medium
and restrains the formation of excessive hot spots, and thus
is suitable as a multitubular reaction apparatus used in the
production of, particularly, chlorine by the reaction of a gas

containing hydrogen chloride and a gas containing oxygen.
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of the present inventionis not only limted to the
above 5 descriptions, but indicated by the clains; al
nodi fications are intended to be included within the
cl ai rs and senses and scopes equival ent thereto.

| NDUSTRI AL APPLI CABI LI TY 10 A mul titubul ar reactor of
the present invention keeps nornal the heat
conduction of a reaction tube and a heat nmedium and
restrains the formati on of excessive hot spots, and

S i d $18UidedPlig .as @ mul titubul ar reaction apparatus
used in the production of, particularly, chlorine by

the reaction of a gas 15 contalnlng hydr ogen chl ori de
and a gas contai ni ng oxygen. 26 Wiat is clained is:

1. Anzultit ar _cat al gas- phase react.i.vi
appar: at3§ iﬁﬁ%ﬁb 5? s ?H¥ lccggspp H i ?ﬁQﬁlon apparatus,
react.i on t ubes arranged in parallel, a baffle capable
GI"PERENGPhg the direction of novenment: of a heat
medi um i_ntroduced into a reactor shell to_a direction
per péndiledrars to af FeacsAght GaPral 2arregefohnoparpelel,
reacti on tubes, a space that is disposed in a region
i ncl @dbﬁéfhe gaﬁablﬁooéfc@ryemu ohe ,dinteerté onhef eatement of a
mediumf .:nas i.n. the direction of the f ace aE the
Heattf eeding dogsradotefavietbhe r eastion thbes aor angeldrection
Cher ei i, and flow adjusting rods, disposed .in.
deatpseel cufl he tspalte landitheinaediireonibhbe; thdaws agidieubes,
same |ongitudinal direction as that of

a space that is disposed in a region including a part
of a section where the heat medium flows in the direction of the
face of the baffle and does not have the reaction tubes arranged therein,
and

flow-adjusting rods, disposed in between the space and the
reaction tubes, having the same longitudinal direction as that of
the reaction tubes,

wherein the flow-adjusting rods are arranged along the

boundary between the space and the reaction tubes in the range

of from 1 row to 10 rows.

2. The multitubular catalytic gas-phase reaction apparatus
according to claim 1, wherein
the reaction tubes are charged with a catalyst and the

flow-adjusting rods are dummy tubes not charged with a catalyst in
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15 the reaction tubes, wherein the flow adjusting rods
are arranged along the boundary between. the space
and the reaction tubes in the range of from1l rowto
10 rows. 20 2. The multitubul ar catal ytic: gas-phase
reacti on apparatus according to claim1, wherein the
reaction tubes are charged with a catalyst and the f
]. Low adj usting rods are dummy tubes; not charged a
catalyst in 27 reaction tubes. 3. The nul.titubul.ar

reatak ¥hi eubLgas- phase :reactiion. apparatus according
to claiml, wherein 5 a disc baffle and a perforated

disc baffle are arranged as the baffles. 4, The nulti
tubul ar catal yti c gas-phase reaction appar at us

accondi Al 181 £4 81 ar MARELR 11058 Rlce LEBALYBh apparatus

inlet. and eat ne I um ou
C ar Qn The Itltubular catalytlc
§%§&bln§e regc %gnl aB%%?%f according to claim1,

wh a tal c rcle I_.S.di sposed as
the. Bufriendr el TR S pef Ot ta a1 gt  pidackas the
reacti on apparatus according to claimb5, wherein a

tefediuminl et and a heat nediumoutlet are forned
as 20 distributor pipes,

4. The multitubular catalytic gas-phase reaction apparatus
according to claim 3, wherein
a heat medium inlet and a heat medium outlet are formed as

circular conduits.

5. The multitubular catalytic gas-phase reaction apparatus
according to claim 1, wherein

a segmental circle baffle is disposed as the baffle.

6. The multitubular catalytic gas-phase reaction apparatus
according to claim 5, wherein
a heat medium inlet and a heat medium outlet are formed as

distributor pipes.

7. The multitubular catalytic gas-phase reaction apparatus

according to claim 5, wherein
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7, The multitubul ar catal ytic gas-phase reaction
apparatus according to claimb5, wherein. 28 the space
is disposed in a segnental baffle w ndow of the
segnental circle. baffle. 8. The nultituhyul ar

catal yti c gas-phase reaction apparatus 5 according to
claim1l, wherein the reaction tubes are charged with a
catal yst and the inside of the reaction tubes are
divided into a plurality of zones by varying the kind

and/ rﬁhn nua 1% #rgiéégd 1ky Egmégt A pLRE1e window of the

mul ti aurar ca gas- p reacti on apparatu
accor nk%%th'Ch is used. in the production

ércég

8. The multitubular catalytic gas-phase reaction apparatus
according to claim 1, wherein

the reaction tubes are charged with a catalyst and the
inside of the reaction tubes are divided into a plurality of zones

by varying the kind and/or amount of the catalyst.
9. The multitubular catalytic gas-phase reaction apparatus

according to claim 1, which is used in the production of chlorine

gas.

29



