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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 multitubul ar

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

induswé@&mz B35 A - PRagES REACTION ASPARATUS

t hat y“catal'ytic gas-phase reaction,
generally uses a multitubul ar reaction apparatus for
effective renoval of heat generated by exother nal

reaction. A multituyb acly %Swi%'ncl udes a

15 plurality of ré%%?%@? %ﬁ‘ﬁge Wt N|a cat al yst
within a reactor shell, and circul ates a heat

exleh e Greth e FPReRYHM un) within the reactor

shell to cool the reaction tubes an t he e e .
react i ofhiecresent duyendirm T kALEs 6R %@Figgﬁu{’“m chtalytic
mul titubular reaction 20 apparatus, so-called hot

s RS- Thas e EeaehtPAARPATR IS sultpble toq gsedn Eﬁ%r?&’;”ducti"“
of renoval of reaction heat is worsened by drifts of

a dfehIankngmgds®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 catalyst or a 25 decrease in purity of a reaction
pradResesighinne ab thadedgtedbddk due to extrene

tenperature rises. . ) .
Conventionally, production of industrial gases such as

chlorine gas and acrolein that are generated by datalytic
gas-phase reaction, generally uses & multitubular reaction
apparatus for effective removal of heat generated by exothermal
reaction. A multitubulax 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 efficlency 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.

Accordi ngly in order _to_res n ration of hot
SPSENr fifie] Lo PREERMGET e"i.“BeE%le%%Ir?%ggfl ow of a heat

di t hi f hel |

e |'at bham apeek megt wm o AuppIethte "SROVEL FEF oy resctor.
th t f hot spot _ _ 144

RS Ehion ok e Berb PehR 3o FreEahi il M- AR Raatoral

mul titubul ar reaction tube equipped with a__.
cidigerciipon .dshnte ist &nhéaﬂlﬁﬁﬁegﬁ’r"aﬁargepgésfl&?r to the
shell having baffles arranged therein. It describes
t Hangiiwdined dhioe & LB Of HhL B R PELORERE,| REipHEa Y controls
substantially constant rate of the Ilateral flow,of rdinal
t heheffirddhgm of heat TemavalRF e FeaftPcyi fircording y.
per pendi cul ar to the |ongitudinal direction of 2‘ Facti
r dacbder tabesstwaimigereratdsipaft ikt SBRbAr otk sof'f ective
the baffles. However, in the nethod described. in Sl
Pattocodn too L 3BR1AYGY ofa eat mefbimWithin g teaatorFhell being
flow, i.e., inthe flowin the direction along the
r dasdcigemitzedesin $heodmateradofiaesti®i:-h heat rem)val
in the lateral flow, so the heat transfer within gn
conpart fent method offfestizaining shet Sﬁt‘era’ﬁiPﬁeo’St‘}Fé? spots,
hand, European Unexani ned Patent Publication 25 No.
10RE78@atiest] dces AWTAA4S Mizaheises gbHeACH OR @pparatus
havi n 2

MGI%Jding a multitubular reaction tube equipped with a

circulation device of a heat medium and a reactor shell having
paffles arranged therein. It describes that the presence of
the baffles maintaing the substantially constant rate of the
lateral f£low of the heat medium, i.e., the £low 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 wvertical 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 transfer within one
compartment is not sufficlently 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

reversed, portions poor in heat renmovabjli i .

| @ndiagnbabehes FRRMTLEPRALEERY ¢F & (i, nayitg 4 Feaction
spots in sonme cases. Eurogpean Unexam hed Patent

PUBfbesa FEANGST ThesEAS L Lhp (RERtt RaoR Lol of the reactor

gas- phase catal ytic oxi dati on_nethod b 10 .nmean f .

7 iohed Iopadnges; Yha dnbLusase Sf ch S05E SRS ThAoq b Fefigyability
pur pose of prevention of hot spot generation arjsing, ¢
f rdore tooauretoieal \Elsw .o HewevAEdi 'Y wqﬁs&phsg- in a site
reactor shell, the reaction conditions wthin_the .
r sdctrieon thelads meddums EiLpwt 88 BRE SRA LS %atﬂ'@ RpEfie 1s
a catalyst in the reaction tubes is changed 15 on the
basivemfed hporedensspoprtHe hesat ﬁ&mpaﬁ@ightgu% sprgyeaction
that the nonuniformty of reaction conditions anong

t hmbacerenadn , tadyssins the dieneta tliansof hnd spebe &y some cases.
poses a problem in that the nmethod of chargi n% a

cat al ystEursesn dhrepiandaest PatensuPviicgtipgENo. 1466883

I NVENTI ON An obj ect of the present invention is to
pranddie ses hldt - timbal gesephabet tatabytpnexidatiqn gethod by
appar atus capabl e of solving the above probl ens,

k ey o0 laHiivelde bedamui batubbilan heat exchange xeayhpr. for
tube and a heat medium restraining the 25 generation

oftinx grREGiose bt preoeationnet tcdi Spoltegehération agising 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 bagis 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
Au 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

pldgrallyiet ,Opreveatihgntidibesrasianged tineakage pélthe reaction
baffl e capabl e of changing the direction of novenent

OftybeN@Bk BB Uik MBI VL1l GRfhperaitara I wAtthr dséesl ot cremuire a2
direction perpendicular to the 10 | ongitudina

d'cr gﬁt‘gd LPeciedcht oon s s subasey ukal particularly in
I'n a Tegion |nclud|ng a part of a section

‘ﬂ?? 43%%13“3§ JBYLURS lqaws i n the direction of the

baffl e and does not have the reaction

t ubes ag‘iq%ﬁ_g)gg?éﬁ]’@ 5RvEntaBd rdlMEPEbEShh g1 t@BElar catalytic

di spose ween the space and the 15 reaction

t?gbateﬁsq é;h'%%‘” NG J‘ct%. a'&‘i:ﬂ s e yieH Jitp r Qi1 'aO'i)lQﬁ:atlEﬂ:ty of

react 10 pr esent I nvention,

fl ow adj ust,i re arr,
a:;,]egebc iy i gﬁfgugr%o a A %%Egatﬁllél LRPEETD cta&»%ble of

ween the space and

LGt Yol dPESer 0 %%dhsbaﬁehltvof 4 npatHiE4 St Shtroduced

es are arged a catal yst

Totls WL RS 4 AR e v o
b, B I TR 56 2 et e
O e 3oy 5 e Ti 0 TlohGi08"d BalEbe EULLLE Bere the

ar

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 1l to 10 rows in bétWeen
the space and the reaction tubes.

Additionally, it is preferred that the reaction tubes are

" charged with & 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 nmedium
inlet and a heat nmediumoutlet are preferably 5 forned

as distributor pipes. Wen the baffle is a segnental

circle baffle, the space is preferably disposed in the
sefpreomd|as beifrfdwlaw evdudts + he present invention, it

is preferable that the reaction tubes are charged

Wi th a esixEorstc arak tthe ivafifde off the mresendctinyention, a
tubes are divided into a plurality of zones by varying

t hee dehentk 2600 ¢4 e 1enpaff 1 © fi st ks @ praifesablymesed. In this case,
mul titubul ar catal ytic gas-phase reacti on appar at us

of a tH&ath RsENim | DRt i vl i 5 et insadiam yowyrlsfteradd ypreferably
used in the production of chlorine gas. 15 Accordi ng

t OpéAffed 'S Ails iAo Digdse dWEpasthéopapfle i= a segmental
flow adjusting rod in between a space not having

r egcté DO pheRes, aid aPaaa iher&f dr ATy Gaaploised tnlthe segmental
renders uniformthe flow of a heat nediumin contact

Wi de£De waEdw on tubes and maintains normal the heat
conducti on between the reaction tubes and the 20 heat

medi um 7RG, d Gaiddms {fieeranar ation oiprastine fieit the
spots, thereby being capable of maintaining the life

of . cff&:?'ﬁimesarzﬂ:@r&\é&gédl@ﬁﬁr ROSheR138¢ Bhaakk@einside of

of the reaction tubes: Additionally, the nultitubul ar

I eged | 8L SPLN AiFedfard NBI PIRSENnt &\ PILGFL LAy of zones by
mal 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 bheing 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 enmbodi ment of a multitubular catalytic gas-phase

regLd Déhﬁpﬁ{ 74 Yo ddde thRsenant ahny@nin tage Fodskiinating
is a sectional view'indicating another enbodi nent of

thg, Jubddid 61 n S Bl kS LAt dth agise i afondikions.

apparatus o e present ‘invention. Figure 3 is a
dlagran1|nd|cating the shape of a baffle arranged in
the nultitubular catalytic gas-phase reaction

appar at us i ndi CE‘%]ape 3 a}g%ﬁ'ﬁcﬂw & O RAWINGS! agram

i ndi cating the 15 arranged in the

mul titu WF%ait a5 cg%%n%ﬁagﬁe{vef& i1 8 | B 1pRal ahbsdiment of

i ndi cat ure I'sS a

d t h h f ff d
's.”ﬁ{;ﬁtii#%%wf?s ""%? °*aq=t% s sost S5ECIPR, Bpparatus of the
reacti on appara 20 101, 201 upper tube plate 102,

208 PHGRF {?‘815%“ +%‘?e 103, 203 heat mediuminlet 104,

204 heat g.'rgn}O L1 et 105 oi0P v 200 14880 fhng abther

baffl e

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 mualtitubular reaction apparatus

101, 201 uppex tube plate

102, 202 lower tube plate

103, 203 heat medium inlet

104, 204 heat medium outlet

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 segnmenta
baf fl e wi ndow DESCRXPTI ON OF THE PREFERRED ENMBODI MENTS
The nmul titubul ar catal ytic gas-phase reaction
apparatus of the present invention includes a

pluralit f ction Lube r in parallel,
a baffl ey%gpa%ﬁ?@' o#g)cﬁt‘é'r?éqi &jtl’%é‘%ﬁg?g%tﬁgon of novenent
of a heat pedium intrqduce irito a reactor shell to a
di recti ob®Per pEAdFERHPT SRR | ongi t udi nal directi on
of the reaction tubes, space that is disposed in a
part of ]aloseH?'onzmer?elajt hEPRESt nediumflows in the
direction of the face 15 of the baffle and does not

have t he3kead®i oblt ubds PARRFEd therein and

fl ow adj usting rods, disposed .in between the space
and the 5bac&qw¢ftﬁﬁ5‘e§,ﬁ‘$ﬁ&\ﬁ HFIP¥ sane | ongi t udi nal
direction as that of the reaction tubes. Figure 1 is
a sectional view indicating an enbodi nent of 20 the
mul titubul ar catal yti c gas-phase reaction a_oI%ar at e of
the presentDESERIRTION OF /FHE PRAFHRRED ENBOPIHMEN
apparatus 1 includes an upper tube plate 101, a. .l ower
t ube pl aTlee MO tityiugkar ﬁég

medi um outl et 104, baffles 105, 106, = reaction_tubes

abwtif $AsRhRse IREgtion apparatus

108£ahe browend] inyentiondsciydes o pdarajddy pf reaction tubes

arranged in parallel, a baffle capable of changing the direction
of movement of a heat medium introduced into a reéctor shell
to a direction perpendicular to the longitudinal direction of
the reaction tubes, & space that is disposed in a part of a
gection where the heat medium £lows 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 gsame 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 tubes 107 and flow-adjusting rods 108. A heat medium

is introduced intoe 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 nmediuminlet 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

104, ’I %élﬁ?&t‘l?gi ﬂ@é ylgg géf tah&;_@d}_-&_bﬁlﬂbw ﬁipe by means of,

reac Ion appara cat In Figure 1 are

segpent pglf [cle ffl ﬁ%t %ﬂ%&ﬂ? s N U 4 Qﬁgﬁ.al flow pump, a

di rectl e't hep | on es’ are al ternat

ed_the baffl Q d
S5O 5 S LG, 1 i Wit son.
art ri mted t he af f.l
{hen éuﬁ s e Sl FAol S PR AR oo B0 HE B4, ne
exa e_heat tr nsf er eff|C| ent bet ween t
eRPE RS b Bncldheot okt I EL U ARRF b TR paratus
nore_._ In a reactor shell ha baf f] es. di se .
t hipdirated in Bigurenb are et o?%%éf‘ﬁg%ﬁ%ﬁs pfin the
a heat nediumis changed, éSlthe | i near B & . fel
hekPRaREREHRR] S TeotiRD of %Feﬁﬁtéﬂ&yt’f‘ 85 ple Sicernately
enerated, and thus the heat renmopval _effi enc
gi%’ér?%gﬁ‘i’loﬂéetllﬁ%@ﬁ%a‘s%s anst 1 ||§\s/t aEEe‘i‘Ii E‘T“%‘X {?é%tf“tewal
expansion s present in a reactor shell
et (i PBREAERCHIR PRA306 i PRE :eaﬁshg%#m%&ﬂlt% snd the
the |inear speed of a heat nmedium 20 fl ow near paffle
abbIELRe8, H9RANGIRT a0t EDRSPHERPSAs 3¢ riijsstﬁﬁese‘%&éje§u°h a way
Here, the heat expansion refers to _an expansi ogn an

cobkehetfon §XANRLY othe heati hgapRéed; Frafsicient Bﬁtween the

expansi on and contraction between a reaction tu,b
grdedt anediunm cand okhe reaction tubes is 1000 W/m

or 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
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shell due to thermal expansion. 25 In the present
invention, in a region including a part B of a
section where a heat nediumflows 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

ot fiely WOEHS onl Phsi-d 65 nWBR! Reli®ah SLJwdTAYARhLI 8Yr8EEQ0R of the
read| y poor due to the disorder of a heat. nedium

t h%%]&'[ %fn%e%i?fl@:g@@ g 588CLA O Haaetb@7she2lt hed, spaces

eat  renova t he r'eacti on tubes 107 is

)r:ic{e‘gél viell h&{ ré efjttlo%%_btno vﬁ’Hﬂﬁf %c&%ﬂﬁf i 197 is not

wever, e spaces 110, 111
are_dis

ar 3LL c? Axe | %&’a‘{ capt| ER U‘ER@:«? QB?&%O ih”EEiethhere heat

chan e o0 heat nmedi um
flowis

t u’b%‘g""ﬁf'i‘tlfelaﬂ'aiﬂ ?ﬁ%tfg‘eeﬁagah%!' AC e‘gﬁ%\lﬁeﬁﬂﬁe rﬁh%%%gzﬁ of a heat
R L B, R, TR RESSE 1. so

th [titubu] t .
o BReREAt oY 8 FRBddami o EabRR LA ffouﬁfﬁﬁﬂﬂxacam
the reaction tubes 107 ar% di s sedth ro gggtl
 Goiat ToFuRRRe A FRe SeReR A ?T‘Sﬁsa R SRbEE 1 d

same as that of the reactlo t ubes, u

cHEhgEe oFPagRs HIG ekt Pih %omﬁﬁﬂ é‘g%?ec'i%n tubes are
medi um causes di sorder in the 20 hea,% di umflchm %nat ai

t hElEREE S0t AETPRAPAGLR 'S Is&ﬁcéﬁanﬁ £ Hrangq £ g peat medium
medi umin such a manner that the h medi um rea hes

si £eW e caused PakvwerBnthe b?e?st%V sReahB2g gynmﬂ;‘z"es are

of sites
arranged and the spaces, whereby the heat remavability of the

Fbwever,

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 ¢f the
direction of movement of the heat medium causes disorder in the
heat medium f£flow in the spaces, designing the f£low channel of
' the heat medium in such a manner that the heat medium reaches
sites where the reaction tubes 107 are arranged by way of sites
where the flow-adjusting rods 108 are arranged subgtantially
gets rid of the disorder in a heat medium in contact with the

reaction tubes 107, This renders unifoxm the heat removability



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 hefrakunakitopfgthe maganof thbessho? 45 walims ensures the
mul titubul ar reaction apparatus of Figure 1, 5

al beretgrendreatilimkye innalidesisedeshert oflemiing todhofrestraint
the heat nediumflow, the present invention is not

| i pift geénelratébn, o&ntotesphts.an up-fl ow or a down-fl ow

may be adopted. Additionally, a raw material of

cat al yti tngéhephalieitanclaonrsappiosdappatrbtusreficFigare 1,
tubes 107 may al so be supplied in an up-flow or a 10

5 doenthbagh fhatfigurd Hadilcaweshaneds off ahhep hEbdw of the heat
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medium and the raw material may be concurrent or

conmediunvElowdheepeekadt insewPivOAls Abe, 1leDesdlithreto, and
on the purpose. In the multitubular catalytic

gasiphagear QRCENLON 0P RP@6WL LUELO malcbeRitled. Additionally,
invention, a circulating nmechanismis 15 preferably

pr eVt k@ hatzr8iéahod deyalPeic yaephaiRdryardisshaigedied to the
fromthe heat nediumoutlet 104 is cooled, and then is

agebActSUAPLLBEsT LM hEe Beab BBALUPPLNLEt1408nt@plhtow or a
inside of the reactor shell. Figure 2 is a sectional

Vi @birh RELER! | NEhANGld1eheX 8IBYechZfn®f s d¥ the heat medium and
mul titubul ar catal yti c gas-phase reacti on apparat us of

t hen@eseihtePY 8N AN befobhitniit Dt o c69PEEL DR, and selected,
apparatus 2
as appropriate, depending on the purpose.

In the multitubular catalytic gas-phase reac¢tion
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 iz again
supplied from the heat medium inlet 103 to the inside gf the
reactoxr 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 a 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 nmediuminlet 203 by way of a circular
COR&st tmdys vk anletf 203 fyyr wayaoplecizcplep ¢ondustdyhieans of,
such as an axial flow punp, centrifugal punp or the

| i k6r aREmplewsai puipe(nst Odhein pcsuchisas andaxheh £Iow pump,
di scharged fromthe heat nediumoutlet 204. In the 5

"Ul:éhwhf'ﬁéalr beRMAPPE%E} ehd Pbwatierdthe drmgur &#ifections,
the baffle 205, -is a perforated disc baffle and the

baff b 6126 1h3d1§cﬂﬁ§e@6ﬁxfdnﬁtnbrhéév@ﬂem@m gdtDat 204. In the

dlrectlon of the reaction tubes are alternately

{nﬁ?ggg%%gf af:%égﬁlgﬂ% Per208s IhEicaPeer Al rofjuidez, the

and partlcularlyllmted 10

angaEEE babk! £s. adﬁéﬁ% P2 HRHEIRS BndPtBle basfle 206 is

i Ssposed 1 n such or exanpl e, the heat

t rgnéigé t?&gfiép' Oggee\h‘%%tutdl%aﬁeﬂtirﬁ%lw drdthBereaction

reacti on or nore, In the

PIALAIBERS e e
BftkFeat %%fﬁeﬁ%ﬁ%% A ot
gttt A e .

R B oAl DL O BRRAES hnnen

n?ﬁszlﬁ%%ﬁ %?gigqui '{' ai&fp %m ng?.o?lr @uBLSf £L af’éé(o W/m’K or more.

In the multitubular reaction apparatus indicated in
Figure 2, a heat madium 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 or discharged a heat

© medium.

Additionally, in the multitubular reaction apparatus of
Figure 2, as in the multitubular 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 f£low of a heat medium

11
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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

d WL, f ?i%vbg‘i%ﬁ% lﬁggjtd %%%lltné‘x‘? ahl WL ehAaPBelSasfnt Pow manner.

raw eria um may be concurrent or

gﬁ"ﬁiﬁg %%? 65%2.91%? lﬁlﬁggggl§aolsfséig@ EQWnlnﬂ&ia 8RENY Weat medium

gur'e Iragram i ndi cating the

shape of a baffle  arranged jn.th i ar :
ol Bp Sopdinrdue Hr B0HF Ryt Sl bb1 bR S ag appropriate,
Figure 1. Through a baffle 3 excluding the spaces

110ePePAing 9 Hie REPIYSre reaction tubes 107 and
the flowadjusting rods 108; b he ffle 3 are
suppor t edigre1 @ Agae fiﬁﬁgFﬂ'Begnéb‘?a ﬁ‘&gtﬁée shape of a baffle

fl ow adjusting rods 108. The directiqgns of th%flow £1
of artangeddd e e Riah Rade ?‘ﬁ@ gasgphase reaction

€

i ndi cated by arrows. Here, the baffle 105 in Figure 1 .
haspRamatap ipdderigd; Ha Kiae 110 '%%r%x‘l%MﬁFgFe 3 excluding
baffl e wi ndow. the baffle 106 has a shape | acki nguthe

spdde EpECES A18eghbhtare pematrated\ithgoheaghion tubes 107 and
alternate disposition of the baffles 105 and 106

caugtes filow-sfiusting rade &bl the (Rfe Shareprported the
111 in the baffle 106 to be flow channels of a heat
nediesrtion Rivhes D7 and Haw Flove A0 IRstEAR9 0dsy 108gs The
108 are arranged in one row along boundaries 31, 33 .
of dimeciices wictke Hiow ofA heatimedsum by the distributor 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
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 £flow channels of a heat medium. In Figure 3,
although the flow-adjusting rods 108 are arrangéed in one row
along boundaries 31, 33 of the sites where the reaction tubes
are arranged and the spaces 110, 111, they may be arranged in
two or moré 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

arrangad in the multitubular catalytic gas-phase reaction

i2
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20 are arranged and the spaces 110, 111, they may be

arranged in tw 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 arranged in the nmultitubul ar catal yti c gas-phase

I eappaatu? indieagedsin Wigiaded. | MTkrgutle &2bafileuglexcluding
a baffle 4 excluding the spaces 210, 211 are

pengie drEddNe106agtl Gind Yare i@t aindhe! P8action tubes 207 and
fl ow adjusting rods 208; by the baffle 4 are supported

t herhe SAGk -8R udkeng2Pdaanthd eyl tRY vl 18 1NErE0digpported the
208. The 5 directions of the flow of a heat medi um by

the- e @idluidy A tHf ORI AP Tod ™R8, The
the baffle 205 has a shape |acking the space 210 as a

perd i (hs OF £ ﬂ%gﬂk@ﬂ%ﬁtﬁp&di&ﬂfﬁ ¢h2081 PGF1&r conduit

shape | acki ng the space al t er nat di sposition

?L%ﬁfﬁfﬁéﬁ%ﬁf’?% S RYTE" LHE BREEFP65 flafle shepe

b j [ 4

al oo R EpacR o f 46R SRS [ M ke ochor hand. the
%g}are%ezlzﬁfregcl{%}g na ?%lbégwsaﬁ'a%ii%# tfi% %Eag.tﬁ%e Zﬁ.'lt.eSAn alternate

are arrange the ‘spaces

21093 ks NGY (PR DG, HAAN0SY 5! Bnb Wod 2alsdPihie’ WEbe 210 in
h PutRs

the n er and € arrangenent o he reaction

102 ATb A b BB Bl N A AR g v e
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fl %aqmelisst iorpa 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 £low-adjusting
rods 108, 208 are arranged in one row in between the spaces and
the reaction tubes: however, the present invention is not
limited theretoc, and flow-adjusting rode 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 c¢an have an effect of bringing the f£low of a heat

13



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 hmeddiemctinocottaes. wihbh theanganthonotubpsnwcidiéastong

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

br sngaaghteactl Phowf if hhatnunmBerwd fivwRadgnsathgweds are 10
the reaction tubes close to a straightened flow, if

t heogmber 188s{ | avaad] Lisd idng predctrieonl @ffriedenay by decrease
| ess, a decline in production efficiency by decrease

I nihhensurbmbesf of NEhé enddition Whftsed SippRerintddaand also an
al so an 5 increase in production cost as a result of

5 UpShzirBgsaf 1thhprottattbAncappanst dsresuptesentipdizihg of the
flowadjusting rods are further preferably arranged

i NnrhBeti8RdfpPardttd 25 PRWrentRA ! | THE 1 B BNy rods are
in the range of 1 to 3 rows. As a shape of the

fl QWréﬁbHSbh:EﬂfeE:Qﬂlyt E@réﬁ?@& oh anaobaﬂge 0£018to 5 rows,
square pole, a triangle pole, or the like is

pr E»EEEinﬂ.ari?oBfr%@arhﬁiysflﬁp@hésraﬁ?epéft icebas! ¥oys,
limted; a shape may be "acceptable that honpgenizes

the Tl oy sﬂa%@%tf £Rd iR aGetanly roh | Rne sdgdbkle/column,
of reaction tubes as conpared with & case where ™ no

10 Tl gsgHbug! Bﬂeroﬂsti‘ﬁ.ﬁnﬁiéaﬂgig bR i‘hEaii‘i:¥t iE preferably

gas- phase 15 reaction, a catalysf is normally charged

oaob 88 O i 18} iSRRI RIS Ehmape may ve
theckeRthbeR theRon8hel2Ybb% it £8b@ 0 h heat 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
15 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 catalyst
charged therein. In this case, the reaction tube and the
flow-adjusting rod may be made of different materials oxr of the
20 samematerial. When they are made of the same material, because
there are substantially no differences in thermel 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.

25 Preferred materials of the reaction tube in the

14
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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

o

medj
the reaction tube 1

t h%nufﬂ%tﬁ?ié@tﬂ&gﬂfﬂﬂ: %ﬂﬁ%z‘é‘\fﬂé Ut ¥he BeedRFHINRSntion
f an

an appar at us supply conditions of "a heat

i %fimﬂ;ﬁliteﬁ,d 'meit}lear,efgqrar RLeHi¥sS a¥fa the lixe.

e mdl t°t ybdl ar reacti on

ap Wféfﬁmﬁg gﬁg’isg{ﬁ?ﬁ%e N2V e gy, %ﬁl'g‘éﬁi%k eéﬁém% jhiastelloy

exanpl €,

ass, ceram cs and’

i.al s incl i . SUS316 US310, SUS30
e gt top 1€ Brodhel dHa B Vine O BF fhese (na,
th N .5 icularly Ni. with b t ent
50, Gt Mo FLER 8 obindh bl SRR 05P2 BRks 1 or 1ess,

as

fl ow adi u:sti gg rod that are preferably used include,

AR

%f the above reaction t ube, for

meral 1o e Lofh e ATATAHIAS Foa Sat  tkp proterably

iron, N, SUS316L,  SUS310, SUS304 hasﬁ ello

hadl®§q dpcdudarc G5 LnaFhe: figspi RE. thed
conbi nat.ion of Ni used for the reactiaqgn #élb nd [ron
&R €én t

us EFFHLG h O a GHESS nFFETFLS 28

Ni

cb%%ag‘.‘:tiém tube, for

metal
used for the reaction tube and N. u eggfor t he

57 ey $US3L6L,

adopted. Preferred heat nedia used in the nultitubul ar

re

q?:(}‘p , SUS304, hastelloy S, hastelloy C, inconel and the like.
For example, a combination of Ni used for the reaction tube and
iren used for the f£low-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; fxrom 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 mags $ of sodium nitrite and 7 mass ¥ of

s¢dium 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,
organic heat nmedia, nelt netals, 20 or the like; from
the viewpoints of thermal stability and ease of
handling, nelt salts are preferred. Conpositions of

el t SalB%%f?.@@ i&%&;ﬁﬁ%éﬂé&ﬂﬁgﬁg%ﬂ%&é lﬁeefszéably used

potassiumnifrate nmass % um nit

i f * Si nit 0 0 .
of SToIR Y aRfePBER party o 8hBE Ay By LA R S MR T dred dise
and _t | i ke.., 15 Baffles i.n _the nt igLventi at

o bt i SaoRheadl cifch 8 bREETER, ANE A I Lo when o
di sc baffles, .pecfora di sc af fl es and,.segnent gl

o Menied: e2ean bakER bS tadilat S A ERGHENY ds usea, an
baffle as [ndicated in Fjgure 3. s used n 5 Lnlet .

oo tiend 8 GreLeh o8 hedt fiehank 47E PrpRiranaY £ Gistributor
di stributor . pipe..Additionally, for exanple, en

G Bibear RaasPibsaLfEl Ee: Sramine f iR R Fiad Khrfle and a
Figure 4 are used, an inlet and an _outlet of a he
medeFreEAt of BREELS| 35 Andicaked iDoRdapRre dyvRNe uksd, an inlet
example, a se%nental circle baffle as indicated 10 in )

Fi Gifermoptigtafoedpatomediun are PIRERRARYY ¢ ciffalar condudit.
spaces 110, 111 disposed in the segnental cirche .

soct i on HPBF %R EXANRLPS @ BPONCREAL Gl imbatate g indicated
f|QMFanUSting rods 108 are disEosed i n between the
sp&Be%-"-&‘-E? 3148 diFposeS ae & brbhle uBreLRFRPLY, thegpaces 110,
case, the reaction tubes can be efficiently laid out

in 11-3 disRes e Hdy tf‘ﬁaﬂeﬁfﬁ%“’é?ﬂa@éém}fo?'eﬂ?c?“vﬁ@ @H';PW channels

good pr.oduction .
of a heat medium, and the flow-adjusting rods 108 are disposed

in between the spaces 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
sec¢tion 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 batween 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 di sposed in a perforated 20
section of the perforated disc baffle and the space
211 disposed in between the periphery of the disc

baf he,si d h .
B Erdn b Lo gT LA BB pobi pE s pLos Netkadibny can be
fl ow iggésti ng rods 208 are disposed in between the

spg&s 10, 211 and the reaction tubes 207. In this

cae ! BG4 20gRE! HHAGRE D A ALY ves are
0SB G880 BISCLLP e FL SRS, S8R 05 Sl nd Baeren.
RO AR MR ARG R (T RO

the direction of the faces of the baffles,is de to .
be £BEPECHT Ve BRA TleRt AEMARE O PRTLECTIYALY ddbgontget with

the heat renovability is good. It is rticularly

or 6P8: ABREELARL CUPPS{ O AR (HOH (ST AR Ak 15 good. It is
fl ow adjusting rods are suEﬁorted bg their Eﬁnetraéion d th
t hPag§hculpriyepraferable| ghahcall ot TRAGESPR RUPER AN the
size of the reaction tube is not particularly )

| i Flp¥dadirgtanearas ane: SpRPYRRS B theippengrration through
catal yti c gas-phase reaction can be used. For exanpl e,

a th@abﬁfﬁgeﬁube havi ng an inner di aneter of about 10

to 70 mm R e
In 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 diametex 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 or 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 nmm and a

| ength of the tube of about 1000 to 10000 nom 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

205Li &g €1y Urfit@la Ofs ol Eﬁecrﬁéﬂte&eﬁlfov%%&ﬁl‘ﬁr bRereaction

reactlon tu es I's pre rably dlsposed so as to bé in

hReLRNEE ftfoat %ft’&lel:.ﬁte %hle @:ﬁ%ﬁté Ab ARSI, Q.B increase

the reactlon t'u nore prerera t e range ‘of

1. }.ﬁ g?oéﬁétibﬁm as{f éhg L-Qgﬁﬂlla%fonl%% t% Péaction

e reac i on ube I

ggpﬁégf*.g ambe%v%%\tegeaﬁ %Cﬁegg?%ggeln QW QB?%R%I:E a heat

IS surrircrently ensure

Pﬁﬁéﬁégﬁﬂmqylg 4116;:1%/ %réag$a§ t:.:élgg’ea eﬁ:aetm&r bg.(lg.q:‘y %guggﬁ by a drift
production cos1fL as_a rESﬁ 1 of upsizing of a reaction
apﬁgfﬁ?ﬂg i BURt®ECAR8%a decrease in Iinear speed
?gngvggfﬁ%ﬁi? n%%flé?}fwlgr cdrs &C %g?ig:??s se%lu?oin the present
t V\h t |l e_ba t
PhEvErabian. Fhocreron. seabiopelsSueh vh i Soags 4 4 Faaial
or afEeabifni oF DreshiRs ARG GS STI0AEARAY Ay 5bE range of 5
f er abl th f 5 t % of th
Sete| %ﬁ%ry%l'?ﬁan%?e{ﬁ% FULY hdhE FANRe O Potp) B2 Of the

If t he above Cr.oss Sec area o ce.l.s ‘59
or SHEFE RRCTAMETBECE 5%%?}'%55* aloaR B paRedtion. 1s

reactor,_ shell, the flo
e above cross sectional area of the space is 5% or more of

the above cross 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 secticnal
area is 30% or less, 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 shall. 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 goods 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

heay ae%?ga\éggi hbY £ GRS bmiiaca.daﬁé tto%;éf lsean%ﬂ $Rat mediun

prevent ed. en a perforated disc baffle is used as

a ?i‘é&'éalf.fbé gﬁre LERant %;nye‘ni; Ubs Qielgggf,ogaﬁgfon uniform
Cross section area o e perforated disC ba els
f [y i . f 04 . . o
o SR Yo 830eg o8 b sgodl s o o spectio
t] I i t hj h | t
S oPR PR o3 - pbokbe Bl pE CFag0E by thlndd Brzapged can be
di sc fleis 18 an decreas%_in eat

b | ! .
CGREOSEED 1 Bo' SukftSLeRIE 19705 ae K FEREL | M proauction

can_be prevented; if it is 40%or |ess, a region
un??g+ﬁ$e?ﬁyh%%té?%%bvabiIity can be ensured in an

amount of a specific valuye or_nore, so the nber o
reactionI?Lﬂiﬁ%%ﬂqFéhgéﬁ'Egﬁsﬁér?ﬁ?E&ﬁPt(??ﬁ?éEiY & cftayst 1s
sufficiept|ly lar '

o d I duct L.
SLLACLERLY 108 05, BEE0u! by LHEPLEGNCLED 1acsae ox ene
OLIELLYeR G Bor SRRL B d 1900 B0 1y B zomes

At S D SRR SR8 h e i, men o
a raw nmaterial is supplied to the reaction éube :
chErgrtRTirh i fuprisied T SREXFRPEYIPE FHRS ehrred with 2

tube inlet, i.e., the .
catalyst, in proximity to the reaction tube iniet, 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 reactlon rate
tends to be low. Conseguently, 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 cages. 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 reactien tube inlet,
a catalyst with low catalyst activity can he c¢harged or the
amount of a catalyst can be reduced to prevent from run away
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 rats is |arge;
as the distance fromthe reaction tube inlet becones
long, the raw 15 material concentration tends to be

|l 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

Wh@ﬁg@dce&.sIa/%at\ﬂfl%rs&b&aﬁxssS@iaaegéwts&nottswfathbeamount of
formed in sone cases. Wien a reaction tube is divided

I NEQeA1PEHA hh¥géQ Ofn 2PARSchse Wihakbeakibfl ehdherreaction
the anount of a Catalyst is varied, for exanple in

prpxE g i.?/ys e L iRAGk eﬂet yégctmﬁttub@ Sl Moy mha¥i bhall, so

| ow cat a t act|V|ty can be charged or the anount of

a £RL %&ﬁrfat% Efd Aok @E‘é JdPBe Mipeed and also

reactl on, as t | st ance f mthe reaction tube

L okERades gn&gsseifgmﬁnﬂafg%ééa«é ofi 18 BhORLRIP! Yfbceed can

a catal yst

s S AT e AR i,
PR PELLCAEL B0 PRORATAIE JBAE SAMG el Afporene

g%%g#ggﬁfé% Prn%lryoeg frhtget hee [ nt.’l.:f QEE:FSEaEQdU«L[‘& tt?l '%%s.pectlve

overS|on 0 raw nat er
Addt | t hel be divi ded and
oseShahe e okirod o CteRiRtar e 25 Ty bel
i nd | d{p.th
cont o) R Setied il fﬁseres%g%?%v.ﬁ%ﬂ??%%ﬂs.é@wtwn

Zg%{’ﬁ%' 33 ?‘g@% ;gg%%}h aif:gsinsu Sseucljt 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
paxrticular, 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 promne 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 (nmeth) acrylic acid using propylene o

r
i sobutyl ene and gxygen as raw nateyri al ang t i ke;
i nTayafategials FﬁégréaEFP8ﬁ183n£BéepFé?EgﬁglVgﬁgeﬁ patalyst.
production of chlorine gas. In addition, the o
nuﬁﬁﬂFGS&PaPh&EFéﬂ?tEESZGaBaggpﬁHBBl?ﬁgc?Foﬁ gppaFapERining
of the present invention can _be effectivel¥ adopt ed
f ohydregencrbilprifec HenrEaspde 1B BOFcg¥RPPLe; sthergal
and the nonuniformty of a catalyst flowis prone to )
ocdecomppisdtiiea geactamnperprenbiiegip) raagtyppcof chlorine
gas- phase 25 reaction to introduce hydrogen chloride
gascmpgundsgenhgagenation ¥earhien qpichlonigation reaction of
reaction tube charged with a catalyst. Hydrogen
chloogané cguempennde, aiusddoisin ndnedneaphpPrg etc. In this
hydrogen chloride generated in, for exanple, thernal
decespositheoconggotretion ednbysrpoRnrehéerbeogas in a gas
chl orine 5 conmpounds, phosgenation reaction or
chiconitadniog hydrogen chlopidentan dsmprdeide be, for exampls,
conmbustion in an incinerator, etc. In this case, the
coddeviolume dn oot mbwelr Hwrthen 60 velyps 4§ aranees, still further
cont ai ni ng hydrogen chl oride can be made to be, for
ex 80pkelumel tv olrumexes, o Eremr shef iewppisd ¢8| predgchion
nore, still further 10 80 volune % or nore, fromthe
Vi effdicienely .pr oducti on

Oxygen gas may be supplied alone, or for example as air
or the like; it may be supplied as an oxygen-containing gas.
The goncentration of oxygen in an oxygen=-containing gas can be
made to be, for example, 80 volume % or more, £furthex 90 volume %
or more, f£rom the viewpoint of production efficiency. An
oxygen-containing gas having an oxygen concentration of 80
volume % or 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 prevents
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 ox 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 % or
nore, fromthe viewpoint of production efficiency. An

Oxmﬁlﬁoﬁgﬂka' MBS dEe | Nh B 1 984h %@Cﬁfﬂd@éé&%t a more
of vol ume %or nore can be obtai ned by-"nor nal

' n%ﬁ%&ﬁage%*sh eéaear@saléerffas@rmieem@we,mscu5% chemical

SWI ng process o cryogenl c separation.

gh¥ Bl O gl:’¥§tsfe era y USW éﬁ{r:@fyn.ng step,

rut eni um conpountd I's pr

pr%\ﬂ%gtr%lgl% ﬁg‘éngeéé O%ﬁeﬁgogiﬁggﬁ.?g ?r éxﬂf 'éﬂlh-}e fg.lﬂu lity and

t o evapor spl as conponent
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lified
cafl? IS":":S'?P‘F;%%E}PFSV nsokﬁ?esavverﬁgﬁﬁi?%cmwgeﬁ chioride.
| yst d
%ﬁ Y ShateRtoon; Mehahaig SRR, aﬁn'ﬁﬁag{:ﬁimﬁ- 1§, made to be
d h h t f t
Sé'wéfs%% AgreREER o rrpger BE £ 20 BR8N 4t Horms o the
ru‘)aigln%@ 8 Iggtlafygt Cgéta}.\yfty ém caetalysq: price. A catalyst

can be used by being supported on a carrier such as, for example,
silicon dioxide. graphite, rutile or apatase titanium dioxide,
zirconium dioxide or aluminum oxide.

When a plurality of zones in which the kind and/ox the
amount of a catalyst 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 cutlet side.

* This case restrains run away reaction, s¢ the reaction rate
distribution within the reaction tube is made relatively
uniform, thus having the advantage of suppressing the formation

of excegsive 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. A 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 ugRkhpye®f zones in which the kind and/or the

amount of a catalyst is varied is disposed-in a

reaction falRena#ier CHRY prebbfl £RPeRLiPh ¥LIPYeY set forth in
adopt ed that involves, for exanple, charging a

Catﬂ&ﬂétdéﬁﬁ&”%gaméﬂﬁlﬁ of U @fanffl d U hRGRNEP, eKbdEnténtion is
the inlet side 6f the reactor and charging a catal yst

20 i r ent of rutheniumoxide in the
ef Sl gle.é&"l"%l?mcm'

out S case restrains run away reaction,
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an ‘exanp owever rnvention s n
h . 1) Smil at f fl .6 Of h .
k%ﬁﬁ%@ﬁ&%ﬁ%@#@%@fﬂﬁ 4 Jif e o RaspEs. ﬁ??;‘%ofhagram
. ' it i Q. : .
PR o TR ek HE 4 AL BeRReh e Bk Fumulation of

e 1. Figure i s a

1!')FI gtLﬁJ.s example. e reac%ligarteal.{ges 52 and the flow-adjusting rods

53 are disposed so as to penetrate through the baffle 5 having
a segmental baffle window 51 dispesed therein. In this example,
the flow-adjusting rods 53 are disposed in one row in between

spaces and the reaction tubes 52,

15 The horizontal component (i.e,, the component of the

20
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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 flow of the heat medium above and
below the baffle was analyzed. This is because the vertical
component is thought to flow along the reaction tubes, and not
to have substantially contributed to cooling. The larger the
horizontal component of the flow rate of the heat medium is,
the better the cooling efficlency, leading to rare formation

of hot spots. Moreover, if the heat medium flows backwards to
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i ndicating the shape of a baffle adopted in the
sinmulation of 10 this exanple. The reaction tubes 52
and the f low adjusting 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

betnaesegRLAEes tHIE1d ikRal SanfiomethdLenkralhdaine, an eddy
hori zontal conponent (i.e., the conponent of the

batlkl enbaedodi beCth@nheft hBR16MOYsT E6Em&d, tH6 tREtcooling
medium flowing in the region till 50 mmon the baffle

Lgf%?FEEY‘L@Bg§ {deeqeritla.al phigRefepindiensasitiiiation model are

e wi ndow 51 of the baffle was nmeasured, and

:E25%2¥Fggﬁ gho%hgffgmg?g$ﬁblnediun1above and 20 bel ow

I'e was anal yze 's is because the vertica

conmponent i g | ow al ong the reaction tubes,
5and not E?gaﬁgggﬂsgég%gﬁﬁially contributed to cooling.

gpgphggggnggg r@o&gaomhal conponent of the flowrate

h rumrs, the better the cooling

ef%hg%ggcxPFL?ﬁghngz?gné@re formati on 25 of hot spots.

Yolg: e hea ium fl ows backwards to 23
the seg ffle window 51 fromthe central I|ine,
an eddyn?gég%ﬁg?fIOM/of the heat nediumis fornmed, so

o1 BOPS: 100 aerat 82 Faa: 48P HATT he fol o ng. 5
10fﬁ%g%%;g?eésgs;#pgtknﬂgg gbgngker: 450 mm Baffle
' Distance W3 from the central line of the xeaction vessel to the
segmental baffle window of the baffle: 165 mm
Thickness: 6 mm
(Reaction tube)
15 Outer diameter: 21.4 mm
Pitch W4: 29 mm
Arrangement: equilateral triangle arrangesment
Number of tubes: 158
(Flow-adjusting rod)
20 Quter diameter: 22 mm
Piteh W5: 29 mm
Arrangement: One row along the segmental baffle window
Number of rods: 11 rods per row
(Heat medium)

25 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

Nupbew Pité Ubes;m*Y¥®8 (Fl ow adj usting rod) 20 Quter
dianmeter: 22 mm Pitch Ws: 29 nm Arrangenent: One row

al ong t hfe SegnEdtaimbedfdch oo i Nudimiwae / OdSluek

rods per row (Heat nediun) 25 Kind: HTS 24 Flow rate:
18f£§éb1£€i@  £296im S TRARE | Bl ana ¥l 5 hﬁﬁftafwﬁhed

uent (avail able fromFluent Inc., US) wa

aq?r%)? egmﬁﬁti%rpq%ﬁp&results 5 The results of the

atron using t above paraneters are listed in

5 Tabl e 1.lD6 oS! £ Afnel 8RkG1A i B ¢4 5y R above parameters
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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 aminug, so the heat medium
flows backwards to the segmental baffle window 51 from the
central line in the site; on the other hand, that the horizontal
compenent of the flow rate of the heat medium in the site of
the second row of the reaction tubes is gufficiently large, so
the heat medium normally 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 mainly occurs in gites
where the flow ¢f the heat medium is abnoxrmal, 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 lst row -0.04 m*/h
Example (flow-adjusting rods) !
P Heat medium flow rate in the 3xd row (2nd row +0.05 m’/h
of the reaction tubes) )
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10

15

the flowrate of the heat nediumin the site where the
flow adjusting rods 53 are laid out is a mnus , SO
the heat nmedium flows backwards to the segnenta
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 nmediumin the
site of the second row of the reaction tubes is
sufficiently large, so the heat medium normally

flows. THRSCembsSat hén € NoNd t &bddmp Db SRSt 1o H9d Heiddin should be
flow adjusting rods 53 in between the 15 reaction

t UpRSuERt AW bk A 1SeGERPL aFyhald hetWdBevLhdi€ffive. The scope
arrange the reaction tubes 52 only where the flow of

thgshert PRELEAL 1SvEREIGH - idNEof 06MEY | DImDEedOto SBRE Sabove

mai nly occurs 1n sites where the flow of the heat

Negs 8-k 5+ A0RET Bhe SMidhidf pyTihll bERYINAL AeAChL@IFications

apparat us of the present invention that 20 renders

nog @l 54 fEndd@ % Ofod N IeRle I RAit TP 2B BIaREOHAA £88ses and

reacti on tubes, the formation of excessive hot spots

is h u d. Table 1 Heat nedium fl ow
| 5350940 baui faRent LoRELSREL,  TAD ©  tE

(fl ow adjusting rods) Heat nediumflow rate in the 3rd
row (2nd row 3 of the reaction tubes) +0.05 m/h 25
They { RENApBAfc LY ¢ disclosed herein should be
t hought to be all exenplary and not to be limtative.

The scopg m@%titfbﬁff%aémfrgf Othd SprideP® #nvention keeps
Limted to the above
normal the heat conduction of a reaction tube and a heat medium
and restrains the formation of excessive hot gpots, 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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5 descriptions, but indicated by the clains; al

nodi fications are intended to be included within the
cl ai ms and senses and scopes equival ent thereto.

| NDUSTRI AL APPLI CABI LI TY 10 A mul titubul ar reactor of
the present invention keeps normal the heat
conduction of a reaction tube and a heat nedium and

reghidl ps éf§i$€&ngggon 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 15 containi ng hydrogen chl ori de

17, 08 P L0 2yl Mslpkang ke onsoparacus,

1. Anmu a reaction
appar at us comprising! 5 a plurality of reaction
tu 8@95}fﬁﬂ%éd in parallel, a baffle capable of

chang 10, D6 FhL£60 98, SLa RS oa e digha B 101,

perPen! 42k Aol RUE Wi 550 K9BBE ot movenen
BT oo Rl rEHIE B P asrection
DAL S S0-052 B! 8o B BRLL L ERORT 42D enction

i Spose
the space and 15 the reaction tubes, having the. sane

| ofYPE&ei nal direction as

a space that is disposed in a region including a part of
a section where the heat medium £lows 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 lengitudinal direction as

that of the reaction tubes,

2. The multitubular catalytic gas-phase reaction
apparatus according to claim 1, wherein
the flow-adjusting rods are arranged in the range of from

1 to 10 rows in between the space and the rsaction tubes.

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

the reaction tubes are charged with a catalyst and the
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that of the reaction tubes. 2. The nultitubul ar

catal yti c gas-phase reaction apparatus according to
claim1, wherein 20 the flow adjusting rods are
arranged in the range of from 1 to 10 rows in between
the space and the reaction tubes. 3. The nultitubular
catal yti c gas-phase reaction apparatus according to

cl aitdodk-adfaseing Zodd ereanginy tubshaso Bichat@agedth a catalyst
with a catalyst and the 27 flow adjusting -rods are
dumiy kehesipAt +abasged with a catalyst 1in reaction
tubes. 4. The nmultitubul ar catal yti c gas-phase
reaction 5 apparatus according to claim1, wherein a
di sc baffle and a perforated disc baffle are arranged

as the bajflese muldDeownlid teRedBftL@t@yiiRase reaction

gas- phase reaction 10 apparatus according to claim4,

swhepBhRratsaheSELELNY | Pheb12Nd £, NeddrdBgli um out | et

are tormed as circular conduits. 6. The nultitubul ar

catal ytic :PhAseE1e [ :?ﬁ;l?d [

to claim ?%ﬂ%hcgrei nlg gg‘gn*g%%’?"é%. rc eﬁbidl*?:f Pé%?g_@ 4% arranged
di spesefleagatfgepaffle. 7. The nultitubular catalytic

gas- phase reaction apparatus according to claimB®,

wherein 20 a heat nmediuminlet and a heat nedi um

outlet are forned

5. The multitubular catalytic gas-phase reaction

10 apparatus according to claim 4, wherein

a heat medium inlet and a heat medium oytlet are formed

as circular conduits.

6. The multitubular catalytic gas-phase reaction

15 apparatus according to claim 1, wherein

20
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a segmental circle baffle is disposed as the baffle.

7. The multitubular catalytic gas-phase reaction
apparatus accorxding teo claim 6§, wherein
a heat medium inlet and a heat medium outlet are formed

as distributor pipes.

8. The multitubular catalytic gas-phase reaction
apparatus according to claim 6, wherein

the space is disposed in a segmental baffle window of the
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as distributor pipes. S. The nmultitubular catalytic
gas- phase reaction apparatus according to claim6,
wherein 25 the space is disposed in a segnental baffle
wi ndow of the 28 segnental circle baffle. 9. The

mul titubul ar catal ytic gas-phase reacti on apparatus
according to claiml1l, wherein 5 the reaction tubes are

chgé n%%ihcfrﬁféa%%fflépd the inside of the

reaction tubes are vided into a plurality of zones
by varying the kind and/or anount of the catalyst. 10.
The mul titubul ar catal ytic gas-phase reaction 10

appar e o rlg‘% | %5 f(p .%- é r}rézthetion
producti%haﬁ%g C #%ﬁ#ékﬁ%%ﬁﬁ& aﬂ§% d lﬁﬁg&
apparatus according to claim 1, wherein
the reaction tubes arae 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.
10. The multitubular catalytic gas-phase reaction

apparatus according to claim 1, which is used in the production

of chlorine gas.
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