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- m Lho reactor m order to'

N Umte d StatesPatent ’Ce 2925 A1 9 .

3 nside . nf the Teactor, .as, for examplc,. coollng
Jtubes. ins rtcd o the reactor ‘proper, o the wails of -

2 925,319

I'ROCESS AND APPARATUS FDR COOI-ING
EXOTLE[ERMIC RE&&CTI(JNS

HLl‘be-' .P- A. Groll, Mnlndal Sweden

while: gua.rantaemg a sufflclent S
“of {;.ooimg docs er. state anything about the raie .
Iyilic. biaf js iransterred.at any given spot alemg . -
ite Jength. (L), 'of. the reactor. ¥f we assume. that_ L
sattor thas the shape of mhcs or chauuels 1hrough :

Tlus ;invention J:elates to nnprmremants
ing of exolbermic reactions, - L
The inventtion more particularly - relates to ths tem—
. perdince cuntrol of : exothermic chemicdl réactions. by -
* effectively removing the. heat of reaction by transfér from
{the reuction mixture to 4 sultablc hea i poar: cuolmg Aane-
ditifn,
... One object of the inventiﬁm is to malmta,m ple fem- .
: pemturc -within the reaction zone: An.exothermic chenu— L
- al reaction over its entire 1engt‘h constant to a deg;ree o5 '_ i
~thal herctofore Aad. bean: considered mipossible “This, - ‘sugc
" -and gtill further objects, will ‘become: appatant “from the
-foIlowmg dcscnp‘ﬂon read i’ conjunetmn w1th the draw~_
- ings, in which:" L)
Fiz. 1 is 8 curve shtming tbe heat ge‘mrated in’ a typl— 8071
cal catalyuc smthermlc reacimn over
‘reaction ‘Zotie a5 ‘& fith;
. and the’ heat removed frém the
"leugth as a funtton of the. ]eng1h i or_ {o mmaintin
JIspthemmic conditions; ~ - - ' .38 &
- Fig. This a graph showmg tha o sa of thc 'crature . 1k ._t_ﬁe_y._' end it mbmﬁ amy upset
ol a cooling fmedinin pawn_g throush ihe reaction zonc in. - fénjpera e condiions autmaﬁca]]}r ‘This i Is.duc’to the
‘which 1he reaction temperatore is maintained isothermics -fact that the sate of reaction, rising and falling with the . .
Fig. 2 Is a diagrapimatic'iepresentation of an embodi- . - tgmpmtm-e, mlto,mau;,ﬂl[y and; effec:,vely adjosts. the-rate - ..
cient of an apparains for effecting an exothermis, teyction 40 of heat qnn&umplmn tv.ibis ate of heat” supply I con- .
with eooling in accordance with the in¥ention? and. . arast to this, i exothermic. reaction-mnst be -held af an. -
Fig. 3 shows a different embodiment of. an: ﬂPPﬂth © unstabile sthermal- equilibrium by tigid - autside. _control.
_in accordance with the-invention.. - H inadequaie cooling, the femperative; the reaction . -
My method of ¢arrying out 2 regction- ‘mdaf sont ﬂe{-‘" o Tte, and-the rate of heat formation rise £o that fhe ferx- -
temperatire conditions :is parhc_' Iﬂt!-lre J& driven up in-a vicious.circle, shich canses the -
t6 cotalyiic reactions.. M aly, Wi i :
_ tempelatun: range for suctésshil dperatio :
; perature is too low the reacfion rate becomes insnfficient; . ¥ oint. of. dr.[ﬁculty of ‘contral,. exothermlc.'
if it is toa high, the catalyst.s damaged or destroyed, or. - actidns may be classified jn several classes: o ;
undesirable side-seattions occnr, Tt is, however, nof miy 50 ° i35 I “Those reactions. which- ‘hardly -peed any- tem... .
.. Ways necessary or. desirableitp operate ‘under such condi- . : oniEel, becanse {hay vecur with goot: yields at Lo
tions that the teroperatire in:the reaction zone is constant ‘ temperatires, within such a wide tamperauuc -
over the whale tenath of this. zone. A certain Kmited - nd. on: 2 Heat -stable catalyst ‘fhat -noexiérmal |
‘icmperature gradient mirny insoime gases be demrable. aling. is necessary at ’rhe rengtion. zone "[‘he mmbus—
example, in -ceftain cases it muy: b¢ adviszb
4 relutively low reaction: tampemture )fc,

_ 5 oufside the tibe. walls, he coalact Umc @
g ‘bxg m.gsa snnple functmn of L, and e find as the othcr K

i all necassary fnr cauymg uut e uwennon in
_Other Téactor shapes. may be used eq*ually A
AR

ing, it doss ot tike 1ni6 consideration great fooal
one Trom the desirgd termperature diiving the pass . .
Ve ts thiough the. tube. Condmc-n (2) Jf_-._;.:. X

o0 I&pld, s0_that the reaction “dies.”

0. Class II —-Those reaction ’whxch owing to thelr Hapi
antl tothe natire of the catalyst available, must bs car-
ried guf w _1th1n aiemperal'm:_ ‘TAnge at Whmh the 1

G __bnum Hoek. ‘fiot, Hllat al complete Ieac

‘eeur, so- that o ereaf part of the teagents - -Jeaye ‘the

? Teuctor uhtHanged ant st ‘W recirdulatéd. “Thus, if- .

" the reaction temperature riscy; owing'to’ fncomplete haat -
removal, the equilibrinm hecemcs ytill more uufavorable,

- thus. preventing forther reaction, unless ' lower tem ’

-1 - THTE I8 restored by adequate cooling,  This is a vély" D

¥ penijant self-rcgula:mg effect which. fatilitates ‘aperation

. the tempcrature mmrds thc end. of the ‘reaction THissHEe;

. su-that a more comglerg conveizign can. take place.
In order to maintain essentially - isothermic. reaction

.conditions, it is a‘lwayn necessary- that the entira heat of

reaction -be iransferred -out’ of e feaction: space, i3,

~ through tlic walls of the réaction vesssl. 1t is.ta e i

. derswood that t.he terriv. “walls: of he. reactor,” L tremendously with' this reaction type, and dges not allaw.
hergin, -includes bt tmly iihe out&:de walls di' the a,ppa- the rear.-t:on 0 go wﬂd.. Ammoma synth&m isa ty'mcal‘




cxampla of this class in which the recirculation men-

toned above is applied. Another example is the watsr-

gas réaction for the conversion of carbon monoxide to

carbon dioxide and hydrogen. In this case the gas leav-.

ing the converrer should coninin as ittle’ as possible un-
vonvericd carbon monoxzide. Therefore a plurality of
cafalyst layers are used, the gas being cooled “between

72,928,819

layers.  The yields per pass and the capacity of a given .

efficiency of heat removak o
Class 11—These are reactions which oceur on par<

appavatus -does, in any case, depend entirely upon- the

ig

ticnlarly temperaturc-scnsitive catalysts-and/or which are .
inclined to chauge over. to.undesirable sids-reactiony.
"This class is very frequent in orpanic chemistry and

inclndes o wide varicty of reactions. . Typical exarples
i the order of inereasing difficulty of control are: hy-
drégenations, the oxosprocess, methanol and isobistanod

15

¢y €y, Clt.==concentration. of reagents at any point in
- the reactor.  (These are fonctions of L), and
a, b, efc.=initial concentrations of reagents
Tl ...0WH...), 9{...) express functions in
the comventional menoer. The function F(z,, ap, . . . )
is generally) of a type in which the term ) i
T eIHl S
is of decisive importance, while, the linéar velncity ¥ -
itself muy be a funetion of L if the reaction is accom-
panied by an’ expansion of ‘contraction: .
- . 'v-—-zrp(ﬂ) B
In the first approfimation, v can be regarded as con-
stan{ and. in many cases, where :the, practical  comcentra--
tions. are sufficiantly far aparl from the equilibrivm con- -

- centrations at the reaction temperature applied, the neces-

synthesis, parul hydrogenations, selective oxidations, the . -
‘Fischer-Fropsch . process, oxidation of naphthaline to .

phthalic anhydride and of ethylene to ethylene oxide.
The last three are generally considered so difiicnlt to
coniral that only special measures such as thermostutic
agitated salt baths, liguid- evaporator systems, internal

.20

cooling, or aperation under great dilaton with recycles

gas are deemed adequate,
My inventien can be carricd into practice with.great

25

advantage for. all reactions of classes 2 and 3, while it

can Be considered nbnecessary for class 1. My inven-
ton is based upon the perception that #t s possible.io
adfust the rate of cooling in suitably designed apparefhs, -
so that it follows perfectly the conditions set out. by
Equations 1 and 2 without having to resert to extroardi-_
nary and ‘expensive thermostatic cvaporating barlis or.

30

the like. As a.matter of fact, thermostatic evaporating - .

bathy arc not as effective as they gonerally ara cone
sidered. Koeeping the bath temperainre constawt through-
out the bolk of the liquid does not prevent the temperza-
ture in the renction passage proper from rising consider-
ably above the temperature of the cooling liguid, espe-
clally at such poimts where the reaction ocetrs at its
highest rate. _ '
The rate- of reaction depends npon the concentration of

40

the reagents in the reaction zone, the rate constamt ko

which generally is a function of the temperature, the
order- of the reaction; and the catalyst activity, The

nism, which in many. cascs is not fully nnderstood, espe-

45
order of the reaction concerned depends upon ils mecha-

cially if the reaction ovcurs upon 4 solid catalyst, The -

rate can, however, be determined by measurenients, and
the order of reaction can thus be - ascertained. Experi-

vace shows that  most catalytic reactions are of frst-

or sccond order. As the mechanism may be complicated.
aud {he rate may be determined by more than one ele-
TEMAry process occorring - simoitancously, so-called
mixed orders, such as between zero und Hirst, or batween
first and sccond -ordet, may result,  On the basis of
these delermincd and/or eafenlated values, the -rate of-

]

conversion- at any desired ‘momeat- of the contaet tme -
can he caleuluted, and -2 satisfaclory fupction derjved

for the. rate. of heat formation in any scction of the
. Teactor. Tn other words,: the values for '

aw-

" can i:e_’h:tpr_cssed.‘&s_‘a. fonction of L by an equation .or-
by s corve. . T o :

This function is.for any reaction of :the type:-

@ =2 - . 2.

in which

O==molar heat of reaction
v=linear velocity

60

i

sary equations can aasily be derived from the well known
ralc. cquations.. For instauce, thc equation for a [irst

order reaction is:
Lo dw 6. .‘“kr;
{4} T =-£’—i’s,uc- .

in which &;=velocity consiani for the first arder reuction
under the reaction conditions chasen.. '

For an-ideal second order reaction, the equation be-
comes somewhat more involved: - - )

L.
. )]
D aw Qla;i;(b_'—'a}?e r

a5n ,,(1. a kr?(a.wb))z
—

In practice, empitical equations often must be resorted
to bacause the. conditions become .too invoived for theo-

&

Tatical dediction. The. type of the: equation iy, however,

always that of Equation 3 with (2 as darisive term,
The typical shape of a. curve represénting this type
of‘cquation-is seen in Fig. la, which shows tue value of
A
i
ag a function of L. In thé same figure =nother fanction
- - dg ’
- dF _
i drawn, which represenis the.amonnt of heat removed
from the reactor at any paint of its langth, Completely
isuthormic canditions are obtained if the values of
. dg
dL
ar

-assume egual sbsolute magmituds, with, hoWever, ap- -

posite sign: (Bquaiion 2). ¥ this case; which is shown in
Fig, 1z, the two.curves -are exactly symmetrical to -each
other with the: gbscissa as the axis of symmetry. . .

- .. T have now found that the cooling method which jends

itself best to-a perfect adeptation o the rate required .
by the.reaction. ratc function cotisists of cooling. with a
cooling medinm which Sows, concnrrerily with and par-

. #llel to the ilow of the.reacting mixture.. The rate squa-

tions for the heat takcn up by -2 flowing cooling medium:
from : an ;isothermic - heat. .source “per.-unit. of operating

¢ Hme are: :
(6} - ' =Cr(21—2y)
' i _' —EfxL
o ELE:KW—mJg .
in which: ' ’

)

K==heat franstér comstant in a gzven apparatos design.



-q::heat takan iy z;ecr umk ¢ qpexatm&nnm&
.. L=tube fength. g
- D=hibe. d:ameter e
C....mean +value -of - t.he moiccul
malmg oedium,- -
=reaction, tempe.raturc
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'abo’(-‘e _equation,

o High that it - cantior be: neglecte.d ﬂle fauctlon s
. COmEs more- cnmpllcated wzt}mnt R angmg 1ts general

) character .
The vaIues for q aad

shpuld a::cordmg to Equauons 1 and 2 be equal 4.0 ﬂxe

negatzva values ef Woand

1£ pbrfez,t tcmpcruiure oontrol is. to be achjeved
~The complete -cquations.read. as folhm's

® e CrG s

._KD-_'-L _ a Q'r,,b‘ 3 —{z}-a

e

."?-"1)3

) H@

in Equatwns 9, both" sﬁes ars the e-funcﬂon type

- 3¢ obvious that the value of the nght side’ ‘of the equaucn' .
40
- vatilyst {Q and #£y),-ihe | ‘concentration: of the reigents

'is, detefmined. by -the nature of the réaction 2nd of the

e
- i:(l_u.(f' !”-'T(“_w) o

" ihto, practme is to pmwde' antomalic- con|

" {a and b}, the gas velocity (v}, and the dimension of

itie spparatus (L)." The value of the lefi side, an the

other hand, is determined” by ‘parameters ‘whi¢h" are A
45

malfer of apparatus design (B, L and K). and ‘of the
nafure of {be vouling medivm- (C and &), The -de-

- jsfactory, rate of reaction,’ :
-theend of the lifetime of a catalyst charge, T miay peefer -

signer. of (he ‘apparetus should obvigusly . cloose ‘these

" paramelers’ “within suiiable lmits- with- cofisidcration of
the nature ‘and velocity of the' reaction (fcpresented

chiefly by -the rizht side of- the eivgtion),. so tias it is -,

- pogsible for both sidss of the equaiién 10 be eyusl to
eacly other. Under: this piscequisite: -of. LlESlgIl, which
makes the application of my iivention pom‘f:lc: -without,

howevar, being part of -{he invenijon, the balanse of ﬂw._"‘
Equations & and 9 uader aperaﬂng ‘conditicns can 6t .
any time nnder the oparation e ghdnged by wnl.rollm_'-'

anly the params?e*s i and. ‘These coniio] parameters
however, répresent the flaw. velogity, of thecdoligg me;

dizmand its temperature af the. entranca-to ihe: -mpamtus. i
-_:'arrange the co-

In order 10 achieve this carftrol,
current parallel: flow of the coaling meding i ench. A

‘manner that the rate of fiow ‘of ‘the, cooling medinm 1
. aod'the ternpcraturc of the® ‘cooling med:um entering the . .
. wc]mg pa.bsﬂ.ge -of “thercdcto

dependently of cach othier, §

réaciion and the heat removal sh-:rwn by the two sym:
sinetrieals curves “in. g 1z cah the. “haitained: at. any
time during the Gpsration’ of the :Apparatus. Tn' Fig.: 1k

of: :hc

- poiats and/or | may move the control’ pai
- dnto] the reactpr. Which pf these measuies’ :
suited it order to achidve thé best fesnlts depénils s .
falyst. .o
“uréd, and. the cause of ifs. gradual detenoranon, sogh. )
. as whether this is dyue o pois : ' -
- .gthét changes of. its, activi syriace, thiat it 15 Jmposmb!e B
i racnmmend the. best measﬂ_r 3 _bcfore . '

‘¢aft -he' controlled ine
aneously-and effeciively -
over ‘the -funges of tcmpcraturﬂ and- flew Tate Tequired. -
Hy {bm;r go; the perfect . bafanct. between the heat! of -

. 'there’ is shown . the . téroperature-intrease OF the' éooling ."7-?'

smiedivm. vs}_uch OCCIEE m removmg the hcad at the Tate .

~The cantrol pomLs ot this aufom,auc contiol ar

- & catalyst to-maximim temperatore, whmh the’ mta]y '

mdium. farther irito the teactor during thie course of fhe

L cooling . of .suc:h parts -af the. camlyst as miay- becoii
: lcss active. | :

. coohng by. extending o prﬂtecfmg devil
85 1R betwe
* flow.of the codling nisdingt -dnd: such parts Df th g

1, g mu‘lmg of the.

témperature and. flaw. regulations: of the. co

(A) The regmn of the MEKimm lcmpcraturc

'-nected 1o a.n automa.ti«; cointrol nstrume whuch reguu.' -
“Jates the-rate.of flow of the- conlmg mechum IO g )

ing passageof fhe réactor. -
-1 prefer to. adj'ust the. regulamg znst.ru;ne t
by point"{A)-during the initial sfages. of

tolcrates wittiont deferioration by averheating, The:reg

“vlating instrument (BY'is setito a-temperatuie soméwhai

shove. the lewer tempsratura Jimit necess v for :
T special, casm,'paructﬂarl -

1o et ﬂlm In.strument ngar the npper. allowed I i

&) father

much upon the nature of redefion, the type of

L uf cntry

It is possiblé. io achieve € profechon gamst.lm it
msulmmg shield; gradualfy-or penotln.all

thal nced protecnon. :

action’ ag'uust uymt, ucudemaﬂy by too vxolentmn

A 'preferred method fog. carrymg m}r mmon, o - -

satel use.ddp,t ly ¢

 best

asintering, or - .
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7
. desirablo or -impossible to prehe.at ths reagent mixfure -
fully up to the preferted reaction” temperature, bccause
0£ an- mberent danger of decompasition,

- In “the - entefing- zene, the teagents reuci. over. the

catalysis more stowiy..thap ‘at the usual. reagtion tem- -

“peratire:
miktufé’ to- the preférred temperature.’

"Thehéat #f reaction’ heats up the réaction
Cooling’ should

begin immediatély &t the spot. wheré the proper-iesciion .

temperatuce-i reached, T is pCISSIble 1o provide: ‘means’ L
-1%

foregulating the length: of the. entering zane by mbvable

insulating- shields ‘or -the -like; ‘as was described ‘sbove,
Anothar- particnlarly useful “method {or putting ‘my -
- invention ‘into practice 15 to:use -the -reaction -mixture -

“and/or one Gr g - plumhty oi.‘ wushtuents therecf as_

cooling mediunk, - o .
‘For example, in carrying out! aramoniy. wnthcsm, I

may pass the mixtere of nitrogen and hydrogen, o only |

nitrogen, under the. synr_hcsls pressure through the cool-

ing passage of- the redctor in‘snch a.way, that the rmile
of flow and the temiparature ‘of the cooling gas are res-
ulated independently’ from -ong -apather and mdepand-
ently fromi the entrance temperature of the reaction mix-
mre mto and its Tate of throughput through tlle catalysl
proper.

In the synthesis of phthalic anhydnde by oxidution ui

naphthalma with. air, T may- prefer o use air dlrutly'

. for- cooling the reaction twbes in which the- catalyst is
placed, or I may place the catalyst in the imferspuce

‘beiween the tubes and pass the gir through the cooling .

tuhes spaced evenly throughout the cetalyst bed. In
order to provide a better distribution of the cooling gas
and a Dbetter heat transfer, X may provide the cooling
- tobes with center rods keld in position by spiders or by
" &piral fins, These rods increase. the gas velocily und the
flow resistance, thereby facilifaling even disteibution of
gas hetween all the tobes and enhancmo the heat transfer
rate,

packing.

snch us aluminvm, The latter method v particuladly
vseful for achieving u high coefficient of hent tramsfer
to- the vooling gas in such cases where Wds appears
desirable.

- Ong preferred. feature of my invention is {o assore
the parellel How of the cooliog mediim with respect to

For the same purpose, I may fill the cooling tubes -
ot the cooling 'space around the catalyst tubey with o
I may preler to use a packing maferiul with -
g high hea! vonduciivity, e.z. balls or chips of metal,.

20

45

that of the reaction mixturc by providing plates or fins .

parallel to (he direction of the flow in order to prevent.

interference of heat convection with the dl}.’&(}ﬁﬁﬂ. of
- the flow.

VWhen applymfv fized bed catalysts at high thmughpu:
rates, it is cnstomary to let ‘the _reactmﬂ mixitre Pags
throngh the caialyst hed in a downward directicn . in
order to prevent vndesirable “dancing” of the catalyst,
which may be mechanically destroyed therehy.
cooling mediun is passed throtiph the faterspace between
the catalyst tubes in a downward direction, as in neces-

sary for carrying my fnvention info practice in this par—
ticular case, heat canvection roight nterfere with the.
direction of the flow, and undesiraliles eddies may devalop,
Tn this' case, the application of directional fins or the liks:

If the

i1t

.in the gas leaving the rcactor. -

the top of the cooling passage These valves may be

Automatically operaied by foats or the like,

I may further provide means for utilizing the heat. of
reaction. - Jf-this chnnot be faken up completely in heat-
ing vp the. eutermg rcagcnt mixfure to ‘the reaction tem-
pérature desxred I may provxde ‘waste heat boﬂers
ecnnonuzers, gle.

- Application of iy invention -is th cunfmcd to opera- .
ton with ized bed catalysts. I may nsg 1 with, particu-
lar -advantage in- ‘combination -with ‘tlie. so-called “fiked .
Muidized bed”. type, ie., with little carryover of catalyst
Io'ihis case the paraflel
upward flow - of the reacung m].xture in.the veactor.and

- of the cooling medium jn the cooling: passages is partien-
3 larly- easy jo. accomplish, since-the longitndinal temper-

ature - gradient of the cooling medium does not. tend to
upset the even flow- of the -cooling mcdlum by nndesir-
able comrecnon

The application of rny invention results in conmder\-
able technical and economic advantz\ges of which the
following may be mentioned: .

I prefer to smaks the difference .between the reaction .
temperatnre and the temperature of the i :ucommg coohng -
mediern (3—3%,) as gieal as possible, that is. 1o say, so
great that & sufficienl amount of heat is removed from
the zone of the st viclent reaction without, however,
undereooling fhe catalyst, Thos 1 may in certain cases
use temperature differences greater than 100° 'C. ‘This
method allows the zpplication of a rate of flow (n) of

. the cooling medium which js as Iow as posdble, ie.,

jnst emough to exert sufficient cooling at the end of the
redction zone, ‘This sawng of cooling medivm and/or
of prnping encrgy is a special advantage nf my in-
vention.

Another udvamugc of my invention is that, conirary
to cominen practice, I may use very long reactors. For
example, in the production of phthalic anhydrids reactors
with many thousands of narvow tubes filled with cmal}fsts
ure used: which are at the most about 6 feet long, T
prefer to use tube: lengths of more than 20 feet, and I
may even use tubes which are as Jong =s 50 feet or -
ionger. In these tubes the reaction pac velocity becomes
extremely. high,- so thit the heat trapsport from the
patalyst to the fube walls becomes extremely favorable
and ne local kot spots occur,  Therefore, I may choose
tubes with a very much greater. dismeter than (hoge
which are commonly used. . This fact, coupled. with the
greater length of the reactor, obvionsly allows the sréat
advamage.;of- reguiring s much smaliler mumber of tihes
in a reactor of glven capacity, so that the work and
the material necessary for cunstmcﬂn the reactor arg-
Very consmerably reduced.

The -invention' will be described in- furthe'r detaﬂ with

. reference io the specific. embodiments shown in the draw-

ings: These embodiments are given by way of fllustra-

_ tior:and not Iimitation.

60

Bbecomes a very usciul. featore of my invention. 1 may -
also use for the same purpose 2 method of packmg the.

interspaces-with a

- god’ thcrcby distiibutes the fow more evenly over the
whols cross-section of thg cooling passage.
. 1 may further provide convenient means for preventing
gas or vapor lock in the cooling passage when apply-

Ing a downward flow of a Mquid cooling medium. ~ For -
example, I may build the coofing: passape of the reactor-
according (o the principle of communicating vessels. If
the flow resistance in the cooling passage demands-a high-

‘differential  pressure, T mazy provide gas -vent. valves at

solid pachng material essentially as..
described, " This packing - increases the flow resistance

05

1)

75

In.ibe apparatus shownin Fip. 2, the reaction passage
1 is an cxtended tube filled with catalyst and. surroundad
by a cooling jackct. 'The:reaction mixture cntérs the
heat cxchapeger 3 through fhe line 2, in:which it is heated
by heat exchange with the reacted mixture leaving the .
rcaction ovassage.  From the heaf exchanger 3 the re-
action mixiure passcs through fine 4 to the entrance §
for the reaction mixture into the reaction tube. The first
scetion 6 of the reactivm.tube. ] is the cntry zone for the
reaction mixture; which i is: -adjustable, ug will be dcscribed
Iater.

The reagled mixtore leaves the remuon tube at the
puint 7 and passes through. thc linc. § to the heat ex-
changer 3 and the discharge line 9.  The clrcolation of = .
the cooling agent theough the jacket 10 1% effected by the
pump 11, The discharge line 12 from this pump. Jeads
to the valve 13, which regulules the amount of cooling
sgent entering the cooling jacket ‘1 at the point 15



- ferred over ‘the line 28 o a, telay’ 29, ‘Which operiites the .35 ;

'Hne' 35 f0. the _;shejl of. :

fegnﬂates the. T.e.m' 5 T ':o th-. c:cﬁolmg 5
ase déserihed: 1n_ Fig:2,

. tha. Keat, exchanger 18:1 through llne 124, 'Ihe ﬂow rate. '
1) . ol the’ éirculating cooling. agent Is- regnlated by the 7egu-
‘21 which supp]zes Tating | v'alve 134, 'which-.allows - the .cooling medium. to

ine 20, through which

S g .
. hchisved *by a Lhurmu ;egtué:ung dev:ce 25, ngh which iL exrends lhus a].lowmg {hie cool- i

- _ranged mn‘nedmiely aflér

38 the: éucrlmg ‘dgent. eotéfing theough entranees 15z,
ese-{abes, the cooling: agent. passes to. the. c¢ooling:
agent. entrdncés  15¢_ for.the cuolme agedi, passagey, 10a, ©

fidn of the teaction: pa.e.'

. The stiding Jacket May ol
. and/or may-be provided
"‘cmlpensate fol heat loss

- and. prevent convection currents,

fegnlating nnlmlsa from’ the thelmo-regblator 25 :.s by H based: on, {he. same. punclple as shown in Fig, 2. The

valve 25 vid the ¢onmection 36, By this arrangement the Tégalating device 28« arranséd. near the entiance of the -
.. proportion of warm and cooled cooling ageni in the miz- reagents 1o:the reaction chamber. The: thérmorégulif-
tire entéring the cooling agent puwp. 11 1$ tegulated - jng. device 25z is. sitnated after fhe. eulry zong 64 In

ited by the agzﬂaﬁng valve 23a It ﬂows th:augh s

- flow, thraugl ling 14z at the mie désired to (he shiding, -
64 8, which dlsmbules it fo thc maulatcd tubes. 39'_{ o
der, . The

m to fow through line 14z o ihe sliding header * -

These passages: are provided with displacer rads 37 in
oider {0 inérense the linear velocity Of the. coo.lmg Agedt’

The agtomatic regulation for the valves, 23:; ‘and .13g. .

difiz well 26 contains at its lower end.ibe theimo. | -

“according to the temperature measurad at the locatmn.-.l - Fig. 3-1his éntry zone js. practically. not-existent, bsacause._.-'_.
of the thermo-regulator 25, ° * " 40 ‘the: header 38 is shown drawn up into fts highest posi- * "

tion..” Thit, header beers the.insulafed tohes 39, the

A similar thcrmmregulaﬁng devi:e 27 g, arranged £
. thermio- regiiating device 254, the cooling agent eftrances.

thc mt end of the reaction: passage “The. regﬂlaﬁng - -

. pulsés are Airansferred dver the Hne 3:to the #élay 32, . ' 154,-and the rods 37: 1If and.when a longer entry zone. - -

which, via: ‘the cofitiection 33 opetdtes the valve:i3: This ‘ba¢omes. desirable, the header, s Jowered, so that. the =
valve régulates the flow rate, of the cooling: agent 16 the s clements 39, 13a-and. 37 protrude farther inté fhe. caok -
- TeAgtor. sutomatically according to the' fciperature meas- ing passages. 1fia. In this manner that part of the reac-
wred. gt the cxit cod of the redetor.  The regulating vilve. tion, passages, which IS, protected from. being cooléd
13, .0peny when the temperature at-fhig location of the 7 down. by:the cooling agent; can be.considerably. extended

- fherimo-regutitor 27 beegmes “tow high and it ‘closes if during the operation. perfod which i given by the life-

. the temperature becomeés too low, thus mcrca.ung OF 46 5o time of the, catalyst,.. This. extension. allows -protection
creasing, the flow. rate of the ceoling agent. . ..irom-undue cooling: of that zone of the catalyst layer
. .The thérmo-regulating devices ‘mdy, be Of ﬂﬂ}' knovm " whichi in most-cases: gradually” becomes . inactive by, poi- -
or conventionsl construction snd merely comprise ther- . seming,or. the like. “The mermg.mwuj_agmg deviee: 287
" mpstatic “conirol, devices; When Itis.stated herein- and o 'a,,cts' thiongh. -the linc 284 ppon the relay 29g,. .whzch :
irthe claims that the thermo-rogulating: devices: are. ar- ‘55 i turn, operates the regulating. valve 23a by means of -
- ranged at certain POSIUOBS in’ the teaction passages;.as, - the:. connection 38a.. In this munner the . temperatone: |
Fon _example, ‘at the- entrance and.exit ends-of the passages, - of the. couling agent 1 rogulafed. by thic thcrmu.rggulaﬁng
-it- s, ‘of: conrse, undemstoad that there 5 meant-theféby = device 25e-snd. serves 4o conirol-the: temperature: in _the
thaf the temperatm‘e-scmr_twe Pﬂﬂlﬁ!n of ﬂlﬁ', Therm . zene he ]:ﬂghe:,t comversion. where the ih“-‘l'ﬂlU'_
regulaung device is arranged at the. position: dew.cc 25q Js:located,. The; f.henno-regulahng-.
“The: apparatus: far ar_rymg aut e.xet]‘lemnq 18, , if : :
whigh is shown in I‘:g‘ 3, is'of another: iype, in whicha . ; c. s
plorality of cooling passagés 10a are “nserted” mtl: i 3ia upoi: the ;-clay 3za whmh i tum opcraf.es 'thi Tegu- .

comparatively large reaction passage 1a filled with cata-  Iating: viilve 13z by means ol the conncetion BF3a, Il "
lyst,. ‘The canditions for- heat tramsfer from every point g ihis ‘mauper the fow rate of the cooling agent iy regn- =
af the Teaction passage to-the néarest tpoling-fube are | lated by “the thetmo-regulating device 27q, and this flow.: .~

therefore ¢sscatially the same ag ¥ the feaction .passage . .jae serves to cantrol ‘the . catalyst tamperamre at the .
wore divided into the ssme oumber of single PR3SBECS - gxit and'of the reaction passage: .

corresponding o the humber of interspaces between (he © "The application. of my.invention dées not prectude. .

cooling passages.. The .flow of the reaction mixture 70 the. application. of -othér krown methods and/or. devices -

proper- is in this example only indicated symbolically by ' for Faciliteting the comtrol.of the. resction temperatiiré: =
 the entrince 5u and the exit 7o, (The plant may, how- . This, I-may recycle part of the reacted ases to the. =
ever, comprise heat exchangers for preheating the reas- - | reactor, thersby dituring the reagents, or I may use iert .

-tion mixture and for wutilizig ¢he heat of the reacted - “gases or vipors for diluting the reagents, or T may nse.
mixtire, In simple cases, one heat exchanper may suffice 15 other means for reduciug the. imensity of heat develop-
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ment in ihe reaction zome, together with and independ-

‘ently-of the upplication of my invention deseribad above.
I claimy: : o

L. ¥n the. piethod . for -effecting exothermic .cataiytic.,

rezctions; 'in which a fluid reaclant is pzssed thiowgh o

reaction zume in contact With 4 catalyst at'ia-predeter

12

‘cotitrolled by said first ‘thermo-regulating -means, . and
- medns for adjusting the fiow. rate ‘of the. conling agent’
passed’ through the cooling 4gént passage. controlled. hy .
. $4id second \hermo-egulating nieans.. - )

. firkt ‘thermo-régulatifig. means. i postiioned at.the begin-

‘mined resction temperature, the improvement for the

teriperature .control of the, reaction, which' comprises -

passing a Duid cooling agent ia paratlel to-carrent. fow
io“and ia-indircct heat exchange contact with -the flujd
Teactant pussing through the reaction zone, indenendently
varyiug - the. (emperamre of the cooling agent antering

in heat exchunge contactwith the reactant inversely with

10

iheé’ reaction lemperature at the beginning of the reaction

" zone and the rute of flow of the cooling agent’ direcily

with the ternperaiurc at the exit of the Teactant from
the reaction zone, to thereby maintain the predetermined
reaction temperninre over the lenpth of the reaction zone.

15

2. Improvement ‘uceording to claim 1, in which the )

uid reactant is passcd through.an entry path"of flow .

in the veaction zome prior to said heat exchange con-

tact, and in which the temperature of the cooling agent-

‘entering, in héat exchange contact. with the ‘reactant,”Is .

varied inversely with the reaction temperature at sub-
stantially the lmitial point of heat exchange contact with

theé cooling agent.

3. Improvement according to claimi 1, jo which: the

teliperature of the cooling agent entering into hicat ex-

change contact wilh Lhe reactant and the rale of How :
30

of the cooling agent are independenily varied 1o main-
tain a maximum initial tempergture differential between
the cooling agent and reactant. v )
.. 4 Improvement aczording fo claim 1, in which a por-
tion of the cooling agent, after passapc in Leat exchange
contact with the reactant, is directly recycled to .the
codling ngent being passed. in heat exchange’ contact,
and in which the temperature of the cooling agent is
varied by varying the amount of cooling agent recycled.

‘5. Improvement according to claim 4, in which the
Temuining portion of the cooling agenl alter the- heat
exchange contact is cooled and recycled io the heat ex-
change contuct, :

6. Tuprovement  according to clafm 1, jn which the
cooling agent afier hedt exchange confact with the Teact-
ant is cooled and recycled, and in which the tempera-

ture of the cooliag agent entering inté heat-cxchangs :

the cooling agent being recycled. o

1. Te an apparatus for effecting exothermic. catalytic
reactions having an elongated rcaction chamher defining
a passage for finid reactants therethrough, ths improve-
metit for temperature cortrol, which comprises means

contact is yadéd by controlling the depree of-ooo_li:ug of

‘ning of the path of How of the réuctants.throngh -the
teaction chamber, . - Lo .
" S ¥npriovement: according to claim. 8, in- which  sald

secoind thersho-regulating means s positioned at the end
of the path of flow of the redctants fhrough the reaction .

chamler.

10, Tmprovement - actording. to -Claim., 7, in&ludiﬁf;_.
‘means for fnsulating: the. initial portion of the passage’

of fliid resctants through the reaction chamber from

“heat ex¢hange comteci with. said passage. for cooling

agent. : L o .

11, Tmprovement according to claim- 10, in which said

Iast-mentioned means, are’ adfustable io thereby adjust

the length of the imitial portion 6f the passage of finrid

reactants through. the réaction: chamber insuiated fram

heat-exchange conlact with the passage for cooling agent.
12.: Tmprovement according 6 olaim 11, in whick said

-‘_ﬂrst thetmo.regulating means’ i -pasitioned - at ‘sobstan-
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defining a phassage’ for .cooling agent in heat exchapge -

gontact and substantially parallel to the passage for re-

actaats through the reaction chamber, first (hermo-
regulating ‘means positioned jn the reaction -chaember, .

second thermo-regnleting means positioned-in the reac-
tion chamber, means for passing cooling agent {0 and
through the copling egeni passage in’the same flow
direction as the flow direction for reactants throngh the
reaction chamber, meass for adfusting the temperature

il

of the cooling agent passed to the cooling agent. pastape. -

© 2,768,264

tially the initiul point of heat exchange contact between -

the passage for resctants and- passage. for cooling agent,
and it which suid ‘first thermo-regulating means is adjust-

able with the isulating means, .

1_3. _Im'p_rove_mt:nt according to claim 7, iu'which said
means for adjusting the temperature of the cooling agent.
‘passed to the'cooling agent passage comprises adjust-

#ble valve means. controlled by - said first thermo-

regulating means and means for recycling a portion of

cooling agent. after passage throngh the cooling’ agent

passage through said variable valve means and back to -

ihe cooling agent passage. - _ L
14. Improvement according lo. claim 7, In which said

meany for passing -cooling apent to and - throvgh. the

cooling agent passage includey .2 heat exchanper awmd

‘menuy for recycling cooling agent from the cooling agent
rassage {hrough the heat exchanger back to the caoling -

agent passage, and which said means for adjusting the

temperature of the cooling: agent -passed. to: the cooling .

agent passage includes variable valve means. controlled
by . said first fhermo-regulaling medns, and ‘means, for
passing a second cooling agent through said adjustable
valve means through said. heat cxchanger for indirect

heat cxchasge contact with the first-mentioned cooling

agent, :
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