Desion of Reaction Vessels

Atwespheric Pressure Yeschors

Az is well knowm, the reactors for use at atmosthsric
pressurs are of the tube and pl ats type. They a;a'
constructed of ordinary steel, and the tubes are expanded

into the plates either by hydraniic pressure or by drawing
& steel ball, of slightly larger dlamneter, through the
tub”Sa Runrehemie have reactora made by both msihods and
they have found that those made in the second way are the
mest satisfactory.

Two arrangements of ihe cooling tubes in th,¢3 reachors
have beer uged. In the 'Sskitlonalksumercfen' each cooling
tube 1s fitfed directly, ai esach end, inio the water chasbers
et each end of ths reactor, vhereas in the 'Hshrbogenofen!
adjacent or other ftubes are combined to give tubs coils of
dgifferent sizes and orly each end of each coil is conmect
to the end water chambers {for further details ssze B .
242, Tnfm=&hnmm@e_?gﬁtmeﬁ%ninﬁkﬂuﬁﬁ%ntﬁm
of reactor wes definitely inferior to the Hohrbogenof
type, but this was said to be due to tad worlmanship in their
construcilion. They were supplied by Krupp. A3se
Steinkohle's plant contained both tyoves of reactor, and
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both were supplied by Mannesmann, It was considered that although
thers was not very much to cheose betwsen the performance of the
twe types, the Sektionalkammerofen was superior s thers was less
tendency for overheating to occur inm this type.  Thus the synthesis
reaction can get cut of control and *bolting?! was actuslly obssrved
more Treguently in the Zohrbogenofen reactors. Against this, it
must be remembered that the Rochrbogencfen is RM. 2,000, i.e. 5E
chzaper, and is easier o repadr in the event of failure than the
Sektionalkammerofen. If they had to buy new rezctors, Essener
Steinkohle say they would buy the Kammerofen type. - Wnen they
inatalled new reactors during the war they had fto take the
Rohrhogenofen type, because these were the only ones bsing manu-
factured.

The original reactorz in the Gewerkschaft Viktor plent at
Crstrop-Rauxel hal forced circulation at & rate of 120 cu.m./hr.
for a water space of 12.5 cu.m. It is estimated that the thermo-
circulation in medern reactors cccurs at aboubt the same rate.
¥easurements made Ly Brabar and Krupp indicated that the femperature
in the catalyst is nct more than 159C. higher than the temperature
of the cooling water.

Brabag had the older section of their plant {Schwarzeheide-I)
arranged with a steam drunm f{or esach reactor, but the remainder of
the plant (Schwarzeheide-IT} was built with four reactors to one
steam drum.  Essener 3teinkohle considered that adeguate control
cculd be achieved with this second arrangement.  They thought
Ruhrchemie's method of connecting s£ix reactors o one steam drum to
be definitely worse.

Brabag had an interesting pilot plant consisting of two
reactors, so arranged ag to copy the conditions in & full-scale
plant.  Fach reactor has a rectangular cross seciion, 100 z 7 mm.
and a length equal to that of & full-scale reactor. These two
chambers are embedded in an aluminium Etlock, wnich is heated
electrically, with secticoral winding so as to get a constant
. tzmperature throughout the lsngth.

Ruhrchemie were asked whether double fube reactors could
be used for atmespheric pressure symihesis instead of the
vhe and plats type now 1n use. They said that they would
e tter than the pressnt atmospheric pressure resctors, hbut
pointed cut that the deuble tube medium pressure resctors
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Medium Pregsure deactors, Double Tube Type.

In Sisfassing thy wlandard doubtls b med ur wroasvre
reéasters, Ruhreohnle said thet althouen no t-guble was
expericneed &t to waraing of e douhls tobes
cof frovhide was soi with dus £0 welded Joinds 41=-
ieava, and the resstora supplied By Erupn were 1:113 marat in
this respeot {Mutmchamic outained their peactors fram
Gutchoffungahfitss Yaupssmars:, and ATipp:  Fossch-Rengints
reackora were all supolled by Mennesmann sad gave uo froable
at all)s  The welds ivta tns abe plates af fne Hievheais
reacior: wers all dwproved by driving in s wsdze, after

Lilng, == ws t0 syuesrc cul sny Iitile kolass im bhe weid
and =0 aveid leaks. Eat it was deoidsd that for any
suveaguant pecobors the desizn sholld bo o aliered a2s to
wak the commecting tube 10 o, above the lower fhe wiale,
because tlen tie Jisinl inte the plane canlid be rolled aflza-
weldl gy,
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Feilars of Lhe weldsd joirte frequcntly oocuts oo

ot of surrosion, sné o deersase thia 14 wonld oe
edvizatle fo peplans tho soltoned weler now used in the
2edliry ryetem oy eondznsed steam. “oonddition, if oa
fatlure doaa ococur and wakeo pots Iinto the natalvat spaes,
Ehsaci'tenzd mater, ®0lch 25 2o alffest 8 o luyss aaa;u_fr_:i:_':in
af 2edium carbonate, causes skhe calalyvat ko st o s
s0lld musa,
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different tubes of the reasctors In the early days of medium
pressure synthesis, 1938, the resistances across the
individual tubes at the end of the catalyst 1ife sometimes
differed by as muach 8s a factor of 3 bult this no longer
0CCUTSs It was due to partial bleockages due to carbon
formation caused by faulty technique in conducting the
synthesis or by soft dusty catalyst. Since the heat
trenafer from the very top of esach double tube is bad, it
was realised that each tube must not be filled to the top
with catalyst, bt the top 10 am. muat be left empty.
Ruhrchemie patented a muwber of rather elaborate devicss
for doing *™is, btut they were found to be unnecessary as the
fegired result is obtained by £illing up the tubes to the
top and then tapping with a mallet, when the catalyst sinks
to the right heipght in ths tubes. -

The difficulty sbout the top 10 cm. of the double
tubes being inadequately cooled was also overcome by the
so-called 'Wulstofen®, in which the steam druzm was bullt
into the top of the reactor itself. Iunrchsmie heve one
such full-scale reactor, and as a result of experience
geined with it, they consider that the advantsge obieined
in this way i3 negiigible. It nes the advanbage, however,
that each reactor can be controlled separately.

The construction of a ¥ulatofen is more difficult snd N
needs more meterial that the normal medium pressure reactor
and this iz not completely offset by the saving in not
having to provide steam drums. It is thought that for
large plants it would not pay to have Wulstofen reactors,
but that it might well be advissble to use them for & small
plant, with 20 -~ 50 reactors, as the extra cost is then
not as imporiant. The reactors that were proposed for the plant
designed for the Soclete Italisna Carburantl Sintetici (arszzo)
for synthesis with iron catalysts at 240 - 2609%. were of this
type, but modified to withstand the higher pressure in the
water-steam space, which, for Buch temperstures, must go up
to 50 atma The dlameber of the reactor was reduced to
2,570 mm. , infternel diameter and the wall thickness of the
parts expossd to the high pressure inoreased 1o €5 rim, , &8
compared with 28 mm, for the ends of the ges space. There
were 1,880 tube elements, each 4,800 mm. long. It was the
opinion of Lurgi that although double iube reactors are the
best type for temperaturcs up te 230 - 2:0°C., the tubes
might tend to warp at the higher temperatures that wers
envisaged for the Italian plant,
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Other Medium Pressure Hesotol
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Several aﬁtaﬁgsts have bsepn mads Lo use res -::%:ora in
which the cataliyst is contained inm single tube
foumi +thht a reactor construcited with single tubes

44 mn. inbernal dlameter would be superior to the
orﬁinar:)r double tubs reactor, bui it would e far too
expensive on account of the very large numbevr of tubes that
would he required.

Krupp heve always used wide lube rewctors with metallic
inscrtions, and Huhrchemie had a semi~-technical scale plant
of this type, with tubes 65 ma. internal dlsmster and
inssrtions of tha ﬁ;:h&*oc shown :'m Pigare 1 {¢). Of the
cooling surface, 16% is directly coocled by the waters in
this spparatus carbon was always pm&uoeﬁ at the E”‘glu_el
of & synthesis run and the amount of methane was 10 - 1 2%
mere then is normally formed. It is thus deflinitaly worse
than the double tube reactors, =nd the same a}_rplia to
wide tubs rsactors of Scha“"gatscm This cuapany wsre 80
copvineed of this that they dismissed Kowalski who was
responsible for the adoption of these reac ctorae

T+ should e esphasized here that aithough such
resctors would be more successful m_tr‘ gynthesis gas
recireuistion, it is not permissible to reduce the cooling
surface in this way for water-gas recir culation, because in
that case, although methane Q_u_d not be formed in excessive
prounts, the catalyst would be damaged by carhon fomation.

Fuhrchemis had one full-scale 'Drucklammellzncfesn' which
was, in effect, an m..osp ieric pressure plate and tube
resctor put in & oressure reosisting case. Targl
reactor, 4/5ths of the normal full-scale size, at
plant st Bbhlen and used it for synd theslis at Hzops
%o 28503,  The plates warped, but it ie thougnti thel ihis may
have been due to baé construction - *b e plates wer& mede
double and not single ~ as warping occurred befors synthed s
starteds Lurgl are still uncertain ':ziich type of rsacior is
beat for temperaturés of the ordsr of 2409C. which ere
required for their town's gas-synthesis projecis.

They heve not vel constructed one of their propossd
ziant Drucklammellen reactorse

To aveld d&ifficultiss due to blackagev caused by the
formation o cerbon, which were encountered 3
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experimental work, K.W.I. introduced the 'Sieve Sleeve!
reactor, in which the catalyst is put into the Bpace
between the wall of a cylindrical reactor and a

coaxial gauze cylinder, The gases Pass along the inside of
the gauze cylirder and diffuse through it te and from the
catalyst, Since with modern catelysts tlockages de to
carbon do not occur, this reastor is no longer used for
synthesis tut it has proved very useful for thas iso=-gynthesis
in which carbon is elways formed on account of the higher
temperatures that are necessary. FPor their work &t high
Pressures on the iso-synthesis the K,W.I. avoid the
formetion of irem carbonyl by using nickel~chromium stesl
vessels, [itted with copper linsrs, Such a resctor has been
used for 7 - 8 days without the liner showing any signs of
corrosion. It may be mentioned in this cormaxion, that
Ruhrchenie never experienced troubls dus to ireon carbonyl,
either at atmospheric or at madium prossures, although the
wnole plant was constructed of ordinary steel;

General

Firnally, two general points of deaign should be
mentioned, Ruhrchemie said that for syntheais with cobals
catalysts the length of the catalyst tubes was unimpor tant,
there being no difference betwesen 2,5 and L metre tubes,
For synthesis with iron catalysts, however, changing from 1
to & m. altered the direction of the resction, in the sense
that rore CO» and less clefines were formed,

For 2 normal type 0f rsactor, they Were sonvinced that
most of the synthesis ccours nsar the top and that the heat
liberated there is not dissipsted sufficiently repidly. As
a resuit, there iz higher gas formation and shorter oatalyst
life than would otherwise be obtained. Also, en account of
the dilution of the synthesis gas on rassing down the
reactor, the teuperature shculd be kept higher at the bottom
then at the top, whereas with the present design of reactor
the teuperature is either the same throughout or bigger at
the top.

They tested these ideas by using a single asbalyst tubs
surrounded by e steawm space;outsids which was an elestrical
windirg to compensate for heat lossesz. If steam were then
pasged in the stesm space in an opwosite direction to the
synthesis ges in the catalyst tubs, synthesis was unsatis~
factory, whercas it Was excellent if the steam and synthesis
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gas were passed in the same direction, This result shows
the general correctness of the above picture and hence it is
reasonable to suppose that in an ordinary reactor there is
very mach more cooling surface - Ruhrchemie think ten times
&8 much - as would be nscessay if the circulation of the
cooling medium were only arranged properly.



