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/IDED QATALYSTS 0m THE

it hag already been stated in pr@vioué réporte ®
when hydrocarbone sre synthesized from carbon monoiide‘
and hydrogen using the foam process, & peculiar phenomenon
is obmerved which may e called the aisappaéfance

of the ca;alyst from the liquid phase. More and more

_of,thé solid deposit i: formed on the reactor walls

ccnsiating:principallg of cataiysts,land its thickness
grows from bslow where 1%t is slight towards the top.

The 5agdsit:haejr@ach@d the thickness of 5 em in the
upper part of the reactcr after throe months operation
in a8 tube 50 om in wigth. A similay phenomenon has

been obzerved In the gegasifilor wossel. It is undesired
2iysve from pepforaing
A2able reaction

spacs.

% 8ed reports of 11-28-42 (T-431) ana 2-18-43 {(T-432)
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A remedy stirrer structure was built which
scrapes the surfaces on vhich depdsits may form.
These are the top ansd the cylinder walls 1o the
reactor aad tha cylinder wall and the walls of the
lnner ssttling pot of the degesifier vessel (see
figure 1}). The outlet tube of the ~egasifylng top
was no lenger placed to &2 szide but zs far as possible
centrally and lover dovn to permit scraping the wall
| of the degasifier. The walls of the settling pot were
also scraped (figure 2). | |

The stirrer shafts of the reactor and degaaifier
4ﬁere driven by & motor with conical drives which
wére kept at a alow revolution. A continuous operation
_of the stirper 13, however, unnecessary merely to
~ prevent the formation of the deposlit. For that reason
1t was occasionaily uaéd at first. The minute deposit
formed in the course of & few hours can be scraped
off without using up ﬁuch pover, It has been found,
however, that aftef the occasional stirring the yield
vas invarlably scmevhat increzsed, as marifested '
in the 1ncreaae by several percent in the carbon
dloxide content, and this was the reason for changing
over to coﬁtinuausﬁaﬁirring in spite of its resulting

in 8 great strain on the stuffing boxes.
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Thess ghénomeaa lesds one to assume theg
locse cotnlyal wvas graduelly collscted in the lover
pary of the reacter, an: this loocse cntelyst wac
agein dlgoersed by the zetion of the GRLTTeT. .

Y Cia T i cp vl e e rm e .
Yhe troubls wus nod envLrely overcomo by baving

the shirrer hoep tho ssruping sunfases clsan. The

3

deposition cf The catalyst, even though in nuch
saller amounts %hun sn ths reachon w2llg., An
adaitionsl arrengement wes required to maintain this
eblrrar olsan. Howavar, in this case zonms deposit
woulgd fcrm on the addliional installation, which
would probably bs in this came inconsiderable ang
would not cause any dilsturbances. No tests of it
haﬁe >h0"ever, heen made because the appawatue ves
aeccm¢ng much too comp 1 icates,

Thekdepcsit fO?E@d cn the'etiﬂreﬁ actuzally ,
ceuses disturbances in operation after three months
from the stari. The visla begaﬁ't drop znd the
liguie phass cireult was intopfored with. Dismantling
of the resctor showesd Lzt a nesd Of deposit piecas
weg Tormed in the rsasior to a halght of 50 em, eng
they intarfsreé with the Iiquid phase eircuit and

causs.i deugrloeration of the distributicn of the ga=s



-l T-4328

’through the foam plate. The outward appearance
of these pieces showed dlstinctly thelr origin from
ths stirrver suﬁporto They have grown chilefly on the
vpper part of the stlirrer, broke up after reaching a
certalin thickness and then fell down upon the foam
plate. The broken pieces showed a layer structurs.
Filgures 3 and 5 are photogrzphs of a mizer vithdrawn
from the reactor. One may clearly see that the thickness
,ofvdepoeita increases towards the top.

The degasifier mixer operated only six veeks
,and‘ahowed no'deposits.whataoever.. A ceptain
thickness of déposit'was to be expected. We cannot
~_as yet say wﬁether condltions existing in the degasifier
arg iess favorable for the deédaition on the stirrer |
suppbrt, |

The catalyst deposit showsd a distinct layer
formation and was sufficlently strong not to be |
déatroyed by.therliquid currents inside the reactor.
Tha principal constituents were different forms of
iron, such as the carbonate, oxide, carbvide and metallic
iron. The total iron amounted to AEAQ 49 percent of |
the deposlt, calculated as metallic iron. The deposit
could not be fused to a paste, Whilé the liquid phase
with - new cétalysts with an equally high proportion of
iron bacome rather tpin—flowing‘at 120°C ‘in the 1liquid

phase,
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The catalyst used in the present gés was

obtained by reduction at 450°C of red iron oxide
obtalined fron iron carbonyl, pasting with 2 percsent
dissolved borax followed by grinding under wmiddle
oil. A particle size of 2/ has been obtained, and
could not be further reducéd by additionsl zrinding.
The reduction (determined by the methoé of Villmer and
Merk) of the catalyst reduced in large fﬁrnacea cmount
- to 50 - 60 percent, while in the smsll laboratory
furnace, where operations could be conducted with &
large excess of hydrogen & reduction of 85 - 90
percent cbuld be obtained. Thsa iron was suspended
‘in the middls oil obtained by synthesis and forced
into the liquid phase which consisted principaliy of
high melting paraffins. If the liquia phase is not
stirred it settles out as & result of ites gravity,
but nd.deposits are formed on the vertical surfaces,
It was therefore surprlsing thzt these catalyst deposits
were fdrméd unﬁér conditions of synthesis ang were not
céused by gravity. A .

It has already been stated that the uppaé pard
of the reactor-haa the greatest deposition of ths
_ catalyst, The liquid 1s being continucualy circulated
at a rate of oncs every three months, ard 1ts composition
is pracfically the same aﬁ the top 2ngd in ths boitem

of the reactor. Gas, howsver, bshaves giffsrently.
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1% enters from below =8 the fresh gos =nd contalns

iz addition to CO ang Ee.

. and is replaced by the rasction products, incluging

of ges with 71 percent conversion:

Iniet CGas End Ges (as 1%t leaves the

_ roactor)
- COo 55 .25
Hwﬂrocaﬂbon - ' g
| 08 - 33
' 2 i

If the liqulg hh&és deces not looas all of iis
g28 in the deg&sifier, some of the snd gas is returned
to the hottom of the wveactor with the returning liquig
phage, and in that caso certain amounts of CO,, HpO
and hydrocb&b N VEpors are presont even a2t the bottom
instesd of tha pure fres ah g25, but thelr csoncentration
must bs sﬁfamgly increcsed on the way up. This mesns
that the reduvoing pronerties of the gag ape greatly
reduced on the way up.

Oxygen of carbo“ monoxide and hyd“ogen from the

carbon monoxide - hydrogen mixture react with the



-l - T-438
formatlion of w=ztaer or else ecarbon 4loride by irnteraction

cavion monoxide. This reccetion

ite carbon and 2n lron uide with il oxygen. The
latber ie rodiced 3y hy.rogen ¥with Uho formetlion of
wter, and the vater cain further interact with capbon
monoxide according to the water zas ruactﬁon with
formation of carbon dioxide ang hyjrogen., Whan
iron nsatzlysts ars used this second raaction is the
principal one, 80 that in general wmore C0s then HyO
is forumed. i |
The reductlion of the iron oxzide rormed proceeds
less raa?iiy with less favérabla prapcrﬁien of
 hydrogen : steem. When the latisr becomes less than
& certain value, probably around 4 - &, no more iron
oxide willl be reduced but conversely netellic iron
will be oxidined by steam,
&nalyﬁen of the caltalyst used and the reschor
deposits are given in the table. Ir “he cdepoalits
cne iz gtruck with 2 hich conbtent of iroﬁ sarbonate
(columns 2 an3 3;, 1n semnerison with the circulating
caﬁalysts cdlumn 1. Hovreover the pronertion of metéllic
iron, which slons is catalyticalleactive, is greatly

reduced. The next guestion 13 whether iron oxide
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and iron cardonnite, which both form the principal
constitusnts of the deposit have a particularily
strong tendency for depcsition and are therefore
rroferentially deposited omn the walls, or whether
the circulating .catalyst agasresz mo to say unselectively
regerdless of the form the iron 1is in.

It is firet of all striking, that the deposit

- Tormation is retarded in the reactop the lower down
ons looks. It right te aasumad that there 1s more
motion in the liquld phase below 28 a result of 1ts
circulzticn, and that the higher velocities hinder the
’fbrmation of depcsits, for no deposits could actually
ke proven-in the actusl circulation tube in which

the liquid phaae velocity is approximately ten times
higher than in the resctor.

Experiments in glasz models have been made; They
consisted of 8 tube 3 m high and 8 cm wide, filled
with oll, with the gas forcodin et the bottom through
foam p1ates.‘ The bubbles have been found to move with
very different velocities ans strong liquid

T flov disturbances formsd, with one of the curvents
rising upvars waile andther\ona was moving Jownwarg
and compenssting the formsr. Thepe vas [ormed a sort
of liquid turbulencs.

We moy understand it by cons;deriﬁg & system with
quiescent liquig containing uniformly distributeqd riéing
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gas bubbles as bsing unsvabls, becauaé &8 goon ag
& slight motion of ligquié over the foaming stone is
produced, the oil becomes non-uniformly loaded with
g28 bubbles, and the rate of rise of the particles
differing in éravity will be gifferent, ang the heavier
cres will sink.

Cne cannct peek into the pressure reactor but
there>are no groundes tc sgsume thet conditions in thenm
are any different. This czuses us to éray the concluaion
that th@‘motion of ligquigs throughout the reactor are
&8 strong as could be geen in the model and the added -
velocities reéulting from the circulating 1lquid entering
from below zre of no importunce.®

Th@ formetion of deposits in ths upper pert of th
'reaetor can be explained only by the incrsesing
concentration of carbon dioxide and steam. The quaatidn
arises whether the catalysts in tﬁe upper part of thé
reactor hag thrsughout & different composition depending
on changes in the composition in thé gas mixture, and
whether 1% contzins mopre of irpn oxlde and iron carbonate.
This questicn must be answered in th; negative as

proven by slmple consideraiion. The ligula phaze is
5 4 %

¥ This motion is superimposeg upon the velocity caussa
by the liquiz phass cilzculi. In tho reactor 8 m high
the liquid phase velocity equel 5 cu/noc and is directed
-upward. The furbulencs veloclity should exceed on the
avarags 5 cmimec. — '
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chenged over some 500 times during a day. The
cata.yst in it produzes about the same welght of products
durlag the day and ecarrles therefore about the same
amountis of oxygen from GO0 o Hy or to another CO.
Even if we ave to assume that the FeU formed as
an intermediste has a longexr 1ife, which contradicts

arl ke fathn, L proporiicn of tho Pod coniz not he
ineréas%d even by 1 pepcent during iits movement up
from below. As & result the composisicn of the
catalyst in ths reactor 1s practically unifornm ang
the czuses for the gisturbances mey be found in the
amounts of ca rnon diozide and stean which increase
during the passags through the reagﬁor, vithout our
being able to declde vwhether both of tﬁam ars equally
active.

- The dlsappesrance. of the catalyst from the sump
is neverthaliess surprising in meny cases.® ir it
settles non-selectively, it will then have sufficient
time t0 bocoums strorger oxidized with the existing
atean prezsure and Lo form cavbonates. Ons might
eznsuas in ohig case thait the caéaljﬁ; iz walforaly

donpczited in the lover zndg in The uppsy roaches, bul

% Ong may bocr in mind the well known fact that rust
can ne loosened with oil.




«1l= : T-438
the depcsit is at leas: yértially locssnesd in the
bottom pant,

The sticking together of the different catalyat
particles remains unexrlained. Even A one wore Lo
geel with crysialliltes, a seodiment should form only
in the §rss@ﬁca of ﬁem@ &cheslive subsztance, as shown
by exsmples in nstupre. The deposit contzins gseveral
percent of organic stbetapces., This orgenic substence
can be extracted with hot xyiol, and the remaining |
solid trested with HC1 to dissolve the iron. Definite
tracee of an oily liquid wiil bé_f?e@d, and they small
like fatty scids. Thew fatty acldes vere probably
in combination with iron. Dr. Busren has worked up
-1 kg of the reactor deposits. He has failed to find |
vanﬁ agdhesive matérial init. This fails %o prove,
howevér, that no adhesive is presont, becauss minute
amounts are sufficienﬁ to cause sticking.

"If the reactor deposit iz ground under o1l 1t will
again exhicit cat&lyti@ propertles. Suck & product
is shown in column %. It is the product from the
column 2 which was uees in 2 laboratory reachor aftep
being gyoﬁn@ in ¢1l. ke iron caprbonate . ig largely
broken gown after two days and reduc &d to iren.‘ The
high reduction value of 60 Porcent 13 an agpreement
with the other values obtzined in labvoratory reactors.

The production value i similar to that obtained with .
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new catalyéta of average quality.

We nust conclude therefore the changes in the
catalysts are reversible. It is to be noted that in
the reactivatiocn of the éatalyat the gas remains un-
changed as long as the catalyst 1s still inactive,
aﬁd the reducing power of the ges remains high.

We must qualify this statement, however, for our lab-
oratory tests, ir that they are carried out for another
reason with & large gas thruput, which will natﬁ&ally
prevent conversion of the gas to the seme extent-ae

in the large reactors. This explains also the high
}reduction value of 60 percent.

Deposits of catalysts has not been observed in
laboratory ezperiments. Opsrations could not, however,
be conducted as trouble -~ free as on & large scale. The
principal trouble probably was in that the gas wvas
not aufficiently converted in one pass.

. Similar conditions can be also created on a large-
scale vhen the g3s is rsturnsg thraagh carben ¢ioxids
wash. Steam then is slso eliminated, and the return
gas 1s to a certaln exsent similar to the originel
gas and one may ongrate with avlarge £ 5uput through
the renctors without having tp‘ccnsider én insufficient
conversion of the gases. This test is at pressnt
being éonaucteﬂ. This may permit reducing the deposition
to a practically irreducible part.

icha
/o %’e“'mz%n
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Bila 3.

f S
Rihrss aus dem Ofen
(1inks oberes =nde)

Fig.s
Feacth r Mixer
(upper end ot /eft)

Bild §.
Oberer Riuhrerteil.
- Fig. ¥
. Llpper end of
T Mixer

Bild 8.

Oberer Rtthrerteil,
Fig. &
Upper end o

Mixer




