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~ WET SYETHESIS

After completing & fevw tests with cobalt catalysts
{Tests 1 - 10 and Test 12), the first wet synthesis test with
an iron catalyst {100 Ps - 5 Cu - 10 Mn - 100 Kieszelguhr)
vaz sisrted on December 28, 1939 {Test 11). This test, as wesll
ag the brecsding onss with cobalt cétalvsta vere run in a
vertical tubular reactor with 6 m thickness of the layer and
with & double o1l cirvcult {the first for fuel ¢1l, and %the
second for the catalyst-oil suspension). Thisz trpe of peactor
has not been found setisfactory becsuse of the gradual deposition
of catalysts In the return piée of‘the Iuner circult leading to
2 gradual plugging up. In later experiments the catalyst-oil
clrcult was therefors omitte@ an€ 2 simple tube of 100 mm internsl
dismeter and 6 m high vas used 8a & remctor. The top was connected
to & side plecs in waleh ﬁhe eatalyst asuspension-ené a thorough
stirring vere caused by the réaction gases. A fine distrlbuiion
of?;he g8s waa obtalred by 2 porcus plate of the filter stomne
material. The reactor wasg provided with a fucl oil jacket (with
circulation oil). Tﬁe top construction was practieally the same
-és in the past resctor tops.
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In the next experiments (Tests 13 -~ 17) the catalyste {100 Fe -
5 Cu - 10 Cag0 ~ 100 Eleseiguhr) were used in a direct path. The
load had to be selectef four to six times greater than had besen
normaliy used in order to produce & uniform distribution of the
catalysta. With smmller loads some of the catalysts would‘aettle
on the bottom after & short opereting time, and this resulted
in an incressed gasification and 2 prsduced conversion. ¥oturally
such & lafge overload on the cetslyst resulted in & relatively
low conversion. Undsr such conﬂitioﬁs the CO conversion smounted
to only 25 - 358 ané weg found to reach 40% in some oceasiopal
measupements. The gasification was low, only 2.0 - 2.58. The
proportion of catalysts to oil in the first experiment was 1 : 10.
Doubling. the proportion of the catalyst (1:5) and lezving the
gas intake the same lowered the gae thruput by 2 - 3° times
of the normal values, with & corresponding increase in conversion
of the CO to 40 - 453 (Tsst 17).

Further incraasqup‘tha amount of catalyeia to 2:5
g2ve no further increse in the convsrsion with a dircct
path, bec2use it required & further incwre2se in ths gaa thruput
(to produce & uniform suspension of the cztalyst) and in the load.

A uniform @istribution of the catalyst was obtsined by
substituting recirculation for the direct theuput. It became in
this case possible to bring the load upon the catalyst in re-
1ationzﬁip to the amount of the cétalyat and to produee’é proper
suspensicn 0T the catalyst by using & smaller or larger proportion
of the recirculaticn gas., Ths very first test run in & eircult
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(Test 18) showed a muck better utilization. A& 724 C0 comveraion
was obtainet with & single stage, with a gasification of‘#ﬁ.

The consumption proportion CO Hy was altersd in comraprison with
g2 direct path by a displacement towards greater hydrogen consump-
tion and was in part in proportion of 1 : 1.30. The circnit
consisted in 1 synthesis gas + 2.5 reclreulation gés to 1 + 3.0.
Operation in & circult improved the life of the catalyst as well
aé the conversion. With & direct thruput th@‘conﬂersion fell off
after & short time (mostly §s early as after 100 hours.of oparation
bacauss of & partial depcsition of the catalyst) while in the
circuit'ezpe?iments the conversion was kept constant for over
600 hours of operztion.

The effect of the lengith of the rsactor was studied by
conducting some experimenie in reactors of 12 m in helght. The
absence of sultabls compreszops prevented the uvse of these
reactors in the circult, and they vere qégg used for = direct
thruput. However, thsse tests showsd no éppreciably difference
in thruput, gesification and formation of proéuéés, than the
corresponding tests in the 6 m reactors {Tests 21 and 22).

Iater tests {25) in the 6 m wesctor wers rum with 2 much
higher proportion of recirculation { 1 + 33 ). The €O conversicn
apounted to T0% in this case, but the gesifiention was around
20%. The consumption proportion was very gréatly Gisplacedé __
towvards the Hp side (1 : 1.55). The high »roportion of the
recirculation—gis resulted in carrylng conslderable amounté of
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0il out of the reactor, so that the level of the il in Lhs resctor
wag Gropping continuously. Thse lowering of the ¢li Jevel wuas
later pravented by 8 corresponding returm of the oil.

These first experiments were strongly affccted by the
frequent Interruptions. It was found here thet 2 fest in whieh
the @ut%lﬁ?bs had settled cu* vecause of & gtop in opspitions
could no 1cnger be resumed.

T“he wet synthesis experinents were rasumed on Septozbser

12, 1241, efter ths installatlon of Eh regulred compressovs

e

&3

ans reactors. The present weol synbthesls opsrailons are sun asg

follows;

Resctors: tvo reactors (vertical tubular reachcss ¥ith a
§ m £illing level =nd with an oil circult for fuel oil) wers

Y

avallzable for the tescts. The first reactop keld 55 1i of the

catalyst~cil mixture; the sscond pesctor held 2 lapger 2mount of
the catalyst-cil mixture, nemely 85 1i1. The volume Iin bthe second
reactor was made larger in order to veduce the amount of entrained
oll with & higher gos thruput (gas eirculaiion). Huch ein w8
carrisd out from the liquid phese even with & norpsl or lov gos
thruput 2and then sep2rated in the coclers. The oil lsvel in the
reactors 48 a reaﬁlt gank continuocusly. 7o overcome that 8 »eturn
of the oil was provided, which permltted the return of tho total
Eéngansate in th@ eocoler tack to the rsachor. iz aprangenent
resulted in only gesoline and gasél being removed away with the

tail ges, andWhich were then adsorbsd in the activated eharcoal.
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The o1l levsl was observed in an oil level glass and was mainteined
by a periodicel draining of the synthesis reactors through a
filter located behind the Jiquid phsse. The oil lsval reictzy to
emall variations in ths pressure with resulting variations in
production, vhich will therefopre affect the computetion of the
Teld, and the synthesiz pressure has therefore to be maintainsd
3t rigorously. It is therefore recommended to colculate the
1314 Ag Aan Aveamere Af sevemni dave or 8 weeks ovsvation. The
reaction water was periodically drained from behind the first
catchpot. Care must bs taken in the starting or 3topping %o havs
the praéssure rise op fall very gradually %o provent the carpying
over of tho catalysts into the cooler and the ceitchpot.
The syntbesls gas was originally finsly éistributs? through
& ceramic porous plate. During distvebances op stoppages the
catalyst vould settls out more or less upon the plate which caused
a great loss in pressure {up tc 6 atm) beotween the compressor
and the reactor when re-starting the rsactors. The poTous plate
wvas therefore replaced by & a8imple bent copper caplllisry tube.
The pressurs loss became there practicelly equal to O =2pd in
spite of the poorer sas disiribution the g23 consumpiion remained
practically the sasme as when a porous plate was used.
When reactors were temporarily stopped for repairs the
whole peactor contents were drained through 2 bottem valve. It
is recommen§ff_§o le2d gas through the reactor dupring draining
in order to prevent the settling out of the catalysts. The mixture
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of catalysts and paraffins solidified (with & partisl settling

oub), sud could bs roturnsd to the rsactor after meiting, and the

re2ctors started again without any efféct upon the activity.
Repeeted £111ing and cmpiying would causc no Gifficuliies ag
corresponding tests heve showvn. The wet gynthesis 1s very
trouble-ggpof in that respect.

When the test is to be endsd, the catelyst ia filtersd off
from the reactor paraffin through & lst-down valve comnscted
with the filter press. The filtered resctor paraffin can well
be used in the next expe%%ment-b@cause 1% requires from twe to
four wesks {0 become saturated with the diesel 0il, depsnding
on ths‘nature of ths paraffin.

Onz reactor was provided with an arréngement permltting
the additlon of eatalysts or other materials thrcughvfhe reactor
during the-tsstg

Ihe temperzture of the vet synthesiz test was the same
2g in the dry synthesis. The average operating tomperazture
varied betwesn 230 and 250°C. 4 higher tempersture was in
general required only during the starting period; later the
temperature needed not be changed for vweeks. Ths tempaorature
should be uniform throughout the whoie length of the reactor for
uniform operations which wvas obtained 4n all reacterg by using

resctor Jackets.

~
The synthesls pressure was 15 atm on the average. Ho

special teste—rers made tc determine the effect of pressurs
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duping vet synthesls. It cen not, however, be assumed thet
any differences could be found in compariscen with dry synthesis
cperations, and that the most favorable synthesis pressure wes
eg fopmerly i1n the neighborhood of 10 - 20 atm.
The CO convepsion duping operaticns with intermediate eirscuit
(1 +1 to:&\+.3} wae 70 - 758 in 2 gingle stags. Occasicmally

80 - 82% could be converted in one stage. Humerous experiments

have shown, however, that there is no advantage in & great ine
crease in the coaversion in the first étage bscauzs that pesults
- in an increased gasificatlon and reduces the catalyét life. The
| most favorable conversion of CO in the wet synthesls is probably
around 65 - 75% in the first atags.

The gas from the first stage can be readily worked up in
a second reactor in series with it, sgain with a 70 - 75% conversion.
In 8 tvo stege test {Test 27) & total of 93 - 4% §0 conversion
bas been obtained. o

Gaglfication {formation of cag) wes throughout lower than
in the ecorresponding dry synthesis test.

The gesification was particulsrily low during the first part
of the test (1.5 - 2.0%, even often below 1%). ¥hen catalyasts ars
used vhich produce paraffin preferentislly and have & lovw tendency
for producing mecthans, one may count on &n average of 3 - g
gasification with 2 total ccnye?sian of 70 - 90%, fhe g@sification
in the wet synthesis incroases with iucweased length of the

test as wellx,_,,'
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The consumption proportion of CO @ Hy was shifted towagds

the Hy side in the wet synthesis in compavison with the dpy
synthesis (even with otherwise 1dentical szperimental conditions).
In the fiprst stage the consumpiblon proportion vas mostly greater
than 1 ¢ 1.30 {e. g. 1 * 1.40 - 1 : 1.50, experiments 25 - 27).

It 1a remarkable that the proportion 1= very little affected
by the smount of recirculation (1.0 + 1.7 to 1 + 7, Test 25).
Even vith a direct thruput the consumption proportion is above
1 : 1.30. (During normal operations with éater ges, more Hy
than CO is uvsed in the first stage, with 8 very sm2ll smount of
simepltensous methane formation, so thet the 1iquid products are
more greatly saturated than in the corresﬁonﬂigg dry synthesis
tests, in which the consumptipn proportion is mostly @isplaced
towards the CO side). '

The CO content of the tail gas of the first stage (or the
_intaka gas of the second stage) was féirlg high becausze of the
large Hy consumption. As & resull more CO than H, was consumed
in the second stage, corresponding to the composition of the

It

' pemcting gaa. The consumption proportion is therefore the
reverse of that in the first siage and equal to about €O : Hy.
= 1.0 : 0.90 (Teat 27).

_ . The totasl consumption proportion in the first =nd the second
stages corresponds to the proportion in the watsr gas and varies
between 1 : 124 and 1 : 126, Attention must be p2id in Subsequent
experiments to have not merely the total consumption proportion

but 2lso tﬁE_E;naumptions in the first and second staées
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alvays correspond to that of the water gas, boscauss any deviations
towards greater hydrogen or CO consumption will result in a
reduction of the yield

Thé;gaa load and the amount of eatglyst per rsacitor, A

conversion of 73 - 75% of the CO was obtained with 2 catalyst
content gf‘lc 11 per remctor (1 part by volume of the dry grenulsted
catalyst: 5 parts by volume of o1l), with normal gés lcad {200

fold gas volume psr hour, clrculation i + 3). Increasing the
catalyst load by 30% reduced the CO conversion to 62 - 64%;

a 100% overlcezd resulted in a fusther reduction to 48 - 52%.

These tests were repeated many times 2nd showed conclusively

that no important incre2se in the catalyst lord 1s possible.

The amount of cetalysiz 4in the reactors could, on the other
hand, be apprecisbly increzsed 2nd & conversion of 73 - 75%
could be obtailned with & 20 11 catalyst content per reachor and
vith & normal gas load, ¥With 30 11 catalyst contsnt and
corresponding gas locad, the CD conversion smounted to 70 - 75%
{in 2 single stage). It appears thersforc entirely possible to
8till further 1ncrea§e the ambunt of catalysts. ?he table belbw
showsg the cpmparati§$ results obtained; ' -
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Amount of Catalysts Gaas Load - Abeolute amount CO *
of gas {intake) conversion, %
10 14 Normal 1cbm 73 - T5
10 11 50% incpesnse
10 11 _ Double gas load 2.0 chm 48 - 52
20 14 Hormal 2. cbm 7 -175
20 11 50% increase in
load 3 chm .62 - 64
. 20 11 Double lcad _ 4 ctm 48 - 53
— .30 11 _ Hormsl e _chm ‘ 70 - 75

Y¥leld: The theoretical yield of 170 g has been reached in a
two stage test with a total conversion of €O + Hy = 90 - 93%.
The detailed study of the products formed was not complete because
of the difficulties in metering the gas. ,Tesﬁf intended for that
purpose will be run after the installation of suitable equipment
(g2s holders ete.).

The composition of the products depended primarily on the

nature of the cstalysts 83 in the dpy synthesis, and secondarily
°n experlmental conditions (high tempereture, high circulation
ete. ). ‘H;tgha paraffin-producing catalyst, paraffin again vas
the prinecipal products of the wet synthesis (up to 60%). Whenever
there was a gradusl orzcking of the hard pareffin vith the prgduction
of diesel oils and soft paraffins in the wet synthesis, the pareaffin
bad to be haprdencd subsequently. The products are always somewhat
}mg?e saturated than in the dry synthe§is.

Life  The longest wet synthesls tests have been run so far.
for 7 1/2 weeks without much reduction in activity. lThe gasification
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vas somewhat increased {f;.p2 - 2.5% to 6 - 84). The present
experiments permit us to assume that the 1life of the catalyst
in the wet synthesis is no less then in the dry synthesis.
Iater additions of catalysts. On the strength of the fact

that more 52 than €O iz consumed in thé first stage of the wet
synthesis,. experiments were run (Test 27) %o displace the
consumptlon proportion towards the CO side by the addition of
8lkaline materisls. Thls was done by.aédiﬁg 750 g of soda
(finely ground in dissel oil) to the reactor contents {10%

of the iron preéent), and the consumption proportion ch2nged from
1 : 1.30 before the addition to 1 : 1.08 - 1: 096. Conversiocn
end gasificetion underwent no changs; but the reactor pareffin
undervent in a fev days (about 6 days) a2 sudden remarkable change.
It turned brown snd finelly a black-brown, beczme jelled 2nd szemi
solid. ¥o amalytical investigation of this substance has yet
boen made,

In another test 5 1i of fatty acids {C;5 - C38) vere 2dded .
The proportion rose immediatsly after the addition from 1 : 1.15

to 1 : 1.81. The consumption proportion dropped again to 1 : 130

in 8 short while, and £inally in the coursze of & fev days to

1: 1.05, 1.e. to lower final values than befope the additlon of

the fatty acid. The effect of the 8ddition of the fatty mcid vas
therefore of but short duretion. One must 2ssume therefore that

the fatty acid was quickly consumed. A test of the filtrate

‘ﬁrén the reactor showed zero saponification numbsr and neutralization

\,

y ~



1631 -
- 12 - T - 459
numbers, which showed that no mope Fatty acid was present. The
gagification rose somewhet afier the addition of the fatiy acid
( 8 - 10%) and the conversion dropped off.
We will give in conclusicn & general survey of the course of

the éynthesia in a2 two stage process.
18t + 2nd stage

P

Hours of copsration 833 732

Temperatupe °C 250 252
Pressure, atm. gauge 15.0 15.0
Amount of gas, ctangh : 3.1 1.33
Circulation 1+ 2 1+ 3
Contraction, % 50,2 35.6 67.3
CO0 conversion, % 64.0 75.0 91.0
CO as CO»h, 25.0 '3l.3 27.6
CO &s cyﬁ, 3.3 6.2 §.3
% liquefaction of CO 71.7 62. 68.1
Bgconvarsion . % 69.2 73.0 91.6
CO0 + Hy conversion, % 69. T4. 9l1.2
Yield, g/n chm ) 126 93.0 170
Boiling range: . , ‘
=200°C 18.4 50.3 2ll-°g
200 - 320°C 21.9 30.1 29.
320 - 60°c - 2606 )1803 21.
] >160° 32,1 . _23,
Olefins: '

. «200°C 63.0 78,0 65.0
200-320°C 21.0 5.0 17.0
Analysis of tail 8 : -

co s, % 24,7 MLg
%ﬁg 1.6 1.
0.1 0.1
\\‘ cg 27‘8 10.8
Ha 30.0 12.6
cH}; 201 506 ’
Ra — 13.7 21.2 :
onsumption proportion Tt Bp 1 3 1.0 1: 1.05 1 : 1.28

/S/ Schenk



