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A CHRONOLOGICAL smmm OF AND COMMENTS OF DR. MICEAEL'S
- ON THE'LIQUID PEASE PROCESS ( SCHAUMFAHRWEISE) -

by L. W. A.lberta

The $chaumpha.se Prooeas, or Liquid Phase Suspension Procéss,

e

‘wa.s imrestigated ‘:ry Dr Michs.el in 1940. Simila.r processbs were trisd

'early in 1935 by Ruhrohemio a.nd Gemxl‘schai‘t Vietor on cobalt catalyst.
‘These tosts, homver, yielded poor results when compared wi'ch the dry
phaso atmospherio preasure coba.lt synthoais in a fin-tube convertor.
A reota.nsular high tower was used as a comrorter. Tho relction hea.t was
rentovad by vmtor-cooled tubes unitormly divided over the cross-seotion
area of’ this comrtervin mmerous layers.‘ The flow of the aynthesia gl.s
was either eonnurrent or conntercurrent ‘to the f'low of the suspenaion.
The 1nitia.1 resqlta, beins»;;;'ly promising, could only be reta.:.nod ror
a short timo.. The fcmation of CE4 increased to an apount. prohibitin to
ooonamical application of such a process. This fact waa found to be due
» to the sottling of tho catalyst on the eooling tubes. Thus_, this
prooodnre ns nb&ndoned.

Dre. .uchael started his Schnumphasa Procoss in &’ cylindrical
couverter with a stirret. Besides’ cxperiencing difficulty with the
stiryer-packing, iodimentntion of the ca_ta.lyst. o# ditrerent parts of the

. oqﬁ;l;nent, :;?eci:lly:n_tha inner mll of th; convortcr; ;A; ojb]ervod.
The action of the Alf;.irror on "tize 'gnq and _-cuapemion distribution was
;lnigrnto'd‘ as perfect., The application of a porous plate "Schaumstein®
was apparently found to be 4n.t1vs;netory as well, though a better teti_o{z

of a l%ifrer, formerly claimed, has not ‘t:;eu; reﬁhd. When using the
pofous pht;, similar sodimontaticn of the ca;tulytt oﬁ f:hg wall of the

converter was observed. A slowly rotating stirrer, lefatohing contimous-

1y the wall of the converter, was bﬁilt in. later, it is claimed, the



‘deposit of tho catalyst was mt caused by the sedimentation but by
va.n insoluble sticky materia.l formed during the - ay'nthesis reaotion

in the.- sump of the converter. ,

The size of the pores in tho porous plate is said to be- of

ossenhia.l importa.nce, as wall as tho size of tha bubhles. When *bhe
bubblea a.re too amﬂll, the separation of the gas fmm the oil suspension
ia no longer perfeet. The oonvert;er oontains too much ga.s volume; ‘thus,
tho ca.paoity of the comrertor deoreases-- I.arge bubblea ascen‘i faster-

'rhe figures givon ‘by Dr Miohaol in intornal reporta of the

I+Ge are :chronolpgically, a8 followss

May 20, 1940:.
' Schaumpbase Synthesis for Production of Middle-0il. Synthesis

Gas compo_si.tionb.is‘dpparox;tly 1.0 Hy to 1.2 CO. COp content in the syn-
thesis gas must be below 2%. The relotion is performed in tbroe stagese
The third atago haa to be opented on high temperatures a.nd 1111 yield
mix;ly gasolines -

Space~Tine Yield: €00 280/33 rol'otion' voime/dn.?

Specific Yield:s 165 ge(Cs and n.bm)/ms of CO+H> peesent
in the fresh synthesil gas snd at 937%
convenion.

.Before' the first stage, Setmen the ﬁrst‘lnfi second stages, and bet','eon
the second and third stages, & COp rcmml*pl;n‘t is provided. For 100,000
nS of water gas/bre, 570 m3 reactor vt.slume is necessarys V

1st Stage = 10 Units, each 32m3 = 320 oS reactor Yol..mo.

2nd Stage - 4 " ' 40md o 160 m3 "
3rd Stage - 3 " * %0m3 « 90 mS . w



The conversion rates 'ofjeé.ch{ stage: re given a.s:,fol;l’ows:
1ot ’s&g"; - 50%
-2nd ‘Stage = 50%
3rd Stage - 72% .
Neglecting the forma.tion of nonoondensabla hydrocarbons s the spa.oo
velocity (volumea of feed gas per volu.me of ou’calyst per hour) can be
estimnte_d roughly asz . ‘
“lst Stago - 290 spaee veloeity
2nd Stage = 209 - %
"3rd Stage - 268 % - »‘_' :
‘The spaca-time yield in the i'irst stage caloulated I‘rom the speoiﬁ.c
- yield given as 104 Ee 03+ o.nd ‘the apace velocity ia 744 kg /ms/dnyo
The spaoo-timo yield: of tho sooond stage calculatod from the speoiﬁ.c
y'leld of 52 g. 3¢/the space volocity is 724 kg /ms/dny
The apace-time yield of the seoond stage calculatod from the speclfic .
yield of 30 ge GS"' and the space velocity 18 743 kg /ms/da.y.
Tho average splee-tine yiold, according t:o the above tigures. 13 about
. 740 kg./ms/day. Thia would be 26% more than the X‘igure given previously :
by :u.eml with about. 600 kg./mS/day.
The total spocific yield is glven as 186 e C3+, 1ncluding 13 ge of
alcohols, which _vpuld reduce the ﬁgure to nbou'c_ 182 g. of pure hydro=
carbons, .034-.7
Wc;nr:'rc_l.;n—rngos are gimn ass
1st Stage - 50% - Spocific yield = 104 g. (including 6 ge alcohols)
2nd Stage = 50% = Specific yield = 62 ge (including 4 g. alcohols)
3rd Stege = 72% = Specific yield' = 30 ge (including 3 g. alcohols)
Total conversion 93%, total specific yleld 186 g., including 30 ge of
alcohols and including 21 g. of C34Cge The CHy+C2Hg formation is by cale
. culation 2% in the first. stnga, 3% in the second stage, and 20% in the'

tHird stage. '
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The above-ment:.oned results are proven only in the first stage. .The.
econd st&ge 15 said to ha.ve been calculated, a.nd thc third stage is said

to be proven 1n a short testfwith a corrcsponding gas compositicn. Yihen

befOre each atage of synthesis the 002 content ‘is less tlmn 2/5 the
following partial preasures of co+nz can be calculated, ta.king into a.ccount
the smnll increa.se of volume by formation of 2 to 37 CHy a.nd some nvdro-

ca.rbons s noncondcnaible ; _ :
lst stnge - abont 963 CH4 - 2%
2nd Stage - about 91% CHy =~ 3%
- 3rd stage - about 86% 0114 - 204
It is. rcmarhblc that | with the aynthcaia gu containing 86%. CO+Hp . n.t 72%
convercion, the fomation of CI{.; ia as high as 20” For the reported spacc
velocities cnd conversion ro.tea , the nlues for the formation of CH4 are ;
i presmbly too optimistic in the first stage ‘as partieularly in the second
_stage. The va.lj.,xe..given for the-third st&ge nay be right for a short time
in the reaction of & frosh-catalyst, but it would certainly l)e much higher ‘
:hen operated for.a longer time with such high space velocitios. A con?'
veorsion of 72% at 258 space velocity (CO+HE2) might require te::peraturen at
which the decmponltion of the liquid occurs- The truth in thisj.ssump;
"tion may be proved by data given later by chhnel when space-time yields
are 350 kg./ms/dny and temperatures\ not higher than 260-270%C. Tempera-
turet:?: 'exce'odin,;; 2'705(:». are said to crack the oil so that oil from foreign
_acmrc‘ee_rould be necessary in orde; to‘ maintain the oil balance.

It remains to be mentioned that at this time the consumption of
cetalysi_:, including regensration, is 4.7 lifere per ton of product; ‘the
cost of one liter of echlysi e’qua.le, about Rl( 3420, or Sl.SO per litere.
The producéion_per cubic meter of catalyst is, therefore, about 2l5 tons

of hydrocarbonse’ This figure is far above the corresponding figures for
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the . ooba.l'b oatalyst e.s used in Germa.n chemioal pla.nts. Thb"' costf_nf Rus.ao
‘per 1itor is almost 1dentica1 with those of the_ cobalt oa.talyst baéedn‘dﬁ
equal produotlon of hydrocarbona.
-lo41s

'In"1941, results are reported for production of middle 0il and
of gasolines |

i&iddle 0il Process:

Reaction Temperature 240'-'250-c.,

Conversion Rgte 90%
. Space=time yield - 200 kg /ms/dny
Speoifioe Yield 170 g« 148 hydroca.rbons/ums of .

CO+Hp (including 7 ge, aloohols’
in the reaction wabor)

Productsx
Gnsolino 30%
011 (-350°C .) 30%
Paraffin 40%
Cz4Cq 4=5%
(CHgeGz 5%

3 itag‘r- 3 cdz removalse

Gasoline Process:

- Reaction Temperature  300-310%C.

Conversion Rate - 90%
Space-time Yield 400 kgo/nS/day
Specific Yield - 160 ge (inoluding 03, C4s
v and alcohols)

- Products: -
Gasoline . 60% Rass. Octane No. 90
011 (~350°C.) 304 C
Paraffin - 104

3 stagés = 3 COp removals.
These reésults differ conliderubly rrom those given the year before regard~
1ng lpneo-time yioldu- For almost identical specifio yield (2nd and 3rd
ltlgu are: onlculated tguin) the npco-tmo yield has dropped to alnost 25%
of that previously reported. - The synthesis gas used had apparantly E3iCO

ratio equal to 0.8:l. HNothing is reported about the consumption ratios
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June, 1942: :
In June, 1942, “Dre Miehael reported the folIowing dataa

‘CH4+Ca fomation % 10 g of M. CO+H2 s.t 90"’ convers:.on
Cz4C, (80% olei‘ins) 10‘/' B T- AL P :
Aloo H—“‘—’“ ‘“—“u "L
(in reaction mter) . el .
Liq. + Solids, Hydro- 79% ﬁ'__],_50_“' _"' non n "
cax-bons. L . IR
Gasoline ,-so- -c; 2% .3 g./mn3 CO+E2) -
o ' 50=100%C. 22% 33.% m. % )477 Gasoline -
u 100-150°C.  -16% 24" " ',,' )70 gms. refinsd
" 150-200'0- 1076 .15 n . " """ )RQS. Ol HO- 70

Wﬁo%wieeﬂﬁz—eetm—m 70—

Parafﬁns >> §50°C. ‘204 . 0"
July. 1942:

In July,”1942, e Michnel reported ‘that the recirculating oil=-
cntalyst susponsion is cooled by about 5%C. The achioved space-ti.me yield
of a ‘converter with. reaction volumo of 1e5mS" 15 350 kg /ms/dnyq nichael
clni.ms that for production of 80 motric tons/day of hydrocarbons a reactor
volume of 50 m3 is sufficient (this ia evidently 1Y miutake, because 50 x 350
- 17.5 tons per day)e For: 80 tons per gay s reactox' volume of 250 m3 wonld-
be n?cessary or, in other words, 5-],/2 times as xuche

A tﬁousgnd standard m3 éOsz yield:

. Oxygenate
—Compounds '*‘Ole £ins

240 m3 CO2 = 474.6 kg.

44 kge E20 :

10 kg. CEg+4C2Hg

18 kgo Cx+Cy - 80%
9 kge Alcohols in reaction water - -
77 Xge Gasoline - 200°C. _ 4% - T04

47 xg. 011 - 200-350°C. . - ) 2% . 56%
31 kg. Paraffin 2> 350°C. 1-2% -

Total:s 710.6 kg.)

In-Gas: 733.7 kgo) Conversion - about 97%
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mthesis Gasx’ Tho mos‘c fa.vora.ble synthesis gas 18 mter ge.s
produoed by mes.ns of oxygen- Tho nitrogen as mll as the 002 content

should not excoed 1-2% each 1n order to a.ohierve a hi.gh conversion of tPe

gas-_ The ngco ratio should be 0.8:1 to 0. 7g—i.‘ Tho total sulfur in not
»to exceod 2 mg /h3
lzat Ax prnaont, the. raw mntorial for the catulyst is

ironyoarbonyl.v It is either decomposed at 250'0- in oil or burnod to

hamatito and reduced. 2%. of potassium borate nre added and the mlxture
is pulverized under 011- thhing certain can be - said about the life-tlmn
of the catalyst it oertainly might be several months or & year. No
oatalyst could be run over.a period of more than 2-1/2 months. It is
claimed thnt sulfur tmpuritieu 1n the synthesis gas, caused by war
‘conditions, also contaminntod tho catalyst. Tho regonaration of the
catalyst ia aimple- The catalyst is m&lted, reduced, and pulverized. The
‘copcenxration of the catalyst is 0+35 to.0.40 kge por liter of oil-
catalyst suspension.

The reaction temperature is 250-275°C. 3 stages of operation

Gas recycle is employed (no figureo are given about the rate of
'réoirculation). The space-time yieid’is given fbr one 1-1/2 msﬂobnvg;tgr
(that is, a single stige operation'-; the othor stages are sﬁdLl calcolated)
as 310 kgo/n3/day at 250°C. and . space velocity of 803 as 470 kg m3/dny
at 275'0. and a apaoo volocity of 125.

Produetag

Specific yield = 164 g. primary products (s0lid and

liquids, including 9 g. vnluahlo

products (alcohols) from the reagtien:
watere
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18 g Cz+C4-£80% ﬁlei‘ixln'al) :
Product. Distributions
Weight = S - . Bsters,
$1+s) < Aloohols ~ Olefins. " Paraffins. "Aoids, otce
- -50°C. . 4 o 85 12 5
50-100°C.. 20 5 83 -7 5
) 100-150°C. ° 16 15 67 11 7
150-200°C..+- .10 12 62 20 6
200=250%C.. 12 12 63 17 8
250-300°C . 10 10 54 26 11
300-350°C e . 8 5 46, 38 12
 350%C. 20 - - - -
Grade of branching 25-28&%
n L 04 | : I 157’
1943:
'Ihe following I‘igures were givonx
‘Reaction temperature 250'0-
Pressure . 20 atme.
Reaction volume - . 1.5 md
Space-time yield 350 kgo/m°/day
Products N :
Gasoline . 45%
oil - 30%
Paraffin 12-15%
C3, Ca Lh
Alcohols 4% (in the reaction water)

General Remarks:

.

Space-time yield in a converter of 8 meter height equﬂ 0

kg./n:s/dty at 260°C. -

Space-time yleld in o. converter of 3 meter height equals 500
kg./ms/day at ZSO‘C;

Gas bubbles of uniforn emall size could only be produced by

Schaumstein (porous ceramic); this was true only. when the ';;;ts flow did not
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exceod 28 iters/m? /hr- : Ii' this fJ.gure is ta.ken as'a linit, the
mnhber oi‘ converters is”la.rger s.nd the space velocity applicabie ‘is
considerably less tha.n, for instance ," in the Duﬁ:sc}nnid\ process.

‘The resulting increa.se of equipunent investment mlgh'b be: found pro-

hib:.tive for tho process.
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