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CATALYST

The process 1s based on the use of fused iren cala-
1¥sts, which was devsloped by Dr. Linckh in 1927-1936 who
algo found The Dest meinods of using it. The principal
consgtituent o the catalyst is lron_with small amounts of
readily avallable and chegp additlon substancea. It can
be repeatedly regenerated for usé in s verj slmple mannsr

by roasting 1% in sir and re-fusing o ferm a new cgatalyst.

SYNTHESIS GAS

The synthesls gas is high in GO end has a proportion of
GO:H; = 1:0.7-0.85. This makes the synthesls particularly
economical il combined with a water gas preducer, e.g., &
wWinkier génergtar, in whieh CQ-rich gas ls produced Girecily.
All ccnverasicn beeomeeg, In Ynlg ¢ase, u%neaassarﬁb The gas
must, of course, be purifisd Ifrom sulfur and from crganio sul-

fur, snd if the CC; contents are high must also be passed

through CU5; scrubbers.

PRESSURE

The synthesls is best carried out at 25 atm pressure

and 1s therefore a middle pressurs gynthesis.
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OLL, CIRCULATION PROCKSS

The pracess caryled out on a pllot plant sosle in 1034
uid products obialned, as welli as
thesle gas, 124 ovsr a Tixed bed of granular catalrets in th

reactor. The cll produced is reclrculated. The svnthesis of
moter fusls i3 fons in wve stages, withoult the use of an inter-
medigls GOz scrubbing. Ths Tixed bed catalyst overcomes any
dlfflicuities in saparatlon'of the o1l produced from the cata-
1ysts, as well as the non-uniform dilstribution of the catalyst
in the oil occuring in the proceszes with finsly divided sus-
panded catalysts.

ADVANTAGES OF THe 0IL GLRCUIT

The heat of the resction in the 0il eirculatlon system
ig carried away from the catalyst by the oll circuit itself-

& uniforn tsmperature 1a produced throughout$ the whole bad.cf
tne catalyst, wizhout'mverheating even the moest actlve centers.
Ths wetting reduces the formatlion of %he undesirable products
wilch might Torm ag the results or an excegsgive conversion.

The formatlon of gaseous products is iower than in the gas cir-
culation process.

Uniike the processes with indiregt heat removel, the
catalyst 1s not Qlstributed in taln laysre. The reactors used
have no insets in them. The process may well develop into one
Anvolving the construction of large synthesis units, with the

resulting constructional advantages.

HYDROGARBON SYNTHESIS

Eighty-seven percent conversion in the twc stages were

obtained/1 cha synthesgis gas wiih a scace/tima ¥ield of 0.72 Lg’
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Ths o1l cirsulatlon proce

synthegis of cxygenated compoundz.
25--30% conversion oF
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aloohals were produced in gll The
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gxpeet that whe gbove menilonesd Lfavorable alfect of the catalyret

ronding

talyats will gupprezs a further

~ Y
- i

"3

3

the alocheols formed as nrine

5.000 TE/ANN PROJECT OPPAU

ahaning of the active centzrs of

gonversion to olefines of

duct,

The plant designed for £,000 ts/ann productlon and lald

cut to permlit enlarglng it

to 15,000 te/ann, is %to be operated
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with of? gases of the buisuol and ammonla oynthesie. The pro-
duvets formsd are intendsd to be hydrogensted In the existing
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perallion waz will B8 umed & o rav oaterial for the production
anes, Lor which L% is well zulised.
Cperating under such condidicns, the experimental pro-

duetion will be copsrated wilthout additional cosfha.

FPATENT SITUATION

Ihe process 1s protected by ihe German and foreign patent

1)

&Lh
A

,688, 11-18-30 (0.Z. 9,104)

T
&

J

(9}
~3
v
4]
)

30, 11-3-36 (0.2, 9,635)

a§>

L

&

-t

4 11,

, S=31=38 {0.Z. 11,461)

In zéditicn, %he irc

o

n cabtalyst which aso far has been

feund best, is protectsd by DRP 708,512, 11-24-35 (0.Z. 9,099).

/8/ Duftschoid
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BRIEI AUPORT ON THE HYDROCARBON
CARBON LONOYIDG 4ND AVDROGEN BY Thi OI

SYRTHESIS FROM
L GIRCULATION PROCESS

The data rsquirad for the calculation snd dssign have

been obtalned in The 9 ts/mo pllot plant for the development of

synthesis c¢f motor fuels and paraffin from water gas by the oil
irculatlion procsss.
The oll circulation process is8 characterized by:

(1) The heat of the reaction 1g absorbed by ths cir-

- ion Lo o } . : LA - L) ~—
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problsm of heay reﬂavél snd ths safety of the procese
of the reaction is therefore golved with the sioplest
possible resgetor construciion | dowers without insets).
{Z) The iron cabalyet ¥9 De used dilfers fron the
zmronia catalyst only by smell 2484
{3} From consftructicn atandpcint ths synthesis plant
is similar to the usual prescurs watler scrubbsrg, The
synthesla is performed at 20-25 a%a., Ten thousand te/ann

installation will consziast of 2 £illed with the

o
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catalyst without any insets.

{4) The synthesls plant proper has the advantage
over the Rulirchemie-Fischer plants by raquiring less
than ons-a21f ths costa, and ghout one-third of ths
reguiremsnts for materiale {(iron and etsel).

The cost of a 100,000 te/ann plant {syntresis
plant without gas production and without the usual
auxillary units) will amount, according 30 the egtle
mates of the M.T.A., Ludwligshelen, %o RE 4,700,000,

wita en adliticnal HM 1,020,000 Ffor the catslyst

(8} The synthesis requires & CO-rich gas in propor-
tlon of: BO:E0=6€6:44, produced direcily in the Winklexr
Zas generators. No conversicn ig necsssary.

(6) The primary products are: 40% prinary gasoline
with an o.n., 62-68 (with 0.1 TeEL - 81-85). The 2% oxy-
gen content can be removed by treating with alumina
which will incrzase the o.n. to 70-75 (with o.1l TEL -
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3% alochols conalating
e
A

50% a2thanol

28% methancl

25% higher aicchols,
acetaldshyds,
acetone, ete,

(5]

The prozeortion of the products can be altered
within certain 1limlis.
{7} Ono hunired and fifty g of ths above preducts/ncbn
G0 + Ha have been oblained eo far in ths pilot plant,
Purther development pogsibilitles are presumably

F o P ) - P { rrm et ~ Y-
stlill pressnt ln the process {(variation in the catalyst,

emigelon ef the finsl puriflcaticn of the gynthesis gzag

Py a 4 .
4 in scme slready

alizble gultabie

including the

RM 522,00G, for

She 5,000 tefann unit, or RM 805,000 for the 10,000 se/ann

et

nih.  The eongsruction of & 10,000 te/fana unit would

/s/ Duftschmid
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H ALGOHGL SYNTHESIZ
LAZION PROCLSS
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Gp. Huller-Lunreti hae ordered ln Feobruary 1940, 3o change
over the oll c¢clirculation procgss o the production of higher
alcohols and S0 conduct thé proper experimanie; this was dong
Trom February o May 1940, ln a 160 11 reactor, in wihich the
eariler hydrocarbon gynihesls experiments have been run.

in line witih the Lhen exlsving information on the hydro-
caroen synithesgls obislned 1n cur own experiments, the following
oy&-ating'aaﬂditians were suppesed te result in the increased
Pormaticn of exygenated products:

{1) The ugs of hydrogen-rich synthesis gas.
{2) Use of higher pressures.

{3) Incomplete converslon.

i4) The use of sgpecial catalysis.

Zos catalyste favering the formation of oxygenated con-
povnds bad first to be prepered, and noreover the effect of

Gi5long had yet te Le deisrmined
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; and the first
geries of expesriments was therefore run wilth %he cgielyst 997
previously us2d for the synthesls of Lydrocarbons {reduction
temperaturs 500°C). Experiments were run with hydrogen-rich
synthesls ges GOiHz = 1:3, with a conversion of 30-40% insetead
of the 50% commonly used in the synthesls of hydrocarbens.

The operating pressure was varled during the course of

the experiments. The fcllowing pressures wers used:
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100 ainm
20 a%m‘
180 atn
1EC altm
the pressure o 20 atm was alsc used becauge of the advantages
of having a process using the same kind of equipment foxr the
gynshesig of hydrocarbons and of alcochols. The hydrocarben
synthegls wes supposed te operate at 25 atm, and carryling out
the aloohol synthesis iIn the ssme middle pressure equlpment
would naturally offer some advantages.
The experiments led to ths following resulte, which agreed
with our earlier obgervations. |
The oxygen cecntent of the products increased with in-
creased pressure., Ths average exyisen content of the tosal pro-
duct, lnecluding the gascl, calculated from analysis of the

different products was as followsa:

Preagure Average Oxygen Contsnt
20 atm 3.5%

100 atm 7.5%

150 atm 11.4%

1680 atm 11.5%

The formaticn of water-goluble alcohols ran parallel with

the sbove:
Proporticn of C;-Ca.
Pragsure Alcohole in the Total FProduct
20 atn 18.4%
100 atm 24.7%
160 atm 40.5%

180 atm 36.1%



tion of the low moleeular weight slcohols {chiefly CaHsCH,
Witk gome ., Uz and ¢; nlecheols),

i A

The increassd pressurs also resulis in an additional
ingreasge in the proportlon of the lowsr alcohols.™
The above regulie show that:
The lncreasel hydrogen content of the gynthesls

as ralses th2 oxygen conlent of ths total pro-

&

ducte,* The lower alcohols participate prefer-

entially In Thls increased production of oxygenated

compoundg,

The ilncrease in pressure alffects the increaged

total oxygen content as well as the formation of

the lower alcohocls in the same Way as an increased

nydrogen conitent of t@e synthesle gas.

The follewing may be stated with resard to the formatilon
of hydrocarbons %nlcn procseds slde by slde with the production

ol oxygenaled compounde:

@ ine present resulis wmerely conflirm the sarlier ones previcusly
cbtained: thus In experlmenis with an operating pressure of
100 atm, other conditicns remalning the sams, 5.5% of water sol-
uble alcohols were obialned when the proportion of CQ:H; = 1:1,
znd 15,74 of water soluble aglcchclg were cobtalned with CO:Hgp = 1:3.

An examinatlion of earller tests for the gynthesis of hydro-
cgrbong with the synthesls gas in proportlicon CO:H; = 1l:1 shows
furthermore that the increase in pressure favors the formation
of the U4-0z slcohols:

Oppau 100 atm tes%t, alcohols 6-8% of the total product.
Merseburg 200 atm, alcobols 12-14% of totsl products.

#%  We understand in this case by total products zll the products
wlih the exception of CHg, Cal’ % CaHe, CCaz and HzO.
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Ths increazsed hyérogen ccontent lowers the

percent of the oxygen-free products in the total

products., Thls is merely ancther statement of

the fact that ths:oxygen dorlveiivesg have incrsassad.

I% resulls, however, in a atriking lowering of

the molecular welght of the hydrocarbons, so that

much gasol {C3 and C4) and light olls are formed.

The rise in pressure affects in this respect the

procesgs in the same way as ths increass of hydro-

gen in the gynthesgls gas.

The experiments were run with the purpose of producing
gynthetically prlmarily the higher alcohols, and the above reéulta
ceuld nct be consldered very gatlsfactory in this regpect,

The tendency to produce chiefly low mol. wt. products is
effected greatly Dy the temperature of the synthesls; This view-
polnt has, however, been taken into consideration right from the
gtart in thlg ssries of experimentis, and the catalyst was re-
duced at as low a temperature as possible (500°C); no improve-
zente could however be observed with the catalyst 997. A second
poesiblllty might have been offered by a change of the CO:H;
ratlo, because the CO-rich gas produces more high-boiling oils.
This measure was then used as shown =low.

The hlgher alcohols (C;5-Cze) were particularly desired
for the production of detergents, and would be contained in the
higher fractions of the oils produced.

100 atm 150 atm 180 atm
Water soluble oil, 150-250°C 9.2% 9.4% 6.7%
Water soluble oil, + 250°C 6.8% 4.6% 2.8x
Vacuum fraction {lmm 100-200°C) 5.4% 4, 5% 2%
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The above summery shows thas Lhe Ci12-Cso aleohols in
ths 10G-200°C fractlon (lmm Hg) formed but & semgll part »f ths
total products, which agreed with the ~wgults given above that
the hydrogsn~rich synibesis gas and bilgh pressure favored the
formatlon of only a very.small amount of high boiling oil
congtilusnis. |

The average molecular welght of the alcchols in this frac-
tlon was ascumed to be C.¢, and the aiéohol value was obtained
from the saponification and hyiroxyl numbers.®

The fraotlon consisted therefore of 30-40% alcohols. One
could obgerve hers no clsar rslationshlp betwsen this value and
pressure, and the lmportant questlon of whether the higher alco-
hol content increases with increasing pressure must be stlll con-
sldered unanswered. We cannot evaluate in this regpect ths test
at 20 alm becuase 1t falled to fit into the picture and produced
hardly any high boiling olil,®?

One may notice the relationship betwsen the experimental

lemperature and the space/time yilelad,

20 00 150 180
260-286°¢C 236-278°G 220-270°¢C 235-260°C
0.43 1.00 0.80 0.95 kg/li,day

We may eummarize these tests as follows:
The procsss may perhaps preve of interest in
the preduction of lower alcohels when operating

wlth a large excess of hydrogen and at high pressures

¥  Thils methcd leads %o high alcohol resulis, as has been shown
Ly more gccurate anslysls.

#& Experience has shown that after catalysts are operated under
more extreme conditiocns, they no longer give normal valuee when
changed over to milder reaction condlticns. The order in which
the teals wers run were - firet operating at 100 atm, and only

Thonm nf 9N wtm



-

{8Jatn and over). Apprecisble amcunts of the
Ga and e hydrocarbons are 2till formsd in that

, &nd the process could e run in coﬂnectich

..
¥

%Lt the oxo progsesg. L0 this way additionsl
butancl, amyl alcchol, also sldehydes

evonas could be obitainsd.

5
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Experiments wlth the synthesis gee CO:Hy = 1:1 hsve besen
run after completing the teats with hydrogen~rich synthesls gas;
the pressure was 120 atm and ths conversion 30%.

Ag expsected, the amount of the higher bolling constituents
was lncreased with the higher carbon monoxide content. We
obfalnsd

24.0% gasecl
21.6% oil - 150°
12.7% oil  150-250°
0% cil + 250°
32.7% lower alcohols
The C;a2~Ca, fractlon now amounted to 7.2% of the tctal product.

¥e were, however, surprised to Tind that the proportion of oxy-

genated compounds hes getually incress=4 in this higher fraction.

Pregsure 180 1EQ_gtm
CQ:Hg 1:3 1:1
Hydroxyl number 45}5‘ €065
Seponification number 40=b 89-9&

The analysis of the products gave the following composition

.

of the liquid fractions:

£€.55 methanol
21.0% ethanol
10.04 propanol
€.5% alcohols Ce=Cy4
2.5% alcohols C33-Cze
11.5% water soluble fatty aclds
5.0% fatty acids Ce=Cjy,
1.@5% fatty acids G;accgo
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26,8% hyérocarbon = 200°C

8.8% hydrocarbon  200-300°G)1/2 of them
3.5% nydrcczrbon + 300°C }J  olefines

Additicnel experimentzl data:
Space/time yleld: 1 kg to%el product/ii,h

Lield: 170g/chm converted CO + My

Botten 236°¢
Top 260°¢

Conversgion 32,54 of €O + H,
in our later work ws retained the following operating con-

ditions:

P
(]
Cin®

incomplete conversion, with the degres
of converslon reduced to 20-30%

O0=-rich synthesis gas, CO:Hgy = l:1

o
Lo
e

%

{3) Pregsure 180 atn

The increassed yleld of high molecular welght alcohols was
t0 be favored:
{(4) By using oxygen-combining catalysts

{5) By selection of catalysts operating at
lower temperatures

Dr. Linckh has accordingly selected the followlng catalysts:

Catalyst 1227, especlally active in forming Qg

ol £

wm

4, especlally active, operates well even at 1 atm

(]
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ALOCHOLS
Test number GV26 Gvav
Catalyst number 1227 1374
Degree of conversion, % of CO + Hp 30.4 21.7
Pressgure, atm 180 180
Space/time yleld, kg/li,h 1.04 1.10
Yield g/cbm CO + Hz conversicn i7? 226

Cold catchpot oll, % by weight of
totel production 8.7 27.5
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Tall gagoll, % of weight of total

production 31.5 21.1
Activated charcoal clls, % of welght
by tetal producilon ' 16.5 12.3
Water soluble azlcohola, # of welgit
by totled production ' 11.8 8.9
Gagol, % of weight by %total gr@ductl@n 31.5 30.2
Reactor Lemperature, botiom “C 250~260  186-2584
Heagtor tsmperature, top °C ' 270-280 224-274
Percent C,3-C3, fracticn in total
production 20 40
Saponlificatlon number of Cy;-0z0 fraction Vil 50
- Hydroxyl number of C,3-Cs, fraction 45 68
Duts May 31, 1940 - September 18, 1940

The two tests have not indlcated progress in the desired
direction.

The ca%alyst 1227 d4id not produce the desired increase in
alcohol Tormation.

The ca%alyst 1374 does begln work at 196-224°, but requires
a gradual rise in temperature in ordser to maintaln conversion. It
does, hewever, definitely produce some iron carbonyl at the lower
temperatures, which causeé us to suspect that the formation of
the carbonyl reduced the activity of the catalyst,

.

We intended o repeal the t2st with catalyst 1374 st lower
pressures o recuce the Iformation of the carbonyl,

In the meantime, a smaller circﬁlation unit had been com-
pleted in July, 194C,. The aynthesis reactor hed a'cavacity of
only 15 1i, permitting #ork wlia asualler amounts of catalysts,
while stlll gccurately ma2intalning the proper conditions of
cperatlons.

A number of catalysts have been studled which have been
especlally developed by Dr. Linckh for the ethanol synthegls.

We gelected catalysts which gave the best results under conditions
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el ethanol synihesis, wlth a good alcohol and oil yisld, Ve
based our cholee on the assumptiaﬁ that the catalysts which
glve high yields in lower alcoholeg will producs high molecular
weight alochole under other operating conditione,

Thase experiments have not, however, brought us much
cloger %o the solution of the provlem, because the results
chbtained with most of these catalyats wers very similar %o
those obtained with the catalyst 297 in the large unito Cata-
1yst 997 was alec used in ths new unlt for purpcse of comparison
ané proved, in many respects, the best. The hydroxyl numbers
of the U a-Czo fractlon exceeded slightly those obtalned pre-
vicusly, and thls catalyst excelled especlally in the uniformity
of operating conditions when compared with the newer catalyst,
which gave fluctuations in the course of the synthesis. |

The new unli alsc lald at rest socme of the uncertalinties
about the irregulsrities in the operation of the larger unit,
in the larger unlt the preheating of 011 was done by direct gas
firing, eo that any possible small difficultlies in the circu-
lation could have resulted in a harmful cverheating of the cil,
with a sgplitting of ﬁhe higher alcohwlg. No gas firing was
used in the new unit where 1t was replaced with steam heatlng
with a temperature control. The large unit also will later
have thils source of danger excludsd.

The next experiment was run with catalyst 1432 which was
recommended by Dr, Muller as being oxygen-active as a conclusion
from work in the larger unit. The catalyst Operatéd througheout

very uniformly. The circulation cil which contalned the higher
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I'ractiong was of an excepilonal purity, without any trace of

‘ruat color., However, the alcohol formation was 1n genersl

entirely similar to that in the other preliminary experiments.
Hone of these exPerimen§§ have been successful in increasing
the absolutse awmounts of the higher boiling fracitions. No cata-
lyets have been found whlch permitied lowering the synthesis
temperaturs and thereby overcomlng the effect of pressure on
radéucing the size of molecules.

We learned at that time the resul®ts on gynol process
obtained in Merseburg:

They found that speclal ceonditions of re-

duction of the catalyste (with a large amount

of hydrogen)} permitted using the fused iron

catalyet at 195-220°C. VWith these catalysts

an alconol concentration at 50% in the middle

and upper oil fractions could be obtained at an

cperating preséure of 20 atm.

Kerseburg has found, 1n thls way, a solution for the pro-
blem of productlon of hlgher glcohols from GO + H; uelng iron

catalysts.

3

he abuve work in the oil circulatlon process should
lsave no doubt about ths applicabillty of the ilergeburg results
to work with the oil circult. Thelr work permltted changing
from the high pressure synthesis field to the middle pressure
synihesgls.

We are getting ready for runs using catalysts activated

by the Merseburg method. The operating conditions will be 25 atm
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pressure, ab gynthesis temperature as closs as possible to

195-225°C, the conversion kept low, with a Semperature possi-

&2

- - S 4 - - Fee N T oy 7 b
¥ gelected somewhat bigher AL rsqud

ahe required by Tthe oll phase

/8/ Duftgchmid



