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NTHE IIIDDIB-PRESSURE SYNTHESIS WITH IRON OATAIISTS SEPTEMBER 9, 1939"

INTRODUCTION
Same time ago we published a piece of work under the t:!.tle ’ "How
Closely can the Fischer~Pichler ulddle-Pressure syrrthesia-/ Approa.ch the
‘I'heoreticelly Possible I:Leldse ‘ The e;;periments vrere carried out with cobalt-
thorium catalysts. The yields of solid and liquid hydrocarbons (excluding
-gesol) amounted to. a.poro:dmately 170 grame per normal cubic meter of ideal
,.ges. Under the most favorable conditions s this product contained over 50

percent o:t‘ para.i‘i’inso L : -
e e o HISTORIGAL DEVEIOPMEM?
_ :.,ver since’ Franz Fischer and hi collaborators carr:.ed ouit the syno- i'
_ v_ thesis of hydrocarbons vrith CO and Hz, the des:.re vias prevalent to substltute
s ‘jthe cobalt. a‘nd thorJ.um by cheaper catalytio agents s vrhich would work in a ‘
sim:.lar manner and would reqm.re acpro:d.mately the same starting materialso

l"kAga:Ln and aga:.n we resorted to 1ron catalysts.,v In 1923 35 Franz F:.scher a.nd }L,

passed weter-g.,as over ':‘alkal:.zed :u-on shavings at pressures of approx:.mately

: lOO at-nospheres and temperatures oi‘ between 350-2;50"00 They termed the:n.r

6/

‘;‘product Syntholn Research work oi‘ the Badn.sche Am.lin und )odafrabrl

*{1913 was carrled out at smilar pressures and teﬂperatureso i In 1925, this.

'I‘he content of this work was cormnunicated to the Studlen nnd%lerwertungs- i
Ge..ellschaft i8 1937;, ‘As it has since been publ:.shed as patent literature
“in:various foreign countries, there. ‘is no reason to-delay. 1ts puclicatlon
1 the present;. timec (Compare P‘renc,h tent: Noo,. Ol3),
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work led to ths methanol synthco:la. B‘iacher and "orbe—/ in 1923 showed that
alkalized 1ron ahavinys used as a cataxyot oonverted co2 and H2 through the:-.
intermediate formation of co nnd H, to oxygen-containing conpounds° As the'
pressure- of the. reaction was reduced, tho amount of hydrocarbons formed in-
croasod steadily, whereas the quantity of oxygenated compounds decreasedO‘
They worked with a recycling apparatus at a temperature of h10°8° and at 100 °
atmospheres preasure and lowero At T atmosphores, the oil contained ho por-
cent of products insoluble in concentrated sulfuric acidov These products o
vere of petroleum oharactero o |

~‘k In 1926 Fischsr and Tropschd/ revealed that the petroleum synthesisv
could also be carrzed out with iron catalvsts at tenparatures of around 300°c°>
whan using GO and H2 at atuospheric pressure° Under ?uch oonditions, hydro-s‘
;carbons were formed, It was attemnted by modificatlon of the synthesis con-
jdltlons as well as by the addltlon of promoters to the catagyst to increase B

T

@the activlty of the 1ron catalysts° Iowerlng the reuctlon tenperature was =

7519282/ th“’ylelds at atmospherlc pressure were appi;xlnately“BO to hO grams
T . :.:., ,\ A L
iof_benzine and 011 per cublc meter of water«gaso cThe temppratures could be

‘Fischer"Fa and;?erbe, Zg, Conversion of Coal into
Borntraeger, Berlln 192h, Do

10, 31 (193,0)‘-"'
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?iechar and Tropsch__/ had attempted in 1927 to convort water-gas at
10-15 atmospheres pressure ‘and 250-”80°C°, using 1ron—copper catalysts which
‘were produced by the decomposition of tho nitrateso ‘Those catalysts were taken
dnto operation with water-gas inmediatelyo Their roaction products congisted
of aqueous' and oily substances appear:mp in the ratio of 3 2 to l 1, At this
time, the ‘authors indicated that the yields obtained at elevated pressures

were smaller than the y:lelds at a‘bn'ospherlc prossures, In. 193h however s
F:.scheru/ showed in a lecture on the benzine synthesis that the highest yiolds ‘
obtamed with the iron catalysts at atmospheric pressure were 30—35 grams’ per -
) cub:.c mcter of nixed gas (this corresronds a"rrox:mately to bO-hS rrams per
cublc- meter of normal o-»gg ure)., He added however ] that th:Ls ln:.tial
ya.eld decreased by 20 percent W:Lth:m 8 days,, ) ' 'k ‘ o ‘ o >, ‘
S Fdschcr and’ }.Eeyer-—g/ endeavored :m 1931i to 1936 to :anrease the ac—"-'f"-
t:.v:.ty of the 1ron cataly..ts ) and thereby 1ncrease the y:.elds of 17 qu:r.d hydro- -
carbons., When they used iron-copoer prec:.p:.tated catalysts s they succeeded in

obtamlng 50-60 grams per cubic meter of products at abmospheric pressure with

. a mame_xx_x; catalyst l:.fetime of l; to 6 weeks°

Fischer and Ackerm‘: ) obta:med 50 grams of 1iqu1d herocarbons '

1n 1936 when they used a prec:l.p:.tated copper-free catblyst, 'J.‘he:n.r wark:mg

--— T scheri,’ F,, 'Brennstoff Chemie ,1
_/' :.sche ; h'Fo and Meyer, K"




At this time s 8 synthesis gas was employed which contained CO and I12
~in the ratio of 1:2, although it had been’ recognized that with dron cate]ysts )
the CO conversion goes almost emlueively according to the summary equa.tion. -

200 + Hy = CH, + CO,.
If a synthesis gas was used which was composed of ZCO + 1H2,the CO was used
up only partially and the catalyst activity decreased extraordinari]y fasto

The experiments carried out. so far indicate that the maxn_mum yields
obtained up to this time were appro:c.mately half those from cobalt catalysto
'Thcrefore s it was not thought feas:.ble to. employ the reaction with :.ron cata-=

R.\JSUL‘I‘S OF THE PRESENT STUDY

- lysts on a commerclal scaleo

It 1s the obJect of the present work to po:mt out that iron catae

""-lysts which are properly pretreated and whn.ch are operated at Sll{:h'bly ele«”-

'>vated pressures are capable oi‘ convert:.nv a theoretical m.:cture of co and 112

"'::.nto l'wdrocarbons over a; very 1ong perlod, oi‘ t:.meo By j‘_this synthesm, pre-.




the oata]yst tubes wsro buut :Lnto alminmn block .furnaces, -and Vere arrangsd
'in poeitiona elightly inclined trom the horisontal. The hmh of the catam
lyst layer was aporozd.mate]w 30 cm, ’ and contained an equivalent of 10 grams |
of ¥, Over this catalyst was passed b liters o.t‘ eynthesis gas (referred tQ.
.one atﬁosphore pressuro) por ‘hour, The low-boiling oenzine fractions and
gneol bydrocarbons which formod during the syntheeia and Were not condensed
:I.n the receiver were adsorbed by acti.vated charcosl and 1ater recoveredc
PIEPARATION OF Tms‘ cuuxsr .’ L

' Methods of Prepara.tion R

[

At. First 1 we were o: “the opinion that variations m» the catalyst

preparation or additions to the catalyst. would cause an :mcrease :m the yields

of ]iquid hydrocarbonso V'.e manufactured several hundred 1ron catalysts 5,
__«lstarting frem ferrous as mn as i‘erric sal'bso ‘l‘he catalysts were orepared

_:by various precipitants such as soda or amme nia, as. well as by m.trate de— =

composztion., V.e used, " arriers_and fillers.,




'lyet contained the ree:.qual component oonsietod of' . pure fron,.. ‘rhﬁried end
perhaps pelleted iron precipitate was treated with Co-rich gas, or better
still, with CO alone at te'npcratures oi‘ about 250°c° The time of :Lnduotion
lasted. 2h hours at atmospheric pressure, or at preesures which were eseen—

iany lowei- than the operating pressure.. During this pretreatment, which we
‘called "Formierung" not on]y a reduction was ci‘focted ‘(with Hp no eﬁ‘ect could
‘be noticed) [ but carbon was depos:.ted in thc crystalline lattice as wello

_ | With respect to the catalyst question, 1t should bo mentioned that j

an iron ’cEt“ lyst which was not pretreated is not capable of converting a;
1stoichioxnetr1c (JO-H2 m:.xture com __pletely into }wdrocarbons at atmospheric
| 'jpressure nor even 10 dtnospheres.,: However, 1t ca.n convert this gas mixture '
‘;‘:.for many months when it was nretrea.ted at lowripreesuree and taken into opera-

:-"tion at high pressureeo




PP,ESSURE ARD TEKI’ERnTURE VARIATIOM
It. was pointed out that the- iron: catalysts were inducted above- 250°c,

\

»‘“at pressures lower then the oporating pressureo . This was best accomp]ished in
é separate arparatuso After. pretreatment the cetelyst wag taken into operation
_m.t: synthesis gas af, eleveted preseures, Te round that at preeeures ‘uelew 5 .
'atnosmores s the conversion of the CO was incomplete, while at 10-20 atmospheres,

. were! 230-2;0°c° ‘ ncreasing the operating pressure above 20 atmospheres neces- g

"s:Ltates raiSmg the operat:mg temperatureo Hovrever, the reactlon te'nperature '
should be kept 3s low as poeelble if water 15 the cooling 1iquid° ‘ Othcrm.se ;

. very heavily wallsd arpa.ratus becomes necessary m order to w;.thstahd high

',steam 1.:~r'esemresz° . G

’ The synthe'n.s wn.th iron catalyets is much less senss.t::.ve with re-

§ spec'b to‘ t.emperature variatioz;s than is 'bhe syﬁthesis mth ‘o‘balt ;'
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tbeoret;.cal gas mbcbm at 15 ‘atmqepheroa preseureo; “Pho catalyst in this»ex-‘-‘«
berimcnt; i:;s noﬁ-previouely inducted. Ccn:plote conversion was not obtained
and the --ctivity of the catalyst decreased comparatively quick.'ly Curve L
shows the relationshipe for the i.ron middle-presaure eynthesis. In this case ’
the eatalyet was pretreated at a preesune 1ower than 15 atmoepherea s and the
synthesis operated with a theoretical lgaa mixbure at 15 atmospheres. E".ren
'a.fter 8 months of operation, the conversion remained practical]y completeg ‘
Figure 2 shows the increase in operating temperature with tme ver:us
maadmum yleldso ' All three curvns refer to t.he iron middle-pressure synthesis
a;nd cover information on the deveiognent oi' t.he past two Jears, ) Any regenera- _'
:tion or reactivation oi‘ the catalyst was curu.t.ted. . Experjment 1'was st'xrted f
‘on September 1 1937 s I_Iqueriment 2 in December 1938,4111 Bxperment 3 has been -
runhing s:mce March 1939«., During Experiment 1 where an 1ron—copper catalyst i
_:was used, it was necessam in the first. three months of operation to 1ncrease

"Athe te"'perature by h0°0<,-_~1n order to keep the comrers:.on constant.,,: In Experi-







i2 Percent of this yieldm condensed in the pressure receiver of ‘the synthesis
‘apparatua 3 28-29 percent conaiated of benzine adsorbed on activated charcoal,
22-23, aaturated hydrocarbons s and 7-8, unsaturated c3+ch hydrocarbons. . ‘

' ‘rabla 2 givau the y':l.elds of &per:!uent 3 (corresponding to curve 3
'of'-ngnm.z,a:t.or 10, 70, and 100 days of cperation). In-this experiment the
7ields wore bigher than 150 grems per normal cuble meter of gas. 70 Percent
of tha yield consisted of ]J.quid hydrocarbona s 30 percent or gasol bsdrocar-
’Vbona Roughly, om-half or the 1atter fracticu wag mzsatnrated, o :

- 'J.'able 10- nelds of Exporiment 2

T - ' " Percent of Total neld
Days. | .- Sol:ld 14quid, m;-c,onv-»_ N L — —
“of ' ~ and gasol o densec. o valed o
aper-.. Tempo, (°3+Gh) %ocarbons hydro- . carson; - 03 + Ch lwdrocarbons :
~ation : ~ 7 carbons - ben. 1ne Saturated Unsaturated
200 270 . 130 le

IR ‘ R Pe:cent of Total Iield
.,:DB.YB Solid, liquid 2 _f ACiI="T

Clof s “and gagol :“densed . valed
oper-: "I‘emp oy c +Gh) lwdrocarbons hydro=- car}on e
~ation @G, T /m3 » 1 carbons:’ bemme“ Saturated Unsaturatéa




In genoral, 2/3 pf the bensine fx-action conaiata br uneaturatod canpmnds,
,1/3 or uaturated }.wdrocarbons “The dens:lty of the benzine :La apprcdmate‘ly
0,7 at 15°C, The octane mmber (IG-test eng:l.ne) of tho mmtral atabilized
but, otherwiao untreated benzina boiling up to 180°G. is about. 600

If the gases 1aau:lng from tha 1ron catalyst chamber @onsisting ma:l_nly
of gaa\ol and benzi.na vapors) are paased over a phoaphor:!.c acid catalyat at the
‘same pressure and at ¢onstant temperature, a partial po]ymerization of the un-
-aturated bydrocarbons occnreo - The. benzine rraction 'bhua obta:l.ned wh:lch boiled
‘below 180"0,,, a.fter wash.’mg ami stabilizing, had an octane tmmber of 67¢_ 1¢
: 007 cco of lead tetra ethyl was added per liter, the octane numher of t-he ben—
2ine increased 10 points, to T If a bensine fraction boiling below 150°C,
(S&péréent—af the total liquid p?&fuct fomed) waa treated with’ 0.8 000 of :
‘.;;iead"betra etlvl per liter, the octane number was increased to 80° o o

If the 002 is removad froun the reaction gas before polymerization

: is carrid&outg and :Lf polymerizat:.on occurs under opt:lmnn oonditions a moref ';:'




'-.proper is beat carriod out st pressures between 10-20 aiznosprpm with -an, 1ni~
tial gas which conta:lna CO and Hj in a ratio of 312, '
' Without regeneration or reaetivaticn of the iron catalyst gonstant

: yields of -160 grams pf liquid; gasol (C +ch), ‘and solid lwdrocarbona per normal
cuble meter of synthesis ‘gae are obtained hdcﬁnite]y, ‘

‘I'he crude benzlne which repreaenta the graatest portion of the reace.
'tion producta is comparativaly lmock-proofo Th:l,s :I.s on account of its high .
unaaturated content., The pr:lm3.ry products fran :Lron catalysta contain more
unsaturated compounds than thoae from cobalt catalystso, The benzine may be _
materlally improved by follolling the synthes.us vrith a polymerization step, 2
‘which results :I.n parbial polymerization of the primaxy unashxrated lwdrocarbons
and marked jmprovement in the quality of tha benzineo e B ;:7:«\1 e _f w -

For the exper:lmental work done we are grateful to lleaars., Dienst,

Iphmar and Meusel and especially Ruckenstainero

numnm-mzssm smwmsxs"w:[m“mon CATAIYSTS™ (A Smary)

tute for COaJ. Research at Hue‘ on the sub;ject of the middlr ressure;

The content ‘ot‘ the lecture waa reported -

synthea.ts on iron catalystso




units are concerned, any operation carried out at’ pressures of above 10 atmos-
pheres should be’ avoidedo ' .
-FACTCRS INFLDENCING THE SINTHESIS AT IOWER TEHPERATURES )

.- From- research ‘work: at the Muelheim Instttute for’ COaI Research we -
have learned that the Jollowing factors must be conszdered if it is desircd
to work w1th iron catalysts at 1ower tenperatureso

e ‘ - Gatalyst

- It is necessary to use a very actdve catalyst° Sueh a catalyst
can be obtained by preclpitatlng 1ron—sa1t solutionsa?—The addition of small
anounts of copner asg for 1notance, one percent ‘or: less on the ba81s of the )

iron content and small quantitles of alkall a?, for 1nstance l/h percent as

'ﬂreferred to the 1ron, are deszrable to enhance catalvet activ1ty°'

dfi‘Inductlon of the Catalyst




bolow thn tempera‘burea :I.ndicatod above and within the proper preasure l:lmitao

‘mgm-e 3 ahm the variation\in reaction mparatmré with synthnaia gaa com-

position, and Figuro L smmarizea graphical]y lwdrocarbon and wat.er yieldo

versus syntheaia gas ccmposition, after 4 mlas of operation. (This refers’

‘to a one-stage operation. ) h ‘ \1
_ - When a gas was used which was extremo‘.ly rich 1n 52, as for instance,

2 mixture of CO:BQ = 1.10 at a preaaure of 10 atmospherea and a. gas raf.e of

2 liters of end-gas per 10 grams of 1ron, CO was converted and higher lvdro«- -

carboan .fomed at. 130°c° At ﬂ;mc, . the CO con"!ersion was 38 percerxb com= f.:-. o

'plete with a contraction of 12 percentg ‘ ﬁhen a qurj.ch synthaais gaa was uaed,

thgmconrse of the reaction follmvs a fundamentally d:Lf.‘ferent course.,“*vnder

‘.-lsuch conditona Y the greabes’o part of the co-oxygen :I.s no longer convart.ed to,

synthesiso E The\ yields of 'liquid and‘gasol lvdrocarbons pe, nomal éu c
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lO peroent was distilled at. h8°c,, 1) peroent at 152°c.,, and 73 percent at 246°C,
‘:Of the: highor-boiling conatituenta determined by the butanone mcthods, Sh per-

cent consisted of solid para.ffins, ﬁ,,i
In comparison to the cobalt catalysts ’ the iron cata.'lyete produce re-
.action producte which contain larger quantitiee of gasol and o:wgen—containing
organic - conpoundso When the products obta.ined from a hﬂz + 1co synthesis gas
‘were acetylated “an’ alcohol content-of" 20n3 percent wias obtained (reported as
propyl alcohol),, ‘ v L
- " The reaction water contained traces oi‘ metlwl alcohol approxmately—

1. 5 percent ethyl alcohol, 0 8 percent nrooyl alcohol and 0,8 percent ch al-_

i cohols °

MULTISTI\CE OPERATION o o '-,;

* In. order to ma.ke the orocess econom:.calg it 1s necessarv to work in .

T several stages (anothcr alternative is to resort to recycling)a When working

b :m stages N '_ t'.“ m:.ght be necessary to replenlsh CO conoentratlon before each

,»jconsecutive stage,’ Thus, us:mg a 21-12 + 1co gas m:ucbure 1n two stages at 210°C. s

",_1t 1e possible to‘_“_‘ qual thev ;

1e1d"'oi" the cobalt synthesa.s{

which 1s~s 111 rlcher m‘HZ, t on mey be lowered,, :

However, the higher the H2 content of the gas 5 the more stages are recommended,

% ;_.'\






