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 ANTRODUCTION -
‘Somé” 6" avo W piblished an artip) .»iﬁitﬁ'-fi'?«ﬁéi-vltfiiﬂé""13?""T'55?11i‘ﬁm?b§¢h“5lf Actuad.
Yiolds to the Thaorotical Yiolds of the PimchorePlonder MiddlaePressure Syn- '
‘theais®, (1). The expariments were'0arried out with cpbaltethorium catalysts, .

~vThe»yia_1ds—olLa'olidsrn‘nd-vuqn:ldvvlwdxfbﬁagbone'w(ﬂth:ﬁ‘appyﬁomat{élyﬂélsrg&*Of‘vgqsol-)\
_emounted to 150 g, 0170 go maximum; pér normal oubic-nmoter of ideal gas, Of
this, wore than 50 porcent eonsti qb_q.d_ paraffins whon the most favorable rege=
tion conditions were provided. ' i| . ’ ; 7 S

Ever since Fischer;and his ocoeworkers porfeoted the synthosis of hydrosarbons
from CO and lip by using cobalt=thorium gatalysts, the desive was foramost in .
our minds to use cheaper catalytic agonts which would pive the same.or similar
‘products, We kept on workiny with iron catalysts, _In 1923, Fisoher amd =
Tropsch (2) obtaided the soecalled Synthol when they pussed wateregas over
alkaliged. iron shavings at approximately 100 atm. pressure, and.350 to k50°C,
The Badigche aniline and sodafabrik (3) worked with simildr pressures-and -
_temperatures in 1913, end in 1925  they arrived at the synthesis of methanoi,
Fischer and Zerbe (Ls shovad, m“ige;, -that alkalived iren shavifigs Heting on
COp and Hp will lead to the formation of hydrocarbons. They observed that:
with dacroasing pressure, a‘tendency exists to form ;wdroca_r’bons rathor than,
oxygen=containing compounds, They worked in a circulativg apparatus at L10°C,,
and 100-150 atm, pressure, Lhoy ohsérved thab at higher prassures;only watér
soluble products wore formed, but at around 7 atm,, seme oll was obtained which
“containad approximately LQ porcent of potrolous prodicts. soluble in concontrated”
sulphuric acid, R ' B
. . - . R e o .
In 1926, Fischer and Tropsch () reported that at a temperature of 300°C., |

and above, and using iromcatalysts on CO and H,, even under atmospheric preas
sure, hydrocarbons are obtaindds On the basis of these expuriments and results,
we have tried repeatedly to introduce iron catalysts, and at the same time ree
duce the reacticn temperature and improve the yield of liquid hydrocarbons. In
1928°(6), 30 to b0 go of benzene and oil were obtained at atmospharic pressure
for every oubic meter of wateregas, The temperaturas could be ‘lowered down to
- 24j0-250°C. Thd lifetime of the catalysts amounted to several days.

- Fischer and Tropsch (7) had attempted in 1927 to use vater-gas at 10 to 15 ate
mospheric pressure and 250+280°C, They worked with fused iron oxide catalysts
with a small addition of* copper, and" they worked with water=gas directly under
prassure; - Their products consisted .of agusous and oily substances-in-the-ratio
332 'to 11, At this time, the autlors revéaled that their results were hot as
.good as with atmospheric pressurd, - In 193k, Fischer.(8), gave a lécture on-the
benzéne synthesis in which he reported a maximum yield of 30 to 35 go por cubic
meter of mixed gas when usiny an iron, catalyst ynder atmospheric pressure (this
.corresponds to approximately 4O to L5 g, por of CO~fy mixture). Ho dlso
a'dded.tT tho initial conversion decrdased by 20 riercentL:: the _c::utpe of 8

dt‘mo ! ,‘
R

H . . | ‘ . S
Fischer and Meyer (9) attempted in 193L=36 repestedly to improve the ylelds of
1iquid hydrocarbons by increasing the.sctivity of the iron catalysts. By us-"
Any -iron\;r,;q_opper precipitatpd catalysty, thoy succoeded in gotting 50 t6 60 -
"ﬁxame- ‘p:t tiormal ‘cubic meter of gas at & maximm 1ifetime of the catalyst o
Al i : L S——— 2

b 6 weskeo |
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Flaoher and pokdruann (10)4n;1936, obtained 55:g, of Lquid hydrobarbons por
normal cublc. moter of mixed yas whe used. certain copper=frae iron catalysts

produced - under '.certainveondltfi ‘worked' at atmospheric pressire, . This . .-

yiald, hovaver, storted tp deoroaso already after vory fow days, and'in the third
wa?k,_-;pmounted»;t,o less *t,nzn 4o go. T IR R S PP
ey ” A Mok Sl = f i -

At this time, thoy used a eynthesis ges.which confained CO and M, in the ratlo
of 112, although they had recognized thut on iron/ catalysts ths CO conversion
prodeéds almest entiroly according to the equation; . | '

' 2% (00) + % () =% (CHg) + x (00p)
When they used a synthosts of 200 + lify, tho mwwmwmmﬁm

- [RSVORNE ) - [E S TO UV S

In ovory one of tho experimonts cited, the maximum yields obtained were less
than half those. obtained with cobalt catalysts on. industrial scale, Therefore,
we-could not consider the use 'of iron on a:large scala at that time, .The ree
sult of the work which we are going to discuss today is to show that if we-
operate in a certain pammer using iron catalysts at elevated .pressuresq the
. COwlp mixture msy be practically entirely converted into hydrocarbors. ' Ae
cording to gynthesié conditions, one gets various quantities of paraffins,
benzene, and gasol hydrocarbons. The tetal yields of this ‘so-called iron
middlespressure synthosis compare closely to those of the synthesis using co-
‘balt catalysts, so that riow we can Consider replacing cebalt y irens
Towards the end of 1937, Fischer reported on the favorable course of our work on
tho synthesis with iron catalysts, Vo intended, ab that tir€, to make our ree
sults publié¢ and inform those parties which would be interested for the commere
cial application, Because we recognized the importance of being able to substi-
tute-iron for cobalt, singe Germany has only littls cobalt available, Fischer
and & series of his co-workers have intensified their work in the las_t yearso

The essential contents of the present viork has been assigned to studien. and
Verwertyngs (eaellschaft, The assignment which poes back to the year 1937 was
communicated to Ruhr<Chemie for patent purposes; In the meantime, several
patents had been applied for in forsign countries, : o

BART I!
The Catalyst

Ao Precipitation of Catalyst,

At fir‘st"v,A we were of the opinion }hat,fvax‘iatioﬁ' in the production methods. of the
iron eatalysts and also that cortain additions to the iron catalys-ts wquld..effect
_the synthesis at atmosphsric pressure in auci_rP,'.'iay to improve tho yields of

'1iquid hydrocarbons,, |For- this purposs, ws produced many hﬂmdredt of different
drcn catalysts whereby wo .ttélat.”ed‘ﬂ ,;vﬁgx‘,igué_"‘;’additi‘.d‘s and '«ygrim s modes of,..;re-, .

Ceipitations |




In the eourse of our rasaarchap ‘va recognized soon, howaver, A& ":-fcould onl.y

;.z*oaoh ‘our-aim’ by vgorkimi at-a siirhtly positive prosgure;: and the,gatalyst chdracs
teristica. could vary considerably,. When we worked with .a.pure:iron. catalyst whi.ch;.
“had boen ‘inducted with CO priorito the atmospheric’ sym:hasis, we. found ‘that we. alm. .
Ja&ned sa'aisfactory_«yiulda..rorwmaxw.monthowthereatter.

1q Startine maLrial.,

st.art.ing ‘naterdal ror the. production oi‘ tha iron catalysts , We penerally used '
iron=salt, .solutions, These solutions were 'obtained. by dissolving commercial, iron
diractlys For the:sakesof comparison we alse used chemically puré iron,” The & -
ma.jonity..oﬂ,nxpanimnts.nm.narx:ied.nut._with.thc..tollcﬂinga.imn.samplea,

— ay Farri nitrate {commercial). P Ty e :

" bo Iron nitrate solutions obtained by dissolving technichl :lron'
ehavingc in n:l.tr:lc acid, "The iron was chiefly.present ss tors
‘yalent iron, ;| The iron Bhavings were introduced in small pore
tions into nikric deid of an inigialfensity of: 1,10, and the..
temperature:tras kept below LO to 50°C, (Abova 60.t0' 70°c., a -
decomposition of the nitrates occurs. the formnt,ion of an
insoluble precipitate).

¢, For the prodyction of Ferro nitrats solutions s & nitric acid with -
a maximm density of 1.05 was allowed to act upon iron shévings
at 35 to L0*C,--(a higher acid concentration or & higher tempere

- abure-caused-a violent -reaction which- forms Ferri-salis- instead
of Ferro salts), o

d, Ferro chloride (commercial).

2, Precf;iitation rr.lt;h sodium carbonate,

The concentration of tha iron golutions used for precipitation generally correse
ponded to one kilogram of iron per 30 1iters of the solution (with catalysts based
on 2 and tervalent iron).. The solution was' pre-neutralized.in the cold with the.
solution of sodfum carbonate,” and care was taken to assure enough alkalinity that
no .permanent precipitata mmained in existance, The Ferri solutions usually were
precipitated at 100°C,, whergas the Ferro solutions wers precipitated at 4 maxi-
mun .of 70-75°C;, in ‘both cases a small excess of sodium carbonate was used, The
sodium carbonate solutions gencrally contained one kilogram of soda for svery 8
to 10 liters.of waters Aftar precipitation, the maxtibewas brought to a boil
for_a few minutes, filtered)-and washed free of alkali with hot distilled waters
The moist precipitate was rapulped in distilled water, made to.a uniforn slurry,
on the water bath, and undsy constunt stirring, the desired quantity of alkali’
(mostly potassium carbonate dissolved in water) was .addéd, - The chief quantity .
.of water was evaporated off on the water bath, after this. the cat.alys'o wag put
into a dry oven'overnight at.11(°C., and thereaftar was pelletted and freed of
--all dust, --The Terri: catalyata ‘are blackishebromn, rather solid, and mostly they
‘show a glassy

fractrr Ehe FexL'to cat, alystj are voluminpus amﬂ eart)Een brTvm \
Lhe ‘Fex ri catalyata preci itated with potassium caLbonatL generally proved to be ‘
: -\:uperiur to the r-'orro catalysts, The Ferri catalyats Ob\tnined from 1\ ochnic\:al

iron.over a Ferri n‘:m'ate solution were usec\l more: raque\ntly ) tm Perro oata-w‘»
lysts, ‘apd tj,h‘eret‘orwf we- i rmed. ﬁﬁt.hurex»ri catlalysts noma Jdron e taZL\mta, s

.‘.’5-



“two potnte hed to be observad ‘carefully in Yhelr praparation:

Tho. presnoutializatio

AR

on.of the irdh solutlon hadl to be carried out in
“tho-cold, bécanse gt oJevated temporatures, d procipitate; of Tinsolus

n of the irdh go

. WiEsalts, fornd which makow. Ak Qiffieult to wef raproducible resulds.
2, it s important that tha iron precipitate is brought to:.a boil. before

filtering, ~This was found.to-inorease the astivity and the ‘1ifetdn:
of. this’ catalyst, Table I shows that plainly, In this table, cabe-;
lyats propared under different temperature conditions ‘are compared.
W"MWW‘”@“MGWR@&QW
the synthesis as-a measure of -the-catalyst activity (CO=Hy mixture, . .

'312, 18 atin,, 239°C). Thus, comparative ‘activity data aré given for’

‘verious 1énjiths of operation, Thi highest possible contraction ..
amounted to 60 porcent if we agsumed the conversion to liquid hydro-
carbons to.proceed according to 2C0 + H, is équal to CO, + Che In
.actual practice, thé best yields are obtalned at a'coh_tgaction of

50 to 55 percent, . : .
Table I. ‘

Influence of Precipitation Temperature Upon the Activity of Iren Catalysts

| LR G T et
Precipitating bolling Alkali : Days of oparation
tamporature, after contents, 1 2 5 .. M7 2

°0, * precipitation percent Contraction, percent

20 “no 1 L3 - b - -

60 no 1 50 - 3 - 20 -

20 short 1 9! - L0 51 -

20 n /b 50 L8 . B . 50

20 1 minute 1/k g 55 L8 18 50

20 5 minutes 1/4 - 56 - L7 L8

200 . 1 minute 1/L 50 S0 s0 L9 - 56

The table shows that the catalysts which were not brought to boil did not. come up
to full activity or that they lost tho activity rapidly, Tho catalysts which were
boiled for a short tims and those which were bsiled-for-one-minute: showad-equally
good results, Heating longer than one minute showed no advantage., The last exe’

periment

parature, corresponds to a nomral iron catalyst..

1isted in-tho table, where the catalyst was precipitated at boiling tem= .

3. Preoipitaticn with ammonia,

At 60°C,, &
taining 10(

The ammoni

) g, or iron per litor..: The.flow velocity of
.general, was regulated so that the. | recipitation was t

£ stream-;or‘armonia-' gas w.EE»conclupte,d.{;into aLFerri
4 was absorbed quantitatively .,umi;ﬁé?ilbeiend‘\of'theu_prec,ilpitati\nnq A

the

‘nitx:aEe sol#Ftion 4Eon-f
ing

gaseous ammonia, in -
ted after 20 minutaes,

'equdﬂl-i}olm\‘ue*of‘I?:oilingf; distilled witer was addéd to the precipitate, then it |~

was filte

' 1ization wi ‘carried. ou

d and washed £ive times with hot distilled wat L alk
t as pg?ner'dézc bed for the cata}s\sta‘,.m‘eciplt‘_t-'kd%}.-:%ith

watera{f Tho eventual alk




soipitatod with aamonia are hlackishe

“From-a-gories-of -experimynte;-wa usad-iron=kieselguhr-catalysts;—Thege-are-dig«
cussed ‘in a'gpesidl chapter. ‘The addition of. the:kicselguhr generally was car
ried ‘out-after the alkalization :and during tho evaporation of the water from the
catalyst ‘over the waters¥ith, It is. prasticable to suspend the kiecsalguhr in dis-
tilled water before: adding to the catalyst, Ry doing this, one_prevents ‘a oo
‘'rapdd ‘removal of water from the catalyst nass; and hence, the formation of non

'J;‘mggnggna,lu;npaé :
"B, Prétreatnent of the catalysts

‘The freshly precipitat:d and driéd iron pracipitate is entirely inactive as a -
“catalyst for the conversion of €O and Hp into hydrocarbons. In this it corres=
ponds entirely to the still unreduced cobalt catalyst which is: inactivey too,
In order to activate the cobalt catalyst sufficiently to serve as a good agent
in ths hydrocarbon synthesis, it is.usvally only necessary- to treat the unree
duced oxides with nydropen at 360°C. "If ths same treatment is glven to the
still inactive iron catalyst, no improvement in activity is observed and the
catalyst is still not capable of performing any work, ¥hen the iron is troated
with hydroren at 300-hS0PC., it is converted into a black substance which 1s =
‘ferromagnotic-and-has the-composition; Fe 0,  This substarce does not catalyze
the reaction batween CO and Hyo However,”if the catalyst is pretreated as CO,
1ts activity may be increased enormously, and in that form, the catalyst is well
suited for the synthesis, When CO is used for pretraatment, thé catdlyst is
more or less reduced depsnding on the temperatures at which the treatment.is
carried throwrh, at the @ame time, carbides are deposited within the catalyst,
vhich causes the granules to loosen up, The treatment with CO or CO=rich gases
An peneral 1s called induction of ths catalyst. -

1. Induction with CO~la mixturs during tho synthesis.

. 3¢ .VWixed gas and atmospheric pressurs, If the precipitated iron catalysts
“are indicked? with mixed gas (CO-H, 15 equal to 1:2); this is best done at atmos
pheric pressure and at 235-250°Q,. - Under the conditions of the normal pressure
synthegis, the contradtion reaches a value of 30 percent after operating for 3 .
or-li-days. at-235°C.-and L 1tters: of -mixed-gas-psr hour- per=10-g. of “$ron, The
time which is necessary to bring the activity of the vatalyst up to its full
strength through the ‘action of the synthesis gas corresponds to.ths -induction:
period, At atmospheric pressure, one can obtain as much as 50 go of liquid and

solid hydrocarbons psr cubic meter of .pas at average -contraction of 30 percent, -
~and for a length of tims of 3 to L weeks, The CO'of the mixed gis is approxir -
‘mately all used up, but a large excess of hydrogen remains in. the.end-gas, (Fig=

_;rr9.1=,;gu;'vq 1 s.‘_n'q@_’sf the' obsex;ﬁd contractions for' thiﬁ"—i:pnvetsion)T L !
1 45 alloried

[N

- be g_o_'.-'_-_g‘ich gas and ftmespherdce ¥ ressu'r_‘é_'. I the 'tiro'n.c'a{ alyst
%o work in presence of & O-llg‘x{nﬁ‘iure\l of’ such a.pompds:l.;tion.wl\hichf@;ﬂ;rx‘espg{»_n_@t_s‘ .
.mloye c_mr'ose;\y,‘;o the| ratio; in which thew‘n two components .combine ﬂu.t'h' ons »_anoi)'.her
mpherig pressure,.) o:impxt:vemor ts in the degree of conversion may be

at atmo ) ‘ obe
-s{ervad,, "At 235°C. | the ihduction peried lasted ap roximately 3 days, . A mzLdmum
e




contraction: of | 1=‘percant was; obtapnied, - (Figure 1, durve 2); At 250

est” contract.ion(,"‘ mnely 38" porcent” 1ag; already ched afte

“(curve 3), whareay at 255°Cs, after one. day o - bh
“obtained: ®as anly: 3} porcent: (curvo W) =sifte
tlone ,,_the convnrsj.on decredies very rapidlv A
catalyst has baen damuged during the synthesls g
gasq. S

1 e /e .
atmoapheric praaaure and co icly

‘ts CO-rich gan amd ale'ated ressure, Table II* ahows a time-test for which'
a normal catalyst. was allowed to work on.synthegis gas at 15 atrosphsric preasure., '
The gas had an approximate eompos:l.t.:lon of 3CO + 2 e. Pour normal liters of this
gas were used 1or every of iromng mtmr oy
-cent after one day, after: h days, it was 30 paroent (as: compared -to -30 4030 pera- R
cent’ for the same pericd at one atmosphere),. After the fourth day, tho temperag-
ture was gradually raised, and the increass in contraction was obaerved through
sevaral days, On the eleventh day, 2k percent. contraction was reached at 260°C,
When the temperature was raised to 270°Co at first, no further increase in cons
vergion occurreds. At 275°Ce, 37 vercent was méasured, and at 2§0°C,, '36 percent.,
Only when the temperature went up to 290°C., did the contrach:.on go up to 50 per~
‘conty

Table II,» Induction and Synthesis at a Presgure of 1% Atmospheres

- Temps, Contractlan, S _Temp,, Contraétion,
Days oCo . percent Days o0y psrcent
"1 2ky b 69 268 37

L 2kg 10 75 280 L7
S 250 13 - 90 280 L9
7 253 17 98 283 L
11 260 2k 106 285 L3
13 270 - 2l 130 288 . L3

1 275 37 140 292 B 11t
23 280 36 150 290 L7
60 290 50

“Yield determination for ths third month of . operation at 280°(w
. COg sk 0y co Ho KV cz N>

Starting gas 2a¢  Uo0 Us2 D3.0 33 T2 1.0

. lng
Final gas 55,6 3k 0.2 11,5 1.7 9:3 1.7 Buk

Yield per normal cublc meter of ideal gas:. 3 go of paraffin, 93 go of liguid hydro~
carbons, 32 go of gasol hydrocarbonso. - . . P o, '

Next ve wanted to see whether ‘this ence-obtained converalori coulé be obtained.
again after lowering the temperature, At 268°C., the contractio fell back to
37 parcer]‘oc At 280°c%,. homtfar, .E better convarsion was n :!.c:edLl thi

_month of operation than was| obtained after one months the meantime, a sl
“indvietion: of tha catalyst had taken place, Im order to na; tain the ct‘ ntractwion
at 40 'to |50 percent, the tempcrature ‘had to be-raised:in t\he fourth and I‘ii‘t.h

Amonthg of operat.iono ‘Mter\ five rw‘uontha of opc\ration\, 11; "Fs Joo\aco \
x ..8 -

g




Wiken the catalyst was sﬁbj_ééta;d?f"té- workini cohditions at higher pressures right
from the beginning, the process of -induction vas inhibited and especially-was
the catalyst incapable of working at low: temperatures, -On.the other hand; at a

pressure of 15-atmospheres. and using a CO-rich synthesis gas, the temperature.

of the reaction could be raised to 280=2907C,, without causing-a rapid decrease
in catalyst activity, such as was observed at one atmosphere pressure. C

Thesé reauits--uéré ‘obtained. wi;h iﬁon qatélysté whiéh:-hgd"- b_eeh:i‘p?qpa?ed' ih very
diffarent ways (Ferro and Ferri catalysts), Some of them contained copper, others
did not, ' oL e o , :

2, Induction with CO and My mixtures in & process separate. from that of the
synthesis, S ~ . -

'3, Induction at various pressures and synthesis at 'ordinag pressure, It
nag attempted to find out whether an increase in act vity of tha catalyst can be
reached by carrying the induction through independent of -the .synthesis. We
wanted to find the optimum conditions for both the induotion and the synthesis

.83 _such,__In order. to.investigate what effect the-pressure -has-upon -the-synthew -
sis at atmospheric pressure, the experiments listed in Table III were undertaken,
“e inducted for 20 hours at 255°C, with L liters of normal gas per howr per 10 g
of iron. The gas had a composition of 3CO + 2Hp, Then we used: this catalyst in

-a synthesis with a gas of composition 1CO + 2lip, Four liters per hour per 10 Eo
of iron were employed at atmogpheric pressure, The degrees of conversion during
this reaction were measured after 1-1/2 hourg at 255°C, o

Table III.- Infltiencc of Induction Pressure Upon the Synthesis at, Atmos, Pressure

Induction pressurs - o
- atmospheres * 85 b7 29 2.0 1,5 1 . 0,5 -0

- Synthesis, 5 12 12 28 25 28 32. 30
contraction percent ‘ oo

The results shawed that elevated. progsures. impede-the.induction, -¥hen the-indues -
tionh pressures mere bolow one atmosphere, no essential impravement could be.noticed

during Ehe’,syptheqia at atmospheric pressure, - . o e
be Induction at ordinary pressure and synthesis at elevated pressure®. For .

this experiment, we worked an iron ca _Which was precipitated with sodium’

carbonate and anothar 1ron§cat.a1yat'pmc§.pitated with ammonia, Both catalysts vere

degerdl .rl,.ﬂarltexf‘antcfantanne,d‘I/)? pexcant. pqtassitm cartona‘_ter L |
*During. the ex arimant, it was ixl,t.éri;d;zc‘ to study the ‘influence Whdch Lhointuc-

‘ ha exk
The influcnce of 1‘the various.

- tion procedura has uponthe activity ‘of thcw‘l catalyst.” The calalysts were
‘am:Lned‘\, under' gortudn Lixed synthesis coniitions,
: ;syntho

sis --condi’di’bm‘(is,‘161211130’\19@\;[65' in "synthesis",

- 9’



a contrqction ‘perce nd:of"- e

%0 15 atmosphares, andx'e 5"0 "ediatoly the contraction wont up to ‘30 purcent
«hmver,«-on*thc« -Sacond-day;~ -bywag-only-33- pa!'cunt"'"and ontha- third'*day 30~par~"
centy. The tempa\'ature of. 235‘“60 proved too ﬁcw to agsure the maint.enanoe of .the .
contraction of 50, percont wvith tl’\is catalyeh ‘Next weo. pretrosted the sams iron
catalyst: with mixed gas at atnospheric pressure and 235°C, - The’ contraction at the
‘end of the pxetreatment was—}@weenh—mext we switched over to 1¢ atmosoheraa
and’'a CO-rich gass At 235°C, U3 percent contraction was obtained and 47 percenb
at 250°C. _TIn ordsr to maintain the ggngzagzigut,hs.sg,pement,.thmmpnnatum_
had to bs raised to 257%C, within 1 dayss | .

Tha iron catalyst whi.ch was procipif.ated with amnonia vas induoted with mixed gas
at atmospheric pressure and 2LS°Cs The contraction reached 31.5 percent after

5 days of opsration; Thsn wé switched to co-ricg synthesis gas (3C0 + 2Hp) and
operated at 1% atmosphoroa ;pregsure, Table IV g the contraction after some
time of -opsration, and the composition of the synthes:ls gas and of a reaction gas
obtained at 250°c°(hth day).

‘Pable 1IV.= Synthesis at 185 Atmos heros with Iron Catalyst
. chipﬁaﬁa 7Lth Ammonia and Inducted &b 1 %%me

_Temp,; _Contraction

" Days oGy percent
1 ‘ehé‘ 59
2 2l 8
L 250 53
5 250 L9
10 252 L6
20 266 51
50 25% 51
100 265 55
TaeLal Tae 002 SKW 02 He xv CzZ N2

itlel Cas — 3. 00 0.0 ?;"lf 7300 o L.z
Pinal Gas 538 34 00 1k 162 632 2,0 9.0

This’ axperiment gave a ctmbracﬁiion of 59 percent; on- the fh-st dq\r of operation ‘and
and at 245°C. . In order to maintain the highsst possible yields and a contraction-

of 50 porcent or abovs, the temperature was. gradually raised, : This degree. of conw
version could b6 maintained for more than 3- months., Aftor 100 daya of gtperation,

the temperature had risan o 265°C;:

This qnxper ent shows that tho reaction temparatx e comld be 'lowered by 30'to 40
dogre«ia ‘when the- catalya was uated at atros; xter:lc press  as p ared to t]
temparature of the. reaction when the induction {ps carried-out-at-15-atmospheres,
The additional incredss in activity which the catalyst acquix‘ed during m\ductiom
at onﬂb atmos\iphere (remumad :lntwact for the- mmtire \duration of . ‘tha experime\nm ‘

) }-- 10.;.. :




vated 'reeaurc, : v
Aron catalysta Wwere mducted rd.th ‘CO=rich gas (3
‘vardous temperatures, . The induation lasted for: 25 carried out bow.
tween 2550355°C, - The activity of, the catalyst was ed w ynthesis gaa
-of-aompoasition- GQ-BriswqunLt.om}:ew‘l‘hawpmssmwdm-w the-t yntheoia*waswl —
atnos,, and the temporaturs 239°C. Figure 2, ehows the decreagse of. contmetion

with tino at a constant_ synthepis temperature of 239°C, (L 1iters of gas por 10 g, .
of iron.per hour). When tho'induslion wag carvied out.at 255°C,, the contraction
dropped below 50 psrcent already on the third day of the: synthasia , a8 the induc=
tion tempprature was raised, an increase in the catalyst; 1ifetime was: obsorved.

%hen the: induction. tenporature was 315°C., the ldmit of :
was passed only after more than a month of oporation, Hhen ‘the. induction was oar-
ried-out at higlzar tmperatms, the lifetime of the iron ‘ratolyst decraased ‘again,

Table V shows an examplo where a catalyst was inducted ‘at 325°C. and- 1/10-atmos= *
phere, The tabls gives temperatures and contractions for 200 ‘consecutive days of
operation. RBesides, it also gives thu inftial and final gas analysis on the 10th,
100th, and 200th dm of operation. The synthasis was continued at 235°C. ag long’
as the contraction did not fall below 50 percent, as soon as it did, ths. tempera-
ture wag slowly raised and only raised enough to assure a. maximum contraction,
Only after. operating for 2 months, did the temperature go above 2h0°C°, and after
3 months, above 250°C,

" Table V.- Results of an Iron Catalyst Inducted at 325°C., with Synthesis Gas

Induction: CO=-rich gas, 1/10 atm., 4 liters per 10 g, or iron per hour, 25 hours,
Synthesis: CO-rich pas, 15 atm., !: liters per-10 g, of iron per hru Temp. 235°= up.

 Temp., Jontraction . Temp., Gontraction
Days °Ce percent Days oC, percent
1 239 €6 100 252 52
5 235 56 110 28 L8
10 235 ot 120 256 L8
20 235 52 130 .25hL 56
30 237 L8 140 269 L7
ho 240 52 150 270 L3
50 2Lo 50 160 270 L7
60 2kl 48 170 277 L
() 27 53 180 278 L3
80 ZEO 5h 190 272 ké .
90 - 249 53 - .- 200 213 - h7
C02 s 0, co lp o cz  Np-
Eﬁgﬂs oA 2°h Ooo 061 .5205 c 37.6 N ‘0¢0 R - 603
ﬂnal gas 6108 2.8 ) . .D 196 \1202 . 702 1_39 ‘ m::h*
"100th d : - ; . Sk
_'i%%ra%a:g. 2.0 o.«k ' i.? 5346 37,0 -°L3 1.0 | 59
ag . 5300 - 20! - Col, .. 801. 150“ - 8\»3 . 109 } Ro? |
Sotan ﬁg R I S I S (e o -
- m —— n 293 09(3? : C\'oa - 5700' 319.3 .01@ L loo ‘ ,}706
. Fiﬂ\al gﬂa‘ : h803 . 20&‘\; Cr.l 15nh #laol‘h : 5!%6 109 "‘ uloh

Cemat



'!'he“‘ cntraotion decreasod durine the 200 days o ‘operation. frm’ 56 to b parcent.u
The: oomponit:lpn of: the' -final gos ‘ohangéd sharply:during ~few days, "

over 1ittle only during tho following longor-time ope 1,0 go-of go1dd’ aml
uquid -and: gasol hydrocarbens wore: obtained -at the end: of  the gecond wosl of oparae
hY w..., ~Of tﬁl;ia, n g., Fonau.tmd gasol hydr arbbng,q;;'

Io'rqm 'l'abloa I %II At may! be obsemd that a' contraction ‘of 50 percent, results
from a catalyst which was induotad at 1/10 atmos, and 329"6. when the reasction
tempsratire 1s-235°G, “Whan ths catalyst was inducted at:'ons atmosphem and"245°C,,
a S0 percent contraction resulted at: 2L5-255°C, :For a catalyst which was inducted

at’ 15 ‘atmospheres praqaura, a temperature .of 280.290°c. is required to produce a.

’SOM tigme

Influence of ths :lnducti.on presaure upon thé thesia at elevatad pres»
ure 1nduct;lon Tenperature, 3259C. ), ALLer wo had. f%mor an Induction

. pressure o atmos,, optinum: induction temperature was 325, we once more
investigated the e!‘feob of pressure upon the induction at_ that temperature, Tabls
VI showe these’ resultso The induction was carrded out in esach cese for 25 hours
with'a CO-rich synthea:le gas, and the catalyst was. tested at’ 235°c.. with a gap of
cemposition 3C0 + 2H; at 15 atmos,

Table VI.-’Influunca of tha Induct.icn Preaswe bon 'bhe COuree of

Pregsure Iength of Operation in D _
atmos, ’ P 4 b 10 20 §U
g B Contraction, percent

15 30 2 15 — — -
1 56 s& 59 50 b - 50
0s1 5 6 6 5% . 5 L8

The table shows that ths catalyst possessés only slight activity when inducted at
15 atmospheras and 325°C, Vhatever 1ittle aoctivity it had, it was lost rapidly,:
When the induction was carried out eithsr at éne or at 1/10 atmos. and 32%°C., in
both cases the same depres of conversion was obtained for thy £iret month of the
synthesise ' :

3; Induction with CO,

It was reooguized that hydrogen alons.can not be used for the 1nduction of. iron
_catalysts,, Vhen CO and Hp mixtures are employed and. eapeoially is this trus for
temperatures of 300°C, -and above, the danger exists that ‘during the induction,’
products are formed which will block:ths. astive centers- of the cata].ystb For
these \reasorua, ve have e;perinmted wuth )Ti.roga -frea ‘Coo

‘w12



e R erature at 1/10 atmgsphere pressure,::
3 order to 13m0 OpLAI S GrpeTature, & 6Ories of GXPOrIMGNLS vas -
undertaken which were analogous to that when synthesis gas was used for the in--
‘duction ‘(compare: Figure 2), " The induction was carried: out: for a longth-of .25 -
“Hours -at_1/10, atmosphord, and difforent temporatures. using CO. Four litérs per
hour of CO roferred to:one atmosphere pressure wore used for overy 10.g. of iron.
The synthesis which followed tho {nduction wag carriod out with a gas of compo~ -
sition 3C0 + 2Hp at-a-temporature of 235°C., and prassure-of -15-atmos,. The-flow-
velooity of the synthosis gas was L ‘liters per 10 g.-of iron per hour, Figure 3.
shows the behavior of the catalysts which were inducted .at 255°C.; 305°C. 5. 325°C,,.
28°C,, and LE0°C., using CO, The catalyst which had been inducted at 325°C., -
proved to b8 tho begt ones ~Duxing the firat—20 days of “theg synthesis;~the con=""
vorsion gradually increased from-50-to 55 porcent contraction,--Up.to the-end-of-
the fourth month and at 23%°C,, a constant conversion corresgonding to a 55 per=
cent contraction could be maintained. The catalyst which was inducted at 3L5°C.,
causod a contraotion of about 50 percent for 80 days. . Lower-induction tempora-
tures such as 255 .and 305°C.. and higher temperatures such as LOO°C. showed: less
favorable results. - o Co T T

A comparison of Figures 2 and 3 shows that the catelyst which had been inducted
vith pure CO instead of CO and Hp mixtures showed a longer lifetime, This can
be said to hold for all tenperatures. When the catalyst was pretreated with
pure CO, the contraction decreased helow 50 percent on the 12th day when the
-induction tempsrature.was.255°C, . When .the. catalyst was pretréated with synthes.
sis gas at 305°C., tho decrsase in contraction below SO percent occurred on’
the 12th day as compared to pure CO for which the drop balow 50 pergent took .
place after the 25th day. Similarly, for an induction temporature of 325°C.,-
the deérease in contraction below 50 percent occurred on the 2iith day when
synthesis gas was used and when pure CO was employed instead, under the same
conditions, the same drop occurred at the end of 120 days, 'When the catalyst
which was inducted at 325°C., was used, the synthesis temperature had to be
raised after 130 days of operation, Vhen another patalyst inducted:at 3hsec,
was employed, the temperature had to be increased already after 80 days, Some
operating data of these experiments are presénted. in Tables I, VII, and VIII,

'Results of Experiments Carried Out mﬁahlqrnxm ron Catalyst Inducted at 325°C, with CO.
Induction: CO, 1/10 atm., L 1liters per 10 g, ‘of iron per hour, 25 hours, . _ =
Synthesis: CO-rich gas, 1S atm., L liters per 10 g. of irom, temp, 235°C, and up

' ‘ Temp,,  Contraction -~ . ~_Temp,, Contraction
Days ©C, . ‘'percent  “Days ©C. percent

1 35 L7 BT R R

2 a3 50 160 - 250 L9
5 —235 50 180° 251 © - .50

10 2% |5 |200 | 280" |

20~ 23/, s 250 | 265 50
50. 235 el 300 263 —h3-
1100 235 - |8 1380 | 270 L0
130 | 238 W7 IS N




o dag S o 0p €O iy
‘m?é N ¥ SN B —
‘Final gas© 57,0 ' 2,6 " 0,1 6.3 A 2 ..Q 10.5
.!lOt.h»d% . i, , . R
v 1 gas 2.5 0.0 0.2 Sha7 o0_ " LS
mal 838 : 6&00 '2‘09 ~ 000 205' 109 FR 900

'1oor.nd§ o ~ o T S
gas 305 0,0 0.0 Shoh 37.1 Ooz . 1.0 hna

mhi; ges  6l2 3.3 0. 5.2 112 9.0 1,9 10,0
Taitial gas 2.0 0,0 0.2 5.6 3L.0 ‘o.e 1,0 6,2
Final gas h&. 2,9 0.2 189 108 8.5 L9 122

Yield per M3 of ideal gas at the UOth dey: 180 go liquid and solid hydrocarbons,
g. of gasol hydrocarbons,

nooow L 70th * 105 ¢, liquid and solid hyirocarbons,
3 .+ -~ kS'g. of gasol hydrocarbons,
L non © owe 200th " 110 g, liquid and solid }wdrocarbons, '
L7 go of gasol hydrocarbons, :
n noon noon 300th " 110 g, liquid and soldid }wv‘rocarbons ’

gasol hydrocarbons, not determined,

.The experimont with the iron catalysts inducted-at 325°C, lasted-through one year
This catalyst gave a constant conversion for L months at 235°c. , thereafter, for

the time to follow; in order to maintain this conversion, the temparature had to he
raised slowly up to 270PC, - The ylelds remained approximately the same for the whole
time of operstion. They amounted to 105 to 110 go of liquid and solid hydrocarbons
and bL to L7 g, of gasol lwdrocarbons rer normal cubic meter of gas.

Table VIIX
* Results of Exporiments Conducted with an iron Catalyst Inducted with €O at 3L5PC,
Induction: CO, 1/10 atm., L liters per 10 g, of iron per hour. 24 hours.
~§ynthesisz CO-rich pas, 15 atm,, 4 liters per 10 ¢, or iron per hr, Tempa 23%°C. = up,

. - Tempo, Contraction,
Days  °C, percent . -

1 235 50
5 235 50
10 235 51
20 235 51
4o 235 53
60 - 235 52
80 235 L9
1000 248"
115 | 250 L9

o Tl % e m Wz

: —m gﬂ‘m 2,2 | 0,0 o,{o T B3k ] 396 00 e ko8
. Final'gas| . 57,7 | 28 0,2 (61 | 13,8 839};;2 19 110:8




‘oporation and:at.235°C,, the' catalyst vhich was: inducted
at3L5°C, "gave 10 g of 1iquid and solid hydrocarbons and Ll-g.-of .o
gasol. hydrocarbons par normal cubic moter of ‘idesl pas.” Near the end"of the fourth
month, ‘ the' temperature wis 250°C.; and tho contraction was still approximately 50 -

~percent..- . ’ o

The end=gas cnalysas of those instances whore a catalyst was used which was in-

-ducted with CO at 1/10 atmosphers and 325-2L5°C., show no essential changes dur~
ing many months of operation, This {8 in accord with the constant contractions

observeds - :

bs- Influence of induotion pressure, A Series of pressureé experimontsa was
carrisd out WLth G0 which was anulogous to that run earlier with synthesis gas
(see Tabel VI). Table IX shows contraction for various lemgths of tims of the
eynthesis, The induction pressures of the catalysts were 15 atmospheres, one at-
mosphare, and 1/10 atmosphere, The induction time again was 25 houra (L liters

per hour, the induction temperaturs 325°C),

During the first days of opcration, all thres catalysts gave good conversions,
The aotivity of the catalyst which was inducted at 15 atmoSpheres, however, de.
creased during the fourth week, whereas, the catalyst inducted at'1/10 atmosphere
remained intact through 3 months.® ~

e Pable X
Influence of the Induction Pressure
o use of CO)

(at an Induction Tempcrature of 35°C., and th
Upon the Gourse ol the oynthesis at 325%C,

Days of Operation

Prassure, 1 10 20 25 - 30 o0
atmos. . Contraction, parcent
15 58 52 L8 -ho — -
1

0.1 51 55 sk 56 sk

A comparison of the rasults of this investigation with the results in Table VI
shows that the catalyst acquires also higher activity when it is activated at
elevated pressures with CO instedd of with CO~Hy mixtures. ‘

: ¢, Induction time, During ths induotion at reduced pressure, approximately
100 1iters ol CO per 1U g. of iron wore lead over the catalyst. At the required
rapid rates of gas feed, only a small part was used up, The larger part of the
unused ges may be used ‘again for induction after the COp which had formed was ree-
moved, - _— - : . S ‘

. *DurS{Lng t ‘b ‘induehticm a'rcleiev’rﬂed 'p:\‘ress'urm‘a ---—'-comj:‘:‘aratwgly large quantit’iﬁFs of

carbon ere -depcsited on the Acata];“yato th\'nantiﬂpativp ‘Mt“a‘ cim this‘ are ‘given
olm{mhgre# ] B , ey ekl

-1$.



\Thé induction process may be following closely. by checkiny up on the:
‘tion,..Curves.) and 2, in Figure L, represent the C0p quantities forme

“atmasphere and-325°C, per hour for ‘avery 10 -&"g‘--~o1‘1»-viron,,a>~;-Inf“_the ase of ourv
_the temperature of 325°C, was_reached aftsr 2-1/2 hours. . In. cas 6.

this same temperature was reached after'l-1/2 hours, During this & gﬁ;ﬁg‘.,:péntndv
~therYow velog 1tF of ~theCO amGunted t6™ i Yite¥s T Hour 1 ot oAsess— Durdng
the experiment rephesented by curve 1, this seme flow velocity was-maintained. -
all through, th fléw velocity of the exporiment ropresented by curve 2 wis L0
liters per hour,/ With L liters por hour ¢f C0 in the baginning, one Yiter of .
CO, wag forméd p‘ar houry . The coz‘fomatioﬂ gradually decreased, Approxihately,
ateer 25 hours of operation and after a temperature of 325°C, was reached, the
-G0s—farnation-approachod-a-cons tant-minimum-value-o0f-0s2-t0-0o3-1itdra.-per-houss.
When 4O liters per hour of CO werd used, the COp maximum value amounted t0.8 °
liters per hour and after operating for 2-1/2" hours, the constant amount of ap-
proxiuately one liter per hour was obtained, In both cases, it was nacessary
to pass approximately 100 liters of CO through the apparatus in order to obtain

a constant minimum quantity of COp, During éxporiment 1, altogether 16 liters

of COp wers formed, during exporiment 2, only 1l liters, The CCp formdtion is
caused through the reduction of CO and through the formation of combined and

frae carbon according to the equation . . '

2 CO = C + COp:

For the flow velocity of experiment 1, more carbon was deposited than during
experiment.: Noo 20— : : : e U

Four experiments are listed in Table X, Experiment la and 1lb belong to the CO,
curve 1 of Figure L, experiments 2a and 2b belong to curve 2, In the case of
experiment la, formation lagted for 25 hours and was carried out with h liters
per hour at 325°C, In the case of experiment 1b, the induction lasted 2-1/2
hours, for experiment 2a, L liters of CO por hour were used for 21/2 hours at
32%°C, Experiment 2b lasted 20 minutes. The points at which the induction
was terminated and where the symthesis was started are marked by a-cross on
Figure L, The following synthesis was carried out in all cases at 15 atmose
pheras and 235°C, As-Table X shows, .after 100 liters of CO had been passed
over the catalyst during expesrimentsla and 2a, a good and lastinp activity of
the catalyst had been createéd, “hen the induction was interupted before the
C0, formation .(experiments 1b and 2b) declined catalysts were obtained which
gave good initial conversion, but which lost their activity. rapidly.
Lo " Table X ‘ :
The Influence of Flow Velocities of CO upon the Induction Time and the Course
. of the Synthesis . -

.. Experiment - . la- 1b ., 2a 2b
Iiters of: CO .per hour R b ko - 40
Induction timegy hours | - 25, 2.5 . 2.5 0.3
Totarl quantity of COused | 100"~ | 10. 100 12
SR A ' Contraction iﬁ pechpnt-fo:L thewynt.hea&s_ ,

1st| ‘day. Ly 15[ 53 |53
2nd - day g0 | 80| -l 130
Sth _ day- 80| 300 T80T | e
10th day” 0L s | e W9 e
20th day 5 - -m& R
30th day- B el B e



23, and 2b) tlis flow velocities of tho gase
ere sufficiently large to ‘remove the CO5
through. experiment. 2a,

'In’all of the expariments (14, b,
-at. & pressure .of .1/10. atmospher
" tho catalyst ‘surfatq, - The:catalyst activity obtdine 8y Wal
-squal ‘to that of 1aj in spite of that: facta that tho contact tine betwean th ;
guaen. and the catalyst was greatly reduced and the. 02 formation in case: of:2a .
was much lower then -In the capa of™1a” (Yews garbon was-dspos 1ted-in-the-catplyst
during exreriment 2a), - This constitutes: an:advantage, - ’

For: comparison, Figure & ‘also gsves uns. qomésp‘ondi,ne( COo guantities for an e
duotion at one atmosphere, ourve-3 (see also)the oxperimental results given in

_fable TX),. A CO flom veloedty of L Xiters per hour was used (analogous curve 1)

Curve 3 shows.that_during.the progess.of. induction more CO, was formed &t atmos-
pheric pressure than at reduced pressure, this means ‘that 8150 more sarbon was
depositeds . -+ . - ; : -

‘de Nixture Of GO with other gases, Mixtures of COp and H, have been dig~.
cuséed alreadys 1N Feneral they gava more. unfavorabls results at ordinary-or
elovited pressurea than pure CO, - This may be: explained by assuming that syns
thesis products. formsd and blocked the catalyst surface, -

The presence of CO, or watersvapor impedes the reduction .praceaa , and therefore:
should be avoided ¢ possibley

“The presence of small quantities of inert yases espacially-of-nitrogen,-cannot.
be avoided if the induction 18 carried out on a technical scale, large quen-
tities of inert xases impede the process of induction. Ve have found that it
is favorable to work at 1/10 atmosphere pressurs using CO, It is not permissa-
ble to use a gas mixture exhibiting 1/10 atmosphers purtial pressure of CU and

‘ 9/10,..atmgsphere partial pressure of nitrogsn, When an induction 1s carried out
under those conditions over a length of time of 25 hours with LO liters-of CO-
nitrogen mixtures par hour (total flow 100-liters of C0), a catalyst is produced
which will give only 377 contraction ‘at 235°C. When we worked with a CO-nitrogen
mixture of a ratio 1:3, an induction carried out for 10 hours with LO liters per
hour of gas yielded an iron catdlyst which gave a contraction of 50 percent
through 3 weeks.of operation at 235°C. and 15-atmospheres, . :

liy: Theory of Induction Process.

Ithag:been shmtmt‘mimr’tﬁ:prwucemmuw ir on cata]yﬂt a pratroatment
of the catalyst with CO ‘of CO~rich gages is required-at temperatures around 260
350°C, - Furthermore, we have recognized that this process which *e call induction
has to be carried cut at lower pressures than the synthesis which is to follow,

vie  found that induction with CO and-Hp will give a lower activity than.when CO-- -
is used as such, Our explanation for this phencmena is that already during the
procegs_ of .induction liquid an:t 80lid hydrccarbons are. forming on the cat lyst
‘t;;rfaq ‘and crevent the activating gases from coming 4n contact wi'tlﬁ the Jata-
st e e bt Bt _

Indugtion with Hy has nob been| found jpossibles

\- 17 ‘e



The ‘action.of GO upon tha {ron catalyst is £undamonta1]y different from the ace
bon of ‘lgs " ‘First of all, the:reduction: into iron’ oxides procceds’ d:u‘forently
than, 1t does with o' aecondly, by using €O, tho catalyst’ structure is loosened:
bacause carbon 18 deposited within:the lattice; and third‘.ly, carbides are” formed.

whan.,co__ia nseds.

n‘ one dim'egards .diffusion, aintering, ‘and ‘carbon deposttion, it.is’ known from
the 1i.erature that the. reduct:lon 1s’ accomplished faster with hydropen that -~
aith CO,  If one works with CO, huwevar, the catalyst lattice is loosened up to
wich a degreo that rednot.ion pronelses “oan take place rapidly with CO, - .

l'he prlmary pmceas dur:l.m: tlm raduot.ion 18 the formabion of ferromagnetio FQBOho
It was formed during the ‘reduction with CO as wall as’ wibh Hy; and 1t mey also "
be obtainad by precipitating a mixture of forri and ferro s t.s with alkalies

and. following dehydrogenation, .. liowever, it possessen no. catalytio action 1n s0
far as the midd.le-prosaure synthesis. s soncermed.

Next let us disouss the equil:tbrmn conditions for the systen iron, carbon,
oxypen. It depends on temporature, yas pressure, and the ratio of CO to GOy
contained in the pas. Figure Sa refers to atmospheric pmsaureo This oorres-
ponds to results of investipations by R. Schenck (12), The dotted curves were
obtained by U. llofmann and &, Orolld (13) through calculations. Figure 5 ghovs
the equilibrium conditions for 1/10 atmosphere, The Fe30h- C curve was cal-
culated-by -taking -into -consideration-the-pressure- 8s-a: variable.--The-other - -
urves were campiled through .data by Schenck, '

Jne can see from Figure 5 that at tamperatures of below 550=5602C. , no Fe0 18
stable (Schenck termed this wuestit, because it always contains Fe, )o At low
tenperatures therefore, the reduction of rejoh nay be accomplished without goe
djng through the Fe0 phase,

Tha ‘metallic phase is only stable above tenporatures of "50-600°c., (accordin('
o Schenck, it decomposes into oxoferrit containing oxygen and oxoaustenit cone-
taining oxygen and carbides), It is assumed therefore that -at lowsr tempera-
tures, the carbide is formed by the direction action of CO upon Fe,0,, - This is
believed to take place over unstable ‘oxygen deficient . ih the: hmedlake compounds
Hofmann and Groll mede Xeray analyses of the bodies which one obtains from CO
and iron, Below 655°C., they werse only able to detect small quantities of frec
iron, ¥e have found that the redustion of the higher to-the lower oxides of iror
is indopendént of pressure, It only depends on the ratio of CO to (:02 ‘and the
temparature, Radsing the pressurs favors' tho formation of carbides-and: carbono

In presence of 100 percent Co, as 1t may actually ocour in somé instances with
high flow velocity, at oneand at 1/10 atmospheres, only iron carbide is stable
:ln the oqui].ibri\me :

CIf eg to com to quim\bri\m or the inter tiar of pure CO upon
meta mc 1 on, “lrst of all carbide: has $o0 be formed, At the same timeE the .
0o obtained exerts oxidizing inflience wpon the irom, It seems plausible
thatb for the_ induction of an iron patelyst, low presgures high CO veloci:
t:lem are mdvantaxge s:lnce‘ these facto1m lowm' the 002 pertial pressu\re and\

eff«rct a zapid qemovai of* the c02 o the catz\uyst, :

—1fa



N " m i n s : 'f'. by

1915 (110). F ‘ “ha poa diy ent.‘.lo & :
‘tion.of higher oarbiﬂea a8 mtomad:late products:durin ha: banadna, synthos.
efd, . Fiscker -and Bahr: (15) ‘also; degoribed:guch an ‘dron cavrbids; ' Gluud: and

hﬂe cavorkers (16) ‘gave the formula FepC to this {ron carbide,  The Xeray”

arlalysos- of Hofmenn and Groebt’ ‘have ascertained that: s ‘emparaturea of: over
100°C., this carbide becomss.ungtablo bectiuse it splite off carbon, ' It'is
asgumed that this decompoaition occurs under tha !‘omation of ocm_ntit and

free carbono

I‘.tttlrearWsaﬂmbwthltbrtm-emdiﬂomMMs-ow&he«higherkenr-—
‘bldes, - Figuro 5 therefore doss not.represont curves or.arcas.referring.to .
tho existen x of -this carbide, It seéms probable, howevar, ‘that - for their
formation. 1w temperatures. and high €O concentrations are required, These
conditions corraspond to t,he ‘optimum induction comtitions for the iron syne
_theais, Therefors it. appaars very. likely that the prasence of these com=
pounds’ in the cat.a]yst iz very ‘egsentlal for the degree of induction ob-
tained and r the course of the synthesis to. followo '

It is dosirgble o cowrse t.hat this carbide must be formad t.hrough a proper
pretreatnent vefors the synthesis is undertaken, Furthermore, in order to
keep'tho synthesis going, this carbide should not be used up, Inmediately
.after the induction the synthesis reaction procseds: gatisfactorily even at”_‘
low temporat.ures (for inatance, below 220PC. ) - + .

howevor, the . converaion gradually decreases and may not even ba maintained
when the tLemperature is raised, for axample at 230-2110"60 If the tempera=
ture would hnve been 230-)140"0., from the beginning, ‘the catalyst would- have
continued to work at this temperature, It is believed that at the low-teme
peratures the carbide was decomposed more rapidly by the mrdrogen than it
was reeformed by the action of the co, B

So far as the formation of fres carbon 18 concerned, it may be assumed that
this may be catalytically excelerated by the carbon-r:lch carbide, How far
-this uridesirable deccmposition of CO in.presence of hydrogen may be pre-
vented is still the subject of present investigationss Iosever, it is
definitely recognized that the fofmation of, carbon may be suppressed by
'lower:lng the presaure and raising and increasing the . flow veIocity of -the CO.

x ... PRI s
, . The Synthests |

- The Synthoais Gas

.. Tha opt.immn Einthsgia gas compositi comaﬁondl‘ to. the retio in vhich tT -
E he

|reactd on component used ups, The. o linitation de-that-t
- |catalyst used for:such ti eoret ure poscesses a sufficiently high
ceeds

‘nfetme, The converaio .on-iron accord ng “to. t.he g neral. equat.i‘.om
;_(p zca & n2 equam cua +00p |




es A wida reaction wator. ig: formed: accordiny, 01

Figure 6 showd the formation ‘of the rasction vater (also containg.water soluble’
or 8!\3._0*-‘Go_inpo,hnd&%&t-mou&ﬁmﬁsbmﬁFﬂMh*-8~58yﬂthQ§iq:-g§5'&ofmc@ﬁogﬂ..tlonﬁ?@
10.+ 2H» 15 used at o temperature of 235°C,  Batwesn 0'and 20 atmospheres, the
amount of reaction water incrsases from 1l to 60 pér normal cubic metsr of. jdeal
gas, - e T S ST
I-‘igtiro 7a and Tb show for 0 and 15 atmospheres, the portion of (0«0 which™ab.
yar, synthesis gas compositions was converted to water and COz, . A% an inie
tia) cbntent of 30 percent of CO in the starting gas and at: atmospheric presw
sure, 7 percent of the C0~0 aré converted to wdter, whereas at™ 15 ‘atmogpheres -
25 percent of CO=0 are converter to water, With 60 percent of CO in the start-
ing gas under-atmospharic -conditions, tie-pracess practically proceeds accord=
ing to equation (1), whereis at 15 atmospliéres, still U percent of the C0=0 °. -
are used up for water formation, ~In addition to elevated pressures, am ine
cresse in the Hp contents in the synthesis gas favors the water formation. alsoo

Figures Ba and Ob show the influence of the synthesis gas composition upon the
yields of solid and liquid and gasol hydrocarbonss The dotted straight lines
show the calculated yields by assuming the reaction to proceed according.to -
equation (1) over COp formation, The dotted pointed curves show the correse
ponding results according to-equation-(2) with-concurrent- water-formationg---The
s01lid curves show an actually obtained yield (heweeks average)s Thecretically
it should be possible to obtain 208 g. of hydrocarbons with or without water
formation for every normal cubic metsr of synthesic gas, For atmospheric pres—
sure and taking into consideration only the formation of CO, and still the
theorstically bost gas composition should be according to 2C0-1H,, for 15 ate
tospheres, it should be 1,85 CO = 1Hy (apparently an error).

Fundamental differences exist between the synthesis carrisd out at atmospheric
pressure and &t 15 atmospheres. One cannot work at atiospheric pressure with™
the theoretical CO mixture because at thess conditions, the activity of the
catalyst decreased too rapidly, 'This is not ‘the case for the middlespressure.
synthesis., At one atrosphero synthasis:pressure, a gas of composition 1C0 + 2]l
behaves best, For the £irst L weoks. of ‘operation, it gave an average of 60 g,
of solid and 1liquid and gasol hydrocarbons. ' These ylelds decreass rapidly dure

ing the fifth-and sixth weeks. - - .- e

It is possible to work well for mahy}'rnqn“bhs'lwith,-the ‘theoretical gas mixture.
and obtain complste conversions; - For the lower saturated homologes or methane,
more hytirogen is required than equations (1) and (2) demand, -Since the _forma=
tion of methane s not entirely suppressed, GO and B, are not used.up in‘the -
ratic of “1,85=1 but rather in:the ‘ratio of 1.6<1,8:1s Finally, it appears to

' ‘ et!.T jof "ths ‘cathlyst Fs‘hhegnd_-gus ;of the, "

o0

- be .advantageous as | 3 bhe 4 BAYBT & g el
.eynthesds -sti1l contains 2, sn: cess 'of hydrogen, ;. The. ideal synthesis gas:

_therefore contajns 60 pert,entci and 10 percent Hp: (CO=H, = 1.511), VWith
guch a pas. mixture, it is

‘énd gasol pex' normal cubic gmatgx‘i'jfpr;mmwf mor.hs when iron catalysts are wsed.

posaitdd to:obtain 150-160 g, of solids, Hquisls,

oot



Table XI givos the rntio"‘ of €O and Hp . for'a seriea \various synthasis condi-
‘tions, 1t pives the rat tha 2 conponent.s for ‘he initisl gas and aldo
‘tho usafe ratio.in which:,both et ononr. £-aro: ueec. up during tho sy'nthosis.

During all ‘the experimenta slitrht]y mom GO wag ugsd than would cox-roapond to
‘the-initial-ratio-of-00-and-Hy-4n-the-starting-gass—For-experinents: 1~and»2~—-
the startiny pas-contained CO and Hp in the ratios of l.lel respectively 205:
Both pases were used up in the rati.o 0.5k to respecbively 1,68:1,

I‘able XI
Ratio -in- -qhich co and Hp.are Used Up fiirIng the Synthesis. for Various:Conditions
——Proge Days..of __ Pargent. . fHutio of  Ratio of
Expo B _ sure, Temp,, opera- Con= _ CO and Iz CO and k'Y
No. Catalyst type atn. °C, tion traction initial _gas used up
1 Fe<Normal catalyst 15 236 30 56 1.41:1 1.54:1
2 n » 15 270 329 L7 1.81:1 1.56:1
3 Fe=NH, precipitated " 1 .
1/!‘ K cog 15 255 Qh 51 01(\5 -1 10? .1
L "’;;",’;gggg recipitated ,o o), 7 b9 15 Lg9:l
[4 n 15 237 it © 50 1.6kL:1 1,78:1
6 Fe=Normal catalyst s 270 9 37 146521 17741
7 0 v " 60 254 6 g2 1.h6:1 1.67:1
S )8 230 - g g 0,638 -0.8751--
9 n n " 15 240 N 50 1,76:1 1,96:1
10 F;-N§2283 precipitated 15 235 16 50 1,75:1 2.1 :1
11 le«Na co precipitated .

?fl:l.th other experiments the difference was greater (experiment 3,6, and. 7) Fxperi-
fmenis L,5, and 10 were carried out with a catalyst containing one percent 50045
Apor experiments L and 5, the CO~Hp ratio was 1.5 respectively 1.6L:1 for the ini-
tial gas. For the same oxreriments, the end-gas contained 1,59 respectively 1,78
CO to 1H,. For experiment 10, the initial gas contains too much CO, The experie.
ment. points toward a.carbon formation, The catalyst of” this experiment only had
about half as long a lifetime an the catalysts of experiments L and 5. The situa=
tion is similar for e rimenta 9 and 11, . Experiment 8 was carried out with mixed
‘gas (CO=Hp, 1,3+5,3631);  “Hereto the ratio in which the components were used: *up
was higher than the original and amonnted to 0.87: 1o

In order to got maximun yielda, it is neceasary to work with an initial gas ‘con=~
“taining both componsnts in approximately the ratio in-which they were used up,
Initial “gases which contain less CO than is required for the optimum conditions :
(Lol=1,611) are not capable of yielding maximum yields, ‘This is because the - nde
--gas [contiins an pxcess| of - Initial geses with too: high perc pnt_of CO in
crease the danger of carbon formation and shorten: ths'lifetime of the. <atalysto
It is well to remember hers that with indreasing CO contents of the synthesis eas.

"the [reaction tem\perat.ure has| to be highel- ‘for n;aximuml yield, =

~ RS

=2l -



Be The Synthesis {résuure v
~In the’ paragraph on synthesis gas, the Yeasons have alraady boen okplained why.
1t 45 not practicable to work st atiospheric pressure when using iron. catalysts,

~-Fonewing«érewa,.feﬁ.,serto -of-exporinents. Garrded_oub.with chbtalysts having .
undergerio:. different processes of induction, . The experiments are designed to show
the influence of the synthesis pressure apon th'e_a c‘onvqrsiqno s :

First Sories of Exporiments. The catalyst used contéined iron and copper in the
Tatio of 5:lc 1% was obtainsd from the solutions of ferrous chloride and copper
chloride by precipitation with sodium carbonaté. It had been alkalized by adding
1/8 percent K,C0,, This catalyst was subjected to an induction process:at atmoss
pheric pressure for L dayd at a temperature of 245°C. (L liters of mixed pas por”
10 g, of iron par hour). After switching over to 15 atmospheres pressure, we -
carried out the synthesis by using li liters of synthesis-gas (CO + Hp = 3:2) per
10 ¢, of iron por hour, Table XII gives the results of this serles of. experi- "
mants, Contractions are recorded for 5, 15, 30, and 80 atmospheres and the necesw
sary working temperatures, (The temperaturss of this series of experiments, in
peneral, were high as compared to the induction of the catalyst.) '

Table XTI

Reaction Temperature and Contraction at Various Fressures
Fe-Cu Catalyst Inducted with biixed Gas at 245°C. and One Atmosphere

do 5 atmospheres 15 atmospheres 30 atmospheres 80 atmospheres
sDays:of - Temp,, Contraction Temp., contraction Temp.,contraction Temp., Uontraction
gperation  °C. parcent:  °C. percent G, percent °C. percaat
-
10 257 “ kb 257 k2 23 . %0 270 38
20 265 Lbs - 265 50 - 275 - 50 286 b9
30 2710 L2 270 53 280 L8 300 L8
Lo 272 ks 27 53. 287 52 302 50
50 275 LS 275 55 289 52 T - -
60 285 L8 272 52 , 290 Ly - -
90 278 50 281 51" - - - ‘-
120 v T - 285~ Y - - ‘. - -
150 - - 290 L7 - - - -

For.5 atmospheres, tha contractions obteined during 3 months of operation were boe .
tween LS to SO parcent, At 15 atnosphéres and: othérwise equal conditions, 50 to. 55
percent:contraction was obtained, Correspondingly at 15 atmospheres the ylelds of
liquid and solid-and gasol hydrocarbong were ‘approximately 10 deprees hipher. than
at 5 atmospheres, At 30 atmosphores, contractiorie of 50 to 52 porcent-could te. -
reached too, However, at- temperatures which were 10 to 15 degrecs highor, and after
the .sacond month were 20 degrees hipher than the temperatures required at ‘15 atmose
- pheres ‘pressure, Vhen operating at*80 atmos];thurea 4 1t was necessary to -increase

E erature by %-to_ 20 degroes o'*n%r _that at '3(? atmospheros "in order tochtaixﬁ

“thetem
“the sam ~degrde of conversions .




Table XIIL shows tho end=gas analyses.obtained:for u:cont 5n-of ‘50 percent,
at'g," 15, 30, and 80 stmospheros.. The.corresponding init analyses of
'the runs carried out-at:5-ant 15 atrospharescontained 56 rercent €0 and'36.1
porcent Hy; those carried ot at 30 and.00. atmospherss, 55,560 and 395 I,

e

S, ——Pable~XITI—

Leaction Gases at. Various Pressures ang Constant Contraction at 50 percent.

Pressure, Days of Temp;, : o
o, €O, sK® 0, co B2 W cz Mo

atmos., operation
5 6 257—5358 Il 87812531353 —F=0—1=H—10:0
15 3 252  55.5 3.8 0,2 11,5 . 11,6 8.0 . 1.8..2.L
15 23 267 151U 382 0.3 1.2 1.k 9.9 lb 7.5
30 10 263 51,1 2.3 0.6 1.3 1.0 7.7 lI 9.C
80 23 297 51.1 1.k 0.1 13,6 11.0 13- 1% 8.5

The end-gas analyses show that in spite of the various pressures and the corrcs-
pondingly different temperatures, the course of the conversions does not change
fundamentally. It had already been pointed cut that at elevated’pressuros, the
formation of reaction wator increases at the expense of the formation of CO, .
Furthermore, it may be seen from the analyses, that at higher pressures, th8
quantities of unsaturated hydrocarbons decreases, and that the quantities of the
saturated hydrocarbons increases correspondingly to the necessary highor reace
tion temporature, The increased consumption of l, is well expressed in the rae
tio in which CO and I, are used up. This usage ratio for the various pressures
is as follows: For S atm., 1.7:1; 15 atme 1.66:1; 30 atm, l.6:1; 80 atm, L.Ll:l.

Vith respect to the lifetime of the catalyst at various working pressures, it
should be pointed out that working temperatures above 290°C, should be evoided
on account of the danger of carbon formation, The experiment carried out at 15
atmospheres showed that the catalyst had the longest lifetime., With the cata-
lyst® used for this series of experiments, a temperature of 290PC. was required
for 5 months operation and working at 15 atmospheres; the same temperature was
required after 2 months when working under 30 atmospheres, and already during
the first month when working under 80 atmospheres. '

Second Series of Experiments. For this series of cxperiments, a copper-free so=

called normal 1ron catalyst was used which had been inducted for 2k hours at 1710
atmosphere and 325°C. with a (O-rich synthesis gas, Table XIV shows the rosults.
of experiments carried through at various pressures such as 1, 5, 10, 30, and 60

atmospheres. All the expsriments were initially started at 235°C. B

. | | - o |
: \ . - : |

*+ha iron-copper catalyst, Esedﬁ !‘%r thizt serie*:;s really had a lowL-‘act.‘ivkty if come

pared |to the catalysts known at the present time. The influence of tho pres=

sure and tho existence of -an oj\‘ptimum\presm between 4 and 3“0 atmospheres, -

however, may‘:' even be observed from this c_aﬁtalyat. |




Table XIV

) ueaction Tamperaturd and Conhraction a‘o ‘Various Pressures - .
(Normal Iron Catal,vat Induct.ed with co—rIcE ﬁas aE 353500 ana 1716 Atmosph¢ro)

A

5 atmosph&ures f-'f_»:l_o atmospheros _W__BO atmosphsre ”__H__,60 atmos heres
Days of Temp., Gontraction 'lempo, Contraction 'fémpo, ‘Contraction Terp,, contrac on

Operation °C, percent OCs percent oG, ' percent ~’j*°0u ‘percent -
1 235 30 233 b2 235 53 23 50
2 - - 23k L2 235 66 230 _h2
3 235 257 235 b8 23k v 57 235 . ko
[ 250 38 238 50 - EN ] [ 52
-9 270 37 39 . 5 o~ - - -
12 - - 237 50 - - - -

This caf.alyst did not pive a conversion at atmospheric pressure and 23 3., neither
did 1t give a conversion n ‘the setomi-dayiab-250°C, (When we swiiched to 15 ate . .
mospheres and 23%°C., this catalyst immcdiately gave a contraction over 53 percent.)
At 5 atmosphereg, the contractions lis somewhere between 30 and LO percent. Hence
the conversion was still incomplete, This did not improve even, when the temperae
ture was raised to 270°C., at the ninth day of operation. (When we went back to 15
atmospheres and 235°C,, S0 percent convérsion was obtained even then). At 10 ate
mospheres and 235°C., a contraction of 50 percent was reached, This was tho caso
--also.at pressures .of 30.and.60 atmospheres,. Howaver,.in the.case.of .the ‘30.atmoss
phere run, the conversion fell off sharply on the third day and for the 50 atmose
phere run, it decreased rapidly already during the first day of operation, At GO
amospheres, a contraction of 42 percent conld only be reached on the sixth day of
ope‘ration when the temperature was raised to 2Sh°c=

j i
Here too, we found that an optmum pressure of somev'here betvieen 10-30 atmos=-
phe;‘es exists glving the highest yiolds and longest catalyst lifetime, (A com~
parison with e:rperiments recorded in Tablo V for the same catalyst at lﬂ' atmos~-
pheres shovis th?.t the. qpt:.mup pressure is somewhere above 10 atmosphcres)

Third Series of Experiments., A ﬁatalyst was used which was copperofree and had
been precipitated-with soda, One percent potassium carbonate was added, and the
induction was carried out with CO at 1/10 atmosphore. - The catalyst was prepared
by a soscalled inverted precipitation, that is, by running the iron solution .

(60°C,) into a boiling soda solution, - We wanted to'find out how long at 15, 20,

30, and 60 atmospherea at a reaction f;amperature of” appro:dmate]y 235"0, a cone
traction of more than 50_percent could:be maintained. Table XV shons that for
15 ‘atnospheres this time was 20 days, at_ 20 atmospheres, it was’'9 days-operation
at 30 atmospheras, 5 days; and at 60 atmospheres, a contraction of moré than 50
porcent could be maintained only for one dayo :

RPTR



Joon tha' Iength of. T:lme

J— 15*atmos§herae~wm20$atmoapherea.,..~w3opatmosphares 60*atnos heroa.,
Days of mp, , Gontraction Tompa, Contraction Tempo,: Contraction ’l‘empo, (‘.onErac’E’on
operation °C, ~ percent  °C, paroent - 9C, percent . °C, ‘percent

1 235 W 238 52 .23 sl 235 5 .-
2 239 LS .23 51 236 50 238 Lo
3 A 52 234 55 a3k 55 235 35
6—239 h———235 55 931‘,,,, - ho: : =
9, 238 .. 235 [T - - -
12238 2 - - e N -
20 234 50 - - - - - -
28 238 io - - - - - -

hesults of kxperiments Carried Out at. Various Pressures

The optimum pressure of the middle-prassure synthesis for an iron catalyst lies
somewhere batween 10 and 20 atmospheres, (For tagt catalysts, the optimum pres=
sure is most probably near 15 atmosphers), At lower or highor pressures, the
oonvarsion during the synthasia and the lii‘obi.me of the catalyst decreasee.

C, The Heaction Temperature.

The temperature of the following kvork refers to the temperature recorded in the
aluminum block.® 'Since both ends of the reaction tube stick out of the aluminum
block inspite of good insulation with asbestos rope, heat:is conducted towards
the outside', As a consequence of that, the tomperature in the interior of the
tube is somewhat Yower, Calibrations have shown that the temperature in the in-
terior 15 approximately lower by 5 degrees. However, no temperature correctiox}
was taken into consideration, and the. tenperaturo of the block was taken as that
of¢ the synthesis, . o

Ye paid special attention to the temperature problem, ve. endeavored to_keep

the témperature for the iron middlespressure synthesis as low as possible, This
was necessary for economic reasons, On ths large scale, the reactor is intended
to be cooled with water and a small.elevation.in.temperature-would cause a con= -
siderable increase in steam oressure, and therefore mcrease the weight—of ‘the
equipmonto

*n tlLe laboratory, ve wkrked \}rlth pressure: tubes whichl were Fmbeddwkd in 4% _
slantod m\»sition\l in th\a alwn‘lnmn b ack furnaco.» |

'925' -



1. Influence of Intustton,

It. has besn pointed out at-. another rlace that“the S.nduction temporature of t.he
catalysi exerts:an important influance upon the following synthesis. - Tho curves
shom in Figure 9, supplement tho material already prosented, - The abscisgas -
“glvesthe length of “operation in months, tho ordinates give the operating teme
peratures, and the stoam pressure corresponding to these-temperatures, All the
experiments wore carried out with a synthosis gas containing CO and Hy in tho
ratio 3:2 (b litors o8 por 10 g, of -iron per hour). . )

Curve 1 re!‘ers to a catalyst fot proviously inducted but taken into éperation
-at-15-atmospheres-immediately—In-order-to-get-naximm-contraction;tho-ten=-
porature had to 'be raised to 290°C. - The-initial contraction was hS percent -

in the course of the sacond month of operation, the activit.y of the catalyst
increased gradually so that & contraction of 50 percent was obtained., The tem=-
perature then could be lowéred down to 280°C. without impairing the yiuld.
During the fourth month of operation, however, it hal to te raised agam, and
at tho end of tha £ifth month it had reached 300°C,

Curve 2 shows the temperatura relationships for an iron~copper catalyst which
had acted upon a mixed gas for 3 days at 1 atmosphere and 2hi0°PC, (contraction
30 percent), Then it was switched to 15 atmospheres usiny the same symthesis
gas. In order to get a maximum contraction of 50 to G5 porcent (optimm con~
version), the temperaturs had to bo_raised. from 240 to .2907C..over the course.
of 5 months, .

Curve 3 represents the temperature conditions for an experiment with a copper-
free normal iron catalyst, which prior to the synthesis had been inducted at
1/10 atmosphere and 255° Co for 25 hours with pure CO. In order to get maximum
contraction of §0 to 55 percent, the temperature had to be raised to 235-272°C.
in the course of 8 months., The activity of the catalyst increased slowly at
this temperature so that in the eleventh month, the temporature could be lowered
again to 254°C, and still a contraction of 50 percent could be obtained. For
the 15th and 16th months, the temperature was raised again to 265°C., and then
lowered again to 259°c° Tabla- XVI presents some end-gas analyses for this ex-
poriment. .

hnd-—gas Analyses of a Time-'rest at Different T_peratures ‘
During 16 l.*ont,hs of Operation :

Honths of Tempo, Contraction - . - ___End-gas composition in percent .
operation ©°C, -percent ~COp  sKW  Op  CO. -1 KW CZz I
1 253 50 Lb9s6 2.2 0,1 15.0 13,2 8.8 1.9 11,0
P9 27! 52 Shd5 3.3 . 0.0 8.1 7.4 Ll 2 1.8 14,5

: 1 QSJE 50 . : (0 1 2.8 02 1.9 1,9 ‘703 ) ]P? 12,8
16 26 It 53 5 3.1 0l 8.2 0“6 : Llo9 1.9 12,6

‘ 16 ‘ 259 ‘ 18 51,Je. 3.2 0,2 991 12:6 -10.h 1.8 ,‘.05

l | g e
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The tabln ahovs thit by increasin; ‘tho ven p?rawre, the quantity. of gascous:
lnrdrocarbona formed Increases,.. On.the whole, the. end-gas analyses obtained
.t‘rom ‘the synthosia gas do not differ. too much ‘for the 16’ months of; operatiom :

Curve h refore toa cata],vat induc!.ed at 325"0. with CO. and 1/10 at.mosphereo
The~indust Lo ab~325°C,™ favilitatoloporating uat~low tomperatures-for-the first-
féw - month?, Tho eontraction remained constant at 50 to Sl vereent through
the.course of L months at 235°C, After that, the tomperature had to be raised.
After ohe year, this iron catalyst ‘did not show any advant;ages ‘any longer &8
coppared. to a cat.alyst. inducted at 25%°C. .

-Tha-oums-of-—the«ﬁgum-br1ng-out-of-what-signﬂ-ieance-.t)m-pretmatment.ot
the_iron_catalyst is to the synthesis temperature. )

2, Influence of Gas Composition,

In Table RVII, comparativa rosults are given for converstions of CO=rich and,
Hp-rich synthesis gsses at a reaction temperaturs of 205°C, (eynthesis proge=
sure 15 atmospheres).

t

Tablae XVII
Conversion of COerich and li,-~rich Synthesis Cas at 205°C., and 15 Atmosphercs
' ' Contraction
e C0z- B0y ~ €O~ Hy~ KW CZ - - Ny .- porcent--
CQ=rich sEarting ga8 2ae 00 Ue2 2UeY 3309  Ue2 1,0 h.b 20
: end-gas 10,3 0.8 0.2 52,9 28,k 26 1.3 5.8
Hp-rich starting gas 1.2 0,0 C.0 1.2 56 6 1.6 1.2 9.4 3
. ) 8.3 2.1 0.2 19, 5 5203 3.9 2,0 13.7
Table 1V1II shows the conversion of 3 different gases at 225,
Table XVIII
Conversion of CQ-rich 0ns, . of water-gas, and of
ll,-rIch Uas at 2¢5°C., ARG A% a pressure of 15 atmos.
h Contraction
) COz sKV 02 co ] & K CZ No  percent
CO-rich starting gas 2.3 0.0 0.0 8,8 33.h Ok 1.0 5.1 LS
ondey: a8 ,-32-9 308 042 "hos 15,1 ll.03 05 9.2
viater-gas, starting 1.8 0.0 0.1 L6k L3k 0.8 1.0 7.5 52
end"["ﬂs hOné h.O Oo? 80.9 2hv6 . 6 2 1 6 1505. .
h,‘,-riﬂh starting gas 046 0.0 GCJ1 20,7 58,3 0.2 1,0 10.1 L6
end-pas 22»6 1.6 0. 0,0 5h3.8 13,1 1,7 ‘18,8

p=7

the reaction temcprature can-be lower if less CO is contained.
thut s, tho-less EO is Eonver:;edo onr the same TtemperEture
NS 1m he o¥ nbl is .gal the percer t contraction incruases,!
(aa\ Tanp i ‘rely ap showvn by tl‘xe 188‘\& oxperiment of S
Table .VI) ). 0.66 relapecti voly 0.71 1 ter of CO 18‘ converted por hour ‘at 20\*‘°Co iy

(accordinf to. 'brh experiments of fable WII). hccording o Table AVIII, Y. 8 o7,

The| anslyses eh(%w thot
in th2 synthesin pas,
an increage in hp cont

and 1,23 liters por hour of 0 were consumed ab 225°C, In the last cxpor.'men
this table, all of the €O wus convorted: As long as| CO an llz—we re prosent i .thé
-gas' in sufficlent quantity tio react Tor bhe. aaﬂhe temporatures and for the samp "
~length o_f time, ‘tho cc\mvortald.quanmtiemof €0 nnd COelly-ratio- ramained :lndenwandont‘,

Y e




3. iiffoct of T00 low Starting Tamporaturos

“In genoral, ths experiments were started. ot 225°C, to 235°C,,. although good con=
vergion could have been obtained at lower temporatures immediately after the .
induction, ‘Thus, with an.oxperiment. conducted with lly=rich synthesis gas (CO-

~Hs-e—112)7-a-contraction-of-L7-parcent-vas-still-obtained-at-a-tomporature-of-
18l°C, aftor the second day of opcration. The ratio in which CO and }, were
used up amounted to 0.7:1, This roints to a reaction procesding according to
CO + 2ly = CHy + 1500 At such low roaction temperatures, the amount of con-
version decreases after a few dyas and then the results are more unfavorablo
aven after the temperature raised apain, as compared to the results one would

—obtain if operation.would have_been commenced at the higher tempera :
the start. Table XIX brings this out too. This table contains ths results
of two comparative experiments using CO-rich synthesis: pas and a normal iron
gggslyst. Zxperiment one is conducted at 235°C,, experiment 2, at first, at
C. . :

Table XIX
Influence of Too Low a heaction tomperature Upon the Stability of the Catalyst

Lixperiment 1 © oxperiment 2

Days of ~emp.,  contrac-  Temp,, contrac-
oparation ogC, tion percent ©C, tion percent

1 235 56 210 L2

3 n 51 n 27

h n 51 - . -

5 " 52 220 21

6 " 55 - 235 36

7 " 55 250 us

8 " 55

9 " 55

10 n 57

15 " 53

Tho catalyst taken into operation at 235°C. gives constant contractions of 50 to
65 percent, The catalyst which was started at 210°C. gives contraction of L2
percent after one day of operation, after 2 days, it gave 31 percent, and after
3 days only 27 percent. Then the temperaturo was then ralsed, the catalyst gave
only 36 percent conversion at 235°C, and even at 250°C,, 50 percent contraction
could not be reached, ‘ -

Lo Temperature and Reactlon Products.

It has been pointed out previously (for example; see Table iVI) that with raised

temporatures tho formation of the gaseous products increases.  Table XX shows

average ~y101d[a obtained on an iron cafalyst containing 1/l porcent e tassium

carbongte, temperatures wjgre‘23! s 270, and 280°C. | "hen the temperature was

raised from 235 to 27C°C., the ylelds of solid paraffin dropped-from 39 to b g

per- normal cublc meter. . ‘F}‘he qm‘rntity of liquid and espex:ciallyi the volatile
AN S
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Jiquid: hydrocarbons and: thd ydsol hyurocarbons inuruasod ‘at: the snne tlreo CAE
200°C, tho paraffin yields were still lower, hawever, at this tempvratura X the
“ylelds of ‘1iquid and gasol hyarocnrbons decreased alsoo R

Tablg - £X -

~keaction— -"*Yields*g -/Nm3~of~Idoa1—~(}as
tempoara«=: - ) quid . . Gasol

ture, °C, Paraffin hydrocarbons hydrocnrbons

235 -39 ' 83 . 26
270 b 9k Ué
280 2 82 35

D. The Influence of Alkali Contents of an Iron Catalyst Upon Its Activity and
~ “Tpon the NAture of the weaction IToducts.

The preparation of the catalyste and the nature of the addition of alkall has
been discussed earlier, In the following, an anhalysis, is presented to show the
influence of the alkali upon tho course ol tha synthesiso The alkali additions
indicated in the tables refoer to potassium carbonate expressed as percent po=-
tassium carbonate referred to metallic iron. In the case of the other alkali
salts (permanganate, fluoride, otc,) the notation "1 percent KMnQ)" is to sig-
nify that as much potassium was used in the formation of this salt as would
correspond to one percent K,CO,. Table XXI, to start with, brings an expori~
“ment ‘tho catalyst of which was precipitated” W1th ammonia Bﬂd which-dld-not- -
contain any alkalli. The testing of this catalyst was carrled out at constant
temperature (235°C.) with a CO-rich synthesis gas (CO-H, = 3:2, containing 8
to 10 rercent inert inpredients)., The pressure was 15 atmosphoreso

‘Table XXI N
Activity of Various Alkalized Iron Catalysts

‘ Days ¢f operation
I 2 5 10 2 30 L 5 106
iAlkall addition Percent contraction at 235°C., and 15 atmospheres

0 50 80 50 £0 0 49 51 51
0 53 50 LB L9
/% X co, b7 50 S0 sl 55 56 si sk 53
e & R A O
19 » o - su 53 50
1< o 45 L5 by 82 b3 - W8 k7 0 _
27 L5 L5 kL7 . k6 L7 %0 T
-ge o - = 45 50 50 .51 50 Lo
102 " S - 50 k7 50 L5 k2" '

1" fmo, . L0 - 50 610 551 50
B S OY - 51 53 55| L8 S A : A
17 f80, - B 8 b6, f0, S0 A
19 \Kenpoh g5 b6 - 6 o L]

_not,_ re=

talyst

 The serie\s of A.»cpcrim: nts shows that aikali addition to.thb.catal lyst.1s
‘ quired ii' one: dtsregayi 8 the nature of the forrned hydrocar‘bon’sp ‘Tha cé

"‘-29.. :



which vas precipitated with ammonia and was. entirely free of’ -alkald was “tested
for 50 days and’ Bavo values of contraction which ware not eseontially below‘ h
‘those ‘obtainad with a normal: iroh catalyst contndning 1/ poroent. K,Cogy “Wo ™
found' that. catalyats whioh contained ‘up. to -one parcont or ‘mora  potassi car-
bonate ‘showed a deorease’ in'activity earlior than normal ‘iron’ catalysta ‘
RAmRLYy.0t.-235°C. ,-the-dacrease-oscurred-botweon-the-30th-and-50th-days,-- ‘When
wo. continued to operato and used catalysts which had begn alkalized by salts
other than pétasaium oarbonats, no worth-whila variations in the course of the
synthesis could be observed- durinz the firgb few weeks, However, the catalyst
containing potassivm permanganate showed very . good convorsion, whereas t.he ona
containing potassium phosphate was- loss stabla, -

Tabls, xxII ah'm:-mquantity and the nature of the reaction products which wors .
obtained with the various alkalized catalysts at 235°C, and 15 atmoapheras syn«
thesis pressure. The ylelds expressed in grams per normal ocubic metor of ideal-
gas vary to somo-extent all through the first-month of: operation, corrasponding
to the not entirely uniform contraction obtained, Thus, we obtained between
150 to 169 grams per normal cubic meter of ideal gas: ' The alkali content of
the cataiyst exerts a very essontial influence upon the nature of the reaction
products, VWhen no alkald was present only 12 percent of §olid paraffin (ré-
ferrad to the total ylelds of solid, liquid, and gasol hydrocarbons) wore obe
tained according to the Butanon method., When 1/ percent potassium carbonate
wag added to the catalyst, this increased to 26 percent, for one percent potas=
sium carbonate to L2 percont for 2 percant to L3 percent, and at 3 percent po=
tassium-carbonate -—contents ﬁS +$0-U6 poreent -of so0lid- paraffing were- obtained
referred to the total ylelds, The quantity of liquid and gasol hydrocarbons
correspondingly falls off as the alkali contents inorcases,

Table XXII £inally brings out that it was unimportant what alkali salts had
been added to the catalyst so far as the quantity and naturo of the reaction
products were concerned, The experiments conducted with a catalyst containing
one percent potassium carbonate and the corresponding quantities of potagsium
manganate, potassium silicate, potassium fluoride, and potassium phosphate
showed the same courge of the reaction within: limits of experimental error.

‘ | Table X
Yields Viith -an Iron Catalyst Containing éarious Amounts of Alkali Additions
Precip- g Solid, Iiquid, and_gasol Liquid

itating o, hydrocarbona go/Mm3 of Paraffin Ivdrocarbons Gasol
- agent. Alkali additicn e ideal -gag... .. . _porcent percent - percent
msg -0 - TR BT é1 21—
- Nay Iu% KoCOr .'1148 S 26 56 L}
3 /?,5 2 3 : . '-15,(,) 13- “—67“ 28
Na c'o“"E_—“xgco S N y v
K 3 17 KMnOa o es T e ,.l& Ay -
¥ 1(25153 ST o L 16
- U KoFp ™ oo oe3 | b ‘b 212
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E Treat.mnt with 6” R
1 Pretreament w:l.th lﬂx_'_o_gg_q,

'rhe normal iron cata:l.vah instend of havinp buvm trodted wit.h €0 was’ mauebeg!
_with 6 _)iters_per.hour of Hp at_3/10_atnosphere,:325°C,. S 2=1/2 hours,...Whon...
wo switched over to CO~rich synthepis ges and eperated at 15 atmosphores and
235°C,, an endegas tnalysis made after 1s1/h hours ghewad 2 to 3 porsent come
traction, and anothor gas analysis made after 3=1/L hours disoleosed'); pergent
centraction.. The eatalyst behaved in tho-sams way sa'a non=inducted catalyst
would have bohaved.. Nevertholoss the catalyst after having besh romoved fyom
tho reaction tube was faintly pyrophorde.- and terromagnet:lc, A cemparats.ve
exporimont whioh was vun vibh & catalyst having bean Intiucted W

of Hy prdor to .the syntbaais gave' a contrastion of Si percent from the very

beginni.ngo

In a further experimont we worked with a catalyst of smenhat lower activity,
and we vanted to gee whother a pretreatment with Hp prior to the induction would
reésult in an improvemert. For this purpoge, we worked for 6 hours. passing 8
itars of li2 par hour over the catalyst at 325°C, and 1/10 atmoophere, Then

wo passed li 1iters of CO por hour over tho catalyst for 20 hours at 1/10 atfioge
phere and 325°C.  Then we started to oporate with -COerich synthesis gas at 15
atmospheres, The contraction amounted to L2 percent on.tho second day at a
temperaturs of 23L°C., LS percont on the sixth day, and 236°C., L7 percent on
 the elghth day.and 23fC., and again 7. percent on the tonth day.at 236°C.. .
Comparing this data with the ‘exporiment conducted with a catalyst which was

got pretreatad with hydropen, b2 percent contraction was obtained on the second
day at 23)i°C., and 46 percent on the eighth day at 238°Cs; The hydrogen treate
ment prior to 1nduotion therefore was without influence upon the conversion,

2, mrdroren Treatment Retweon Induction and Synthesis.

To start with, ve passed 4O liters of CO for 2«1/2 hours at:325°C, and 1/10 ate
mosphere over the catalyst, Thereafter, we passed 6:liters of -per hour over
the catalyst at 325°C, Then we switched over to CO-rich synthesis gas at 15

;moapherea, and the activity was tested at 21(PC. The contraction went up'to

percent’ immodiately, M‘tar ona day,-it"was b3 percent; Fer a comparative'

experiment in which the p:etreatment was omitted, the contraction after one
day was 42 percent, The intermittont Hy treatment vas therofors of no influe
‘ence ‘upon the catalyst activity. (This resuli is 'surprising because one would .
expoct t)'.hat tho Hp would reduea the carbides™ having formed during the induotion
with C0).

3¢ Hvdrogen Treatment Dnr:l.na the Synthesia.
A ¢atalyst which ordinarily ahould -have been taken .into. oporation at a. somanhnt.

"hicher tem ratu waa tested at 235°C. ant 15 atmospheres with L liters per |
of co ich t gave 52 percent contrattion on the first jand second |
daya (see | 10), 0 percent contraction after 2 days, and 47 percent . con-

traction a\ﬁ.er 3 dawa.,‘ "The dotted curve shows that the cont\iractic\n shou! havm
-arrived at L0 pm\rcent 4f the axporinent oculd have | beﬂm conﬂl.nuod'itor ma weok‘ ;
at 235°c, However, ‘after 3 dlaya, By tmatmen% was ynderteken for 15 houra. b
8 1iters por howr of ly at onp atmosphere | and 3. Cq - hfter this H treat-
r the | ontrEFtion ﬁﬁ‘n the fonowlng syEvhea amounted to.55 pe cent.f It



slowly decreased thepeafter but remained at 5 percent for 12 days, - liere again,
*anothﬂr‘ﬂa—ctmtmentwwundertmnatt 0 same_conditions as outlined earlier, -
‘The:contrfiction held up again to.ST percent.and slowly decrcased down to 50+
porcent at the 19th, day, After the third i tréatfient had been carrled out, .
at first. a contraction of 55.percent was obtained,after 3 days the value of 51
-percent;~and-after-li-tdays;~52-percent-contraction-was-moagurod;—Then-for-2-—
mohth;o.of operation the contraction remained constent between. 50 to 53 pércent
at ?235°C, ot . ’ , - | ‘

Figure 10 shows that the troatment, undertaken between syntheses causes an—
increase in catalyst activity, This increaséd was aspecielly pronounced during
the_Lirst hours after the H,.treatment,-and-it:also.resulted.in-a-lasting im=
provement of the catalyet, When these reaks of activity were obtained immee
diately after the H, treatment, the ratio 1C0-H, were used up (at 50 to 52
percent o_ontraotio:s and was the same as under nommal circumstances, In both
cases, CO and Hy were used in the ratio of ?,067 to 1,70:1, '

Iron gatalysts which had worked already for a great lemgbh of time or which
had experienced an essential deorease in activity could not be improved by
such Hp treatment. As a matter of fact, an activity improvement will not :.
even result if another induction is carried through with C0, If it is planned
to glve an H, treatment, it is important that it should be given before the
activity of the catalyst has decreased below 45 to 50 percent.

Fo Catalysts Based on Ferrous Salts.

In the initial description of the preparation of catalysts having ferrous

salts as thelr base, it was pointed out that these iron catalysts have the

form of voluminous ﬁrmm powder, The catalysts built on ferric salts are
almost black and show glassy fracture, A fundamental distinction may there-
fore be made between the two catalysts from their appearance.

When the ferro catalyst was employed without previous induction (CO-rich gas

at 15 atmospheres) the results were equally unfavorable as those with the othsr
catalysts. Thus, on the first day of operation et 2Li°C., 8 percent contraction
'wag obtained, and 45 percent on the ninth day at 265°C, The ferro catalyst
“under these conditions thus could be brought to its highest working capacity

&

to yield 50 percent contraction at 280-290°C,

After an induction with mixed gas at one atmosphere and 251°C., a synthesis

wag undertaken with CO-rich gas at 15 atmospheres and 245°C, 53 percent con-
traction was obtained at 245°C,, Ll percent contraction at 255°C,, and L7 pore
_cont ‘contraction at 265°Cs on the 10th day, When ths catalysts prepared from
ferro chloride and ferro nitrate 'and inducted with-CO at 1/10 atmosphore and
235°Co-were used in a ‘synthesis at 15 atmospheres and- a CO-rich synthesis gas,
they shoved |an initial activity which, however, decreased raﬂd_.dly already, after
one t:F:two d‘aygﬁ'rable XX{II shows. Fhis fcrr 3 e:;perimafntso A0 A

lexe
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Tho centraction for ths first experiment decreased from 57 to 3L porcent on the
third day whon ths operating temporatureiwas 235°C; For the second experdsent
(after a contrastion of 56 percent was obtained initially) the tomparature was
Jowored on tho first day, in order to minimize any possiblo demoge to the cate-
‘1yst activity which could have ‘ocourred due to tho high temperaturs. At the
lover tempersture, however, the contractlon decreased as wells A third experie
ment, earrded out with a catalyst derived from forro nitrate bohaved similarly.

-Under -the: pmviouslyf'aghered 1o test conditions- for the other-normal. catalysts -
( propared from ferri salts), the ferro catalysts showed essentially more un-
favorable vehaviors ‘ '

For the experiments in Tabls XII, iron-coppor catalysts built on ferro chloride-
copper chloride were employod. They were inducted with mixed gas at atmospherio
prossure, The table shows that thesd ferro catalysts give full conversion for
several months; However, it should be pointed out that the temparature has to
bo 260°C. and up, corresponding to the industion conditions. , -

Oo The Influence of the Addftion of Copper.

The experiments of Fischer, Ackermamn, and Moyer (17) have shown that the syn~
thesis carried out at atmospheric pressure with copper-fiee catalysts is in-
ferior to the synthesis carried out with coppsrecontaining iron catalysts, The
~following tabls brings the best results with both catalysts at atmospherde-prog-
sure,, Thy reaction temporature was 230-235°C, Four liters of wixed gas per 10
'@+ por hour.of iron were used for the synthesis, ' ‘

Tsble XXIV. The Influence of tha Addition of Coppar Upon the Normal Pressure Synthesis

Catalysts . . ~ PFesCu=5a .. . . - Fo (without Cu) -
Induotion times 2 dayg ' .- - " : il - 7days

| Days of - - -Uontradtion ug:u-' products | - Contraction  Liquid produpts

. pperation : : | grams por c‘to‘ Qe |. - |percent ‘grems per cu, U,
20 30 55 - : 30 8
.20 1 § - 27 . 38
0 25 50 26 3L
L0 2 5 _



'rm copper coutain.tng oatelyata requirod a ahorter :luduoti,on time in' orde "*ti"a
A 3 BNGTA oG- O - gryie l’}ﬁ'\/ ¥ ™ 5

g of the synthsois: i.n‘,,both caaos wex:o’appmdmatoly ‘the ‘sama,
aining ontalydts: reteinod their sotivity” scmevhat, longor

mwn tba catnlyota — employad 8t _15.atmospheres prqésure Awithout previous .
inductdon at lokor pressures), those catalysts confaining soppex (5Fe + L0u) as
woll as aoppar=fres cutn].yat@ gave oentractions df<L0 ¥o:Ll percent. after tho
roaction tamperature had g B up to 260=270°C, Copparsfree catalysts umis

those condit!m and ab 280.250°C. ‘gavo ‘a’contraction-of 50 percent for sewra:l
son"to_that, the ‘copper-containing catalyete doterdorated

'raub XXV ghows 2.¢xparimints the oatalysts of which wore prodused from ferrd
salts and were industed at 325°C; and 1/20 abmesphere ty wsing CO. Then tho
synthssis was carried out at 15 atmosphéres with CO-rich gas. Results are
coppared for temperatureb of 235 and 22600, for catalysts conta:lning coppor
and’ coppor=frae cat.alvatso

Table XV
The Effect of the Addition of Copror Upon the Activity of Iron Catalysts

theals. temperaturs ... ... ..
ays ol operation

£\ 0O

own

1

The experiments show that tho addition of copper to iron catalyats for use in the
middle=pressure synthesis at 235°C. is of no advantage.

Ho Tha Effect of the Addition of Kieselguhr,

In the synthesis of hydrocarbons with cobalt catalysts, kioselguhr plays en im-
portant part as a carrisr used in the catalyst,. Satisfactary yislds of liquid
and solid hydroocarbons may only be obtained with catalysts containing kieaelguhr

When iron catalysts were used in the nomelepressure synthesis, it was fbund
that tho catalysts not containing a carrier weye more effective than those have
ing ldesalguhr as.a-carrier, In some cases yields of 50 to 59 g, of liquid :
hydrocarbons per cubic mef.or of gas were obtained, but the lifet:hae of

catalysts lasted only a few days, | ' Recently wo| hava carrie
uoi t cata ts <onte.iz ldpsolgu Lor| the, niddle=) synthesia.\
_The purpose 15 investigation wes not so mush to idpro theyiolde of the

synrt.heeim as it\was to oporaLte wit«h catalysts ‘or lower density in varticel re=

'aotion tubes, - <Pperaﬂlon with cataolynta nontaﬁning no kieselguhr in-vortical \

.tub‘ea mgm in muoh‘ahortdyr 2ifo than when kiesolguhr ianrese (seo part |
of thi




& preparatichs The

The kiosodguhe was added st verdous:stages of tho catalye

stonoww-a”’*??"mm Woro oarried oube Eiperiment ), li'gs of kieselguhr per
‘10 grana-of iron wore added to the iron solution. prior to.procipitation; Exw.
perimont 2, b grams: of, kiesolguhr por 10 grans'of iron wera added to the .scda
solution prior to procipitation; Lxporiment. 3, - grine.of kisgelguhr.por 10 .
'grams*nf--'im'dere‘*added-‘towthwmolm*dabajlvsl;t‘sinn'y~dfte;'%hlkalization%(ae&
Part, I, "Catalyst iroparation®)y Experiment Uy tho peseibility’of adding dry
kiesolguhr ¢to tho finished oatalyst has to ko dismissed if ona desires te
produce a solid granular catalyst.

The refults of exporiments 1 to’3 are given in Table YXVI, Exporiment 3a res
fors-to0-8-syhthosis tamporatura.of 235°Cs, 3b rofers to 228°C, The various
eontractions obtainod after various times of opurations are recordad in tho
table, In all eages, the catalyst was irduoted for 2l heurs using b 1itera
por.hour of CO por 10 go of iron, The idduction preasure was 1/10 atmosphero,
and tho temparature, 325°C; After this, the synthésis wes carridd out with a
COerich gas (3C0 + 5Ba) ‘at 15 atmospheres, o

: ‘ Table XXVI : -
_Tha Effect of the AdditTon of Rlaselguhr to the Cabalyst

" Bxpordment 1 Exporiment 2 Experiment. 3a ‘Experimsnt 3b
Days of 'i'emp,'gmracﬁon Temp, Contraction Temp, Contraction Tomp. Emrﬁion

operation ©C, '~ percent o6,  porcént 9C, . percent _°C. ‘percent -

1. 235 .53 . 23k 5. 235, ...54 —
2 235 50 23 53 2395 sk 225 56
3 ’ 234 51 225 56
L 3L 50 225 56
5 235 L9 235 s 225 sh
6 23k L5 236 '50 235 - sh 225 s
8 235 by 235 56 225 sl
9 3L Lo 235 S5 225 Eo
10 235 Sk 225 6
20 235 s . '

30 235 52

Lo 235 52

50 235 50

60 235 50

Table YXVI shows that dzperiment 3a gives tho bast results. In this case, the
kieselguhr was added o the catalyst after alkalization, The contraction re~
mained above 50 percent for 2-months of operation’ (without ‘regonoration),. PFor
225°C. : (experiment 3b), the contraction fell below 50 percent after 10 days of
__operation, Co e ' . T '

Table XXVII gives a composition of the reaction gas at a.contraction of 53 to -

gl percent. Experimont. -3a pives the maii.\mm ; n emounts of gadeous hydrogarbons;

The catalysts for which tha'Lkiesazfgmu‘ had'an opportunity to:be #aturated wit{)_.,-
alkali during-the. process of precipitation (expdriments 1 . 2),aswoll as| '
experiments 3b-carried out at 225°C, yielded qdgéntially less saturatod gasdoys
md\lnocarECn)ns for the-game contraction.: (A normal ,inoh_catg\‘al,yqt_ \pnder t\malogg\ms
corditions gave a reaption gas ;coﬂilbai_,nj.ng;fg %o 8 percent gaseous hydrocarbons ¢ ),

N
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. Table’RXVIT .
... Anolysen of thy Nongkion Gaséd .
elg nlysts at’a Contraction of 53-Cl

& l‘manE I 590I o [ ¥ b ! 9 108 j\aor
aporimont, 2 59,2 bt oa ob LA &1 i 3
Exporiment 38 64,8 3.0 0l 1.3 6.0 1l 1.9 1.k
Exporiment 3b 55.9 2.6 0.2 8.8 99 '707, 2,1 2

A_yleld dotormination made for ¢ ent: Ja d sed 87 g, of solid and liquid
hydrocarbons and 36 g. of gasol hydrocarbons per normal cubls meter of ddeal gas,

At tho beginning, the liquid hydroocarbons contained 3 percent solid parafin, 12
porcent after L weeks, and A porcent after 6 wacks. (This cabalyst was alkae
lized with one porcent potessium carbonate , tho formation of paraffin conse-
quently is essentially smaller than in the @ase of the corresponding kisselguhre
frao iron catalysts.) ‘ . co

y :
The products were colorless. The conposition will bo disclosed at another place,
A catalyst corresponding to that used in expsrimont 3b was charged into a vore
tical apparatus composed of 18 tubes (18 catalyst charges, 10 g. or iron par
tube) ;- After tho -catalyst was inducted with CO-at-1/10-atmosphere-and-325°C;~
it was ewitched over to the synthesis at 15 atmospheras and 225°C. using.a COw
rich gas, Vithin 6 days, the contraction dacrgased from Sk to 50 porgent,

After this, the catalyst was treated with Hp abt the same temperature, ‘'On the
oighth day, the contraction was 52 percent, ons the tenth day, it was L7 per-
cent, After a second Bg treatment, the synthesis was carried out'at 23C°C. and
then at 232°C, On ths I7th day, tho contraction had docrsased to L8 percent
again, After another li, treatmont, the experiment was conducted for another
woek at 236°C,, etc, (sfe Figure 1l), ,

When the results of the expsriments carried out ip horizontal respectively
8lightly inclined tubes (expuoriment 3b, Tablo_xxv;) were compared with experi-
ments carried out in a vertical apparatus, it was' observed that the latter
showsd 2 less uniform course. Anyhow, it was possible to maintain a conprace
tion of approximately SO percent by, treating sevaral time with H,. (Details
on the apparatus used in these experiments are contained 4n Part™IV).. -

, _Part IIT ' N
The Reaction Products

In the niddel-pressure synthosis with iron catalysts, pavaffin: and olefin:
hydrocarbons are formsd showing great varj.at_iog in molocular 8ize, They vary

from methane and low gaseous hydro orjs. up to high molsoular 8¢lid paraffins,
InEable‘ XXVIII tho y&ld:“TEf s0l4d pare ﬁns,anﬁ;.lP products, and gagol hys -
drooarbons of some experiments carried cut under different conditions are sum-
marized, ‘ | | 2 . A e e

.36



Lo TableuIir oo, L
3011:14-1 j-und-Qasol.-Bydrocarbons-at. Vardous -Reagtion-Conditidons

.1:“"f s

:;Syl%ﬁb?&i‘aw — wa“““‘% - g
. K ©lemp., Paraffin- hydrocarbons Gaso.
~Gatalynt vpu%ccgﬁt 90@?"“&%15&6’6“‘*’7‘9*’“’%658*’"‘“”li'éfdém
Po(loy003precc) "4 200 3 65 32
Fo' = Cu - . 260 k 7% 20
Fo«Kiosolgulw, - - 235 8 63 29
Fo (Niy prec. ) 0 235 12 67 21
Foeloral eotalyat—1/0 235 26 56 38—
Po(NagCOy prec,) 1 = 235 “he s A
Fo 7 5§ 25 k6 W 10

As tho table shows, tho amomnt of paraffins formed varles betwsen 3.-to L6 percent
(veferred to total yleld), If this ip roforred to liquid-and solid produots
alene, 1t 'corrosponds to 5 to 51 percent. The portion of 1dquid hydrocarbens
-produced varied botween Ll and 76 porcent of the total reaction products, Boe
tween 10 and 32 percent of gasol reforred to tetal yield was obtained, The cata-
lysts which were precipitated with soda and those precipitated with ammonia gave
the best rasults, : #hen the synthesis temporature was 235°C, it can penarally

be obsorved that lowering the reaction temporature and increasing the alkali cone
-tents.causos-a high molocular-waight-hydrocarbon-to-be -formed, -The-ironekisselguhr
catalyst forms an exception, K ‘

The l4quid products obtained not only showed a differont boiling range for the
various reaction conditions, but also contained a different percentage’ of unw
saturated -hydrocarbong. ) . ,

As a byrrodust, the synthesis furnishes an exccedingly high melting paraffin,
Furthermore, oxygen containing organic compounds similar to those of Fischer's
Synthol (18) were formed, . : .

Finally, the iron catalysts may be used under certain conditions for the produce
tion of city gas, ~ A T : h ‘
The middle-piessure synthesis carried out with iron catalysts offers a possibility
‘o control the!formation of the products of reaction by impoging spesifis condi~’
‘tions upon the 'course of tho-reaction, In ths disoussion of the reaction pro-

ducts, only approximate limits about the formation of tho.various hydrocarbons

can be set. This 48 on account of the many different varisbles which can occur.
in tho synthesis, - R '

A, ILlquid Hydrocarbons.

'The exude liquid total ptodmtigener&t]tﬁ ‘lsk not ¢ olorlessﬁbﬁt:.‘L’id fammh_nt'Lyela
lowish. After distillation, one- obt: water-clear colorless benzino, The.
emall quentities-of yellow oil remsin:as; aresidue, - The'benzine {5 stable, it
renains colorlass after months|of atorage.;| Thé ‘r‘\mcent“ago of 1iquid hydrocarbons
boiling off belaw 180°C, s greatly i dependent _1‘n the jexperimontal | conditions |
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dnd can vry between wide linité, This, . . porcent boilad off.bolo 180°C,
_fron 1iquid hydrooarbons produted, with o Tioiial catalyet, coftaining 1/L pere
-eont: K203 and- @ reaction temperature of:235°C, - Then a.cabalyst containing.ons
‘percant k5003 was used (at. 23 Co)y: i i porcent ‘Yollod off Helow 180°C.. Whon':
- a-gatalynt was: used which wal precipifatod with-amonia, and contained 1/U pews
ohnt X5C03 at 250°C,, 55 percent .dgqﬁénéd"dvcir“bslm‘iévc. : hihon an ircne
coppor cetalyst was used at a raaction tomporaturd of 260°C., 80 porcent cémd

ever bdolow 18?00

th’ixﬁé 12, shm 8 boinng point ‘ourva of the produsts obtained with the nomal
iren catalyst at 235°C,

-Piguro-13;shows-an-Enpler=Diatillation-curve—for-a-honzitie-gynthesis-at—4-re=
action-temperature of - 25(°C. and: boiling up to-180°C, 50 percent-of -this ben=
gins boiled Holow 86°C,3 60 percent belew 100PC,  Tha boiling point charace
teristigs of the beneine oan bo changed drastically by oharging the working
conditions during the synthgsis, Thus, at. 235°C., and used &ho normal iren
catalyst, the bengine was prodused boiling up to 180°C, - Of this 50 parcoent
boiled belor _ °C, Por another iron catalyst and a working temporature of
260°C., a tonzme boiling bolow 180°C, was. produced of which 50 percent could
be driven over below 73°C.. Table XXIX shows the demsity, olefin contents,
boilinr point characteristics, end octane numbar of some benzenes prodused
with the iron catalyst. ’ oL ‘

. Table XXIX'
Proporties of Benagrios Produced with Tron Catalyste

.ashed with . Boiling Point Analyses
No. NaOjt d15  olefin ST'R'{EW}LWa P 0V 2 P37.B° 0Oz

1 Yes 0,696  6h 30 b6 88 U o5k 6L
2 Yes 0,878 65 - 3¢ 38 73 Y R -
3 o 0.698 38 - T o8 63

Test lo, 1, in Tablé_kxm, refers to a-oatalyst precipitated with ammonia, that
of tost No. 2, rofers to an ironecopper catalyst, and test No. 3, to-an iron-
kiz:selguhr catalyst. - : .

The density of ths benzenes boiling below 18(°C, was somswhat lower tham 0.7,
¥ith phosphorous pentoxidoesulphuric acid, 6l respeotively 65 respectively 38
volume percent of olefins could-be-taken out,=-The-cctane-number-of -the 3-8ta=
blized benzenes was found to be (1-63 acoording to the motor method. Possi~
. bilities of improving the anti-knock proporties of the benzone are discucsed in

anothor section dealing vith the development of the primary rroducts.

If one compares the portions which have tesn rembved frém the tenzene by phose
phorous pentoxide-sulphuric acid with the dctane numbers, then ome can observe .
that thege To'not‘iio_poh:l excl m:yLon tho olef;tn contents, |1
The synthol produsts contairied in the reaction products framthe iron middle=
pressure synthesis are of importance, ' Tho quantity and netwre of thos canpounds
obtained varies consi 1]-ap1y.r|1th'_th\n§ workiny conditions also, Table XXX shows
acide-bster-saponification~and Wwdmy 1 mumbers of some|of thesynthesis Froducts.
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. Table XXX
m::—cmm Const.ﬂuunta OF the Idquid liydvoaartions

-w.

fiing “Iydroxyl
Tnahige;. ‘Acdd.  Eeter - Saponiffcation’ - group -
Catalyst 00k nuibar. . number . . . nmbor . numbor
Fo 1/&% 32003 ’0 - 180 . . ‘. .
Fo v 4 mderl0 02 0, 08 23
Yo 1% 00, ‘imder 180 L8 82 9.9 740
Fo=Kiasolgulr ~
B ISR WX 16
Fe=Kiasedguhr ’ e
1@1(2003 under 180 001 . 2o° 2.1

The table shews that the synthe;:ls in add:lti to smell quantities of acid, pro-
_duces’ largar quantitics.of gsoters and alooho®d, Those compounds are not only lower
watyht-constitiants; but: .they also contain Bigher molocular weight components
(water and alooholas The formation 6f these products 1s greatly favored by the
alkal:lzation of the iron catalystso

When the products obt.ained from the 1ron-ki aelguhr catalyst were washed with a

.30 percent calcium chloride wolution, 2.5 péreent was extracted, When ancther
washing was carried out with sodium hydrox: b another .8 parcent went into the
acqueous solution,

Table XXXI showe roaulta of an eieméntary analysis of the reaction products, boile
below! 180°C,, obtained from tﬁg three difforent iron catalysts, The mmbers
for to tmmashed products, They dhow that pho lowest boiling benzenes have &
her okygen éontent than the total prod.ucts.

!l'ab‘le roey
Elemsntary Anaxvsis of the Synthesis Producbs

rot.ai oduce Benzene .
C ) C i 0
Fo-Normal Catalyst ‘ , ~ ,
] Fo « Cu o 814060 A15.16 0021! 83091‘ Lo nlo97. 1,09
Fe-Kisselguhr : , ' o A o
B Paraffin

.---»'rmﬂsoud d—liquid reaeuo}_moaucts contain (accm'dinp to ‘the Butanon-method)

: pp ximatody 5 to 50 percenh paréf ing; . Thon' & -Hp<rich smthésia gas_and an
‘M{ ca o tho- paragfin b%aﬂ\ed— 15 white fto 1L :g
-wu« hs Ya sta with ons or more pe

cﬁ ga\ i: “used and catal
-potassium’ oar \n‘.e, tt\tp ‘paggf yellow t ynllqbwieh-l@rovm. The- color:ln\g
.substangas| wuevec\l dys’ t\p #onwxmlpe\ntival. :lron\aalba.» Oeneurally ho!revb\r
- small-quantities of highep hod 1ing oils are res| ible: for Ltha discoloration:

' Thass-olls may by extre tad or gy ‘ ) padp colow%ieao by lvdxoggna_tiion 1 ’
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The meltdny pointo of. the paraffins extond over the entire known melting poibt
reglon_.eo&!,ha--knm*‘ afting, The total product espocially contains high =
modting gonstituonts, 60 that it-melts to a clear liquid at comparatively -high
tomporatures,. Menisous: formation was obgorved in the melting podnt -tubes et
80°C,-for a paraffin freed of 1liquid hydrooarbons by the Butancn method proe
“duged througha catalyst with 1/ "p@Mt*%T*Y!MW&?‘O&%]&B‘BTMM“
eno peroont K,C0, wag uged, the moniseus fofnation was observed at 10L°C,
When an-iren t was used, which containod. one porcont KaCO3, a paraffin
wan obtadned which was 50 porcent-soluble im boiling ethor, The product re-
precipitated from this solution with methyl aloohol showed a f£inal melting
point’ of 66 to 70 percent. Ul percont was inscluble in ether (2i hours ox~
“traction-in-the-soxhlet).—It-was;—howaver,-soluble-in-boiling-hoxana,—Thoy.
hed a £inal molting point batween $0 to 104°C, The rost (9 percont) which
was insoluble in hoxans hed a melting point of 122°C,

‘ihen tho aron catasyst was oxtracted, a soecalled paraffin was obtained which
after fractional oxtraction was insoluble in boiling benrol, but solublo dn
boiliny toluol, It contained constituents melting at about 126°C.

30 0”010
A*

#From Table XXVIII, it may be.seen that 10 to 30 percent of the reaction products
of the synthosis consist of gasol hydrocarbons (C3 + C))s - In‘addition to that,
the iron middle pressure synthesis ylelds ethylenc too, Figures 1k and 15 show
‘the resulls of sonie™low temporature distillations carried out et the Indtituta by -
F. "einrotter., In order to obtain the gaseous reaction products, the wholo ende-
gas of an exroriment (Fe with 1 percent E,Co ) was conducted through a cooler
cooled with liquid air. ALl of the gaseous rocarbons and lower tonzenos with
the exception of the methano were retained in the receiver, The Cp to C) frac-
.tion of a partial aliquot of the gases distilled over, up to room genpar ture
corresvonds to Figure 1h (Distillation 1), The benzene remaining back in tho
receiver still contained considorable quantities of C}, hydrocarbons, They are
removed by distillation, Figuro 15 (Distillation 2) refers to the Cj fraction,
The presence of iso-butylens was not proven in both distillations.

Table XXXIT brings a summary of the results of the low temperature distillations.
The figures referring:to the first'didtillation are caloulated on the basis of
the gasol quantities referring to the' second distillation, The portion of un-
saturated hydrocarbons of the warious .ractions was determined with mercury nie
trateo ” . : — .
Table XXXII
Cs to DM_Wdrocarbogs Tormed During the Synthesis

First “Second Wedght pércont

.d2stillation - distillation of C3 + gasol-
TP N L ‘em . | ,'écm\ L fraction |
Sthylene | = ‘2360 - 15,4E
Ethane | 1830 - 13
Fropylene 3h80 - 9
. Fropane.’| 130 . 12,8
. Butylene | Ap1o- 333 | 17.9
P I
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Tha_Cp fraction contained 55 weight .parcent of . athylena, T4 percent of the total
gasol fraction conaisted of unsaturated. hydroparbons, . For. this exporiment, 5.2
grans per normal cubic meter of ethylons, 1kil-ef-propylens, and 6.0 g+ per nor-
mal ocubic metor of butl.ylene -wi@re -obtainad,

Quantity and composition of the gagaous hyerosarhois depands on-the nature-of-
the catalyst and the roaction temperaturp. Tablo XXXIXI shows yiolds of gasol
hydrocarbons with their raspaotive. oontents of unsaturated constituents for —
various eynthesis conditions. AL the dxporiments refer to ‘a synthosis gas com=
posed of 300 + 2Hp and synthesis prassure of 15 atmospheres, . : -

Rable- S0t
Yislds of Oasod Hydroocarbons Vith Different Catalysts”

Grams. of gasol Percent of gasol
Temps , per normal cublc unsaturated

Catalyst . oC, . meter of ideal gas hydrocarbons
o, Wi precipitated, 0 kG0, 235 30 W
B! Nedaty prootpiated G0, 232 28 80
F¢, o -~ 0 1/hg o 235 26 76
Fe, " .on @ v 238 17 80
Fe, " LI Y/ LA 270 6 L7
Fo-Kieselguhr 1% K003 235 36 3%

y— S e

For the iren catalysts which were precipitated with ammonia or soda, and for

a synthosis temperature of 235°C,, 20 to 30 g, per normal cubic meter of
_ideal gas of gasol hydrocarbons were obtained, which were 70 to 80 percent un~
‘saturated, At higher reaction tempsratura, the quantity of gasol hydrosarbons
formed increasod. Ths hydrogenation of the hydrocarbons increased ab the
‘higher reaction temperature also with a result that at 270°C,, reaction tem=
perature, approximately 20 g, of unsaturated hydrocarbons were formed, The.
gasol hydrocarbons produced with ironekieselguhr catalysts vary considerably
from those produced with the kieselguhrefree catalyst in eo far as the amount
15 concernod, -Just as in the case of:the bonzens, here oo, the kleselguhr
catalyst produces a ‘gasol which contains less unsaturated hydrocarbons.

Do Oxygan-éontaining; Products.
1. The Heactlon Water.

§ith the iran-kieselguhr catalyst and the reaction’ temperaturs 235°C (CO-rich-
gas, 15 atm.), approximately 13 g. per normal, cubic meter of acqueous prodycts

ware forned. . They contained acids, aldehydes, ‘and esters as well as alcohols.
(Test - for formic acid was negative, that for acetic acid, positive, Test with
fuchsine sulphurous acid, positive, The presence of ester was dqmonstratbd by,
éaponification, Iittle methyl alcohol was found, ethyl alcohpl was recognized
but its boiling points, ond th iodojfdm roaction,) The reaction water g’a}a ,
11lation thiough a micre column,. Figure 15 showis the bolling

(28 peyrcent of /bhe total
reagti?on'!atker),_ ' A : DR R S ‘{ - ‘
#The: quantity of the-pasol-hydrocarbons prodiced |during the' synthesis may he-ine
c,regsg;d.‘ *Rggearcl) being conducted:at. prese t is _cqncg_x%gd,. with that problem.

subjected to a distd ! ! |
point |analysis of -the constituents boiling belaw 50°C.




ponds to 7.5 percent of the total reactionwater, -
2, The iipdrosarbons,-

Tablo AXA hes shown that the roastion yroducts boiling above as well as those
bolling. holow 180°C; centain more or ldss synthol, deponding on the working -
sonditions, In addition to organic acids, estors and alcohols were dotected,
Investigations are it progress designed to disclose the natwre of the higher
alco;;olt: :;nd ostors, Tho resalts of these invastigations will be published
separatoly.

In the following, a-description is given of tha products which can.be extracted
with a 30 percont calcium ochloride soluticn from a benzena boiling up to 180°C,
(505 percent of the benzene), Figure 17 gives the rosulte of a distillation

(¢orresponding to Figure 16) of thb acqusous solution distilled off up to 95°Ce

B, City Gas,

The queation has baen asked repestedly whother it is possible to use coke for
the production of city gas, Since water-gas has too low a heating valus, it
would be necessary to increase this heating value by partially converting the .
water-gas into hydrocarbens, With tho aid of nickel or cobalt catalysts, this
.18 possible without any difficulties. It was investigated whether the produce
tion of such a gas could also be accomplished over the iron middle-pressure
synthesis, With a normal pressure synthosis and using iron catalysts, the gas
which was produced idid not possess the-desired heating value,

A usablo city gas should fulfill the following roquirements and possess the
following properties: . : .
I, Combustion propert;ies.

1, Heating valus (higher heating velus) is equal to 4,200 to
4,600 kilogram calories per normal cubic meter, -

2, Density is equal to.O.k to 0.5 as referred to air = 1,

3. Gas pressure, higher than 60 mm.

bo Flash-point, 60 to 100,

‘Il Purity. _,
1, Oxygen less than 0,5 porcent. .
" 2, Hydrogen-sulfide less than 2 ge pér. 100
3. Amonis, less than 0,3 g. per 100 o
' }u.‘umt:'h:e . 22010 ei per 10003
"5, Orger BEN.Tl'eés' $han, 25 g, per 100 13, hyirogen oyen
1688 than 15 go"jpe:- 1<*lao-_m_3, ‘nitrogen oxidos, 0.2 cc, por o
o Practically frea of tar.

Qres
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iy Ynaping tho deopom oontonts on by & eiparaus yesoesy of puitioation,
",‘“ °°”\°°’-7° P?wmtes,v of'.t‘ho gas: can b9 'mtﬁf’,?‘.il;ﬂ}yﬁﬁéi‘aﬁqu 3

~J6po6ta 1 o 111 are o standard Foquireiionts; ~ lwover; thay moraly-are-gensral

requirements which should be, fulfilled Lrap,the viewpoint of the ‘public interest,
These directions no longor.contain the earlier ldmits of the contonts of imert
gases. - : - :

N, . ’ T R
fruckner and Weissbach (20) have proposed to-mix propane into the wateregag,
-?Mwahm-that-pwopmqw&ter-aaa—u&x&msdn&th—afprb a-content-af-batwean.
6.0 7=1/2 parcent.hava. the desired hoating valuo of betweon 4,200 to 1,500 kile=
?r_m calorias -per normel -cubic meter. Such a gag, however, has too 'high a dem&'y
0.61 to 0,63) and too low & flshpoint (LO to L6). |
1f one mixes all the. gaseous Mycrocarbons with the COp=free tailegas from the
Pischer synthegis, howover, ths resulting gas then cogsiats chiefly of Gy to C)
hydrocarbons with additional waterwgas, and a city gas may bo produced which
comes close to the raquirements for such a gas. ‘

A city gés may also be producdd from a CO-Hy mixture (1:3) when ont uses an iron
catalyst at pressures of z\zpozmd 10 atmospheres, ' ' '

~In order to avoid-the-formation of higher hydrocarbons, an iron catalyat was used
which was precipitated with asmonia and was alkali-freg. Induction and gas rate
corresponded to the usual conditions. The temperature at the beginning of the
synthesis was 235°C,, after oné.month, it was 250°C., after -2 months, 265°C., and
after 3 months, 270°C. TPor the whole time of operation, @ gas of constant compo=
sition was obtained, Table XXXIV gives data on the usual and. final, gas of this

synthesis. '
’ Table XXXIV
Produstion of ‘a Gas With the Properties Required by a City Gas

Catalyst: Alksli-free iron catdlyst.
Synthesis Gas: CO to lp is equal to 1:3.
Preagure: 10 atrmospheres !
Temperature: 235 to 279”(}‘.__. ' .

R . G0, sKH 0  CO B, W CZ N3

i ms 0.0 0.0, 0.0 2§ M8 00 = 30
] Final 888 P ‘; . 1009 . .0°2~_ 001 4 100 ‘69,08 1301“ 108 ho9 .

‘This reastion gas has a heating valus of 15k kilogram calories per normal = .
oubic meter (Junkers-Kalorimster), a density of O.L to 5, and & flashpoint of
70 to 1, When a worc Np-deficient vas is used, the heating value mey be in~:
orease ,hy_;,:l@:_kil ; am'srglorie\ia. ' ' '

. v i e - .

The gés, thg‘i‘efore;b"om‘aspondqp to.a11 requirerents.

Aocording t\o‘“; :ﬁgezjmé;hmmééi, the ira h‘-ldod‘eigdin-' catalyst 1s best g“fur_aga_\_@g tho
produstdon of. @ city gas, SR
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. Qenoral ‘Problens
A, Synthesis Oas Preductionms ¢

e 'found that a synthesis gas which contains GO and Hp in tie ratio, 312, gives
the best results during tho niddle-pressure synthesis on 1ron catalysts,— -

For our exporiment, wo generated such a gas in a normal water-pas generator (21)
which we had here-at the Institute, We passed a mixture of steam and COz over
ooko. Suoh a procedure s believe could also be recommended for the
technioal scale, 6ince durlng tho synthesis with tho iron vatalyst;-much-more—
002 is formed than is raquired for-the-produstion of the synthesis gas. . Use.of..

ono © of synthosis gas of composition 3CO + 2Hp, gives approximately 250 liters
_of CO, at normal conversion. . This ocours according to the equation:

50 + Lity0 + COp = 600 + Ll

According to this equation, vmﬂy 100 litors of COp are roquired per cubic meter
of CO-rich'gas, Therefore, it would only ba necessary to wash the CO, out of
the end-gas partially, and lead the end-gas back into tho. gas ‘ponorator,

—

The separation of the COp may also e accomplishied by. activated charcoal, tlorbert
and Ruping (22) have recorded recently on guch a procedure, namely for tho sepa-
ration of CO, from gasol, When a cobalt catalyst is ‘used “in-the Fischer--syn= -
thesis, praogical]y no CO, ig-produced. However, if one uses a synthesis gas
which was obtaimed from water-gas by partial conversion, this synthesis gas 1s
rich in €0, In this case, one obtains approximately 35 to L5 percent CO,. If
the activafed charcoal is subjected to a steaming operation, the verious gases
are driven off separately, and it is possible to:separate methane and COp very
woll from tho C3 and G hydrocarbons. - .
If one would charge tho whole end-gas from the synthesis into the gas generator
(C02, mathane, unreasted €O, and Hp, etc.), sne would approximate the theoretical
yield of 208 g. of hydrosarbons per normal cubic meter of ideal gas.

In the follor:ing, the reactions which occur in the water-gas production, mixed
gas vroduction (CO-Hy = 1:2), and CO-rich gas (CO-H, = 3:2) production are com-
pared one with anothsr. - .
1. Rater gas, C + Hy0 = CO + lip for every cubic moter of water-gas; 267
g. of oarbon, and 500 ldters of stean are used. 650 kilogran calories are re=
2. Hp-rich mixed gas. 3C + LHy = 200 + Liip +C0p, The equation repre-
gents the overail " re on for the primary production ol water-gas and a pare
tial conversion of this to COz.and Hy, Tht oretically, one require 269 go of
cqtbcwm‘per-cub;c etor ‘tr gas 670;_!F_ters of steam, .an _570 1%_10@"% cah[ries.n
'3, Co-rich Gynthésis gas,- 5C + LH0 + COp = 600 + Lil,. -Forproducing
one qubic weter ol such a gas, 260 g. o}‘e carbon, L0 liter L"lof"ste:\m,- 100 litera
of Cp, and 690 kilogran calorios are reqiired, ; For the profuction of all of
thesg t!weeg,.gasea{'; ‘one “equinfs._th:} game T.onmt_.ﬁ_i"_garion per cuble moter of g4ss




When a Dellwigggleiiécher;c‘_en,gm&ou\s;ﬁagd ,;gne;xeguimgs'sc;g@bf;col;‘q.‘par,_gnb,ii

-meter of water~gas, that is,-twice as much ag:is theorctically nacessary,: The

“temporature and heat requirements for tho production of the CO=rich gasos are ape
proximately: tho sano-as that for tho:wateregas produstiony Co

"Wo wera able to produse 100 .m of CO-rioh gan " perjhou'r in our water~gas genere
ator for eevoral years without intorruptions, . Tha composition of the synthesis
gas, for examplo, was as follewss 2% C0,, 5% CO, 37%-H,, and 63 N,o In meveral

instancaes, in order to dstermins the oxprossed contracticn more accurately, &
1{ttlo more nitrogon them given above was added to the. synthesis gas.

“Pho-purtf1oation of ~tho-gAzos WS SarT1ed Gt 1 tHo Bame MENNAF &5 With Terich

Another way for producing tho desired synthesis gas, consists in the gasification

:g coke or ¢oal with the addition of oxygen. It is not necessary to discuss this
e, ‘

B, Spate~time Yields and Apparatus Detalls,

For most of ths experiments in the laboratory, we used reastion tubes of 12 to
13 mm, I.D. The catalyst was distributed evenly over a length of 30 rd within
the tubd, A normal catalyst charge contained 10 g. of iron. This corresponds
1015 to 16w ;{ froshly-prepared normal catalyst. .. The.free-space.in the tube.
amounted to 35 m' (in the reaction zone)., Consequently, the catalyst £illed
arproximately half of tho reaction space, The upper half of the tube remained
empty: Drawing.1l in Figure 19 shows the relationships schematically,

If various synthesis gas quantities are thus passed over ths catalyst under the
conditions of the synthesis, the reaction tempsrature has to be kept higher if
it 15 desired to convert more gas per unit of time, According to Figure 20,
contractions of around S0 percent were obtained at an hourly gas rate of 1.7
liters (referred to one atmosphore pressure) at a temperature of 220°C, When
.1 1iters per hour of gas were used, the temperature was 233°C., At 8 liters
per hour, 1t was 250°C., and it was 275°C. for 16 liters per hour of gas. In
another experiment, 4 liters per hour of gas were passed over at 235°C., and a
contraction of 15 porcent was obtained, at- 280°C. and .20 liters per hour, the
same contraction was ’reached. : '

With respect to the lifetimo of the catalyst, the magnitude of the yields of
higher hydrocarbons and for other technical veasons, it is advantagecus to
carry vbo synthesis:through at -as low a temperature. as possiblo for as long a
time as. possible. With respect to tho space~time yields, however, it appears
more favorable to work at higher tomperatures and higher gas rates. We found
that at gas rates between 10 and 20 liters per hour per-10 g, of iron, serious

difficulties arise when the reaction is carrded out on the large scsla..
difficulties encountered are chiefly dus to the fact that the heat of reaction
camot be carried ‘fast enough, (This cauges the catalyst to overheat and

£ree carbon. is formed which rapidly causes a decrpase in the ¢atalyst activity.
For- this reason we chase|to work at & flow velocity of | 1iters of eynthesis -
gas per hour por 10 go of iron, Dr ingél in Figure. 19 shows tho arrang Pnt-

. jof -the catalyst in the tubes, dnd it is to bo obsarved that it was possible to~
“loperate for tns to2 ye ‘.witm tho same catalyst without regenoration, a.nﬁ a8
. batisfastory degres of a{w%nvers!@on. g elways obtained, | ‘




For the iron middloepresgure synthosis, we have discovered also that-with- ine
_crennsd.prossure, -the-gas rato per unit weight of catalyst.nay. hot-be-ineressed.
-We have. found that processes occurring -on the surfacoe_ of the catalyst are conw-
“trolling tho roastion velosity (transportation of the reastion products away from

the:catalyst, respoctively carrying tho reactants to the satalyst surfade). ‘These

processes are fwl-.'accoh_ifgtpd;‘by;_ingx:gaaingﬁthd,,pnea‘amo :

If the reaction tube is axranged at a wertical position (Figure 19, Schematic
Drawingf2), the catalyst layer.longth only emounts to 10 to 15 om:, instead of

30 ‘m< as compared to a horizontal arrangementi The contact timo of tho gases
going through the catalyst is much-shorter therafore when the tubo is arranged

in a vertical position, The empty space through which the gas flows is approxie
b 2 largedn the case of @ horizontal tube than 1t 15 in @ vertic
tube, - - By taking into consideration the relationship betwgen rate of-gas- flow and -
temperature (shown in Figure 20), it may be understood that the same favorablo re=
sults are not obtained when the work is carried out with an apparatus arranged ac-
cording to Drawing/2, In addition to that, we found that tho catalyst takes up
considorabls quantities of the reaction products and large quantities of carbon = .
are deposited on tho catalyst, Thia causes the percentage voids in the catalyst

to decroase with a consequent shortening of the contact time botween the gas an
the Gatwsto ' - .

Since on the large scale, one would be chiefly interested .in working with vertical
roactlon tubos, wo have attempted to find a solution to the probdim according to
.%o Schematic Drawings. #3 and flo - The dotted lines represent.perforated plates,..
In case 3, a perforated plate divides the reaction tube into two equal sections,
In case 4, e porforated reaction tube 4s concentrically arranged within the larger
reaction tube. The catalyst is distributed in the annulus betwoen the two tubes.
In both cases, the catalyst layer dangth and the porcentage-frae-spaca correspond—

to tho conditions of case 1, The rasults were similar for case, 1, alsos The
porforated rlates did not cause a noticeabls decrease in Gonversions (the induce
tion of the catalyst had been carried out in a separate spparatug, and the catae

- Jyst was tranaferred in an atmosphere of C0s), - After several weeks of operation,
the expariments carried out ascording to cases 3 and L showed a docline in the
oconverslon as -mampared to the procedure of Drawing /1. The reason for this, wo
beliovo, might be that the catalyst in case 1 had the possibility to expand dur- _
ing tho synthesis; whereas in cases 3 and L, this expansion occurred mainly at =
the expense of the internal voids botween the catalyct particles.

The Schematic Drawing.5.of Pigure 9, shows the arrangement when a catalyst was

~used the structure of which was laoosened up by the addition of kieselguhr, When
the ‘normal quantity of iron, namely 10.g., 45 diluted with L g.- of kieselguhr,
then this iren<kieselguhr catalyst £ills a 12 to 13 mm, I,D, reaction tube up to .
a length of 30 cms - The percentage free-space is smaller than in case 1, in amount
.approximately equal to the quantities of kisselguhr used, on the other hand, the
loosening of the catalyst by the kicselguhr causes a considerable improvement
in|its-agtivity. A small percent ansion of -the iron on account:-of the de=
onition of carbon da‘es not produE::xEnxa able eEi-aa'u]t in c}ae' S,Eaa 1t£hag,
caused in cases 2 to L. An experiment which has beon under investigation for
several weeks gives o satisfactory conversion (Figure 11)1“., ' '

‘v —_ . .
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Wo want, b0 montien hore that the dicturbing inflvence of the volms imorésss of
‘the: eatalyst ebserved: in:experiments 2 to: -not,-obsorved-in-all casess, - Thus:

a-oatalyst which was precipitated by amncnia ‘and inducted with mixed pas

~atnosphore yieldad good conversiona for three months' in.vertical position at tonw.
porétures_of_botwesn 240 and 26(°C, . Exporinente to slarify the eitustion'ara

R

still in progiess, .

I¢ can be mentionad hore that the spsce<time ylelds observed with tho iron-
kiesolguhr catalysts approximately correspond to that of the ‘cobalt catalystsq

If tho ironelieselguhr oatalysts should be used on an industrial scale, similar
pieces of spparatus as are used in the case of cobalt should te satisfactery for
“the Ironskiosolgunr catalystss In tho laboratory, v workod with watorasoolsd—
tubes, The. stesm progsures ol oourse are higher corresponding to the “dnerdased
reastion temperatures, They vary between 30 to 50 atmospheres, all acoording

to the dwration of thotests . . - S

R el

gjg:offthe' Gaﬁé]ysto

The- cata!,yst'deséribed earlier and produced from ferrionitrate solutions with
sodium carbonate as well as. the 4ren catalysts which were precipitated with .
ammenia (also ferri catalysts) were solid after having besn-dried and broke with
a glassy -fracture, Their rigidity should bo sufficiont for industrial applica-

C. Pellet

Noverthioless experimants wera carricd out the object’ of which was to grind the
jron catalysts and put them into shape of pellets, The blackishebrown color of
the pranular original catalyst changes over to reddishebrown when it is ground,
The pellets which are formed from the powder retain this bragh color. lie have
disocovered that the pallets not always retain tho original activity of the cata~
lyst, . It might be that the cause for this activity decrease has scmething to do
with the ovorheating through which the catalyst goes when' it is pressed into pel-
lets. , ’

Re.were in a position to produce iron catalyst pellets of very good activity

and high 1ifetime when we mixed paraffin to the catalyst powder prior to pol=
leting, For this we used synthstic paraffin which had been made into fine
scales, S S

Table XXXV, Bxporiment 1,”gives the results of an experiment conducted with pels
lete, They contained 25 percent paraffin as referred to the irom. Experiment 2
trings a comparative ‘experiment whert no paraffin was gdded, The paraffin doos .
\nfluence the process of induction and may be regained practically all, The
pellets retained their shape even after a long time of the synthesis. . :
At the_ bogin of the reastion period, the conveision. obtained was practically.
the samg_in both cases (this is also brought out in the table with the respective.
¢as analyses),- After sevoral weeke of operation, howeve o the temperature had .
to be raleed more rapldly:for case 2 where no paraffin hed been psed in the prepe
aration of the catalysts | The activity of ‘the ca st. of Lxperiment |1, after ‘50
days og? operation: corresponds to the activit[ of the catalyst of” Exp;ﬁgnentﬁ

oftde 25 daye of gperatiane
l adddtlion ‘of jonly % to 10 perce t?di'.'F:':ff- n, & favorablo resul

Even with the v . , . ,
tpon the sotivity.of tho pelleted cabalyst wag obsprved.’

t .



- . Tablel KKKV
‘ Eﬁ'phi"':.l.rnents‘ with a Catalyst, Which:wis Pelleted :

o Upipordmont 10 Experdsient'2
Days.of . Temp,, ..contraction . -Teipey . ..CORLracHIoN.
-operation-————->0 @y ——pareonti-———=0{ze—percent---
"L 2% o .83 adl 55
2. ..-23% - - sh o 238t 86
200 ¢ ..238 .. 51 . 236 . Bl
16 a2y - 53 236 50
20 235 . 52 -5 . L9
25 2235 17 20— LB~
3 .'239 L6 )T 'Y B
L7 2ho L9-
60 2Lo L5

S Cop sk Op CO- W K CZ N

... ., . Initiad Gas: 2oL 0,0 0.2 5348 357 0e2 1,0 . .8a0
Exporinert 1pynsd Gas: 89,7 -3.9: 0.1 L1 102 6 L9 17k
| o o Initdal Gas: 2,1 70,0, 0,1 537 38,0 Ok 1,0 5.7
Emr@qnt Z,Final,Géaz 61,5 3.5 0,0 1,8 13,2 7.2 1.8 13.0

D, Sorie: Detalls on the Fuither Provessing of the Primary Products.

In the middlespressure synthesis with iron catalysts, various types of reaction
produets are obtained as will be shovn in another chapter.' They may be utilized
4 a sipilar manner as the products obtained during the synthesis with cobalt
.¢atalystss’ It is superfluous here to mention the various usages of these pro=-
ducts,” In some points, however, -there are scme fundemental differances between
the products of the iron synthesis, and the cobalt synthesis. First, there 18
"the appearance of synthol-ike byproducts as for instance .various alcohols, and
secondly, there is also the appearance of more unsaturated hydrocarbons, The
-oxygenscontaining as well as the unsaturatéd compounds give the iron benzens
highér- anti-knock properties..-- These compounds have no tendgncy toward resin
formation, The benzene which is produced with iron catalysts remains entirely

colorless and water~clear afteér months of storage.

b
¥

The niddle~pressure synthesis with the ircn catalyst gives a“gredter amount of
“unsaturated gasol hydrocarbonss  Thege may. be’ polymerized and“form liquid-hydroe-
carbons of high octane numbers, Therefore, the synthesis with iron catalysts -

‘seems o be espacially adapted for.the production of high quality benzenes .

* The catalytic polymerization of olefin hydrgcarbons has been investigated by
~ Ipatieff and co-workers ,(2,32,;02‘ ‘the Universal 011 Products Co.7jWe carried out
_-gome -similar investigations which had %o do with synthesis and
taking ‘place concurrently; . [\ - | - |-
' - . °l P .t |

olymerization

_ The catplyst Which we used consisted of Cd (POL),%k HyPOf,w-:As a:¢aryiisr we -

used cadmium phosphate Cd (PO); ), which was’ produced Tom cadmium nitrate .ec\;lu.. -
tions with a ¢alouldted quantity of NapHPQ), and NaQl, - The precipitation was
‘carried out at the boiling . point; - It ‘was waphed ertH‘ho%"wate:iE and. §8 percent
: p‘hoapho 1o acid was added*evapc.rawd; dr;lod}'?. andlal_‘.lét_tgda- K

iha -



When asol centaisiing 35 to LO porcant of wnsaturated lydrdcarbona ¥aa jaseed:
“over this cabtalyst, (one: 1itex of gaseous gasol por hour por 10 g. of catalyst)

"at"a pressure of 7 atmospheres and 1LCPC;, L0 percent of the unsaturated. hydro=
carbons were cenverted, at 160°C., 60 porcent, and at'180°C., 70-00 percont was
‘converted, A polymeriged benzene was obtained whioh split off 10 to. 20 percent -
-of-the. campounds. bot1ing..above180+200°C, .. Tho.residue_wes_hydrogenated and had
an ootane number of 97 t0.99, Next we carried out- a geries of ‘experiments whero

wo passed the total reaction gas.from the ircn middle~pressure synthesis at the
synthosis pressure over the’ phosphoric acid catalyst (after precipitation of
the condensible products at room temperature). Appraximately the same catalyst
volumes were -used both in the synthesis and the polymerisation. The synthesis
wag in progress already for two months bofore wa started polymerisings—Ve-used
an iron catalyst precipitated with ammonia and containing 174 percent KoCOye
It had beon inducted with mixdd gas at atRospheric pressurs, —The yields-oe
solid, liquid, and gasol hydrocarbons amounted to 1ﬁo go per normal cubic moter
of 1deal gas. Table XXXVI shows some analyses of the reaction gases after the
synthosis (a), Under (b) analyses of the reaction gases after the polymerisa=-
tion are given. The sories of experiménts was carried out at 15 atmospheres,
The temperature and the syntheses were near 250°C,, and for the polymerization
near 200~220°C, v - . ‘ .

' : lable XXXVI .

Composition of Heastion Gases After Symthesis and Polymerdzation

CQp . ..8K%  0p  CO  Hy KW CZ Ny
0.2 8,7 12.8 6.7 1.6 9.6

a 58.3 3.7 k

b 59.8 11 0.2 91 1B.LO 6.2 L7 106

a 62,9 3.7 0,2 7.0 10,1 7.7 1.8 8ok

b 6h58 1.2 003 7n1 1000 7.6 108 - 900

a 59911 hoa Ooo 10,9 501 éoh 1.7 1500
NE . 6006 1@2 001& _1098 559 600 - 10'8 1600

The analyses show that 2/3 to 3/4 of the volume of the hydrocarbons disappeared
during the polymerization, ' ’

Table XXXVII shows the quantities expressed as g, per cubic mester of ideal gas
of s0lid, liquid, and gasol hydrocarbons formed during the synthesis with, and

" during the synthesis without polymerization, The first values correspond to
approximately -3 weeks of operation, ~The latter corresgond approximately o an
additional week of operation, for which the polymeriration step was omitted,
The aativated-carbon-benzene was only recoverod once at tho end of the conver-

- gion (that is, in between tho synthesis and polymerigaticn). - —

0 rCoupling of Synthesis and Polymerization A
' Yields, '&jﬂohal cu, meter ’Weiigm Peycent of Liquid Hydrocarbons
| . YIquid Fydrocarbons .| . Behind  Jehind poly- ATter activatod-

Polymerization including paraffin Gasol synthesis | merimation carbon-benusne

Cwitho | =18 | W 70 20, - [0
withowt o . 5. 030 85 0. o 15

[}
‘ D — R
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During tho €iret periad, 139 g: of liquid hydrocarbons (inoluding. paraffina) and.
ga00) hydrocarbons. were produced by thp synthenis, - During the second porded. .
‘(without polymorization) /135 g, per normal -cubic mater wore produceds . The syne .
thosis, therefore, furnished approximately 3 percent mora produsts during the: .-
first Toriod, the amount of liquid. hydrocarbons formed, howevor, was 19 percent .
~greatar; mostlyatthe~dxpanse~of ~tho-gasol converted-by-the-rolymerizations—In-
the. case of the polyméritation experiment, 70.percent of the liquid products . .’
aftor the synthesis apparatus. precipitated in the receivera working at room'tem-
poraturs, 20 percent of the products obtained therein originated from the polyme
erization apparatus and 10 percent consisted of activated-carbon-bengenes. Some
of the activated-carboh=benzene was not condensed in the first recelver and it
~waa+oarr—iad-‘ovor«_—t_hawphoaphoxiic-acadﬁcat.uyst.;_.cgnsaquant]y.pant.of.this_;ac&h
vated=-carbon=henzena_polymerized and_formed unsaturated benzene hydrocarbons, .
The gasol hydrosarbons during the polymerization decreased from 30 to 1 go per
normal cubic mater, the quantity of the activated-carbon-bengzene only decreased
from 26 to 13 g. per normal oubic meter, This may bo'explained by the fact that
the C), hydrocarbons polymorize most roadily, Whereas, moleculeg having -either
more or less carbon atoms polymerize more slowly. Therefore, over the phosphoric
acid, esters chiefly only the dimeres of the olefins are obtained,

It is advantageous to remove the syntketic benzens from the reactlon gas before
tre polymerization step, Therefore, it is possible to further process the re-
action gas obtained through the middle-pressure synthesis with iron catalysts
‘and obtain polymer benzene. This may be done in one step, It has to be found
out in actual practice whether it is more economical to proceed in such a mar
ner or weether it is bettor to carry out a separate polymerization of the var-
ious constituents.

Experiments which have used acid iron phosphate instead of cadmium phosphate
have shown simllar results.

The benzends reported in Table XX(VII were stablilized and washed with sodium
hydroxide and tested for the octane nurber in a motor, Approximately 2/3 of
the total liquid products of this experiment boiled in a range of 30-180°C,

Table XA\VIIT shows the properties of a benzene without following polymoriza=-
tion, of & benreng belling wp to 180°G. which was produced by a synthesis and
polymsri.zation, and of u benzene which boiled up to 150°C. with following polyme .
erizasion, Of all three products, Table XXXVIII shows the density, the olefin
content; the hoiling-point characteristics, and the vapor pressure at 37.8°C.

as weil as thc octane number, . , ,

. : Table XXXVITI

- Influence of an. : rization ?on the - )
Properties of Bonzone Obtained in the ! le-Pressure Synthesis th Iron Catalysts
SR . Bolling Point Characteristics =~ - "
» VAR “'Olaftkn_..;&?ginni!g’ 0 50¢ 908 % L
No. | . % | percent” | °C, | ..°C, 9C,. “PC. P37.8° oz
LY 0,696 6, . 30 4 - 88 a5 0.5k 61
27 0703 7| 65 |32 | -89 100 150 0.8 | 67
3 - 00 6 3 & g5 1o 085 T
— | —— T , ' |
B




Y4ith the additional polymerization of the olefins (Tat
“pumber of -61 was: obtained;’ with polymarization, the octant
When the benzene was cut off at 150PC, (Mo, 3), then it had.
When 0.7 cc. ‘'of lead tetrawsthyl was sdded to each liter of benzene (Wo, 2), the-
‘ootane number could be raised to 79, when the same amount of lead tetra-ethyl was
added to the bengens (No. 3), the ottane ntmber was 80, o L

»'1)an octana

b 967 (N0s-2)o-
1 octane number-of

Conclusion

A survey was made of the work carried out on the middle-pressure synthesis with
iron catalysts, First we discussed the precipitation,’alkalization, and induc-’
tion of the catalyst, Secondly, we were concerned with finding the most favore
able synthesis conditions (gas composition, pressure, temperature, additions,
regeneration, etc,). Thirdly, we discussed the reaction products and lastly,
we disocussed the general problem of synthesis gas procduction, apparatus con=
structions, pelleting of the catalyst, and furthor processing of tho primary
productse ' : ‘

The most irportant rosults of all the investigations are as follows:

1, Precipitation of the Iron Catalyst. GCenerally, the catalysts were precipl-
~tated By troating ferrk nitraboe solublons with sodium.carbonate. or. ammonia...The..
ferric nitrate solutions were separated by dissolving technical iron in dilute
nitric acid, The catalysts which were prepared from ferricsolutions were su-
porior to those prepared from ferrous solutions, '

2, Alkalization of the Catalysts, The presence of alkali is not required for
the Synthesis, and is of no importence to the yleld. The addition of alkali
in increased quantities, however, causes the formation of higher molecular
weight hydrocarbons, In the-production of paraffins, therefore, the addition
of alkall is important, In general, we used potassium carbonate. However,
other alkali salts produced tho sams effects, o

3, Induction of the Catalyst., In order to nroduce an active catalyst it is
necessary- to carry out an induction with CO-rich gases or better still with-
pure GO, The induction is carried out at pressures which are below those of
- the synthosis, as for example, atmospheric pressure. It was found, however,
that reduced progsures are still more favorable,. o ’

The gas used for the induction, in'order to et the best results, should-be

conducted over the catalyst surface at a-high velecity and at temperatures of
over .250°C,, vreferably betwesn 300 and 350°C. -This should be continued up -
" to a'point whore the formed COp reaches a more or less constant minimum value,

he 'l% e Synthesig. Tha 6ptix_nhim ;fatio~ of EO.HQ _:tn the L'é&hthe sis gaJs was ]fp\_md
to 112, The optimum syntheésis pressurs was found 4o be between 10 to 20
atmospheres. --The optimum synthesis temperatures.were, found ‘.to be between 230

and 240°C.| The catalysts arg able-to convert ‘,t]\‘he synthesis |fas ab consij.dbrabxsﬁr
S




lower temperatures alroady from the very ‘voginning, " Hovbver, this ieyu
able for the lifetime of the catalyst. Neither:
reoommended for the. beginning (on ncoount of": carho

The addition of kiasolguhr (nfter alkalization) caua 8 a -considerable increase
:l.n—catalyst"'aetivityo

!{vdroyen treatmont or the catalyst prior to the synthesis shows no advantages,
However, a hydrogen treatment given repeatedly between syntheaes causes a re=-
pencration and reactivation of the iron catalyst.

5,—-0ptimum.¥ields..4!ha.hest.solid,.limud,-and-gasnmdmcubons..wene.hunc.
to be somewhere near 150 g, per normal cubic meter of ideal gas. The longest
lifetime was found with a catalyst which ati1l gave 1hb | go por normal cubio
meter after 1-1/2 years of operation at a temporature of 260"0. without amr
kind of regeneration, .

6, Weaction Products.’ The nature of the reaction product can be varied within
wide limits according to the workinr conditions,

Five to 50 percent of the total solid and liquid hydrocarbona cons:lsted of paraf-
fins, Wot only lowemelting paraffins are obtained, but especially high-melting
onos with a melting point above 125°C, were discovered, ,

"The liquid reaction products diffef {rom ‘those of tHe Gobalt ‘catalysts in that
they contain a greater percentape of unsaturated hydrocarbons as well as a
greater quantity of synthol-like products. These, for example, contain alcohols
and esters of various size nmolecular weight,

The octéns number of the stabilized benzene cut off at 180°C.-is 60 to 63. ~When
the synthesis is coupled with the {ollowing polymerization, the unsaturated gasol
hydrocarbons' may be polymerized and the octane number may be-raised by 10 points,
and by tho addition of 0.7 cc. of lead tetrawethyl per liter of benzene, an addi-
tional increase of 10 points can bte obtained. ‘

Ten to 30 rercent of the solid, liquid, and gasol hydrocarbons consist of . gaeolo
Its contents of olsfins nmounts up to 80 percent, Increase in temperature ‘or
_catalyst activity causes an increase in total gasol yield, also a 1ower1nz' in
their olefin content, hawevero

Furthemore , w8 found that the iron catalysts are capable of r:roduc:lng an a8t~
-ceptable city pas at 10 atmospheres working prassure,

7. Synthesis Gas Froduction, The producticm of a Bynthesis gas containing.CO
and ¥ In the ratio of 3:2 may be accomplished by the interaction of-COz- ‘and
stoam ‘E the ﬁte:;f@ gonorator, The necesFary C0p is furnished by the syn=

hesis itself. . TFurthermoie, it is possible o rrofluce al usefull synthesis gas
y gasification of ¢oke:-or coal’ ith oXygens;|

o Apparatus Details, . Yie discuxsaed the ,relations\hips b«latween|appare\1tus details
nd The 1ifetine l"effcc tivencss of the catalyss, 1heipest yosulte ara cu‘-tainetl
n horigontal respec-ttvaln s?uhtly inclinadLreactfon tnbes, If it ds desired to|
col. tite reacuion Ve ssels with wc or, they havo toite- st:%ongr oy ough: t‘)o withstand |-
“steam ‘pressyre of |30 to 50 atn apheroso
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