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PREFACE BY FRANZ PISCHER®/ (24)

- 0n May 23 of this year, a lecture was given for the same body of men,
.and our Dr. Koch spoke on the production of spscial antilmock gasolines obtained
from Kogasin., At that time I announced the coming lecture on iron catalysts for
the middle-pressure synthesis which has for its purpose to inform our body of
men about the progress which has bsen made on this work at the Institute.

~* Hans Tropsch and I havo been concerned for more than 50 years with the

production of gasoline from CO and Hp by using iron catalysts. At that time wa .’
exemined the synthetic products which were obtained on alkalized drcn shavings '
at pressures of 100 atmosphsres and above and at relatively high temperatures
somewhere in the nsighborhood of 400°C, Contrary to statemsants in the literature,
‘we made the fundamental observation that, umder thoss conditions, no hydrecarbone .
ware 'i\‘o'rméd; ]bowevar,j -only oxygen-conteining products sppeared. Thoy consisted

of alcohols, aldshydes, ketones, and acids, We fdentified a great number of the
individual compounds, and we termed the whole product Synthol. In the courss of .
our investigations, we discovered that lron’ catalysts tend to give more hydro-.. . -
cartons whon-the total pressure decreasad.  After we fihally doveloped more active
‘catalysta.that would permit wozking at ordinary pregsures and lower texpsratures,
it waz demonstrated that hydrocarbons wers obtained almost exclusively. The thres
motals which we have recognized as boing the active ingredients of the catalysts
in ths conrse of our: studies were iron,: nickel,and cobalt. Howsver, ccbalt gave:
the bogt results, When I came-to tha dscision many years later teo investigato -
the Kogasin eynthegis in the region hstween ordinary pressures @nd low tempara- .
turas)and the high pressure region in which synthol forms, the work on the middle~
pressure, synthesis uging cobalt catalysis was started in Pichler's division. To
cur great surpriss, we found et thal time that with respect %o the products no

. gradusal change occurred from Kogasin %o Synthol. Instead, we found that botween
L and 20 atmosphores prossure and at low tomperatures ‘uging active. catelysts; &
mxsd yield of solid paraffins could be obtained., ‘At the same time, & high yield"
of total hydrodarbons resulted and the. catalyst hed its medimim life, I% was =
‘only natural to ¢y to apply the expsriencss gainsd with cobalt to nickel and
-3ron. . Nickel, however, had to be discountsd becauss 2% the-higher presswra and
the highsz temperature necessary for the synthegis it was removed from the reac-’
tion vesszel in the fomm of nickel carbonyl. In contrast to nickel, however, iron
could be used. In the case of iron, also, a‘higher yield resulted, and the' life
"of ths catalyst was prolonged. “About that, Dr. Plchler will report himgelf. L

"It wes cbvious that further development of tho Kogasin synthosis with
iron catalysts wes necessary.i€ yields and catalysd durability were to compare.
‘with eobalt eatalysbs.. T o 0 i e

a/ Dirsctor, Kaiser Wilhslm Institute for Coal: Ressarch, Milheim-Ruhr, Gorminy;
prosenbed Septesber 10, 1940, .. . '



) . Trda domand was not only met but surpasssd. At least the game yields
can. be.cbtained as with cobalt catalysts.- Ths life of the iron catalyats 1s .
meny t4imos that of cobalt catalysta. A 1ife of 1 year working at highest capa~ -
- city may easily be obtained with iron catalysts, and it is nol aven nscessary to
regensrate them,iecause of their low cost. The iron catalysts work at somowhat -
‘higher temperatures than the cobalt catalysts and require. stranger pressucy” ves-
‘sels and thicker wall thicknesses of the apperatus than are necessary for the
middle-preasure synthesis with cobalt. However, we have. to.taks into account
that the steam produced has a higher pressure and gréater availability. The
_gtarting gas for tha iron catalysts has to contain more CO than the_starting gas
for cobalt catalysts, buk such a gis is just as easily produced as 211 gas. The

‘iron catalysts sesm to have alsc the ability,-at least to a small degree,' to' pro=
3@8 higher hydrocarbong, not only for mixtures of CO ¢ Hz but also for mixtures
£ COp + Hos e e o

© . Approximately 3 years sge, I discusssd the question of ‘iron catolysis -
Priefly in your circle. Today, however, Dr. Pichler will speak in detall on'ihe
whole problem and espscially will point cut the progress which has been made in
ths last three years. 1et me introduce Dr. Pichler. R -

’.

... ' IBCTURE-DISCUSSION BY H. PICHLER

- After wa had recognized that ths middle-preasure synthesis with cobelt -
‘eatalysts had improved the yield of hysirocarbons and the 1ife of ths cataiysts -
as compared with the normal-pressure synthesis, tha questicn was asked whether
the cobalt; which is hard ¢o get-in Gesmany, could be replaced by iron and still
retain all the good features which we obtain with the ccbelt. Ever since Franz .
Fischer ‘developed his synthosis of hydrocarbons ve fsve tried in our Institute

_to- find catalysts that could do ths ‘work as, well as cobalt and theorium and would
‘be ‘choapsr than those two motals; In 1923, -Fischer and Tropsch/pisa6d water gas
‘over alkalized iron shavinga at: pressures of sround 100 atmosphsres and tempera~
tures of 350°-450°C. They cbserved the formation of oxygen~containing ‘organic ~
compownds which ghey termsd Synthol.  Similar experdments of tho Badische-Anilin- .

“und Sodafabrik fmiich date bacl to 1913, where thoy used similar pressures and -

 temperatures, led to the synthesis of msthancl in 1925, Fischer and Zotbe (27)
also demonstrated, in 1923, that elkalized iron shovings used as catayysta at =
prossures below 100 atmospheres favored ths formation of hydrocarbons and suppreseed
“that of oxygen-containing compounds. - ¢ T R S U SRR
T e 3 W L

L Im 1926, "Fischer.andv.mPs¢h}mde~'m»»thdr 2/5.rstpublicat.a.on on the.

. ‘potroleun synthesis that liquid hydrocarbons could be produced with iron catalysts.

‘from CO-and H, at. temperaturcs of around 300°C. and above. On ths basis of those -

.ekperiménts, %o have-tried-in ths past years to chinge the composition of the iron

“catalysts so that the activity is ingreased and. the reactioan temperatum-f_,og‘tkw

synthesis lowered, improving ths yield of, hydrocarbons. In 1928,/3%" Suc—

. ceaded in cbtaining 30 to 59 grams of gamlino and oil per cubic hgter of water”
gds. The temperatures could be lowersd to 240° to 250°C. The life of the cata- .

Sl " “Fischer and Tropsch (30) tried in-1927 to-convert water gas.at 10 %0 15
atiospheres and at 250° to 280°C. The lron-copper catalysts were cdiained by b

‘roasting the nitrates,and they were employsd as such with water gas. The products

\
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obtadned consisted of watery and oily substances in the ratio of 312 and 1:l. The
authors reported at that time that the results of their pressure experiments wore
not a3 good as those of the atmospheric experiments, Still, in 1934, Fischer (31)
reparted in the lecture cn the gesolins synthesis that, at-atmosphsric pressure:
mdwithtlwuaoof)animnmm.yst, only 30 to 35 grams (por cubic metor of mixed
gas Jwere, obtained. ' (This_corresponds to 40 to A5 grams per normal cubic meter of
inert-free CO-Hp mixture.) Fischer added at that time that the yield cited above
decreased by 20 percent within 8 days. ’ 0 :

- " Piacher and Wayer (32) attempted in 1934 to 1936 to improve the activity
of the iron catalysts, and thus raise the yields of liquid hydrocarbons.. By uaing
ted iron-copper catalysts at atwospheric preasurs, 50 to-60 grama -pep-- -
ubic moter of gas were cbiained with & maximum 1ifotine of ths catalyst of 4 to
| Fiacher and Ackermgn (33) in 1936 cbtained 55 grems of liquid hydrocap= -
‘bona per cublc mster of mixed gas when they worked with a carefully compoundsd,
precipitated iron catalyst which did not contain coppers - This yleld, howover,
diminichsd after a fow days and in ths third week was only 40 grams. . .-

T At that tdme they used & symthosis gas of composition 100 ¢ My, although
‘it had been recogalzad that iron catalysts requirs a different gas and t.ﬁgt_&_,yyith_ .
iron catalysts the CO conversien procesds almost entirely according to, -~ -
L 2= ek (M) sw@rx (0
Howeveir, when a synthosis gas of 200 + 1H, waa used; the CO was converted only .-

partly, ‘and. catalysb activity:decraasled’quiw?rgpiﬂ:; T LR PP

o

S0 Untdl that tims, the work with iron catalysts gave maxioun yields only .
‘ gbout half as high as the ‘yields frem the cobalt catalyst & uged on the technical
scala and for that reasson an ec‘qnomig application of the synthesis with iron cata-
‘1ysts was not possible. T N T e e T e T T L

"~ - The taske thst _confronted us in 1936 was thersfors to doublo the yield:
‘of liquid hydrocarbons and %o improve the life of the iron catalysts by & multiple.
. IE vas furthermore desireble to find a way to lewer the reaction temperature and .
~Zinglly to-f£ind s pogsible way to control the natwrs of the products of the reac-
‘.h..;:;,-.,,,-;Ws,‘haw_.suqceéded"iﬁ“:cmoundmg;m.c;atalyats that _will convert virtuw
ally all of the CO-Hp mixture at. only slightly raised pressiures over very long '
‘periods. Depending on working conditiona, varying amounts.of paraffins, liquld
“hydrocartons, and gasol hydrocarbons may be cbtained. . ‘The total ylelds cbtained—
now. in the iron riddle-pressure synthesis are of the same -order of magnitude as. -
thoss from the cobalt middlespressure synthesis. _Tharefore, we were Justified in
- considering: the substitution-of iron for. cobalt. At the end of 1937 Fischsr had ..
_already reported to us on the favorable courss which our work on ths iron cata- o
.1ysts and the synthesis ‘using iron catalysts ssemsd-io teka. At that time, it was -
dacdded to acquaint.othor interested parties with our new developments in- the ‘gaso= -~
3ine synthesis to permit them to'check our results in their laboratories. Cup . °
‘researches have beesn continued, and &' 1ot of work has especlally been done An the
1ast year. - The essential marts of thia ‘work wore patented undsr tha.neme "Studien
- und V@mrbmug&?ﬁes;ellschaft. mebHoM v ' o
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C The applications going back to 1937 have been made uimder Ruhrchemie A.G.
At the soms time a number of compandes in foreign’ countries have been usad-as -
patent assignees. . Those developments are responsible for the fact that some of
the things which I am going to report today will not be entirely new to you. Hom=
ever, since the development of the irom catalysts is so important, it seems de-
airabls to have a discussion of the entire problem with you. :

THE CATALYST |

T - Precipitationof Gatalyst' T

As starting matertal for the production of iron catalysts, generally
iron-salt solutions wers used, Ths iron-salt solutions were made by dissolvin
technical iron in nitric acid... Most of the tims the iron was precipitated wit.g _
soda ash or with ammonia. The precipitate was filtered hot, washed, perhaps alkas .
lized, and dried. After having been dried properly, the catelysts appeared black-
brown or black. Although it vas desired to give rigidity to the ‘catalysts, it
was believed that pelleting would affect the activity, - Therefors, certaln precau~:
tions must be taken during pellsting to prevent this. Pelleting will not be dis-.
cussed here. co e : IR : : PR

© o+ : I shall 1limit myself to'the discusalon ‘0f pure iron catalysts only or
‘perhaps to catalysts that contain small additions of alkali. Tasse sre the.cate-
1ysts that have the greatest prospect of being used oh & technical scale. In:
general, we have found that catalysis prepared by precipitation of ferric iron
with sodium carbonate solutions are superior to thoss obtained by precipitation
of ‘ferrous iron with sodivm carbonate solution. Thess ferric catalyats have besh
used for most of ths qxparimenta;and'wo,cﬂled-'thm normal iron cetalysts. ... -

.’ In their production tw points had to be chserved carefullys. First, *.
it was necessary to: prensutralize the iron solution in the cold, ‘since without

prensutralization, on application of heat, or on standing for longer periods; in- -
‘goluble salts procipitated out of the solution, which considerably influenced ths
reproducibility of a goed catalyst. -Secondly,. it was important to bring the =~ = -
iron precipitate to a boll before being filtersd. This improves the activity and .
increases the life of tha catalyst. e e T RN

SR .7 . [Fretreatment of Catslyst |

.7 The freshly precipitated and dried iron precipitate is entirely inactive -
‘as far as conversion of CO and Hp to hydrocarbons ‘1s concerned.. In this respsct, -
‘it is comparable directly to the nonreduced cobalt catalyst, which is also insctive:
However, cobalt msy be. sctivated by treating it with hydrogen at 360°C. The
‘hydrogen reduces the cobalt compounds to the metallic state, and in this state the .
‘cobalt catalyst can:form hydrocarbons at lomw temperatures, .However, an iron cata~
1lyst may not be.activated by pretroatment with- lydrogen. -For exampls, the trival- .
ent irdn—ﬁf’”édnva?::d W‘Fepa,,yh@"'mtreawdf by hydrogen at 300° to A00°C,
This F=q0, cannot catalyze ths reaction between CO and Hy. Howover, if the iron - -
catalyst Lo pretreated wider cortain conditdons by G0, the catalyst my be actlvated-
“sufficiently to catalyze the gsynthesis, = (Depending on the'_‘tagperatum,--pia_t__réat’-.; -
ment with CO causes: more or, less formation. of ‘carbides, which.cause 2lso & reduc-- '
‘tion and a loogening of the catalyst structure,_ becauss cazbon is deposited inside .
-of the catalyst mass.) “The pretreatment with €O or .CO=containing geses is rzferred
‘to in the following as "Formierung" (induction). ‘



.7 :
_ Induction with Mixtures of CO and H, During Synthesis
: ‘It 1s well to distinguish here botween two different ways of carrying
through the induction. . There is an induction which takes place under conditions:
of the syntheals, and there is anothor induction which may talee'phoo\ under spo-
cial conditions befors the syntheals 1is begun. o

s at a heric s3urg,—~-0nce more, let us recall the work~
ing ¢onditions under atmospheric pressure. Figure 11 shows the variatlon in psrcont
contraction (as a measure. of the conversion) with time when vorking with a hydrogon~
,rq.ch syntheeis gas and a CO-rich synthesis gas. If the precipitated iron catalysts
are permitted to work on mixsd gas of composition 1C0 + 2Hp, under atmospheric pros-
_gure, then at a temperaturs of 235°C., an initial gas rate of 4 liters of mixed gas
per hour per 10 grams of iron, the contraction increases to 30 percent within 3 to
4 daye. This time, during which the catalyst gradually acquires its activity by the
action of the synthesis gas, corresponds to the induction time (Fig, 1, curve l).
For approximately 3 to ./ wecks, this catalyst inducted in the manner Jjust described
will continus to givs 30 percent of maximun gas contraction with an average yield of
50 grams of liquid and solid hydrocarbons per cubic meter of syntheais gas. The CO
of the mixed gas has almost all been convertad, wheress a large excess of hydrogen
remains in the end-gas, =~ . ' : : ' L

). ' Let us.conaider the case where ws permit the iron catalyst to act on'a -
’CO-Hy mixturo which more nsarly corresponds to ths ratioc in which the CO and Hp
are used up during the reaction. ' How are the relationships then? ‘Curves 2 o &,
“Fig. 1, show the results. It is asen from thoss curves that no improvement resulis; ’
‘indesd, the. conversion is impeirsd. On using s CO-rich gas (300 + 2H5) the con~'
traction reached a value of 3l percent after operating for 3 days at '235°C. (curve -
2); when'the temperature was 245°C.; the contraction obtained was 38 psrcent after
1 day's operation (eiirve 3). -When-the operating tempsrature wag 255°C., the come-
“traction was only 33 percent after 1 day's operation (curve 4). ‘In all throe cases,
it wes obsérved that the converaion dropped off very rapldly after having reached ' -
“being damagod by CO-rich gas at atmospherie -

" the peak. The catalyst was therefors
presm. e L - - S L S
71 Co-rAch pasend high prossure.—=Tabloe 39 shows the résult of & run dud--
' ing which a normal iren cabalyst ves operated for 5 months without interruption —.
’in the presence.of CO-rich aynthesis gas. (300 ¢ Zp) at 15 atwospheres. . The cata-
- lyst was given mo previous:induction. :-The gas velocity was 4 Liters of asynthesis:
vg_s_‘refe@_po’ 1 atmosphere pressure per 10-grams of iron catalyst. .

ERI R ' oble 39;-=Induction and synthesis gba -
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. .. At 245°C. and after 1‘day of oporation, the _contraction was 4 percent,
and after A days ths contraction was 10 percent, as compared to 30 to 35 percent
for the same tims of operation at 1 atmosphere prossure. The temperature was
. raiged, and the incretss in the contraction was observed. . On the 11th

day, 2i~percent contraction was observed at 260°C. An incrsase in temperature
%o 270°C. did not, at first, cause the yleld to rize. At 270°C., 37 percent was
observed, and at 280°C., 36 percent. Only when 290°C. was reachsd did the con= -
traction go up to 50 percent, which corresponided to a complete conversion of the
CO to hydrocarbons and C0,. Next we tried to determine whether this conversion
(50 porcent) could-be-maintained if the temperaturs wore lowered. At 268°C. the
- contraction decreased_to 37 persent. . At _280°C,, howsver, and in the third month
~of operation, & better degres of conversion was cbtained then after X month.
‘Msanwhile, a slow induction of the catalyst had taken place. During the 4th and
5th months of operaticn the temporaturs had been égain incrosssd to -keep-the-con~ -
tracticn between 40 and 50 percent. .After 5 montha' operation, it was 300°C.

' “During the third month, an operation vas carried out at 280°C. which
gave a yisld of -3 grams of .solid paraifing per normal cubic meter of gas; 93 grams
of liquid hydrocarbons, ard 32 grams of gasol hydrocarbons, all roferrad to 1
cubige meter of idesal gas. - N o o ‘ . T
5 " As compared to operaticn under atmospheric pressure, inductiom of the .
catalyst did not procsed so well for the runs vnder preasure, and if the catalyst ..

' was inducted during the gynthesis under pressure, the yield at lcw temperatures
was very low., On the other ‘hand, working under 15 atmosgpheras prossure and. using
a CO-rich asynthesis gas, the temperaturs could be raised to 280° %o 290°C. withe i

. out dscreasing tho-activity of -the catalyst as repidly as it would decreass ig-

~the pressure of the operation wars atmespherde, For a large~scale opsration, how-
ever, the temperaturas appearsd.to Be | 411 too high and the life of the catalysb

was Sill too briefs . - | e

Tnduction of Catalyst by a Separate Proceas Prceding Actusl Synthesis . |
. ;o atbempt wes mde to £ind out whether an incresse in activity could
bo obtained by carrying. thn;m!ghtm_m,ductiqnnina step, separate from the gynthe~
@is, The optimum conditions wers %o be found foxr both mﬁuctinn and synthesia .
" Induction st ordinary progsure and synthosis ab higher prossure.—Teble
40 glves the result of an ‘expardmont with dnduction at atmosp ric-presgurg and . -
24,5°C. using mixad gas. B S SR PR S
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. Yhen, after 5 days of operation, the contraction had reached a maximum
value of-31 percent, v shifted to CO-rich synthesls gas at 15 stmospheren pres-
sure, the contraction increassd immediately. from 31 to 55 percent. To obtain the
highest yields and correspondingly the highest valuos of contraction (approxi-
mately 50 percent), the temperaturs was raiged gradually. After 100 days. of
‘operation, & contraction of 55 percent vas still obtained ab 265°C, -

- When one compares the resvlts of thess expariments with the earlioer onea
whore a catalyst was ussd without induction at ordinary pressurc but was used -
4immediately at 15 atmospheres for the synthesis, it-1s ¢learly shom that the
prelipinary induction causes ‘the .gynthoais teapsrature to be lower. (approximately
20° to 40°C.). The imcreassd activity which resulted from carrying throush the
inducticn at ihe low sore of 1 atwo 6 ramained intact for the duration -

In order to examine whal infiuence the induction pressure has upon the synthesis

at atwospheric pressure, let us refer to table kl. ~Tho induction was cerrded
- through at 255°C. for 20 hours with 4 liters of CO-rich gas (referred to 1 atmosz
_phsre psr hour for 10 grams of iron) of composition 3C0 + 2Hy.  Next ws ghifted

“ to the gynthesis $tself. Four liters per hour of 100 »2Hy por 10 grams of iron
_were used at atmospheric prossure for 1-1/2 hours at a temperature of 255°C, -

| Duble Kl.e-Inflicnce of induction pressure upen -
B - . thesis ab 1 atmosphers T
————Toductien  OoJjitiosia . e
. pressurs, ~  comuraction, -

Tea

LN

Tho experiments agaln show that high pressires Smpeds induction. After inddetion
‘at 9 atmospheres, ths contractlon amounted to 5 percant; after an induction at 3~
atmospheres, 12-psrcent contraction was obtained; after inducting the catalyst at
.1 atmosphere, . 28-percent contraction was reached; and 30-percent contraction re-
sulted from a catalyst having been inducted at O.1 atmosphsre. -~ = .

‘. ... Influence of induction rature upon progress of 8 e .
we-had found out that.a cwr pressure of induction favors increassd activity of
“iron catalysts s normal iron catalysts were inducted at 1/10 atmosphere with &
CO<ich gas at different temperatures. ' The ‘induction lasted 25 hours, and the -
renge of temperatures worked in was 250° to 350°C. Then the catalyste were — .

. tested by acting on a gas of composition 3C0 + Zip at 15 atmospheres and 235°C.
(4 1iters.of gas per 10 grams of iron per hour). (See Fig. 20 :

"9’255 -
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_ __When tho catalyst was inducted at 255°C., the contraction decrcased below
50 perceont; dwring the third day of operation, when the catalyst was inducted at
highor peiperatures, it was found that its life vas improved. Thms, at sn induvc-
tion temperature of 315°C., we couldroperats for an entire month without falling
below 5C-percent contraction. Vhen the catalyst was indncted at higher tempera~
tures, the activity again dscreased. . '

", Figure 23 shows en analogoun sories of experirents during which the ine
. duction #as not carried through with a CO-Hp mixture but with pure CO.

" \hem the catalyst ws inducted<with CO ab 3/10 atmosphere end 325°C.,
the conversion during the ‘following synthsesis rengined censtant for 4 months (at -
5 tomperature of 235°C; and-a‘ pressurs of 15 ‘atmospheres). Hence the rasults
ohtained by carrying through ths induction with CO are even better than thoss with
' Influence of Induction Upon Synthesis Temperature \S’

. FigwreZagives a comprebensive picture. of the influence of the inductioa
on ths course of the synthesis. The abacissa reads in months of operation; the .
ordinate :T,s‘_c&ibmﬁed’in operating temperatures and ths corresponding steam pros-

- sures. Al experiments were carzied through with a synthesls gas containing CO *
‘Hg in the ratioc, 3:2 (4 liters per 10 grems of iron per hour). - e

. . .- Curwe 1 refers To a catalyst that had not undergone induction bub had
been used directly for the syntheslis at ‘atmospheric.ipressure. . To reach a maximum .
degzrse of contraction, the temperature had %o be raiged to 290°C. At-first, the -
ecntraction was 45 percent. .In the course of the 2 months of operation, the ag~
tivity of the catalyst improved gradually, and the contraction went up o 50 per-
eant,  The tempsrature could be lowered gradually to 280°C. During Yhe 4 months -

of operation, however, it was mecessary to ralse the temporature again, and st the ;

“end of the £ifth month, the temparaturs of 3CC°C. was requived.

. Curve 2 shows the temperaturs relationships with an iron~coppor catalyst
which was alicwod to act upon & mixed gas for 3 daye at 1 aumoapherd and 240°C, .
- {30 percent contraction); then the operation was swilched over to 15 atmospheres
pressurc. To obtain the highest contraction of 50 to 55 percemt, ths -tempsrature

had to be raised greduslly im the courss of 5 months from 240° to 290°C..

o ... Curve: 3"r‘aférs to & coppaz-fme izon cata]ystw:ﬁ.ch had- been induciéd' o
for 5 days“at-atmbspheric pressure aprd 245°C, and wag then used for the synthesis
at 15 atnoapmras'. R A / L U e e

vl

B S : o ) k L G RS ) H e

. Curve & reports tho temperature relitionships for-an experiment with .
another. copper=-£rée so-called normal iron catalyst which had beon treated for 25 ..
hours with pure CO under a pressure of 1f10-atmosphere and 255°C, - This experi- .-

ment gtill showed a contraction of 50 perdent after 16 months of opsration at 260°C.

o 6 5 pefers to e catalyst. protrested with CO at 1/10 stmosphere and
325°C, . The induction at 325°C. mads possible very unifora working conditions &b .
low tempsratures during the first month,’ The contraction remained congtant ab 50 .
to 54 parcent for 4 months a2t 235°C. Then. the temperature had %o be increaseds .-

>
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- The'curves chow very well the significance of the protreatmant of iron
.catalysts and what influence this pretreatment has upon the roaction temperature.
This influsnce of the induction remains noticeable ewen after many mogths of
operation, ' o _

. Time of induction.--Not oniy pressure and temperature of t uction
are important, but volocity with which the 0 passes over the catalyst. Re-
duction and carbwrization occur during induction and are responsible for the for-
mation of COp. Therefore, ths progress of the induction can be Jjudged by the
formation of COz. The induction is terminated when the COp obtained has passed
through a maximm and has reached a more or less constant minimm value.(Fig.:26).

_Any further formation of COp corresponds to the formation of fres carbon, which

ghould be avoided if possible, This carbon formation ‘tekes-place to.a leaser
degree at high low velocities of CO than at low flow wvelocities. - ~ :

~~ To summarize ths work on the induction of iron catalyats, it may be said
that the induction may be carried through at lover pressures and' higher tempera~—
‘tures than the synthesis which f6llows. Furthermore; it is advantageous to work
with pure CO at high gas veloeifies. ' During induction, equilibria between the
solid phases adjust themselves. They depend on the composition of the gas phass.
I the CO; content in: the gas phase is kept low, the reduction of the iron cxide
and thée formation of carbides are favorable, This might be one way to explain the
advantageous low induction pressurées at high: gas veloeitdes. =~ . 0 :

R riments are in the process vich are concexfna'd véii'ft—i‘t.he solid .phg&,
-that: is;" prog¢esses which occur within the. catalyst during the induction as well
a8 the synthesis, —Vo hope that these experiments will give results that will =
permib us-to obtain faster x;ethgsgg_bfﬂdetemning the activity of the catalgsts .
B e Synthesis Gas - B :
~ " The optimm synthesLe-gas composition is’theoretically that Which cofw -
‘responds to the ratio in which CO and Hs are used up.. It is sssumsd that the -
catalyst has a-sufficiently long life when it is used for such a theorstical mix-
" ture. . The composition of such a thobretical mixture. depends chiefly on the™ - "
- guantities of COp and .water formed during the reaction. . - R

.~ - Figure2§ shows for O -and 15 atmospheres the portion of CO-oxygen which -
"at various synthésis-gas compositions is converted to water and CO3. At a content
.‘of 30 percent ‘of CO in the sterting gas,.7 ‘percent of the CO-oxygen is converted: ' '
into water at 1 atmosphere pressure and. 25 percent at 15 atmog Hereg. - With 60 "~
- pereent of CO in the starting gas and 1 atmosphere pressure, ths - conversion goes
only to CO2, whereas at 15 atmospheres 4 percent of the CO-cxygen still goes to
water. Not only higher pressures but also higher hydrogen cantent in the Synthesis
gas favor the formation of water. T e T TI T e SO

.. Figure27,a and b, shows the influsncy Of *he synthesis-gas_composition
ipon the yield of 1iquid and solid and gasol hydrocarbons. The dotted straight
lines show calculated yields on the basis of exclusive €0, formation. The dot-
_point. curves show the ‘corresponding yields vhen water formation is taken lnto com-
“sideration. The solid curves show the yields actually obtained (i-week average).
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Theoretically 208 grams of hydrocarbons mey be obtained with or without formation
of water for every normal cubic meter of synthedis gas. Ab atmospheric pressure,
taldng into consideration ths formation of CO2 and watery the theoreticsl optimum
gas composition lies near a ratio of 2C0 + 1Hy, at 15 atmospheres at 1.85 COslH,e

' The fundamental difference between ths synthesis at 1 atmosphere and 15
atmospherss i3 that one camct work at atmospherle pressure with the theoretical
COsH,, inlxture because it causes the activity of the catalyst to decrease too
rapidly. This, however, is not the case for the middle-pressure synthesis. ‘The
figure shows thet, at 1 atmosphere pressure, o gas of compositicm 200 ¢ 1y gave:
the best results. . For the first. 4 weeks of operation it gave an. averzge o% -about
60 grams of solid, liquid,and gasol nydrocarbons, Thess ylelds, however, de~
-creased rapldly during the 5th and 6th weeks of operation. AL 15 atmospheres .
preasure, however, & yield of 150 grams vas obtained for many months.

: For the formation of Cip hydracarbons, less hydrogen is required than .
for the formation of CHy.  Finally it seems to .be-advantageous for the activity
of the catalyst if the final gas still contains a small excess of hydrogen. The
ideal synthesis gas, therefore, contains 60 percent CO and 40 percent Hp. Ab:
this point let us meation something about the production of synthesis gas. In v
the Institute, this gas mixture was generated in a normal-gas generator. CO0p and
steam were passed. over hot coke. “Such a process could be recommended in soma in- .
gtances for large-scale operation, sincs the Synthesis carried cub with. the iron - -
catalysts forms far more €O, than would be required for production of the synthesis
gas. ' From 1 cubic meter of synthesis gas with'a ratio of 3CO:2Hp, normally 250 .
-itters of CO, are obtained, whersas according to’ §C| + 430 +. CO2 = 6C0 + LHs only
100 liters of C0p are required per cubic mster of CO-<rich gas. Partial scrubbing -
-of the CO; from the end gas and addition of ‘same to the gas generator cculd fulfil’
“all the COp needs of. the gemsratop. . o0 T S
;.1 - The carbon requirement as shown by the above equation is no larger than
- that for the preduction of normal water gas. - e : .

“ " Tpe production of CO-rich gas'in the water-gas gemerator .of the Ingti=
tute and purification of tho gas has besn talking place in the Institute for years
at ths rate of 100 cublc meders per hour, If ons could ubilize not enly the COs
but sldo the methans (5 to 10 percent) and the unreacted CO and Hp (10 to 15 per-
. eent) one could approach-the theoretical yield of 208 hydrocarbons per normal .
cubic meter of gas. . S e e T e e U T
~ 7w Apother way to make ‘eynthesis gas is by the well-known-gagification of
‘coke or ‘coal with the addition of oxygen. .'-It'is.m%neces?:'aam to elsborate on. thie.

AT Syntheais Pressure . e .
: ' In the chapté¥ on the synthéais gas, we have already explained the T88~
sons why, in ths hydrocarbon synthesis on iron catalysts, work at atmospheric. -
‘pressure is not practicable... Table 42 shows someompsrati‘veeaqiermntsin which

" ‘syntheais took place with the sams catalyst at various elevated pressures. We
_used & number of iron catalyste which had beerr inductsd for 24 hours 8t 1/10 at-
mosphere and 325°C. with a CO-rich aynthssis gas. Teble 42 shows. the results of
axperiments completed at 5, 10, 30, and 60 atmospheres. All of thess experiments
‘were conducted at 235°C. ‘At 235°C. the catalysts did not give any conversion at
_atmospheric pressure; neither did they glve a conversion on the second day at-250°C.
“(after switching, howsver, to 15 atmospheres and 235°C., the catalysts gave a

contraction of 53 perent). |
- 88



o At 5 atmospheres the contraction was 30.to 40 percent; hence the eon= -
version was atill incomplets. This remained so even after the temperature was
relsed to 270°C. on the ninth day (a switch-over tc 15 atmospheres caused a 50-
percant contraction even here vhen the temperature was 235°C.)e - At 10 atmosphores
& 50=-percent contraction wes reached at 235°C. This vas the case-also at 30 and:
60 atmosphores. . Howaver, when working at 30 itmospheres and 235°C., after the =~
third dey a considerable decrease in thes amownt of conversion occurrad. For the . -
60-stmosphers run, this decrease sét in after two days of operation, VWhen the
operating temperature was 254°C.; the decreass in conversion did not set in earlier -

than the sixth day, when a maximum-of - 52 percent’ k;ad"b‘eeix reached, .. E

S 'I’heoptimmnpressuraisfoundtolie betwaen 10 and 30 atmospherés or
sanswhere around 15 atmosphores. (When operating under 15 stmospheras, the same
-catalyst operating at 237°C..still gave the seme conversion after-a-vhole month —

of operation, that is, approximately 50-percent ‘contraction,) - -

: Reaction Temperature ' . = - .
' .Special attention was given the reaction temperaturs. Ve tried a lower
reaction temperaturs in the middle~pressure synthesis. - This was lmportant not
.only from & chemical but from an economic viewpoint as well. On a largs scals,
ths reaction is kept at a wiform temperature by cooling with water; honce, lowere
ing the reaction temperaturs will causs ‘a lovering of the steam pressure, and, .
conssquently lower cost for equipment. =~ .- Sl T e T

i

ke The;;iinfmex'xceofginfiucﬁgﬁ upon synthosis temperature has been discussed
indetedl. oo 2R o T T T

" The infiusnce of the gas composition So" such that Hy-rich gases permit
s lowor vorking temperature than the CO-rich gases,’ . =T

..o For exampls, an experiment with a hydrogen-rich synthesis gas o\f Compo—
sition 1C0 + 2Hp yielded 47-percent contraction at a tempersture of 184°C. after
the sscond day of operation. ~The usage ratio of CO'and Hy peinted towerd the -
forzation of hydrocarbons and water. At low resction temperatures, the conversien,
_howsver,- decreases after a very fow daya, and it is interasting to note that even -
- 1f the temperature is ralised therpafter, the results do not improve. It is betier
-to initiate the experiment at the high tempsratures. | o




. )71thagascontainips°0+ﬂ2m,thomuouz,:.tuupoaaibln,"hap-
‘@ver, to.operate. for seveiral months at 200°C. and practically convert the entire -
CO with an average contraction of A7 percent and a yield of 90 grsms per normal
cubic meter of gas. The 1iquid and solid products bbtained were entirely color-

less. Essentially larger yields cannot be obtained on iron ‘catalysts when such
a gas 1s used. - ’ ‘ ,
* " Yihen wo used the CO-rich gas wo usu: Initiated the experimsit at
° to 235°C. (in order to get good time yields). e did this in spite of the
fact that a good degres of conversion could have baen obtained if we had operated
8t 20° to 220°C. _ ' S o : s
. The tegngoratm‘o.f the reaction influences tho mature of the reaction
products.  Table 43 shows average yields obtained from iron catalyste containing’
1/L pevcent of potassium carbonate and operating at 235°, '275°, and 280°C. . The .
yield of solid paraffins was 39 grams per normal cubic mster of gas for-235°C.—
and only 4 grams for 270°C, As ths solid paraffins decreagsd vhen the tempera=
‘ture was ralsed, the liquid and aspecially the volatile ‘hydrocarboyis and the gasol:
hydrocarbons incressed in quantity. At 280°C., the paraffin ylelds were even less,
;2:{; at thii’- temperature the yields of liquid &nd gasol hydrocarbons sterted to -

. The msthod of producing thse catalyst has bsen discussed. Ths following
table L4 shows the influencs of-ths laddition of alkali to ths catslyst upon the -
. ‘The indicated quantities of potassium carbonate added to the catalyst
are based on the contents of iron metal. In the case of the other alkalized salta
(pormanganate, fluorides, etc.) the notetion "l percent Kin0)" indicates & quan-
tity equivalent to 1 peresnt K003, . 7 0 o Lo oo T

" Tuble 4 shows the yleld and nature of ‘the reaction produsts cbielned .
from catalysts containing different. amounts of alkali. . “The temperatura was 235°C,
‘and the pressure 15 atmogpheres. The ‘yields, indicated as grama per normal cublc:

‘meter. of ideal gas, bre not quite ‘constent for the first month of operation becauss

~

of varying percent contraction. The yields are approximately 140 to 160 grams for
‘this first month. - If the nature of the products formed is disregarded, we s6e .
“that the alkell addition to the catalyst has no-important effect on: the total ..
‘yield. The alkali-frse. catalyst precipitated with emmonia gave ylelds that were
‘not essentially below thoss obtained from catalysta ‘containing 1/4 percent K3C03.



leallm]ieontmtofﬂmcataﬁyst, lnmver,hadavmmﬂmdixﬂumcouponﬂw
nature of the reaction products. Vhen no alkali was present, the Butanone mothod
revealed approximately 12 percent of paraffins in the product. -When 1/l percent
potassium carbonate was added to the catalyst ths peraffins was 26 porcents with -
1 percent potassium carbonate ths products contained 42 percent of paraffins;
with 2 percent potassium carbonate, 43 percent; and with 5 percent potasslum car-
‘bonate, the final product contained 45 to 46 percent paraffins. The yield of
1iguid and gasol bydrocarbons decreases with increasing allmli. content 'of the

catalyst o E——
| . Table hli—Yields cbtained from various iron cata;zsta;
e containing different amomts of allall Ll
~—5:11d, TigWd and_ T 2
gasol hydrocarbons, SRR R N
~ Alkmli” grams per mormal oo liquid

Prec:i.pitant addition . cublc mster of Paraffin, hydrowrboné, | Gasol,
- T &cem:w m gg p_greent. gercent __pereent

203, 1 Km0, . 185 - kb N S T

L1 omsd T 18 i 4 ¥
z 1 ’Kﬁgﬁﬁg T sk LBg 2 %
2 Kgogt oMz B W 13
Vo5 K03 T RN 1 s R 45 Y R I V-
m,zc .5 ch03~ o150 - bb kh o _'-;"-10 |

" mable N shoss fm'thar ‘thalt Ehe qum.tbity and the fature of the resction
pmducts were not affected by the typs of alkalire selt added to the catalyst.
No easentia.l difference was discovered when the the catalyst was alkalizad by 1 per~
:cent pobagsium. carbonate -or an equivalent quantity of potassi.um permanganat.e,
potass:.mn s:!.licate, potassﬁ.tm flunridas, or potassi.um pbosphatee o .
T 'The 1ifa of the catalyst is longer at a low alkali wntmt (for mmmpla,
1 parcenb K2003) than it ia at hcl.gher allmli content. s i o EEn

PR Ws have already poin‘bed out that hydrogcm may no‘b bd subst.itutad for CO,‘
in the induction of the catalyst. ' Catalysts pretreated with hydrogen«-atha.t is,..
reduced iron catalyste-—are’ inactive at low temperatures. . If the catalyst was
‘pretreated with hydrogen before 4t was subjJected fo the action of €O, no improve-
ment resulted. Neither did. impmemnt rogult if the cat.alyat wasg treated vd.th
hydrogm between ‘the induction. period and. the ayntheus proper. R

i 'me treamn\t with hydrogen, however nad a di.fferent result if carnied'
out on an iron catalyst. ‘Guring the synthesis.: 'I‘ha situation was then similar to.
that of cobalt ‘catalysts. ' To demongtrate this,: we. carrisd out tha’ following: ex~
perimnt. e had available a ‘catalyst which, in order to give the best results,
ghould have: 'been employed at a temperatm'e @ :rew degrees higher than 235°C. fat



15 atmosphores and 4 1itors of CO-rich gas por hour). We cporated this catalyst at
235°C. -During tho first and second days of operation, we observed a contraction of
52 percent (ses Fig.28). After tho second day, the contraction was 50 percent, and
after 3 days, 47 porcont. From the dotted curve (Fig. 28) o are able to see that the
contraction would have fallen to 40 percent had we continuasd to operate for a weck at
235°C, However; after the third day of operation, the catalyst was treated with —  ~
hydrogen for 15 hours with 8 liters psr howr at 1 atmosphore end 325°C, After this
hydrogen treatment, the catalyst caused a contraotion of 55 percent in the following
aynthesis. It decrcased slomly thereafler; howevor, 4t remained above 51 percent up
to the 12th day. On ths 12th day, the hydrogan treatmesnt deseribzd above was repeated.
The contraction rose again to 57 percent and after 19 days of operation docreased to .
50 porcent. After the third treatzent with hydrogen, 55 percent contraction was ob-
carved, which decreased to 51 porcent after 3 days and after 4 days o 52 porcent
Whon the synthesis was continued for 2 months thereafter at 235°C., the contrac
remainsd nsar 50 to 53 percent. - S ' K '

™ . Figuve2:, shows that sn increaso in catalyst activity resulted when the syn~
thesis was interrupted and a hydrogen treatment performed. This increased activity
was especially pronounced during the first few hours of ths hydrogen treatmsnt, and -
it also stabilized the catalyst thereafter. Vhen the activity of the catalyat was
et a maximum after the hydrogen treatment; the ueags ratio of CO and Hz'mb no dif- -
' forent from that of the normal aynthesis eccuprring with 50 to 52 percent contraction,
In both casss CO and By were ussd up in the ratic 1.67~1.7011. It is_therefore cbe
‘vious that no cazbon formation occurred during the timo of optimun activity of the
. Iron catalysts ~that had besnusged for a long tims or had decreased in scti-
vity to a great extent did not show lasting improvement when treated with hydrogen. .
Listing improvement may not be oblained oven if another induction is given with CO.
If it is desired to perform a hydrogen treetmsnt and produse good rosults, the cats-
1yst must be.subjected to hydrogsn before it gives a contraction ef L5 to .50 psreent.

agrmaow

7 X want_to point out once more that w3 have operated with lron catalysts. for
_soveral months, even up to: 1 year, and 4% was not neccssary to carry oub one aingle
mg;emr&tibn;,qf‘-_ﬂm catalysbe oo AT fa il e T RERE L Ea
’ S0 pofeck of Adding Klesalguhe . o0
=" ! Ve have discussod the effect of allali whea added to the catalyet; lot us
 mention briefly-the effect of kieselguhr when mimcLixxbothecata]yst. ©Ib s well
‘known that kieselguhr is an essentiel constituent of cobalt catelysts snd that good
‘yielde are cbiained only whan kisselgubr is uesd as & carrier for thoss catalysts.

. Tnis is not so with iroa catalysts. "The best rosulbs were cbtained with

catalyste froe of kisgelgubi. However, it might be desired-fo addikdlesslgubr to the -

‘catalysts for various reasons, such as,’ for instencs, loosenifng of the iron cstalyst

or decrsseing ths danger of carbon formaticn, In general, ‘the addition of iklesslguhr

‘to iron catalysts cauges en improvement in activity in the gense that more lower-

boiling and ‘gagoous hydrocarbong are formsd. . B S T
: S Construstdon of Apparatus. B

. . Tne discussed tims tests were carried out in horizontal, slightly tilted =
‘reaction tubes. A -slight expansion of ‘the catalyst msy thus take place dus to carbon
deposition without serious damego (Fig. 9, schamatic drawing 1). If the reaction .-
_tube is vertlcal, expansion of ths catalyst ‘cauges 8 restriction betwsen ths catalyst:

"granules -and henee ‘a shortening of the contact s of: ,nge;sby;pgmng,qveiﬂtham e

(Pig.29, schematic drawing(2). To ste any possible disturbances. Irom the view-'

point of construction, we ave still'in the process of

.6
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cobalt-liesslguhr catalyst. The apparatus 1s cooled by water and has to vith-
gtand a pressure of 50-60 atmosphores @. - .. .. If salt solutions were used
mate‘nd, of water, the neceasary steam pressures could bo reduced somewhat.

. PRODUCTS OF REACTEON

~ ‘hen the iron catalyst 1s used in the middl&ﬁreséwe synthesis, puréf-'
£in and olefin hydrocarbons of varying molecular weights are produced, as well

‘as methans and lover.gasecus hydrocarbons. It 1bh possible to regulste the courss

of -the reaction to form certain products in preference to others. In additlon to
the producta 1isted above, oxygen-containing organic compounds are produced, pro=-.

Ms similar to the Synthol described by Fischer and. Tropsch ssveral years ago.

.. The crude totel 1iquid produét cbtained from CO-rich gases and alkalized
catalysts, in general; is not quite colorless but has a greenish-yellow tinge. -
After a distillation, however, one obtains a water~clear colorless gasoline; o
whereas amall traces of the formed oil remain 88 a yellow residuss The gasoling

_ig stable g.nd remains colorless even_ after months of storags. .

‘mis quantity of the fraction bolling up to 180°C.<~in other words, the

v gaub_l‘i_ne, fraction (varying in amownt in. oach-cese: ddpending onworkiag-eonditions)==

“mey.ba 80 pescent or 40 percent ol ayeicléss; . ba
. hydrocarbons. prpducedo’*:f-:rg Chpmnt hegiedlene? ogedd

AP s

saa%frah“effﬂeoﬁxemqgm afd;s0lidr

" fable 45 shows-the groperties of the stabilized gasoline washed with -

‘»-s'oaimfhydmﬁfde., .iTts Imocking properties were determined in the T.G. testing.

engine. Approximately twb=thirde of the total liquid product.boiled in the range -

of 30 to 160°C, Table 45, NO. 1, corresponds to the primaiy gasoline. Its oo~

tane number 1s 6l. -

oo 150 ver
~1. 0 0.69

= Sy
2. ;o5 65 - 32 53 10

" The two gasolines 1isted under 2 and 3 ave only mentioned briefly here.

“During the synthesis, the total end gas (which includes ths COz) was pagaed over
& phosphoric catalyst-at 15 -atmospheres pressure. The unsaturated. hydrocarbons

~ contained in.the gas f\imishedprimry Lymer gasoline, which was mixgd with the

v gasoline. sSuch mixed gasoline boiling to. 180°C. had an octane.number of

77 (gasoline 2). If the distillation wes interrupted at 150°, the octaie number -

was anly 7). ‘(gasoline 3). If 0.7 cc. of tetracthyl lead per liter was mixsd into -
gasoline 2, its octane number improved to 79;.1f the sams quantity of tetrasthyl’

e



.. If tho gasoline 13 not aubjected to washing vith sodium hydroxide, a
higher octans number is cbtainsd in the primary gasoline also. I vashing is not
carried out with sodium hydroxide, acid constituents are left in the gasoline in
addition to wmater-soluble oxygen-containing organic .compounds such as glcohols.
The high content of unsaturated hydrocarbons is very favorable for the antiimoek
properties of the gasoline. Should it be desired to produce luwbricants from the .
unsaturated constituents, then it would be nscessary to reviork the oil in order
to remove all traces of oxygen-cantaining constituents, which normally would dis-
turb the polymerization with sluminum chloride. ‘ o -

The solid and liqtud products of the nch;d, according to thn]'Butanbné :
method, contain approxmately 5 to 50 percent of solid paraffin. The paraffin is

catalysts ere used, If a CO-rich gas and an alkalized catalyst containing up to
1 or more percent potassium carbonsts catalyst are used; the paraffins are both
_yellow to dark ysllow. The coloring matter may be due to-iron compounds, In -
.general, however, the coloring matter 1 due to amall quantities of higher-bolling
oils, which may be removed by extrastion or by hydrogenation. Lot

© . The mélting points of the paraffins range over the whole region of the
known peraffin hydrocarbons. The : . .ooiii o oonn paraffin which remains behind.
:In the cgt._a.lyst contains -_eonatitnent'a otcspecm.ly high melﬁ_.ng_poin,ts.’}' o o

... -~ The uses of the paraffing are very msny. It is ot neces - hers to
discuss them. We did not hink teo mich about oxidizing them to fatty acids used
in'‘the sosp industry. The paraffins obtained from iron catalysts are not as ideal
for ,f.a'ct{hacid product:long,(g:.in theraoap-:s.ndustxy) as are the paraffins menufac--
tured with cobalt catalysts. 'To meke thoss paraffins avdilable’ for the soap in=-.
dustry, they have to undergo & special trestment. It has ‘not been shown whether
the "iyon paraffin® contedins a greater mumber of bpranched-hydrocarbons then the

. Qumtif._;' and composition of the gaseous hydrocarbons are. also functions .
of the nature of the catalyst and the reaction temperatwrs. Teble 46 shows ylelds
of gasol hydrocarbons with ‘their content of. mnsaturated constituents ‘produced under
various synthesis conditions.. A1l experiments refer to a synthesgis-gas of compo=
sition 300 + 2, and a synthesis pressure of '\1‘5_ atmospheres. The gasol yields are
esfsential;y‘lar/ger;hejre than vidth cobalt catalysts. = - e T

R i %m—-a’c—'amsofgasoll’ercentoi‘unat\x-
! Cotalysts . . . 8 T ao) o

e : ‘meter of gas
Fe, i3 precipitated, 0R KC03 235 |
Fe, NagCO5 precipitabed, 0 K009 = -=2d0. . . o

Pe, NagC03 precipitated; /4% K L0g - 235 o
Fe, '“%%Trecipitat\eﬁii%ézc TR

Fe, NepC03 precipitated, 1/4% K003

- fable 45.~-Tields of pasol k corbons with different catelysts

a




_ . With the iron catalysts -procipitated with anmonis or soda ash at & oyn-
thesls temperature of" 235°C., 20 %o 30 grans of . gasol hydrocarbons per normal
cublc mater of gas wore obtained, with a total of 70 to 80 percent of unsaturate
constitusnts. Vith increasing alkali content. and with all other conditions the
sams, the quantity of gasol produced decreasss. With highsr reaction temperatures
ths quantity of gasol hydrocarbons increased, but thelr hydrogenation vas favored
too, so that at a temperature of 210°C, the same amownt {grams per normal cublc
‘moter of idsal gas) of wnsaturated hydrocarbons wers obtained, namsly, 20 grams
per normal cubic meter of ideal gas. ' I o B

- Yhen the iron catalyst contains kieselguhr, the gasol hydroéarboné pro~
duced at 235°C. differ from those of e catalyst without Kieselguhr in that they
contain a.ama;l,ler amount of unsaturated hydrocarbons. . T : .

: Iron catalysts not only produce “gagol hydrocarbons containing 3 and 4
carbon atons to the molecule but algo form Cp hydrocarbons. The gases from ons.
experiment wers subjected to & lowm-temperature distillation, and the following
‘constituents wers obtained: Eleven grams per ‘normal ‘cubic mster of propylens, 6 |
. grams per normal-cubic meter of butylene, and 5 greme psT niormal “cubic mater of
sthylens. The relatively high yields of ‘msaturated gasol hydroearbons are espd-
cially favorzble 3¢ Jone considsrs further processing for high-octans gasolins.
|  Products Containing Cxygen
. At 235°C. and with a CO-rich ges ab 15. atmospheres, we chtainod 13 grame
’ of},gqueous,‘prod;zctsf with the iron-lkieselgubr catalyst. They-contain aclds, ‘alde=
hydes, and esters {ths test for formic acid wes negative, that for acetic acid was
~positive; the test. for aldohydes vas positive whon fuchsine-gulfurous aclds were
“used; and ssters ware_pr;esentx(sapOnificgj,ion))_-; The ‘aquecus compounds alao—con=.
‘tain alcohols, such as sthyl and a 1ittle methyl alcohol. Figure 20 shows a.dis~
. t31lation analysis of _j'gh@.,.,conatituent‘s of ths reaction water which boiled below . -
90°C, (28 percent of the total reaction water). The ‘aistillation was carried out -
by a microcolumni, .- L e R St TR AR s N S

. The boiling= oint-eurve shows alabinstly the othyl sleohol fracsion. It
ropresents T.5-percent of the total peaction water. - The second gconghant -tempera=
ture corresponds to the azeotroplc mixture of pro ¥yl slcohol and water. (87,7°C. .

a.nd. 284355?00!!1’. ofwaber).  _' D ‘ _ _ S o : i
ot dily did we £ind synthol-Like compounds 4n the resction water, bub |
in the “hydrmrhom.,;%fl?wy could be found in the low-boiling and in the Thigh-bpning

fractions. = The oxygen determined by analysis :varieij between 0.2 and 2 percent.

The lower-boiling fractions contained more oxygen than ‘the higher-boliling £ractions.,
Alkali-deficient iron catalysts. produce only smll quantitios. of products contain-.
ing oxygen. More fa’.,lkz'al,i.z,g’_clfcataly'stsiipmduc‘ejd;‘-htgher?‘qmntijbios.» “The normal iron
eatalyst produces, ab- 180°C., a gasoline which contains 1 to 2 percent’ of water—.
soluble products. Othier iron catelysts yleld 5. percont ‘or more. ~The acid number .
of producta below 120°C. is1; that. above 180°C. ‘43 0.1, The _corresponding esterd-
fication valuss are 1.6 ard 0.5, respectively, and the saponification valuss.are
2.‘6'and.'O.6,;_{x"es1peqtive]y;_: ‘Among others we were able to prove the presence of
" “and-&lcohols. - Hors-detalled analytical information is left for s future.

report.
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City Gas
Before I end my discusslon on the reaction products, ‘I want %o mention
here that, according to our newest experiences, the iron catalysts are well-
adapted for production of a standard city gas from water gas.

CONGLUSION |

: Tha following may be said about the iron nﬂ.ddle-pressuro synthasis. The
 yields of solid, liquid, and. go.sol hydrocarbons are betwwen 130 and 160 grams per
normal cubic meter of ideal gas. 'The longest.13fe obtzined for the catalyst vas
1-1/2 years without any regensration at a temperatire of 260°C. At the samo time

it still gave a yield of 1140 grams por normal cubic meter. v

. ¥
. The atabﬂity of the iron catalysts over long periods may be observed
fmm the end-rgaa a.palyses, which ave summarized in t'.able 7. ‘ . ’

- Table &g N
: perap traee-,, ~ , O
Operation, ture, tion, . -=—— —  — - Rydro~" Carbon »
.%C, _porcant ©02 Olefins O €0 H2 carbons. No ,,*‘g,_

_months

. End-gas analysis of an eaq:ar&ment at 255"6., ivon ca.t.a.lyat .’mductad with co-
- ab- 1,/10 aumosphera. L

‘1 - 235 50 a9.6 "2 Toa 15.0 133 8.8 , 1.9 1.0

" ’ 1!& : . 254 : 50 5001 208 02 116.9 ].1:9 . 703 l7 12 8 )
‘ é. End.—gae analyaia of an eocperimant with a cat.a.]yst inductsd at 325°c,_, 1/10 -
atmsphem‘ ‘ ‘ .

Sooa 235 s 57. 0 2.6 03 63 14.6 8.9 2.0 10,5,
32 #B5 2 A2 3.3 A 5e2,1-1«2. 9.0 L9 200

Table 1,7 concerns &. catalyet inducted at 255°c. with CO &% 1/10 atmoe-*
. pham. It shows the sams converaion for 1 months of opsraticn uninterruptedly .
_ opera*bsd at 253° to 254°C ab the- same charge of gas through the convez'ter of 1400 =
v liters of sym.heais gas. per ld.logram of iron. . , L

=" psble 47 aXso covers a. ca.talyat indncted at 325°c~at ine atmasphem ,
with CO.. This catalyst ylelded virtually the same degzee of conversion and opti= .
mum ylelds of 150-160 grams per normal, cubic mstar of gas. after i'our months of op=

The iron’ catalyats are’ “not’ only auperior to the cobalt catalysts on ac—

oaunt of their lower cosh, but also for tho less expenaive apparatug which they
require and for the:more ewven life they exhibit. It should be added that ths
» ant.ﬂmocking propertiss of -the. iron gasoline are bstter than thoss of the. cobalt
_gasoline and that the unsaturated gasol ‘hydrocarbons cbtained with iron. catalysta‘
~ can be used to grea:bar adva.ntage i‘or production of high—quality gasoline. o



... 'The following disadvantages are presented by lron catalysts: They worlc
at higher temperatures, hence require greater steam pressurs, if it is dsasired to
‘cool with water, than cobalt catalysts. Iron catalysts have a greater tendenty
to form <:ﬁtbon than cobalt catalyste. L " ‘

. The problem of using iron catalysts for the synthseis of hydrocarbons
has been discuseed. It all was conceived through the efforts of Dr. Fischer and
his previous work, - SR P

o The developments which I have told you about today on the iron middle-
-preasure synthesis are the result of the last 4 ysars of research. We havse suc-
ceedsd in raising the yleld two= to three-fold as compared to the earller experi-
_ments with cobalt, and we have succeedsd in lengthening the Iife of the catalysts
10 to 20 times, Hencs, the.total yleld improved 20 to 60 times. We succesded in

1, We-uged iron catalysts pretreated with CO. .. P NP
2. Ve maintained the synthesio-gas pressure at the same optimim
as that of cobalt middle-pressure synthesis, namely, 10 to

. Y

.20 atmospheres. .~ .. .. Lo S :
_ 3. We used a ratio of Hp +.CO beat suited for the synthesis,.
At the end of 1937, Dr. Fischer reported to you -the developments of iron catalysts.
Today, wa ‘cen say that a grest significance is atteched to the middls-pressire . ..
" gynthssis with iron. I want o express my thanks to. Dr, Fiachor who has assisted

- ug with his counsel and advigs in all his work. - Finally, I want to express ny
thanks to &1l my coworkers who have helped in the same effert. .






