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(Introduction'of tho Director to th lecture=dlscussion on iron catalysts for tho, niddles

-0n gy .23:0f this.ygar, & mture;agq.. held_for.the satie. body. of men,. and our Drs.
‘Koch ‘spoke on'tha\produotién of spapial anti-knock bungines obtained from Kopasin
A fgﬁm;_‘I@imte';"it"jhnﬁpnncédf'the icamingiilecture on iron oatalysts for the middle=
_presgure synthssis which has for ‘its purpose to Inform our body of men here about

- the rroproas which hag boen made on $his work at the Inatituto.

Hans Tropsch and myself have Laon concornsd for more-tiam 50.years with the pro= .
‘ductdon of gasoline from O and Hp by using ircn catulysts. At that time, we oxe
-anined the eynthetic products which were obtained on alkalized iron shavings_.at,
‘pressures of 100 atm, and :above ‘and. at relstively hirh temporatures”somewhere in
the naiphborhood of -LOOPC. - Contrary to stateronts in the litorature, wo made the -
. fundenontal observation that under those conditlons no hydrocarbons wera formed,
“howevor, only oxygen-containing. products appeared. Thay congisted of alcohols,
aldehydes, kotones, and ecids, - e have identified a great mmber of tho indi-
vidual compounds, and we have termed the whole thing, _5ynthol, - In the course of
‘our investipations, wo: have’ discoverad that iron“catalysts have. a:tondéngy too
¢ive moro hydrocarbons when the totdl crussure decreased. After we finally were
‘able then t6 develop catalysts ‘vhich would permit working at ordinary. pressuros
and: lower temperatures, since they uiffered from the alkalized iron catalysts .
by haviny. a-much higher activity, it could be demonstrated that almost'exclu~-
‘aively hydrocarbons were obtained.. The three retals which we have recognized -
as beinp tho active inpredients of ths catalysts in tho course of our studies
- were -iron, nickel, and cobalt. -+ All threo showed: that they could be used for
.the oynthesis. JHowever, cobalt gave the best results. -Then I finally came to
the decision many years lator to invostigate thi“Korasin synthesic in the:ragion:
‘between ordinary pressures‘and low temperatures. and the region in which the
~“gynthol forms, namely over 100 atm. and higher temperatures, the work on the = ..
“hidd1e pressure-synthosis “using cobalt-catalysts-vas started-in-Pichler!s Dyl
‘slon. 70 our, great surprise, we lound at that timo that with rospect to the
_products no gradual change ocourred from Kopasin to Synthol.' Instead we found:
‘that between Iy ‘énd 20 atm. pressure and at low temperatures using active.cata=
lysts, a mixed yield of soldd paraffins could be obtained, - At the same time,
-a maximm yield of total hydrdcarbons resulted and the catalyst had its maxi=. _

‘mm 14fetire. It was only natural that we wanted to see whether qur exporionces

‘gained with cobalt also applied o' nickel and iron. - Nickol, hoyever, had

‘be discounted bepause at; the higher pressure and the tomporature which |

“are nocessary for tha synthosis it is baj -carpied opt of the rejgction r?“.”.]!l‘ '

in the Zo E}o'r,p ckel-carbonyls. . I!‘l contzast tol nickel howeyer, iron cdn‘m ba "
«'In eting of

B of iron-alis, a ligher yield rogulted, and the I
Speods | About, [that,"Dre Piphler ¥ELL report i

“usadls In-the-cage. of .
Ahe catalyst, walpro u.



) - okasmsynt.hesis ‘hag to pro-
it 45, A€ the game yiedds can bo. expectod: than with
g of ‘the dron‘catalyst is eemparabde to that of the.

and“hag ot endy” bisen maty but haybsen surpasgeds T At least tho-gamo

p1ds! oan bo. obteined a5 ave with cobalt catalysts, = The lifetine .of tke dron.
catalyats 1s-a;mitdple of that of the cobalt catalysts. The lifetime of a ydar
working gt the highest capacity may easily be obtained, but on account.of the
cheapnags, recovery, and rogonoration of such catalysts is not even necessary
any Jongor., Tho iron catalysts work-at-somewhat highor temparatures than the
sobalt-oatalysts-which-0all-for-stronger-pressure-vesgels-and-thicker-gall.
thiclmagses of tha apparstus than s reguired for tho middle~-pressure.synthesis.
with cobalt, Against -that, however, we have to tske into account that the - ..
steam produced has a higher pressuro and has greator availability, The starte
ing gas for the iron catalysts has to contain more CO ‘than the starting gas for
cobalt catalysts, but such a gas as is required for iron catalysts is Just as
easily produced than a 2:1 gas. The ironm catalysts seem. to have algo the -
abllity, at losst to a’small degree, to produce’ higher hydrocarbons rot only

for mixtures of CO + Hp, but also for mixtures of COp + Hpe

Approximately three yoars ago, I disoussed the question of iron catalysts -
shortly, in your cir~le, Today, however, Dr, Pichler will speak in detail on
_the whdle problem and specially will point out the propress which hss been made
in the last three years, Let me introduce Dr, Pichler. = .

. Iacture-Discussion

The_I/4ddle~Pressire Gynthesis with Iron Catalysts

Part I. Introduction

After we had recognized that the middls=pressure synthesis with cobalt catalysts
had-improved the yleld of hydrocarbons and the lifetims of the catalysts as cam~T
pared with the normal pressure synthesis, tlie question was asked whether ths co-
balt, which is hard to pet in Germany, may be replaced by iron and if wo still

may expect all the good features which we obtain with the cobslt, Ever since

Frang Fischer dsveloped his synthesis of hydrocarbons, we have tried in our In- -
stitute to £ind such catalysts which could do the work as well as cobalt and
thorium and would he cheaper than those two metals.- In 1923, Fischer and Tropsch
_passed water-gas-over. alkalized iron shavings at pressures of around 100 atm.,
-apd-temperatures-of -350=l50°C; ~They observed-the=Lormation-of ~oxygen-containing=
organic compounds which they termed Synthol, Similar experiments of the Badischen-
_Anilin< und Sodafabrik which date back to the year 1913, and where they used simi-.
lar pregsures and temperatures led to the synthesis of mothanol-in 1925, -Fischer
-and 'Zerbe. (L) also.demonstrated, in 1923, that alkaliged iron shavings used es. -
‘catalysts_at pressures below 100 atm, favored tho formation of hydrocarbons, and ~~
‘suppresged that of oxygen conta compounds. -~ R

i

- In|1926, Fischer and Tropsch report in thoir i_iggp,,p};blica}::.‘on o-L:’;ge #:otro o
synthesis that 1iquid hydroparbons may be produced with iron catplysts from $he -

-CO|and B, when working at temporatures of-around 30C°C, and above; On the bisis
of |those jexparimonts, we have tried in tho.past ,ydar"a over) and over to’changﬂ‘t tho

“ -2-..



Fisohar-and 'lrapach'-’/tﬁed 1n 192 to:convort
.280°C. Ths iron-copper: catalysts s ot
‘were ‘employed as such with h water-fas, 1 e
and-oily subatances in the ratio of 32 and 1, o aut ,

“time that the rasults of thoir’ presaure experiments:-wg 3 1ot as good ‘ag those of
%m-etmmlaﬂc—ommmntsﬂtmﬂnﬂ%h* ehe) A the-lesturo on
‘tha-bengine synthssis, that at. atmoapharic pressure- and‘tha usa -of ‘an-iron-catés-
lyst, only 30-35 grams por cublc meter of mixed pes wem ébtained, (This dor-
responds to LO-US grams per normal cubic mster of inertefree coon,‘, mixture),
Pischer added at that tine, “that: the abovo yiold cited, decroased by 20 parcant
within eight days, T

Fischer and Heyax-j attemptsd in 193h to. 1936 to improve the. activity of the iron
catalysts, and thus raise the yields of liquid hydrogarbonssify using pracipitated
iron-copper catalysts at atmospheric pressure,. 50-40 grams per-cubic ncter of ;;as'
wera- obtained nith a ma:dmum lifotime of the cata]yst of U= 6 woeks,

Pischar and Aokemam&_/ in 1936, obtained 55, grams of. J.iquid hydrocarbons. per.
:gubic meter of mixed pas when they worked with a carefully compounded precipi-
?Kated iron catalyst which did not contain copper, This yield, howevor, diminished
afterafewdma and in the third week wes only 4O grams, .

At that time t!my used a eyntheai.s gas of compoa:ltion 1C0 + 2H,, although one had
recogniged that iron catalysts require a differcnt gas and tha mh iron cata~
Jsats t.he co conversion proceeds a:lmost entire:ly acgording to

2x(co)+x(nz):xcuz+x(coz)

Btmever, when a syntb.esis gas 'of 2C0 + c“llrigsis ‘used; the CO {s corverted only part.ly
‘and a decrcase 1n cata:lyat activity oc quite rap:ldlyo :

Up to this tima, the work with iron catalyats gave ma:dmm yielda only about
half as high as the yields of ths cobalt catalysts usod on the technical scalo
already;-and-for:that reagen-an: economio*anplicatim “of=the: synthesis with iron
catalysts was not masm&emet R ‘

Tha task which confronted us in 1936 was therafore to double the y!.eld or 1iqu1d
hydrocarbons and to improve the lifetime of the iron ‘catalysts. by a multiple.’ ...
~Tt was’ furthermore desirable to find & vay -for lowering the.reaction temperature
and. finally to find a posaiblo wew to ontrol the nature of tha products -of the

actio . |

eported at, thut

A )which wm onvartu ‘pract call;y all
. 1y raiged’ 'prossires. over very 1ong perim\ds g
ing 'on’ ¢ conditions, vm-ioua amounts of paraffins, Lquid.
;and-gesol lmdrocar\bona ey Ye. c:btainerd., 'l‘h, total yiends obt«ained
] ithe 18 aro of the. ;—,;order of tude as -
o e, wie were Juatifier to
kgl drong At‘hean ol‘:ls Ts: Ei;ohar
the tavor,bie c' ma this




Aron. ‘cat.alyota and th&eynthesis using. iron cat.alyata goemsd’ ‘jto take
‘tdme, it was: dsodded: to; asquaint othor dntoreoted: partics
ments An the ino eynthesis’ dn order for them to-ohesk o
-1aboratordes,: Our: msamhae “howsver', ‘liave' becn oarrded on; and- espaoiany
-1ot_of worls: hne_ béen done. 10 the st yem,..,m oaaentm,parba.or this vork. ..
wore pat.ent.ed undor the naws “Stm!ien und- Verwmw-daaemohaft. m.b»ﬂ."o

Ths.- appncatipna going baok to tho year 1937 hm bean made under Rxﬁn‘-chamio AeBo
“Ab tho gamo’ tise a nupbor of companies in foreign countriss have been ysed a8 -
patent assigneos, Those developments arc reapensible for.tho fact that some of
tho things whioh I am'going-to report” about today will not bo entimly new to youo
-However; “sinta-ths-Havolopmont of the % catalysts 18 P BUCH grFes
-8nee,- ig -geams - depirable- to-have -8 diaouasxon on tha ent:lre problem with youa

fart 7. i ooty
A Prepipitation of the cdtalyst. '

ls starting. matorial for the production of fron catalysts, genarally ironesalt -
golutions. were useds The ironesalt solutions were made by dissolving technical
iron :l.n nitr:lc acid. .

Most of the t:lme, the iron was precipitated with sodawash or with amonia, 'rhe
pree.‘.pit.ate ‘wag- ﬁltered hot, waahsd ‘pbrhaps- alkanzad end driedo

After having been driad moper]y, the catalysts appeared black-bravm or blacko

It was desired to give eufficient rigidity to the catalysts, - Hovever, it was
belisved that pelleting would effect the activity. Therefore, certain precau=
tions have to bo taken during pelloting to prevent thise Peliet.’mg will not be
discussed hnneo o

Mrtlmrmo"e, I ehall 1imit myseli‘ to the discussion of pure iron oata]yst.s only,
.or perhaps such catalysts which contain small additions of alkali, These are
,the._catalysts which have the greataest prospect of being used on a technical scale,
In fienoral, we have found that catalysts propared by precipitation of ferric iron
with sodium carbonate solutions are superior to those obtained by precipitation -
‘of ferrous iron with sodlum carbonate solution. These ferri catalysts-have been
2 the. nts, and we:called-thom- normal-iron- catalystsa -

‘In theh' production two points had- to be obaerved caremllya ‘First, 1t was nece
essary. to pre-noutralice tha iron solution in the cold, since without: pre= ..
neutralization on application of hedt, or on standing for longer periods of “tis,
-insolubls salts precipitate.-out-of- the- solution, which influence: the reproduc=
'4bility of a good catalyst congiderably. . Second, it is important to bring the”

llrm P cipitrte tq a bodl :prior.to. kh@ i filqemd. | This ?.mpravﬁa the \ac-'

hivity and tho 1ifetime ol’ tha at.a.'l\y
1\5. Mptreatmpnt ot‘I ‘tha catal,v

he. fremhly precipitated mnd dr\led mm pmuplbate is e\nt.ire:wy amctbive aa fer-
L tha cmvgraion o -ocarbmns :l.e one: In this ros ct, :j

@y 1&’2&? md ng it ‘vith Jydr: o hadrogs

B

S
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b
FJ;O ~46.not_in.8.position.to catalyze.the reaction.botwaon-C0-and.Hy, . Howaver, '
41"tho dron catalyst is protroated at”cortain working conditdons by €0, the .
catalyst may bo activated sufficiently to catalyst the. eynthogis, - (Deponding
on. the temporature, protreatment with €O causes mors ar ess the. formation of,
carbidos, whioh caigo also a reduction and a loosoning ‘of the catalyst struce-
ture bocause carbon-ia deposited inside of the catalyst mass). ' The protraate
ament, with CO or CO-containing gases is yeferred to in the following as "Fore
Tierung™ {Induction), T

~dron’ia convertod into Fe30), whon protrcated by hydrogen st 300-L00°C,

1o Tnductisn with mfxtures of CO and Mmi_ng the éynthesis,
Tt i woll £6 distinguish here botween two different ways of carryifg hrough the
- induotion, , There-is-an induction which takes place under conditions of the syn-

~thesis, and there is another induction which may take place undér specisl condde
tions_befors ‘ths synthesis ls begun, . =

a, Bxperiments at atmospheric pres’a‘ﬁr’e.,

Once more, let us recall the workinj: conditions under atmosphoric pressurs. Figs -
-No:-1-shows - the variation-in percent-contraction- (as a-measure-of-the-conversion)-
with time when working with a hydropen-rich synthesis gas and a CO-rich synthesis
gas, If tho precipitated iron catalysts are permitted to work on mixed gas of

. composition 100 + 2H,, under atmospheric pressure, than at a temperature of 235°C.,
an inftial gas rate of 4 liters of mixed gas per hour per 10 grams of iron, the
contraction increases to 307 within 3 to 4 days. This time during which the cate-
lyst by tho action of the synthesis gas gradually acquires its activity, corres~
ponds to the induction time (Figure 1, curve 1), For approximately 3 to L weeks,
this catalyst induced in ths manner just described will continus to give 30 perw -
cent, -of maximum gas contraction with an average yield of 50 grams of liquid and.
solid hydrocarbons per cubic meter of synthesis gas, ~The CO of the mixed gas
has almost all been converted, whoress, a large excess of hydrogen remains in
ths end-gas,

_lst us consider the case where we permit the iron catalyst to act on &-CO~Hp
“mixture -whiech more-noarly corresponds-to-the-ratio in -which-the CO-and-Ty-are:
used vp during the reaction. How are the relationships then? Curves 2 to L,

. Pigure 1, show the results, It is seen from those ourves that no improvement
resuits; howover,. that the conversion is impaired, On using a CO-rich gas
. (3C0 4 2Hy) the contraction reached a valus of 3I percent after operating for
three days at 235°C, (Curve 2), when the temperature was 2l5°C., the contrac=-
tion obtained was 38 percent after one:day operation ((hgve 3)o Vhen the -
Jparatys “%259’0 , tho porcent contracticn was 3E perc

“(Curve 4). . In all three cases, it was observed
3 -aftey ha i'oac‘ d thp peaks
od whon 4t Hed to work with CO?Bi‘igh_ng

24 ot vory.
m Y

&
[~




b, CoSrdoh gan and alovabed pressuso.

/Fable I brin;s’the result of & runduring which a’nor -oatalyst was pore
mitted to work for £ivo montha:without interruption dn-the presenco of CO-rich
synthoais. gas (300 + 2Hy), ' The gatalyat was given no provicus industion, - The -
working prosauro wan 15 atuosphired,  Tho gas volosity vias b Uters of ay(m;!ma:l.s

sabalyste |

Prossure 6115 ‘stm,

gas reforred to ano atacsphorio pressure per 10 gram of
Table Io~ Indusbion and Synthosds at a

Cone o Cone N

Days ©0, ~ -porcent _Days . 9C, __percent

280 36 150 298 b7 .

e AR . i <t

SR Esnew
8RNy ‘
SSuE
[\ %

ol
&S
S
Py
(&)

f
w.

[ ovpo

At 245°C,, and after one day of operation, the contraction was Lg, after L days
the contraction 107 (as compared to 30-35% for the same time of operation at ons
atn.. pressure), ' Tho temperature was gradually. raised, and the increase of the
contraction. was observed, On the eloventh day, 2L% contraction was observed at-
260°C, An inorease in-temperature to 270°C. did.not, at first, cause the yield
%o go up. - At 270°C,, 37¢ was obsorved, and at 280°C,, 36%. - Only when 290°C; was
reashsd, did the contraction go up to 50%,-which corresponded to'a conplete con=’
versdon of the CO to hydrocarbons and €O, - Next we tried whether this ‘conversion
(507) could be maintained if the temporafure wouldtslawred, At 266°C, ,-the cone
traction'decraased to 37¢: At 280°C., hopever,-and in-the:third.month of operae
tion, a better degreo of conversicn was obtained than aftér one month. In the-
meantime, a slow induction of the catalyst had taken places - Durding tho Lth and -
Sth month of opsration the tempsrature had been increased again in order to keep
e,_tﬂhgsjgnﬁggqti;gnim..l,io;ang!;5“51.‘-;4;‘1&:;6:z—fivaz‘mont,hs'«:cperatiéﬁ;ﬂt'-fw:;sésdc',’,c:éfff%

During the third month, @A operation wag carried out at 2800 which-gave'a yield of
-go-0f-g0lid-paraffins per normal cubic mater of. ges, 93-gs “Hquid-hydro~——
;:rzna, and 32 go of gagol hydrocarbons; al referred to oné:cublc meter of

L (3] 8380 . . T , T ol . g P 'v ' __ N o

d to of rabj.o#m undi Aamnapher# pree*sm.“t:e' _;nLﬁet on ¢
Froceed 8o woll for the runs under pressure, and if the cataly:
the syntheais under pressure;, the yield.at-lon tomperatures was

3, and using

90°C. without decredging

4ndueted dur’ synf
very: low, [ ?tm".other  hand, working under 15 atm,- pr
synthesin gas, the temparature could be ,g&@aed'.t‘}xé 280 o2

the activity of the catalyst as rapidly




‘carrying - through the dnduotion in
s, for cach mductim and syntbeaie,

Induction at. '

Table II gives the result of an experinont, whdch vus carried ‘through durng tho
Muction Lex'iod with ndxed gas at. atmbspherio preaauro and ﬂ:?co

roaaure ‘and sy 'theai.oaat BEOUID.

‘fablo II.a- Induotion at 1 Atm. Preasure f and ym
Preaeure, ’l‘emp,., contraction ’

Days CAtme o 00, . - pereent
L 1y -5
2 1 245 22.
3 1 gho 28
4 1 2ug- 30
[1 1 2bs k3
- 157 _2ls 5
6 19 24 8

8 15 250 3
9 15 250 9

W 15 252 6
2 15 - 256 51
50 15 - 255 51

thon after {ive days of. oporation, the contraction had reached a ma)d.mwn value of
3)'porcont, wa shifted to CO-rich symthesis pas at 15 atm. pressure. .The contrac-
tion incronsed immediately from-31 to 55 percent.  In order-to obtain the highest
yields and correspondingly the highest values of contraction (appro:dmate]y 50%) s
the temperatumns was raised gradually. 'M‘termo days-of- oparation, a-contraction
-of 55 pex'cent. was still cbtained at 265°c¢ _

I"hen one cqmparea "the roaulw of - those experiments with the' earlier ones where a -
catalyst was used without having been inducted at ordinary pressure and was used -
“smnediately ‘6t-15"stn; " for tho synthesis; 1t 1s: -olearly-shom-that the prelininary-
induction causes the synthesis temperatura to be lower (approxﬁately 30 to L0PC.)o
The increuss in activity which resulted from'c h the induction at the

i B4

be - Induotion i at Dufere“ 7t Presaurea and Synthesis at Ordinaxjr Pressuros..

orde what lumce tho» mduo ion p osaur ‘has \pon t o synthesis
t atne her | pressure, let us refer to Tablo III, The inducl ion. omﬁed
q;hromLat 256°C.. for 20 Bours with L Qiters| of COprich- gas- (re\fem to onp a
r £or 10 go- of dfon) of composition 300 4 2Kzo Next: we: ahiftad

- 7 _'.‘



jelf, Four litars por hour of 100 + 2l per 1 0 ¢l or Lron
r{0-pregsure.. for 1-1/‘2 ‘hours:at ‘e t.emparnt.ure of: 255"0m :

Table IIIo
fmtlueme ‘of the Induotion Pressuro:

-mducglm:‘, ,smmm.‘ '
- pressure; Contraction,
- etmBo - parcent
9 )
3 a2
1 a8
0.1 30

The oxpariments show agein-thit elavated rressures impede the process of induction.
M‘ter induction at 9 atms., ths contraction amountod to ¢ porcentg after an induge
tion at'3 atmos. -12 percent contraction was obtained, and after inducing the cata=
lyct . at. one' atm., 28 percent contractfon was: reached and 30 pcrcent conlraction
rssulwd from a catalyst having been inducted at 0.1 atm,

¢. Influence of the Induction Temperature Upon tho Progress of the Synthasiso

M‘ter m: had found out that a low pressure or :mduction favors t.ha mcreaae of
the activity of iron catalysts, normal iron catalysts were inducted at 1/10 atms.
with a GO-rich gas at different. tewncratures, The induction lasted for 25 hours,
and tho range of termperatures worked in was 250-350°C, -Then tho catalysts ware.
tasted by acting on a gas of composition 3CO +2Hp at 15 atm,, and 235°Cs (L liters
of gas per 10 go of iron per hour)»

%hen lthe catalyat. was. mducted -at 255°c., tho contraction decreaséd  already boe
low a valus of 50 percent during the third day of operation, when the catalyst
wag inducted at higher temperatures, it was found that 'its 1ifetime was improveds
thus, At an. induction tenperature of 315°C., wa could operate for an entire month
vithout £a314n; below 50 porcent-contraction,. =hen tho catalyst was inducted at
highor tenmeratures, the aotivity decreased again, ,

.F:I.gure 3 shows an analoeous sordes of exrerimenta _Guring which the 1nduction was__

not carried t.hrough with a CO=Hp mixture » hoﬁevér', instead with pu»o O, .

Vhen the catalyst nas :lnducted with'CO at 1/10 atn, and’ 325°C,, the conversion
during tho following synthesis-remained c¢onstant for L months (at a- temperdture
of 235°C,, .and a pressure of 15 atm.)._.Fence the results obtained by carrying:
t.hrough tha mduction with CO are-oven better than those with. 00-112 mixtures.

3° m Influonce «pf the\ InduciLion Uigon the‘ smhksia a«bmpora<Lure,
. ] ) 1
Figureﬂ I gin’a a oh

\
memiw [ptoture of t‘he influsnce’ of "the indud tdon ‘n -the
ocourse of ths synthesis. The &lbsmsua read\s in months of opemratim the ordi-
nate is cali\bratad in opt\lmmg\z tempalratm-ewa and the corresponding steam preen
sures, All | nf.s -cerried t:.u'oug with'a aymthasis gas-containing
00 + lp. :l.n,tF:p:at o, 3: (h ﬂrtm ¥ \go of iron por I *)e

'-eql



Curvo 1, refers to a eutalyst which had ot undorgons dnduction but had hoen’
usod directly. for tho synthesis at atrosphoric. pressure,...In ordor to roach a.
[Daxinun- degree of - contraction, -tho temperatuie had to be raised to 290°C, At
‘$draty: bhe oontraction wag L5 percent,..In. the courss. of the.two months .of oporae.
ting, the aotivity of tho catalyst improved graduslly, and the contraction went -
upto”50°poreenty Tho~ tanperatre’ 6ould”be  lowered gradually t6 280PC,  During ™
the. L monthy of dperation, however, it -was necessary to raise tho temperature -

agata, eod at tho ond af the C16th nonth, the tamperature of 300%C, was required;

Gurve 2, shows tho temperature relationships with an ironpocpper catalyut which
vas. atlowied to act upon a mixed gas for 3 days at one atmos,, and 2L0°C. (304

~santraction),-thon-tha-oparation-was-switohbd-cver=to-15-stns-pressure,—In-order
.10 obtain the highest contraction of 50 to 55 percent,. the tamperature had.to. ..
be raised gradually in the courso of 5 months from 240 to 290°C, =

Curve 3, refers to a copper-free iron catalyst which had been inducted for S days
at atm. prassuro and 245°C,, and was. then used for tho synthesis at 15 atm,
(Curve-k;-reports tho temporature relationships for-an exporiment with another
coppar~free’ so~called mormal iron catalyst which had bdsn treated for 25 hours
with pure CO under a pressure of 1/10 atm,, and 255°C. This experimont still
showed a contrastion of Y0 percent after 16 months of operation at 260°C,

Curve 5, rofers to a catalyat which was pretreated with CO at 1/10 atm., and
325°C,  The induction at 325°C, made possible during the first month very uni=

form workiny oonditions at lom temporastures, The contraction-remained constant
for ls months at 235°C. It amowmded to 50 to Sh percent., Then the tonperature
had to be increased, :

The curves show very well the significénce of the pretreatment of iron cata]yat;a
and vhat influence this pretraatment has upon the reaction temperature,. This
influence of the induction remains noticeshle even after many months of operation.

8, Time of Induction,

Not only pressure and temperature of the induction are important, however,.the
yolocity:with which the CO passes over ‘the catalyst seems to be important toos
:Reductions and carboniging proceases occur during the industion which are rg=
"sponisible for the formation of C0,0 "Therefore, the progress of the induction
can be judged by the formation of“C0Oy. The induction is terminated when the
“C0p=0btained:-has-passed-through:a maximum-and-has reached-a more-or-less-cone
stant minimm valus (Figure 5). Any further formation of CO, .corresponds to
the formation of free carbon, which should be avoided if possible. . This care
bon formation takes place to 4. lesser degree at high flow velocities of CO than
1t:does at low flow velosities. ' ’

T::smmarize the work on the induction of iron catalysts, it may bo'said that -
the | uct%on nay be ¢ d through at ay pgsaur s and higher atures

than the follomin; synthesis,. Furthermore, it.is- advantageous to-work with
pure CO and at high gag velocitles, mu the induction process, oquilibria
betw\‘aen t_!n\‘h solid phasds adjust themselvess- Thiy dopind on the qc\mpositi‘d.on‘ of

-
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oxide and the'formation of carbides is favorable, This might b
‘explain ‘the advantagsous low induction progsures at high gas ves:

Expariients are”in the trocess of “belny studicd dealing with the s0lid phase,

that 18, -processes which occur within the:catalyst during the induction as well:
as tho synthesis. We-hope that these expegmanta will give results which vill:
rormit us to obtain faster methods of dotermining the activity of *the catalyst.

Fart—IiT-—The-Synthesis:

Ao Tha Synthesis Gss.

The optimum synthesis gos composition is theorstically that which corresponds
to the ratfo in which CO and liy are used up. It-is agssumed that the catalyst
~has & sufficfently long lifetime when it is used for such a thooretical mix~
ture. The composition of such a theoretical mixture depends chiefly on the
quantities of COp and water which are formed during the reaction,

Figure 6, shows for 0 and 15 atm,, the portion of CO-oxygen which at various
synthesls gas compositions is converted to water and C0y. A4t a content of 30
percent of .CO in the starting gas, 7 percent of the CO-oxygen are_converted
“into water at one atmosphere pressure and 25 pergont at 15 atmospheres. With
60 percent of CO-in the starting gas and one atmosphore pressure, the convor=
sion goes only to COp, whereas, at 15 atm. still } percent of the CO~oxygen B
goee to.waters. . : . Not only higher pressures but also higher hydrogen cone
tents in the synthesis gas favors the formation of water.,

Figura 7a and 7 b shows the influence of the synthesis gas composition upon

the yield of liquid and solid and gasol hydrocarbons, The dotted straight .
lines show calculated yields on the basis of exclusive COp formation. The dotw
point curves show the corresponding yields when water formation is taken into
consideration. The soldd curves show the actually obtained yields (L-week
average). - Theoretically: 208 g, of hydrgcarbons may be obtained with or without
fornation of water for evory normal cublc moter of synthesis gas. At atmose
peric pressure, in taking into consideration the formation of Cdp and water,
the theoreticaﬁ.gpt;mmq_gas composition lics near a ratlo of 2C0°+ 1, at
“157atm;"at"1.85°CO tazlhy, ' : - : :

The fundamental différence betwoen the synthesis at one atmosphere and 15 atmoa=
- _pheres. consists in that-ons-cannot_work at atmospheric progoure-with the theo-
rotical CO:Hy mixture becauwse it oauses the activity of the catalyst to decrease

too srapidly, This, however, is not the case for.thp middle~prossure synthesis,
the figure shoms that at atmosphdre ‘pressure, a gas of composition 100 +_2H,
_g;ﬁes the best| results, For the first | we,ek% of o e':‘ati%n it gave an average
. of about: 60 go: of sokid Yiquid and'gasol hydrocarbons, - These ylelds, however,

decreased rapidly during the:5th’and- §th weeks of ‘operation, At 15 atf.mo’sphe:jreéﬂ-

9’\953“"919 h@?‘%h a ‘yism."og 150 go wa{s ohtgﬂ:md f'\:or_ mam\‘r months,

- 10 -



Faox. the rormntio Hngg !wdrocarbons eaa lwrogon :ls requirad than .t‘ar tha
formation of cah ly 1t selema t.o ‘be-advantagoous ' for tho' activity of tha
‘catulyat: 3f the final gno. stdll. Gontains a szall oxcoss: of hydrogen, . The. ideal
‘synthenis gas, therefore, dontains 60 peroont £ and 4O percont H,, &t this
~occasion-1et s ~mention smtlﬂ.ng*about*thé‘prodneﬂon“or Bymtliest pags 1w
the hlstitute this gas mixture was generated in a normal gas generators - Vig:
conducted 0y and gtenm over hob coke, . Sush a process.could. oven be mcomended
in gome’ mstm;cea for’ large-aoale ‘oparation, since the synthesis carried out -
with the iron catalysts forms far more- C0p than would be reyuired for the: m-o-
duction of the synthesis gas. From one cubic moter of synthosis gas with a -
-ratio of.300:2 ormally-250.14t0rs-of-C0,- -obtained;—whereas-acoonding——
t0 5C + LHy0 +. :lsoqualto 6C0_+ bLHa on 100 14tors of CO are required
per. cubio mat.er CO~rich gas. Alreac\v a partial scrubbing of the COy from
tho eénd-gas ardaddition of same to ths gas renarat.or could account. for all the
002 noeds of the generator,

The carbon requirement demanded by the above oquation is no“.lar;.er than that
for the production of nomal water gas,

Tho production of co-rich gas :ln the water-gae penerator of the Institute and
the purification of the gas is taking place in the Institute already for years
at the produstion rate of 100 cubic msters per hour, If one would work off
not only the €0p but also the methans (5 to 10 percent) and the unreascted CO
“and Hy" (10 to 1§ ‘percent ) one could “approash the theoretical yield of 208 hy«'
drocarbons per normal cubic moter of gas, - /

Another way to make synthesis gas 1is- by the well=known gasificatioxi'of coke or
coal along with the addition of oxygem. It is unnecessary to vlaborate on this,

e 1V DYNLhEN1Y Freasure.

In the chepter on the synthesis gns, we have alroady explained the rcagons why,
in the hydrocarbon synthesis on iron catalysts, work at atmospheric pressure is
not” practicable, Table IV brings same comparative experiments for which the
synthesis was undertaken with the sare catalyst at various elevated pressurcs.

Ve used a number of iron catalysts which had been inducted for 2l hours at 1/10
atmo, and 325°C, with a CO=rich synthesis gas, Table IV shows the results of
experinents conploted at §; 10, 30, and 60 ataospheras. ALl of these ‘experie
monts. sere conducted at 235"'0, ' v

it 235°C, .the catalysts did not give any converaion at atmospheric preaaure,
neither did thsy rive a conversion on the second day at 250°C, (after switching,
horaver, to 15 atmosphares and e35°(}°, tha cutalysts gave & contracbion of 53
cercant

-1l



('tha normal iron oatalynta ware 1nduoted with
o GO-rich gaa 1235°Cs &nd 1/10 atnosphere)'“

10 atm.» .

. Yempar= " T Jomper= - Colw ™ par
Days—of gt ’"‘“tt'a’o"t.'iaﬁ‘;”abﬁi‘e“’*ﬁ-aouon, aturey t,ra:mon;"‘atu"x"é”;’f%aouon "’
-operation - 9C. percont c~«°c.~ porcent °c, percent - 9G4 'poreont

1 235 30 233 k2 238 53 28 g0
2 -~ = 23bh 2o o238 56238 - b2
3 35 25 235 . LB 23h: 37 235 - abo
9 210 37 239 50 =

At § atns tho contraction asounted t0°30 - ho percent hence, the convarsion was"
stil1 incomplete, This romained so aeven after the temparaturo*was trateed to -
270°C. on the ninth day (a switch=over to 15 atmospheres caused a 90 percert con~=
traction even here when the température was 235°C.). At 10 atms, a 50 vereent cone
traction was reached at-235°C: This was the case also when vorking wi.th 30 and
60 atms. However, when workim; at 30 atm, and 235°C. already after the third day,
a cansiderable decroase in the amount of conversion occurred., For-the 60 atm. run,
~ this decrease set in after .two'dsys of operation, Vhen the oporating temrerature
was 251°C., the decrease in conversion did:.not set in earlier than the’ sixth day
““when a maximum of ‘52 percent had been reached, o

The opt.imun pressure is found to lie between 10 and 30 atmospheros or somewhere
around 15 atmospheres. (%hen cperating under 15 atmospheres, the same catalyst :
operating ‘at 237°C, otill pave the same conversion after a whole month of opera=..
tion, that is, arrroximately S0 porcent contraobion)o

C. The Feaction Temperature.

Specisl attention was yiven the reaction tmrarature, e at.tampted to succeed
dth a lover reaction temperature in connoction with iron catalysts to be used
in tho-middle~pressure syntheais, This no only was dmportant from a ‘chemical
‘¥iewpoint but economical aswell. On the large scale, the reaction is kept at
i uniform temperature by cooling with water, hence, lowering the reaction teme
‘Ferature will cause a lovering of the steam _pressure,_ This will aheapen the.
equipment materially, @~ = 7 .

'gh: aﬁafluunce of induction and synthesis tomperature has been diacussad in ’
(-] 0. :

- o

The influence of the gas composition is such that ue-rich gases permit a 1ower

‘wor 4 temperature tham the Go-rich gases, |
For. e ple an exper:lmemb porf.fprmed with a Hp=ri Lh ayt"theaia gas or compLsi-
‘tion 1CO + 2Hp 5%l yielded 47: t contraction atla temporature of 1BL°C.

reacti on temperatures,
d. 1% is intengsting

after| the se\ncond day-of operatio The usage ra%tio of | co and > pointed towards
‘the formation of hydroosrbons and water. At those low
theamkpvaraiﬁon, hmaver, decroasos after a very 1}

T 12u-
|



a"'reaults do not

¥ ith a gaa containing co + l in t.he ratio 1:2, 11; vms possi.ble howevar to
oparate for saveral months & E 2 20000, ,dancL,pm,ct.i.cal:l,;,c,,c:a\'wez't,*tohe(,,eﬂt;i-r:eL_CO.mw
vith an avura;-e contraction of 47 rarcent. and a 'ydeld of 90 g.. per normal cubie
meter of ges. “The liquid and solid products obtnined were entiraly colorliess.
Essantially larger yields nay not bo obtained -on u-on catalysts whon using such
1 3880

%hen we used the CO-rich gas, we initiated the exporinent uaunlly at 225 to
235°C(Inorderto getgood time=yislds); Vo did this in spite of the fast
that-a-good- degree: of conversion could have been obtained 4f we would have -
oporated at 210 to 220°C,

The torrorature of t,ho,reaction exerts an-essential influence upon the nature
.of the rdaction products. Table V shous average yields which were obtfined
from iron catalysts carrying 1/4 percent of potassium carbonate’ and operating
av 235, 275, and 280°C. The yleld of solid paraffins amounted to 39 g. por
normal cubic meter of yas for 235°C. and only L g, for 270°C, As the solid
_paraffing decraased when the temperature was raiged, the liquid and espscially
tha volatile hydrocarbons and the gasol lwdrocnrbons increased in quantity.,

At 28(°Co, the paraffin ylelds were even less, but at this tomporature tha
.y:lelda of liquid and gasol. mrdrocarbnns started to deeraase.alsoe. -

| .
,'f‘able Vo= Nature of the Reaction Products for Various Temporatures -

[leaction Yields, g. per ndrmal cubic meter of ideal pas
Tempera- So ' q

ture, °C, Paraffin ' mdroc_arbons . Gasol
235 39 83 ' 26
270 I 9l : u6
280 2 L 82 39

Do Tho Influance of the ilksli Contents of the Iron Caixalyatso
The method of production of the. catalyst has becn discussed at tho beginning,
The followinp table shows what. :!.nfluenco the addition of alkali to the ontalyst
‘has~upon the catalyato



doldo Obbatnod fron Verlous”
q "o Alkald

38 52 10

'Raglo 2% KeCO3 A3 | L3 'ld_k‘ "iiJ ~
“ 5% u - 18) hg ‘ o120
A o 155 T ﬁ 10

The indicated quantities of potassium carbonate added to the ‘catalyst -are haged
on the iren met2l centents, In the case of the othor alkalized salts-(pormane
ganate, fluorides, etc.) the notation iyt KinO)" is to indicate that such a
quantity was used which would be .aquivalent to”ona.persent Kp00y:

_Table VI shows. the yield and nature of the reaction products which were obtained
fron catalysts containing different amounts of alkali, ‘The temperature was 235°C,
and the pressurs 15 atm.. The yields indicated ag g, per of ideal gas are not'
quite constant for the first month of oporation, This s dus to the varying pér=-
cent contraction. The ylelds are approximately 140 to 160 grams for this first
monthe If the nature of the products formed ie. disregarded, we soe that tha ale
kali addition to the catalyst hag no Important effect on the yleld as such, The
alkali-fres catalyst precipitated with ummonia showed yields which vere not ege -
sentially below those obtained from catalysts containing 1/L percent K5C040 The
alkali contents of the catalyst, however, has a very marked influence tpoh the
nature of the reaction products. When no alkali was present, ‘the Butanon method
revealed arproximately 12 percent of paraffins in the product. When 1/L percent
potassium carbonate was added to tha-catalyst the paraffins amounted to 26 percent,
with ona ,pgt:ch;tingtgss1@,a;bqqate.,:thggpggma.—._conmmedfhzzperc_ente;orsparaﬂms;
‘with two percent potassium carbonate, 43 percent, and with 5 porcent notassium car-
‘bonate, - the final product contained _55 to U6 percent paraffins, The yield of & -
liquid and 'gasol hydrocarbons decreages with increasing alkali conteént. of the
catalysto ) .- ' C o oL T .

Table VI shows .furthermore that: the quantity and the nature of the roaction pro=
duets was nob effected by the type of alkaline salt added|to tho catalyst, MNo
es}sentia‘t diff rencek.Lwas discov when thdicatalyst was, alkals 'zed.rggpne-ﬁ‘.pEbcent
potassiun carbonate or tho 'équivallent.,qféht.it“ies of | potaspium parmanganate; po= -
_tassium ﬁ‘pﬂicaﬂ‘be, potassiun flvorides, | t.meimﬁ‘phoapl\h'ate'. ‘ )
The 1ifetime of the cJ:ataJ.yam e l‘miger; “lpn-alkali content (for exanple,
Ej03) than 1t 1s et \Mgrmiama# , Low . ,

il




-*‘.‘ue havo alr ady ‘ itute }wdrogon for CO in tbo ’m-
-duetion:of the: catalyst- ‘catalysta ‘which are- protreated with. lwdrogen, that dg..
‘reduced iron catalysts, are inactive at low: temperaturos, If the‘catalyst vas
pretroated with™ bydrog,en btefore it 18 ‘subjected to-the action of T, "no’ 1mprove-
ment results;. Neither ‘doas an improveront resalt if the- catalyst is trcated with
) hydropen between the :lnduction pcrlod and tho synthesis cropero N v

‘The treatment. with m'drogen however haa a different. ras ult u‘ .ﬂ; 1s carried out
on an iron.catalyst during the aynthosiso The sifuation is tkon similar to that
—of-eobait—eataiysts—-'rc'canonstrate—this——wrearricd-oub-the—foi—lcwingmxperi—-
‘ments .- V0 had -available .a-catalyst which.in.order.to give.the.best. results .
should have been enmployed at a temperature a Tow degroes ‘ighor. than 235°C, (at
15 atn, and L liters of CO=rich pas per hour), Ve allowed this catalvqt to work
at 239°C, During the first and second days of the operation, we ¢bsorved a con-
traction of 52 porcent (see Figuro 8). After the second day, the contraction was
50 percent, and after three days, L7, vercent. From the dotted ¢urve, igure 8,
we are able to see that the contraction would have faller to LO pereent had v.e )
~ continued to orerate for a week at 235°C. liowevar, after the tnird day of operae
tion, the catalyst was troated with hydrogen for 15 hours with 8 liters per hour .
at onc atriosphere and 32(°C, After this hydrogen treatment, the catalyst caused
a contraction of 5% porcent in the followinp synthesis, - It slowly decreased
.thereafter, however it remained _above £l _percent _up to t.he 12th day. On the 12th
. day, the same hydro. en traatment as r'cscribed above was receat.edo The confrac-r
‘tion rose aguin to 57-porcent and uf'er 19 days of ppemtton, decreased to 50
p~‘rcent° After the third treatment with hydrogen, 55 pcrcent contraction was
“'observed which decreased to 51 percent after 3 days and after L days, 52 percent.
Lhen the synthesis was continued for two months thereafter at-the temporature of
235°C,, the contraction remained near 50 to 53 percent,

Figure 8 shows. that an increase in catalyst activity results when the synthesis

is interrupted and a hydrogen treatment is perforred. This increase in activity
was especially pronounced dur:.ng the first few hours of the hydrogen troatment,

and it also caused a-better qtability of the catalyst thereafter.” When the ac~

tivity of the catalyst was at.a maxinum after the hydroren treatment, the usago

ratio of 'CO and' Ny wds no. dif“erent from that of the viormal synthesis occurring

with 50 to 52 percent contraction. In n both cases CO and Ep were used up in the

ratio 1,67-1.70 1, It is, therefore, noticeaole that no carbon fomafion oc=

curred durn.m “the” timeof “opt imum- act:.vi’ry of the catalyst.

_Iron_catalysts which had been used for a long ‘time a]ready or which had decreascd E
in activity to a preat extentdid not show & lasting improvement when treated

with hydrogen, . A lasting improverment. mﬁy not be obtained even if another induce
tion is glven with CO.- If it is desired-to: _perform_a !wdrogen treatment, and if
it 1: expec ted tmat the hydroFen pretreatment .produces: good result s the cata rst_
must be sut joctedg to hyF 7 ET L

I 'nant to point cbut onte more‘ that. we hav:\h ‘operated w:lth ircm cata!,ysts \L‘or so\‘r-r
eral monthtt even ‘up to one ye ami it vms not ‘necessw‘ary tcw carry\ out one aingrle

regenoration of trhe catalysto“‘ o

rogen. before it g\Lves ag low g contraction 28 h5 50%s

‘w18 }[-



s The Rffect of Addition of Kiceslguhr,

Yie. have discussad tha effect which alkeli: his when added to the catalyst; let us-
shortly mention tho effect of Kiemelguhr when mixed into'tho catalyst ‘It is:
well' known that Kieselguhr.is'en essential carrler with cobalt catalysts, Good
yields-are-only-obtained-with-cobalt-catalysts wlien KicenlpuliF 15 ised a6 a Gar~
rier for those catalysts, - . - . . . o

This 18 not so with iren catalysts.. The best:rosults were obtained with oataw
lysts frea.of Kleselguhr.liowever; 4t might b desired to add:Kieselpuhr to the
catalysts for various roasons such as for inctance, looscning of the. iron.cata-
Jyst_or dacrensing.tha.danger of carbon-formation.—In-general;-the-addition-of-
Kieselguhr to iren catalysts vauses am improvenent.in activity in the sense that.
more lower boiling and gasequs hydrocarbons are formed.: o

G. The Construction of the Apparatus.

The discussed time-tests were carried out in’ horizontal regpectively, slightly
tilted reaction tubes, A slight cxpansion-of tho catalyst may thus take place
due to carbon deposition without any serious-dangers of ‘causing damages, - (Fig.
9, Schematic Drawing 1),  If the reaction tube is in a vertical position, the
oxpansion of the catalyst causes a.restriction botween the catalyst granules
and hence a shortening of the contact tise of the gases rassing over it. (Fig.
9y Schemabic Drawing 2), In’order to eliminate any possible disturbances from
“the" viewpoint ‘of constriiction, we are st1ll in the process of carrying out oxe
poriments dealing with this subject. According to Figure ‘9, Schematic Drawing 2,
(at a pus rate of L 1liters of synthesis gas.per hour and 10 b, or iron), the
space=time yield 1s approximately twice that of a normal cobalt-Kieselguhr catae
lyst. The apparatus is cooled by water and has to-stand a pressure of 50-60 atm;
(See Figure EgarIf salt solutions would bs used instead of water, the nacoessary"
‘stean pressures-could be reduced somewhat. ' o :

Part IV
The Products of Neaction

Yhan the iron catalyst is used in the middle-pressure synthesis, paraffin and
olefin-hydrocarbons of various molsculer weights are produced as well as msthano
and lower gaseous hydrocarbons. It is rossible to regulate-the course-of the
reaction to form certain products.in preforence.to.others...In-addition.to.the -

products’ 1isted above, oxygenecontaining organic. compounds are produced as well,
products scosthing similar to the Synthol having been described by Fischer and
Tropsch several years“'ago, , D IR :

As. iquid Hydrooarbons.-

‘Tho crudo tétal liquid product] obtathed from COrich gases and alkilized cat dts,
‘in general, is not quite colorless, but has:a greenish-yellow tinge, - After a,d: e
‘ ‘snall {races

-¢illation, however, one obtains a watereclear colorless benzine; whereas i : ‘
of the formed oil ;remaini!-back 88 a ypllow rasidud, The benzine is :\‘Btable and re_\‘mains
Q,cblori\lesa'ew;ren éft_;“.er morthd of storago,. 1 : L

k-



The. " the ' fraction boiling up to: in other words, the: benzine
fraction- (s1ipht fforent .in each cnse depending on. workiny -conditions -
var ou ’?mw “amount, 080 porccnt,
Lo “than that as roferred to the total liquid and solid -

‘ deroc.arbons b ’roducad, '

Tablo VII. ahm the properties of the. stabilized benzi.ne washed with sodium hye
droxfde, 1ts Imooking propertiies were detormined in the I.0. testiny.onpine.
Approxirately 2/3 of tho total liguid. product boiled in tho range of 30-100°C,
Teble VII, 0.1, correaponda to th privary banzine. Ito ootane nmnbor is 61.

Tabla VI )
Properties of tho Bengine Obtainad in the' mddlevnPresam'e Synthesis with Iron cnta]yste

(with and-without additional: pelmeﬂzmoﬂ)

_Bodling Characteristics

Olefins ~ O 108 - 502 9% " Qotane
-No, dl)m - poreonte ... 0. ©8, %o - oc, . p3708° . No,
"1 o696 6h . 30 U6 88 s 0,54 61
2 705 65 32 5 100 150 0.L8 77
3 700 65 3 60 95 - 130 0.5% n

The two benzines listed under 2 and 3 are only shkortly mentioned here. During

_tho synthesis, the total endeyas (that includes tho £O,) wus conducted over a
phosphoric catalyst at i5 atm, pressure, The unsat.ura%ed hydrocarbons contained
in the gas furnished primary polymer bengine, which was mixed in with the pri-
mary benzine. Such mixed venzine boiling up to 180°C. had an octane numbor, 67
(Renzine 2), If the distillation was intormppted at~150, the octane number was
only 71 (Benzine 3), If 0.7 cc, lead tetra-ethyl per liter wers mixed into
Benzine 2, its octane number improved to 79, if the same quantity of lead tetra-
ethyl was added to Bengine 3, its activity went up to 83.

If the benzine 1s~not. subjected -to washing with sodium hydroxide a highor octane
numbor is. obtained too in the primary tenzine, If washin; is not carried out
with sodium hycroxide, zcid constituents are Ieft in the benzino in addition to
water soluble oxygen containing organic compounds such as alcohols.. The high
contents of unsaturated hydrocarbons. is very favorable for-the antiknock pro-
perties of the benzine. Should it bo desired to produce lubricants from the un-
saturated constituents, then it would be nacessary to rework tha oil in order to
‘remove-all-traces -of -oxygen containing constituents which: normally would disturb -
the polymerizati:on with altmimnn chloride,

B. Paraf.t‘in
“The solid and liquid products of the li.quid according to the-Butanon method con-
tain approximately 5-to 50 percent of solid paraffin, . The paraffin is'white to
“browni h-yel]‘ow when hydrogen~rich synthesis-gas end al deficient catalysts |
are used, . If @ CO=rich g and| an all(mlizec catalyst up to onp or mi re ne;E:yent

" potassium caz‘Lbonate catalyst is used, the paraffins are both yellow to'dark yel-
.dowo - The canring matteeray be due to iron compounds, | In general, [hcmewnr

the mioning matter is due to small quantities of mghar boilimF‘ oilsP which may

l\‘:e remwed by extrastion or by. ﬁydrombnatiox o:
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: rolnt of “the’
ydrocarbons, . The-so=called -6
contalns constituents: having an

parnfitas range gvor. the whale ragdon of .the. known DAFAZEin

d:-sontact peraffin:which remaine behind
‘espaci qlly,‘i; high nelting.point,

atalyst

.

‘The-usefulnoss of the paraffins =15 vory proats Tt 5 ot necesaary here to:diScuss:
them, ‘e did not think too much about oxidizing them to fatty; acids used in the

goap industry.  The paraffins which are obtained from iron catalysts are: not as

"ideal for fatty acid;iproduction ds used in the soap. industry as are the paraffins. .
‘manufactured with oobalt catalysts. In order to make those.paraffins available for
the soap~industry, thoy have to undervo a spocial treatment, It has not hoen shown
~whether.the-tiron.par: L-contains-a-greater-number-of-branched=hydrocarbons-than
the™ "cobalt paraffinY, L PO T

Co Gasol,

Luantity and composition of the gaseous hydrocarbons is also a function of the nae .
ture of the catalysty and the roaction tesperature,” Table VIII shows yields of
gasol hydrocarbons with their contents of unsaturated constituents produced under
various aynthesis conditions. . All experiments refer to a synthesis gas of come
position 3C0 + 2liy and a synthesis pressure of 15 atmospheres, The gasol yields
are esgsentially larger here than in the case of the cobalt catalysts.

Table VIIT.= Yields of Gasol Hydrocarbons with Different Catalysts

‘Temp., Orams of rasol Percont of gasol

th:a]yst.s °Cq per Bm” of gas  of unsaturated IiC
Fe NHy precipitated, 07 K,CO 235 30 70
Fe,NagCoy precipitated 07 K,C05 235 28 g0
Fe, " "o 1/t e 239 26 - 76
Fe, " 1% v 235 17 80
Fe, " I ¥/ 270 L6 L7
Fe=kisselguhr i LA 235 36 35

with the iron catalysts rrecipitated =ith armmonia or soda=ash at a synthesis temperue
ture of 235°C., 20 to 30 grams.of gasel hydrocarbons per normal cubic meter of gas
vwere obtained with a total of 70 to 80 percent of unsaturated constitusntss #ith
incrcasing alkali contents: and with-all other conditions:-remaining-the-same, the—
quantity of the gasol produced decreases. vith higher reaction temparatures ,-bhe.
quantities of gasol hydrocarbons increased, but their hydropenation was favored too
so that at a temperature of' 270°C. ;- the same amount. {g,/Nz’ of idedl gas) of un~
“saturated hydrocarbons: were obtained, _namely, 20 go/tnd of ideal was,
“hen the iron catalyst contains kieselpuhr, the gasol hydrocarbons produced at 235°C,
iffer from those of a catalyst without kieseleuhr in t at..t.hé“?.‘cont in a smaller
Fmount of ‘ungaturated hydrocarbons, ' T ‘ i | '
‘ e Attt .

o . ' B . . T " to o . . . . oo )
“Iron catalysis not'lonly p‘roducei'gasol twdrbi:‘:a'rbomwbt* cbnba\‘li_ninp: p and L carbon ato:\}ua .
$0 tha molacule; but they-also form _dertz‘?cnrbmﬁ‘r 3, The pasesi:: from one|experis
‘zont, ‘wgre subjocted to a_lowstemperatiire distil ationy and the following consgituents-
ere obtaineds - 11 r./Mn3-of propylens, 6 g,/Nmd of butylene, and 5 . o/%m3| of ethylene:
The ;'r'e# atively high yields of unsaturated gasol hydrocarbons are espsciall) #able
- 1f ‘one [congiders: the- furt| TR SR ‘

: - favol
ier processing for high detane bengine,. - - : "




D, Qkyeoncontaining Product:

o' obtained 13 prams of-
tain acids, aldehydes,
T el

At 235°C, ‘and'w as
acqueous  rroducts viith the ironskies 1puhr cataly: hey
and_esters (tho_tost. for formi acld:.ius-nagative-that-for-adatic-acid-wag-
the aldehydes showed a rositiv hen - fuchsine=sulphurous  acids wore. used, an
esters could bo. demonstrated (saponification)), - The -acqueous compounds also ¢
aleohols, suchas etliyl and. a:littla nethyl alcohol, 'Fgure. 10, shows a boiling:

point anulysis of the constituents of the reaction water which boiled balow 90°C;
(28 porcent of tho total reaction water), The distillation was carriod out by a
micro-column, '

The toilinr roint curve shows"distinctly the ethyl alcohol fraction, It rapresonts
7.5 rarcont of the total reaction vater. Tha second constant temperature corrose-
ronds to the azeotropic mixture of .propyl alcohol and-water (87,7°C. and 28,3 por~
cont of wator), , ' .

Not only did we find synthol-like compounds in the reaction water, but thoy were
also presont in the hydrocarbons. They-can be found in the Jor=boiling as. vwell as .
the hi: h-boiling fractions. Tho oxyfen cetermined bty analysis varies between 0,2
and 2 porcent, The lowereboiling fractions®contain more oxyren than the higliere
boiling fractions, Alkali-dafficient iron calalysts produce only small quantitiocs
of oxygen-containing products. Move alkzlized catalysts vroduced-higher quantitics,
The normal iron catalyst produces.at- 180°C.,--a-benzine-which eontains ona to 2parea-
cent of water soluble products. Other iron catalysts yield 5 percent or more, The
acid nunter of products telow 180°C. is one, that above 180°C, is 0.1. The correg=
ponding esterification values are 1.6 raspectively 0.5 and the saponification
values are 2.6 raspoctively 0.6, amongst others we were able to prove the presence
of -esi2rs and alcohols. More detailed analytical information is left for a future
report.

Se City Gas,

Before I end my discussion on the reaction products, I want to montion here that
-accordin: to our newest experiences, the iron catalysts are well adapted for pro~
~duction of a standard ecity ras from vater-gas,

Part Vv

peA——p——

Conelusion
The followine may be said "aboﬁt :tha iron widdlepressure .synthesis, " The yields
of solig, 1iquid,and gasol hydrocarbons are. sorewhere near 130 to 160 normal cubic
‘neters of ideal gas. ' The longest lifetime ootained for the catalyst lasted for-
1-1/2 years without any re .onerat,;lg[n‘at a temperatwe‘_;gfv ,269"_0; At the snme time
catalysts are: capable "of“ working for long -xLei'iodsL‘, of

1t- 5till gave a me t‘f 4O go/Hm-
I‘helvénness with which iron '

ting may be observed fram the end-gas analyses which are sumarizéd in Table 1V

- 19 =



Table IX
Months of - Temp,, Confraction ) |
‘operation ~ °C.  percemt ' G0 SHC .0y CO My M = Wp .
A, ' fnd-gas analysis of an exporiment performed at 255°C., iron catalyst inducted’
T WAt COTatT /X0 atmesphare, T T T

1 238 50 19.6. 2.2 0.1 15,0 .13.3 8.8 1,9 . 11.0
ph 25k 50 50,1 . 2,8 1062 . 1.9 11,9 7.3.1:7 . 12,8

Bq . End-ras analysis of an experiment with a catalyst inducted at 32%°C., :1/10 atm.
1 235 5l 57.0 2.6 0.1 6,3 W6 8.9 2,0 10.5
3=ifz 235 52 62 J3TOT 5.2 INZ 9.0 191050

‘Table IX refers to a catalyst inducted at 25%°C, with €O at 1/10.atm. It shows
‘the. same conversion for 1l months of operation uninterruptedly operated at-253«
254 at the same chargeof gas through the converter of 400 liters of synthesis gas
par kilogram of iron, ' ' " L

Table IX rofers to a catalyst inducted at 329°C. at 1/10 atms with CO, This cata~
lyst yielded practically the same degree of conversion and optimm yiclds of 150
160 g./im3 of gus, aftor L months of operation..

The iron catalysts are not-only superior to the cobalt catalysts on account of the
““cheapness,” but~also for ths cheaper apparatus which they require and for the more
even lifetime which they exhibit. It should be added thet' the antiknocking proper-
ties of the Lron tenzine are better than those of the cobalt benzines, and that
the unsaturated gasol hydrocarbons obtained with iron catalysts can te used to -

greater sdvantage for production of hirh quality benzine,

The following disadiintagss come in with iron catalysts: Thoy work at hizher tem-

-peraturas, hence greater steam pressure, if it ls desired to cool with water, than
in the case of cobalt catalysts. Furthermore the iron catalysts have a preater
terdency to form carbon than the cobalt catalysts.

Gedtlemen', the problem of using iron catalysts for the synthesis of hydrocarbons
has been discussed, It all was conceived through the efforts of Dr. Fischer and
his previous work,

synthesis ars the result of tho last L yoars:of résearch. . We have-succeeded: in
raising the yield two o threefold:: :: as compared to the earlier experiments—
_with cobalt, and we have succéeded in improving the lifetime ten to twenty times,
lisnce, the total yield improved 20 to GO times, We succeeded in the following:

1, - 14 used iron cotalysts which ware r-rpt.Tnf.ed_ by CO

'2. - "¢ maintained the synthesis gus pregsures at the same optimum a:;p that of
cobalt middle~pressure synthesis, namely, 10 to 20 atmospheres,

‘39", ’:4 _ﬁBed'

o . | | .
Lsti ideally aLited for the-aynthesis.

opf: By + Co‘nhiéh was m
- 20
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‘4lréady at. the endol11937

“iron catalystes: Tosay,’¥
middle~pressure. synthesis wit
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