The action of CO upen the ircn catalyst is fundamentally differant from the e
tien of hHy. lirst of all, the raduction into iron oxides procceds dilforartly

than it does with hHp; secon*’y, by using 07, the catalyst structure is leoseoned
becavea c.rbon is deposited within the lattice; and thirdly, carbides are formed
when CO is uved,

If one disrarards diffusi sin®erin,, an! carben deposition, it iz xrowa ronm
the 11 erature that the red: tion is aceomplished faster with hydroren that

with CO. Ii one works with CC, however, the catalyst lattice is loszensd wp to
such 2 degrez that reduction processss can taks place rapldly «#ith <O,

The primary process durins the reduction is the formabion of ferromagrnetic Te.d
It was formed during the reduction with CO as wel)l as with I, and it may 2783
be ottained by precipitating a mixturs of ferrl and ferro sa ts with alkallics

d followins dehydrogeration. liowever, it possesses neo catalytic action in so
Far as the middle-prossure synthesis is concerned.

¥
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Next let us discuss the equilivrium conditions for the system iron, carbon, and
oxyren, It derends on temperature, ras cressu-e, and the ratio of “O to vG
conntainzd in the 1as. Figure Sa refar spheric :r:ssu*ea This 2Crrase
ponds to resulis of inve sblrttions by R. Schenck 2.2}, Tnz dotted curves w:re
E

1
0
or
Q
A
ot
O

ootained by 7. llofmann and <. Groll (12} through zalculations. Figure 5 sh
the equilibrium conditicns for 1/1C atwosvhere. The FeyC ~Fe C curve was c.
culated by taking intc consideration ihe pressure as a varizble, The (irar

curves ware conplled througn data vy Schenck.

One can see rom Figure 3
stabls {Scheack termed tid
terparaturss tnerafore, the reduc
ing throuph the Fes pha:*;

The metallic phase is orly =:iable abeve Lemparatures of D50-50C°C. (aczording

to Schenck, it decomposes irte oxoaferris “Onualﬂ ny cxreen and oxoansisait cors
taining oxyg=en and carbides,. It is assumed therafore that at lower temreri-
tures, the carbide is formed by the dirsction zcliior of 70 upen Fe (, This is
believed to take place cver unstable oxygen deficiernt in the imnec%@% SCHPRUNAS .

Hofmann and droll made X=ray analyses of the bodies which one ohtairs frem 2C

and iron. R=low 655°C., they were only able to detsct emall quantities cf Sree
iron. %e have found that the reduction of the higher to the lower oxides of iron
is indopendent of pressure. It only denends on the raiio of CO to r‘Of, ard the
temrcmrature, Raising tre pressure favors the for—ation of carbides and zarbena

In presence >f 100 percent 20, as it rmay asctually ocour in some instances
ngh Tlow veleocity "at one and at 1/13 atmespheres, only iren carbide is =0:2lc
nobhe ﬂou4L1u1¢Am~

0 it iz desired to coms %o ion
metallic iren, first of a2l th

“ 4 ¢t cF
ot

SCr crbvaired exerts oxidizing s
thet for the induction ¢f an an

‘u
B

-

ies are advartageous, siﬁce
affect 3 rapid reomoval of th
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Oa = Oxoaustenite
{oxide and carbide
containing metalllc Fe)
3Fe0 + 5CO = FagC + 4CO,
0f = Oxoferrite
(0 containing metalljc -
phase) .
e0 + C0 &= Fe + €0,
W= Wistite
(Fe30 contalining Fa(
phase
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Figure 5. - Equilibrium conditions for
the system Fe-(=0.



In both Iifures the cementit (Fe,C) has leen recorced as carbides onl', not
however any hlgher carkbides, é axistence wus first assumed by ldlzert in
1915 (i), ¥ischer and his co-workcrs have rercatedly nsalioned the forma-
tion of hirher carbidas as intermediate rroducts during the benzine symihe-
sis, Fiseher and Bahr (17) also descrilLed such an iron carbide, Gluud and
his ce=vorkers (15) pave the formula Feol to this iron carbide, The Xeray
analy o3 of Hofmann and Trott have ascertained that at temperatures of over
40CPC,, this carbide becomes unstable because it splits off carben, It
asgumed that this decomrositicn occurs undsr the formation of cementit and

fres carbon,

Little can be said about equilibrium conditions of t®is or the higher cor-
bicdes., Figure 5 therefore dces not represent curves or arcas raferrine to
the existence of this carbide., It seens probable, however, that for their
formabtion low temperatures and high CO concentrations ars requirazd. Thase
conditions corrzspond to the optimum induction comditions for the iron 3yn=
thesis, Therefore it arpears very likely that the presence of these com-
rounds in th» catalyst is very essential for the degr=e of induction ob-
tained and for tha2 cource of the synthesis to follow.

It is desirable . course that this carbide must be formed throurh a prpper
rretreatrent before the synthesis is undertaken, Furthzrmore, in order to
keep ihie symihesis going, this carbide should not be used up. Imrediately
after the induction the synthesis reactlion rroceeds satisfactorily sven at
low temrersztures (for instance, below 220°C

hiowever, tha2 conversion gradualily decrzases and may not even bte maintained
when the Lemrerature is raiseé, for axaarle at 230-2L0PC. If the iemperas
tare wonld bave been 23C=PECFC- from t-~ berinning, trhe catalrst weould have
continuad to work at this temperaturs. It is belisved that 2t the low tem=
peratures the carbide was avvampcseo more rapidly by the hydrcgen than it
#a$ re=ormed Ty the action of the CO,

So far as the formaticn of {ree carbon is concerned, it may be assumed that
this may Le catalytically acceleratad tv the carbon-rich carbide, How far
this undesirable decomposition of CO in oresence of hyn ocen wmay e pre-
vented is st1l1l tna subject of present investipations “ﬂw-vnv, it is
defiritaly recognized t'at the formation of carbon may e suppressecd Uy
lowering the pressure and raising and increasing the flow velocity of the COQ,

Li-.’

PART 1T
The Synthesis

A. The Synthesis Gas

s zomposition corresonds ta
reaction components CC =nd hp are used up. The oniy
catalyst usel for suc hecretical mixture possessas
Lifetime. The conversion on iron procseds according

Tha eptinmum syntresis ¢z
ce
h

)ﬂ(l)ﬂ

R

(1L; ZC0 + Ho equals Cllp + IC5

’7



e B M

as A #ide reaction wator is formed accordin; to:

(2) <0 + 2Hp = CHp + i
Figure 5 shows the formation of the rraction waer (also contains water soluble
organic compounds) at various prossures when a synthesis gas of comrosition
1C0 + 2Ep is used at a terpecrature of 235°C, Detwaesn 0O anl 20 atmospheres, the
amount oI reaction water increases from li to 60 per norzal cubic neter cf ideal
ras,

Fizura 7a and 7b show for O and 15 atmospheres, the portion of C0-0 which at
various synthesis gas compositions was converted to water and COp, At an ini-
t1i2l content of 30 percent of CO in the starting gas and at a%mospheric pres-

‘sure, 7 percent of the CO-0 are converted to water, whereas at 15 atmesprer

2% percent cf 0«0 are converter to water, Tith 60 percent o7 20 in the starts
ing gas under atzospheric condi*ionsP the process practically proceeds accord-
ing to equation {1), whereas at 15 atmospheres, still L percent of the CC=(
ar= used up for water formation, In addition to alevated pressures, an in=
crease in the Hp contents in the synthesis gas favors the water formatiorn also.

Figures 8a 2nd 8b show the influence of the synthesis gas composiiion umen the
yields of sclid and liguid and gasol hydrocarbons. The dotted stralght lires
show the calculated yields by assuming the reaction to proceed according te
equation (1) over CO, formaticn. The detted pointed curves show the corres=
ponding results according to zgquation (2) with concurrent water formation. The
s0lid curves show an aciually obtained yield (L=weeke averuge). Theoretically
it should be vossible to obtain 203 g. of hydrocarbons with or withoul water
formation for every narmal cubic met-r of synthesis gas. For atmospreric rress
sure ard taking inio consideration only the formation of (0, and still the
theorstically bost gas comvesiticn should be accerding to 23C-1H,, for 15 zt=
mospheres, 1t sheould be 1.35 3C = 1 H- (apwarently an error).

ences cxist Letwoen o synthesis carrisd o
atmospheres, One czarnct work at atmospheri
the theoretical 70 mixture becauss at tiese conditions, the ac
catalyst decreasad fco rzpidly. This is not the casze for the

synthesis. At one atinosrhere syninasls pressure, a gas of co po

Fundamental d4iff

ffe staospneric
rrassur# anc at Lt s

ire with
N ol the
S=Cressur2
ien 100 + cfg
&

AYTAN '"“

‘behaves %est. For the first L weelks of operation, it zave an average of &0 ¢

of solid anc¢ liquid and gassl hydrocarboms, Tuese yields decrease rapidly dur
ing the fifth and sixth weeks,

It is possible to werk well for meny months with the theoretl

and obtain complets conversicns. For the lower saturated how

more hydrogon is requirsd than equations (1) and /2) demand.

tion of methane is nobt antirely suppressec, CO and Ez are ”u* u

ratio of 1.89=1 tut rather in the ratio of 1,6=1.8:17 Wi ¥ I

te advantareous as regarcs tre lirstime of the cavalyst as ths SnCien s
- -

e
€ o

synthesis s:ill contains 2 =mall excess of hydrepen. The ideal synth2eis oos
therefore contains o nireent 30 and 10 percent ip (77- = L.5:l). TAbh
such a gas nixturs, it i pogsil ¢ tc obtain 150120 . 28 =Tolids, ligalds,
apd zasol ner norwal nubie metar far many montns when lron catalysts are uged.
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Table XI rives tha ratio of 20 and Hg for a serizs oF varicus syntlicsis corndi.
tions. It givas the ratioc of the 2 components for Lhz initisl gas ard alsc
the usape ratioc in which both camronent: are ucad up during Lo s;mihesis,

Durins all the experiments slichtly more €O was used than would corragrond

< to
the initial ratio of 2O and li; in the starting gas, For experiments 1 and 2,
the starting ras contained 20 and Hp in the ratics of 1.L=1 rasrectively 1,5:1,
Both fases were used up in the ratio o.%L to respeciivaly 1,53:1,
“abkle X7
Ratio in rhich CO and b are Used Up Suring the Synthesis for Various Cornditions
. Pres=- Days of  Tercent Etls of  Ratio of
BXP., sure, Temp., opera- Con= CC and Ip 20 and §
No. Catalyst type atm. °C. tion traction initlal gas uged ap
1 Fe-Mormal catalyst 15 235 30 55 1.41:1 1.5t
2 v " 15 270 325 47 1.51:1 1.58:1
3 TFe~Ni; precipitated 1 > 5 3 T e s S
I/h%BKQCO 5 55 b 51 1.5 1 1.7 =1
" -I. il. Lé
- 7 Kl Pretmated he oy 7 by 151 1,590
- woevE3 )
5 n " 15 237 14 50 1.64:1 1,78:1
6 Fe=Normal catalyst S 270 9 37 1.L5:1 1.77:1
7 0 0" . 60  25h 6 52 1.h6:1 1,67:1
8 n " n g 230 [ 45 0.83:1 0.87:1
9 m n " 15 2L0 iy 50 1,76:1 3. 96:1
Fe-Na,C r ita .
10 .edhaQHOB precipitsted 15 235 % 53 1,721 5.1 11
1') ch'OJ
Fow ' rrecipiiitasd
5% k009
%ith other ex;erizents the differsnce was gréater (exgeriment 3,5, and 73, Axperi-
ments 4,5, and 10 were ~arried cus with a catalyst containing ons torcent 20,
For experiments L and 5, the CO~Hy ratio was 1.% regpectively 1.5.:1 for the i%i-

tial pas, For thas sane experiments, the end-gas contained 1,39 respesctively 1.78
€0 to 1H,. For experimant 10, the initial pas contains too-much CG. The experi-
ment points toward & carbten formation, The catalyst of this axpsrinsnt only had
about half as long a lifetime as the catalysts of experiments 4 and 5. The situae
tion is similar for experiments 2 and 11, Experiment B was carried out with mixed
gas (CO~Hp, 1.3-5.36:1). Hereto the ratio in which the components wers used up

was higher than the original and amcunted to 0.87:1.

In order to get maximum yields, it 1s necessary to work with an initial gas con-
taining both components in approximately the ratic in which they were used up,
Initial gases which contain lass co than 1is required for ths optimum conditions
{1,L=1.6:1) ars not capable of yielding maximum yislds, This is because the snd-
gas cont.lns an excess of Hp. Initial gases with too hign a percent of 3C in- '
crease the danger of carbon formetion and skorten the lifetime of the catalrst.
It is well to remember here that with increasine 20 contents of tra cvmbthesis cas .
r2 reaction temperstura hzs to be higher for raximunm yield,

-7i$’-



B. Tre yntaesis [ressare

In the parapraph on synthesls gas, the reascns have already been cx*lainc‘ oy
t is not practicable to work at at ospneric rressurc when using iren catalrstc,

Follcwing are a few series of experiments carried out with catalysts having
underpme different processes of induction, The exreriments are desicned to show
the influence of the synthesis pressure upon the conversion.

First Series of Zxperiments. The catalyst used con‘ained iron and conpar in th
ratio of S:1, It was obtalned from the solutions of ferrous chleride and coprer

chloride by precipitation with sodium carbonata. Tt had been alkalized by dding

1/8 parcent X5CO This catalyst was subjectad to an indugticn rree
pheric preasurﬂ ;or 4 days at a tewperature of 2LtPC, (4 liters

10 g. of iron per hour). After switchinpg over to 1Y atmospheres rr2

u-e; e
carricd out tha synthesis by using U liters of synthesis gas ({0 + Hg = 3:2) per
10 ¢. of iron por hour, Table XII gives thas resulis of thic series 3f experi-

mants. Contractions are recorded for 5, 15, 30, and 80 atmosplierss and the necese

sary working temperatures, (The tenreratures of this series of expsriments, in
rereral, were high as compared to the induction of the catalyst.)
Table XYY

Heaction Temperature and Contraction at Various Fressures
Fe=Cu Catalyst Inducted with lilxed Gas at 2L5°C, and Cre Atmosphere

5 atmospheres i atﬂosuhﬁrcs 30 atmospheres 3C atu
Jays of Temp., Contraction Tenp., Centraction Temp,,Contraction Temr-
oreration cZ. percent °C. percent °C, percent 2.
10 297 Ll 257 L2 263 €0 272 23
20 265 LS 265 50 275 =0 235 L3
30 270 L2 270 g3 280 L& 330 L3
) 272 L5 276 53 287 g2 222 e
50 7% Lg 275 55 289 €2 - -
€0 285 L8 272 52 200 L9 = -
50 278 S0 251 51 - - ~ w
120 - - 28g L2 - - - =
150 - - 29¢C L7 - - - -

For S atmospheres, the contractions obtained during 3 months of cperation were be
tween LS %o 50 percent. A4t 15 atnosphares and otherwise equal conditions, 0 to
percent contraction was obtained, Corresrondingly at 15 atmospherses =h= f4(¢~s of
liquid and solid and gasol hydrocarbens wers approximately 10 derrecs hirae- then

at 5 atnosvheres, At 30 atmostheres, ceoniractions cof 50 to §2 percens cc11d te
reached too. However, at temporatures wiich were 10 to 12 degrecs hiz er, g &f
the second month were 2C degrees hiyhter than the temperatures reculrsd at 17 z2imc

pheres rresaure, Then oper=tiny 2t 80 -atmospheres, it was necssesary .o isoiasse
the temperature by 10 to 20 degrees over that at 30 aimosthesrce in ardzr o cbhe
the samne dap-ee of conversicn.

.27 -
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Table X711 shows thc end-gas analysas.cbtained fer u contrzction ol 93 rercent
at ¢, 15, 30, and 80 atmosrtheres. The corrasporcing inltlal i'2s analvsces of
the runs carried out at § ant 19 aimocphuras containod 3¢ rercant 00 and 1501
percent i,y those carrisd out at 30 and 3C atrospheres, 55.35 IC a=d 2,.§

Iable XIIT
iteaction Gases at Varicus Fressures and Jonstant Contracticn at SO rercart.

fressure, Days of Temp., )73
atmos. cperation °C, €05 8KV, 05 cC 5 g (ﬁ Hp
5 5 257 53.8 3.k 0.2 123 1.2 7.0 S I T
13 3 252 55.5 3.8 0.2 11.¢8 1.5 §.2 L5 5,
15 23 267  S1l.k 3.8 2 0.3 11.2 5L 2.9 AT,
33 10 263 51.1 2.3 0.6 11.3 2.0 Tt 35
80 23 257 51.2 14 0.1 13.6 11.2 L 3 Loy B

i

L I IR W

The end~gas analyses shovy that in splte of the various pressures ard the zorres-—
pondingly different temyxrafures the ccourse of the conversions does nct chenie
fundamentally. It had already itesn pointed out that at elevated pressures, tac
formation of reaction water increases ab the exvense of the fermation of CCh«
Purthermore, it may be seen from the znalyses, that at higher rressures, thi
quantities of unsaturated hydrecarbons decr=ases, and that th. guantiti2s of the
saturated hydrocarbons increases corrsspondingl y to the nccessary %19“:~ 18l
tion tenperature. The increased consumption of L. is well expressad 1n the ras
tio in wnich CO and {ip, are usad up. Thls usage ratio for the wvaricus tressures

is as follows: For S atm-, 1.7:1; 15 atm. 1.%6:3; 30 atm. 1.4:1; 30 atm 1 Ly:l,

With rescact 4o the lletLI” ol the catalyet at various working cressurzs, ot
should be pointed out that workinp temperatar s atove 29Q0PC, should ve avcicod
on aczount o the darger of carbcn formaticn.  The exgeriment carrisd zat al 1t
atmescheres ashowed that the catalyst had the lcngest lifetime, Witk the ca'a=
lyst® used for this seriass of ex:fr**av's, 1 tenperature of 29(PC. w3 reguireld
for 5 montns operation ancd working at 17 atnecs perES, the same temperature ¥&s5

required after 2 months when working under 30 atmospheres, and alrezacy durin
the first month when working under 8C atmossheres.

&

Second Series of Zxperiments. For this series of cxperiments, a copucr=frea SC=

called normal iron catalyst was used which had been inducted for 2L hours at 1/10

atrosphere and 329°C. with z 20-rich s mthesis gas. Table XIV shcwv a2 rertlis
F— - P

of experiments carried through at various prossures such as 1, 5, 17, 3I, and &0
atmospheres- All the experiments were initially started at 23 5 S.

*Tha iron-copper catalyst used for this series really had a Zcw activity if con-
parad to it catalysts knewn zt tha present time. The influsnga o tne pies=
sura and the existence of an cptimum rressure between 5 and 30 atmesthared,
howaver, miy even be coservad Irom this catalyst.



-

Table XIV
‘teaction Temperstur2 and Contracticn at Various Fresswures
(Nermal Iron Catalyst Inducted with CC-ricna Gas at 325°cC. anc 1710 Atrosphere )

S atmosphcres 10 at~ospheres C atmosphires £ atnospheres
Days of Temp., Gontraction Temp., Contraction Temp., contraction Temp., Lontractior
Oreration °C, percent °C. percant °C, rercent °:, percens;
1 235 30 233 L2 235 53 235 50
2 - - 235 L2 235 5¢ 2332 L2
3 235 257 235 L8 234 57 235 Lo
5 250 38 238 50 - - 254 52
9 270 37 239 50 - - - . -
12 - - 237 50 - - - -

This catalyst did not pive a conversion at atmospheric pressure and 235°C., neither
did i% give a cogversion on tne sccond day at 230°C, (When &2 swiitched Lo 17 st-
mospheres and 235°C., this catalyst irrodiately gave a contrastion over 53 percent.)
At 5 atmospheres, the contractions lie somewhere betwesn 30 and L0 percent. Hence
the conversion was still incomplete. This did not improve even when the tompera-
ture was raised to 270PC, at the ninth day of operation., (Whan we vent back to ig
atmospheres and 235°C., SC percent conversion was cbtained even then), AL 10 at<
mospheres and 235°C., a contraction of 50 percent was reached. This was tha casc
also at pressures of 30 and 60 atmospheres, However, in the case of the 30 atnos-
Fhere run, the conversion fell off sharply on the third day and for the 50 atmose
phere run, it decreased rapidly already during the Zirst day »f operation. At 6O
amospheres, a contractisn of 52 percent conld only he rasched on “he sivth day of
operation when the temperaturs was raised to 254°C.

Here too, we lound th-t an »poiman rrassurs of somevhara obveen 1lelT atrmos-
rheres exists giving the hi, hest vields and loncest catzlyoh Lifetine {f. zom=
carisen with ~vrorimerts racordad in Taric Vo for 4 sa-e cabelvze 17 atmnose
phercs shows thet the coptimus sressure i somewhers apove 10 atmosphores )

Third Series of Experirents. A @atalyst was used which was conper=free and had
been precipitated with sodi. One percent potassium carbonates was added, and the
industicn wez carried ent with CO at 1/10 atmosphere. The catalyst was prepared
by a so~called inverted precipitation, that is, by running the iron scluticn
(60°C.) into a boiling soda solution. Ue wanted to find out how long at 15, 29,
30, and 60 atmospheres at a reaction temperature of approximately 235°C. a con=
traction of more than K0 percent zould be maintained. Tahle IV shows *hat for
15 atmospheres this time was 20 days, at 20 atmospheres, it was ¢ daya overation
at 30 abtrospheras, 5 doys; and at 40 atrosphares, a contraciicn of wmore than 5C
percent could be maintained only for cre day.
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lacadis oy

The Influence of the 3Synthesis rressure Upen the Length of Tine

ol Cueration (length of Tine for "hich a Contraction of 507 was
Poasible at 235°C,, When Usinp an Iron Catalyst ilkalized with 173 K-3C-)
» it K4

/

15 atmosphercs 20 atmospheres 30 atmosnheres 50 atmoepneres

Days of Temp., Contraction Temp., “ontraction Temp., Contraction Temp., Contraciio
operation °C, percent °C, percent °C, percent T, Tarcant
1235 Lo 235 c2 234 5L <35 55
2 239 Ls 234 =1 2356 50 235 <l
3 <37 52 23k 55 23L 55 235 B
( 6 239 . Sh 235 g5 23L Lo ~
. 9 233 cl 235 13 - - = -
12 238 52 - - - - - -
20 23h SO - - = - - =
28 235 Lo - - - - - -

o

kesults of “xreriments farried Out at Various Prassures

The optimum rressure of the ulddle-pressure synthesis for an iron catalyst lies
somewhere between 10 and 20 atmospheres. (Tor rostcatalrsts, tha optinum rros-
sure is most onrobably near 179 atrosphers). At lower or higher pressures, the
conversion during the synthesis and the lifetime of the catalyst decreassas,

C. The Reaction Temperature.

The temperature of the followins work rafers tc the temperature recorded in the
aluninum block.™ Since beoth ends of the reaction tube stick ocut of the aluminum
tlock ingpite of good insulaticn with ~sbestos rore, neat is conducied towards
the outside. As a consequence of that, the turper;ture in the interior of the
tube is scmewhat lower  Calibrations have shown tnat the tenpzrature in ths ir-
terior is aprroximately lower by S degreas, ilewever, no temperature corrsct

was taken inte consideration, and the tenmpsrature of the block was iakesn a
of the symthesis,

oo

4]

“e paid special attention to the temperature problem, ™e endeavored %o Xser

the tenmperature for the iron middle-pressure synthesis as low as roesitle. This
was necessary for economic reasors. On the larpge scale, the reactor is intended
to be cooled with water and a small elevation in temperature would cause a cofi=
siderable increase in steam wressure, and therefore increase the weizht of the
equipment. ’

*In the laveratory, we worksd with rressur:
slanted position in the aluminum &

res whlcn were emheddeld in a

Lhat
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1. Influenze of Induction.

It has been pointed out at another rlace that thc indusiion temperature of the
catalyst exerts an important influenca unon ihe {sllowin;: syrthesis, The curves
showm in Fizure 9, surplement the material alrcady oressnted. The abscissas
give the length of opasration in months, the ordinatos give the operating tep=
peratures, and the steam pressure corresponiing to these temreraturzs, 411 the
experiments were carried out wilh a synthesis gas containing 0 and do in the
ratio 3:2 (4 liters per 10 ¢. of iron per hour).

Curve 1 refers to a catalyst not previously inducied but “aken into operation
at 17 atmospherss immediately. In order to get maxinmum contraction; the tem~
rorature had to be raised to 29%°C. The initial contraction was L5 parcent,

in the course of the second month of oneration, the aetivity of the czatalyst
increased ¢radually sc that a contraction of 50 percent was cbtained. The tems
perature then could be lowered down to 230°C, without impairing the yield,
During the fourth monta of operation, however, it hal to- 2 raised again, and
at the end of thz fifth month it had reached 300°C,

Curve 2 shows the temperature relationships for an iron-coprer catalvst woich
had acted upon a mixed gas for 3 days at 1 atmosphere an? 2L(°C. (contraction
30 rercent), Then it was switched to 15 atmospheres using the sams synthesis
gas, In order to get a maximum contraction of 350 to ¢ rorcent (orztimum conw
version), tha temperature had to o raised from Zu0 Lo 290°C, over the course
of ¢ ronths,

Curve 3 represents the temperature conditions for an expsriment with a copper-
free normal iron catalyst, which prior to the synthesis had heen incueted at
1/10 atrosprere and £53°C. for 25 hours with pure CC. In order to zet maximm
centroction of 50 to 55 percant, the temperaturs had to te rzizad to 235.272°C.
in the course of 8 months. The activity of the cabalyst increased slcwly at
this temperature so thzt in the eleventh ronth, the temperature could be lowered
again to 254°C. and =till a contraction of &0 parzent could tg obtaired. For
the 15th and Isth montrs, the temperature was raised again o 255°2., and then
lewered again <o 26997, Tszbie VI presents sore ardegas anslrses T Lhis eve

periment,
Tabte XYI

End-gas Analyses of a Time-Test at Different Temperatures
During 1£ Yonths of Cperalicn

Months of 'Temp , Contraction Lnd-gas compositicn in rpercent

operation  °C. percent  C0p  sKi@ Oy  CC I ¥ CEk. i
1 2¢3 g L5.6 2.2 0.1 15.0 3.2 8.3 1,5 11.¢
9 272 52 5L 5 3.3 0.9 2,1 7.4 11,2 1,8 15,5
Ao 2%k 50 (o 2.8 0.2 i.¢ 11.9 7.3 1.7 12.3
15 2£5 L8 53-5 3.1 0.1 8.2 1.4 11.2 1.9 12.5
16 259 L8 g1.2 3.2 6.2 9.9 12,4 10.L 1.8 1z2.5
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The table shoos th-t oy inereasing the Leparature, the quantity of geseoun
hydrocarbons formed increaces, OUn t 2 whele, the end~~as anzlyses obiaine?
from the syathesis gas do not differ toc tuck for she 15 months orf oraratlon.

Curve I refars to a catalyst induc'ed at 325°C. wish CO and 1710 atnosphere.

The induction at 325°Z,, facilitated orerating at low tem neratures Sor tae first
few month?. Thc contractioen remaired c01s,ant ut 50 to )h tercent throuph

the course of L months at 235°C, 7 (ter that, a tenperature had to Y@ riiced.
After one year, this iron catalyﬂt did not s.ow any advantages any longer as
compared to a catalyst inducted at 2355°C,

The curves of the figure bring out of what significance the rretreaimant of
the iron catalyst is to the synthesis temperature.

2. Influence of Gas Composition.

In Table XVII, comparative results are given for converstions of 7C-rich and

Hp=rich syn? h351s gases at a reaction temperature of 205°C. (synthesis pres=
sure 15 atmospheres).

+

Tabla XVII
Conversion of CO-rich and li,=rich Synthesis Cas at 200°C,, and 15 itnosphercs

. Zentraction
G0z sk Gy ole iy KW ¢ ¥, pIrcent
COerich starting gas 2.7 0.0 2.2 3.9 33.9 0.2 1.0 L. 50
-t ¢ - { &
end=gas 1C.3 0,8 0.2 52.7 28.4L 1.6 1.3 5‘3
Hg-rich startiag pas 1.2 0.0 2.2 1.2 56,6 1.6 1.2 Fes 3
3 2,1 T.¢ 6.5 52.3 3.9 2.0 13.7 -

Table xVIII snhows thc conversion of 3 i7f2rent gases at 226.
[=]

Conversion of CO—rlcn 2's, of water-gas, and of
lb-rich Gas at 225°C., ard 1 a pressure of 15 atmos.

Contraction

Coz  sKV 0p 20 i, ki XM 5p  percemt
CO-rich starting gas' 2,3 0.0 ¢€.0 8.8 334 0.4 1.0 5.1 Le
cnd— &8 L2.9 3.3  0.? 4.3 15.2  L.3 1.8 9.2 2
Viater~yas, starting 1.8 0.0 C.1  L&.4 L.k 0.8 1.¢ 7.°% 2
end-; =5 wh4 Lk,O0 0.2 8y 2L 6 6,2 1.6 137 g
hp-rich starting ¢as 0,56 0.0 .1 _3.7 SE.3 0.2 1.¢C 1; L P4
erd—¢as 22,6 1,6 0.3 3.0 b3 .8 13.x 1.7 i8¢

The analveas show that the reaciion oau srature can be lowsy iF

in th2 oynthesis as, -het Is, tho L 3 10U is converted. For thv

an in:rease in hp convinus in tue .-l sis gas, the percen* con

(as lonp 3s tre 7D i3 not convevsal onllrely as snown by the las

Table VITI), Q.56 respectivcl" C 71 liter of 20 is conmvericd ro

(accordineg %0 both exrorirants of t:ple AVTIN. iccesding to T3

and 1,73 liwers -or To:r 97 DO sersa coreoged ab 20500, In tho 4 -2 3

this table, all ef the 20 wis convrorizd. 55 long as C0 ard Loy were rreosent i

gas in ,uff1c1unt quanult\ to react for the same terperatures and iasr Lhe same
length of time, the converted quantities of 20 and Cla=lly ratio remainad inderendens

e T -
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3 fect of 720 levy Suarting “omiorature,

In general, the experimesuts were straried at 22690, %0 036°3., although giod cor-
version couﬁg have teen obtained at lower temﬁoraturus immediataliy after
inductiono Thus, with an cxperizent condu ved with Ils=rich synthosis
g - 1:2}, a contraction of L7 percent was stlil chtained at 2 temwper

C, after the second day of opcration. The ratis in which I7 and M, were
used up amounted to 0.7:1. This -oints t0 a reactisn nroceedinz according to
CO + 2Hp = CHy + Hy0. At such low reaction temperztures, the xcun’ of con-
version ecreases after 2 few days and the~ *the resulis ara :ore unfaversbic
2ven after the temperature raised apain, as comparcd to ihe rasulis one would
obtain if operation would have been commenced at the higher tamraraiures fron
the start. Table XTX brings this out too., This tanle containe “he resulis
of two comparative experiments using CO-rich synthesis pas and a ncrmal iron
catalyst, CUxperiment one is concucted at 235°C,, experiment 2, at first, at
210P¢;

Table YIX
Influence of Too Low a reaction lemperature Uron the Stability of the Catalyst

Lxperiment 1 ixperiment 2
Days of Tenp., Zontrac- Temp., Jontrac=
operation °C. tion percent °C, tisn percent
1 235 56 210 L2
2 n 52 1 31
3 " 51 ] 27
)4 1 5‘1 - EN
5 n s2 220 21
6 " 55 235 36
7 . 55 250 ks
8 " 53
9 " 55
10 it 5’7
15 " 55

The catalyst taken into operation at 233°C, "“vce ~onf+art contractions of €0 to
55 percent, The catalyst which was started at 21070, gives coniraction of L2
percent after onz day of oneraticn, after 2 HaJs it yave 31 percert, an‘ after
3 days only 27 percent. Then the temperaturc was then raised, the catalyst gave
only 36 percent conversion at 235°C. and even at 250°C,, 50 percent contraction
could not be reached,

L, Temrerature and Rzaction Froducis.

It has been poin“ed out rreviously (for oxample, see Table W1V that with -~=i:
incrzaszs, Takl: N sans

VAl r
14 oorcent _o,~581~.
*. e

temporatures the [ormanion of the rzseous pro*;cts
average ylalds octainad on an iren zatalyst contain
es wers 227,
- ;

v

"03 thn -u-.

carbonate, temparatur
raized from 235 15 £73
per normal cubic mester
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S B
- 009
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liguid nydrocsrbons and the passl nydrocarbons increased at the soe Limg. ot
29072, tho rarairin yields ware still lower, however, adt ihi: termoriiuvi, ke

yizlds of liquid and gasol hyareocaroons decreasad also.

Taklz sX
heaction Yields (g=/Nm3 of Ideal Gas
tempora- Solld Liquld Gasol
turs, °C. Faraffin hydrocarbons hrdrocarbons
235 39 33 24
270 L 9k Lé
230 2 32 35

D. The Influence of Alkali Contents of an Iron Catalyst Unon Ifs ictivity and
upon the Nature of the eaction ircducts.,

The preparation of the catalysts and the nature of the addit:ion eof alkali h
been 4iscussed earlier. In the following, an analysis is presented to show the
irfluence of the alkall upon the coursa of the synthesis. The alkali additions
indicated in the tables refer teo potassium carbonate expressed as percent po=
tassium carbonate referreé to metallic iron., In the case of the other alkali
salts (permanpanate, fluoride, ctc.) the notation "1 percent K¥n0,* is to sig=-
nify that as much potassium was used in the formatioh of this salf as would
correspond to one percent K,CO,. Table XXI, to start with. brines an experie-
ment the catalyst of which was”precipitated wiixz ammonla and which 2id not
contain any alkali. The testing of this catalyst was carried out at conztant
temrerature (235°C.) with a CO-rich synthesis gas (CO-=H, = 3:2, containirg 3

to 10 rercent irert inpredients). The rressure was 15 atmospheres.

Table 13X
Aetivity of Various flkalized Iron Catalysts

Days of operation
pl 2 5 12 2C 30 40 co 100

] Alkali addition Percent coniraction ut 235°C., and 15 atmospheres
0 56 S0 55 O se k9 51 51
0 53 50 L3 L3

/L7 K coy L7 50 0 51 55 56 sh sh 53
12+ & & - 8 Lt - Ls

L~ Lo - 5i 53 50

1~ " he LS LS g2 n L8 L7

27 n Ls LB 7 U5 L7 50

5 - - 4 %0 50 51 50 Lo
10 - S0 47 5C .5 112

17 Koy Rile] - 50 <1 55 50

1 7 K50 - g7 53 re L3

17 ¥p8104 ~ 5L 53 B £O

1 “2“P0h 55 L6 - Lé 10

The series of cxperimants shows that alkali addition Lo the catalyst is not re-
quired if cne disregards the nature of the formed hydrocarbous. The catalyst

. 2 -
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which was rrecinitated with aimonia and was entirely free of alkall was tesztad
for SO days and gavs values of contraclion which were not essentizily below
those ovtained with a normial iron catalyst consainin; 1/l percent ¥,00,, e
found that catalysts which contained up to one nurcont or more potaSsiia care
bonate showed a decrease in activity earlicr than normal ironm catalysis,
narely, at 23%°C,, the decrease occurred hotwsen ti:e 30th and 50th days. uhen
we contlnued to operate and used catalysts which had Leen alkalized by salts
other than potassium cartonate, no worth-while variaticns in the course ¢ tha
syntaesis could be observed during the first few waeks, lowever, the catalyst
contadining rotassium permanganate showed very goed conversion, whersas the cone
containing potassium phosphate was lesg stabloe,

Table XX1I shcuws thequantity and the nature of the reaction products which werse
obtained with the varicus alkalized catalysts at 235°C, and 135 atmespheres svne
thesis rressure. The ylelds expressed in grams per normal cubic meter of ideal
gas vary to some extent all throuph the first month of operation, corresponding
to the not entirely uniform contractior obtained, Thus, we obtained between
150 to 160 prams per normal cubic meter of ideal pas, The alkali sontent of
the catalyst exerts a very essontial influence upon the nature of the reaction
products. When no alkali was prescnt cnly 12 percent of solid paraffin (re=
ferrad to the total ylelds of solid, liquid, and gasol hydrocarhons) =»re ob=-
tained according to the Butanon method, When 1/l rercent potassium carbonate
was added te the catalyst, this increased to 26 percent, for onc percent potas-
sium carbonate to L2 percent, for 2 percent to L3 rercent, and at 5 percent po-
tassium cartonate contents ﬂS to L6 porcent of solid paraffins were cbtained
referred to the total yields, The quartity cf liquid and gasol hydrocarbons
gorrespondirgly falls off as the alkali contents iscrcases,

Table XXII finally brines out that it was unimportant what alkali szlts nad
been added to the catalyst so far as the quantity and natura of the reaction
products were concerned, The experimerts conducted with a catalyst cenda'ning
one pzrcent petassium carbonates and the corresronding quantitiass of cotassium
manganata, potassium silicate, potussivm fluoride, and potassium phoschata
showed the came course of the reaction within limits of experimental erra-.

Table 311
Yields With an Iron Catalyst Contalring Various Amounts of Alkali Additisns

Precip- Solid, Liquid, and_gasel liquid
itating hydrocarbons g./Nm3 of Paraffin hydrocarbons Jasol
.Egent Alkali addition ideal pgas percent percent percent
NIy 0 Ll 12 A7 2
Na2003 1/4% K2C03 LT 25 g3 L3
¢ PR 13 &7 25__
Na,C04 1% KaCGy Py L2 47 bt
17 K¥noj, e L1 4 ~
17 K25i03 te 13 al 3
17 ¥oF, i3 ' L6 Wz i
17 K2 POy, A 33 52 12
HasCo 29 %,C0 W3 L3 L 13
<3 5 2,73 11 Ls iz 17
54 " e L6 4 12
Y. g

25



L. Treatment with iydrogen Before a:d i7ter -Lhe ST onesis,

-

1. Pretreatment with hydrogen.

The normal iron catalyst instead of Laving boen treoated with €0 was inducled

with 6 liters per hour of Hp at 1/10 atnosphere, 325°C, for 2-1/2 hours. ‘'hen
we switched over to CO-rich synthesis gas and operated a4 13 atmesphaeres and
235°C., an ende-gas analysis rade after 1-1/4 hours showad
A

to 3 rercent cone
raction, and another gas analysis made after 3-1/L hours disclosed ' rercent
contraction, The catalyst behaved in the same way as a non-indus :

would have behaved. Nevertheless the catalyst after having heen
the reaction tube was faintly pyrophoric and ferromagnetic. & comrar:
experiment which was run with a catalyst having been inducted with .U irstead
of Hp prior to the synthesis gave a contraction of Sk rercent from the very
beginning.,

@]
3
&) O
3

In a further experimont we worked with a catalyst of sorewhat lower activity,
and we wanted to see whether a pretreatment with Hp prior to the inductior woulc
result in an improvement, For this purpose, we worked for & hours rassing 8
liters of L2 per hour over the catalyst at 325°C. and 1/10 atmosphers. Then

we passed 4 liters of CO per hour over the catalyst for 20 hours at 1/10 atmos=
phere and 325°C. Then we started to oprrate with COerich synthesis gas at 19
atiospheres, The contraction amounted to L2 percent on the second day at a
temperature of 23L°C,, L5 percent on the sixth day, and 236°C., L7 vercent on
the eighth day and 238°C., and again L7 zercent on the tenth day at 22077,
Comparing this data with the exrcriment conducted with a catalyst which wa
not pretreated with hydroren, L2 percent coniractisn was obtaires ar 3ne
day at 23L°C,, and L6 percent on the eimith day ab 238°C, The ny<rcs ’
ment prior t> induction therefore was wiihocub influence upon the corvors
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2, Hydroren Treatment Tetween Induction and Symthesis.

To start with, we passed LO liters of TG for 2+1/2 hours at 37277,
mosphere over the catalyvst. Thereafter, we nassad § liters of H,
the catalyst at 325°C, Then we switched over 4o CCwrich synthesi
atmospheres, and the activity was tested at 210°C. The coniract:
L2 percent immediately, after cne day, it was L3 percent, For 2 T3
experiment in which the Yp rretre=atment was omitted, the contraction afie
day was L2 percent, The intermittent Y, treatment was thercfore of ne irflus
ence upon the catalyst activity. (This result is surprising because one would
expect that the Hp would reduce the carbides having formed durinc tr= i=dvection
with CO).

3- Hydrogen Treatment During the Synthesis.

A catalyst which ordinarily should have heen taken ‘nto speratisn 2t a semawhot
higher temperaturs was tested at 235°C, ant 1% ajmespherss witr L 17tars per
heur of CO-rich gas. Tt gave €2 percens contraciicn on the first ard socerd
days {see Fijrure 10), 5C percent contraction after 2 dars, ard L7 rerconl cone
trection after 3 days. The dosted curve showrs that the cont vincn should have
arrived at 4O percent if the z«rerimont cculd have baen cortirced for ans L tcY'd
at 235°C, ‘However, afiter 3 da7s, a Hp trsatment was undarialen for 13 GoUTSs,
using 8 iiters per hour of rp 1t ono atmosphere andé 3265°C, jStar +pis p ireats
ment, the contraction in the fsllowing synthesis amounted io 35 percens, I%

- -
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