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B. Preliminary treatment of the coialyst

The Ireshly precipiteted, dried iron nrecipitates,
like the unreduced cobalt catalysts are sntirely inectlve
ag catelysts in the conversion of casrbon menoxide vwith
hydrogen., However, when ccbalt ig tresied with hydrogen
ot about 360°C the reduction to metal procseds to
quite an extent, and the materisl beconmes actlve as
a2 catalyst for the hydrocarbon synthesig a2t lover
temperatures. The iron catelysts are not converted,
however, to a gulitable form by & prelimlnary trestment
vith hysrogen. When lron ig pretieated with hydrogen
at some temperature like 300 - 450°C, it iz converted
into a black ferromzgnetic Fez0i, which does not
catelizs the reaction of carbon monoxisfe with hydrogen.
If, however, pretreates with cerbon nenoxide, which, .
ags commonly known, nol merely reduces the oxides, buv
algo forms carblces, with a lcowgening up of the structure
by intercallaticn of the carbon, the lron catalysts
- are converted into thelr most gctive form for synthesis.
Ye have called the nretreatment wlth csrbon monoxide
or ¥wlth gases conteining carbon monoxide the "forming'.

1. Forming with Carbon Monoxids -~ ¥wvirogen Mlixture
During Synthesis.

a, Mixed gas and stmdephsric pressure.

When iron catalysts producesd by prscipitation
are started in operatlion with the mixed gae (00 : Hp =

1 : 2) this should be dome 2t 235 - 2509C. TUnder
conditions of the normal prescsure synthesis the
contraction rilses in the course.of 3 - 4 gays to 30
percent at & temperature of 235 C and 2 thruput of 4 11
mized gas/h/10z of Pe. '
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During this time the cabtalysits are grs
to thelr full aciivity by the actica of th
g8, and this COrvesponds to the forming pe
Synthesis may be ccenbinued at stmospheric p
3 - 4 veeks with & mozimum controciicn of arou
percent and with v flg“ in liguig sngd =zeolld by EfcﬂFbO
amuuﬁu%ng te 50 g/eb, The cavbon monoxide of the mfreﬁ
gas is approximately used up, while a large eze sq of
hydrogen remaing ip the end gas. (Figuﬁe 1, Curve 1 -
shows the course of the observed ccatraction changes
during conversiocn).
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b, €0 - Rich Gas Lnﬁ Atmosnh@ rie Pregzure

if a carbﬁn'monoxiéé~hyd?ogen mixed gas 1s

‘uses Auving the reduction of carbon monﬂxiﬁenhxﬁrogen

in prcpcrulon closer to that in vwhich they intersct,
instead of the hydrogen in p“OpOﬁtiOﬂ of the rich m¢?ed
gas, no improvement In conversion iz founs when operating
at atvoqaheric pregsures The fo*'*ng perlod lasis
about three dayez at 235° C. A mexinum contraction of
31 ercent hes been veached (Figure 1, Curve 2). At ,
1590 the maximum contrection of 38 ﬂercenu wag reached
a“ter one day {(Curve R), while &t 5 C a maximum
of 33 percent hag begn reached ﬁftew one day (Curve 4).
The conversion value dropped rapidly after reaching
the meximum. The dylng-off shows thet catalysts sme'
harmer ©ty the hydrogen-carbon monoxide gas during
synthesis at atmospheric pressures

¢. 0O - Rich Gas snf Higher Pressures

Table 2 shows a guratiocn test over 5 months
with 3 normal cauzlyst vhich has been stapisd @ivectly
in operation 2% 15 atm. wlth s synthssis ges, in vhich
carbon moncxide and hydprogen was in the spproximate
proportion of 3 : 2. 4 11 of the syatheels gas were
pasaed per 10 g of Fe of the catalysis, the gas bLeing
measured at atmospheric pressure. At &#FOG the
contrection reached & percent after one day, 10 percent
after 4 days (against 30 - 35 percent after the ssue
length of time £t 1 =tm)}. The tomperature was now
gradual;y raised end the contracticn observed after
every few days. At 260°C the contraction amounted to
24 pcrcant on the 11%th. day. Relsing the tempersture
to 270°C at faret brcught no corresponjing increcse
in comverslon. At 273%C, 37 percent h2e baeen measured
and at 280°C, 36 percent, while only at "2909C aid the
contraction reach 50 percent.
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Teye gemp nercent Iays Temp percent
Y contr- oC contraction
zetion ——
iy ZE5 ' i ) 268 =7
b 245 10 75 280 47
5 250 13 g0 280 49
7 253 T 1y 98 283 N
11 - 2560 24 105 285 43
13 270 24 139 288 L3
14 275 =7 140 292 Wy
.28 280 36 150 _ 298 R Y £

60 290 50 o

&)

Determinatione of yield in the 3rd. month of cperaticn at 280°¢

" COp Beavy U CO 31 Hydro- G- W
e hi dgg- 2 2 carktone Fo. 2
S le) o] :
St&??&iﬂg gEJESZcE 0.0 002 59.0 33-9 . 002 '. 1.0 J{’05
End gass 5.5 3.4 0.2 11.5 11.7 9.3 1.7 8.4 )
Yield/nebm 1deal gas: 3 g paraffin,-93 g liquigd hydrmcarbéna, )
32 g gascl hydrocsrbons _ _

. Tects were nexzt run to fingd out if thies mexzimunm
convercion would remain after lovering the temperature.
The contraction droppod again to 37 perceat at 268°C,
but at 280°C a betier conversion has been found after
the third month of operation than after the first month.
A glov forming of the catalysts hizs teken place 1n the
meantime. During the 4th. and 5th. months of cperation
the temperature had agaln to be raiced to maintain a
contraction of < -« 50 percent. . At the conelusion
of theoﬁests (after the £ifth momth) the temperatupe .
of 3007C had to be maintained..

A determination of yield et 280°C made gduring
the third month gave resulte shown at the bottom of
teble 2. Yileld per ncbm of 1deal gas (starting ges
frea from 1nerte$ 2 g eolld paraffin yleld vac obtained,
93 g llquid bhydrocarbon snd 32 g of gacol hydrocarbons

Compared with the synthesis at atmcspheric pressure,
when catalysts are put in operation 2t a higher pressure,
the process of ferming, end particularly the starting
of the remction et lover temperature, are interfered
with. On the other side, higher-carbon moncxide synthesic
ger could be uscd at & pressure of 15 atm. with the
temperature raiced to 280 - 290°C, without observing.
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a rapid dying-off of the conversicn as would have
been obﬁe“veﬁ with suech = tempe?ature rise at 1 atm.

These resulis have been obtained with irvon catalysis
ocbtelnes in the greatea’s vepisty of ways (ferrous ang
ferric cetalysts) with or without sfitleons of copper.

3 1 : z

2. Fermlng with Carbon Monoxide-Iyd
in & Process Seperete ipom the ovainesis

A, Forming =t Alfferent pressures, and syntheses
at normel pressores.

Tegts were made in order o chserve vhether
the activity of the cetalysts couls be increased Dy
separating the Lorming end the vplqcsis processes
end selecting the optimum consitions for tpe Vo
processes,

The efoCu of the pressure curlng for ing upon
the synthesis zna &tmosnb erlc pregsure is shovn in :
teble 3. The foruing wes done at 2559¢ fop twenty hours
by passing 4 11 of go= {(mezsured at 1 at )/h and /i0g
of Fo; the §a was high in CO (3C0 : g% The 00&V€?310u
au"in§ the followinsz synthesis with t mizxed gos {1co :

11/h/10g Fe)was meagured 1. 1/5 houns Sfter
chgngina, and agaia a8t 255°C. : -
; Table 3
The Effect of Pressure DUTIng Forming upon Synthesie
&% Atmogpheriec Pressure. ,

}~& Bl

A

0.1 .

Forming pressurs etm. 8.5 4.7 2.4 2 1.5
2 30

Contraction, percent 3 iz 12

"\) O
w

Teste show thet high pressures interfered with

the forming procees. The prescure “uring forming of
1 %

below 1 etm brought akbo material improvements in the
synthesis at atmcs“!er '

d
ic preasure.



B. Forwing et Hormel Pressurs and Synthesis
&t Raissd Pressure. ®

This method of operation was Lested with an iron
cetalyst procipliisted with zocium cerbonate and the Lest
for the life of the cetalyst with an iron catalysis
precipitetss with ammonia. RBoih Cﬂtdjxétﬂ vere prepared
ag described above znd contalined & peyrcent of potassium

g

+-
LK

carbonate,

The iron catalyst precipliasted with sodium carbonate
was "formed" by peasaing 4 ..3‘/1a.:§_<'j<1 /h of & high carbon
monoxide gas &t 1 atm sng 2459C for 21  1/2 hours. The,
cantractic of this gae at the end ¢ the pretreatment -
vas 3 percent. I¥ was then changed over to synthesie
ges (15 atm end 2359C). Aften c““wnir gver to pressure,
the contractieon immediately pose io 50 percent but :
weg only 33 nawce*t on the 2ngd day of gynthesls and

oalg 30 percent on the 3»d day. The tempereture of

235YC waes too low to maintzin & 50 percent contraction

wizh thig cataliyst. After pretreztlng the same iron
alygu with mizer gas 8% atmaschcnxc pressure and

2&5 ¢ {contrzction 30 percent) and changing over to

15 atm of high- g% gas, 43 percent CﬂnﬁﬁaGuAQn hag been

obteined =t 235%C and 47 percent at 250°C. To maintain

8 ccntraction of 45 -~ 50 percent the texn pev"*“re had

t0 e raiszed in the course of 15 days to 257°C, The

1“cn uatalduts precipitated with ﬂmmonia VEE fcwaed &t

k59C ans atmospheric pressure. Tha contrs Cuiﬁn rose in

.the course of 5 days to 51.5 psrcent. It was then

chenged over o a high-CO synthesis ges {(3C0: 2ip ) at

15 atm pressure. Table 4 shows the contraction afte?

different operating periods and the cemaam*tion of the

svrupes$s ges and rezction gos obtained &% 250°C

{on ths #th aay)

¥ This tas peen oesbed under sultable qynthCuis conditions
in the experiments cn the effect of the forming process
apon ‘the activity of the catalysts. The effzct uf
Aifferent synthesis conditlionsa w;la b3 discussed unger
fsnthesis”
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Table k.

Synthesls at 15 stm., with Iron Catalysts Precigi%&teq
¥vith Ammonis sund Fovmed &8t 1 stm.

Day Pempersture OC  Contrzction percent
245 59
é 245 ' 48
b 250 22
5 250 . kg
10 252 46
20 : 256 51
50 255 - 51 _—
100 205 55
Clp  H§d7o- Gy GO #Hp - Hydro- [Cerbon Np
carbons - carbongnumber
Heavy . _ ;
Sterting 2.7 0.0 0.0 55.8 37.3 0.0 - k2
%ﬁgaan 5.8 3.k 0,0 11,4 16.2 6.2 2.0 9.0

These tests gave 59 percent contraction on ﬁhe
first day of synthesis at 2459, In order to obtaln

& maxirium yléld and contrection values corresponding

%o 50 f@ercent ansoover, tho Lasepntuzo yno SPnZunlly
reised. A complete conversion could be maintalnes for
thres months, The temperature after 100 days of
operatiocn was 265°¢. v :

A comparison of this serles of oxperiments with
thoss shown in table 2 vhers the catalyest was used
without a preliminary forming at = gtarting pressure

of 15 atm, shovod that the preliminary forming at

atmospherlc pressure peralittsd a lovering of the synthesis
temperature by 30 ~ 4359, fThe inereceeyg activity of the .
catalyst preduced at the lower prossure of 1 atm was
maintained during the vwhole testling period,

C. Forming at Reduced Pressure ansd Synthesis at
Ralsed Pressure

We nov record tests with nermel lron catalysts
formed with carbon monoxide - pich gas (3C0:2H,) at
0.1 etm ang &t aifferent temperstures, A¥ter rorming
lasting for 25 hours ot temperatures in the racge of éSS
=3559C the activity of the catalyst wae tested over a
longer time period by synthesie with a gas CO:Hy =z 332,
15 atm ang 235°C. Figure 2 shows the reductidn in
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the contraction with a constant synthesis Lemperature
of 2350C (4 11 gos/10gFe/h). Lfter formling at 2550C
the contraction dropped to Below 50 pevzent alrezdy
on the third day of the synthesie, with &n increesed
forming temperature the 1ife of the catalyst was
increasod; at & forming temperaturse of 315°C the
contraction became less then 50 percent only after
one month of operation. At stilll higher forming
tomperatures the stability of the iron catalyst became
less, 8 :

Tadble 5 shows the results of a test with a . .
catalyst formed at %2590 and &t .1 etm. Temperatures -~
and contrections for 200 gays are plotted, as well ss
the starting ang eand gss anslysis on the 10th, 100th, .
and 200th. days of cperation. Operations vere conducted
at 2359C agz loiig az the contrazctlon remsined =bove 50 '
percent, the temperature then was slowly raised, &nd
2lweys only enough to get the maxipum contrection. The
temperature had to be railsed to only z409C after two
monthe of operation, and after three months to only 25000

: Table 5 ~ _
Resulte with Iron Cetalysts Formed st 235°C with Synthesis
Gas

Forming: CO-vich gas .1 atm, ¥ 11/10gPe/h, 25 hours
Synthesis: CO-rich gse 15 atm, 4 11/10gFe/h, temperature -
rising from 235°C. :

Day gﬁmp.. Coatr, Day gemp :Contr.

_ C percent o percent

! 2355 56 . 100 252 B2

'S 235 56 110" 248 48

10 235 56 120 255 48

20 235 52 130 264 46

30 237 18 150 269 LT

b0 240 52 150 270 43

50 240 50 150 270 47

60 2kl L8 170 27% by

70 247 55 - 180 - 278 i3

80 250 5h igo0 272 46

90 249 53 800 273 b7

' G0 Hydro- 0p €O Ho Hyéro~ icarbon o

: carbons caerbongaumber

10th, day Reavy , ’
Starting 2.4 0.0 0.1 52.5 37.6 0.0 - 6.3
End ges: 61.8 2.8 0.0 1.6 12.2 7.2 1.6 14.%
100th Jay :
Starting 2.0 6.0 0.2 53,6 37.0 0.3 1.0 5.9
End gas: 53.0 2.4 0.1 8.1 15.9 8.3 1.9 12.2
200 th day ‘
Sterting 2.3 0.0 0.2 57.0 31.3 0.2 1.0 7.6
End gatf 483 2.8 0.1 15.% 13.% 5.6 1.9 1h.M
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The contraction dropped dubring 200 operating days, from
56 to 47 percent. The compositlon of the znd gas
changed but 1ittle szcept for the psak value for carbon
gioxide during the first days. Solid, liguid and gasol
hydrocarbon/ncebm 1deal gas were found during & vield
dstermipeticn 1n the course of the socond wesek of opsratlon,
THe proporticn of gacol hydrocarbon smounted here to 31 8.

A comparison of recults oblizained with forming the
catalysts et .1 atm end 3259C forming temperature with
those obiained vhen forming at 1 atm ang 245°C forming
temperature (Hable-4) =2& vell zs with those obtained
efter forming =t 15 atm pressure (inble 2) shows that

dquring the first month the synthesls temperature required
for & 50 percent contraction was 2359C after forming .
at .1 atm, 245 - 255°C 2fter forming at 1 atm, and at
280 - 29060 after forming at 15 ata. =

_ Dé Effect of Fopaming Pressure at a Forming Temporature
of 3%25YC upon Synthesis &t Eigher Pressure. , :

The forming pressure of .1 atm and 2 forming
temperature of about 3550C hee been found to bo best
snd the forming pregsure a2t this Temperature vas re-
actermined. Table 6 presents the resulis obtained.
Forming wes always done for 25 hours with a high - GO
pynthesis gas and the catelyst was then tested ot 2359C .
vith synthesis ges (BCO:EEEX gt 15 atm. .

' Table 6
Effect of Forrming Pressure (atv 2 Forming Temperature
of 525°C and Using Synthesis (as Ior Forping) upon
the Course of oynchesls at 235°C, *
Days of operation

ure

at Cpntraction in psrcent

15 30 oh 15 - - -
i 56 54 55 50 L9 50

0.1 56 565 56 5§ 52 48

The table shows that the activity of the catalyst
formed st 15 stm ang 325°C 1s hut slight and hecomes
rapicly worse. Formihz et 1 atm or .1 atm et 325°C
resulted in equal convsrsions during one month of synthesls,

i’ﬂ, e



