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E. Treatment with Eydrogen Refore ane During
Synthesis,

1. Pretreatings with Ny rogen

N

The norm=l iron catalyst wag prefreates
with 6 11 of hycfrogen/h =t 0.1 atm ans 525°C fop 2
1/2 hours insten~of the forming with carbon monoxide.
The synthesis was next change” over 0 carbon monoxide
-rich synthesis gas at 15 atm pressure ans 2359 .
An end ges analysis takén sfter 1 1/4% hours show the
contraction of 2 - 3 percent sn® after 3 1/% hours
& 4 percent contraction. The behavior of the catalysts
shover theeffects of pretreatment. The catalyst
“however, vhen tsken out of the reaction chamber was _
8lightly pyrophoric ans ferromagnetic. In a parallel
test in vhich the cetalyst was pretreated with cerbon
monexide insteas of hydrogen, with other conditions
remalning the same, the contrection of 5% percent
vas obtained immesiately after starting synthesis. “
In & subsequent experiment = catzlyst of lover sctivity
vasg use’ to see whether 8 pretreatment with hysrogen
before forming woul”® cause any luprovement. . For thic
purpose the catalyst was first treates for_six hours
with 8 11 of hydrogen/h 2t 0.1 atm apns 3259 an~ then
for four hoprs with 4 11 carbon monoxice/h, at 0.1
atm an” 325°C, ans was finally uses with a high-
carbon monoxice synthesls gas at 15 atm. On the secon”
fay the contrasction &t 2349C smountes to 42 percent,
cn the sixth ~ay at 2369C it was 45 percent, on the .
elghth “fay 47 percent at 228°%C ana 47 vercent on the
tenth ~ay at 238°C. Papallel tests mese with & similar
catalyst without vretreatment with hy“rogen gave 42
percent at 234°C on the secons Aay,and 46. percent on
the elghth ~ay at 235, The rysrogen treatment har
therefore no effecst upcn she conversion.. ’

2. Hydrogen Trestment Bstween Forming sn” Synthesis

The forming was first “cne for 2 1/2 heurs
2t 325°C an~ 0,1 atm by passing %40 11 of carbon
monoxide over the catelyst., It was next treactes for
seventeen hours with 6 11 of hysrogen/h at 3259
and atmospheric pressuve.. It wos next tested with
carbon monoxirfe-rich synthesls ges at 15 atm pressure
end the activity founs et 210°C,right aftep changing
cver,the conversion amountes to 42 percent, anA 43
percent after one day. In a parallel test without

~
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hydrogen treatment the comtraciion after one fay
vas L2 percent. The treetment with hydrogen hed there-
fore no effect upcn the zetivity of the catalysts. '
(The results were surprising 1n thet one veg justifiled
to expect that the carbides formed during forming angd
during synthesis would be festroye’ by treoifment with
hydrogen).

pu

5. Treatment with Hyirogen During the Synthesis

A catalyst that had to be operated at a
teuperature ggveral segrees higher ;o profuce its
raximom activity was siarterd at 235°C under normal
condltions (15 atm 5 11/C0-rich gas/h). The contrection
on the secon” fay was 52 percent (sce figure -10), 50
percent after two ~ays an® 47 percent contraction .
after three deys. The broken line figure 10 reprezeating

& perallel test showe that s contraction of 40 rercent

¥ap reachad after one weel of apevation at 2350G,
Hovwever, after these days the catelynt was subjected to
& hydrogen trectment (13 hours, 8 13/a, 1 atm, 325°C}.

- The contrsetion wone to 55 percent sfier this hydrogen

treatment during the synthesis Zhe followed 1t. It
dropped after that bubt pemzines 83

twelfth dey. The catalrst wmas :
hydrogen {under the seme condisiongt
rese then to 57 percent snrd dronss 7
the ninetesnth dsy. Aftor = thip traatment
hydrogen the contrzction rose <t first %o 55 1 )
dropped $0 51 mercent after thvos 3R79 end o 32 .
porisils alter four dsys. The contraetion of this run
at 2350C remained at values of 50 - 53 percsnt for
tvo months. . .
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Figure 10 shows thet s hrazoscn tpo-Wmant introcucs.
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Aduring the synthesis resul 1 in inorezgd g activit
o
e &y £55% -, <y de .m Tt 9 -
of the iron catalyste T was parsicularly large

during the first hours aflber whe hydrogen trestnent,
but resulted 2lso in soms lmeting improver
catalyst. “In the activiliy peaks cotained Immediantely

» nronortlon of carbon
monoxide to hysdrogen consumed was no different than
cblaines in the normal courses of synthesis with a
contraction of 50 - 52 perceni. In both casgs the
carbon menoxide ang ay‘rogen were consumed in & PTOpOT -~
tion of 1.67 to 1.70 : 1. The peaks would therefora
not represent any cerbon Aeposition upon the catalyst.
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iron cetalysis already used for a long time or
vwhich showed a markes drop In activity showed no
reactivation after such a ny°rogen treatment. Nor
can such an Ilmprovement be obtained by a lzter forming
with carbon monoxise. The incrsese 4in the life of
some of the catalysts resultling from the hydrogen
treatment must be dene prior te the 71r0op of the con-
tractlon to below 45 - 50 percent.

F. Catalysts Prosuced from Ferrous Selts.

It has alveady heen menticnes in the fe-
gscription of the prevsration of the catelyst that a
voluminous drown powcer was cbtained® when the 1ron
catalyste were ma’e from ferrous salts, vhile the
catalysts marde from ferric salts vere bleck angd haps
end with & vitwveous fpacture. The (wo types of catalysts
differ therefore outwarsly very greatly in their
appearance, .

When operations with "ferrous catalysts" were
sterted without forming (CO-pich gas, 15 atm), the
results. vere as unfavorable aas hes already been described
with other catalyste. (e.g. & 8 percent contraction .
w83 produced on the first day with 234°C cna = L5
percent contraction on the ninth Aay at 2659C. Under .
these conditions the "ferric catalysts” reached its .
complete conversion of 50 percent at 280 - 290%.

Forming with the mlschgas 2t 1 atm and 254%¢
produced 43 vercent contraciion at 15 atm sang 2#550
(CO-rlch gas}, &Y% percent on ths tenth ~ay at 2559
and 47 percent conirzotion at 265°C on the tenth ey,
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chlorlse or nitrate, formes wi s}
C.1 atm an? 325°C an® then put in operstion at 15 z2itm
with CO-rich pas, hesd a grest initlal activity which,
however, began to drop after onme to tvwo dsys.

Table 23 showed resultes in these three tests.
The centraction of the first test “ropped et 235°C
on the third Azy from 57 to 34 parcent. In the secons
test after fincing & 56 rercent contraction on the
first day 2t temperstures lowsres to prevent any

possgible Adamzpe to tre catalysts through tco high
activity. At lower temperatures the contrasctiocmr
“ropper however, sgaln. In the thirs test the catalysts
prepared from ferrous nitrste behavea 8inmilarily.
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Table 23

y ' E
Test with”Fervous Catalysts"

Catalyste : ( )

. Prepareq FeCl FeCl Fe(N0O, ),
from: . 2 2 3’e
Days of Temp Contp Temp Contr Temp Contr

operation oc % °c % °¢

235 57 235 56 235 56
235 &y 225 56 235 57
235 34 225, #9 ~235 49

235 30 215 38
225 35

OV 01 1 1

225 29

The optimum operating conditions gilven for the
-normal catalyst: (prepare” from polutions of ferric
88lts) show that the ‘'fermous cetalysts” performes
coneli~erably poorer. - :

In the tz:ztz on table 12, iron-copper catslysts
made from FeCl, -~ copper chlori“e vere used. They
vere foprmer with mischgas a% atmospheric pressures,
The teble states that these "ferrous catalysts”
caused a complete conversion for several months in
accordance with the consitions of their forming, but
only at temperatures of 260°C ana higher.

G.The Effect of AcAitions of Copper .

Fransz Piecher, Ackermann, and Mever ;z/, bave
shown that the actlvity of Coprer~conitaining iron
catalyets was superior to the copper-Irae catalysts
£% z2tmosphoric proosure.  Tarle 8% sho the bgst
results obtainesd with the twe tyoes of catelysts
et nimeapheric prsgsisre. The ™eGItion Lermtemivre
vas 230 - 2759C, with ¥ 11 mischeas/h ang per 10 g of
Fe dueing the conversion. , :
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The Effect ol Copper Adrition vpon the Synthesis
at Hormal Pregsure.

Catalyste: Fe : Cu = t 1 Fe(no Cu)
Starting days: _ 2_Aays h -~ 7 days_
Days of Synthesis Contr. Liguig Contr. Liguig
pro~ucts A product
g/nchm - __E/ncbm
1 ‘ - 30 56 22 . 55
5 30 . 56 31 50
10 30 55 30 - 48
20 g 30 56 27 - - 38
30 | 29 50 . 26 >4
&‘O 2? }4’6 4

The copper-centelning catalysis requires less
time to produce the maximun coentraction of sround 30
percent, The meximum Tield was ebous the =ame 8% the
beglaoning of synthesisz -in both cares, but the copper
~containing catalysts remained fop several weeks equally
active, vhlle the copper-free catelysts lost their -
activity in a few 8Ye.,

Yhen symthesis vas correctly conducted atg a pressure
of 15 atm (without previous forming at lovep prassures),
catalystes without ag well as with copper a~altions
(5Fe : 1 Cu) prosucen a contraction of 40 - 4% pasrcent
only at 260 - 270°C. Without addition of oo per
8 contraction of 50 percent was reache’ ai '50 - 250°%
an® kept there for several ronths, while the activity
ol the copper-containing catalysts fell off rapidly
at these temperatursés.

Table 25 shows twn pairs of testa wiinh catelysts
mede from ferric salt golutions and formed with carbon
& synthesls wes

e,
- monoxide at 0.1 atm and 3259C. 7Th
carried ocut with CO-rich gog &t 15 atm. The results
are compared of syntheses at 235 ang 225%°C with ang
without coppsre.
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Table 25

iron Catalyete,

upon the Activity of

Synthesis Temperature 2359 225%
Days of operotion Fe, ap Cu FPe~-Cu Fe, no Cu Fe-Cu
51 , -5 101
i 55 54 52 .55
2 52 56 - 54
3 53 - 50 50
4 55 50 - -
5 55 50 45 50
10 54 52 :

.

The tests show thet an addition of copper to iron
catalysts results in no advantages in micale pressure
- synthesls after proper forming at 23593, .

H. The Effect of A“dition of Kleselguhr

The eddition of kieselguhr to cobalt catalysts
iz outstendingly importent for the gynthesis of hydro-
carbon. Good yields in liquid ang solid .hyarocarbons
can only be obtained with catalysts contaeining klesel-
guhr, ‘

With normal pressure synthesls, on the other hana
the addltion of kieselguhr to iron catalyats resultes
in the formetlon of cefalyste invariably lover in activity
then vhen nc kieselguhr was used. 50 - 55 g liguiqs ’
hydrocarbor® chnm were found in a few casges, but the
iife of these catolysis was cnly a few daya,

Recently teste heve besn ungdertaken on middlie
pressure synthesis with iron catalysts in whiech
kleselgubr wasg used as a carrier. These tests were
intended to eghow whether a ictsening up of the catzlysis
would improve theip 8t2blllty in the verticsl reaction
tubes, rather than to imsrove the iron catalysis in the

sense of incrsesing yielsds. (see part IV of this work).

Kieselguhr was a7de” at the different stages of
the catalysts preparatlion. The following experiments

might be menticned:

Experiment #1, 4 g kieselgubr were added to 10 g
of Fe befors the precipltation from the iron solution.
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Experiment #2, 4 g kleselgubr/l0gFec were added
ide soluticn before the preecipitation.

3

=

to the sofium hyds

~ Exzperiment #3, 4 g kieselguhr/10gFe were asded
to the molst cztalysts naste afier alkalizing (see
part I, preparation of catalysts). :

Experiment #4, The ncssibllity of siding dry
kieselguhr t0 a ready cstalyst is ezclude? if a hard
greiny cetalyst ls being prepared, »

The results obtalnesd in experiments 1l - 3 are
summarizeAd in table 26, experiment 3a was conducted

a2t synthesls temperature of 235°C, 3b at 2256C.
The comtrazctione found after ~1fferent operations time

are reccrde”. In all cases forming was done for 24
hours with 4 11 carbon monoxice/10g/h at 0.1 etm .
and 325°C, an” the synthesis thén performerd with a
cerbon monoxife-rich gas (300 : 2H,) at 15 atm.

Teble 26
The Effect of the Additlon of Eleselguhr %o Catalysts _
' Exper #1.-. Exper #2 '  ZExper #3a Expef'#Bb

Days of Temp OContr Temp Contr - Temp Contr Temp contrp,
Operation ©SC % - o¢ % ¢ g i O¢ %
1 235 53 234 55 235 54 S
2 235 50 2§§ > 235 54 225 56
> 224 51 225 . 56
k. 234 50 : 225 56
5 235 49 235 54 225 54
6 234 45 236 50 235 54 225 54
8 235 kg 235 56 205 5
9 234 Lo . 23> 55 225 50
10 235 54 225 Lo

.20 235 54

30 235 52

40 235 52

50 : 235 50

60 . 235 50
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Table 26 shows that resulis obtalned In exveriment
32 are best. In this case kieselguhr hed been addeqd .
after alkalizing. The contractisn remaines over 50
percent (without rezet vation) after two months of
operatlon. At 225°C {experiment 3b) the contrestion
droppes to below 50 percent after ten days,

a
4
€

Table 27 shove the compesitlion of the resciion
gas with & contraction of 83 - /i vpercent. Experiment
a8 produced the mosi gsseous hydrocarbons. Catalysts
prepared with Xieselguhr present "uring the preciplitation
which had a chance t¢ become ssturated with 2likall
(experiments 1 and 2) e= well as the expeniment 3b. _
conducted at 225°9C produced considerably less gaseous
hydreocarbon. (The normsl iron catalysts under
englogous condltions produces a reactlon gas with 6

~ 8 percent ssturzted geseous hydrocarbons).

. : Taeble 27
Apaiysis of Rezotlion Gages of Ghe Kleselguhr Cstalwsts
with & Contraction of 53 = 5i Depcent

COQ”‘§§§§ - 0, GO0 H, Hydro~ Carbon N,
' carbons ' carbonsNumber
Test 1 BG.1 3.5 0.2 6.3 12.9 4.7 1.8 13,
Test 2 59.2 4.4 0.1 5.4 11.1 6.1 1.7 - 12.7
Tegt 3a64.8 3,0 0.1 1.3 6.0 11.4 1.9 13.4
Test 3b55.9 2.6 0.2 8.8 9.9 7.7 2.1 14,2

The sznalyeis of yield iu expériment 3a gives 87 g
of zolid end liquid hydrocarbomsnd 36 £ gas0l hyfrocarbong
Jachm ide=l gas,

The liquid hysvocarbons condtained ali Tirst 3 percent
gelid paraffin, 12 percent after four weeky and 1
percent affter 9ix weeka., (This catelyst was alkalizes
with 1 percent potessiuvm carbonate. The parafiin
formation is therefore conglderadly less thazn with the

clear kieselguhr-Iree iron catelysts).

The products obtained were colorlegs snd thelr
composition ls Aescribed elsewhere.

A catalyst prepared in accordance with experiment
2 was used In filling a verticel apperstus with 18
tubes (18 cetalysts fillings for 10 g of Fe). The
forming with carbon monoxide preceeded in the usual



vay at 0.1 etm snd 32500 a2nd operations ve
\ﬁtarued With carbon monoxide-rleh gas at 1
2259C,  The contraciion ¢rorped in the cou
gix days from 54 to 50O percent, the cataly
”Eavth" ted ut “1& aame tLﬁ“S“&LUf@ with hyirogen.

ot the elighth day the conbtraction was 52 per ﬂaqt on
the tsnth QFV ncwcﬁﬁu. After 2 second trs"tment
with hyd roban -939 C the operations were condgucted
at 232C. The contraction again droppes to 48 percent
on the seventeenth day. After a reyerteﬁ hydrogen
treatment the test was conﬁinueﬁ for une veek at 2360

etc. {see figurell).

N_
LRty i 71
oF 3 ‘;') r

o

In comparizon with co*reqncnﬂing testis in hovizontal T
or weakly inclined tubes showed thaet the experiment
7 in tsble 26 in & verticel apparatus pﬂoccbded less
uniformly. Hevertheless with repeated hydrogen treat-
ment & contraction ¢f around 50 percen* could be msintaineq.
(The apparatuy is ni%cassed in gres er detzil in part

IV).



