II. The Syntinesis:

A, The Synthesis Gases

.

Theoretically the best composition of synthesis
£28 1g in the proportion of the consumptlion of the
participants of the reaction, carbon monoxide eng
hydrogen. Ve wmay stipulate thai the 1ife of the
catelysts vhen using such "theorsticel mixture” is
sufficiently long. As a gensrel rule thé conversion
with iron proceeds according to the equation

i, 200 =+ H2 - CHQ + HE‘O. ‘ i
Blde by side with this reaction is one involving the
formation of water: . . :

2. CO-+ 2H2'a 032 + HQO

Flgure 6 shows tho forming of the water off reaction
(contzining also water soluble orgenlc compounds) at
Aifferent pressures with a synthesis gas with the
carbon monoxide and hysrogen in proportion 1 @ 2, and
8 reaction tempevature of 2359C. The amount of
vater of' reaction rises from 14 to 60 g/ncbm of ideal
gas when the presesure iz incressed from 0 to 20 atm
geuge pressure. -

Flgures 7a - Tb show %the proportions of the oxygen
of carbon momncxide in gifferent synihszal ey
converted into weter and into covbon adiozide at 15 atm.
With an inltisl content of 30 percent carybon monoxide
in the starting ges ang ai stmospherlc pressure. 7 ‘Dercent
of the oxygen of the carbon moncxide 1s converiysd into
vater, and at 15 pewrcent pregsure the conversion reaches
25 percent. Vhen %he carbon monoxide cenbent in the
starting gas is Ga.p@rcent, the resctilon proceeds
practically quentitatively according GO the equation
1 at atmospheric prossure, while at 15 atm ! percent
of the oxygen of the carbon monoxice la still used up
in the formation of water. The formetion of vater is
therelfore favored by increasing the hydrogen content
of the synthesis gss3 as well as by raising the pressure.
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Figures 8z and Bb show the effect of the
compesition of the synthesis g8 upon the yields of
50114, liquild ans gazol hysrocarbons. The broksn
straight lines show %he caleuleted yleld on the basis
of formation of only cerben giloxide according tc equation
1. The fash-point-dash line ghowre the conresno
resulte sccorsing to equaiion 2 with the format
vater., The solig cupves are actually obtaines 8lds
(average for four vwoeks operation). We may ses from
the dlsgram thet 208 g hydrocerbons/nebn synthesis
gee could theoretically be obtaines with or without
the formztion of watep, At atmospheric pressure,’
considering only the Tormetion of carbon gioxide op
.of water, the optimun composition of the g28 would be
with carbon monoxide to hydrcgen proportisn of. 2 : 1,
at 12 atm with 1.85 : 1, :

There existz a tundementel gifference betvween work _
at atmeosvheric nressure znd 8t 15 atm in that worlk cannot
be done at atmosnheric pregsure with the thecoretieczl
mixture of carbon moncxide ang hydrogen, because such
& gae will very resdily ceuse the 2ying~off of the
activity of the catalysts, vhich does not heppen in
niddle prsssurs synthesls., At 1 aim gauge pregsure
a synthesls ges with 1 €O : 2H§ acted best. It produced
on the aversgs during the first four weeks of operatlion
around 60 g of s80li4d, liguig ang £2301 hydrocarbons.
Those yiclas droppesd greootly furing the 5th 2nad 6&n

weeks.

At & synuuesis PYELBUPrC 0oL LYy s%tm the theoretically
required gas mixture may be uscyd for o completo cone
version with the sconme wialse orintnine? Svpin- EM by
zonthe of operation. Yhe loven colburated homologs
of methane require mopre Lydrogen than COPTO8RURLS 40
e ccuntlons 1 -na Tyoont e fovtietion «f methenc
cannot be COR, ;L ildy upsrecret, an’ the carbon acnoxide
2nd hydroren 2re not urea 1y therefore in the wonovhinn
1.65 3 1 but in the proportion 1 .0 -~ 1.5 : 1. It
Tinally appears to be advantageous for increaging the
11f2 of tre catslyst to have the end ecas otill contoin
& g8light excess of hydrogen. The synthesis ges s
composed accordingly of 60 percent (O - 49 percent s
(CO : Hy = 1.5 : 13. Such mixture permits to obieis
150 ~ 160 g solid, liguid ana gesel hydrocarbons/nebm
on &n iron catslyst fop many months,

Teble 11 conteins the proportion of cerbon monoxige
and hydrogen of the starting ges and the proportlion
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In the other experiments the difforencze wog o
greater (tests 3, 6 ang 7). Tssts k,5 Bnd 10 were
ron with & catalynt conbaining I psrcent EaCOz. I
L eng 5 the ratiocs of carbon monciide to hyardgen wers
1.5 and 1.6% : 1 in the starting gas, snd in the ens
g8 1.59 ang 1.78 : 1. Teo muzh carbdon monoxiie was
present in the sterting ges in experiment 10, snd the
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conversion pointe Yo a formation of carbon., - The catelyst
used in this tert had only helf the life of that in

the experiments 4 ang 5. Conditions were gimiler

in experlments ¢ and 131, Exveriment 8 vas used with
"mischges" (00 Hs = 6.53 : 1}, Here sgein the
conzumption was inm"s nigher proportion (0,87 1).

Operating constiticne must be s8lected for meximun
producticn, with the proporitions in the starting gos
and converted being nearly alike, Sterting geses with
1little carbon monozige in the optimum proportion 1.4 -
1.6 : 1 do not produce maximum vields and the end geses
contaln sn excesg of hydrogen. A high cerbon monoxlde
content in the stariting Beses causes a greater danger
of carbon formation which will affect he life of the
catalyste; 1t must also be borne ir mind that ag the
proportion of carbon monoxide increases, a definite
COnversicil c&n only be ¢biaincd y raisling the reaction
temperature. ' : -

B. - The Synthesis Pressure

We have already presentod Zn the coctisoh on
the synthccis gas the reaccn fop practically discarding
synthecie of hydrocarbons with iron cetelyste at
atmospheric prersure. Ve vill surmapisze below & ferv
ceries of experimente with differently prepered or
formed catalyety, which show the effect of synthesis
prescure on the conversion.

Firet Series: Iron and copper were in a proportion
of § : 1 in the cetalyst. It wee prepared from & solution
of ferroue chloride zn4a copper chloride by precipitation
with sodium carbonate, and a2llialized with 1/8 percent
EKxC05. The catalyest was formed atb atmospheric pressunrs
for geu? days at 235°C with mischgss (4 11/108Fe/hn).

After forming, the synthesis was coniucted with &4 11

of gag (CO : Bp = 3 : 2)/10gFs/h. Table 12 shows the
results in this sepies of exporiments. The operating
temperatures are compared at 5, 15, 30 and 80 ztm to
obtaln the same contraction values. Because of the
manner of forming the catalyst, the temperatupes in this
series of experiments wers in general high. ~
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Teble 12

Reactlion Temperatures
Pressures (e - tu ¢
2359C and 1 Btm)

e

formed with Mischess at

g Contractions at Diffesent
g

Days of operstion 5 atm 15 s 30 atm 80 atm
Tewpn Contr. Temp. Contr, Teay, Goqtn Temp. Contr
°¢ A ¢ % %G % °c

i0 257 % 257 L2 263 . 50 276 © =8
20 265 L5 285 50 275 30 286 . ko
30 270 4o 270 - 53 280 48 300 48
40 272 b5 T4 55 287 52 302 50
50 275 = 45 275 55 286 52 - -
60 = 285 L3 272 52 . 200 &g - -

@ 278 50 281 5% - - -

150 - - 290 4 - A - -

The values fon cantracﬁioa{were 45 ~ 50 percent
Auring the ithree months of operstion at 5 atm., Wigh
‘other condlitions remaining the same the contraction
was 50 - 55 percent at 15 atm. The ylelds a3 15 atm A
in soliss, liquiss ang ges0l hydrocarbons were correspendingly -
higher by 10 percent -vhen operating at 15 atm than ot
5 atm. Crerating under 30 atm, a contrection of 50 -

52 percent could alzo he obteined, but at tomperatures
from 10 %o 15°C higher, and even 2090 higher by the
end of the second month, then with o pregsure of 15
atm. With 80 atm tho sane conversion yra obtaines
with temperziupes again waiseq i0 - 2070 in comparison
with thoze at 30 atm Lressure, o

Table 13 pglves the eng g2 anklyses of runs at
5, 15, 30 and 80 ata cpepates ¥ith the same contraction
of 50 percent., The corresponding eterting goe annlysis
during operaticns ot 5 at 15 ata contsined 55.0 percent
CO0 and 35.1 percent H., in puns 8% 20 and 80 aim they

..5‘}_7
©

contalned 55.5 nercen C0 and 39.3 percent Ho.
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End Ceses Ohtaines &t Different Presgures and with the
Saeme Contraction oF 50 Peprcent.

Fresc- Days Temp C0, Hydro- 0, O HQ Hyaro- Carbon N
ure of Og “ carbons © carbong Number
Orer. " Heavy

5 & 257 53.8 3.4 0.p 12.3 13.3 7.0 1.9 10.0
15 2 252 B5.5 3.8 opo.o 11.5 11.6 8.0 1.8 9.4
15 25 267 51.4 3.3 0.3 11.2 16.% g.9 1.5 7.5
30 10 263 51,1 2.3 0.6 11.3 18.0 7.7 1.8 9.0
80 23 297 51,1 1.k .9,1 13.6 11.0-14.3 1.9 8.5

. The composition of the end gases shows that in
gpite of ~ifferences in pressure and correspondingly
Aifferent tempera%ures, the conversion ¥28 not bhasically
A1lfferent. We have already peointed cut . thet when
the pressurs was increased, & reaction of water formetion
was favores at the cost of formation of carbon dloxire.
The analyser show further that at high pressures the
amount of the unsaturated hy~rocarbons is reduce” yhile
the saturates hydrocarbons ers lncreased becsuse of
the necessary higher reaction temperatures. The increasgens
hydrogen consumption is expressed in the proporiion of
consumption of cerbon meonoxide to hy~rogen. It amountsa
Lo 5 atm to 1.7:1, at 15 atm to 1.66:1, at 30 atm to
1.65:1 en~ at 80 atnm 1.41:1. : , A

With respect to the life of the catalyste at
different operating prassures we may say that the testg
carriss out at 15 atnm resulted in the longest ocperating
times becmuss of the ~anger of the formation of carbon
at temperztupes of 250 300°C. %he temperature of
220°C was rescheq with 5 stm sfter the 5th. month of
operstion, vith 30 aum 2{ter the 2nd wmonth and with 80
etm Auring the first month using the same cetalyst in
the test®,

B by

* The ircn-copper catzlyst used in these experiments
was less sctive then those use” today. The effect of .
the pressure and the exlstence of an optimum pressure
between & - 30 atm iz, however, well illustrsted in the
results obtainer with this cavalyst.
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The Secon” 3Series of Experimente: the so-cnlled
normal iron catalyst, copper-iree, was used sfter
forming for ”H hours at 1 oatm and 38590 with &
carbon monox c»zlhr synthesis gas, Tebhle 1Y% ashows
the results Vlth : 5, 10, 30 an® 60 atm. All were

begun at 275%9C.

ure an? Contracticn at Diffe 'ent
~ron Uatalyete, FOPHEd waon U=~
LN TSN a3 17

Resction T rempera
Pressures (NormaT
P

TLech (88 El'u = ")

5 atm 10 atm 30 atm €0 atm

Pays of Temp Cont Temp Contr Tem; Contby Tamn Contr
Operation ©9C 4 " o % S % O %
1 235 30 233 42 235 53 235 50
2 - - 234 42 235 50 238 ho
2 235 25 235 48 234% 37 235 40
6 250 33 238 50 - e 254 52
9 270 3 239 50 . - - - -
12 2 237 50 - ~- - -

¥ After changing over to 15 &tm
5C percenu contracticn was obtaines
at 235 G,

t atmospheric preuuune no conversion wvas obtaineﬂ
with ﬁhis catalyst at 235890 nowon #hﬁ gecon? Anv ol

2509C, {¥nis experimens produced a 5% percent “aﬂ~
traction after changed conditions ac 15 =tm ang 2359¢).
At 5 atm the conbtrs c;icn wag 30 - &0 percent ans the
cenversion was thepefore «;cc‘azcge, and “”maiﬂ g7 guch
even after increzsing the tomperature to 270°C0 on

- the nipth fay. {In this case o gein changing over to

15 atm 2 50 percens ccntrdct“on vas alrsary cbtained

8t 235 C) & 50 perceat contracticn was found ai 19

atm end 2359C., Such was al&o the cese at 30 an” 60

atm, but 2% 30 atm ans 235°C there was & eroap ATep

iIn the cenver on en the third fay. With 60 aim pressure
end 2359 this é7“086y took place after cne Aay. A
contraection of 52 percent on the sixth aay ooulj be
cbtaine” with 60 etnm bPresgure only eiter the Lemperature
had been increase” Lo 2“450. _

-
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The Third Serles of ZExveriments
run wlth copper~free ivon CoURIFST Dreci
godlum carbonate ang containing 1 percent potassium
carbonate, formed et .1 atm with carbon rmonoxide,
Thig catalyst wes prepares by the zo-caller reversen
precipltetion, 1.e. by pouring & solution of iron heategd
to 60°C into 2 bolling solution of sodium cerbonete.
It hes been tested at 15, 20, 30 and 60 atm for os
long as the rezction temperature of aroung 2359¢ couls,
be maintained with 2 contraciion exceecing 50 npercent.
Table 15 zhows that with the catalysts used at 15 etm,
operations vere possible for twenty “sys, with 20 atm
for nine days, at 30 atm for Iive fays, with 60 atn
for only ons day, .

Tsble 15

ihe Effect of Synthesis Pressure on the Length of
Operation (Tests During which & Contracilon of B0

percent was Optained at 23500 using &n iron Catatyst
- Containing U percens KQCOB)

.15 atm 20 atm 30 atm 60 atm
Days of Teup Contr Temp Conte Teup Conte Temp Contr
Operation © ¢ ¢ %¢ % c % oc
1 235 Lo 235 52 234 5% 235 56
2 229 k5 234 51 236 50 235 ko
3 e37 52 234 55 234 55 235 55
6 239 54 235 55 a3k 40
o 238 * 5k 235 49
12 238 52
20 234 50
28 235 40
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ssupes: the

en
cptimum »ange 0L pPreSRUPes An WicdLe T
vith iron catalysts is between 10 sns 2
mest catelyets the contimum is most prob
aim ’3HLH651S pressure) the converslcon
of the catalyst zre less abt lower op hig

T Prassy
essure synchesls
8 ata. (For
2bly about 15
end the 1ife

er pr o&sures.
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