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B. Space-Time Yleldr and Questions of Equipment
Construction, e '

In most of the laboradtory tosts G€sCrived, pressure
tubes with an intermal diameter of 12 - 12 na wepce
used for reactor tubes. The cetelyasts wss uniformely
distributed in en iron op copper boat, &ng the boat -
was pushed Into the middle of &he tude {arranged at
gome glapt for the parilal gralning of the paraffin
formed). The normal catalyst charge wac 10 g of Fe,
which cerresponds to 15 « 16 pig of a freehly, prepared
eo-called "normal catelycts”. The ompty spacée .in the
P . reactlon zone of the tube {30 centimeters in length)
N o enounted. to shout 35 mle. 'When'comsidaring,thé'ap&ce'
o occupled by the boat, 35 mlz of this rezction space .
o about 1/2 of the spsce was filled with the catalysts,
¥hille the upper h2lf remsired free. .The scheme I, - '
f;gurqwlg was drawm toe 1lluetrate thame comattinne,

When different ampunts of synthesis ges per unit
time vere conducited over the catalysts arranged ss
above, the reaction tempersture had to be kept. the
higher, the more gas wes to be converted in 2 unit
time.  Thus according to figure 20, & 50 percent con-
traction was obbtained with e thruput of onlg 1.7 11

(measured &t 1 2tm) at a temperature of 220 3 at 2339
5.1 1i/br bagd to be led, at 250°C - 8 1i/bw, snd at 275°C

16 1i/hr. |
Sl ' In another test 4 1i/hr vere paseed over the
W catalyet at 235°C, and 20 11/hr st 280°cC, to produce

& contrsction of 50 percent.

It irg preferable Lo conduct e gynthesic a2t the
- lower tenmperatures as long as woszlble, which will
result in a greater life oFf tho catalyst, higher
hydrocarbons, ang for induztpizl conelderztions; on the
other hend 41t woulad hs prefercble for spoce-tims Fields
to operate at higher temperatures and use higher
temperatures. ¥With hourly gas thrupute of 10 - 20
11/10 g Fo, the heat removal on o largs senrle industrial
operations becomes a problem, when trying %o avoigd

overheaiing of the cwtalyets and deposiblon of carbon,

B which would csuse a more rapid Aying-off of the activity
o of the catalyst. This was the reason- Tor selecting an
' average rate of flow of 4 1i of synthesis gas per hr
L and per 10 g Fe. In thearrangement shown in figure 19,

the catalysts were nctive For one to two years without
any reactivatlon of the catelysts, ang produclng a
satisfactory conversion. -
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it bar ales been shovn in the 4ren riddle proseure
- gyntkesic, thet without incre2eing the precgure, the
gas thruput, f.e. the velight oi goc converted Per unit
-welght of the. catalyets, could not be incremses. Neny
FOCEERSE ocour on the surfece of the catalysts
the transporieticon of the participant ang procducts
of the remection to and form the catalyets, ete.) and
the processes waich determine the rate of the reachion
are not zcgcelersted by increasing the preszurs.

¥hen the resetion tube ie set vervically - .
(flgure 19, ccheme 2), then the catalyntr sletributed
in & layer 30 centimeterc long becomes comprecsed to .
10 - 18 cenbimeters, ang the g&s which terprleg relatively
long over the catalysts pesses novw more rapldly through
the nerrover chsmnels betveen the graine of the cctalynts.
The empty space svellable %o g2e in the reglon of the
ertelysts in the two schemes, I and II, 1 thorefore in
proportion of sbout &4 : 1. The rolationship betwemen
the gas thruput sng the tempersture shown in figure '
20 msy be understood to mean that equally good repults
czn not be obtuined according to scheme II ar %o scheme- -
I. Thers ip & Purther difficulty in that the volume - :
cf the:tetalyestes increnses &2 & recult of the abrorption:
of reection progucte and of carbon.  Thisg results In -
2 furtherp shortening of the resldence time of the gmres
Beeause of the Rerreving of the hollow epsces insige '
the catelysts. ~ : :

it may be impossible fndustrially to avold using
verticel reactors, and 2 solution of the probdlen war
&t first eocught aeccording to schemes IIT and IV. The
broken lines reprezent perforatsd choeets. in cage 3
2 perforated cheet separatec the rescilon tube into
tvo equel parts, in cage b o Bocond tube mude of perforated
theets is set insige tho reaction tubs., The eatelyst
here 13 plsced betvwesn the 4wo tubes. In both caszes
the Jength of the layer, the space filled by the catalyst
end the cupty spsce correspond %o the proportion in
cese 1. The results vere &lso a2t first similap.
Ihe perforated zheets cauged no noticesbis sloving
govn of the conversion. {The catelyet vas formead 4in
& separate apparetus and the cetalvet wag trenzferred
in an atmosphers of esypbon dioxilds). After & few
veeks of operation a retaprdation of conversion was
- observed in methoss IIT 2ng IV in compariszson with the
rethogd eccording to =cheme I. The reason for it mry
be in the chancs for %he catelysts in czse T to expang
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during synthesis, which could happen in cases III ang

IV oniy &t ths “ipense of the empty spaces betveson the

eatalyst grains.

The scheme shown in draving V figure 19 was .
baged on the addition of & gubstence tending to incresss
the porcsity of the catalyst, e.g. of kiecciguhp. 4
g of Lkieselguhr was normelly used with 10 g of iron,
in vhich csse the iron-lileselguhr cobelyst £ills 12
0 13 mls of space inm the rezctlion tube to 2 length
of épproximstely 50 centimeters. The free gzs spsce
iz smallier than in the cage I by the gpace oceupleg
by kleselgubr, but the inereased porosity of the catalysts
resulted in 2 considerable incressze of 1tz activity.
A relatively smnilep rercent iucresse in the iron valune
through absorsticn of carbon c=n no longer 29fzct the -
prosess &g adversily in cese 5 ar 4in cases 2 ang 4. g

A test run in this way (fagure 11) proeceedss satisfactorll

for zeveral weeks. » :
¥We may 2a general polunt out that the volume

Increases dlstinctly obrerveble in tests II ang IV .

vere not observed in 21l cases. Thes aniron catalyet

preclpitated with ammonie ang formed vith miechgas

at atmospherie pressume, ang used ln vertiezl nreaction
tubes cou%é e uged in the tempersture range fronm

280 - 260%C for thpee months vwith out reaciivation

2ng with & good conversion. Tests to explain these
results are 8till 1n proceegs. : :

It must be mentiones wlth reference to the 4ron-
kelselguhr-catslysts that the gpace~time ylelde obtaineg
vith them wvers approxlmately the same ag with the ,
cobalt catalyete. With thils catalyzt the same Indugtrial
equipment could be useg as in the cobelt synthesrie.-

In the laberatory, water cooled tubes could be used.
The stesm pressure was naturally higher because of
the higher rezchion temperabtupes. 1t w28 equal to

30 = 50 atm, depenging on the lengtl of opepraticn.

C. Forming the Catelysts

The iron catalysts deseribed 1n the first
part of this paper ang preclpltated by sodium earhbonate
from ferric nitrate zolution as well 23 the cetalyesta
precipltated with ammonis from ferric nitrase soiution
vere hard aftsr drylng and broke with a lustreus fracture,
and thelr strength satlsfled inguestrial regulramente,

Tests were nevertheless made of geinging the
iron catalysts and compressing them into teblets.
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sh - bizck color of the grains of the

sre changes® Surling grinding into =

ovn color which is ‘chAn@ by the compressed
It hes been founs that the activity of the
atalyste was not 2lw 87 s rebuAned in the tablets.
2Ve Leen connectas whmb the F&at”rg during

r, s8n” Trem phenomens Prosuced by 2 pressure

catslyst tablete of Very goos acilvity and
toen pr cepears” when paralfin was \rﬁen to the

puw’@r to be D”ﬁboe”n Synthetic paps fin,
fina &maleq vas uszes 1n thes@ teaus.A

test w*?h Jleets.which "

referred to irvon. Test

i upbls 35 3ﬂ043 a
£5 percent unﬂafhi

2 has besn poxformes fopr the salke of comparlison without

&Ry a4d4iti

cn of pa uf?in. ;afdﬁx&n d0@3 ot interfere

with the Terming and cen also be mostly recovered

durling tha

£ auea, The tablets retained their shans

even after many months ui,syntnesis.

E Alhle 3§ _
¥ith Catnlvsts Compressed Lntc Eastts

Xperiments
' o wpsrsm@nt 1 bxperinment o

Days of Terp Ccntr. &8mp.  Contr, ’
operation e : % c

1 235 53T 254 55

2 235 5% 235 BB

10 235 51 236 54

16 .4 23k 53 236" 50

20 235 5e 255 49

25 235 L7 240 48

61 235 L5 246 Iy

b7 240 Ly

60 2he 45 )

Cly  Heevy O, co Hy  Hyopo- b&rbou No
hynroa carbong number
carbons o -

Experiment 1~ ' T T
St,rtimg sag. 2.1 0.0 0.2 5}.8'35,? . 2 1.¢ 8.0
Eng gas: 5%.7 3.9 a.1 1.2 10,2 7.8 1.9 i7.4
Lxperiment 2
u&crtihg gas: 2.1 0.0 0.1 53.7 238.0 o.4 1.0 5.7
En¢ gae 61.5 3.5 0.0 1.8 13.2 7.2 1.8 13,0

T W W S 0 me m
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The conversion at the start of the operation was practically
the sems in the twe series of tesds (as mey be seen from the 4wo
perallel gas enslyses printed st the bobiom of the teble)s However,
the catalyst tablete prepered without paral’fin addition required a
nore repid riszz in wmpsrature efter o fow wecks s than the teblete
rede with paraffin. The scitivity of the catalyst in ssries 1 is
the same sfter fifty days of operstion as efier twenty~five daye
of operation of the catsliyst 2,

A'n' lmproverent in the cetalytic bshavior of the catalysts
tablets was also found upen the addition of 5 and 10 percent of

- pareffin,:

D, On the Subseguent Workinmg up of the Primary Products,

" Great variety of reastion products are obteined in the niddle
prossurs synthesis with iron catalyste, asz hes alrsedy been -
diecussed in a special ssction. In most csses they could be used
fer the same purposes as the producte of synmthesis with cobalt

catalycte. It remains to discuss e little more clorsly the |

i

possibilities of the utilizetion of the productec. The producte 91"; .l

the iron~gynthesic differ neturally in certein respecte from thoze

of the cobalt synthesis. One such instance ir the formstion.of the

- synthol-liks by-products, such as the different slcohola, end an

other one is the increassd formation of unseturated hydrocarbone,

The oxygen-containing and the wnsatursted compounds produce a - .

higher lmecic resistance in the irom gagolines. These compounds
chow no tendency to form gum. The gesoline formed with iren-
catalysts remeinz campletely colorless end cleer after monthe of
gtorage. : ' R

: N _ ‘
The amount of uvsaturated gasel hydrocarbone is greater in
the nmiddle pressure synthesis with irone-catelyste; they may
permit & polymerisation to ihs Imock-resisting liguid hydrocarbong,
vihich appears to indicate the® the irom catalysts synthesic is
suitad for the production of high grede gasoline.

We have performed & fow Yoste on the catalytic polymerisation
of the olafin hydrocarbon which hes been primarily devsleped hy
Ipatiev of the Universal Cil Produsts Cempany end his collaberstors
23/ vho worked oz the problsm of & cembination of synthesis and
polymerisetion. 4 colid phosphoric acid catalyet, namely
Caz(POyg)y » 4HzPO, was used for that purpose.
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The cagimum phosphate Cas{P0,}  wae used as 2 caprier
end wa2e obialned hy precinitation of cadimum nitizte
solution 2t the hoi g D L owh calcnlWLsd amount
of L&\ﬂ43.mﬁa B 0¥ EY th hot water ang
mized while 8vill 5 § ilatagd ambunb of .
ths 8@ percent ph d, evaporstad, dried,

angd f/:'."f"*‘"lv...u.,-:y et .

When & gepol sonteinlag 3% to 40 percent of
unsnturzted hydeccorbone {obtainos in cobals synthesis)
ie3 over this catalyst {1 11 gieeour gzsol/hr/i0g
C«t&lyﬁu s unger a presgurg of T ztm 40 percaqn of the
unseturated hysrccerbons wene cocnvercad at 180°%¢,

50 percent at 160°C ang 70 - B8O percent st 18000,\

A polymers gegoline, wae formes L Which was gistilled
and 10 - 20 percent of compoun boiling 180 - 239 c
7ers separated angd found o have an cctgne number of

97 to 99 without the addition of any clwtxze hydro-

":.~

-

vcarbﬂrs, with & Reid vaper nw resaure of 0.3 to 0.2

stm., and without &ny adadtio 1&; nyaraﬁamaticn.

Tests were carrleg out in which: thie uotﬁl Peacuion
gas of the Jron middle prezsure synthesia wasg led into = U
& gecond stzgs svynthesls vnder pregsure with phosphoric ‘ .
scia catalyats, aftey sspapzting the prunuc g corndensibls '
&t room temperzbure. About egusl volumes of cwt<¢¢ te o
vere uged in Ythe syntheszis angd the pwlynexﬁéction. o
The synthesis was in uu@;atioﬂ for atouvt twoe wmonths
cefore the cifferent tests wers stertes. An armonia
preﬂﬂw"tated iren catalyst vith 1/4 X CO3 was useg
uft b&ing formed with mﬁﬂcewﬂa at ﬁmespheric pressures.’
The yileld of aeild, liquisg en & gasol nyﬂﬁacr”bonﬂ amaunued
to uhout 140" g per ncbm of *be ideal ges. Table 362
ghown 8 fey aﬁmi?ﬁ@ of  the reaction g2ees alftsr the
i““tha”gﬁ ahz efter the polymerization. This geries of
axperinents ¥Es pun a2t *M&s aures of 15 stn, The
iwmgﬁ?&u$?34 oL the synihoesis vers at 2509G, of
marisation =t 200 ~ 20 096

BOLFe

-

Zable 30

Compmosltion of the B gcﬁkﬁn Gazcs zfter Synthesls an
aiter Folvmeriiniion, .

Q2

0 Heavy Qs GO Hy  Gydro- Carbeon Ho
FArC- : carbong aumbeyr
cEPROnS

a Hhi, 3 20 O FEITTITTETRY 1.0 )
b _59.8 1.1 0.2 2.1 13.¢ 6.2 1.7 10.%6
2 63,8 S0 O2TTUSTTIENTTTE R 1.877730%
h 64.8 1.2 0.3 7.1 10.¢ 7.6 1.8 9.0
a 58.4 4.2 0.0 10.9 5.7 0.4 1.7 15.0
b 638.6 1.2 0.%10.8 5,0 6.0 1.8 16.0

R R SN . TR T kA n
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Combinetion of Synthosis and
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Analyses show that 2/3 to 3/% of tho hieavy hydro-

. carbons disappeared during polymorization.

Table 37 shows the aumber of g of solid, liguig
and gasol hygdrocarbons per nohm ideal gas produced.
during synthesis with &ns vithout poliymerizetion.

The top valucs represent zn aversge of three weshs of
cperation, the wéttom perics is =zn everege of the
next veek of operation during which the rolymerization

“step wae omittes. The AY gacoline was obtelined only

once &t the end of the conversions { thet 1s not between
the synthesis and the polyrerization stages). .

\
N

Polymerizstion

YieId w/rchbn » of 1liquid hyarccarbom by wt.
Poly~ Wi, percent Ge2sol After After  Ag :
-merization of ths lig- Zrn- Poly- AZ
: uild hydeo~ thesis wmeriz- gssoline _
L CRPBONG o etion L0 ' o
- {4ncluging . : -
' na?affin?

With 125 o700 20 10 o
¥ithout A0 20 . 85 0 15 :

g

« 2uid &nd gasol hydrocarbons (ineluding
paraffin) were formed in the synthesie during the first
Deriogd, 135 g/ncom guring the secong perlod
{(without polymerization). The synthesls therefore ,
produced about 3 pefcent more products during the first
period, while the amount of liguls hyarocarbone was
12 percent greater, largely uroduced from gasol by
polymerization. Ia the cont iners cocled to room
tempernture, 7O worcont of She liguild products separated
in the polyweriza ~on experliment aftor the synthesis
and 20 percent aj the pelymorizetion, with 10 percent
ag AK gasoline. The so-calles AXK gagcline obtalined
guring synthesisz ang act condensesd in the fipst coutaliner,
was led with the peaction gaoes over the phosphoric
acld catalyst ang polrmerized nart of tre uns&torated
gagoline hy~rocarbons. While Lhe gnount of grmol
hyarocarbons was reduced from 30 oo 14 g/nchn by
polymerization, the preportions of the AR gazoline wasg
recuced only from 16 to 13 g/nchm. Ve mzy explein this
by assuming thzt the olefinic nLydrocarbone of the G,
hydrcesrbons are more readlily polymerized than the ﬁydro-
carbons with lower op higher nelecular welghts which

139 g of liq
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Oof olefins are lazvgely forues

react at & slover rate. For this

over phosphoric sclg esters.

Unllke the "iron guseline”, the polyner gog
capr Qe advantagecusly bydrogenatad, and it vouls
thorslfere be prefersble o senove e poerfectly s possible
the synthetic gasoline from the reection gas belfore the

polymerization stage.

Lt becomes therefore possible %o complete the
working up of the rescticon senes of the middle pressupre
syntherls with the lron catalyats for the mnufecture of
polymer gsscline in one continuous operation,. It will -
have to he left to prac¢ilceel experience vhether . guch

. ; - P,
& process 1is more economical then a secongd polymeriz&tion:y;“”

stege of the gnsol bydrocevbons freed from the other

gages, .

- A closer comnection botveen synthesis;and‘polywsre
ization might be obtaineg Dy mizing the synthesgis
cetalysts with. the one used 4in polymerization, but 1t
rosults in a grasus) weakening of both pProcesses ¢as-
pecialliy if the contact of
is very intimato {by the lnteraction of the zecid phog-
phoric scid catalysis ang ironl. ‘ :

-,

éd fop.

Teste in which geld irvon phosphate was uce
polymerization insteas of scadinmom phosphatoe produceqd

sinilar pegults. '

The gasclinés obtaires b gstakbllization ang washi
of the two liguiqd rezctlion products in table 27 with
sodium hydrozide have heen tosted for knok registance

-r‘} r, a s A ’, R
in the I. G. test motor. About 2/3 of the total
1iguid pproguets in this test Leilesd within the range of
30 - 180°C. Table 1 shows :

ot

MYl o

¥

o L -
pA= CLlone t

» Gasoline =1009C obtained in o combinaticn of
synthesis and polymorigation: -
2. Gosoline b.p. -1H59C obtained by polimerization
follewing -synthesis:

The density, olefin content, bolling point
CUrvVe and vapor preossures at 37.80C eg well a&& the
octane numbers ape given for &ll three SEMDLGH

© L¥0 types of the catalysts |

i




Summarg

A review is given of th
eyntheslis with iron catalyat
of the precipitation, slkalization and forming of the
satalysty, the fingding of the optimum’ synthesis condltions
(compesiticn of gas, pressure, Semperature, additions,
catalysts rezetivation ets.); ths third topic wvag o °
discusslon of the reaction prodgucts snd the fourth
vas treaument of general problema such 2s the proguction
of 2ynthesis gages equinment construction prohliens,
ableting the

~ .
a
of ths originsl

z

g work on migdle pressurs.
8. It incluges investipation

e
2

“ s
zlysts ang the subsgquent trestment
roguets,

The principal resulis of these investigations
are the following:

1. Precipitation of the iven catalysts:

The cetalysts weve senerally produced by
Precipitation of ipvon with sodiunm carbonzie Cr smmonia
from ferric nitrate solution, cbtained by solutions

of technical grage of iron in dilute nitric acid. The
catalysts precipitategd from ferric soiutions wvere



the synthesis Pregsure,
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superiocr to thoss obtzines

2. Al¥alizsticn of the

T-hob
om ferrous solutions.

Catalysts:

——erom

e
fop synihiesis, nor doeg it by
conversicn, However, the pr

of alkalies favors the forma

welght hydrocarbons, The eg
fore important for the proagu
Potessium carbonzte ¥eE gene

‘e Presence of s1Lalies i8 not necessary

egulate the amount of
esencs of increasing amounts
tion of higher moleculap
jition of 2lkali is there-
ction of solig paraffin,
rally useg but different

alkall salts produced the same results. o

3. Forming the Catalves

“

853

3

~ Forming {prstveziin
containing carbon menox de,

monexid@)is.necﬁsgary for th

catalyets, Forming iz congu
e.8.

but best at 2 recuceq Oressu

(eI

The gas Gsed for formin
a high rate ang at temperatu
300 to 350°C, until the carh
reaction passes through a ma

approximste constent minimum

4. Synthesis:

The optimum propon

to hydrogen in the synihesis

re i

optimum synihesia preasy
The ontimum gynthesis te ¥
and 24090, A%t the stapt cat

however, of edvantage to the
ROr are temperstures in exce

becanse of a deposition of SR RO

The adgition of kilegal
rezults in & consicerable in
‘of the catalyets,

No agventages were Foun

¥1lth hydrogen befors synthes

g the cé%alyéts'ﬁith é&ses

PDest with pure carbon

€ preductlon of sctive
cted at pressures below -
at atmospheric pressure,
re. " T :
& is beat conducted. at
»e& over 250°C, baest at
on dloxide formed 1a ths

xioum and then reaches &n

valus

tion of carbon monoxige
38 13 3 1 2. The
8 Petween 10 20nad 20 atm,

DEPELUTes epe betuscen 230
2lysts synthetizes the
g2s at considerably lover temperatures. This

Pa. ¥ ats,
28 of 280°C {the lzittes
v¥hon),
guhr aftep alkalizing)
CrG356 in ths activity

¢ in treatlng catalysts
is, but en occaegional

treatment with hydrogen Auring thé synthesis results
in a resctivation of the iron catalysta, :

T TR R T
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¢ | 5. Optimum Yields: - ‘ : . g
0 - _The best ylelds ig 20lld, liquid and gasol

hydrocarbons emountes Lo about 150 g/nchm ideal gas.
The longest 1ife was obtained with a catzlyst which-
£till brought sbout a o nversion of 140 g/nebm gas

&t 'a’ temperature of 253%¢ 4iter 1 1/2 Yyesps o7
operation. _
6. Reaction Progucts: ‘ S T
' L : -~ .

4
[
g

‘. The nature o @ reaction products can be S
. modified within wice limits by chenging the operating -
1 conditions. . - : e
B R BN ~ . . : - -
: -5 to 50 percant of ﬁhe,totalsolid‘ané liguig
hyérocarbons were solld paraffin. Low melting poing .
paraffins are formed es well a8 particularily high - RS
melting papaffing with melting pointe up to 1256¢. - oo

N .
3, P

The liquig reaction products diffep from those .

R obtained.with~the'cobalt catalysts by theip increzseg D
oL content of unsaturatedhysrocardons and by their content P
i - Of gynthol-like producta zmong which 2lcohols ang. . . ‘

5.

estere of gifferent molecular weights have beed proven.

___.The octane number of the 180°C cutes of primery '
g2aoline 1s 60 to 63, It cop Lo increased further 10
octane numbers by comblning synthesis with the. - o

. Polymerization or the zasol hyé?osarbone,~and‘th@ S
addition of 0.7 mle of tetraethyl_lsadxper 11 of gmsoline
w1lll increzge 1t by an sdgitional 10 O .- 7 % ‘

10 to 30 percent of the solias, liquids eng gasol.
hydrocarbons consip: of gamol. Iis ¢lefin content
reaches 80 rercent. ¥hen ihe tenperature on the
8ctivity of the catalyst are incressed, the total
gasol yield 1is incresses, but ite olefin content is
lowersa,

Iron catzlysts have sson
- Poductl © £8 nestl
vhe production of a 828 meetlin
gas manufactures,
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7. Producticn of Synthesis Gas: -

o
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A synthesis g28 with the carbon monoxide
and hydrogen in bproportion of 3 : 2 is obtaired by
a simultaneous converslon of carhon dicxide ang
steanm in a water g25 producer, with the carbon diorxide
required obtained from the synthesis products. Another
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suitable eynthesis gas is obtained by gasification
of -coke or cecsl with oxygen. - '
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LB 8. Equipment Construction: .

‘ Connsctlons betwsen the shape of ithe -
equlpment and the. 1ife ang agtivity of the catalyets
has been discussed. The best results are obtzlined
in horizontal or £1ightly inclines rezctor. The re-
moval of the positive heat of the reaction with wztep

S ~ requires steem pressures of 30 ts 50 atm con the wvater
. ¢ - eige of the reactor. : S
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