2%, SICL FROCESS.

Iotzoduction

Tra T.G. heve always held the view that FPlacher Trepach
syntheais 1r more 1lkely to ba Of walue fer the mroduction of
Uquid preducts for uss as chendosl intermsiietes {han as a
aourca of fuela, Yednly from this standpsint thew have baen
¥orking on the lacher Trapsch procesa srd modif1cesstons of i1 1
singe 1923, The particuler madiffcation designmted °The Srral
Froeoss™ Iz 2 develujment made by Dr,Wemeel in which ing I.G hare
bheer intarestel pines 1040, The process sonsiata essartially af
ihe reaction of 8 carton monoxiie hydrogsn sixture [ratie of
1001 0.7 2.8 hylrsseml at 18 - & wtg ard a Yeppareture of
190° - 200°C over & mintered iran eetalvst woch ag is weed for
amrenia synthesis,  The IMguid product comsiata prindpelly of
eloohals exnd hylrocarhons, the former betng thoupht to congiet
entirely of etreicht chein primary slcohols,.

Emtheals Gaag

The wmthesis ma uvaed in the Synel Process i3 made
Bt Lewra by the addltlon 1o water rma of carton mongdde pbteined
Tom the copher ligwar cerbon momsxfide ramovel plant which aparatas
in canguretfor with the main a=mcopic end hydroeenstion ayetary,
In tle alizence of this source of carhow morigxlde, £t wag inbtended
to prodica B gynihegle gaa of ihe Tequired compasitten =k
graification of coke witil carbon dioxids Emi cxygan.

weele of Operatigps:

The Tl comercial-ecale develofment af the Smal
Fracoed wes nst completa,  Seme 25 amall leboratorles epsd
piiot plent unlism, ranglrg in efse frem ,2 = 3 lltres mialyst
eapaolty, hal heen opsrated to omuly “he relative werlts of
wnltl-xtage versua wingle-etage snd g recycla vergsws siral it
through operating condl tlons. & four-etass wdd conalatio
of 180-1itre Tiimler Teactors syl with a capacliy of 3K tors/
rodth of Mgadd greduoct had been ersciec apd operatsd tor O pgntns
ir ozder to give [liot plaad~sesle date of varicus poasihlse
mltl-atagze predesssas 4 20oond pilos plant conotating of &
eirgle plate-type roneler with & caseditr of 12-15 wre/monih
of Mufd product had slse baen erected for o furthar study ef
racgycle eperatick. T3 plant hed been aimi Ao becticde of
noecl darmps balore Any aerlous work lad veen completed,

iz ST AL N T Sy
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Erocess Copditiops:

FigkXXY is & line diagram of the process which it was
propoged to operate in the large plate-type reactor, Feed gas,
completely free from Ho8 end containing only 1-3 mg. organic
sulphur per cu.metre, together with 7 - 20 times 1ts volume of
recycle gas, ls passed down-flow through the reactor at a apace
velocity equivelent to 110-120 vols. meke up gas/vol. of catalyst
per hour and at a pressure of 18 - 20 ats. ‘Vhen the catalyst is
new it is mainteined at a reaction temperature of 1859C and the
inlet and outlet temeratures of the reactor are controlled to
within 19C of this figure by means of circulating diphenyl.
Diphenyl is used in place of water beceuse of the difficulty of
obteining steel for pressure cperation. 48 the catalyst activity
falls, temperature is gredually raised so that at the end of three
months it is expected to be 195°C, ‘The estimated total life of &
catalyst is 9 months and at the end of this geriod the reaction
temperature will probebly have to be 210-225YC. 'The exlt product
from the reactor passes first to a wax separator in order to prevent
pluggding of the cocler parts of the plant with soft wax end thence
to & heat exchanger where 1t gives up heat to the recycle gas,

The heat exchenger exit temperature 1s carefully controlled so

that no water is condensed or separated at this stage. Otherwise,
excessive mcid corresion results. From the heat exchanger it
pasaes to an intermediate separator where higher boiling liguid
products are collected and then, via & cooler to a cold separator
where Cf and heavier hydrocarbons and alcohols are collected.

Just before the products enter the cooler a caustic soda solution

15 injected into the stream in order to gnard against acld corrosion,
The exlt gas from the separator, apart from & mmall purge eduivalent to
30“-5 of the fresh make up gas, is recycled via the heat exchanger

and s gas heater to the reactor. The vent gas, which provides

a purge for CO2 from the system, i# passed through en emmonia

cooler and an activated carbon absorber in order to recover light
hydrockrbons.

An elternative method of operetion which, according
to Dr.Gemgssmer, was latterly considered to be the most likely
scheme to be adopted for large~scale operation, is shown in
Fig,OUILI, This is a tw-stage process with gas recycle and,
1ike the single-steze process described above, does not involve
C02 removal tetween the stages, In this method of operation,
very high gee velocities are employed. Fresh gas 1s introduced
at the rate of 100~150 vols./vol, of ¢atalyst and the recycle
rate is 5011 in both first and second stages., Approximately
654 of the fresh gas is converted in the first stege emd 25%
in-the second, giving an overall conversion of G0
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Yhen working under straight=through gas conditions
and with mlti~stage conversion, it appears necessary to remove
€0z between the stages, Thia introduces the difficulty that
alcohols are lost by weter solution in the 00, removel step.
It was ztated that a two-mtage process, as described abeve, gives
epproximately the same ylelds as a four-stage process operated
without recycle but with 002 removel, - '

Yielda.

The optimam yield is estirmted to be 155-165 gm. of
primary liquid product per M/ of hydrogen + C0. Very veriable
data was produced on the composltion of this liquid product but
it would appser to be of the following order:

Aleohols H - 508
-Qlefines 25~ 4075~
Paraffins 20 - 3?%

30 = 40% of the crude product boils in the rafige 50 - 100°C,

%5 - 40# in the range 100° - 200°C, and 25 - 304 in the range
200~ 350°C. The elcohol content appears o be-greatest in the
range 150 - 2060°C as shown by the following ylelds supplied

by memory by Dr,. GemBsemer:~

.Z‘.@n'g_._m- Alcohol Sat, Hes. Olefine Hes.
C,
to 150 20 40 40
150-200 70 15 15
200-300 50 20 30
over 300 A 20 42 28

The rein essential for maintenance of ‘& good yield
appears to be high space velociiy involving & low conversion per
pass and a low reaction temperature. Low apace velocities
lead to the reaction of carbon monopxide and weter formed in
the reaction, and high temperatures preduce iron cerbonyl end
also appesar to lead to cerbon depogition due to reaction of
hydrogen and carbon nmonoexide,

Heither tubuler nor plete reactors used in the latest
Leuns pilot.plents were considered to be entirely satisfactory.
The principal disadvantage of both was that during operation
the cataiyst caked badly and was very diffieaqlt to remove, In
the case of the tubuler rsector which wes made up of 14 mm. I.D.
tubse spaced 26 mm, cenire to centre, 1t wes found necessary
Yo use an electric drill %o remove the catalyst, Similarly,
the plete razscior, vhich wap essentielly sirilar in design to
the Mecher Tropsch atmospheric pressure converter, had to
be dismantled and the catalyst drilled and chiselled from
hetween the pletes, It had been decided to construet a reactor
of the type shown in Mg.XIV, The entalyst was to be
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packed between the cooling tubes which were to¢ contein water
under pressure, It was considered that vhen it was necessary
to remove spent catalyst, the flange could be unbolted, the
inlet and outlet conmsctions dismantled, and the vhole cese
removed, thereby exposing the catalyst which could ba relatively
easily Imocked from between the cooling tubes,

Catalypt Preperations

The catalyst &8 prepared by placing 19 kgs. of iron
from & wood charcoal preparation in a shallow water-cooled
iron pen 50 e¢m. in dlemeter and 15 cm, high. Pure oxygen,
supplied by two nozzleas, is directed toward the mass which
melts in 10 mimtes. 16 kgs, of eluminlum nitrate, 4 kgs.
of potassium nitrate and 2 litres 66% B6 nitric acid ia
added along with 2~4 litres of water, The mixture im boiled
until solid, emd melting 1s contimmed from there on for
30 mimtes. The melt is poured out on an iron pen and

allowed to cool slowly., It is then brokem up inte gremules
(1-3 mm) while the dust 1s remelted electrically.

The following iz the final analysis of the catalyst:
2.5% A0z
Ea0

0.2-0.6% °
0:16% 8
0.,03% ¢
9k Fezyy

The apparent catalyst density £s 2.0,

The catalyst ie reduced bajchwise with rure hydrogen
{less then 0,02 mg. of sulphur per 1) as shown in the
simplified diagram, FigXXXv., The pressure ig substantially
atmospheric and the reduction temperature usually about 450°C.
e redunction temperature does not appear to be critical; a
rangs B0° - £650°C was stated to be satisfactory. The essential
features of the catalyst reduction were said to be {&] a
meintenance of & high hydrogen rate corresponding to & minimm
linear velocity of 20 cms/second and & minimm space velocdty
of 2,000 1/hour per litre of catalyst, and (b) efficient drying
of the recycle and make up hydrogen.

The recycle ogen leaving the reduction oven
conteins 1-2 gns water/i., It passea throngh & water cooler
&t 20°C, an ammonia cooler at 4°C and efter mixing with fresh
hydrogen, goes through a silica gel dryer.
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The time required for reductlon of a batch of catalyst
is about 50 hours, Absence of water in the exit gas is used -
as e criterion of completion of redwuction.

After reduction and cooling te 50°C the catalyst was
blanketed with CO2 and trensferred to smaller siteel conteiners,
From these the catalyst, in a COp atmoaphere, was measured into
glaea tubes which were used to charge the resction tubes
individually, soc that exmctly the same emount of catelyst was
pregent in each tube, especially since the tubes were often
only pertially filled. This was to snsure efnal Iressure
drop through eech tube and therefore provide egquivalent gas
flow in each.

The used catalyst could be regenersted only by
remelting and rereducing, efter which it operated at e higher
reaction temperature (225 to 250°G) and the product contained
a smaller percentage of alcohola.

Excaept for the reduction pert of the catalyst
preparation, the catalyst employed for the Synol procesa is
exactly the same ae thet used for the ammonia synthesig at
Leuna,

¥ork up of Crude Synpd Produch:

The method proposed for the separation of alcchols
from the crude Synol product depended on the formation of
boric acid esters. & flow diagrem of this process is shown
in Figm The crude product is fractionated into
50-60° boiling renge cuts which are worked up separately.

The esterification ie carried out with solid boric
acdd present in slight excess of the theoretical requirement.
The mizture is heated to 95-120°C at etmogpheric preesure,
The water formed, together with some of the lower boiling
hydrocarbons has to be contimiously removed as overhead,

The secret of the esterification process was stated to be
the complete removal of water as formed. The residusl
mixture of esters and hydrocarbons is then distilled at
atmospheric pressure or under vacuum if this is necessery,
in order to evoid ester decomposition. ‘This aseparation of
hydrocarbons and esters by diptillation is a simple matier as
will be seen from the following boiling range figures for
charge and esters:

Boiling Henge of Charee Boiline Range of Esters
150 - 220°C Bo - 3o

270 - 274°%¢ 490 - 494°¢

29




100,
The esters are stable up to about Z0°C at atmospheric pressures,

Tha separsted sstorsy are mired ¥ith recyele dflute
toric scid selution and hydrolymed by haating ta 95 - 120°C,
The hot mixturs of alcohels ezl borle etd (15 - 175 Hgb0s)
depareis 1nts tma layera erd the upper elcohol loyer i3 witer
wealsd aud re—distillad, T boric acld splotion 1s cosled
W 5% and the boric acid crystals filtersd off for recirmlstica
to the omterifieatieon stege, The filtrats im recyreled to the
hydralyais atage.

In additien to the authors, Hajor AJ,.V.[nderwoosd coptriluted
notes apd these wepe of very groat cesistance in oompiling
ihe above reoort,



