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Recirculation

Genaral.

Lurgi introduced recirculstion for two malin reasons,
firstly, because it facilitates the removal of the heat of
reaction, and, in particulsr, makes synthesis sasier by
preventing the formation of hot spois, amd secondly because
it distributes the synthezls more evenly over the catalyst.
bed by descreasing the change in nartial pressure of carbon
monoxidis on passing from the top to the bottom of the
catalyst. As a result, recirculation has the effect of
increasinz the proportion of olefines in the products, of
allowing higher temperatures to be used without the
occcurrance of excessive methare formation, ard of increas-
ing the life of the catalyst.

Lurgi’s original experiments were done in their own
lshoratory by enclosing & small compressor and Its wotor in.
a gas~tight container and using this as ths recirculation
pump.,  But the real tests of the process were done in
conjunctien with Hoesch-Benzin in one of the full-scale
reactors of the Hoesch plant.

When the aimw of the synthesis plents was %o produce
petrol more effleiently, imterest centred on recirculation
of synthesis gas and this fizld wes developsd by Lurgi. But
vhen the aim changed to the production of clefimes for the
Oxo synthesis, interest changed %o reclirculation of wmater-gas,
This Pield, sterted by Lurgi ard Hoesch, was then developed
by Hoesch and by Rubrchemie independently, ard at the eni of
the war the position was that Ruhrchemie head nearly installed
all the plant necessary for converting thelr medium pressurs
section to work in this way, ard Hoesch, who had Installed
everything necessary for synthesis gas recirculation as
advoceted by Lurgi, were cn the point of starting up this
. -plant for water-gas recirculation. [Schaffzotzch were also
preparing to change over to reclreulation.

Water-Cas Reclreulation, Mediyn Pressura,

Water-gas recirculation requires akligher tempsrature
than synthesis gas recirculation, Lurgi say that the 1life
of the catelyst is uncertain but 1ls probably sbout the same
as for synthesis with synthesis gas without recirculation.
This i3 to be copered with a life of some 3 months for
synthesis with water-gas without recirculation.
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Both in the cese of Hoesch and of Fuhrchemie, although
the plant would involve 2 or 3 synthesis stages - 3 ab
Hossch -~ the gas in Stages IT and 1II is too dilute for
recireulstion in thesa stages to be scund economically,
becavse the gain in olefines would not be sm.f'lclentl} big,
This recirculation would be confined to Stage I. At Hoesch,
sn active carbon plant was arrangsd in the recycle gas
streanm, and a 1:2 or 1:3 reclrclation was to be used,

The gas betwesn the stag** '}_5 st adjusted by adlition
of water-gas converted by the w g*a_s-sshif‘t reaction. A
proposal had been made <o me.;ce the adjustment by submlitting
a part of the residual gas from Ttage I to this reaction,
because this would hzve the advantage that any watsr-gas
shift that occurred in the synthezis would be utilized, It
vas rejected, however, since it would involve having an
sctive carbon plant, under pressure, to remove all hydro-
carbors from the gas which was to be treated by the water-
gas-shift Teaction, and it would also imvove carrying this
raaction out under pressure,

Duhrehenie were going to aim at a conversion of
[ale]

! N - .
{¢co o+ h?} of 65 in Stage I and the Hossch plant was to be worked

20 that“some 605 of the total products were formed in 3Stage L
Details of the nroposzed method of running at Hoasch, based

on pilot plant tests of all stages of the process are given
in Table 37,

Yrososed Jater-Zas Zecirculation, Hoesch-Benzin.

Jater Gas 46,000 K, cu. m.,/h
Recirculation Gas 115,000 K, cu. 1,/
Tater-gas rate in “tage I + 1,050 N, cu.m./reacuof/‘m
Contraction 505
Temperaturs 200 - 225 “g.
Reactors in Stage 1 A4,
I H S
It 8
Qlaefipes in j?rsmuc )
Spirit 7357
Diessl 0il 50
Heevwy Cil £0
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It was calculated that the extra olefines made in thia
way would completely cever the cost of the recirculation -
the olefines from Hoesch were to be sold to Ruhrehemie for
7. 38Q/t, This was pot merely a war-time calculation
because under peace-~time economy the demard for olefines ia
=$111 high. It should be noied that The olefines nroduceq
do not incresase the octane number of the lighter products
sufficiently to make them into a good peirol. In esuparing
costs of recirculation with those of straight-through
running the power required for the recirculation pumps may
be taken ez 1/40th of the power required by the main i
sonpressors, for a plant working at 10 atm.  Hoesch gave
the follewing comparison, see Tsable 38, between their costs
for synthesis without recirculation and the estimated costs
for recirculation, The calculations wera made in 1940,

Tablie 38,

Comparisop of Costs for Recirculation
with those For Normal Synthesla

#ith Fithout
Recirsulation Recirculation
e
Production of Primary{ 55,000 t./yeer 55,000 t./vear
Products
Wages and Salaries 4,90 Refz. ke, 1.77 Bofg. /kg,
Powsr, from outside 1.31 0.67
Ccoke ‘ 6,20 8,20
water Q.47 C. 30
Catalyst 1.23 1.8¢
Gapital Charges 8,50 8.50
Working Materials 1. 10 1.10
Taxes 0,50 0,50
Totel Cost 23, 24 22,30

s s

All the proposals and estimates considered wp o now were
for svnthesis with the ordinary ccbalt catalyst as now used,
but some years ago Lurgl developed special diluted cobalt
catalysts for use for medium pressure synthesis with
recirculation,
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They were found to be poor for straight-through rumning but
ware very good with recirculation, dilution of the catalyst
resulting in the formetion of litile wax and & large
proporticn of benzin, and the reciroulation increasing the
olefine content of the benzin to 60% and sllowing higher
temperatures $o be used without:excessive methane formation.

Ruhrchemie tested one of these catslysts, suppliel by
Lurgl, in & large-scale reactor, Tt contained 400 parts
kieselguhr per 100 pards cobelt, was in the form of threads
and had a good mechanical strength, It was tested at
wodium pressure amd 215 -~ 225%., i.e., some 157 higher
than the tempersture used for & normal catalyst, and gave
the same cutput of producis per reactor per hour as &
normal catslyst, the products containing 60 - 704 benzin,

It was essier to start up ard to run theun ordinary catalystis,
and in spite of the higher temperature it gave less _
deposition of cerbon. It must be remembered, however, that
this test, i1ike &1l Ruhrchemie tests, was done at the
standard space veloeity, and since the 4iluted catalyst was
a very light ons, it corresponded to seweral litres/z. Co/h,
The results thersefors were extremely good when julged on

this basis,

largi gave the following results for a catalyst of the
composition Co 100: Th02 5. Hgd 10; kieselguhr 600,
For synthesis at 7 atm. pressure, 223°C,, space velocity
100 vols,/vel. catalyst/h. and recirculation ratio 4:1, the
contraction was 764 and the yield of products, including
gasol, 120z, /F.cu/m. ideal Ges, The course of the swnthesis
is shown by the gas aralyses in Table 39.

Tehle §2.

Synthesis with Lurgi Diluted Cobalt Catalyst

Hater-Gas amd Hesidual

Water-Gasg regyele gas Gasg

CO5 2.1 5.2 6.1
Cn Hm : - . 0.2 0.3

| 20 38.7 44,2 45, 4
iy 51.0 26,4 21.3
CH, C.3 4.7 5.8
Y5 7.8 19,1 21.6
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If two stages were added, worked without recirculation
but with the addition of converted water-gas before each
the specific yield would be increased to 155 g.., of whicﬂ
135 g. would be iiquid of the composition shown in
Table 40,

Table 40,

Compesition of Liquid Products from Water-sas
Recirculstion with Lurgi Diluted Cobalt Catalvyst

. Percentage of {lefine Content
Boiling Range Total I.iquid Product %
- 200°¢, 58 60
200 - 320%C, 30 45
320 - °c, 12

Synthesis Gas Recirculation, Fedium Pressure,

‘Hoesch gave the following particulars of a recircula-
tion experiment conducted by them dnd Lurgi in a full-scele
reactor: - A standard Ruhrchemie mixed catalyst was used
with 2 gas rate of 1,000 cu.m./resctor/h,, which was
decreased to 800 cu.m. in 3 to 4 months, the temperature
being increased from 200 to 245°C, during this peried, A
pressure of 7 atm, and a recirculatlon ratio of 2 was useq,
The best yield was 116 - 117 g./cu.m,, includivg zescl, awd
this fell to 113 g, at the eond of the experiment. There
was no deposition of carbon and the reactor was discharged
easily.

In apother similar trial lasting 8 monihs with very
1ittle deterioration, the temperature was kept constant at
195%, for 5 months, and then at ebout 2007C, for the next
3 montha, It is estimated from this theit the effectivae
catalyst 1life would be sbout a year, .

ii ailure of Ruhrchemle to repeat the good
results cl 2 by Lurgi was probably due to the fact that,
at that time, lurpi's catalyst was 2 more active one than
Ruhrchemis’s, The present position is that Rubhrchemie



~onsider that thw extra cost involved in synthesis ges
~ecirculation is not covered by the smll irprovement
gffected in the synthesis, Hoesch agree with this, but
Lurgi do not, and they emphasize in partleular tha high
yield per reactor chtained by rec:’d‘cgﬂ.ﬁtlm., and the
increass in the octane muber of the primary xr.otm spirit
from 45 o 55,

3yninesis Gas Reclivenlation, Atmospheric Fressure.

This was investlgated by Brabag both im single full--
schle reamctors and Finally in a ccmplete section of their
plant, in botk cases the recircuwlating gas beling passed
through en active carbon plant to remove hydrocarbcn gases
before it was passed back into the reactors, They flrst
showed that the coatraction is aimost indepernient of the
recirculation ratio, and also that it respends 1o changes
in ges throughput in the same way a8 if no recirculation
were beilng used, Thig iz shovyn in Toble 41,

Tatle 41,

Recirculation at Abnospherls Pressure

#
Gas Rate, Racirculation Contraciion
I cu,mjm Ratio 3 o
1,000 2. 21 43,4
2. 34 44,5
1.45 45,3
506 3.50 61,4
A comparison of the ﬂerf rmance of = 1-scele reactor

rumnning with recirculation with ha’c of enciher without
rec irctﬁati@a& was then made, anﬁ it showed that although
recireulation 4id not diminish the prodoction of methane it
increased the conversion and heones the vield of liquid

products for the same total Pas throughput, Detalls are

gi“ﬂ?:l’:. in Teble 42,
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Table 42,

Recire:lation at Atmosnherie Pressure
in One Full-scasle Reactor

without Fith ]
Recirculation) Recireulatisp
Recireculation Ratio - O 44
Tima, houra 2,684 2,679
Revivifications, Bolvent - i
Hydrogen 4 4
Average Conditions anrd
Performancs
Temperature, C. 185.3 186,14
Gas-rate, M, ou.m, /t,Cq/h. 1,116 1,178
Conversion of CGCF, Voo 60,5 78.4
¥othene, as % of CU
converted 17.1 16,8
ca,, = orom 6.7 8.¢
Y151 of Liquid Products,
t./dag/t.Co 2,02 2,38

The whole of the plant Schwarzheide-I was then run with
recireuiation ard the performence compared with that of
Schwargheide~IY which was worked in the normal wy without
reciraulation, Keeping the gas rate at the normel walus,
900 W.ew.m /3.Co/h., the pumps available could only give
e recirculation ratio of 3,27, but even wlth this the mathsne
formation dscressed from 12 to 10 of the CO reacting, the
€O, formed remaimed the same, the couversion of CO, U, |
infreased from 78 to 84 and the production of 1121400
products increased from 2,19 to 2.36 t./day/t. cobalt,  The
gas throughput was then degreased to 70D -~ 760 N.ou.m, /.
and the recirculation incressed to 0.41, The yieild ®End
the CO converaion wers blgger than before, the production/
day/t. cobalt rather less, as would be expected, but the
formetion of CO, decreased from 7.5 t0 4.5 - 5.54  The
specific yield was ebout the mame as would have been obtained
by 2-stage working, being some 124 - 128 g. liquid products/
cu.m. ideal gas. fn account of the smaller gsy formaticn the
residual gas was very suitable for use in 2 secormd stege,
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Recirculation favours the preduction of products of

lowar molecular weight, the amounts of gasol and of C, -
¢, .. hydrocarbons being increased, The olefine conte§t of

32 products is also increased, The amounit of catalyst wax
is decreased to a quarter of its normal valus, and as a
result, the number of reactivation treatments with hydrogen
or solvent is corresporndingly decreased, The saying
effected by this and by the increased production of products
must be weighed against the cost of the extra power required
for the recirculation, HNo data for this are awailable,



