Atmospheric Pressure Synthesis

Lomparison of Results

Before considering in detail the different methods that
have been used for conducting synthesis, a numbesr of rather
general points must be stated as they have to be borpe in
mind when comparing the results obieined,

In the Germaen doouments, yields of products ere usually
given in grams per normal cublc metre synthesis gas, i
sometimes per normal cubic msire 'Matzgas' or 'Idealgas’.
Nutzgas is inert-free synthesis gas, snd Ideslgas is
(CO + XLHp) where X is the utilizetion ratio, i.e., the
ratio of Ho/CO reacting in the synthesis.

¥When comparing results obtained on the full scale with
thoae on the experimentsl scale, i% mmist be remembered thet
in an experimental reactor whidh is worked for the whole of
the catalyst life with ordinsry synthesis ges, the output/
reactor/catelyst Jife will be some 20% higher than the best
result that cen bs obtained in the large plant; becaise in
the latter case the gas, averaged over the two or thres
stages, is much more dilute.  But the utilizatdonm of the gas
is worse in the experimental single stage reacter than for
rmltistiage Working.

When comparing claims for proposed plants with those
actually obtainsd, & statement of Lurgi is of interest, to
the effect that the yields quoted by them in claims for
their processes ars always about 5 g./cu.m less than the
true values because they have to gnarantes the figures
quoted to possitle purchasers., Similarly the tempersture
range quoted slways extends some 107 higher than the wus
rangs for synthesis so as o leave a factor of safely for
the construction of the reactors.

Agein, if = plant is being worked so as 0 nroduse
benzin as the main product, then it will give more methans
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than if wax or Diesel oil is the product simed at, This
mist be torne in mind if, in comparing two plants, one is
thought to be more efficlently run than the other on the
ground that its methane production is relatively lower,

Another point is that if & plant is run with a short
catalyst life it will produce more catalyst wax than a
similer plant where the catalyst life is long. Put in spite
of the high velus of catalyst wax Bssener Stsinkchle consider
that it is better ecconomically to work 0 a long cataiyst
life,

Composition of Synthesis Gas Remired

Latoratory tests carrisd out by Rulwchemie have shown
that gas with 93.5% (CO + Hy) is better than the gas with
8% (CO + Hp) which is used on the large scele in Sheir
plant, They could not carry out the ssze comparison ¢n the
large scale, but they are convinoced that any plant heving a
synthesis gas with a low proporticn of inert constituents
has 2 great advantage over the others, and fths results
obtained by Essensr Steirkohle are a atrikisog illustration
of thiss Although Ruhrchemie's synthesis gas contained a
high percentags of inerte, thelr catelyst was pod specially
deweloped to suit this ges.

As far as individual impurities in the ges are
concerned, the plants whose synthesis gas contained a high
percentage of methsne got less gas formation, tud
Ruhrchenie themsslves could not coxfirm or deny this.

Lurgi consider that the methsne scis =imply as an insrd
constituent and they obtained the same yieldz when synthesis
zas was diluted with pitrogen and with methane, They ghated
that the incorporaticn of methane into the Fischer reaciion
is thermodynamicsally impossilble, &nd they explain the Tach
thut the gas formation in the second stage of ordirsry
synthesis is so smell, as being due o differvent ges
coxpositions and lower surface tempsratures, Dro Ritier, of
Krupp, produced evidence that water vapour in tha synthesis
gae has & specifically harmful effect, Fhielnpreussen agres
thet if the water vapcur in the synthesis gas exceeds aboui
50 g. M. cuamn, the yislds of products are worse than iff drier
gas were useds Doth Essener Steinkchle and Eheinpreussen had
ebout this amount of water vapour in their synthesis gase
The other licensess consider that the water vepowr aots only
gz an inert diluent, bat as such, ghould paturally e
present in sp small emounis as posdible. Brabeg say thet if
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the percentags of carbop dicxide in the gas exceads soms
15% 1t will oxidize the catalyst,

Ruhrchemie said that the ratio Hy/CO should be es
pear 2 &3 possible, Water~gas ot at@cspheric pressure
alirsys gives carbon deposition, and a ges with Hp/00 =
1.65 reducea the ostelyst 1ife for the ssme res _.fm, Beg
Steinkohle say that a ratio of 2.1 is usually bad, but that

the catalyst iz not too active Z.01 o 2.03 may be used
with sdventage. They meke saall slieraticos in the
compoaition of the syntheais gea to sult it to the average
activity of the catalyst in Stags I, lowering the tempsra-
ure of any reactors which have an activity above the
verage when a change in the direction of more hydrogen

8 made,
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In generel, Ruhvchenie consider that the diffearent
methods of working zdopted st the different plents wers
determined by differences in the syrtheals ges, poarticularly
in the H./CO0 radis and in the proportion of inerts

preaant,

Hethod of Comtrolling the Synthesis

Caraful control of the individual reactors is necessary
not only bo keep them o the achedules of temperaﬁur&, ga.a-
rate, cenvaersiong ste. required, but elso $o detect and
1% y ess Ttolting, This is the nams given Yo the reaotion
L’

%%

ng out of contrel, and zones of high temperature forming

vn cetalyst, on which 21l the synthenis gas rescis to
give mathane and free carbon. Essener Stelimk o‘ila consider
that the performance of esch resctor must be watched, hour
by hour, bj anaiveis, and “he whole checked by very freguent
direct mezsmirasents of the products. & 'b&fma* GG -
racordar was provided for esch blook of four reactors and
was switchsd from one resctor in the Bl of?»: ta the nsxt at
hourly intervels. Ibs reading was checked daily by ez nslyzis,
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required depends on the gas rate in the way shown in '
Figure 2, Thus if the gas rate has to be reduced, on

acoount of shorbage of gas, £rom 1,000 to 800 cu.m./resctor/
h., the temperature must be reduced from 195 %o 1859, In
order that the azouni of synthesis gas available shall

glways correspond to the amount required by the synthesis it
is necessary to arrange a wvary close lisison between the
generation of the gas and the control o' the reactors, so that
tenporary reductions in the gas supply, due to meintenance work
correspond to periods over which the reactdrs reguire less
foda ‘

At Fesener Steinkchle bolting frequently opourred,
particulerly in the Rohrbogen type of reactors, aitar
revivification. L% is now avoided by using a ges rate much
leas than normel for the [irst day or so after extraction,
or, when the pipe-line srrangaients allow, by restarting on
syntheais ges diluted by residual gas. 4 good operator can
usually detect bolting im its very early stages and then
reduces the tewperature of the block of reectors which
contains the one that is beginning to bolb, IF bolting isg
rnot discoversd t1ll a later stage, the pas supply teo the
whole block is cut off and the temperature lowered, They
prefer this method ol stopping bolting to the msthod of
lowering the gas rate to theo irdividual reactor concernede

Essener Steinkohie

The general principle-adopied by Essener Steinlohles was
to 4o as wach of the synthesis ag possidle in Stage 11,
because the gae is then coapletely free from sulpiur end the
loss in activity is very much smaller than in Stage I, This
will clearly give a maximun catalyst life. Hence only 40 «
504 conversicn is eimed et in Stege 1,

=

"3 reactor 38 sterted in Stage II el a gas rate o 600 -
70¢ eu.m. /M. end the temperature adjusted to give BUn
conversion, using 152°¢, as a 1init which smst rever De
exceeded, It usnally stays nearly three months in this
stage, anc of this time, B - 10 days are norpally spent
below 185°C,

T+ is then switched to Stage I, the lemperaturs being
Lowered to 170°C. %o begin with, end being ingreased to 152°C,
in the ccurse of sone 30 days. ‘The gas rate is 900 = 1,000
Gtz /h.  The first regeneration by solvent extraction is
then done, Alter two ore weeks synthesis, the second
solvent extractiocn ocgurred, arnd after this they woere cone
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at intervels of one weel, These lsiter exiracticns, the
third snd subseguent ones, were Idllowed by trestment with
nydrogen (0&:) at 200°C. The highest tempsrature allowed
for synthesis was 199°C. “hese principles sre illustraied
by the date in Tebles 14 and 15, Teble 14 gives the
quantities eand compositions of the ges at various stages,
and the only corment nccsssary is thet small adjustments of
composition are made by edding umwashed converted water-gas
before Stage I, and more converted water-gas, from which the
mlk of the carbon dioxide has teen removed by Alkezid
washing, iz sddsd for the seme parpose before Stege I,
Table 14 gives the datsils of temperature, gas-ratve, sclvent
extractions srd hvdrogen treatments for one filling of one
block of four reactors, The extractien on the Z77th day was
the final one, and when it was completed the reactors were
discharged. This operation together with refilling cocupied
four days, after which time synthesis was restarted.
immediztely.

The cetuils given in Table 15 are not rigidly adhered fo,
and the feliowing types of deviations may be made, The
actual gas rates. slthough usually within the limits
indicated, vary frow hlock to block of reactors according to
the sotivity of the ocatalyst in eachs. If for any reason,
sich as more reaciors then normel being ocubt of oormission,
more synthesis gas is avallable than would othorwise be
the cese and the gas rate has to be increased to utilize this
£53, Lt is pot yet decided whether, after switching te
Staze I, a resctar should be laft for 30 days befores
revivit'ication, or whether it is better ic do the golvert
extrazticon after 10 deys. Both methcds wre useds -

Essener Sieinkohle are strongly ¢of the opinicn that
three stage worlking would be better tharn the present twe
stages, and their present prectice, zlrecady wsntiored, of
starting up frashly cherged resctors wilh s nizane of
synthesis gas - II and residual gas is a step in this
directicin

h
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Table 15,

Synthesis Details for ons Fillling of one

Block of Reactors, Faseper Steinkohle, 1944,
Temp - Hax
Time | erat- @as-rate, Solvent {lydogen |recovered,
days | we,C pu.m, /7. | Extractdmreatoent kg.
- 36 190, 5 1010
© £6 1190, 5 840
& 951191, 5 820
v 105 192,06 820
106 H85,5 530
113 190.5 986 »® 9310
114 182, 5 {070
134 191,8 1028 hd 8830
135 K85, 5 1050
160 H33.0 S50 b 6380
161 H34.0 1)
177 194.0 1050 ® 2560
178 h88.0 960
196 1195.0 1030 ® 2450
197 M°2.8 040
244 H95,5 1050 = 2270
245 (19%,7 1100
218 1195, 2 160 -]
249 {184, 3 1080
— 232 1495.0 1070 2 5400
® 233 91,5 926
py 233 193,2 400 ®
A 239 (180.5 | 14070
' 25% 1195.5 1090 b 2430
252 1194,5 540
253 1186,0 F000 %
273 197.3 870
274 1194, 1 500 o
277 H95.5 10246 = &40
40960




Rheinpreussen,

The coriginal methad of working used by Rhelnpreussen
was to aim at a big conversion in the Flrat stapge and &
smaller ocne in the second stage, and to uase e high gas
rate ani obisln a high plant ouipus, During the war yosrs
Rheimpreussen tried to work their plent with the Essener
Steinkohle mathod, but the comparison was not & fair ons
for a number of reasons., Firstiy they had not sufficient
reactors available to allow them to use the very low gas
rates recommended by Essener 3Sieinkohle,  Then, since their
hydrogen plant was destroyed early in 1942 they could not
follog up solvent extraction by hylrogen regenerasfion, as
Essener Oteinkohle did, and as e result, the catalyst 1ife
was only scme 5 months and the specifiz yields were rather
low. TFor the same resson they could not edjust the
H,/CC ratio in the gas for Stage II to 2 by adding hydrogen,
AZL finelly they could noi start synthesls with residual
gas bafore putting the reactor inte 34age II, az the pine-
lines were not suitably arranged.

These differences are probably responsible for the
different ¢fPects dbserved at the two worka, Tor example,
Essensr Steinkohle said that the longer = czislyst was
kept in Stage II the longsr its total 1life, since it is
not poisoned at all in Stage II. Rheinpreussen could not
confirm this, and found, in fact, that the cataiyst was
poisoned ms quickly in ons stage as in another. This
differenss may be dus to the lowsr H, /C0 ratio uzed by
BPheinpreussen for Stege II, which was 1.7 - 1.8 instead of
2. The same explanation may also cover the fact that
Rheinpreussen never cbserved 'bolting' whersas Essurer
Steinkohie frequently did,  And this in spite of the fact
thatRheingreuséén uzed a gas with 404 (CO + A ) for sterting
synthasis in Staze II, which is & much richergez than that
used by Essener Steirkohle., Another differsrce is. that the
residual gas &t Rhelppreussen had H_/C0 = 1.3, whsreas for
the other atmospheric pressure planfs thils ratic never fell
below 1.5 to 1.6. Thus, during the synthesls, ths walsr-
gas shift reaction cccured to a greater extent at
Rheirpreussen then elsewhere,

The result of this attempt of Rheinpreussen to divide
the conversion egually between the stages in the LssenaT
Steirkohle way whs that worss yields were cobialned, Hene#
they concluded that for their plant, &rd with ite limite-
tions, their origimal method was the better one, and they
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went beor o 13 Bolfors they were Sinwliy shmt dovn, and tho
Fieids hrnined "_n:,_n?.:.se-:'! gzafn to the Former walpsd,  Bob in
sapite of IniE, Rheinoeceussen thini it is proboble {hod if R
merw roarh bl Lo e Leill, iF woudd e best Lo oian LY o

Lhe Tasemer Liainkohle wathsd of oesration,

Rutwciente.

A freshiz gkoaresd resctor is alwmys staricd o oin

'-H'.E-;_,G i, maere 1v 1= put ubdar e oPezsure ekl neeled te

g Ficts 12550, amd ¥apt for & hours at vhat foopesacurs withe-
cub Dos rassing tnTowsh.  Gas 1= dHen u::asst:“ 2% RLD omew,
apd Lhe hommercosere fnoressed as oo wate of 0%, £l 460,
e reached, s Than at *':',.41, 131 vhn ooiiracticon reanitza
€ni, Vhe ges Tots ia than dnomeasd 4o IO cuom, M. and as
a result the asntraciion fatla <o 4ni whe Leumelature k
thaen inecreaazd 8% 'ic_.f“h, il the aorhreawlon redcisn ‘;fr',-.’.r-_.,
when Wne gaa rate i dnerensed o 4,000 onm
tils counsr the contrastlen oa dioe to 470 2ald

meztorsd o 3% by lnoressing hs temasrotuTe 4
e ML DECLre, Tas gas ebe 1z then owdt w0

walue of 1,400 ouem, he spd the fsmperature L
et the same wa &, &% ptwd o cortrastlon of S5 E
iouren e the regporatizrg da ooxly frerassed *u: Taimtain
ke f”:u..{'m.td Puriher debails ape clvEn By the fall
pacvas in I l,.r'f* a2,

Jor pynshs J:?.,L-., Lty atm s bo get fhe sz yisl) oof
wrodustasreacsorday - abounl 2 oE. - both for tage T oapd
Ltege T, '_a'i'r" Hu r-.o'::i:r"m*'l:m waE clbte.imsﬂ iz *.*arit'tli:‘. Do

Iy zootnon oass sferkied in ALogs LI, L=
Erneriboi, anl semaln dlhoce 0% “n*' ERSrAtere A7d iashed

150 — ']?"':'f‘._ erunerobion by sxtTaction wibn soiiveni, whioah

iy bz foliseel by trsatment with Lidrowsa, iz Snen gariced

nus thue reszlor pat Seck imio “uape TX R 17EN, o 2
fiays, IE i Then teansfoccod to Stage I, Theve tho fires
reaenzyation is doae when the tﬂmgu'a ure o cecched 12EVD.
aIw sraliEsis Testhrvied 23 1509 Dhe rwogenmze ol

rogeiosalions de Sfage 1 "s B "'D:L.n.:"-'""w.
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ist Regereration when sjn*'h“sis tenperature resch 05
21"15. r ”? i [ i3 r g;g{_\;:
'51.& EH m T f i) -1 95%,
4th " § » = 198%,
SEh 13 13 kit T ” 20@0,3.

( &th lt ] . ) # " 20300, )

In both stages the normal rate of increase of temperatures is
1® every 2 - 3 days,

During the peried in Stage I the meximur gas rais 1s
1,000 - 1,200 N, ou.m./h. &t the begimning, and this is
dmorensed ot Sbout 100 ou.m. /bour fmenth until ot ths end of
four months the rate hkasz falisa to 80¢ ocu.m./h. Further
details are given In Figure 4,

The working of the vhole atmospheric pressure plant lis
iZlustrated by ths following data FPor the pericd 15434, A
volume of 17,200 cu.m. synthesis gas~I was avallable par
hour and was passed tnrough Stage I, whilch was worked g &
contraction of 42,%5.  Ths **es:.du,l gas was used directly in
Stage IT where tha contraction was 35, 9':::, Analyses ars

given in Table 16

Table 16.

Ges Analvsses, Ruhrchemis, 1943-4

Synthesis Synthesis Tesidual

Ges L Gas-I1 Gas=I1
co., 14. 4 23.6 452
erfin 0.0 1.5 20
GO abr? 1?‘8 94?
i, 53.2 33.7 16.0
cé_,i 0. & 7.0 13.2
1‘52 5.3 10.4 14.9

It should be emphasized that tue method of FOrking
Just described musi not be judged unfavourably on sceount
of the very bad performance of the Ruhrcheale simosp =heric
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low ss possidble, the increase sbove 1859C. being made
very slovwly. Defore 19L3~4 this was not clearly
realized, end the tezversturss used were too high, with
the result that the specific yield was then cnly 143
instead of 155 g./N.cu.m. inert~frés synthesis gas,
the awount of carbon monoxide reacting teing the same,
en account of & kigher methane formation due to the
hipgher temperature. The lowering of the temperature
effected in 19L3-4 not only improved the spedific
yield but also the yield/reactor/day, a reault which
might not have been expecisd to follos from =z decrease
in Semperature.

Jolvent extraction wss originally done ewvesry £00
hours, but the latest practice was to cerry oui a
aolvent extraction follewed by an hydrogenation svery
400 hours.  The more frequent extractions Preduce
more hard wax, but the snount of the soft wax may
actually kave beer roduced.

The catalyst life was deliberately limited so as
t¢ keep the outbut from the plant high, and after
2 million eu.m. ideal zas had been rassed through a
reactor in Stage I, or 4 million cu.m, feor Stege 11,
the catalyss was replaced by a fresh charge,



