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T ABSTRAGT

This report is a translatlon of & document by Hans Schmalfeldt
dated March 29, 1947, descrtbtng .work done in the plant of Klocknerwerke
:A..G., Castrop-Rauxel, Germany, on the production of synthesis gas from

methane containing gases by non catalytic reaction with steam and oxygen.
In a pilot plant built in 1931, coke oven gas was converted under a pressure
of 23- 24 atrn abs.__wtth"alr ennched to 33 per cent. oxygen. Methane m the ’
exit gas ‘was less. than. 1 per cent and: no soot formation was observed. The
malntenance of the refractory luung proved qulte dlfflcult

A largér pla.nt started in. 1938 could not be operated until 1941,
because of. dtfflcultxes in getting materials, particularly refractory br1ck
‘Results were not entrrely satisfactory because -of inadequate heat recovery
...and the lack of facilities for purging unreacted gas between cycles. Fischer-
"Tropsch residue gas-and coke oven gas were converted ata pressure of 8-

9 atm. abs. with an oxygen consumption 30 40 per cent above theoretical and
» wrth ‘only shght formatlon ‘of soot. 9
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L. INTRODUCTION - -

r

‘ - Considerable information has been published about the

' Schmalfeldt process for lignite gasification which is named after its German
Inventor, Dr. Hans Schmalfeldt. Dr. W. F. Faragher, Chief of .the Fuels 1
‘and Lubricants Unit of FIAT, discussed this subject briefly with Dr, . ;

_Schixmlfeldt:m-De?embéH?%in‘thmuﬁe ofselecting certain German
experts to write summary.reports on various aspects of the Fischer '
Tropsch Process. As a result of this discussion, Dr. Schmalfeldt revealed
that he-had also directed considerable.research on the production of V
synthesis gas from methane containing gases by’ reaction with oxygen and
‘steam. At Dr. Faraghers request.Dr. Schamlfeldt prepared a report on this"

: work which was received in May 1947, ~Subsequently there was no opportunity
to discuss this report with Dr. Schmalfeldt to obtain additiondl information.

- However, the report seemed to be of general interest and therefore, it has -
been translated and the translation is reproduced on the following pages.

, The German original has been forwarded to the Office of Techni-,
. cal Services, U. .5; Department of Commerce, and it will be reproduced on.

Technical OiT* Missianicmmm.R‘eel 238 from which copies’ may be ob=~
‘taine desired, through the Library of Congress. . . ST
-+ ! A brief .ges;:wx‘-_ip‘tipn.df the same process was inc¢luded in a report:

by C. C. Hall and A, ‘R. Powell, entitled Plant ©of Klocknerwerke, A. G., »
* Castrop-Rauxel Germany, reprinted by;thgé_;fo'i.ced-_of"the.Publicaﬁdn Board, ..’
- U. 8. fDep'ar'txn’ént..of‘ACOm:hefrce_-a“;s Report PBv286. .7 " oo

II.__START OF DEVELOPMENT

N - At the time the nitrogen plant was being constructed the Victor -
.Company was already involved in the famous 'Bronn::_(;;_q_ncor;iia'c_asé‘.’ The, ...
chemist, Bronn, together with Berkwerkgesellschaft Concordia Mining "
Company, were. engaged in a lawsuit over the rights to the gas separation
_'.prgces‘s,‘which-ha’d_'b“égr;;"iit:enseq’té;;y ictor by.L'Air Liquide, claiming-‘sole -
exploitational rights to the separation of coke oven gas by means of pressure -
‘and low temperature. : The ‘case 'was lost by Victor in the lower cou: sand"
taken to a higher one. Grave danger-existed that the. plant would be comiplete-
ly shut down by the litigants.' For this reason the possibilities of prodiicing
hydrogen from coke oven gas by other means than pressure and cold:were. .
‘explored. . These investigations ,p_féintédj‘tip the problem of separating the.
hydrocarbons in the coke oven ‘gas into hydrogen and carbon 'mono?}aé—‘%ﬁ“&ﬁ
then, if possible, of converting the: g:é;rbon?;mbgéicid‘ejﬁtd‘hydrpgg’n} and car-
bonic acid. Further, it appeared desirable to undertake tlie conversion of -
the hydrocarbons with the pressure supplied by the coke gas compressors, -
namely, a pressure of ab out 25 akm., abs.. ‘ nal- ;

sSU f ¢ i -because thisf\oper‘_a'.tiox‘;a._l—ﬂ'pro'c_edure :
‘adapted to production-routine, and in thi_s,mahne:_-'écond'mié's'ivn ‘

Y w
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—'-Col‘hpression co_stS'couid"be' effected;‘

T ,\Sh. | e aSmce it was not feasible to supply reactlon heat by purely regen-
erative medis under pressure because the stone blocks, in general, are too
bulky, a decision was taken to try a combination, that is, to work partly by -
regenerative means and partly by the addition of oxygen. The combination of

—mese-twoana&of—addt&onaktntensfbemmqgeﬁemmemmui&hm—
On the other hand a recuperatlve heat exchange is not. practtcal because of
the high temperatures involve Flnally, a decision was made to' work Wlth-
“out'catalysts, that is, to develop a purely thermal operating procedure%e—
‘cause, in-the Claude process, the coke oven gas is compressed and passed
mto the scrubber while still. unpurlfled or before desulfiirization. ‘Therefore,
under ‘some .circumstances the pressure sphttlng of methane would probably
be placed between compressors and. scrubber : P

I INITI.AL. EXPERINIENTAL EQUIPMENT

. On the ba51s of the above—mentloned requlrements and con51der-
at1ons an. expenmental apparatus illustrated by Flgure 1, page 3, was con- :

: celved ‘worked out, and gradually completed in the years 1930 and 1931 "The
or1g1nal appara.tus consisted of a pressure resistant reac‘tor (2) of 1300 mm,
total diameter and about 12- 1/2 mietersin- ‘length. .. This reactor was lined
with fire-proof bricks 450 mm, thlck con51st1ng of a.'Sterchamol 1nsu1at1ng-
“layer outermost, and two fire-proof layers of fire brick and-Mullital. - The:.

“inner diameter of the. rema1mng shaft was 400 mm. - The upper and lower
“thirds of the empty space were packed with two fillings (b1) and(bz) of pleces
of. Mulhtal brick.about 40 --60 mm. in'size, Both brick. packmgs rested: on .
f1re—pxoo£ grates (c]) and (c2). The inlet for the ‘oxygen-contaifing gases’
was. situated. at about-the. center of the Temaining th1rd :Two small circular
- channels (d): located in the'wall were connected'with the: oxygen-contalmng
‘gas. inlet (e) and the oxygen-contatmng gases were. passed into the reactmn o
- vessel through 1nd1v1dua1 holes’ (f.) With the aid of auxiliary burners the re- A
actor ‘was intensely. heated,: reachlng red heat in the- central section‘so that
coke oven gas and oxygen were 1gn1ted on meetu;g__ Constructmn problems S
in pre—heatmg before the- start ‘of opgratlons were: not successfully solved.
Openlngs measurmg 200 mm. had been: made at d1ametr1ca11y opposed po1nts

il ths fwall just be}ow the oxygen 1n1ets Before' heatmg the apparatus a
gas burner was introduced into these openmgs from both sides.”  The:flue -
gases were sucked out at both ends of the apparatus by a: small- auxiliary i B

' ventllator .which operated only. durmg heatlng perlods andy were ‘then: vent-'

“ed. ‘As soon'as the centra.l section of: the -apparatus:was. heated to'red heat;:
the aux111ary burners were w1thdrawn inc order to protect the ‘walls at this:

point from excessive temperatures.. Two. br1ck plugs (h) were then- 1nserted
_from out51de and the covers screwed. on _ 3
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When it became- -apparent that heat exchange was not quite satis-
factory, two more pressure- remstarE_re_actors (k1) and (k3), each measur-
ing 700.-mm. in total diameter; were added in the:manner indicated in Figure
1. The walls of these two’ ‘reactors.were. less heavily lined and also possess-—

_ed an-inner diameter of 400 mm. Heat exchange was then effected by means'!
of perforated bricks of. barely 400 mm. total diameter, which had been in-~- ,
-stalled. At the ends of the apparatus that is, at’(1]) and (13), the gases were'
conducted to, the regulating valves. At each end were situated valves (m3)

-and (n}) and valves (m;,) and (n2) for the incoming.and outgoing gases. Since
_1t had not been possible to- install an automatic sw1tch1ng device in this short

.period of time, these valves were regulated by two men who .operated the

- switches at 1ntervals of. fwe mmutes whlch were measured by an hour glas s

: Roughly 525 -‘1550 cbm/hour of coke oven gas to be decomposed
were- adm1tted into.the inlet pipe (o) together with a volurne of 'steam about "
three times the amount required for completé methane conversion, ‘These -
‘amounts were perma.nently controlled by gas and steam meters and main-
‘tained at.a constapt value with sufficient accuracy.. | The: exlt pipe (p) lead="
ing out of ‘the -app: ratus conducted the’ converted coke oven gas together with
the excess water vapor through a heat exchanger for the purpose of. heatmg (1
the incoming gases to about 250~ 300°C." . The exit- temperature was between
300 and 350°C, whereas the ‘incoming temperature of the gas-steam mixture
‘ran to- about 200 =250°C, Since no- steam at a pressure of 25 atm. abs. ‘was
'avallable on ‘the. spot a small auxlhary boiler for thlsmpressure was" 1nsta11-
ed for.the experiments. The a1r-oxygen mixture was pre-‘heated to about .
300°C 1n two parts by a small superheater. o= S o :

' After a seriés of experlments w1th the actual crackxng apparatus
a further experunental step was taken in-that an. apparatus for conversion
-of the carbon monoxtde was mstalled beyond the crackmg apparatus. In thlS
manner it was. planned to obtain a furshed synthe51s gas for the: a.mrnoma »
synthesis .in. one pass. It turned out however, that the exit temperature from:
the crackmg apparatus was too 16w for: the- carbon monoxide catalyst to be _
‘effective. For this’ reason a: ‘small’ intermediate - superheater was temporanly:'
‘1ntroduced which heated the gas about 50: -60°C. to reach 400° 5o that the- :
conversion.could be accomplished.” ‘The inte rmedlate superheatlng was _
accomphshed by heatmg a short V2A tube. It 'was clear that the" temperature R
could have been: regulated w1thout ‘the use of 1ntermed1ate superheatmg and the
_requlrements for the subsequent conversmn could have been fulfilled.  This
could have’ been done by an’ approprtate arrangement or by tapplng the cooler
:,a.pparatus ends -and by draw1ng off a warm part1a1 steam '

-4-



Iv. ”OPF_‘.RAT'IONAI;. RESULTS

All coples of the exhaustwe docurnents relatmg to the pllot plant
have unfortunately been destroyed or lostas a result of- war damage. The
‘most essential facts must the refore be reconstructed from memory. How-

4ver——ﬂns—can—b&donw1th—sﬂrsf&dory*mm&cr—Avh&s—beemhe&dym*
mentioned,. 525 - 550 cbm. of coke oven: gas with a triple volume of water C
vapor were charged hourly, that is, .with about 760 kg. per hour of. water vapor.
There was pressure of 23 - 24 atm abs. in‘'the reactor, the exit tempera.ture
.runnmg from 300 to 350°C. A mixture of air and. oxygen was a.dxnttted as the
oxygen—contamlng.,gas 'The oxygen content of the gas used: for. the .reaction ‘
ran to about 31 per cent in the begmnlng and slowly increased to 33 per cent
because the constructlon of the passages through the heating tubes was faulty.
Heat losses were incurred to an increasing extent and finally incandescent
spots appeared. The synthesis gas mixture amounted to about- 1100 - 1200
m /hour with hydrogen and nltrogen in a 3:1 ratio when employ1ng a pre-
heated coke oven gas of the follow1ng composttlon T

- 57%: HZ o
26%CHy -~ . . o
4% CnHm: mostly CoHy and CpHg

6% co . o Em T
7‘% nltrogen T

- and: air'with 31 pe; cent oxygen The methane content of the ftnlsheﬂ gas’ .
-was 0. 5 = 1 per cent and the carbon monoxlde content was. 0, 5 ‘per- cent .
. _ It should be mentloned that a double conversmn took place in’ the
“last penod of operatton the final synthests gas" bemg exper1menta11y ad-
mitted mto the synthe51s plant, -After the first conversion the carbonlc ac1d
was washed ‘out and; a.fter an 1ntermed1ate superheatmg, the gas was again
‘‘converted. . This last: measure was taken in order to prove that it was. pos51b1e
“to: reach the ‘point where the finished gas could: be- dlrectly used- for the . & w0
.synthesis. by actually “crackmg“ the hydrocarbons and converting the. carbon .
monoxide.. A 'carbon monoxlde scrubber would take the" place of the second. = -
conve;rter in the. practlcal executlon of the process but 1t was 51mp1er to con-
' vert the gas once more durlng the experunental work, ;v SRR : L
Temperatures in. the hotter sectlons were taken by platmurn— SR
platmuxn-_hodlum thermoelements Thermoelements were installed in ma.ny
" spots. The jacket temperatures of the pressure”"Searmg reactor were also
controlled namely, by means'of iron constantan elements, Ma1ntehance of
the thermoelements durlng operation ‘was extremely troublesome. Smce
trouble had been expected from the very begmmng, 1nstallat10ns were: Y
‘arranged that thermometers could be. readlly replaced at the: hot.spots:: Thermal
"‘measurements showed temperatures at the hottest pmnts of about 1400° £or

T



the most part, "v&ith’ tempéi-_a’c‘iﬁés” of 1450° ’Bé"i'x{g' 'ré&‘éh‘édét' so'xriefp‘oiﬁts_.

It is noteworthy that no carbon appeared in the plant Whereas .
formation of 4-8g. of carbon for every cbm. of cracked gas may be’
expected in purely regeneratlve decomposition. without pressure, no carboni
fo rmatwn was noticed in the pressure apparatus. Since the carbon monoxlde
Trthe-outgoing- gases was converted beyond the cracking apparatus for a-

) penod of.8.days, carbon should eventually have appeared at the very least
on the carbon monoxide" convérsion catalyst This catalyst was very dense,
was divided into'small particles and was sharp—edged so that any carbon

"fOrmatmn must have been disclosed on examination of the catalyst mass.
aftér the. experu'nents However examlnatmn of the catalyst did not dlsclose
Vany carbon forxnatmn. : ‘ s

N

V EXPERIENCES WITH THE CRACKING APPARATUS ITSELF
N
. In planmng the apparatus it was qulte evident that spec1al atten-
tion had to be paid to the construction and selection of the refractory lining.
.To this end collaboration was instituted with the Didier company. Since -
. ‘D1d1er hkew1se possessed no.experience with similar. apparatus; a brick-
work’ was recorm:nended by this firm for the hottest areas which turned out _
to'bé too weak In add1t1on it turned out that at those spots where the heat--
ing burners had been placed the wall had been markedly weakened by ‘the. -
perforations. bored in it." Also, the: mtroductmns of the plugs’ after heatmg
‘did_not: furnish any real msulatwn for the flange neck. Accordm.gly dt did-
’ -not take -very long before the layers of: Sterchamol in“the v1c1n1ty of the open-
: 'mgs could ‘no longer stand the temperature, melted and red hot areas appear-
ed on or-in- the vicinity of the perforatlons. ‘As long as the ‘red hot spots were
“no larger than a hand's- breadth they were sprmkled with water: and the appar-
- atus was: shut down after the last contmuous experlment when heat losses be- ,
,cametoogreat e DR S ol

v

b e

, oo Experlence thh the ptlot plant showed that a reactor ope rated
-*.jat these temperatures must’ have stronger walls,above’ all, that the’ Sterchamol‘:w
layer cannot take temperatures that are too h1gh and,. fmally, that the 1n- S
‘stallatmns eznployed for: heattng ‘the. converte/i‘ must be modlhed Most 1m-_‘
;portant of all, it'is absolutely essent1a1 that perforatlons of such 51ze_1n the
':‘hot areas be avmded : : : : e

V RESUMPTION OF THE PROCESS

e ] oroughly satxsfactory results had been obtalned in the
Epﬂot plan\t and after errors in-the constructmn of the wall had become
‘.clear, the operatlon of the p110t plant was: dlscont1nued dnd’ the separate parts
-‘espec1ally the pressure resnstant walls were used elsewher' -P_rtmarlly T
on dia case was finally-




‘Won 1n the upper courts, and the dangepof—a« shut down of coke-gas fractlonatlng
operations were thus averted The problem. of convertlng methane-contain-
ing gases under pressure was again tackled in 1938 when the problem of
better utilization of the residual ‘gases of the Fischer- ~-Tropsch plant was be-
__lng..dea.lt_wa,th.-——At—thatwtxme—the—propos&kwmffered‘ur“&'rep‘ort’datt’ed‘?rp"i’l"'
25, 1938 that 4500 cbm. of' residual gas containing 25~ 30 per cent of hydro-‘
carbons (the heavy hydrocarbons being converted to methane equivalent) .
should be converted. with oxygen and water vapor. About 6000 cbm. /hour of
a new synthes1s gas were to be prepared therefrom and this new synthesis
gas was. again.to be converted in 5°< 6" Fischer pressure reactors. Just at
that time the: Ftscher—Medtum Pressure Synthesis appeared and was receiv- -
‘ed favorably everywhere. It was obvious also to the Gewerkschaft Vlctor ‘
that they should. carry out-an experiment w1th this modification of the Fischer-
Tropsch Process on a small scale “for. the purpose of 1mprovement of plant '
' operatlon. : :

VI CONSTRUCTION OFA PLANT BRI

The plant arrangement contemplated two. converters whrch were '
to be Jomed together. Since the converters were to be placed uprlght con-
-sideration had td be. given to wall expansmn in view of the large drmenswns !
,'1nvolved In. order to avmd a flarmg out of the cupolas as in the case of o
“large regenerators for pressure heatlng of large volumes of gas, and, in
addxtlon to furnish a solid support for the upper: cupola wall with concurrent :
'expanswn p0551b111t1es for the Jacket wall, & new cupola support was des1gn-

~ ed as shown’ by Figure 2, page 8. The cupola was placed on a heavy cast
‘iron ring:(a) which was protected against the.most intense temperatures by
-an extension of the lnner wall. It was thereby 1mpossrble to avoid'a con-
;,tractlon of the inner dlameter at thlS spot:.’ ~However, it was thus poss1b1e
to. anchor the cupola securely and to maintain the smooth cylmdrlcal shape
of the pressure -bearmg outer _]acket Oxygen—lntake was prov1ded for by 6
,1n1et nozzles srtuated at the top of each converter Co s -

: The cupolas were always the hottest parts of the converters be—' '
cause of the oxygen lntake It was also negessary to Jom the conve::ters at
this part in the area of ‘the greatest heat. However this did not.cause any
trouble. The wall 1tse1f was con51derab1y stronger than the pllot plant wall,
being thicker by. about 750. mm and the’ cupola into ‘which the oxygen stream-'
ed; had refractory walls that were even stronger* ‘Normal hexagonal Schlffe r-
Strack br1cks were selected for the. hmng, the upper 5 layers con51st1ng of.
bricks® perforated with’ one ‘hole and the lower’ layers of bricks ‘with" several =
;holes. A cast 1ron grate was prov1ded as, a support for the 11n1ng - ‘

e L The problem was concurren"_ _y posed of washmg a po_ tlon of the
_carbonlc ac1d from the - res1dua1 -gas. of the’ Flscher-Tropsch synthe51s. Slnc‘e
no scrubber of suff1c1ent size was’ ava11a le for. t}ns purpose but two smafler
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‘ones were available which would do if employed jointly, the gas current was
" conducted in parallel through these two carbonic acid scrubbers. o
A humidifying and dehumidifying. plant was installed in order to’
conserve steam.’ Thus, the overall gas circulation was as shown by Figure .
. 3, page-11l. Compression of residual gas by- means of compressor. A of |
- 5000 cbm. /hour capacity at a pressure oI 9 - 10 atm. gage, scrubbing ot
-carbonic acid in 2 carbonic acid scrubbing towers connected in parallel
(B]) and (B,) of 2200 mm. total diameter humidifying with circulating ‘hot™
water; and then addition of the remaining steam and admission into the
regulating apparatus, that is, 1nto the alternately uséd inlet valves (Ej)
and (EZ) -For instance, if the gas which is to be converted enters through -
(El) into converter (Kl) ‘it will flow through the upper ‘¢onnection into ¢on- - -
verter (K2) and will pass the’ escape valve (F1) (sic.) into the outlet pipe
and from there into the dehumidifier (G) and into the final cooler (H). From'
(H) the gas should flow into the medium pressure reactors. -The: ‘humidifying
~and dehumidifying chambers (C) and (G), as well as the final cooler (H), were-
combined in one lengthy cylindrical-vessel. -The complete plan is 1llustrated ‘
in Flgure 3, page 11. ' All the valves were automatically regula.ted by means - -
of air, the cycle penods generally 1ast1ng about i m‘mutes o .

o - - 'Oxygen was passed 1nto the: plan:t under pressure by means of a -
small compressor:of about 450 - 500 cbm capac1ty and théen introduced into
the cupola of ‘each converfer by means of 6. nozzles. Provisions had also .
been made for regulatlon of the oxygen intake. It was. therefore possible to .
supply a contlnuous steady stream ‘'of oxygen to both cupolas or to supply the .
oxygen' to the connection between the cupolas, thereby supp1y1ng that convert-
er -with oxygen .into which the gas. flowed through the connecting pipe from
-above. The oxygen nozzles were made of a double"tube of- heat-re51stant
steel through the center of which flowed the oxygen. A volume.of . cool steam
ﬂowed through the annular space. This coollng steam volume was’ measured
for both converter halves together to be about 300 ~ 400: kg /hour The oxygen_
could also easﬂy be dlluted with a small amountwof steam . ; .

[

through the look boxes 1nto the upper parts of the. centers of each of the -
cupolas both converters thereby bemg sunultaneously sub_]ected to intense -
heat. The" ﬂue gases were agam sucked awa.y by an aux111ary ventllator y

. ] For the hot area a good 5111ca materlal was'’ selected as’ brmk
'matenal .The’ upper part of the packmg also. con51sted of. 5111ca quahty. .:
For the; coolerrar_ea terial-of inferior quahty was chosen.. " The lower
’la.yers of th& packlng ‘nd—of the wall we,re constructed of normal f1re brlck

' wio o The inner d1ameter of the brlck wall was’ 1650 mm.. In the ared” N
cupola support (see thure 2 page 8) the dlameter narrowed to 900 m.rn. .

-9



Thls contractwn which:was des1gned for the protectlon of the.cupola support,
" at the same. time promoted commingling and diffusion of the gases. The = ...
diameter of the iron jacket was 3150 mm. and the. overall length was 18 400

mm, The helght of the 11n1ng was 10 700 mm. : ‘ T

.
okl

o Or1g1na11y it had been 1ntended to obtam a: pack1ng of Father large
surface area. The surface area. of the normialiSchiffer-Strackibricks .is.really
insufficient. | For this-reason various proposals were.made to brickware
companies; ‘particularly to the Dr: Otto' companyin’ Bochum;, with reference
- toa pack-mg ‘with a“rather: large surf,hce mreaf“ However "since the brick in="

. dustry at.that:time:was: very rushed the'brick: flrms showed’ little: 1nterest
in view of the: smallness of-our order.': There was not}ung for it-but. to’ frnally
turn to. the mnormal‘Schiffer>-Strack bricks. It also 'turned out that ex1t temper—-r
. atures durm.g operation’ were too'high and that’it would be necéssary to lower
'them !Since it became apparent at the‘same timé that the: ‘carbonic acid’ wash
swas not necessary,-especially in view of the:fact that: only" later was the pro— B
cessing of ‘coke oven gas'considered:to be of primary 1mportance ‘both car =
-bonicacid scrubbers were also’ walled and: prov1ded ‘with packing so ‘that’
they now served as: extensmns -of the ‘converté sy The’circulation ofthe gas’
" was now as follows: -Admission into a walled carbonic acid scrubber, entrance .
.. into’ appropr:ate converter from below overflow into the top of the second
convérter; dlscharge from: the:bottom:into’ ‘the second carboni¢racid’ scrubber._
: andthereafter into’the regulating’ apparatus The carbonic ac¢id scrubbing 7
towers’'were also equipped with the 'normal Schiffer-Strack bricks for their’*
packing since, as was: already men'honed p0551b111t1es for obtalnln‘ j‘-larger .
surfaced brlcks at that ttme were non-exzstent SEACIE SR

EEY ‘..‘

.....

VIII OPERATIONAL EXPERIENCES WITH APPARATUS

e g Unfortunately the methane pressure cracklng plant f.rom the very‘,
,beg1nn1ng and:even:during operatwn was ‘ande# the“influence of an unlucky e
stat. _The construction of the plant was’ proposed in: the ‘early. part of- 1938’ A
The first. d1ff1culty popped up. when it turned out that all orders would take'a
'long time- to fill ‘because . of the: press ‘of buSIness in. the mdustry Orders
for the.pressure- res1stant reactors fo# 1nstance were placed under great
d1ff1cult1es. The ‘same ‘held: for reszdual ‘gas and-oxygen compressors. At 3
first it was’only poss1ble to? procure ‘anioxygen compressor of: 400 =IBOQI
~-cbm. / hour and the second one whlch wa _somewhat—la—rger havmg a capac1ty '
of 600 cbm., was: delivered ‘S0 late- ‘that it wasnots Ppossibleto put it into" :
: operatlon. ‘The:trouble in" procurtng suttable-fpacklng ‘bricks ‘has” already .
" been related’so that, as far-as’this: 1mportantrfpart ‘of the- plant wasteéoncern~ *
ed,: Jit was: necessary to employ; unsuitable mater1a1 frém ithe’ very beglnmng '
Furthermore .as a result of the pressure of business on-the part ‘of the com—f
pa:nes it was: 1m_possﬂ)1e to’ mstall the" recordmg and: control mstrurnents =
.~necessary for an:initial:plant: : Abov all; a: sultable 1nstru1nent for rapld
recordtng of the methane contents in the converted gas: was missing. . Pro-

iy
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jects for the constructlon “of such mdlcatlng dev1ces which promlsed success
were conceived but could unfortunately not be carried to a successful con-
cluswn : : :

It turned out to be especially unfortunate that the ‘original plans '
for reactlng the finished gas again in 5 - 6 Fischer medium . pressure react-)
ors-could not'be carried out because of the outbreak of war. - Thus, the prin-
cipal reason, which had or1g1nally determined the cracking of the re51dua1
gas under pressure, d1sappeared ‘that is, because it was originally also de—
sired to operate the added pressure reactors as a third stage under the
crackmg pressure: at the.same time. - With the discontinuance of the pressure
_reactors, Pressure cracking more or less lost its economic Justxf.tcatlon

-in any case, for.the immediate future. The gases which ‘were to be con-
verted - were compressed qulte unnecessarxly since they were fmally used
without pressure. i ; : '

"As a result of -the procurement d1££1cu1t1es already mentmned
operatmn of the plant was- postponed until the- mlddle of 1941, - The shortage
of men and materials which was beginning to.be felt at.that time had a
pronounced effect on the pressure cracking plant which no longer seemed so -
necessary because of the d1scontmuance of the pressure reactors, | There-
fore, it-camie to be regarded more-or less ‘as a_pilot- plant and, in add1t1on as
a ptlot plant.whose findings were not regarded as absolutely necessary for ‘
the immediate present. - This. general attitude prevented the pressure crack-"
ing plant from being- planned and- operated with theﬁcare that should have been
absolutely necessary for. a new plant of this kind:*':In addition, _difficuities ‘
which arose. could not be averted and the necessary improvements and re-
pairs could not always quickly be attended to because of the shortage of-
personnel and often. of matertal As a result the whole prOJect dragged and :
was extremely vexlng : : : . .

T When operatlons first started it became ev1dent that the packmg .
whlch consrsted of normal Schlffer ~Strack bi(lcks “of relatlvely smadll-surface--
area; ‘would nat suffice to attain sufflclently high exit temperature and a.con-
sumptton of oxygen which would not be excessive. ‘For this- reason, as has B
already beén. descrlbed both carbomc acid scrubb'mg towers of 2200 min,

total dlameter were also walled and- furmshed with normal Schlffer-Strack
bricks in order to increase the exchange area by thlS means, After a period »,I
of operatlon in May, Tune, and Tuly of:1941 the plant’ had to-be shut down be-
cause of damage to-the: fu-e-proof wall of the. cupola: of « one of the tw two convert-
ers. Repa1r work dragged on for:a long time and it was only by May of. 1942 "
that operatmns could be resumed.. However ‘at the end of June' the. same.
trouble occurred ‘again’to the same converter. The ’cupola was agaln repalr-
ed and the’ oxygen 1ntake‘(‘se‘é B’élow) was changedl’ “HBwever because of _
troubles connected with the war and because it was not absolutely essentral

to put'the plant m operatxon ‘the plant was not set 1n operatton agaln. When

v
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- the plan‘t,‘was finally ready it.was,struck.by bombs and»selriously. damaged.

It is very curlous that the damage to the cupola wall (see cross
hatchlng in Figure 2, page 8) occurred both times in the same converter, in
the same place and 1n-the same way, whereas the other converter remained
completely uninjured. In this connectlon attention must be paid to the fact
that both converters worked under exactly the same: cohgllt.wns.and,_whxle..
one converter twice suffered severe damage in the upper section, the other
suffered no- damage whatever. The reason for this singular occurrence is
probably to be found in the fact that the cooling steam, which was blown in-
to the annular cliamber around the oxygen nozzles at the rate of 300-400

- kg. /hour and which served to prevent overheating of the refractory inlet
tubes, was evidently not supplied to one of the converters. The cooling vapor
was measured with a steam meter and then distributed through the two valves
into the two converte rs. Th—:e—valves were dlsproporttonately large. for. the
small volume of vapor involved so that it could never be determined with”
certainty whether the valve was already open or whether the turning of the
‘hand wheel was. lost motion.. Subsequent investigations dlsclosed that it was.
highly probable that the steam valve was closed in 'the tw1ce -damaged con -
verter.and only the slacK was: turned so that no cool1ng steam had been passed'
in around the oxygen nozzles. As a result the ent1re amount of steam has
'always been on tap for the other converter As a result of the lack of cool-_
ing steam the forepart of the heat—re51stant tube had been burned off and the -
flame had approached the wall too" closely. The wall had then’ begun to melt
away and was furthered by the iron flux; A little more of the inlet nozzle .
was agaln burned ‘away and in thts manner the cupola wall was gradually melt—»

_ed away. LT

Desplte the acknowledgement of the fa.ct that only an. u.nfortunate
acc1dent could have caused the’ twofold damage to the converter it was ~de~'
‘cided to exténd the oxygen inlet. Although the oxygen supply had h1therto =
‘been: automatlcally controlled and passed into-that converter lnto which the
.gases from the other converter flowed in fromabove it was now decided to
furnish an oxygen intake for both. cupolas and at the same time; to hghten
‘the load- 1n—both cupolas by prov1dmg radlally placed oxygen. nozzles in the Tl
‘wall. In thls manner the heat load in the upper .conversion spaces, that is.
underneath the cupolas could have been reduced from 1/4 to 1/3 of’ the
or1g1na1 load Unfortunately however the completed alteratlons were not :
put 1nto use because the plant,_as has been menttoned was: novlonger operated

R Practlcal expertence has shown that d1rect1on of the oxygen
supply 1s not necessary although, in this connection, it must be recalled tha.t
there was no’ oxygen direction in ‘the first pzlot plant .On the other hand it .
turned out that installation of a steam purge was: absolutely essentlal £or
satlsfactory operatmn Before reversxng the current of gas the still’ unconvert—
ed or not completely converted gas mrxture can be forced by the steam purge -

-13-



from the colder parts of the a.ppara.tus 1nto the hotter areas where they are
converted. When the circuit is switched shortly thereafter, large amounts
of unconverted gas cannot be entrained with the flue gas. " These devices
were about to be installed when work was stopped as a’ result of the war.
This 1mportant pmnt will agam be: dtscussed below ‘

~ v
o It turned out to be ‘extremely unfortunate-that the provisions

.made for. oxygen’ compression were so inadequate, Only one compressor

of 4002500 m3 /hour was available but because of: the dehcacy -of-this com-
pressor it could not always be run at full capacity. For the purpose 1n view’
it was absolutely essential to have a volume of 800 -.1000 cbm. oxygen
avallable (see below) ~ :

IX. PROCEDIURAL A—ND--CHEMICAL OPERATIONAL EXPERIENCES

Theé conversion of metha.ne with: oxygenfor oxygen and steam is
often represented in this form'

CH4 + 1/2 02 = CO + 2H3 -

. This” representatlon is not- qulte ‘accurate. The actual course of. the decom- ‘
" position of methane w1th oxygen-depends-on numerous subs1d1ary factors,
~-the pr1nc1pa1 onées. be1ng the composition of the: ‘wet gases, the temperature :
-and the heat losses during reaction, -Conditiofis are susceptible to exact?cal- '
culattons to some extent with certain: assurnptzons as has been. demonstratedv
by comparisons of calculations and results:  However, ‘the -calculations are "
: too complex for rough estlmate, the course of the reaction must therefore’
be. represented ina su’nphhed manner as. follows..Methane is decomposed
. w1th wa.te'r ‘thus - : = o

CH4 + HzO -~CO + 3H2

"Thls reactmn is endothermm to the extent of 23. 50 cal /m3 methane w1th
':'stmchmmetnc proporttons. The oxygen blown in has to contribute the re-
: actlon heat.” The: oxygen can elther burn the. carbon monoxxde to. carbomc
_ ac1d or the hydrogen to water vapor thus S -

co + 1/2 02 coz + 3034 kcal

er Hz + 1/2 oz'= Hzo +2570. kcal el

P

The hbrated quantl’ues of heat are- a.gain—related to 1 cbm. of charged com--
‘bustible gas. If all heat losses. were disregarded, then 0.78 m3 of carbon.
- monoxide would be conyerted to carbonic acid in the case of exclusive = =
ox1dat10n of the carbon monoxide in ‘order to supply the. reactwn heat for the
: decomp051t10n of 1 m3 of methane w1th water vapor If only hydrogen is ' .



burned, 0.92.m3 of hydrogen would be: requ1red to maintain the heat balance

It is assumed. that equal parts by volume of hydrogen and carbon monoxide
oxidize, then 0.95 cbm. of this gas mixture would have to be available. As '
thmgs really are, everything depends on the comp051t1on of the startlng material "’
to be reacted Wlth wate r__Vap._L__lLls_Lleaz_that_the_waien.gas_(stht).reachon———L—
plays a prominent role the reaction proceedtng as follows ’

co. + Hzo = HZ +_cov

As was. already mentwned the actual volume of oxygen wh1ch must be employ-~
ed can be calculated w1th suff1c1ent accuracy if the governing equlhbrlum L
" above all the water gas equilibrium, is- determined. However, it is clear from
.the above that the reaction does not proceed exactly accordlng to the formula

‘ CH4+ 1/2 0z = co+HZ '
.' On the other hand it is. clear however tha.t 0.39 to O 46, averaglng 0 425 'm3
;oxygen are required f.or the converswn of 1 m3 methane accordmg to prevall-

v 1ng conditions,

Heat losses play an. 1mportant role in thlS process as can be
demonstrated by a simple calculation. It is assumed that a gas contalnlng 25
. per cent CH4. is reacted, with a 95 per cent conversmn. _Simple. decomp051t1on
- with water vapor would’ then requlre 0.25 x 0.95 x’ 2350 560 kcal, ‘Further, if
a triple volume of water. vapor ‘calculated with respect to metha.ne is assumed
then the volu:me of cornverted gas formed from Bs m3 of dry gas is 1 +.0.75 + '
S 0,71 =2, 46. cbm. - If the converted j gas now: ‘leaves w1th a temperature 100
"degrees C h1gher than that ‘of the gases enterlng the reaction vessel, then a -
heat loss of 2:46:x 100 %.0.33 = 81 keal. .occurs for every.1 m3 of- methane
contalnlng ‘gasi On ‘the basis of the size of this apparatus a further calculatlon
‘may be made to the effect that'an add1t10na1 60 kecal per 1 m3 of charged: dry
‘gas must ‘be. used as.a result of heat losses: from the apparatus due o radia--:
‘tion and conduction. - In this'manner the flgures ‘of the followmg table have )
" been worked out, the flrst colun:m representmg the difference. between ex1t
-and entrance temperature the second column denotmg total heat: expendlture :
to ‘be made ‘up through oxygen addltlon .and the thlrd column representmg »
_that factor: ‘with which the ‘theoretical heat or. oxygen expenditure must be’
Qmultlplled in order to’ obtatn the pract1ca1 heat or oxygen expendlture related

to the theoret1cal figures,

s
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TABLE I

" Difference Between Exit T—B‘tal Heat Ex- .
and Entrance Temperature °C. ' Penditure, kcal.. - - Factor
100 . 701 125
— 200 , ‘ 782 1,40
‘ 1,54

300 o - 863

‘ It is thus. appa.rent that oxygen consumptlon increases markedly
as. the exit gas temperature increases. Twenty-five per cent more heat is
consumed in the case of temperature difference of 100 degrees ‘between out- -
going and incoming gases than correspond to the theory. " At 200 degrees it is

' about 40 per cent and at 300 degrees it'is 54 per cent naturally always. under the
conditions of the assumed example. Roughly estimated, it can be seen that in
the above three cases oxygen consumption for the conversion of 1 cbm., of:
methane is of the order of 0.53, 0.6 and 0.67 cbm. of oxygen. .

Unfortu.nately almost all flgures and docmnents relatmg fo the

. pressure decomposition plant were destroyed or lost as a result of war
damage. On the basis of reconstruction of conditions from memory and

from the. scanty remaining documentary material which was accidentally
saved the followmg 1nformat1on can be offered w1th reasonable accuracy

: : The crackmg of restdual gas. from the gasolme synthe51s was
next tried. In this'connection the insufficient supply of oxygen was as trouble-
.some as, in all- the other experunents. Above all the‘msufflctent capac1ty of
the oxygen. compressors togéther with the’ lack of a. purge when the converter
was reversed resulted in the yaeld often dropplng to 50 per cent. It'was only
seldom that it increased to 70 per ‘cent, corresponding to.a residual methane
_content. in the decomposed gas of 8 per cent down-to about 4 per cent.” A~
number of typical analyses from 1941 with Flscher res1dua1 gas are shown m

Table 1I, page 17

UL The quantity of converted gas is not known exactly because of the
‘ absence of documentary ‘material. However about 3500 - 4500 cbm. of re- .
“sidual.gas.was processed. Moreover, it is ev1dent that the carbonic acid T
_scrubber was necessary, . fora portion of the carbonic acid is agam converted —
into carbon monox1de with attendant hydrogen consu.rnptlon Accordmg to the -
analyses performed y1e1ds ran to about 70.per cent. Further, experunents o
were conducted to:. process -coke oven gas. However, the: da11y analyses of the
‘charged coke oven gas can no longer be: ascertamed' therefore the monthly
mean analysis was employed for comparisons. Since there was little day to -
day varlatlon m the comp051t1on of the coke oven gas a relatwely accurate

' 4_.’1_6,-" :



Date

Kind of Gas

-

. TABLE II

ianrn NZ

17.6.
1941

18.6,

19.6.

20,6,

Residual Gas

. C,racked Gésb

‘Residual Gas

‘Craéked Gas.

‘Residual Gas

F A

> C_ra;ékéd.'gas','_‘._' -

Residual Gas. .

B
ns

Cracked Gas

35,1

2

19,8

35,4

_.19.8 ‘

34,2

33,9

18,1

2

17,4
11,0
18,0

11,6

19‘,’:7 ‘I

12,1

5,7
20,2

4,9

‘ .19’.'...6" |

4,2

20,57 "1,9

Sirs.

20,1

1,7

00,2

1,5

0,1

L8

19,5

19,9

19,0

19,4 -

19,3

19,3

H

18,9

25,8

22,2

27,8

23,2

28,2

..18,‘8 : —_23,2

‘28,5



picture can be obtained. These experlments also occurred in 1941, the
charged volume of gas bemg 2000 —3000-m3/hr.

TABLE III

Date ~  KindofGas' H, GO CHy “CyHp N, GCOyYield

5.7 ' CrackedGas = 66 - 13,2 7,8 02 ' 75 51 _
1941 L : o " 66%
o Coke Oven Gas 54,9 5,6 23,9 2,2 9,7 . - 2,4 .

T ' Cracked Gas . 66,5 13,1 7,2 - 0,2 7,8 4;8 . -
: Coke Oven Gas 54,9 = 5,6 23,9 2,2 . 9,7 24 '

<. . Cracked Gas  67,9- 13,5° 62 .03 64 .55
LT e : e 66%:
R _Coke Oven Gas 54,9 5,6 23,9 22 97 24 -

Cracked Gas - .65,0. 12,9 7,9 04 ' 1,7 57 .

e e e e T s
e R _Co'k_é’Qven Gas 54,9 “'5,6 - 23,9 2,20 et S

The rich gas from the ca‘—ke oven: gas decompos1t10n of the ERD
mtrogen apparatus was also subJected to: pressure crack-mg The followmg
flgures resulted from. the mean values of an operational period extending
from May 22 1:o May 30 1942
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TABLE IV

'Kind of Gas o H, ~ CO ' CH4. CpHm Nz . CO;
. '\ R (/ ) )
Cracked Gas S 5L5 159 94 0,4 12,6 10,1
Rich Gas . - 7144 12,9 47,6 3,1 _ 21,4 02

: On the basis of the n1trogen contents the conversmn in thrs series
of experiments can be readlly calculated, CpnHpm, being added to. methane in "
_ double amount. A conversion of 68 per cent is. obtalned The finished gas was.
again put.at the disposal of. the nitrogen plant for decomp051t1on into ghydrogen "
and r1ch gas about 2000 m /hour of re51dua1 gas being thereby converted '

 On the bas1s of rough estimates at that tlme it was flgured that the_
‘oxygen consumpt1on of the plant, on the basis of.1-cbm. of converted methane
would be about 30 - 40 per cent above theoretical requlrements A similar
calculation for the cons1derably smaller pilot plant, which operated in 1931
‘under a pressure of 25 atm. abs., resulted in an oxygen consumption of 0.76
cbm, for'1 cbm 'of methane wh1ch was accordlngly about 80.per cent more than
the ideal of no- loss conversmn. . : : c- :
An attempt was made to. do w1thout addltlon of steam to the’ charge
‘gas and to' -admit all the. steam in the humtdlfylng plant This was not entirely
'successful so that mcreasrngly scant1er volumes: of- steam were added to the
“split'] gas.in the order of several hundred krlog“rams per hour. The entire . -
‘steam consumpt1on of the plant ran to about 1"~ 1,5 tonS‘per hour. The steam
added to the lncomlng gas, the cooling steam for the oxygen nozzles, and the
'steam added to the oxygen intake were covered by this.. These flgures are:
naturally not definitive for a well run plant; -No reason ‘can be seen why the—
.steam consumptmn ofia crack1ng plant operating . under .Pressure should: be
larger than that of a pressureless plant. On the: contrary, since water vapor
is formed dunng converswn of a portion of. the finished hydrogen, outside * !
'steam should be conserved’so that the above. provess should really requlre v
less steam than a. normal pressureless cracklng plant for hydrocarbons

The very 1mportant ex1t temperature of the gases leavmg the
apparatus ranto 230.degrees C., whereas the entrance temperature ‘of Ithe e
humidified .gases varled between 130 - 145 degrees C. _The temperature. |
difference therefore did not: ‘amount to moreé than a.bout 100 degrees C. From:
this it is appa.rent that the plant could have ahandled a. much higher charge rate
is sufficient oxygen had been avallable. ) Furthermore 1£‘ the extremely un-.
sultable Schlffer Strack checker bricks had been replaced by a_more. appropn-
ate packlng ‘which would have possessed. less free space due to greater surface E
area ‘the performance of the plant could have been apprec1ab1y stepped up.



Whereas the volume of methane actually converted.ran to 650 -800 m3 of
‘methane in all instances, this volume: of méthane could have-been multiplied -

if suitable packing and suff1c1ent oxygen supply had been provided, —namely,
to a volume of methane of 2000 ~ 3000 cbm. per hour. o oo

'T‘he-unfortun&te—ef feet—of—the—mrssmg-‘purge—shorﬂy-before’swi’tch =

ing becomes evident through an investigation which was conducted by.a
sample of the converted gas belng w1thdrawn at one minute’ lntervals after the
‘switch,. as shown by Table N :

It can be seen from the last experlmental series, for 1nstance,
that the cracKking’ I&éft as little as 1.2 - 2 per cent methane. Nevertheless the
unconverted quantities. of gas from the cooler: parts of the apparatus. marked-
ly increase the average of analyses with respect to the methane content.” It
is from this point of view that all analyses, which-are’ given above; and all -
prolonged analyses in excess-of at least’ 8 hours, are to be evaluated If the
purge had been introduced.shortly before the- sw1tch1ng, the -meéthane contents
arrived at would have been a fraction of those which were actually found to~
be mean values and the decomp051t10n yields would not have been 50 - 70 per
cent but rather _75 - 95 per cent.’ » S :

>

It is thus clear that purgmg before swttchmg is Just as necessary
in the case of a pressure plant as in a: pressureless plant Whereas Jin the
case of pressureless apparatus the unconverted gas as well as the flue—gas
‘must be purged in the case §e of apr Pressure. ‘plant-a smgle purge durlng the -
reversal period will suffice, to force the still unconverted. gases into the hot
part of the apparatus. This arrangement can-be easily made from the point -
of view of apparatus. An automa.t1cally controlled purglng valve is the only

dev1ce whlch must be prov1ded »

o As far as that goes, in the ﬁrst pllot plant whlch was operated .

: w1thout purglng this. phenomenon had as yet not had:an unfavorable effect. =
The ‘methane: content whlch ‘was-thien obtalned was between’ 0.5and 1 per
cent and’ even lower in ‘part. "On the other hand the free spaces of the
apparatus were apprec1ab1y smaller. This referred mamly to the subsequent-: "’
1y added auxlhary regenerators into which the gas was first passed. The '
‘packing of these regenerators was furnished with evenly fitting cyhndrlcal
bricks of 400 mm. diameter, havmg & number of. rela.tlvely narrow. perfora—
tlons whlch were; flooded with gas. The unsuitable’ Schlffer-Strack bricks;
"with which the plant was equlpped and, above all, the subsequent addltio‘r'i‘"*of
packed former.carbonic acid scrubbers: with therr large free spaces had a -
markedly bad effect on the average analy51s of the cracked gas.' As “a result
of the installation of the: auxlllary regenerators, too: much unconverted gas -

‘was; carrled along mto the mean ana1y51s durlng sw1tch1ng
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R
, Carbon formation -jéllso Presented an interesting picture during -
operation of the plant at 8 - 9 atm. abs. It hxrned‘out,'h'oweve‘r,» that carbon .
formation had not been completely. suppressed, as in the case of the 1931
pilot plant, but .that. an-appreciable decrease of carbon formation could be re-
corded as compared with a presguxfeless Pplant. Whereas a pressureless
cracking plant.giues-A—-—s—g—.—ormmrnon for each cubic meter of '
cracked gas, as has been measured again and again in the case of the press-
ureless plants available, this plant pProduced only 0.344 8. carbon for every: .
cubic meter of cracked 8as at an average pressure of 9 atm. abs, On a '

. about-20 atm. gage and higher. e v '
X.. SYNOPSIS, DIREGTION OF DEVELOPMENT, AND POSSIBILITIES FOR

e T_he ‘folloiviigg- con.clus\ion's‘;,'w._ere reached ‘on'ithé basis of Operat'i_o‘né
' with the 1931 pilot plant as well as with the. larger one during 1'94-13’-:*%1'942::“. «
1." The p'ro(:esg can be iécqmnie_nded’ for‘Ié.x;gefscale cbjmn'ierci:a'l“.

L Z :()'x;.fgen consumption per cubig ‘:':‘t:xletei-»vof c§nvérted methane . _
“will range from about 0.55 to ‘0.65 cbm. oxyggp, depe’nd_ing_-dn.c‘om‘i_itions ‘and . _

quality of the plant, . , R R Tt
R Carbon formation at pressures of' 20 atm. gage and'over will "
be more or lé,ss;<cpmplete1y avoided; in the case of lower pressures it will
_drop to a .small fraction of ‘the q tities eustomary ,in-prés'_s‘urelesgfdpéra-‘

LT If 'théiapparams is‘suita'l'aly'coh_ét:‘ructed coh;ér'si‘o"_n:s-'_q_f-'?O‘ -
95 pe_r_c'ent_vcan'vbeﬁ attaifxed‘.-_-." St Ceen T e FRER R :
: - 5. 'Particularly careful attention must be paid to the oxygen in- -

' fakgi{t};i__s.tdnnection it is desirable that the oxygen supply be vdist_z"ibuted_ir_l:

_'Vo'r.:by a com.blir"!a.i:'itl)r_x‘ <')f-b<:_$th\me'fhlc>dsf : - o R SR S
LT T A I‘;apking‘w_ith"relativé}.y large surface area must be provided.




“which possesses many advantages, can be developed Studies have also been -
initiated on this score; ° Tl e N
, ‘Furthermore, it is possible to convert tl.1e planf for cétaly_sté,
chiefly when the conversion of sulfur-rich gases is involved. There are
definite ideas on this subject, too. - : ST : -

i It is further possible to add another p"re‘ssiuve conversion after

- the eonv:ex"sion'of the hydrocérbons, in which case it is advantageous that
carbon formation. can be. extensively or almost entirely suppressed. This
requirement must be made if a carbon monoxide conversion is to be added -
because otherwise the converter catalyst will undergo pronounced carboniza-
tion and will become ineffective, or will clog the apparatus, and the.'with-
drawal of large quantities of carbon will create marked difficulties.

_ This process can be applied everywhere that-methane-containing
gases under pressure are available and must be further worked up under
‘pressure or, in those cases where the starting gases are available without
pressure, but-where the cracked gas is afterwards required under pressure. .
Natural gases, Fischer-Tropsch residual gases, distillation gases, etc. .can’

be used as starting gases particularly for the production of synthesis gas for

the medium pressure Fische r-Tropsch synthesis;- fer hydrogenation hy'dr_og"e‘n,

methanol synthesis et cetera. -
" Rauxel, March 29,1947

Schimalfeldt.

Translated by: Morris Calden
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