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‘.%.é Inﬁ:edxzﬁtic}n to the mathemaizice,a nethod of $reatmeni:

Compuiations hove Eeem wade for decadss to deternine the
sounree of the synthesis and the ;rield from the analysié of gases
of the hydrogenation ef carbon monoxidae, Such _computatimé are
carried out daily in mevy places. Thig i dona toaacf nearly as
Labo itmszlv a3 sope twenby yaars ago a% the 'bagmning of the wox-k
on gaseline synthesis, :«:epea‘;:ing the general derivatione more
or leosg ’comple‘m'iy 31 .each in&ivi&xal compﬁtationé. The gread
sdvanie geﬁ der..vsd fron changing over to -3 strictly ma‘khema.tical
form with a piml%ageam use 3£ the correeponding abbreviations
Iza'fv"a‘nci; e yoit been guined. ‘

An atfemplt‘ h28 been made in the following pages to show the
basis of a mathamatical tr_e@,ﬁment of the comﬁutatidns of the gas
wtilization dnﬂ:rxg the hydrogsnation of carbon nonoxide. We
gharsed here from the bagic relationshipe between the amounts of
Poxt maberiale and of %i*e *emi sing products, Thege fundanenial
relotionships leal readily to ceavenlent fomlaa vhich can be
applied slgebraically to any additional computations. Thils resulte
in o comprehensive collection of formulas which include the whole
field,

The gpplication of these formulae elininstes sources of errors
in application, shortene conslderably the computations and actually

pernite to evaluate rapidly and accurately the gas analyser and to
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test the resuite. 4 vniform use of such formmlas would facilitate
2 comperison of eynthesis data obéslnod st the different works,

Morpaover, cuentitatlve yslationshipe between %he parilcipante
af reacsions booone r;aﬁ.ily racognié&‘b’ie: guck relationships couléd -
neither be found nor used without the use of a mathematical ziethaﬁ
of trestment. Finally the accurscy of euch compubations can be
tested now betier than formerly, i.e. finding v:hat are ebu,rceé of
erroy and *é;o. W i. extent .thes' affset this acc‘l?&éya
2. Selection of suxiliory fig&zrgs and charecteristie mber,@:.

The developmont accomplished in the course of years hae not
resulted in the in%;mdncﬁion of uniform sbbrevistions nor in any
acreoment aboul Zhe characteristic mbers o be used. - We shall
therefore give balow a detailed exvlanation of %he symbolr, |
with an ettenpt %0 1imit the use of factors to only a few.

a). The residual volume 4 )

Tho tewn "contraction® ig a hsbit sogquired in the initial
stogas of experiwmontal investigations. At thet tins, contraction
was & Tactor which was parficularly »ealdily determined in laboratory
tenta at a normal pressure, and ﬁas capable of leading %o munercuvg

conclusions, With cobalt catclysis, conversion is practically

[= 1
ed

rectly proportional $5 the conbtraction. However, coniraction ig
merely an illustration of the process, but cannot be used directly

in compatations,
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Ons camot directly use the mmerical value of contraction in
calonlating the cmvaruion, The ramerical value of the residual
'T"a. e ic heve p r»:»ferabi@ﬂ Ths latter is determined experimezitally,;

o

and the contraction is calculated from 1t. It will nscessitate

gomg Bpaclrarde in subsequent computations, and have the $wo values

aﬁd. up %o 100, hh:{ch mekes it simpler and more usefal to 1imit -
enenself ta the concept of the residval volume, |

We may therefore eli minate the use of the concept “con rac?;ian“
and ite numrica} value in ju;&ging the course of the eynthesie snd
'ba,sa gur ccmpu,taﬂona on the reeidual volmie §nly Subetiﬁuticn of
the emresmzm 2or the r,.c:‘lm.a.l volums of the resi&ual gas for the
concept of contraction as an e:@reasiqn'fcr the change of volume
will eimplify diac{msions. ¥o sbell uee below the abbreviatién
R for the concept “residual volume®. We introdi @ no eymbol for
condraction in ocur list of symbols,

b). Tas Characteristic Numbers Proper

Tae expressicns for vield ave the meaﬁ izpersent figures

=

¢f eynthesia. TO ,juﬁge the ccurss of

3,

%0 chaoracterize tha course
the synthesis comp ~abations of gas utilization ars axpec%aﬁ. therefore
either %0 ghow ths yield expected or clse to permit arriving at

conclusions why e mazimum yleld hae no$ bean obéeined,
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Conmiderations of causes which might affect the meximum
7Ficld brings us the following: -

L, TIrauftficient converesion,

2

2. PoraaSicr of methans inmtexd o€ higher bydrocarions,

&

z

2, Consumpiion of CD aud Hg in éome other ratio, then exgéctede

4, Eepaéi%ign af carbon, |

Otier stoichiometric tronsformations which will affect the gas
wbilizesion are not km:tm. Lepogition of carbon 48 ei.t};.er' un-
avoidable or else would s:poiz bring an end to the eyntheeis, and we
may thersfore leave it out of consideraticn here. There remain
only ths processes L o 8 which ghould enzble ug to find an adequate
characterization of the ﬁourse of synthesis. Such is izi&eeé. ’th‘e
eags,

The converzion formation ef methane end. consumpiion proportiiong
can be slweys compuied for the éheoretical calculationg of theyield
snd %he sxzpositicn below is limited o the computation of the
- following fonr valuess
Douversion U
Hothane Tormaltion M
Congumption piroportion X

Tigld A

¢). Relation Petwaen the Factors end the (CO + Ea) Conversion,

Syntheeis such ae with cobalt and nickel, proceeds either
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entirely or almost entively with the formation of water, erd the
yisic of highez fézyé:ocarbens is proportional to the consumpticn
af carbon monoxide in %ha sizple and rigid raife of 1 CO to 1 Cig.
Fop ‘:shm Teason, cemp;i;a%ionﬁ of com‘rergion and yleld have become
comzonly based on the consumption of carbon moncxide. As & result
at’z’.ezﬁpts l}ave besn i‘epagﬁeél;y made to prove the excess o.f; ‘the
szountig of gés introﬁuée& 't;y negng 6f a carbon balance, which
ig aleo calouwlated from the f:emumpfien of cerbon monmcxide,

Kéwevez'v' wish iron catalysts carbon dtoxids is formsd in
coﬁsiderabla and very variable amounte, anzi ag a _remlt cpﬁputatiem_
¢f carbon msﬁo;:ma convaersion no 10§:ge_r offer any advéhtgges, I%
‘becomeé gimler and clearer %ak Judze condlitione frcsm"tha conversien
of (CO + Ha). This method of computatione offers the important A
adventage over the vee of the CO conversicnm, in'.that the (CO + Hgp)
converzicne can bs comﬁax;ed with each other evgﬁ vhen gyntheris
takes place in &1f:§smﬁt consamptilon proportion.

For thls reason, whenevor counveraion is discussed below, the

»

co + Eu) convorsion will be zoant and éesignated by ths sbbreviation
Y. The values of ¥he CO comvsveion can be dlepensed with, ag well
ae of the Hy éaﬂﬁya,reion, Thelr walues are definitely established
from the ratio of csngvmptiom'cf Ha ¢ CO. Iin the list of sym’oolé_

zn abbreviation ¢f Uco ig used for the CO conversion %o be uséd
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oniy for any poscidle intermediate co@u%:atiozwa
Vhad ha been sald about cozversion appliss also to the

£ methene. The methone formation will b2 given below

e

entirely by the c;crresnmcing; (Cfﬁ- a) . canmm %ion, and ebbreviated

2

{3
[

£
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form

%0 Myv. Thege My valuea are cemparabla for the moet varied zyntheser
angd catalystsp mile the Keo wvalues ake nﬁyt;
3, Explonation of symbole:

The nranbver ci‘ the nocepsary &.‘l;breviamons have been found to
be g2 é::*e;at vthe,t a cargful selcction hah". to ‘bs nade %o come inside
' the capacily of tie usual typewriter k todal of eome ninety

differant -concepts roquive syabole,

Por some of 3he abbrevistionsg the cormonly uge& m‘bslﬂ ney
“be uged, but not Jor tlfsa.a rogt of them., We have nade the following
rule whon 'aclec%i 1% our symbcle:

A). Symbols alresdy in uge have beer retained as far a3 pogsi'bm

B, Az sn 14 $o memery new syabols have baen selected to
agrse vith the concapt,

3. With moeny similar :«;'rba‘.?.s, the eimplent form has baen
selocted for the most comnonly used case.

D), Al gymhele muet bo clearly distinguisheble, and be
cepable of being written on the veusl typewriter.

3
o
(o)

5 abbraviations hevs beon givern $o concepis which are
wse, but ney be coneldered svperflucus from the results
fvom this invesiigation, Hhere are for instance no
azbreviations for the degree of ligzefa.ctien, for the

¥z conrveresion, efc.—.
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in cegag vhat for the geze of olarity an addition to a aymbol
Bepomas necsgsary S0 one slrealy in existence, the wriling is

Tacillisated by *»z nlacing tha index lettera belsw the lime. bud

adding neall Lobbsrs %o the esieting symbel, .8 by writing Uco
inatead of Jco@

A fsmmary of gll of 'uhe abbreviatiam used v'ia.l be fouml in

P

h ~Langtion of fmmols at the and of the article. Abbreviatione
used iz this artisle ave a first atbempt 1n this line. No clatne
are made to includs all of thz symbols réchuirad in 'the 1abomt6rieiz_
end in large scale operations, This 18 perticularly not Ja.hca caxe
for éb‘t,-rwiation used .;.4'62' viclig. |

Tielde can 3 expreszed in mmerocus waye depending on the na,tnﬁ
¢f ¢he gas or gas cané%ituené converted, a,s well az on ﬁhe nﬁ.ﬁure |
of comversion, aal mey be usel for expressing the producte formed,
a8 véall g8 for th: nothed of ccmpu‘::ationé in uéa: |

Lo Eind of gus

o)
Saa?
L]
42}

yathesls gas,
b). Tokai (00 + Ha) sonient,
e}, The 3)3‘01;03:“?51011 ¢? (GO + Ha) which may be concumed
fror a given consumption prorortion,
2. Convereicn
a). Aectual conversion,

B}, The practically possible convoreion, e.g. 90 parcent,

). GComplete comversion, 100 percent,
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Produnobs

]

s}, 411 hydrocarbons formed, inclufing methane,

B}, Hydrocerbons formed, wiibost methane,

e Bydrocsibons formed vithout methane, othane, ethylene,

@). & = ¢, with the addition however of omgenaﬁed producte.

or of argrgenmc@m%;aiziiz@ chenical groups,
There My be mmersus ccm‘m.-,;. ione be’a?:éen %he éxmmez?a’ae&. :

Be388, and there ars thama_ﬁm musersns ways ¢f sxpresalng yiei&eo
ﬁac‘ase G.ifférenﬁ expressicﬁ}s can fnmseve:e he nmore ¢r less slmply

convertod one into _smci;her,- Their s‘.e}.sc ion is therefore not a

goblect of 2 pathematical derivasion, btubt & convention, and ie not

shorefore he ronl object of the present worl, We will limit

ovrselyes here in all compubatbicns of ylolds 20 the simplest and
nest profisedle cases, nameu.y %0 grems o higher mrdreearbons
without mothane/chbm of synﬂmsis gag, ecdaslonally includlng alfo

the osypen—containing groups.



