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SUMARY

The charecteristic propertiss of a mixture of gynthezis
ges and reaction products, which dszoriba the course of tho synthssis,
are discussed and an sppropriate nomenclature la suggested. On the
bepis of simple stoichiomatry, a veriety of relatlonships among these
properties is derived. A nunerical method for caleulstion of the
yield and related properties from gos analysis data is devised.
Hethods for testing the accuracy of ealouilstions of tha expevimental
éata are dezvaloped.

IHTRODUCTION

dndroduetion o the Eabhamailesl Procedurs

For several decades, gas analyszis data doylved from the
hydrogenation of cavbon monozide have been ussd to predict the courso
of the synbhesis and the yield. SJSuch caleowlabions are made daily in
many faces. The current procedure i the same cunbersoms one uged
vwenty years ago in the early work on the gasoline gyathesis, in vhieh
each irdividual caleulatlon necessitates a more or less somplobe
generel derivation. The great cdvantages offersd by a ghricily
fatheiratical approach end the introducticon of sultebls syimbhols have
not 2z yet bren whillized,

In the present peprr, we shall abiempt to deveiop the pidpe

iplez of a mabhsmaticsl txeabnunt of gas congvmplion in the hydrogense
i of carbon renowide. Starding froa the fundacentsd ovanbeblive

rolabinnships betwsen reactants and products, equublioms whose mpanipulos

tion oifeys no GAfficulty are casily derdved.

The we of thess formiss elimipates sprovs of celovlabionm,
reduces Ghe pumber of mathembical operations, and ensbles wirained
workera to carry oub mapid, vellable gas enslyses and to chsck the
valueg obteinsd. Uniform applicatvion of sueh foramndes would focilitate
seppayisen 9f synbhesls dabs Jron various sources,

b
S




Further, now quentitazive reletions betwsan the coxponenis
of tho reaction hove been brought to light, which could nolther have
boen cbsorved nor applisd, without the add of methemeblcel eralyelis.
Finally, we nox have o betier perceptlon of the degres of accurasy ‘t’u‘%‘.ﬂ

may be expacted with such calevlotions, as well ag of the sourcss
arroy and the effect of such erroras,

. L ¥
Divcuszion of the Netetion®/

Progressive developnent over a pericd of ysars e esprazidls
for the lack of uniformity in the vas of gyubols, and no agredn:int ¢on«
cerning the choles of nomenclature is in prospect. In congequenca, it
has gecmed dealirabls to presant 2 deballed explanction of the fermy wsse,

Ths Residual Volums, B

The quantily. "contraction®, datea from the eavly days of
axperimental research. Af that time, contraction was a charvacterdsbic
property whose determinaticn vas particularly simple for small zcale
experitents in vacuo. In cobalt contact catelysis, for Instancs, the
cenveraion is essentislly proportiomal to the contractien.. Ajthougn
conbraction i= evident, its numericel valus mast be caleulaied. In
aslevlating the converalon, the munericel valve of the residual woluse,
whilch is daberminsd experimentally, is uwesd. Since in the course of
galeulntion it would be necesssry So caleuwlste the conbracticn fron tha
residual volums, ond slans both veluss ars couplensntary, it ia simpler
and more efficlient 4o use auly the rosltipl volume,

The gmrntibty, conbtraction, sud ita numeriesl valuns mag,
therefore, be ignored ia esticating the course of a syndhesin used siomaly
as & mzans of expreseing the idea of o deerease i wolume. Tho tovm,
contracticn, may be preferref to thal of weslidual volurs, which impllien
a guenbitative ides. In the prosont work, only ko quantity, rosids

2%1
yolume, indicated by ths eyubol B Lo uwzed, Mo syobol for conbraction
ie gliven. '
Dazepipinion of Sharactorisilc Varlsblao

OF ail the numarieal wvalues which charecteriue fhe courge of a
gynohesis, the meost sesantisl ave thosz usad iun celeulating the yields.
Conzoguantly, the caliculstlon of ges comsunpbion during the courasy of w
pyoehasis bas as ibs ulblmste object elther tho delermipstion of the yioid
o bo smrected, oF an axplanstion of dthe yeasons why the mayimunm yield was
nob obtained.
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if we rexbt consicder thoe facbors which affect the meviman
vield, we £ind then to be aas foliows:

1. Incoaplete conversiom.

2. Poymation of methane instead of higher hydrocarvons.

3. Conoumption of GO and Hp in a different ratlo frem thet
expactad.

L, Deposgition of carbon.

o other stoichiomatric chenges affecting the consunpiion of
gas are known. Sincs sither the formation of carbon is negligiblo, or
else the catalyst is rapidly irmctwated, the fourth fector need not be
ccnsidered here. The determination of factors 1 to 3 must be eufflelan?

for & complete characterization of thﬂ courge of the synthesis.

Moveover, whon conversieon, methone foswatlon, and vsege vabtlo
are koouwm, ohe a;.heorc;- eal vizld can alvaye be caleulatsd, In conps-
quence, the present develepmont vwill be limited fo the ealowlabion of

Eha i‘o,i.dl«.}ar}.za.g four chavacherlsbic vuriablea:

Gmmmim., A

Hebbanz fovnation,
U*;aga z‘a‘&am,p X
Vigl w.ﬁ-\. 4
Choracteristis Yerdablee fov (O + Hp Senvresrslion

A grephic repressabation of the cherecteristic variables is
shown in figure &

Waen the synthosis is eccompenied largely by the formatlen
of waber, as is the casz on nickel and cobalt catslysbe, the yailo of

3¢

hydrogarbans to the amount of carbon sinoxide

2 one, 3 GOl CHy. For this eason &% has hecone
base celeulaticnsg sueh az thoze Jor the wonvorgion
g aenms of (:q:s:‘umﬂ menowics rescted, ITh dv almnye
e ‘Lc: daterrdune the resides £F vnvencted gag 23 eorbon end havo
ticng are bossd on carbon monatilo.

du xR

Whare corbon diogid y-prodiash, az oucurs on
iron cabolyste, a siuple and f §, obm,ms:d nsdtn t,l'm A"-*—E{g

i
gonvarsing. An sdventoge rc: ]
the 0O corversicn, k!
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In the follewing discussion the term conversion refers
exciugively to the CO+Hy conversion end is represented by the symbol,
U, Valuss for the CO converaion, as wall as for the ¥, conversion, my
bz cmitted as thess are evident from the szt.:&) usage ratioc. The syzbol
Uco for the CO converslon w2y be ugsd as intexmediate valuo in certaln
caleulations.

What has been s2id of conversion is also true for the apount
of methans formed. In the following peges, the formation of methans
designated as Hv is indicated solely by the CO¢Hp emsumptlon, Thass
v values are always susceptible to direct comparison no matbter how
widely the syntheses and catalysts differ.

Explanation of Selechion of Symbols

In &1, pymbols for sowe ninsbty differont quaniities are
needsd. Sowe of ths symbols are idenbical with those already in vss;
A,

howsver, thiz iz not the cass for most of them. Tn sclecting synbols
the foilowing rules wovrae observed,

G

{s) When pomeible eymboic already in use sre mainbalned.

(v} FEhen poagible a correspondence boiween the gymbol amd
ite significance is sought.

fe? Whem several similar symbols ocour, the aimplest form iz
epeigned to the mogt frequent case.

{(d) ALl symbols must be exsily disbtinsuished and be reproducible
on & gtandard typewriter.

{2) Ho syrbola are pgilven for concepus sbtill dn currsnd uso, bud
which bezeape obgolete in the light of the presunt shity,
fov esnmple, the degres of liguefection, the H; convovsion,
ST

Poe Gypographical resccns when no confusion iz Likely b;;‘“i'"
an indem levbter end an dndespendsnt syabol, the dodex is wrdbtben oo
A -

zame Ling rather than as & subseript, fov exsmple, Uco lnstsad of

Tne yield may be expressed in a nuabsr of different ways
depsnaing on the pes compow.t.“m and the converglen uszd 28 ve f 2rENtS,
The produsts congidered, and rethod chosen in caloulsting Yhess volues

.}

are a8 follows:







Toird ruls (for nitrogen only):

The quantity of nitrogen present in the inlst gas ic naithsr
inoreased nor reduced during the reaction.

Theeo three rulea form the basis, not only for the mathamatical
derivation, bwb also for a check of the accuracy of the numsrical resultis.

Algebraic Intevpretation of the Thres Rules
The Teo Fandamsntal Stoichiomotric Equatiens end Thoiy Soluticn

According to the firat rule, for a glvan amount of gubstance
introduced into the reaction system an equal amoumt of substence must
be withdrawn from the system. In this commection; the high-melting
paraffin that separates out in the reactor may be neglected sinco they
play ne rard in the gas anslysls, end since the caleulations are made
on & aynthssls operating condinuously at the ateady state. ALl hydro-
carvona may be classified by the general term, CH,. In congsquence,
the initial quantities may be equated to the {1 guantitien as
follon:

al0+blpgoenCliy «d00z+eH0 (1)

This eguabtion will be lmown as the "Iirst fundamental stoichiometric
squation®, The values, a, b, ¢, 4, and e, rapresent the volumes of
carbon mmazide and hydrogen reacted and the volumea of hydrocarbona,
carbon dinxide, and water forred, and will be referred to 88 the
Pinterrsddate variablegh,

Egueticn (1) gives rise to a series of shoichicmeiric reacbions
derived by meanz of temporayy summabion squations for the three sloments
corbosl, Gygon, and hydrogen, 28 followa:

Summation eguation for carbon: a = ¢y d
Sumretion eguatlon Zor oxypgen: a =2+ 8

Sumetion equation for hydmogen: 2b = ng o + 2¢

From thege three eguations general soluticnms of equation (1)
are derivad by simple alesbra.




+

The ters oy Ofy  Ancludes all hydrosarbens formed. Fowover,
&
sinte eethene ray be determined sepavately In the gas analysis, thiz
tern my be resolved iunto two pgrt.s: the volume of higher hydrosaroona
formed (exclusive of methans) ¢’ CHp and ths volums of mebhane formsd
€ . Substituting dn equetien (1) we obiainm:

2CO+bHy =c* Cl+cCH +dC0+ e HO (2)

This equation is knowmn as the "second fimdamental stoichiometric
qution" 4

- From equation (2) the followlng summation equatioms axe
cobtained for the tliee elersnts:

Suwamation equation for cexbont a=¢' ¢+ d
Suwamation equation for cogygen: ae2d v oa
Supmation eguatien for hydrogen: 2b = ne* + Lz + 20

~ From these thres equations the gensral solubions of equation
(2) are obteined algedraically.

Thesz solubions show how the voluss ¢¥ of higher hydrocorbons
depends on the walues a; b, ¢, and 4, obiained by gas analysis, ss well
ag on n. In this way, these equations constitute the basis for ths
ealeulation of ths gield.

Celenlation of the Intewmediste Verdsbles

Tue szeord rlds slates that fov gaosous gubstances beliug
part in the reaction, the amoumd Initially inltroduced eguzlsz ths sua
of the reacted plus the wrswsted fvactions. For carbon monoxido this
fay be expresszd as follows:

Indiobt 00 = yezchad & unrsantod G0

Eav ]

th]
o
T
Gl
o

e
=
i

The ameunt of wwreashsd 00 de doterpined by snzlysls
smownt of vesidual gas im gliven by H.00v., Hhugs

G0 = g ¢« RGO o a = 0 - R.COP (3)

Tha thraee shler fubarediats variables are detersined iun
:

)
fot !
b
12 =
ao= TLUH, - OR {5)
. 2 e f
FyA ‘4-_?-":. w0y ]
< L]
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Thoreas tho algebralc interpretation of the firsi rule gives

the mathemtical relations among the four values 3, b, ¢, and 4, and n,
the second rule lsade to the correlation of the four intermediate
variasbles with the gas anaslyole data op the one hand and with ths
residuasl volume on the other., With the axceptlon of the rather vnese-
tain nitrogen content, which will be discussed later, all other possibili..
ties of establishing fundamental relations by the sole msana of gas

have, herewith, been exhausted, All further calculations are
based on the algebraic interpretation of the first and second rules
gi"‘n‘ above,

Calculation of the Residusl Volume from the Nitrogen Content

Ths third rule gtates that the amount of nitrogen prezent in
the inlet gas is not affected by the reaction and, therefore, appears
unchanged in the outlet gas, It is upon this observation that calcu-
lation of the residusl volume from the nitrogen content first used
in the early days of the gasoline synthoais is based.

The amount of inlet gas is assumed equel to 1, the reaidusl
volume is then caleulated as follows:

N LIS oY = 3 -
.. (e SRR =4 - & s Lh

Seornb of mAbrogen Awoent of nityagen H

I
FroT2 {Tl"w_ﬁnll-‘b:uy:l{l:\rt:! e g B g;!--u_'m
g ey e o S
APRSRRYS Q5 RUVLTOEEDR
[0
Lo
)
hd Br TR
(7}
b .

e
o
a2

Thug, the third rule leads to yeb enother fundanentsl
ralablon., Tz prastlen) wolue, howewer, ia slipht, for R values
determined in this wy are erroneous, owing to ths fact thot the
analytical values for nihrvgzon are not obtained by & dirsct nitrogea
determination, bub ere given as the difference bebween 100 and the
sum of the other determinations. In this wy the accumidated ervors
in all the other determinations affect the value for the selatively
small volums of nitrogen. Keoreover, it is lmomn that errors are
very apl to ccewr when B is calsulated from two Ny determinations
that were not carried out simmltancously awd uvnder exactly the seme
conditions.
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Tne n~R& Equabimn

The foliowing equaticn was cbtained from equatlon (2) by

solving for 4:
- Dla-e) + 2(n-b) »
n+l

Substitubting the terms for the Intermediate variables
derived from the recond rule and trensposing, we obtaln:

< (20'02 + CO) ~ (H2 + 201‘]&) + n{Co » CH&:' 002)
2 (200} + €0%) - (H) + 2an) + nlCO¢ + Cii} + cog)

Ledbe
pE (002 + 0D & CHZ"’) g = 2[(2602 * CO} d Hz > 2’31{4{‘
% ¥ § ‘M1 t = ¥ ,-ﬂ . 1 & 20H!
(coz s GOV < GHA) q 2[{2(;02 + COY) (}!2 _ 2 Hlél
Uzing these sbbreviations, the preceding eguation may be written in two
ways, for n and R, regpectively. .
= gmm;;aﬂ -y m .nE-jJ-‘mf

These ftwo identieal equzticns will bo known as the "vm‘%
squatioa” (8). Aside from n end B, it contains only ges analysis
data obtalned from the compoziltion of the inlet and ocutlel gas.
Thus, for every cet of gas apalysis veluss, aquabicn (8) establicheos
a yurerical relation bebwsen n and H.

Since egwation (8) we devived without calling uwpon any
a0l Lu_on:l’l. ypol;heses, it zatisfics the first end second rules
somplately.

In the gam2 way, & "npeb ¢ qu.nion" may be derived fronm
aguavien (1), This eguatica opplies Lo cases where methane is noy
treated separately, bub included with the obther hydrocarbons in the
caleulatmna, This Js lndicaled by an n sabacmpi en all the
abbeeviztions. Thue:

LO




Fm i 032 + 0D Oy e 2(2@02 0D - HE,)

Pﬂm = CD‘,E + (07 q'm o 2(2{}9;3 ¢ QO - Hg}

Qin B - ¢ G, *+
ng™ 'I';."‘“?t‘“"i"‘“'% = -%‘“..:mg%“:ﬁ&
" n qm Py Py

Convaraim from n to np, or the reverse, prcceeds as {ellous:

Sunation equation for hydrogen: &g g = €7 n + 4o
Surmetion equation for carbon: ¢y ~ct 2 e

This gives:

- SR C he

g
ct s ¢
[ H
By =04 ¢ bomn  2(b e 2d) =2
8 =d a«d
Aepdieation snd Validity of the Correlstion
Potmzen Uhavacterletic and Inberrediate Varisbics

In ealovlaling the acbual characteristic veriables, e3
wil3 be shows below in rove detoil, meswerdeal valuco of 2, by ¢, ond
4 ave nesded,  These values could easily bs eblained from cquatlions

(3} {41, (5), and (6): 33 sope sigple memns for accnraie delerndna-
tlon of the residusdl volume were aveilable. Unfortonstely, vhis iz
noh the casn. Heorein Liszs the essontis) difficidyy of all caleiia-

tions boged on gay analynes.

Jt hss besn shom that dotermdnablen of the regideal voluny
by the ndtrogsn pebhed does net offer eufficlent seovzacy. The saxs
is trus of direct neasurement of the residuel vqlume ospecialiy when
gynthesis hakes place ab bigh pressure.

The thisd, and at present, only other scans of deterpining R
38 offered by cquatlen (8j. Por this purposs, we nesd the numerical valus
of n. However, whon bosh B apnd n are uwnknom, we have no way of dsters-
pining them eolely from gos analysis data and without some dovlation
from Ghoe first and sscond rules, Another method of detevziration males
vge of the analysis of the products formed, as a moans of determining n.
Subetitubing this value for a in equation {8) we obiain the quanbivy Bge




If now we take a series of approxisate walues for noand
gubstitute them In equaticn (8), we obiain a geries of veeivl
apprarimste values for R (Bs, Ry), bosed exclusivoly on ges an2lysis
data, that eatlisfy the irse anz second rldes, %hisz means that
valuss of the characteristic variables calculated from these valuag
of R ars really valid for hydrocarboms of forrmle CH,, %Tids is by
no meons the general cese when the valuss for R are caleulated from
dizect mssurement (By, Bo) or by the nitrogen nsthed (Ba, Ry).
Hezs wo £ind, for instance, that the values of the characteristic
veriables obtained hold for the formation of hydrocarbons ¥hoze
H:C rstio shows considerable deviation from the correct average

composition, for emample, Cig g or CH7<,

The chief advantage in calculating B from equation (8) lies
in the agreement of the relation between the characteristic wariables
cbizined, end the known average compositicn of the hydrocarbons
formed, CGH,.

A9 regsrds the character of the n-R sguaticn, the foliuvsing .
my be added. Gemphic representation of pairs of velmwee for B and n
obiainzd frum various seby of gop anslyses glve a scrles of curvss
which start at the origin. 7The shape of the cwve iz sch as bo glve
the impression thet the coordinetes of the maxisnm awe the n and B
valuves for the coryesponding gas anslyois. However, nelither by
-difTerentiation nor by graphical anaiyeis can sueh & eriticel polut
be determined, That no exitical poluts exist is aprarent from bhe
following discussicm.

A1 relations betwesn Intormediste wvelluce sud charscteriatls
veriebles cslculated Trom n and R take the anslydiceld form of & glraight
or alreozt straight line. This, howsver, ean only b2 the case if
souaticon (8) holds nob only for a given operebicon buh for eny yuuises
of guch cpsrations.

1f, Zor instence, we take an w~f ecvabion oobalned for any
ra and pudbzbisuts the dndegors 1 4o 9 for n, solving for the values of
2, we chtain nine paivs of wolues for n and B. Each of these palig
gives the correcht charastsristic wariables for a corpesponding synthosie.
From & purely stoichicmetrle polnt of view, nothing preventa us fim
carrying out each of thees nine gyntheses. This iz the cage, pot tnly
for the integral values assignod here to n, bub Lor all Tractionel
values of 1, therefors, for any welues of n, and Jor alli n-fl pairs,

P
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This msans that a seb of gas anslyasls veluess obtalned fov
an inlet and an outlst gae nesd nct be derived frca any o
particulay eynthorie, bul will hold for eny nusber of diffeyent
gyntheses, & giwven n-R pair corresponding o sach syathesls,

Table 10 illugiretes the range for which equatien (8) is
valid, If the inlet gas is water ges the same finzl ceaposition
would be obtaired for the following different conditlions:

(1) For a residual volume of 47.3% and a yield of 12L.1 g/ir, provided
that aside from methane anly acetylens or bengone (c:a-ﬁ formed.

(2) For a vesidual volupe of 61.7% and a yield of 85.7 g/23, provided
thot aside frem methana only pure olefin hydrocarbona (1C:2H) form.

, 3 o
{3) Por a reeildnnl volume of 68,97 and a yleld of 68.2 gfs, provided
that aside from patheane only ethane (Cg}!é) forua.

{L) For a residusl volwic of 73.0%, provided that azide fronm the
methans formad in the other ceses, & fwiher yield of 58.72 g,/z:'?
of pethane forme and that wo other hydrocoxbans (o,

{5) For a vesidusl voluse of 8L.5% and & yleld of 57.6 gfic?, providsd
that aside from sethens only hwdrooarbons of the hypothebloal
eompazliion Gy Lora. :

A P AL or PRNIT R AT T LA ST T TS ST A ST 1A L BT T e, MK AR T 1 % TRy N R MR T

Tabie 1D

Repga of Velldity of the n-R Eguabion for o

rrore i LA Tr e

Seb of Cao Analyses

1. Gag Anplysen 02 GO i Gilg,
Inlet, volums percent . 6,0 38.3 50.0 0
Cutled, volume parcent 38.0 3.9 2.0 7.6

2. Jhe poit Eausblon

p = Lh.3 Do 9.5 g e 0.6 ad® = L5.5

g - bhe3n 2 0.6
B9 En v S
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It 4s wesloss Sn caleoulating the ylold to stoive €or w
groater accnracy than that with which the hydrogen-caxbon ratic Is
deternined olther for the hydrocarbons foreed or fo the residunl
volume, '

Moreover, eince cur lack of information concerndng the
solar volume of meoot hiphsr hydsocarbons contributes addlsicncd
uncertainty in calewlating the yleld; 3t is sppropriate for ths
present to round off the yizid values to whole nusbers, thus avoids
ing an impressicn of eccurssy thnt would be misleading.

Tho agreapent in the yields ccore wily when cosresponding
n 3rd R wvalues arvc vueed, YFhen thls iz not the caseg, the diflevencea
in the yields obtained by means of the varlous Lformalias lncreass os
R differs increasingly from ths value which corvesponds to the given
n walue, The geomsbrical locus of all yields calewlated from «no
and the gars forala for a given n may be conoldered a femidy of
atraight lines (figure 9), 411 thesa yleld lines dnterseci 2t o
point for which n end R satisfy the conditions of equation (8) for
that particuior st of gos enslyuaes.

Sedondation of Characterictic Variables

-~

Comversicon rod Uoogo Ratlo
&

Onec bhw residual, volupe Az deberained, woluss of thaz Aaloy-

mediate varichiso &, by, €, and 4, ave easily cobbained from eguations
(3); (), (5); end (6}, Tnon swosrles) valuss Sor & and b e¥s Mmow,

sovveraton ond wiazs revios ero salodebed Wroeliy Oeom L
formdas:

v oe B ) . - b
g e &LE 100 (10) ae )
(%)
Au pdiceted, U plveos The saount s
hydrogen vercbed oy hnwdiped poarbe of G0 < Ip thn

Inlel gab,
Poraabion of Bathous

Sedoulablon of Wl Fura Fothang dn b (abled g

E LT e

fap onslysly dota condridute two valice for the caleunlatlicn
of cooditions ationding the forvption of mebbanz. First, The volumes
of pethane + eay hizher paraliln hydrocarbons (Geolizmatsd as Gy, aand

CHY) and sacond, The wyerage carbom mwber of Lhis hyroserhen sdxburs

{doaipnated am B}, Yhe sonsnilone For Whe apolicetien of 4 are pot

el eatablichad.
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Figure 9.-The yields os.functions of the residual volume,
CO, CO H, CH,
Inlet gas 6.0 383 50.0 00
Qutlet gas - 38.0 3.9 42.0 7.6
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For lndustyizl rurposse it moy be comvenient $o cadtiply CHP
by Z. 7This gives the totel wolume of carbon contained as Fmethene”
hydrocarbons and my be wsed to check on the calewlation of rosldund
substancea.

The use of ths berm 2 io notegeary if the puie mathone ceontent
iz to b2 dotermlined asccurataly. It can bo shown thal when gas analyueig
daia alope arc uvsed this delermimatica is only approximate.

Iat m = purs mothane content ia Cﬂi

Ker » higher hpdrocesoon cantent in C’;’i‘!ﬂ
[

Than:

CHL 2 B (22)

If 2 im the average carbon nurber for the highar hydrocarbons
An GHF o Bhen ws have tha frﬂ.lc*f"ng sunmation ogueticn for carbous
+

Z((}H” =3 hw (i3)

{ ‘n.'-’ = jrgdvonarbons )

Geooimdng {32) erd (03) we obizin:

may B B om
B G g Yy

Lo o= 2 (.,i!*j And mdinly o
=L, Singe z iz slwsys g;%swf‘ ¢ whan -
may he gxpressed ae Lollemoe

L
X e/ .
f"_: @i R ;:.g':‘ flg s
i Y :ﬂ‘_ LY ’

From equatdon {35) 3 is anve that i cider to caleviabe
the purs gpthens conbaat of G *1(3‘1“1:- » B and Z muet bo kmow
Cuz analynis date, howsevor, 3870 .xo heln in calewlabting o, wiich muist

v debermined seywer ek {,.‘?‘ﬂ“)l:} by means of cvvdlensabion avnalyais,

Howsver, 1% has hosn
L0on B puisy EELEGE GOiient ming,
el b P TN 4 P N B . PO AP -
SHYs X7 This medhed ds to gl

eeted thet o valus wighl ba v:imtw_‘:n:'n"f‘

"\.'-l'l 53"'" msnlyﬂ.h.r} L.rv -.I.-' !'....M.l.uf. rr v
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Tranaforming, we obtein:
2
; L ;‘ » - Z ; \ :
ml-g.'g&-l}:g;z‘.ﬁ.}Z)smﬁ“li'z tlb)

It s evideat that caleuwlation of the pure miythane content,
uaiyg division by the carben mumber Z, glves accurate vesulis only for
the gpeclal casc where ¢ is greater than Z by exaefly 1. It will bLe
remambored that » is the carbon nunber for the hydrocariens highey
than mothane. Tm value of Z, the carbon nuabor for 211 thne hydeo-
carbong, ia obtainsd [rom co.,bustim experipents. 16 is ned to b
expecied that equaticn (14) will in genesal be eatisfisd, rov ean v
&ver gay with certainty that it de sstisficd, Tn cevtuin cases, az
for inmtance when 2 is larpe (avsved 1.0) the resulis obtained ";r
divispicon are {‘Owglﬁ'h“'.i\}‘ umaceeptables, Copeguantly, divicion by tte
cexbon nunber 7 doas pob constisute & prach! ienl rathod.

Aporoeigate Voluss €ov the # foctor
LTI Sk M i e AN ] wet X% ) £3 'ﬂa‘

By substituting nmumerdeal values for z mﬁ Z in opetion
(13), the valus of @ for any given cece my be colowlsted in
qai‘»‘anca.. Table A1 nrnd Ligure L0 ghow the up’%,u:,: <=f~mi-.¢{%,

As regardo Bhe hydrocardons asszosiated w1ih paihanz, e
distincticn st bto vade bebzzen fhs outlst gas bsfors end nf-':.r.v'*
renoval of the condmeable hydrocarbens, for instance, b
chareeal. Bolors the repovsl of thess hydrocurbons, ¢
Little Oy is ypreasnd ag arakast Ga, Gan oA i shae hpdis
average caruon mugbee 4 in .5 - J.u?o

OGS . T

_ Hemoval of condenuabls hydrocssbons by & siople sdeorpiics
on actlvated chavgonl Jenvae, for adl prachisel pyrponsy, bopilsd
Ly b I, N

pethane, only ehha ﬁf’ and n muu]f‘ ptm ne ik %
!f‘n aﬁn "dmxn ; 1“3 o

In this vy, Lhe instonces for widcn £
are lipdted to tuo well-delined caszs., 1% oy i
correctly assuaxd thad after vomoval of oo
Por % batmosn 1,0 - L., only sthone dn pwes
vatues Tov Ciny bnen b obtodned Crom the

\:90 153

' F R

Forr v o= 301 70 3,9 oo dos 10




Figure 10.—The £ factor for the calculotion of pure methane.

( as ‘0 function of the two C-numbers, 9 and Z) L-270

2-13-47




As for the othey caze, that of gas eamples taken bafore
adsorpbion, we Imow frea Industrial pesctice that the “msthons” con~
tent determined by cosbusilon 38 gunerally aboui 2% higher before than
after sfsorptlon. For an average "methane" ewtent of 15% tefors
adsorption, we obtadn £ = 0,867, Since the correapomiing enrben
nurber Z gencrally lies bebvmen 1.5 and 1.7 the valve of z ap
determmined from figure 2 muet be aboud 5. For want of sors roliadis
data, we may lot & equal 5 for pao sapples before removal of cuwlen~
sable hydvocarbons. The following spprozimate values way thenm ko
celeuladed for methane:

(as S

Befora Hydroe Afver Hydro- 3

L2y
ne o) L4 . e
carhon Condengation catbon Congonasuion %
R ) T g e S 3 T e R . PN S W AL T BT L U D T e AR
' b
— e
A 5 2 "
R Ty D L A LV ol X A4, IT 8T U TR L, R L PR T TR T BN LT B LA T L LT ST TS A T Ay

1.0 = 1.05 1.0 -
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I% has been indicated that the pure pethane content 1s alsays
a factor in celewlating values of the charactseristic variables, In other
words, according to the xule given above, when Z is greater thaa 1.03;
CH! must be mltiplied by 4. In order to sloplify, & doosc not appear
ir¥the formlas, for exaple, O, should always be replaced mentslly by

CHL Ao

Calewlation of Yethone Formtien

My veproseniz that percent of the volal G0 + K gus adutue
converted wiich eniers,inte the Lavpatlon of metheme. Froo ogrt
{1} eo golvad for @ =% (3 + L) or (o ¢ by = e we Cbtain n. = 4,

vh .

Gonscquently, the formation of methano requires a guadiupls volwse of

L i0”
My o tf&g bk i b 17
S AT PRt /i S F b "-‘" '-1(.}
16 2 +b R

1

For Hoo o2 mey wriiot

-
Vi 2 - fey ey
hasi} £ \ R g
i * T e -1 . N S R LI P ] Ty Ve T,
e relation bebween the two chavecieriobic variables any T

wekston as folionss

);
By = Mo iy {19)

Tield of Hlgher Hyldecvayions

Equation (#) gave usy to foue cqubions by mzona of whish o
raz calewlsted in four differcnt ways, velng any thres of the four fndos
rediate wverleblos &, b, ¢, and . Humever, ¢* repregentaz the wvolupe of
blgher lhydrocerbons forasd and a3 sech elso gives the yleld., Sinco tho
yviold 1o uvewally exprassad in grams, ¢¥ maed be exprapsed weibs of wsighd,
for vidceh purpose 36 1z poltiplied by the fraction (A2 = nl

a4
e UL e e

molae volirss

Our next provien in viat veluve to subsbitute fop the moler
volume of higher hydvesarbons, olar volwues hawe bean dateroined siosris
mentaldy ondy Lfor the lover gonhera up Lo cctens. For pentene and lowsy

mewbers, valuey of loas than 22.4) were obiained, For heptone ond cotnns;
the values excesd 22,40, This le probably alse the case fov highay

mmbers, However, we ar2 nob in o positden Yo eugpzst copproxisabe values.
The average molar volume of the hydvocsibons fovmed ponh, tharvelore, vorain
undetermined for tho present. Ih oy be smsller $han 22,41 (for idesl
gones), bt it may be Jarsger,

50




Horeover, when we conaider that the molap volumss for carven
monoxide ard hydrogen almo differ from the ideal waluea (GO 22.40, Hp
22.43) it appeara advisable to take 22.4 as an &ppmati.mte value, In
guy cese 3t should be urvieraboed that this constitutes another unavoidabls
source of error and lg & further factczr in limlting tha sccuracy of the
calculaticns.

The yleld, in wnlis of welght, i3 thorefors given zs the
product ¢ + 7. Since the yidld is based cn eno cvbic meter of
22.4
inlel gas, this valuwe must be miltiplisd by 10, Fow formddas for
caleulating the yield ave then obtelned,

& . -
Ay = %-mi l; < z—' (8 b =le)d0 »hy (&b~ k) (20
mwl’gﬂ%‘@ (e.-c«-d}lﬂ “hy (s =0 ~d) (23
| . . " . . ~
A3 = %2 &Q ’!; (};. - % o~ b3) A0 = g 2 vb - he) o (22)
}—2 + 2 R LTy L o Iy T [3+)
,{3;}} = ?2-2-[?‘} Wﬂé‘ (b +d - 58} 10 .L;& b+ & = 3c) {23}

The fractional terme, beling funebieny oply of n, are indspuwae
dent of any glvsn gon amalysis dela :m:l vacur o all caloulationg.
These torme may thercfors be mltiplisd by 10 end expressad a3 by, by,
3133 end hf;, thue giving the foar »ighde a:ru ~4 conabionn for the yield.

In eqe 2uion (?.‘::) Lo mablea
capresyad by eitlrs.c' oil the two cha
iormri ¢n, Ev ov Yoo, g the sams v

mincod by the comrerslzn, . and d
iza‘;.at £28, d. This glwost

Ag = hy {a + B0 « z-.-:w) 10

.&6 e h_]. (ﬂ ¢ b)(l - 25( fu’h) -“3 = &'_L Jug.ﬁ. s :"‘133'\}1- i :{) L) 'Q‘v',‘j
In the sans wey, 3311 oblow treumsfomabions of emsting {20
and ity smalops aro posa: this. The sly fomlas darived for A £ro

Torn)
sauwivalent and give Lhs tcra mwmrieal values for acomeate onleulatican,




in ealeulatdng the sawimm theoretical yield,we munt know
wnat fraction of carbon menoxide and hydrogen,pregent in tha iniet &80,
ds capable of complete tronsforretion for a glven usage satlo X. This
fractlon Jx is oblained es followa: '

When the hydrogen combent of thoe inlet gas excseds that of
J%s

J_XﬂGO(14‘K) (26)

When the carbon monowide content of the inlel gas oxcecds
that of Jx,

1 e
The mexdeun theorelical yield is generally not given for the
o .
entinre conversien but only for a srall pact. For U = 90% the sulenlaw
tien is as followa:

Arazg0 ™ My 0% 0(100 ~ 1v) 1O™%

The equatione derdved above for the yisld alveye contals o
as we of the terms. Using equaticn (8); n may be expresssd in teres
of R enit the gae enzlysis datn. Substitubing QJME_,}_;% for n, in sy

Brep i
sgations (20w23), we obtain fov all Seur cquadions an idsnbiest e
epression for A in which n no longer appeers bik $2 replacsd by the
four interrvediabe wariables o, b, ¢, and d.

by 0 0893 [ B0 v b - (2 ¢ dﬁj {28)

Le bhr omeab eonvenieab for praebhi
Y 4 {calewlating
A Y.
ir

| PR S
OLG Lwwd vy -

Yhils equation appesrs ©o
purposes when sufficiont deciuwnl piacsms ara rotaiawd
FRpt] b values are obtaincd wainh are ddechical with
Iemerdepl values are obtainca waish are idectical wibh
As
A !%’u

¥ preceding fommias for the yield give the guanbisiss of
iigner Ipdrocarbong, exelundvs of methans. Porpwlas for the total
hydrecarton conbent, Including methenc, way be obbained in two TEYS.
Foymdas my be derived from sqesion (U) In the same reaner oo From
equatien (2), or the sethens term (2} my be o3k equel £o zere in Lho
squaticns for Ay o Ago  As eliready stated i diseussing ths nefl
equabicn, thz Snsluzitn of moethass with the other hydrosarbonz in eus
calewdations lu alwnys indicatod Ly the dzdas m afher Al abbrerdationa,
Thug:




20012 + ny}
R VX (e

(z + h) =« hy {e + b)

10(12 ¢ ngy)
Yt g @9

g

hy {a - 4a)

20(12 ¢ ny)
A ™ 22.4{2 + ngy) (b« a)

4

hy, (b2 d)

A7m=m(5a¢b-la,d) 0.893 (52 + b » 4d)

Factors I, hp, end by have th2 page numsricsl values es
in equaticns (20)-(23),
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by the amount of such groups as the hydraxyl or the carboxyl that
mey be present in the products. We will next expymine to what extent
the oxygenated grours ssy be determined by purely mathemetical methods

from gas analysis data.
Caleulation of Oxygepated Grouos from Gas Analyeis Date

We know fram expericuce, that the axypennted byp-products
of the aynthesls are composed largely of saturated aleohols.
Thexefore, 1t would scem possible to determine their amoumt frem
gas analysls data in puch & woy that o term aimdlar to that for
mobhane could be introduced into oquation (2) and the equation
solved for thie term, for example, 032, 0;!30, stc. Howover, no
valid algobraic expressicn has been ained in this vy, Both
sldes of the equation cancel oub or the expression is equal to zers,
In consequance, the idsa of calcoulating coyponated groups by Shis
mabhod must be discarded,

The reagon for thin is plain, From a purcly sioichicmsivis
point of view, it my be assuged that clcohols are couposed of ono
olefin molecule and onie water mplecule, Without enlisting additicnel
erperimental evidence there is no means of distinguishing between tho
water which leaves the reactor ag such and that which enters intn
chemical cerbination.

In the caze of methene, it ie pozaible to divide the groun
of pubstances by inbroducing & special term into the fundamsntal
stolchionsiric equation, because methone my be troated as a geparaic
individeld for ths purpose of ges analysls. YWeter cannot be delor~
mined by gns anslyale ond only with difficwlity by othor msthods.

Chandeal Tnvesbieation of the Peoducks Fooimsd

LASTE LI Rl e Y ER L Peestitn L ATASLEES PR L e LT

Gonlouation

The eleaevdaryy analyels of the liid peodunte by comhuae
Lion erelysle offers a means of dsbormdning the HiC ratio, and eon-
seguently n, directly. Al the sise bime &% glves on fndicabion of
the poesible oxypgen condral. Wnforbunalely, nod ensugh 4o Imowm ol
pregend cn $hiz subjech. Hugericenits are In prograse.

i

The goneral prosedurs for sueh o coavbughion is vwell lmava.
e will simply note hexs thab the badling range of the fractiona o ba
examined st be corgidered An choosing the conditions of casbusilim,
Cozbustion of heavy oilg and of zolid paraffine oy be effeoted
in boats with additicn of kleavdguhr wasn necegssry. For the volsbils

portizn, the proceduwrs Cescrived by Dennsteddt is rseormandsd.
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For alcolinlas

(CH)y = CHopan0 = M0 = G Hyo
For ealera:

(CH) = Cplian0a ~ 2H0 = Cyflap.y
For acids:

(Cit)g = Cpllanlz ~ 220 = Chlizg.y,
For aldshydes and ketenss:
(CH)a1d = Cyllan® ~ H2D = Gplizn.
For olefinz:

(Olef.) = 8oy

For paraifineg:

(Pawa.) = CyHonen

2 A

Theze hydrocarbuns reziduza aras now mitipiied by the
appropeiate n valus:

For olefing: ARE o 3

o iy~ 2
For na ‘Fa? F.’Lﬂ : Sl g, B2 ..
E. s_)\,-.. oLl 2] s LJ

A

Yor aleohsia: i T
%
a ;

Ve pumonove e :_EJ.%' r.-::.—:-gra' [XIY

IR LBEETDS T < Dy
-

) . afl =}

For acids: Wt o Ng

”

For aldeheday s [ IR SRR ‘?“"a - “)' ]
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- ?Lz (o.lefoﬂ 42[%(%:. ) l»fz[f(mi); !‘QEQ (gﬂ)e]* E{”ﬂ(cm Jé[ﬂjﬁﬁ 2@&”‘1{“’0)

i 2. (OLef.)o3 (Par. )o§ (CH) 523 (CH) g3 (CH) o) (CH)g3q. -

The chemleally bended water (w*) as well s ths (CH) portilen
ol the oxygenated compound 1s caiculated in the following msnnor. Siace
the procedure 1o ecsentially the game for all oxypgenated products &
alrple exapple will suffice.

Ilot a fracticn of the total product to be examined equal g
grems end let itz ester nusber Lo (BZ). This fraction them contelns
EZ w oLAEZ)Y, grams of ester. (Y, = moleculsor weight of the ester.)
Theor. (k2 3
Por each mole of ester two poles of vater eva deducted. The waber sonbond
of EEE:% No grase 0f ester ls therclora:

. 6,002 ¢ BZ Yo - LY o e
By e '3‘",;,;’“?;'5{01%““*‘ = g{B2) (0.6435}(307)

Poi the {CH} porticn of this neight of sstar ws then hava:

N, - 36,032

: T TR T
S (3L}

B
;

E‘ ; r:lz 5 J?-
Grams ester - W} = ‘;* 0%%;‘!@ - 5'!‘*‘5:"5%%%%'0:‘“ s g{

The fractional term is desiznntesd as ¥ and calewlsted in advancs
for all fractione as vell as for all othoyr arygenatad compounds .
Thug, the formila for the (CH) purbtien of the esher venses (G
bl g(EZ)EGa

L -4 .. S g
CAULALZG Ly G-

L o T P A <] . Rk 3y (Y U .
The amount of paraffln in coch fraction 4
03 and alt {vv)

tracting the olefing as wall as all obhor (
portiona of this frection from g, Thuw:

{ S (WY ey
Yo obbain th wmh of ol
el he addad o ths (CH fvmm Ay G
{¥} i3s3 the sum of eil v BhY o
gee Jntrcduced during the time of measvrossad (velye ol
conditions), Thuas
T e
- C—(lﬁ“ o
1 i v.--.;u‘s.‘:.cul {-}3}
cr



APFLICATICN OF THE PCRATAS DERIVAD
Dyalvation of oz Analyelin and Smihegin Dala

R e o

Galeral, Course of Calewletions

Svaluation of pges anslyzas by means of the Forpalue
Gerived may follow one of gevornl different coursss according to
the nature of the experimental evidimco availsble, 4n atiempd
rey be mde, for instance, to establich practical valuea for ihe
vealdual volume by direct measurersnt or by celculatilons baged
e the so-called nitrogen comtent. The walue for R, obtained thus,
137 vo chacked by subatitution In $he n-R equstion calculated for
the corresponding set of gas analyois dota, If R is correct, n
ruat have a value approaching that widch haa besn deterrdned
wiperdrentally; for emsple, for the standexd hydrocarbon synthesls
tndar the condliticns currently in uso, r Jies belwsen 2,0 snd 250
If thie Is not thz case thexre muat be an arror sidhsr iz the LRt W A
panked data or in the ealevlaticns.

Assuming that the souree of srror Lizs in Lhe gas analysis
Qata, the celeulation will hava to be conbinmucd with veluss of tho
chezacterigtic warinbles knom %0 be incerrest, or be ahandonsd.
1f ws aszume that the ervor lles dn the residwl volunms sappradinaioly
aecvrate values of the charscterietlc warishic: vy be cblained Loz
Lhe corvesponding gos anslyeie, by cubgbituting b experizontal velna
for v in equaticn (&) and seiving for I,

Datereination of the rzoidial volwis by mosgursnsnd,
oy fron the nitrogen values, and cheeking of the rosuld obtalined,
dxrolves more extersiva rothsmabieald operations then ealoulailng iba
value from on assucsd valus of n knom 4o ba eppriimately correcth.
Hoveover, even i¥ theoe calenlations ave eoyrest s Yhe resulits ohiained
ave eivalent or neardy oo, and the cothed doos nat gearanbe
geeaiior acowrney. This last remari 1g also trus of the nitrogen
ceherainetion. It is therefore possible » vnder ezrtadn conditions,
bo eldmdrate By, o {direct measuvecond) ond Pyp By (from Nad
completely £rom tha calenlations, ereont as o mmang of chscking the
ouperinental daita. This has thoe advantage of simplifying the
laboratory pracedure by elimitating the aitrosmn deternination,

Wiore sufficient data ble froa znolyeis of tha
proguets Loread, vhey oay boe vesd ig de ywdndng noand then esleniating
E4o  Although the prozedure i curbercias st 2iuays hbe debepe
singd fren the produsbs vhes waluss of ehorachavistie vaviablas
bod wibh the preniand ne La nooavacy foropogeny

are Lo B anlond

g B Ty o 4y " 2 P ey o Mty I . T
sgpmthzais whose sowgz do abilh vakosio.,
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“able 13
Ixarmplea_of Celoulabions of Syntheses Fung

T i 2 3 A
Souwrco Lo, Romhoftog A tab, Induotay
Cotalyast Cobhalt Iren (cbalt Cobal
Frosgurs tovmal 10 Atoosg. Yoreal Norzal

PO PO AT, Yo WAL TR AP UM L i T L 0 LA A e o e L B Yo b

Cas Analyses 9/
002 502 3102 030 12,2 -L.-n?od?-""' 5 0

Olefins 0 o 0.0 ] 1.0 1.0 0.0

£.1

3

5.2 39.2 26,8 |27.1 2

Y] 99.0 23,7 | 4B.4 {37.7 {38.13 5% o
. 9 3.7) 9.9 T.99 UaR | 8.

¢z - - ranl - ~
i 6.9 28,81 8.81{14.4 1056 6,91 25
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Tabie 13 (Continuad)

Ezamples of Calewlations of Synthecos Runs

Yisld
Cel. with
9 n
n 0

" n

M

Rl 1&3 ] 5
Rz -
l’!}l 11{»

952
96,2
91}.8

T LN O T RETRLTAE T TR TV IO et |

96.0
98.9
%01}

16,5 -

130.3
123

0.6
113.0

Conversion U

Cal. with Ry oz, = = 9 -

" i By w 55.6 55.1 -

L w Pg Q2.5 56,0 56.0 G3.1 86,90

. B Ry 93.20 55.5 52.3 94,3 85.95
Yethane for-

ration, My _
Cal, with By 13.658 o w e 80 o,

X " Ry = 5855 5,31 - -

“ i R_3 425 | L8 bt 20,30 14,133
2R LB 85| 1650 oo

Ag long as

such o detedled check 1o not possible. we are

fvae to ewnlder any viv v

Boravey,

2Tt OF
instence, the measurensnt of the
accurate o3, or more azocuvake than, the gas
in no case may ve nelsct the fact Lhat whera
divorgences exist beldugen the values for B and the valuen

e data os relisvie as the poub, Poo
conmbs of pas my e consldersd ap
anelyaic, or vics vorsa.

aignificant

of the characterisiis vericbles and ths yields calenlated fuom sueh
data offer only a 1limited degres of aceuracy.

o B

fivat glonce,
vihich apips
,.)3'09.3.1(:12” oerL_s,.n.,aq 3
this in nobt Lhe mamo,

&
e_'.\ I ]

f‘iﬂ’\

S i ik

Ehg wu\}, A
Harer

oz the ane bard pad !‘?
violas withoub the tomn n appearing explicitly in any calexletion.,
Sids peoccdoes would asem (o awold ths dAifficvliisze

vield $o the HiC z=ilc In bhse
e Wha devivation of R

£

¢ thz

S oo

ilen o whe

fior should we be misgled by the following fact.
othuz, It la possible Lo calicilste

Uging R
AT

rrover havotdd doubn

for n, valuns

B P 2 AL AT TR PR 2 A W 1, %



Checle on tha Formatien of Carben Dioxide

The amount of carben dioxide formad may ba exprossed by
oo differont formilas: :

dl b sm;g' - {'.02 (3!'4.)

(a~-e)e2(n~b) + Le
dp = By U i (35)

Vhon corresponddng waluce, obiained fyom eguation (8), avs usod for
R and n, the values d; ond 4y aroc elwmys in cuch exach agresremt they
bhin offcrs & means of chscling the ealculsbicus,

On the other hond, di ard tho intovncdiate veriazbles a, b,
G, and d, may bs calcwlated froa values of R detormined sxoerimentally
(Br-Rp).  If them, we subebiltube in oguatden (34) an approrimats
n value known Yo be correct for the hydrocarben synbthesis » for emapple,
2,15, wo £ind that j, do praater or pmaller thaa dp, acconding to
whether the quoantity of carbon dicxide pressnt inm the outlet gasz iz
greater or amller then the exmount to be expectied for the formation
of hydrocarbons whoss composition is Chy 55 Lot d° bo the difference
determined in this wmay.

Wiery no ervor weists in the exporimantel doba, A o dy - d
(coleulated fvoa Ry - By, ard for n = 2,15 2 0.15) for a :;banéax& )
hydrocarpon synthesis is zoro. Whsn carbon Gilomide is foined op
taken up dn ayny process othor than the foruetdon of Clly 44 hydrecarbon
{inchuding conversion) dF may be negetive ow posifdve,

A ernor i p2e wmlysls oy eanily peke dks carbon diexlds
convent: of the oublel gea appear hign o jow. ‘The water neal, for
invtence, sy aboord or release cevbon dicgide. An wxemple wild oheu
whnt efffect thds can hkove on dhe rumerien’i vesvlte.

Frmmple 2, table 13, offeve olomdd pnfeth ouerizmantal daba
and conssquantly @ s vory szadl (o 0,023 ¥he Shini cogs of this
crample ehess whav changen otour when the carbon diodids coodenb of
tha ocutlet gan 1 reduesd by 1%, for waople, 12,25 Lo 11.025, amd
the anglyeis recalevisted en the basio of 1000, 1F vo asooow bhab
thiz decreass in ths earbon dioxide vonbont coours when the £As
ganple ds taken, the ceasured resldual volums o vostins wanhanged
vhereas the pesidusl voluns B determined froa the vitrogen conbant
decrennss. In bovh ceoca, n Goerenses conzidenably ond 4% bhecomsp
negatime, A% the sems vime, the valuve dF » 0,782 for Bya 22 of the
eesy ovder of ragdtude a3 the desrears of carbon dlaxifls sn the

geu analyels (- 1.08),




Checking ths carbon dicxids formation by ealculation of
d" offora g moans of evalvating the data wnderdying the calevla~
tican, in thak 4t shomo to nhat extent and in what way the axownt
of egarten dioxide oblelned diffove fron tirt determined theorebically
for the hydvccarixe foumbion. itvever, 1% shovld be noted that
this atatozent presupposss thab the sourcs of orrow really llea
with the carbon dilaide and that the analyticel results for the other
three gos fmetions are corract,

The msthied used in checking the formation of covhon dluside
could elso be applied to the Lhree othex intermediste variasbles a,
b, and ¢, Howdwer, thers are certzin distinctions. New fundamental
ralations canniot be establinhod since only the equation already ussd
for dp i3 avallable as a term of comparison, Moreover, for carbon
maacxdde; hydrogen, and methone the formtion or breaking of
chexdeal. bonds carnot bs aseumsd as raadily as for carbon dicdde.

Calevlation «f 9% pakes 3t posslible not ouly to £ind sourcen
of arrcr, but to frace other processes that affect the carbon dloxide
content of the outlet gas, such as the Iboration or absorpiion of
carbon dioxide by the cabalyst. This phenomenon say be obgarved whon
catelysts, saturated by corben dicxids, are used,

Compenastion of Exnoza

Azguming that an errox in the goe anwalyoels ovcurs ondy for

ecarbon dioride, the calculaiicu of a% givey the differeace bebwoon
the errensove velvs obieincd end the corrset valus. Enowing the

L3N T )

maemitede and sim of thie éiflerenny, Lhe corraspordine compacticon
Lo e eprov may b pads,

Knowing 4%, the corwasct composiilen of the aulist gas, vay
he deberndred ond velues of the charseteriatic varlavies eoleuwlatsd
i the weual ranner. £f, hovever, only tio yield is desiyed, 1t ary
be calculated dlvectly frew the inacowrads onalybical valuss for oho
aublet gag, by subgblitubing (A - d") iu the visdd fommlag in poes
Gy and letbing n = 2,15,

In this way, the gleld obinined from the inscourats
rees )l

amalysia of eample 2 is in ereellent ogrossent with that obteined
Lfron the correct ernlysis - 90.5 g ag against $0.5 g. Tor
the correct amaliyeis). If 1o corescticon for exrcor 1s rode, Bho
yield for the corvespurding n is 9 Ba ant for n @ 2,18 1% is

93‘8 b 117.5 E{,'u

o




Tho procedure is eseentizlly the some for carbon monoxide,
hytogen, and mathano, as for corben dicxide, I swut, hwrever,
alunge be atipulated that the errer aifects oaly van of thege goses
and that we know which ong of thea 4t ds. However, in ganeral thin
iu not the cnee. In convecusnco, this trype of error comanzation
comnet ab present bo applied In evory dngbancs. Rezzareh oa this
wint 4z obidl In progress.

Lovation of Errors in the Caleulsbions

Ag elready indicated, within the limits of eyvor, we ray
aluays write dy = dp. This Mentity may be usad 1o locabing aseors
in \‘.h* ¢calcudaticn.

Eoreowar, the valus for n din

n« 2-cmmu.- )«:«-n_gu‘;—ie:;wg’;g). (35)

o - f

muab be the game ag the value of n ¢bbained Lron equalicn (8) fow
tee R wodns used dn calewlaldng 2, b, ¢, and 4.

Brrors In eslculabtion may fusther be lecated by w!
& nvater of difforent formlas to caleuwinte ths yl@ld Hans,
acaurats caleulabiona (calczﬂat..ng machine} shoul giw Con
agrecnent for the rosmilte. Tho catent to whlch d] and (’.3...
an bhe vavicus valvey for A, ave in agvoomant 3 B2y Lo seoen
L‘mu.' rical ewample glver shove for tha ronge of wallddliy of :m VBAL

o)

{2) where Shie apveoment ie choon for veluos ef n fron L 1o 9,

]
Pinalle, whon oo v B0, 13 3v possiblo bo ostanldiszn Lhwe
3 ok

-:.afn}pawu ion af the cutled pgas by reverslng tho owler of cledisiicn
aud sbertling with the forpvine f£or L;O;ﬁ, (Ji.! - L; s Al (a:’,; N

Uog of Yoy Sheown

Foxt the achual process of caleulavica, the
sucetn pan Luaea fonnd gonvenient, Sueh o work cheot is
toble b, A chort list of formdan g ghowing oaly Shons
nrzded in celend practice 1z given in toblo 1S.

Broerionce nag ehoyn Hhal the was
r" fen in g .‘,_,.nbs Four "“G‘B“aﬁ,z.:"}""’! TR,
of $he fomr charasizdebie vorictlos for o [aihe

.( .’.‘.".. Q LJJ.-:.H.‘.‘..-L- Do




qugqlationa for the Prediction of the Courgo of = Synihenis

Tho formilze derived above would be of considarable hsip
in predicting the coursa of o gmthesis, ea for lastance, when
planning & now installaticn. #omever, ainca no spscific problen
precents itself for conzidsration imra, this dndicatlon cwat
suffice,

An acconpanylng diagrem gives a graphic represmntation of
the relations between the charzeteristic variablas for the simpls
case where n & 2,0, Yhan thres of the fouwr numbers are known, the
fourth one may be read directly frea the grarh,

Unilfoya Use of Svmhole

Notwithstanding the inbtensive ressarch on the hydregenziica
of caxbon monaxide azd despltc thez exbenslive exchange of eporimaotel
dat® Prog numerous sources, theve ig still no wniforpidy in definii Slonr.,
abbreviations, and symbols used :!gx celewlating gas conmunption, The
nueerous advantages offered by a wnlform procedure make agreenznt on

the following points hiphly desiyabla,
(3) Cholco amd acewrate definition of syibois,

{2) specification of abbrevisticns wscd.

(3) Exchange of moot reliable veluex obdained for o oo Fie &m VIRll
ag, agreement az Lo average valuca.

{2) Lgzeament wibh zespuch o dnsing LOL of oxyysneted producis i
the yieldd, woking procedures, ood pothods of erlovlsfing

~~
W1
tear

Establichmont o o ganevel orocsdurs Poy oomoinaidan of ooonya,

e e

T

Formelas wmre derivod
of Bugen Jacob.

o]

ae ¥ - vl E vy o
ns Lhe ehevbe dsvolopsd with ceslstanes
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Table 11

Sampls Worksheet |

Tate Time 002 l
Armount Sy .-Gas m3 Amount outlet gas m3 Unsaturates '
o]
n a 2
CO
1 b . Ay
2 at+th. J
CH
4
3
Z
4 N,
6 N2-F
| ,
| I
7 i - F e l
! p=
p' = [
i
Tot. Prod, Glefins Paraffins ! Alcohols |
}\::}r_:unt,! Amount Amount l | W; ;
G-z in i FPercent in Q. in G, t ‘
g * 3
& Fract. . £= [Qlefn n.-Far, g=0H-Z Kq410-.
¢ laww] | P P 3.217~107 ,
_: i
1 4,000 I 0,250
2 3,000 0,500,
3 ! 2,667 0.751
,ﬂ__n,..,..;.w_.‘__,. j’ [ .f_. 2:500 1 “0015
I : 2,400 . : l.=251:'
6 2.333 L 1.627
7 2,286 L 2.127
8 I 2,250 | 2,628
3 i i
9 2,222 1 i 3.003
10 i 2,200 i L 3
.- E : i
/12 | ! 2.174 : I 4,255
! ; T ‘ ;
12/14 i 2.148 ? ! 6,257
12416 ! , i 2,129 f 0,500
17/18 2 i | 2,14 | : !
; | ! 3 : ! 1
REC R i | 2.087 i | |
22 i L 2,057 f | j
. i i
S et i S e
% ;E-_Uu £) j Zn,.Par) Slow),
H




AC) Characteristic Variables Tields per m’
U % 4
Hew % Ay -E
X =
hyy Ay + X
2( Olety) = covenusrs g 400
§_[np,Pa.r T icsrerese B (P
2[£(CHY) = vorernnnin g £LcH
i $[ne(Chle = ovevnni. @ s(oH
po $[M (O « sernrenn g 5o
o - iE’e(CH)ald ® cessee g %(CH
L' = numerator coresies. g denominstor
_ — Esters
(CH, ?‘;‘i .. (cH),
| g=OR-2-K_ 1| E-z iz, Ke.103 | g-Ez-K, N, N (cH)
»434-107" |
_; { ; 0.679 i 0.647 ":
f | | | 0,929 : 1.000 !
I i 1,17 | 1200
! : | 1.430 {333 | ;
; i 1.680 | 1.429 * "
* 2,930 | LS ;
} 2.431 | 1,600 |
2.931 ) 1,667 E
3.432 1.714 | ;
' 3.682 1.733 %
_u i | a6y | 1.7%0 5
§ P 7.437 ! 1,867 | i
f' 0.000 | Po.o00 | ﬁ
4 L | i
S | f
x | E 5

! :
%; Sws) glca), &lrge (CH)m |
It
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Table .

Sample Works

Without Het;

Characteriastic Yields Actual Conversion
Variables rer m3 Sym. Gas~ CO + Hp
U = % A,
M, - % ) G
. A E
I m
Ay m A+
2 ( Olefc) ® cecsconsnas g (Olefn) ™ sooscoasc £
Npe Par = coivvennnn. g (Parc) = siiinn. g
2 (CH)B = Gevserarareven [ (CH)a cetrorencoes [
Ngo{CH)g * vvininennnn g (CH) g vevivisnnnio g
nln(CH)q ® osceccessco g (CH)4 cHrecserscecn f

fg1a, (g1, = veveenn g (GH)a1g, eveeseeen g

PIIOrator «uioeonravses g Genominator ¢..... g
ESTERS : ‘ A
. [z
1:86., - {er), q in 6,
6 % E-g : - g x N2
B-% 16,434 x 1074 | g 103 | g x EZ x Xel, N, e x (CH), 'N-—Z 6434 x 107 [Ka % 10"
0.679 0.667 e -
0.929 1.000 -
1.179 1.200 ' 0,173
1.430 1.333 0,429
1.680 1.429 f 0,675
1.930 ' 1.500 | 1.305
2,411 1.600 ! 1.681
2,931 ‘ 1.667 | 2,181
3.432 1.714 ‘ 2,681
3.682 11,733 3.1%3
4,683 1. 790 ' ) 4,605
7,437 1,867 . | 7,687
0,000 rl 0,000 | 6,00
Z(W;); i(CH)e ? Ei(ne(CH)Jd § E(.“J's’)‘jI ; i(g;g)s
| L LN N A T




1

;ieet. ir -
pane ) With Methane
; # Conversi n A&t Tonversion # Lonversion
X oyn. tGas €O + B3 Syn. Gas GO + Ky Syn. Gas. GO + I
!
= _numerator W: ™ ceeonsseos §
denominator
w; ® sscecscocss g
wn
3™ ceersecsss
» Dumerator +4{CH,)
“m denominator W;ldn R oocoocec £
B - Poorcesceo £
i
Y = -E- cmococess g/m3
SIS ALDEHYLES AND KETONES
L
o ald
(Ci}g [ in G, (CH) 10
3 ) g CO=2
8 N2 K, | Ny Ny x (Ci)g | CO-Z  6.433~10 | k14103 | Co~z Yayaf ngna nag(C8) 40
- ! 1.179 1.200
- 1.931 1.500
~2.,000 2.431 1.600
0,000 I 2.931 1,667 _
0.667 [ 3.432 1.714
1.111 3,732 _§1.750 ~
1.333 I 4,689 1.730 _ .
1.500 5.936 1,633 S
1.600 J 6.936 1,857 L
1.687 [ 7.936 1.875
1.778 Heede | o lysa
__:i 1,867 l 17,950 1,544
i
i 0,000 § [ o.000 ! A
. ; N N
;. % HPALKSEY L) 104 onaa:
A RSN NS IO SR SRS ¥ 1158 Fe
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