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Formehion fron the Dota of Gne Anslvees.

fe Fhree besle sssnuniions in ol commitations of zag anolyses

o e s TR e

men investlgoting all comrutations from gas aualyees in a
coatinmuous calalytic hydrogenation of carbon nonoxide, and for
any course of synthesis of this kind, faree general assumptiona

can be nzde, which may be always assuned $0 be knowng
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Prves scpompiicn  (for oll pavéicipante of res~tiong)s

tihe sox of all sabsbances endering a reaction ig equsl to the
or remuliing materialsl,

Zor sach individunl ge8 constitient):

HIn the case of gaseous materials which enter & éeacti.on, or ore .
formed, the sam of materisls in %he gae in the igtal:é o.é outlet
is erza:al 36 the sm—oi’ the ammunis cénmed or formed, and the
andacomzm:mé‘. pa?i;"’*;a

Third asmuption (for nltrogen only):

' Wihe smount of niivogen present in the envering gas is neither_'

inoreased nor refnced Goring the conversion',
These three rules fuornish ve the fomdation for all mathematical

derivations and for any testing for the resulte.

3. _Aipebraic Emxpressicn of the Three Asgumptions:

1. The {wo basic etoichiometric equations and their solution.

Aecording 4o %ha first assumption, all amounts of natericls

gnterins the reaction space mnest sxelly equal the anounts of

maserinia leaving thad space. We may éisregard the high melting

point paralfin é¢emosited upon the eaislysts, bscause its smount

does net merkedly affect the rosulis of gas analyses, ond because
the compubotions are velid for o contimucus gynthesis in a state
of equilibrium. Fhoa only or almost only lvﬁz'écarbcns are formed,
the Teasztién participante which come under conslderation are elther

xnown individuslly (s.g. n-buiane, i-tutane, n-buteno, i-btutene)
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or o} loast tho class to which they belong (O )
tharaf ore densio as sxm-,a.. the amounbe oi’ pzterials entering an@
leaving the spacs, as Jollowat

aac?bﬁgm%m%faccafe'az@ |
Taie equation is called belew the "firet basic stoichiometric
eqjaati ¢af, The values a,b,c and 4 in that equation repregent
#ho omounts of carbon monoxide and hydrogen congumed in ﬁhat space:a
or the smountf of carbon &102‘5.5.6, n;«’drocexbons .e.ud water formed

in that gpase (v tzzqﬂ ana stion of symbele). ‘They are used in a,n

cmuts%icns aré‘. are calied telow the "me@me&iata values!'

We can &ariva e nwnber of stoichiometric s‘a‘.epe from the
above ecuation; bacauso the expressione of the gume of the t_hree
eiements carbon, sxygen, and hydrogea are .élﬁayé equal:

For carbon: a=cp*t 4 -

For oxygens a=21+6

For hydrogen: Sh=ong . opt 26

Simple a.s.h,ez:"-aic tranafur:xat.;o.ss of theso three equatioas
permit o genersl zolution of the first fundanental sicichiometrie
aqention in the collectlon of formulas.

The expresgsica og CBp, includes simul’éas;eoaély ail the hycirﬁc&fnms
formed. - The gas snalysis permits, hogever, to detemfme separately
the mét’nane formed, and thia‘ axpression can be broken up into the

volume cf the higher hydrocarbone formed (exclusive of metﬁane)
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¢* .'Cﬁaf and the voluma of the methane formed ¢ CHy. Introduelng
thess exmressions into fhe firct baslic staie:qiomstric equation
cives wg
5 G0+ b Hapw oF (Ep+ o (He+ 4003+ € HO
¥a call %hle ecuation t}m "gscond basic s*sichiometric squation®

For sume of the three elzsment-s Te can &erive tha three following

eguztionn:
For carbon: a=ct+ g+ g
Por oxygens e=Zbte

For hydrogen: Sh=n . ¢ + s # ze-

Algebralo . t«@asfomationa of khcsse three souations gsvas ue
a geneoral sciution of the second basle etolchiometric equation.,
foerd in the eollaé:'f;ion of fc:mulas{ ¥ot all of the mumerous
soluticns have egually great }3£actical worth. The mexlmum écmmcy
ig e‘b sained if tho greatest poesible munber of experinentel date
(a}'bgc 'a.n&. d) are incluﬁed.. The experimentally not readily
doterninable vol was of the stoan formed, e, should not e ?&présmﬁeda
This sxplalins ths selsetion o] ths eii golusions found.

.s.em polubiong ave remaiksble in many respectz. ""J:Elez; ghow
in the firet plece i3 vhad wey the volunme c:'é‘a waich iz in moad cases
required 1ln fthe gyuobheels of Ligher hg,’dmca,rbo”zsg dspends on the
valuse shleined i gas zz«ne:!.ysi g for a,b.2 and d, ag well sg ffrom R
Theszs eguations firm thereforo the basgis for all- co‘aputatimm for

yield,
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Wz algo see ¥hat im addlfion to n, only %hres of the four
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g a.bh,c and 4 sre reonived for the computation of Q‘%.:

For this reassn, o7, a8 well as the Fiold can ba conmated in four

1]

e

(5

Sifferent tub equally valasble way:
The sclution for 4 is of particuiar siganificance. This equaticn

containg the foux intermedlate x{a:mes a,b, ¢ and d in addition o

n, vhich glves ue m a aimple and convenient form the firsd be'xpressibnﬁ}

of mumerical relobionships betmeen 't'heg;a volugta ’%‘his é@atiqn can |

'bav frequently used in derivations by alvays pemi,ttiné the (expression:

of any of the four values a,b,c and d iﬁ terms of the thréé othérs, |

a8 woll ag because of ths relationship éontaimd_ in 1% beéﬁgen n

and the reaic‘faai volume R.

2. Compubation of ipiermedintie valuss. ' - .

The second assumption sjaites that for gasecus materiaisa congunmed,
the smounts entering are equal to ihe sun of the amounts consumed

and those not converhed.

The amouné of the unconverled carbon menoxide iz obtained fron analysis
and fron tho amount of the residual mas, a3 R. 0f, e got
thergfore:

o= a+B . 30', ora =00 =12, CO?

We ob%ain sililarly for $he cother three infernediste values:
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The clgstosic wprassicn for the firsd assurpiion lezds to

the m.aék'aevaﬁical TeLe ‘cmaxp-?naﬁ?;eiem the Lour megitudes, &b,

e and 4, and of 0, while she exsrassior for the sesond assumplion
TIENGs us (n m one haad %o she relati eﬁs:nip betwsen the :E'cméa
snsornedinte values snd s resalss of gas analysis, as well =23

fron the vesidesl volume. It wili bo shown that, leaving aside

the yeb to bs discusced and nes s*aﬁ‘icién‘ély d@en&able. proporiion

of uifwos eug we exheunst here g1l the peaai‘nniﬁies ‘o .basi?..z fundanentel
rolablonships exclusively on the data of gas e.na..ysw A1l foturs
commatationn of thie kind sre thevefore refevred t0 the already

given algebraic exoressions for the first and second assumpiicneg,

3. Computation of the Eeslf’fml Tolume fron the I.Ti':;regen Conbanb:

T A & = > 2 L PR TP - 5 < 24 o
The third aswnrpticn sbaber Shal the amemat of nitrogen presant

e WA w s z oy S o T LI Kl v gt X e (Y-S 3 .

ivy the repching saz Lo nod offelbaed By the CONTErgich, UG ramzilly
vt Gy, 2 23 Jeopapey o gy A = . g 4

sualisred in tho gas loaving ths rsaction space. Tis leads us

¢ P v D& o 41 4 5 % 3
copontobion of 4he residual volums from the nitrogen

-

combend, wosd simce the bsglanisg of wexk on gascline agynthesls:

5

The amoun’ of witrogen in tho gas inlet az well oe ouilet

gays in the same pyoperbion do thie total amount of gns as the

nercentage of Hp found analyticslliy is to 100, If ve set the ges
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tndeke = §o 1, the rosidual gas volume oan be compuied

Gaﬁ iﬁt&msh e }» z;:gg

Erount of misrosen  Amount of nitregen o
Ges. ontizd - k. = 220
Arount of xitrogen  Amouwnt of nlitrogen Ngl

o
B2 = g
The third sesuption lesds ve thevefors te an sfidisional baric
relaﬁ;iézﬁshiyu ‘Itz ctir'-al imporience 18 howevor but 11m1te&,,
'“hect,wa sxporience has showm Yhat the va‘&uea for B ga obtained are
~ covxnecte& with an uncont ros.l sble, vesrigble and in mest camee m:t
insignificent errow, The ressor for it is the fact {shat the enely~
$icel values for ni’«;regan are not ctiained by AArsct z:zitrogen
ﬁe%emine.%iona; tut by a difforence. A relﬁ*sivély small volume
of nitrogen oarries therefcre .-'%:he gum of the errors of the
tetorninations of g1l of the othor ges constituents, Experience
has also ghown that errora aro also introdvced when R ig determined
from the Nz walucs found in {wo gasc 2amples telken at the some tims,
Tet which for come reasons, o nod ezacu.y belong together,

&, The ne=l aguailion:

T second tasic stoichiometric eguation glves the follewing

sxpression for the solwtlon for &:

4 = ez e) * 2(a = b) + 4¢
, =57 .




] s - Pt 20
Fere we 4o introduce into this expressisn the internediate Talues .

Eerived Tron ke socond ascumption, we will get, after meking

.o-
«'.”'

corrasponding traizsformations:
2’2@:{3 ¢ 00) "o (Hg + 2CH.) + n{CO + CHy + COa)
7 2(2005° + €0') = (Bz? t 2CH.) + m(COt + CHe' + C0a')

Let us fset: . _
= (o + GO + CH) q = 2f(2005 + CO) - (d * zcng/
= (cﬁge + 300 + cw} g = 2/(2005° + 00%) = ( Hat + zmn)/

Using these a.b'b‘"&rie’aiona, tl‘e shove eq‘.w.tion can be &olved forn

p P 4 hd n + qe

'.';‘l':,sase last 5densical eguations will be callcd 'below the "n equ.atlon".
In pddition to n and R, thav ccnte.in only the de,jkg obsained from

zas analyses on %he composition of the intake ond outlet gaseo.

Tbis equatlion pernits the ca.]_.culatian of Aa ranerical relatienahi§
betwesn n and R from each pair of gas a;mlyaesg

The n~R eguaiion has “osen‘{éerived' without the uss of aay
rapplementary ssswpilons, and 14 sa%isfles therefore st;ic*’aly _the
firet and the second assumptions,

n, = R egquaslon' can be derived in an entirely snalogous way
from the first basie stoichiometric equebion. ‘I'h_i.s then is spplicakrie
vhen methane ig not treated specifically, and ﬁhen 8ll hydrocarbons
including methane ave entered into the computations together.

In these expressions the subsecript m is added to all of the correrponding
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arbreviasicns uged abova. 'It follows then:

pp= G0z + (O ap = 2{2003 * CO ~ Fa}
pip = C0pt + CO? Gl = 2{2C05% + COY - Hat)
n Py ™ Pip « R Qfp * P'p o By

Recaloulation of n to n., and the reverse can be done af
follows?

e equetion for hydrogent o o np=ct . m + 4o

The equatica for carbom: ¢ = ¢ + o

with which we get: R = %._:;.%.1.‘.19
4on (b+28) = a

o man-c-ca“dng T

5. Appliesbility end Ronge of Volidity of the Relationehip Between

the fuxiliery and Intermediste velues,

Tha caleulation of the sctusl faselors vequires rumericel valueg
for the magnitudns a, ¢ and &, a# we shall seo Telow. If the residuel
'vc‘mme could be in any way dsebormined with safficlent accurscy,
these rumarical walues could be readily deternined from the equations
for intermediate values derived from the second assuvmption. Un-
fortunately such ig no% the case. This fact offers the most important
d3f7icnlsy of a1l éompu%ai;ios;».s fron gas a:za.'l.:;rga\'asa

It has alrenly 'beén mentioned that the residual gas volume im

not sufficiontly accurately found from the sc called nitrogen
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seterminations. The szme spplies also to direct meamrements of
ragidual volums, in particulsa: when ﬁ,,m’chemie- ig conducted at an
increased p‘z*ezss"u*a, _

Thers .155 & .,hi:a pessibiligy, and as far as is known $odsy
glgo the lact one, of calewlating R fron the n - R equation. |
Thig would "equ‘s.r\, hovever a lmowledge of the :mmerical valug
| for n. if nei ther R oY 0 ars known, there exista. as far as ir
¥nown today, RO puss.ibility o’ obtaining these magni'mdeg entirely
féom regulta of gas analysis while atrictly e.diiéring to ths firsé
and second aséump‘aigna. This will raa;;;re the»’ﬁse of a method of -
determination of a silll diffsrent kiml. ?’e ma:,r £ind n from the 4
anplyais of the producis formsd, as hoe been d,escr bed in greau
 dobail below. I7 n obtained in 4his way is intmc’m.ce& into the

n - B eguation, value designated later a8 RG ic ob{’.aincslo

If we use assumed, oaly anpreximtely correct val*aea forn in
the n = R oguation we can still obiain accepta’bla approxination
value for B (B , Bey), veing only the recults from gas smalysis,
and retai‘nizag the Pirst and sacond assumptions, The latter cleine
mat the factors 2zlculated f_;*am these R valueg are in fact sprliceble
for hydrcecarbons of the composition CH, . This 1s by no neans the
case vhen using the R valves obtained by direct measudenents (Fa,
Rp), or from nitragen {Bs, Re). We will find for instance that
these factors are valié for the fornaition of such tw@ocwbons,
in which tha .H ¢ O ratio differs conslderably {rom the correct

average compositisn, 2.8. Cﬂo.é oxr CB‘,,» o
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The declding wdvantage of the R values caleculated from the n - R
equntion ifes in this certeinty of the relationship of the factors

ommation of hydroeartonsg from the accurately knowma

L]

aPOrafe CORPOsinicng ?Hzr

Wo moy menticn the follcwing for furéher consgideration of the
nai;ure.of the n -~ R equation., If zaire of values forn = R from
different paird of gas analyses ave plotted, a curve 1&, oBtainad.
etarting from the O poimt. The carvature is such as to make it
appear as 17 ;lme coordinetes of the a;éex of the curvature are. the

n and R values obiained from the corresponding gas analysas.

However, such an ezcepiional point can be detormined neithor from

differencee, ner gravhically. The non exisience of such an

excentional point may be shown in tho following waye

All relatlons betmen}the iatermediate values and the factors
calculated with the use of n and R have the anslytical form of a
stralght line, or an almost siraight line. This cen only be possible
however if the n - R eqation is applicé.”ole not oﬁly to a single
ceurse of gynthesis, but for any mmber of them.

. I1f vhole rombers 1 to § b2 mubotituted for m in the n -~ B
squation obtained from any kind of course of gynthesis, and the
corresponding valuas for R are calculated, nine palrs of walues for
n = B zre obbainsd. Iraory psair o:f’ these valucs gi}?os‘correct factors
for a éorrespohc’aing course of synthesis. Stoichiometrically there

ig nothing in the way of an actual cccurance of these nine different
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syntheses, This %aplias. howaver, not only to the whele mumber n
values used in the ezmmple, tut alsc tc all dhe fracilonal numbers,
and '«‘m::a.s ore for any 2 valuz, or for any pelrs of n - I_’.,

Yo noy stoba 1% Qifferently as follows: a palr of zas &._zza}.:mee
of an intsks and oullel gases need not only be derived from some
single course of symhe& 8, tul may be epvlicable simltaneously
for ar@' mm'be" of 3if farent gynthesis, with & defmite n = R palr

of wvaluss balonging Yo every course of sym}zc«esisn

We nay ald the followinf narticulars to the numerical example

of the range of validity of the n -~ R e‘-quatiom In this examnle

alwars the sane end ges comp(:"eition is assumed fron the en%;ering
wabsr gas, using for 1nsﬁanca the following different requirenents?

L. Ace tvleng or bengol {CHa) is formed in aﬂdi*ien to nethaue
-'ﬁ.z.‘ﬁ’l res:-,dual gas volume of 47.3 percent and & yie}'.a of
121.1/g/con.

2, With a raesidusl gas volume of 61.7 percent and a yield of
85.7/a/chm in addition to methane only pure olsfine
nydrocarbons (Cfia)are formed.

3. With a resifduel gas wolume of 68.¢ »ercent and o ylsld of
§8.2/g/com only ethsne (CHz) 4s formed in additlon to methane.

&, With a residusl gns volune there is olweys 52.8/g/cbm

formed in additlion o =’*he nethane obtained in the other

czge of synthesis, taklog the place of any other hydrocarbona.
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B. For a z;esié:;el £as vcal'uma' of 81.5 percent and e yiold
of 5‘%.6/'&3/ chba \‘;hsx;e are formed in addition to methane
only hydrocarbons of tho bypothetical compcsi’ai§n CHg

Range of velidi¢y of the » ~ B equation for a pair of

£a8 annlyses,

Yo Composition of the meses 02 CO  Hg

CH:;
6.0 38,3 50.0 0.0

Intaire
 Cutlet 8.0 . 3.9 42.0. 7.6
2 Thene~232a equa{.ion
p= 44,3 pl =42, gq= 0.6 q' = 45.4
Re ﬁf@ﬂ&.@a
43.6 n + 45,4
Ba ﬁ.ziliazy valusge
m= L 2. 3 4 5 " 9
R= 0,473 0.617 0.699 0.730 0,758 0,79 0,816
as= 36.5 35g9 35@6 3504 %na ) 3503 ssel
b= 2.1 4.1 211 18,3 18.2 16.8 15.8
e= 3.5 4.7 E.2 5.8 E.8 €.0 6.2
da = 2.0 17,4 2.1 A7 2,8 24,0 24,9
d.,“a = 12:9 1304: @Sl, 31;;7 22:\8 24:00 2"{'}!:9
4,  Fgetors:
. U= %5.4 68,0 64.3. 61.0  60.6 8.9  57.6
My = 21,6 ‘ 2LaB_ 8.6 20,2 43.4 46,2 48,7
X= 0,85 0.67 0.568 0.B4B C.518 0.475 0.480
Ay = 1211 85.7 68.2 68.2 81,3 43.1 7.6
Lo = 1201 85,% 68.2 68,2 Bl.8 4.1 37.6
Ag = 121,13 85.% 68.2 68,2 51,3 43.1 7.6
M = 12101 8507 68¢2 58.2 51.3 4301 37@6
A§ = 12151 8507 68@2 58°2 5103 4301 3736
Ag = 121.1 85.7 68.2 58.2 8l.2 AZ.1 3.6
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78 Eama.mg
o). I% ham Dsen assumed it all cases that hydrocarboms for
which $ho yleld bas Deen caloulated do not remain as a
2as in the rsémml £620 A
bl. The agre mont of the A values can only be obtained when,
the proper munber of é‘.ccmelz hae been used (calcula,tine
me.chine)
¢}, Poras= 4 hg= 0320 -
The velues in the preceeding ezperiment shov' the varlations of
ﬁhe y:ie é with n. Iﬁ czn be made still cleargr by intrc-ﬁncmg 1;#0
the same oxemple values for n and A which frequently occur éming
the synthesig of higher hydrocarbons, B |

Be 20 20 2.2 2.3 .24 2.5
A=85.7 83.2 80.8 78.9 77.2 75.4

Faen n is mange& by only 001. the yiald w1l be chumeé. by 2.,5 8e .
& deteminat;.on of n to within 0.2 muet unler present con&i‘%&ons :
o considered at least diffimult. The moet importent task in this
fiem conelste in developing means end ways Lor a mere sccurate ami
if pessidble a simple evalustion of n, a8 well as sceasionally 4o
find satisfestory spproximatics valuer for the individmal diffsrent
syanthesee. The wsiune of n for ‘311@ cobaly synthesis under ncmal :

sressure is probably between 2,15 ané 2,20, accoriing %0 our »rszent

movwledge.
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% anwers 5o purpose sIyine %o_celeulswe yields with a grestey

2LCUTA0T ehsm that with w*x ch the ratio of hvdrogen %6 carben .tn

&he hvérocarbons formed or im the rosidual volumes can be &% sny

P

time delormined.

¥e are in addition ignorsn* of :the molecular volumas of megd
of the higher hydrocarbons, which introduces aa&;tional' martgimt,v
in cur computations ef-yield.,. as mli be explained b_elow, £a thgt '
our present ﬁfcms,tioa .6.&1 ’yield's. saould be rounded up o vhole
rumbers, and not give an irpresesion of greater accuracy thaa
we Can raanh,_i \' | ' |

The agreements in ylelds we may observe in the mgfiéal o
exomple is found by computation with the valuer of n em‘ifi belonging
to each other, W¥sre the letter not the case, the yields obtain'e&;
by the use of different formulas muld deviate %;he more fz-om each
other, the farther R is removad from the ccrresnond_ing n velue.
The locus for 2ll ylelds obtained from the seme formule end with
a givezz a iz alwye ‘a, sbraight line. All these lines of yieid
intermect in ons point. In fthis pavticuliar point n and R meed
the requirements of the n - R equation for a csrreépon&ing pair

of gas anaiyses. {v drawing)



0,76
65.0

. 48.0
~14.8
74,7
53,5

| \ w2
?3\\: Relotion between ¥ield and Repifuval Veluue
is0 i i~ o~ } ) ) S
z. Cle,
160 |~ — | 56,0 0.0
: : i? G '?(;5
14¢ . |
\ {a ~ R eguakion, U.p
13 | ‘ ’
| B - :
' Tields for a = 2
120 | Ra \ \ o |
B N R=0.6 0.6
3 w;v\\ | By = 104,56 88,7
110 . AN | e = 122.0 8.7
. A » \\ | Ae © 175.3 86,7
E AN \ 1 2= 95,7 86,7
100 e {8y = 114,65 85,7
80
; 1!
v IO RO '
|
e , |
50 5, |
f
40 i ;
:,30 -l }
é :
§ t
! :
20 : : %
0 | _—
! ! x
° —t
~10 | L S
400 800 €00 70 =k 800



g

e T-420

e an L.zulation of chavacteristic mmbers:

1. Convereicn and Consumption Ratio

Fhen the reslidus) volume is oblained in sither way, the
internsdiate values a.b, ¢ and & can be readily esloulated using
the eguations éerived. from the fsecon& essumption., A knowledge

of mmerim values of 2 and D give éirectly tho eenvere...on and

ﬁonsm@mon, uglng the following formlas:

9

?Ra hava alresdy mant_ioned that U glves the congumpiion of
carbon monoride aad hydérogen in percent of the (CO + Hy) content

ef the initake gos.

2 Formation of mathene
a). Computation of the pure methane content in the end gas.
Gas enzlysie furnishes two merical‘valueé; for the caleulation
of the metkane formaticn, first in parts y volume of nethene +
any higher satuvased hydrocarbons present (represented Dy the mymbole
CHy o7 (Hy') and in the seaond. port from $he aversge O-valne of

{hese mixtures of hydrocarbons (éicsim' aed &8 %). Thers ig 2o

wniforn method Tor the spplication of Z 40 caloulations,

In operations, (.’ may ve mltiplied by Z. This glves tha
volume of the total carbon pressnt in tho Ymethane! hydrocarbena,

for o possible -indiecation of an excens of materisls,
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Z most hogever he us'ad in the acourate couputations of the
charsoteristio munbors in order $o find the pure methsnz contenis.

1% egn be shown thel these twe dabe can be ohicinasdl Lrom gas snalyses

Let m bs the contenis of puve meihans in CH.Y
Xw is the higher hydre c..x‘bon contents in CH? '

then CHf = m + Kw

Yo may furiber call z the average C-mumber of the higher
hydrocerbons presert im CH.%. We can then give the following
sriaation for carbom:

2. CHet =1 ,at 5, Kn

ccmyleing thess 4w ﬂq:.‘atﬂ ong we gebs

n = c%tm
o

o " ﬂ’b

Ye noy now set o= /2 GHg, , and after muliiplying the rumerator

)

storminabion of the puve methane content in CHy', Ve
cannnd homaver dabaroive ¢ from the combined daba of the w0 gas

analyess, and can oxly experineniclly W o fractional distiliation

It has been suggested to divide CHy® by 2 %0 obialn a valua

for pure nmethane largely from ths two data of the gas anaiyeis.
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I2 thiu method af calonlation iz o glvs corvest woesulis wo

wast ave:

k) s 1 A

N e e A TE

o= 2 (. N y30 e ED wirmrewswns

Z D "

nt LA ot T et
Maerom e pedy il o goewaoalan 28 0o
ad G e W befteneTe Wiy ¥ .,,;,,_t,:x L GAE R L s 2

N 2
b T

states thel dividing 4 by the C-mumber

AN g;-ive corredt velnes only in the

s caxrbon mumbay of the bydrecarbons

higher than methens 13 largsy Wy exsctly 1 than the tofal C-uumber

o

& Tound by comiustion, In most cases we 4o a0t knew vhether this

roquirenent is fulfllled, nor does cns kuow when it is fulfilisd.

L

In nony cases 4.0. whan the Oerumber, 3, ie lavgelssy 1. '} division

5 g
=

g , SRR G R, DR | LTy +8 K . g H -
rioldo antively impoesible Lfigures for pure asthane. Ve canndd

thersiore see o Fulfficiently ueeful method in the division of
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by mohatl bl

et ﬂ},:.w-. - i”"éw

e

.'/
b % % B a3 4+ - o RS A% X *.
1y, Jppseximahe valuas for the factoy /7
s
e -, & g 3 -
/7 cen be compubed in cases of prasticel ilmporience

; and % in %the sguation foxr the

4 3 Py
236 A e o
o WP ® gp»u,\;e P L‘Qn

fa

do T & o s G} 3 o3 & 5
© ship selonlation prepresneatsd in ths mmmerigel

CRPVEBe
Ve have o aistinguich Botween the end gazes before and alier
she vecovery 0f the condensible nydrocerbons (x. c.he.}, €2 UF

sdeorption with mobivated casrsonl. Before the & o.he. there in

£

relatively smsll amount of Cp, with much Op, Cg, end still
higher hydrocortons, The sversge value of the C~mamter 2 28 1.6

£5 1.7,

foal

ook of ¢he T.c.he, with a single absozpdion by the activated
charcosl, methune copbaine practically orly ethans, with possitly
some propene, =ud thp Z-valne varies botwsen 1.0 and 1.2, If

larzey C-mufber 4hen 1.2 is found behind the activated charcoal,

1% iz best 4o discard the samples and find ths reagom for it.

Tne peactical noed of the exisience of{*gia limited thersfors

- N o - £ 20 )
reciong,  Wers we %o make the ususlly correct
ot ;, v - 2 & ~ 2 oo "
when othmas slone i present Z bebind the r.c.ho.
e dl e w * a ot v " i 3 b e ahee k4 < 2 N & o
Teriss beymeen 1.0 and 1.2, vhs sumerical table snd tine uheed oX

sorves would give us ¢he fclilowing values for ﬁ] e
. oo 1 2 - A o n
For G= 1.0,7= 0,8 Tor &= 1.2,/ "= 0.8
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Por the other vonge, 1.6. wien meiheane as detsrmined by

I8
¥ &
. & hal * » - - .y
coeeation inm fremt of the r.o.he. .18 in large sesle operations

e Shon behind the activtated charcoal,

0

= metheng content befcore the actlivebed chgyrposl

1

Yreatzent of 15 percent, w2 gok G 0,887, The corresponiing
Gewanber Z varles in moét caues betwosa 1.5 and 1.7, and 2 2 -
value of avornd B will be obtalned from the shost of wurvasa.

¥ we soespt tewporadly a ralue of z = B bufore the r.c.he. until
mers dependslie figures are obiained, we covld celealate the

3

emount of pure asthane Loy Jollowing spproximate veluwse for /M
Sexple Yaken

Baefore Alter
T Cuhe, Pe Co Lils

pald

LAV

A =

= 1.0 = .05
1.3

s

0.9

SOk
o O

EZ'J?CDB'QQU‘:

1.2 - ° 0.834
1.5 <87 0,668
1.8 -85 - 3.625
1.7 « 82 - 0.589 -

e
£

The last ooluwmm contalns Jey comparison the values Lo /

)

\,

ey £ B B N e T L% £ ragiey -
chbalned Wy &viding 2 by $he (emgber. Cne can readily uee

i o P SR I L BN - . I T ] ;
AR ezmmlasiion of the opprozxinstion vaiuzes found, chows tha

!
values off/ always fluctuate between 1.0 and 3.8. The intervel



ingide of vhich oy possible ervrors msy exist wonld amouns to net
were than 23 percent 6f the "melthans®™ welues found by combustion.
Computations below of the sffacle upon the enleulation yield

-

ting from auy puceilie imsccurasies in the vdlus

L]

b
o

S o
ol eryors vemu

ef/’; are ghewn helow:

Composition of zos G0 Hz CHe & Fa
Intako 7.8 49,1 0.2, o 6.3
Quilet D1 2.3 52 = 12.0

Tactores U = 63,5 percent My = 18.7E perceat 4 = 93.4/g/cim
Changes of Mv with & and a
b M i fferonce A Difference

1.00 16.75 88,4
0.92 1.1

0.86 13,83 g9.5 _
.22 11
G:.30 14.91 100, 6
C. 91 ' 1.2
0.856 14.00 101.8
: 0. 30 1.0
0.80 13.10 102.8

- A chenge of ‘b by 0.05 in the exemploe taken rssul.-;;s in a change
e;f the calculated yield by xnot over 1 percent, althovgh the formation
of methane 15 rolabively high, belng 17 percent.
Suamarizing the results of the dlffersnt computaticns, we find
that the following apm’oz«;im%icﬁ rule can be ussd in the c:,lculation
ef pwrs mathane

3}. Tor the C-mambers 3 1.0 {0 9.565;3 1.0
. 15 ] t# 17 le‘;\s " '& 15/: Cng

@

b). For £il C values I over 1.16 = 0.35
). Gas samples taken back of r.c.he. with the C-mumbers Z

exceeding 1.2 have no% boen considered.



ne

Yhes these rules ave followed, /7 doces nod &iffer by more Shen
in calonlation of yield ig

0o 00 TopenLe X - 3 b (H “ ’ = b
probebly no grosker Shan shond 1 veresnd. The rule 49 applicable
R S NS S, DO ’.»('",'....,—", et -4 2 d st
i¥ dhe higher hydroceorbons are removed with activated charcoal o

ty low cooliug. Whea serudbing oil 48 used She .Jrupo:e tions may
be diffeyent.

Ritter, Fischer and Stock {(¥rwp - freibestoff ~ Yerke)
detemine tho &ﬁowﬁ: of pure methane in the end pag before the

e CeliCe by preparing a 30 called artificlal end gas for analytical

H

’

vposes by sroatize o mriizl elream with activated chavcoal undew

g

specified conditionsz. This gas contains only all of othens in addition

-~

to methone and produces with a gyeater regx.larltms C-mumberg 1,05~

2 N

1,06, In this casz/~ is = %6 0,99,

I

e

has already Been pointed cub that the cempuﬁaeiong of the

characterisiic nuabers must alvays be made with Dure methsne i.e.

vhen Z ie greater $hon 1,03, in vhich case (He' must in accorfance
vith the ghove be meliipli=d by /© . /_," has howover been cmlited in

£5 -2 oy I .’ o . EI
tho Tormdlog for the coze of sinplici

ot
g:‘!.-

¢ 1.2, CHy? should glways be
: 9
I’e‘ﬁ)lf}. -.'3(1 : (‘..d e /"‘ P

e Tieade e e By - . 1 T x3 g
Co Beternminstion of ihe Formeiion of Methanas:

methane. The first bagle stoichiomedrio

squation gives for m, = 4 28 a sclation for ¢ = 1/4 (a +b), or
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&t %= 40, 111 Shsyefore 2lvars

requivs o Qe Cur zbovs definiticn of

Lo
PRkl SR 18
Y
e get for Heo Heo = i . 102

Thess iwe fachors can ba converbed into cach cther by:

!

1. X

bz d
1159

T = e .

3, Ticld of hichsr hvirocerhons:
Four egantions could be derived from the second stoichiometric
' S s . = '
squation; on the strength of these equations ¢ could be caleunlated

in four Alfferont woys fvom any three of the intormedlabe valuss
é .

g.b,c snd & ©F is the volume of the higher hydrocarbons formed,

g)

ad {horefore the yicld., It is customary ¢ express the yield In
g, and c'f' meet bo rerceloulated to welsghid by the multiplication
with the fraction (132 + n) 3vided by the molecular volume,

The cuesilon now arises whal value to wse for the melscular

P SRR G I e % Lol s - % e o - -3 2 ) b

ars avallzble cnly for the lowsy compoanda up o sclane. Up %0
o Lk ey A - . b I 3 - | . 3
pentans the velues ave below 22.41, for hepians aad ochane they

a™g adova. 1% is, however, impossible in $hals cgoe to glve ang
approxinate valrves, The everaze molecular volume of the kydrocarbons

formed remazins 55 yet tndetornined. 14 may be leoss than 22,41

{for idesl pases) Tut can also be above that Lisure.
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(e maot ford nay in niad $he molecular volumaes of
Tren she idenl waiuve {corbon

sppeans therefors 40 be besd

.
- PO T S JPOT0 A ey Wb o U [ 2 Tan B n iy
50 mabe oalouwiasicns with the spprozimption value of 22.4, AL aay

case one shovld besr in mind that we have hers an additional un~
gwoidable source of errors, and an additional rsascn for the tut
Limi%ad aswaragry of the figures caicnlated.
b ey
The ia.ul by weight is cobained from $he product ¢ . et n o
. B2k
her refasrrel $o 1 cbm of {.he gas ins x*o:‘b.wed

«
¥

o
¥
g
>

%ha ¥icld maeh
and the velus so obiained must therefore be mpitiplied by 10. We
cbain In this wsy the folluwing four fomm.g@ for the caienlation

of ths yield.

~

Sy ™ ‘Q"-.;‘;’Fs e-a-lg-m © 8 b bl d:c la
T oz2.4 aed - @ ) .

Agg,_’g"'z;‘g<&='”"’5.} ‘=ha{a=-c~qa

H]

hy ( a+ b~ 4g)

; o)
hp = 28ER 2 (5. p - 43) , 10 = hg (3a - b ~ 44)
- bu'gaé 4 = o -
1‘*: -+ n 2 ? o
Ao == L+ 3~ Zc 10 =hy (b d -G
“ T "a+ac ! %) . Be. ( o)
Ine fzsctions in fromt of the poranthesls depend only osa n, but

. - =] - 58 - b ] . i

mel on oy gag cnsiytical dska, ond pesur in oll somputadticne. We
PR T - - T ot E . 3

tan hsrefore efrpllify compuitations by replasing thess Frpolions

oubslin then the {four oxpressions for $he ¢o smputationg of the yield
a% the right. Ths collection of formalas contaeins mumerical valuee

occuring in normgl hydrocarbon synthesia for by %o hg.



Sransformadion

=g

]

.‘;‘

-

could bo made

ave egulvelent

-

conditions, X

!

sive the same nuvmerical

2@ which is cuipletely consumed under

= 420

for A; the nethene tem namely ~ 4¢ can

rs for the

)

the entering

racheriztic wonb

o+ ) by

ga

B, de

Me) o 102 = qt

Yoo

> e o

(1+X‘>

[

(100 = ¥v)- . 102

Meo

Moo =2
258{1 + X) ) . 10

e W02 R, T, U (1

crmzbicsas of Ap or the thres cther A equaticas

a gimilar way. The derived six formular for A

%0 oachh other, and if no errore in compubaiicn are

values.

£ carben menozide and hydrogen in the inssk

the given consumpiion

theoretical yi *;5 This proportion JX in obtained as followi:
¥hen the intalte gas contalnsg mere Iydrogen %han Jy wo may use
3{ = 50 {3+ .h

ibake 3as conlslns nore carbon wenoxlde than iz pressnd

- o Lo X
bdw i } A em 2 Ea < t'z—-ff-—ss
The maxivom yleld is no% uwouslly given for the tobal conversion,
but for a smallsr conversion, When s.ge U= 20 percent, compuibations

are made Trom:



ve -1
bgga, 80 = by I, . 90 (100 = ¥v) . 107%
% ig slwsya fournd in the formulas for yield derived alove.

P e Wy =3 v el & Sy - s .l 2y 4
% oonn e wvresied by B and the zas anslytisal data by using ths

SIS
2= R ecguation. Substituling forn nefdlefog
P - PQ » R

<]

% - y 34 < 5
into the Zony f

srmmylag from Ly 4o Lg, we go% &fier the proper
ﬁra&zsfema‘eiéns the same new expression for A from all four yledd \
femﬁe;s, which nc longer coniaing n, and has instead all of the
four intermediate values a,b,0 and & |

dny = 0,833 /{Ea.‘i'l b~ 4) (2e+.d8)/.

Thie eguation should be the most convenient for practical ‘
uge. Vhen sufficient number of docinmalg is use&' (caiﬁﬁa'ai.ng.machine)
the same rumerioal values for a ave obtained asfron Ay to A,.

Tha formilas for ﬁaléﬁ derived zbove give the ancunis c:f ail
the higher iwci;ﬂacaﬂmm vithout methane. The formula necessary |
Tor the cemputation ‘o.ﬁ? the combined hydrocarbons includiag nethans

can be derived in iwo weys: wo can carry oud 2 similar derivation

o zero. It has alresdy been mentioned in the ssection on thea n - R
¥ &Y

Q
e
&

G
o)
5]
&3
£

i)
1
o
o
L%
(&)
i
&
fx)
i)
o
l‘:\ I

Sded on to0 all 2bbreviations vhen methone
eaterz fogsther rith gll the other hydrocarbens into the comretations,

¥e get in that ciga:
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™ 3al v 2 ‘ s
22,4 (y By

The Ta2tdvs My, hp

420

=Ry {a+ b}
= hg (a- Q)

= he {b+ d)

i

0.893 (5a + b ~ 48)

hawe the 2eme momericsl valuss



