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CALCWLATICN OF YISLD FOR HIGHER HYDROCARBONS

BASED ON RECENT HETH(DS
BY DR, OFT0 ROELEN

SUMHARY

The methods for the calculation of the yield and relaten
propuities, discussed in tho preceding papar (Ib-3), are developed
further and compared by RARW (Reichsamtversuchen Angsmrdte
Rechenwoisa, Trens., Mothods of cplewlation employed in exporde
mental work cerried out undes the direction of tho Reich).

INTRODUCTION AND EXPLANATION OF STLEOLS

Brperimente uwdertaken wdsr the auzpicss of the Bsich at
Scehweizhside have led 1o 2 noy method for caleulating the yisld obfalned
in the synthesls of higher hydrecarbone. Examples of thic proceduro
have slready been givem (see preceding paper, 1b-3), but to date Lhors
hag boen no desceription of the cothed dstallisd encugh to smable an
outsider to ues 1t without additional instructicos. Bupsrience hae
shexn that an agreczant on this cubject prossads certain aifficulties,
In oxdor to conpare the method veed in government resecrch (RARY =
Relohpontversuchen angewante Rechercreler) with the forawlas thot bave
been derived more rscently. 24 descrdptlon of RARY is glven below,

To fazilitate comparleon tabween the twn iwbhods, RARW hao
axpresced the abbrevisted terms which worve introduced in o own
proceduze. An oxplanytien of the abbreviations uesd is given in the
preceding papar (fb-3). o 84d1%ica, the folluning row corbole howe
Doan dneluded:

0 (1) ag o coofficimd: volunos of azyson foomed (/ 02} present in
eoundeal cuwddinbion A thn soyremoted peodunty,

(2} as k supsreerint: Indicates tho velue after deducticn of CETEEN .

e . a . o (Thoamame P - .
i1l Average walue for M satlo div the CHeparbtion of 4hs produsty {ned
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includdng methana) afiar doduchion of eryoco fren the eypunated
coapowds.
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17, A above, bub with melbans dneluded 30 0o meodushs.
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L47¢o Yield zecording Lo the fundanental molar calewdabien desigraten

ag 00 yizidh,

Tisld cccording 39 the caleulation of the lismiting yield foir en
ides) gas, dewigrsted ap "ideal gos yieldt.

THE CO YIELD
100 - contreciion = residual velum, R.
The final ancunte of carbon aonexids and dicxide ave glven 25
product of the rsaidusl voluvne times the content (porcsent) in
exil gas:
R{CO'), R(Cﬁ;)

o
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Tae amounts formsd or reacted are given ag the differsnss batweon ©h
apounts in the product snd the initlel amounts:

& © (0 - R(CO7) a = R(C0) - GOy

Tae volvae of reacted earbon monoxide minug the veolure of carbeon
diczide formed givas the volume of hydrocarbong fowmed § ";’ {iaol.
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Beacted carbo: monngide and hydrogen are
previoes soovion, Hose Je3s

a = 0« RGO b=ty - AHls,

Dividdng, vie «obala the vagosr vabio:




3. For o glven usage ratlo the cmount of €0 + Hp gas present in an
idezl iplel goe that werldd wnderge complete convarsion ie celewlatad ,
thust

Jg = C0 (Qax), for an eusess of Hy ovor the B in Jy.

4, The 1im%tﬁng yield ia the possidle yield, given cemplete conversion,
for & »* of ideal pgas measured uvader nmorwsl condltions. This yieid
iz caleulated from the analysis for fluid products (liquid and pas),
each class of gubstance contributing to the total suwa.

5. The €O converslion is oblalned by dividing the roacted carbon monaxids
b the carbon monoxide initvially pressnbe

Uco ™ 1-53'»:\
CO

v

6. The yield in hydrocarbons Cling myy then Ha writlens

¢
A1 = limiting yield x a mnmt ::h. ideal gos o G0 emiversion

= Jimiting yield [g: {1»»..) &
= 3lmiting yleld {(asb)

TALTIEC TIEWD AND FUNDAMENTAL IXTAR £ONSVAET
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The folletiing coaslidersbtiong may be vosaiul Oy olapdiying the
eoncept of Yladting yicddY. The yiecld formala, Sdoh centalns dhe
Vindiing yield, resds ap Zvlliows:

&
A= Rdedddng wislad {Lrh)

Tois yield smugy e the
Lird fvndspental shelehloowiric

Thzreforsy
Andting yleld (ah) = hl{a.-z-bw)

From which:

. e ({10,
yield & S ¢ )‘ g

Idpdting yie s

Wiy aea iy . PO I R Ty I L A P I
WH«:] N"*U POOATIENLY ADOVE RS DO o F3 ETURAR SIS0 QU T ,:..i.n.ﬂ;.ui?-.lf.; e

e
7




Sagple calculailons isad to the eama resuli. fne formailon
of ethencl, for example, way hs wsprozsed in two woys:

& 00+ & ﬂz = C.?_H(;U 4 HZO

300 % 3 Hy = Cpligh + CO,

In both cases 6 volunss (€O + ‘:‘(2) give one volwns C-Hg 23
ethancl. Wien ethane formg, hovever, L volurs Collg requirss 7 wwlunao

1%

2C0+ 58, = ;9“6 L) H'?f)

’1- g0 » :d fin = (.r"u{ + 4 U‘:-’?'

The Modting yield fon Lo 0 « ¥y under standand cond
is therefore:
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Fernstion of ethanol and deduciion of omyzen:
Fovemblon of ethono:
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u For ethepnl, afier dodvetion of exygen, the H:0 petic s give
by o= 200 6 Zell !,h s thate
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Consequently, this oxygen rust also appear in the fundaventel stolchinzetric
relation, if thic relaiion iz to give a trus picture of the tohal reaction.
When axygen s deducted, th2 sscond fundamental stoiclﬁ,mm.;riﬁ equatlon must,
therefore, be extended to includs the term ol. The L¢llowing oquation, lnow
22 the third stoichiomatyriec equwation. is then obtainexi:

2 80+ b Ty =0’ ClLo v ¢ Gliy + dC0y+ e 10« o C.

“hils equatlen 1s ths tesis fopr HATN. Tis algebxrale nberpretation will be
found in the appendix,

It can ba shown thet the RARY cziculations for the CO and 3deal
£as ylelds call upon the seme fovmwloe aa those derived {rom the above
fundamental stoichiomeirie equation for Ay or Ay A pavely forasl differencs
iz occasioned by the introduction of the limiting yield which tekes the
axygen term oud of the expression in parenthesss amd pleces it in the
Vimiting yield:

RARW Third Fundapentel Stolciiomstric Equation
0 ¢
12+ o 12+
1,18 m . (&md) ACP [+ —I--n-ml-{-g ( "’d)
©® 22,4 2 T TR2VLT e

i hg (E.wﬁ)

O <
Af. = Limlting yield (a+h) AL = By {arbro)

Tadioy (
v hl (&,ﬂ))

THE ANATYSIZ COMTRACTICHN

The yields caloulsted by RARY for 1‘(:0 and Al do aul dn gerseal
Lgree. It wes cboerved that the two yiolds ave brought inso ngrocment when
aasther centrnctlon is substitubed iv the ealcwlaticn. Mozoover, aush an
sgreenent rlabs for only wnz specific cenbracticn. This coasracbion o
mpovin as the Manalysis conbraction? asd rust be determined oo plrieally.
For this purpoge, the amounts of irnlet ani outlet gas ebieined LY pSagurEe
ment ere nlbered In such a way that the ensvulng calevladion glves the sams
velus for both yields. This valiue 1s then taken zs the correct ond.

Az will be geen from the deriwabion of our new fermilaa s Gho
-2 equation constitutes the baszis for this empirical method of ezlewlatiern.
Both the yield fonmdas used by RAWT: '

o Lundsmerdtal molar constant , S el R
Lz = A ~ {a-Q) AL = Lisdting wisid {asd)
alery
il



Loplicibly contoain the n oz ng.. value, and consequently the value Ffop
R. The difference betwesn the two yiolds increases, as R differs from
the valye which, acconding to ths n-E equaticn, correspends to Lhe
given B Fhen n and R satiafy the n-R equation for 2 given sot of pas

analyaes, the two yields coincids,

Thegs relations hold not only for the two yisid caiculabions
alrsady useqd by RAN, bub also for tlwee cbher differant yield formulae
(A3, 4,5, Ag). Two of these Formlas (4, and Aq) show an even greater
disorepancy than the yields already obtainzd by RARH. If the problan
wore still in the experimental stege 1t wouwld, therefore, be advisable
to consider these Lwo new fowmnwlas, However, this is not the ease.

Given n, the n-R equation offers & msans of determiningz the
apprupriate residuzl volume (Rg, 87) for every ast of gas analysss and
thug of ealeulating the sznalysis contraction. Therefore:

Analysis contrection = 100 = By (or ‘&7),

SEPARATICH OF OXYGRMATED COMPOUNDS INTO THE
CH-RADICAT, AMD WATER OR OXYGEN

For the purpose of caleoulaticn, RAKY has chosen ©o breasl des
the agygenated compounds by slirmdnation of oxygen su sush, rather thun
as water. The rewsun for this, as explained by Dr. Piekler, is thab the

CH yield then contoine all the hydrogew, whieh de not the ¢nse when uster
is ollminaved. Eweeph for this rather thecrebleal advaniane, buo obhow

methed, which proceeds by elivdnebing waisr, lc ths xore convanisnt.
»
fhaen caygen io ellednebod,gohe visdd is exproszssd us f:cc-:;r Lunl,
by wesns of the licdbiag wield, az A%, vithovt nevsasiteting bus dnd
wion of an explicdt term for cuygen. MHowsver, as fur as v@ now hncw, bho
method offers no other advaniages. AL other expressione, deriwed frew

the thivd fuwodamsntal stolichlouetric wquation, conteln the o0 bene.
Hence, they cammot be uzed 1o maling eplowlabions, wiless $he cxygan oome

vent has keza debtermined dn the enelyeds of the products.

G the obtlher hand, whop water i3 eliminated, the corcesponding
tera alse disappears and the fopmlda coutalus, besides R end n, only the
intermedizte variables, u, b, ¢, avd d, oblainsd by geg angdrels. I
this way, nurerous formulas for the yield, the formablon of cavben
dioxide, the H:C setio, the n-l relation, elc., my be derived, waing ouls
n and the velues obiained by goas soalysis. Tous, these formilas ays
capzble of ponersl sppiicodlion end e walid even for ¢ &
ouygonebted compounds forn, bub axe nob annlyead snd oo
e lnbercduced dots the celowisticns.
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In evaluating further experimentald dada, it is therefors
advisable o preceed by eliminating water frop the eygeneted coo-
pounds, rather than oaxypen alone as herstofora,

As an jluastraticn, the rost importaat wmlues of the two
arthodo are listed for comparison, Ths nuerical exmunples are teken
frea the formaticn of ebhanol.

CH Fraction of the (mygen Compound Ootained
by Elirdnation of
Water Oxggen
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USE OF ABBREVIATIONS IN FORMIEAS

Elimination of water, rather than of oxygen, from
cxygerated compounda, offers an advantage only when takon in
conjunction with abbrsviations waed as o ehortout in mathemabicsl
eperations. Therefore, this is also recommsnded in evaluating
Duture experimentel deta. A nucber of advantages are then oblained.

In determing the hydregarbon yleld, a single constant,
the HiC retio n, nuww replaces two consbants, the fundarentel waber
conptant and the ilmiting yiald. The yisld no longer need be
caleulated twice (GO yisld, ideal gae); a single forauls now swiices.

APPENDIY

CGaiculabion of the Yield with Introduntion of Cnemieally Bound (moygen
88 Such

1. Thixd fundamentel stolchiomstric equatlons

aCO+bH2mcﬁmiﬂo-:»e(}}!‘{a-:«t‘aﬂoz'xeﬂzo-'rm-i}

2., Sumeabion equations for ths thres slsments:
» +
for carbon: & ¢ + ¢+ d

for oxygen: & =24 + 6 ¢t o

fov hpdrogan: 2 = oY ¢ oo Bu
3. Svliubtion

. 2 . o B |

¢, =T les-horo) o, = e (Ba-b-drieo)

o o '!.'.' “ Jyenn

k7 14 b3 2’,.,‘ -~ kY

ey = {ae-d) g, = g {(beSurden)
- n'tre

L 08fame)e2(ar20uen)
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2
L = = P g . - N s
A =L ",y (@ekoro)l0 = by (asbedsio)

Ay %ﬁ; {(a-c~2)10 @ hy, {a~c-d)

2 .
Ay = 55T ey (Beabelii=0j10 = h (Za<b=fid-o)

) E&ginm%em- o AmitY w2 { T g
A =357 ors {L-3ce0r0)30 By, {(b-3esdeo)

5. Incluglon of webhane dn Hheo yiold zives:

n” = zsg and © o= .

Ruhpenemis ikbloopessollache 2%
Oheshanacn Holbes
Sugesl 1ULE
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