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foplinayion ¢f ths Tormula Z}eriv’m-

s Ly b & i By g £ k - . o 4 S &
4 FBvelupbicn froz Gse Avelvses ond the Svnihssen Tedn,

1. Gepersl Jourhe of Calcalstions
The svalastlon of anglysse with the formulas darived can

be done in a vavisty of ways, deponding on %he aveilable ewxperimental

Bateriail, One gy 0¥, €.g8. Y0 obialn usefal {ate for the residual
volume from Qirest measuremsnds or by calevlation of the so-aalled

nitrogen conteat. Ths worih of such a value can be &etemﬁna&f 'by
sebstitutiog it into the n» - B equation for the 6orre_spcné;5.ng pair
of gaz snalyses. n must then lis wl"ah:én the 1limlta of valﬁes found .
correct by experience, 6.g. in normal hydrocerbon eyathesis ag
porformed ab prosent, beivween 2.0 and 2.5. If thisz is not correct,
tuere must bo sope evrors either in the gas snalyses or in thg
calculations.

If the ervors aro in the enslyses they can not be eliminafed
or Wypassel. O that case oz would have %6 caleulate Pactors
Znown 30 he lncorreet ané pdjust the colculations. If the errow
iz snoumed in W2 residusl wolume, 1t is possible %o obiain appronimately
corrast fastors by caloulation frem tho avellable analyses, by
aspuming n e Bo knowa from experioncs and ealoulsbing from the

s

Firdlng tho residusl volime by measurements or by way of nitrogen

and tosting it - emzrus more labor of calculation than the celculsation
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% th on » kmown Yo be spproximalely correct and therefore used;

ROPELYEY, »f the sspummtlion iy correct, the same or praectlieally

‘i

5 5+ S 2 1z . In £ . LA .
she sepe momerl ozl rasulis sve o¢hizlned; and 1% doss not alws

-

offer, moveovsy oy gveaber asguvence o dependebility. The same
@aﬁlie:a e2covding 0 our emporience algo fo the preéiaion deterninesion
of alircgan. Une may thersfuvre occas snally aliminate the delorminatitn
~of Bz, Rz (W measuromente), or Rs and Ry (From ¥a results) except

as check Zfov dhe basic‘aaauzp%iensa The load on the lsboratories

will be reducel by ths ee:?.zmimtiexi of the precision dé‘aermina{%ion

of Ng.

Waer sufficient Gats are furnisbed By :;ml»yaes' of the procucts,
they can be used for the ca,‘,s:llaiﬁ.on a}f n, ond from that of Pg. |
Finding ¢f n fyom the producis will be more cemplic:atei,, but will
have 40 ts cavried oud for the g"ma’{;ag% accuragy of éalctal&ticn
of fz;g;’i;cx*s of new wafmw% frem an v Qa."zm.z.l iar course of aperaiioneq

Af%er R hap bYean czlevlated, ihe caleuistion of the intsrmedlate
B, ¢ owné &, and the: the footors U, ¥v, X and & will‘af:?az'
so GiETicaliisn.  Motuslly corrcsponding velvrs of n and B will

havs %0 be uced for the celodiation of ylelds 4; 40 bg o

A judgement of dupendability of $aa basic assumption
becomes relatively easy by an applicstion of the newly doveloped

relatlonships. To do thie, one has to conmpare velues for n and R,
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obiained in different weyo. This will be shovh here on & few
23 pesslible securecy of the dzsis.

BA8

sa%

iy

Eraoples I, and &
Pgrilodianily opvefak work in remized for .i*’(lo Bzamples 3 and 4
ghow 1 ;r soourate basis, as it fretmently occura. Some errvors
are condained in thewm. ”’i‘he caestion is, hp*:: to Judge these erpors,
o a soriay of ssmi=-technical deterninaticns riac’-ie with grezt

e

care {Schwerzhside Stabe offiss (»&%i'&QM§}} goeve values for n -forx
a mumber of entirely ﬂ;::f.fferent syathenes alwa;fé_ varylog between

2 and ghout 2.3, Ve may thovelors assume B = 2.15 £ 0,15 as &

gafo spproximation. When values for n corresponrding to any R values
obtalned by divsest messaremonts or from ¥a differ from the ghove

% values Wy a smaller or grealer zmount, thers must be some corragpond-

ing inpoovracies in 4hs boasis. Thece conclusiens mueh be drawn

if no fundamentcl errors exict in the shove derivations.

% mest bo agsumed that the mumerical naterial emssaed oTEr

.
i}

2 long or a shend sime intenval permids telling wiere 56 look for
the cauzen of thueee dsvizfions iy the R and » velues, whlch mayw bo
in neasurcwenin of the ascunis of gas, or eize in soms place in the
#as onaiyoia, Hhen gach o proof can not be obiained, one nay assung
zone of the ﬁms:bmén%s& assumotions %o be more dependable, than some
others, e8.g. thut the measaresents of zwounts of £a8 sre nore
dependsdle than the gas analysis, or vice verss. It is however
never posulble %o tell at cnce from ths larger deviations in the

n and B values, that the churacteristic rumbsrs and Yields obtainsd from

such Tundanentsl date ere of only correspondingly limited accuracy.
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Ezampleos for Colculafing ihe Course of Synthesis.
%Emmple ¥o. L. De Jo 4
Origin Lavouwetery Steto Leb. Tosbs Loboratory Operations
Catalystg Cobalt Iren Crbald - | Cobald
Preosune Boranl 1D shn, - Wormad | Soxred
Sap Analyses o .‘ o jhetual (<1800 1 T | ' L
¢0n 8.2 1,2 | 0.0f 1a.2 [1i.22 5.0 |30,0 [14.4 | 41.9
Hrdroesrbons 0.0 0.0} 0.0{ 1.0 | 1.0 0,01 26| - | 0.6
0 22,6 B.2 | 58,23 28.8 27,1 28,1 | 2,7 [25.8 | 12.4
Ha 89,0 - { 21.7 | 48.4| 7.7 |33.13 | 52,8 |20.1|53.6 | 18,6
Ha G.2 12.9 | 3.7l 7.9 | 7,99 0.2 18,9 | 0,4 | 11.9
Bo 6.2 1| 8.8 1 8.8/ 144 |14.56 6.9 126,61 4.9 114.6
Reagldual Hy 0. 223 ‘ e = 0,208 -
Volumes Hg o 0,803 0.80% - e
‘ Rg 0. 222 0,588 0,582 0.269 0, 336
By C. 27 0.605 0.542 0.222 0,364 .
n from R 20 22 T e : e 2,08 -
% By = 2,145. 1.914 - -
R 2. 27 2,115 - 1,854 2,47 1.79
n to B 2.15 2,150 2,150 2,15 2.180
Celculated Ry 4; 201 - o= 1.18 Yo
with By én 2,02 - - 1,15 -
N Hp 4 - 7,35 6. 77 - -
"oou Be & - 7,36 8. 77 - -
no Ba g | 0,02 -0.5%5 - -
oo Rp 83 2.27 7. 20 6.63 3,07 ~0,32
L Ry dg 2,86 7. 30. 6.63 - 3,07 0,32 .
uoou Rs g 0. £5 ~0.087 _ =0.782 +1.04 =116,
weoow By 4 3.9 7,58 .2 1,88 0.85
RO Hp Ga) 370 7:58 7.-£0 1,68 0,86
Yield Ay :
C&j.; V;iih El 1!}50 5 i A l'f.?qo 5 had
" Hoo R - 5. 2 96,0 - -
" " Ra 141.4 88.2 28.9 i%0.3 220.6
" "By 145.9 94.8 86,4 142.3 _1n.0
Cenversion U ' .
Cal. with R, 92,90 - - $4.7 -
. *  Rg - 55,6 55,1 - -
" " Ry 92,70 56.0 56.0 93,1 85,20
" A 93,25 58,6 52.3 $4,3 85,95
Hethane Formation My .
Cal. with Ra 13.68 - - 14.84 -
. ™ - 4.85 B, 3L, - -
" " Ry 14,25 4.48 - 4,48 20.30 18,33
" 4 Bay 12,99 4,94 8.05 16,30 23.60
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4 lower o higher carbon dioride conbtent in the oujlat £es
moy readily te deducted from ervoneous gas analysis, ©.8. when the

sealing liguid containg or gheorbe carbon dioxide. We wlll shoyw

£

on one example vhat mmerical offsots this can heve on the

The axarmple Fo. 2 in the ﬁmcaé&ing section heg an almest
6rror Iree basls, and @¥ is also correspondingly close to 0 (-0.02).
The “z:?lil’ﬁ colung of this smwmple shows chenges produced when the
carbon dicxide L2 2rbitrarily reduced by adoud 1‘percen§ {1ces
from 1Z.2 %e 11,22 percent), ~and the gas analysis recalculated to
100 percent, Lot us sssume that thie reduckion in the carbon
Gioxide content was obiainsd during the campling of the ges, s¢
wat the messuriment of the residnal wolume Ry remaing unchanged,

while the residial voeluwzo Ry, caiculated from the 85 called ni trogen
comtent, becomou smaller, = becomss in voth cases considerably .
emallisr, and zs 3 resulit &% will be negative. With Rg = 0.782
vne order of maccifude of dy will become mmaz'icalfiy =8 large as
the el vc'&;:‘r.ez;. of omrben Ciozife inm the gas analysis {~1.0 perceas).
The carboa Jiozide formation can therefore be proven by the

computation of é% and hslpa in-that way to the Judging of the
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smmerical bazels Ty vermitting vs to racognizg whelher LY differs

-

from that %3 Ho oxpmerted .:’2?:3.3 thg FTornatlion of hydrecarvons, and

3 oowrso the asmugpilon 1s made here that any

in dhe cuvbon dicxide velve, snd that

’ . -
J.’J";,}“lsw SDTE A5 JSY

e PR KN
aticn of 2]

e d MWas W E

thyes gz8

”t

¥o could wse this sene proof for the Iomat.».on of the thrsee

other intermediate values z, © and ¢ as for cavbon dioxide formaticn.
There are howaver some &iffevences. o furdamental ﬁew_relaiziqn«\

-

ips could te Jound, bocavic only 1o oquation is svailable for

B

cempariscn pryacses, nanely the one for 4" which has been used.

For can we asgsune Lo ths scme exbend the ccombination with, or the

ng feee 0f, carbon monoxide, hkrdrogen and nmethane, a8 we can

for carbon dicexide.

Commtabiing of 4" permit us $o follow not only sources of

3rore, tat obb

0}
Lt ]
L]
U
]
o
w
0
0

gl

a8 woll, vhich would change the carbon

dioxide in the ouitled gas, 83 o.8. the abosrniion or liberation of

=

zes8. This can he cbssrved e o
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2, Gamgal atlen of eyvors:
Ualowl: Llens of 49 gives vo the deviations of the wrong
from Lhe coreend ges mnelysis, asstming tha? the errcr in the zaa
snplysis g cniy Found for 2arboa dloxide. TFhe dirsciion and extent

of such errors are kaown ard 14 is possible to eliminate this error

by eorrespunding corrections.
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Enoiledge of 4" peradtc us the calouletion of the corread

»

Flen of the end ges which 2an be used in the familiar way

g

4, RO S Y £ y? - 4 ie e N : 2
for 4he agloniviion of the chavseberisitic manhers. dowevay, 4f
3« b < k3 * S -
nerely dhe visld im ¥ from

erronsons end zas analyess Ly using @ = 4% in the formile for vield
instand of &, md meking the compusaiions with n = 2.16.

%o can gt resulis for yield in example 2 with the excellant

any of ¥3.2 = %6.5 g fvom the inaccurate analysis Ia the .

SRannie 2, CUHY wad with 26,5 g with the correct gas analvais,

equnlized the riold will be found to

be 92 g with fhe corresponding n, and when calculated for n = 2.15
the yield will vary betwesen 8.8 and 117.5 gz.
andenentslly the game method of compuiation can be carried

out not only or cavbon dioxide, but aleo Tor carbon monoxide,

nydrogon and x:;;-,ztheme.- There is elways howsver a prerequisite that
a nosaiblie ez‘xx;»é’ would be Tound ia only onz of these ga2883, and
that it “e kasm vhich eme is in error. Such assumpiions are

r oneh Celf illai, "his 15 $ho rezson why this method of

T R st e emo i [ET Y - &4
0% 03 used nlwave 2% will., Fork ia thig

iresiion has wsever nck web been concluded.

L that dy is alweys = 4
within ¢he lim.ts of errorz. This sgreonent cen te used as 2 Lest

for errors of computation.
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& R
. - . o~ - ih + 23) ~ +
Algo, A colenlisted feemn = 3, .t 2d) - {a zc) wasd
a - (o T+ a)

ot Bhe novaines whleh ecrrempond $o that part?d colar R in the n - R
e’"w,zs.a. FhE chdeh 2,b.0 snd 4 heve been calenlated,
T8e crrorn of M;;sm taiion can bBe boated niso by cag‘i.mla'%;iﬂg
the yield not frem a single foraala, Wt from several. The vzlues
ebtainad with crrom—Tree computations (cqmputing machine) mosi ‘
agz‘eaﬁ This, and the degrae of accuréey with which d; and
3z and the dlflerent ﬁ.é.“ values agree with sach other, can be zoen ’
from the mamerizal sxzavle used above o preve the apoplicability
of the n - B sguatlion, sad which illusirates Ghe agrecnens for
the vhole range belween n = 1 emd n=9, N

Yhen the valve for n = 2.0 has been ussed in caleulatlons,
the composition of the end zos can be caleulated baclwards from the
farrmlas given in the céil estlon of fermlas Lor €047, CO%, Ha?, and

~

CHq?s

-

e nise o biank Tormg hag tegan found advantagecus iz practice

in thoe cowrge o calouladions, Tale #ind of “lanke is ghown... Thers

woeopy of & umall collection of Torzmulas sdded iam
which only formulas in prachical wie ave sunuerized.

Experlonce has ¢hown that when such Dlank i’ormé are used,
technically untiained halp a1 be depecnded vpon t0 caleulate from

the @gas analysec the foar characterd igtle nmudbers in asround five
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togg adoud the Course of the Syntheszis.

R R N Y T U UV R S S S .t 17 3 e 4 2 - g ’
dltaeat [olng doto delails, 1% will tecome immedlately appavend
2 P [T TP s B e S i PSS wrpges, yen *T o 2
thet wha uss o the derived will resolt in impordand

-

slmplificatiors in the preliminsry calculasions of e course of
the gynthes s 2.8 in the laying out of the new installaticns.
‘.‘ié have no ascliguments %o 529 in that 1ine, end this mere mention
should smffice,

Diagram ip the sppendixz show graphicslly ths connection
”ba'h:«'aeﬁ the four characteristic mmbers for the simple case when
2= 2,0. This cnables one slways t0 calouwlate the fourth fisure

when the remalaing three are given.

®

Co Uniforn Usze of Abhreviations and Charagisristic Huibers: -

In gpite of the defteliled treainent for decadas of the hydrogenation
carbon monoxide, ard in spite also of the TOLuUminous sxcranges of
expericuce pariicipated in by mimercus concerne on the computations

of thg gng wiilizsblon, neither the definitions of the concepts,

&)

RO e odbesvoaiions and She chavecteristise hare baen uniforaly

s

» = o

o e A A Y P ] wrp a2 Y - e 3 x
aBet.  Such an ggrsenent in the following fiszide would be desirabls

B D - S N - Lo ] EN K3V
esausy ol sho resuliing advantages, c.g. ing

1. ctorintic mmbers and their srac’
Zn 18 %0 be used,

3, Discussion of the most dependable values, for n and /# v
a8 well as an agreement on the average values.



g

&
s

contsin

e 9

75

e

>

(23

1.,

i

o Py 273 ]
TMRSRTL

2ep 4w

o

e

o
LA

g in

noax

"-

[X

5
5 e

T

V’&

dac
AN

e

b

3

2l

&
"t

ion of gaz

nz$

3

r the evm

4

g
s A

ormilas

s

®
£

%

e

-
i

Ihrgn
LRGn

S

ks
[A AN el

L

Qo w

w o “
OO
30
Lo ]
o oWy
L B ]
o
8
QW&
0 {3 O
ed o P
o~ Q
Py
oy

. 10°

=

a+th

e

~
¥

e
L
>

ks
s

nta
AAED

i

¥

|4
T

-y
[SY =
_ﬁ;

4~ -
o4h
¥ ]
T §
a9 EN
z.u P i
B &
" 4o +
& e
ol a
L o3
i
=

[
k o
L)
e,
3
e
o
@ &
. [
24 ot
b
24
£ i
" jasf
"y .
. b
vl
L3 g}
Fatd
Ty Y
< i

e .

N

B .

T

——

o



420

¢ o - S e - ENg EA ., 4 Xk e R0 IR sy 3 '

Sesting ihns Feels Yor ths Freluallion of the fintlionsl leborastore
, % 2

i} 3 - 2 ~ 3 E a3 7 .

Sxperimonts by Commaxison by the n and 2 velues.

™ T —

- . —

sveluation :’a { .
Ho. Migtad i 4 3 z 4 & 5o 7 8
ories WOW . L < - o

g 0690 0,682 0.683| 0,662(0.386 | 0.665 {0.%07 | 0.720

Be = 0,687 0.637 0.517/0.565 | 0.627 |0.675 | -

Rz 10,697 | 0.708 | C.697 | 0.672[0.707 | 0,682 |0.723 | 0,748
oy from Brs~ | A : I
teg {257 | 2,83 | 2,875 2.575(2.375 | 2,37 |2.365 | 2,365
Pp from Be 12,07 | 2,20 |2.22 12,26 12,9 |2.25 |o2.14 2,01
Works: Lorei , )

Ba  10.60% | 0.628 1 0.594 | 0.605/0,605 | 0.5%1 |0.609

Bz 0,537 | 0.568 | 0.667 | 0.55010.515 | 0,480 |0,614

B 10,520 | 0.635 | 0.603 ] 0.620/0.625 | 0.615 |0.627
4y from Drao- 4

2.14
2. 23

2-08
2:08

2022

Wozka: Rhor.

2,13

R;;: 00 E‘CB On 588 Qb 5?;3 OG 563 Oa 611 09‘ 623 Q 5 00 634' Oo 64'0
Ha 0.565; G.B88 | G, b23! 0.5688{0.530 | 0,556 {0,488 | 0,695 0,583
Rp, 0.6z3} 0.598] 0,615 0.625/0.630 | 0.640 [0.638 | 0.653 |0.655
nm from Bra- _ : S
hag 241 1 2,36 {2,738 | 2,40 | 2.42 2.43 [ 2,45 |2.45 |[2.47
r*&. from Rz 1 2.38 ] 2.29 {2.81 | 8,33 (2.3 2,33 | R2.58 28 {2.43
J— *
Zypidsiion :
N Pntell. % z 3 4 5 1 86 7
¥0rkes
8. C.826; 0.685 1 0.812 ] 0,628 0,528 0. 640
Ba =t BLFOB | 0,543 0,662 0. 5985 0,610
Bz Q. 947 0.658210.81% ] C. 658; 0,542 0,680
Ly from |
El’ﬂb."«g gc* 3‘-9 2: }-’? ::3;: ::«.6 go ."‘»9 e e 2&1 8:; 2:)
nfﬂ frcm R:} - ’:f:: 1:5 29 355 Z':x 7;,‘7 S’:: -~2 2.’: DE 2:\ 15
Yorks: XwWI,
Be 0873 0,680 | 0.670 | 0.56% 0.570 | 0.570 0.802 | 9,700
Be = = 0,662 0. 6580 0.5E8 0.623 [0,540 0,820
353 C.582] 0.587 | 0.580 ; 0.588 0.591 | 0.538 |0.632 | 0,730
- from ’
Erohes 2.41 2o 68 2. 38 2,38 2.4) 2043 2.46 2.46
Ny from Ra 2038 2,28 2,27 2:.29| 2. 29 2,37 2,38 2,36

TR e R WK T T LTINS 0NN, BN V), ), T, s \ T ©L R

OARWIR N w1 T
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