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Tas tmmﬁurs mxxge ‘£or which the fomation groa co + Hp

:;of varicus hydrocerbons (satureted and wneatureted) is possible is :
 dotermined Lrom considoration of ths free envrglos. of formation of the
seackants and preducts. Coleulations are carried over 2 range: o

oressures bebwesa 1 and 100 atmespheres. The condlbions of

o tnomﬁymic stability arg a.pplz.ed to cone:.dem‘bim cf ecndeneatm
‘, ami decomcaitm mact:x.onso .

'IHEORL‘HCAL CO"!SIDESATIDI\TS

The mx‘ﬂss:.cms are demvcd Zrom the free energics of fore .

‘mation as "ep:e*tmwed in grephe 1 %o 7 {these free energy valuss ars

u&k"’ﬂ Irem Pasks and Huffwan, Free Energies of Soms Orgamic Compounds,
few Torlk, 1932). The difference in energiss of formeticn indicates
whckher & reaction is poasible. When the difference is equal %o zero,

,"ahe rezction is at equubrium (equ:_x.lbmum consbaxit = 1}

T
In order to represent ccaditiens ab higher prossures; the

'sﬁe.nd:.?d ‘method of e?errmc frec energy Lo aumanhe":.c pregsure has

Leen extended to include the "£res cnergy ab 100-2 atmespherest in

_addition o the usual g rassicm, "free energy ab 1 atmosphersts

Yhen the “freo ensryy ab 1C0 amosph**rcs cque.ls zere, the correaponde_
ing cquilibzriun congbant, 100 Kpa sguals 1, This means that 100

atmospheres are 4o be token as i pco:swc» '

" For-oxample ‘
¥ethano, at 25 atmospheres PCHL = 0.25
’ . LY
Hy0 wapory at 25 atmospharss PH'ZO = 0,25
Carbon moncxide, &b 20 atmoppheras Pgp = 0.50
Hydrozen., ot 50 stmospheras - By = 0,50
; T . Hz
100 K ‘(‘(')""%5“2‘(9‘3‘%% (£eoe chcrgy ab 10C 2%tmestheres = )
0.53(C.5)
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n G0~ (mm) Hy = CHpn + 28,0,
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APPLIC:%"IONS

Insmctioaz of f:Lgm*e 1 o&zows that a?.‘l. nydmcamons may
b'* formod frem GO+ Hp, belou cerdain temperetures. The ﬁm.'.tﬂng
'b"mz'ei’:ure., for gevesal hydrcear‘wna 5 Lo vﬁﬁoh ‘é;he free ensz'gy

‘bcaﬁms equa.. ) "eroz, are mo—m in i,m.a I

Ta'bl@ 1

I.miting ‘.?mporatums i‘o:c Pgdmaaabm Symhes.z.s .r.x'om co » Hz

‘ {E?marwmraﬁ L Atn:a phera Egu:

. B 1\,@apc,.twe fo* S : T'ezayeratura“"\s‘oz’-"
Hyirozarben Rgaction w0 . Reaction to .
“ ' CHC® + !-12{) o . HO® 2 COy

PR eGSR %G
n=octane R 675 Yo IO . 725_* 450
msthens g0 &2 . - 930 65
ebhylene 655 . 380 . ‘ 220 445

G = Ym%m.

K T’ne 5n rgection of the eu'xrl»nc curve m‘bh the ethane cwve
anows that the ze g:o.z.mr for *he danyt.mgmuon of c::,hane according
%o the squx o.z.cn;. N “”*T“"

Kl

Cafig = Cgify, ¢ B
iz ot . 1030°%, = 805°C. & ‘.._mcsnlmz.:a -

'1511“3 2 gives & ‘he Iree c*xcégic.; of formation for the sams
) chmoon, 2% 100 atmospheres. Compared with flgure 1, ths 6_£sp..erc-
mont of the cwwves in ealories is g:wen by tthe equation

100 atm. J’w atme = A BT 1n 100 = (ammab.smcz)

whcre AV 4is the change in mumber of molecules ia the gus,
P rcre_z_’/‘in E't‘yﬁmc‘_«”bgn" OF equnls 1, aince
(C) v;’lml H o -‘ anZmz’ a }"a kY
Por oihyleao 4 ¥ cuyualc 1/2. -
- A . e T
Por olefins ord nophlhencs in gonereld &7 = A
For benzens A4 = 1/3. '

For curves A and B4/ = ~L.
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., minor :£fect on the y:;eld. A decrease in the egquilibrivm temperature to
180°C. ecccasions an .mc*'e_se o only §9.69% as against 99,1;2}2 for &00°C°

Effecs; of Intmducz.ng an Tnorb Gasg

_ ’ Ihe presence of 2 parbs by lur? of [y in 13. paz'ts by -
vo;.une of oy"athesz.s gas gr;res rise to the i‘o'}lowing reaction achene: -

Rnactlon Schexm= heme L

Gas - T < ix = 11T

Parte by volume. Introduced - Reacted Final Cc mpnsitlon
. co P  ex ! 0 dex
S B 2 —2,25%  2.25(1)
G0 -~ 0,25 o,é_i?é
H50 ‘ - V . +x . x
M, 0.5 , “ ~o.5
s g 3.75 2,00, 3.75-2.00.%
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‘ Eqmm.on (10) mr: asswne&s uh" fol‘.owinc fom. -
i dog Kp - 9 leg g 13 og (1-::) - 5 1og % =8 log (15-8;:)
"’l»at 180°Co 38 11 3.3 ‘&_Oﬂ' {l-I') - 5 og :Z 8 log (15-&!.)

: I‘x'cm i’,h:m equa‘t.a.en ? . 996.. as aga:mat 0.9959 for tne N
: nitrogen—fme X PR _4 . :
act of In‘wcriucgg F]anev' 'ﬁ’a@g "

e . el o
‘fna effect on t!u y:b..lcl ef two a_nd i‘cm parts b.,r vo‘lm o.f

':atav' Yapor, rammct ve“.;yg in 13 pa.“te oy voluma of synthes:.s gas aro. '
- pewry v'*:.m:’.n._.a
v R

Reaction Scheme 5 -

Parta by volums Introgused . Beacted . - Finsl commosibdon:
@ I T-x
; 225 sposm 2.35(1ox
O - s0.2m 0.8
5o A - 0.8 ez {0.5em)
S . .’ 3975', - ) B "";eCCE: B v -t «3.75“20(}:2;;'
S wihdng eqv: bion {&) we ohbain:
-3 : =2
{C0) (B )4 1) ’ :
] HE : (Bzm) {72}
% © I TR
’ ot 1;’ T 2 'i.. 1 Jl
(O H10) " (H0)(8)"  2xx(0 S*L} (15~8::)
1Fo) Uy T
(4]
v" ) 9((1”.-)33

N o

P ;;{O.,;>.;) {152 )“
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Equau:wn (10) "zm becsmea

4 log z;p 9 log 9 13 log (1-x) - log =k lon (Oos»rx) - 8 loa »5-3:3}
-»38.11 = 13 leg (1»}») - 'iog zz -k "og : O°5~ *‘) - 8 1c0 (15~8:;:)

'rfo‘;n shich
‘R 3'0’99 ». ‘ B . N L
10&1::“995@& e e

- Doubl:mv tne gmq'ulty of water vap'cy { p.-‘o.'&, tr;ter'v'apoé) )
in (15 p.bev. G0+ 9 LS Ho) S e

‘@

L BLve

~ 38,11 = 13 log (lu*::,-wlog - L-. 1.cr' ('%.a:) - 8 og {l’?-&r

x = 0.994%
y : 100r = 9905
: - Sumerizing for the synbhesis of bubane by the Fischer-Tropseh -
reaction e find that ol squilibrium: co
A% 200°G., uzing pure synbhe si‘s_gas L ‘ vield 99.425
15 ASOQU,: LI i a2 . » ] 99"1(:;3

1808, using symthesis pas ¢ 1 pubaev. (v:: % By

volums} lp per 2 p.b.v. €0 . ‘ ® o 99.80%
" 380°C., using qgn*ohm is gas « L p.b.v. 10 psr . .

2 p.b.v. 0O , . - noGy,56%

" 1B0°C., using synbhesis ges + 1 p.b.v. Ho0 nar
s & g P « 350§
1 pab.v. GO ' _ LN WA

Owing %o the noteble ghifi of cquilibrium in the direction of -
the syn»hons, cu_‘i‘i‘e*‘ences in yield are amil. Neverthslese, the gpeeifle
ession of aadivions \np, An_('v) is cvidens. .‘a.'J’"CCy""’, it ghowld b2 chgerred
Bhat 4, pabate €0+ 9 pat.vs Ha ¢ & Pubew. 120, Tomsly, 1 Dobove Hoiyl Dbt
00, correszonds o 2 waber vapor gaburabion of dha gymthesis goo al 64°C.

. ilthough Zor a yield of 99.469%, the possible range of a:?z.»ci," )
iz cmalld, wo <322 newr oxaming the cifests of ,rxcas::_hworogcn (5.55) ed tho

squilibrivn chifl for butanc o 180°C.

™
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. 5 um f x ou&me akb. ISL:"G.,
‘ (_sxwmorai:.c %t effect of varions ch.:-gea :ha cs:mpas_.tmn of ©hs @;n«h@s‘is
gae. The actual effects remein small, since for all dases considersd: tho

Ehuag ca] culauicﬁ.a oﬁ' i.he eqml.,

equilibrium ot 380°C. Les almgst complebely to.the z'zuhﬁ, ‘Cenditiong, .

which by their: very najure, throw inde’ sharper relief: theo effect on a,hc,; :
. yield of octana ‘chongea ig comcs’mion oﬁ' he s:;mth@als gas m&l bﬂ ‘
at.ushed in’ the £m'.!lewinv sect:.cno

samtazsxs o OGTANB 32 2§@ w,scanaawaoFSﬁﬂ REAG”IOﬁ w.,‘r“"““"

. The equﬂibmum for octazze mll now be edanuned accozm m :
the mﬁhcd. a.lrea,dg used for the butana equllabrium o -

(!;b) CQ > (2'3"3') HJ = gﬁgﬁlg H‘g@ : ' s

Ll

o . . |»:

Renci:im Scbc Z

cé;-". [ R ‘- =' gty

. &ari. by volume . Inbroduced . . E',ee.c"c;ed' . 3r.':.1 eameoaa i on
GO e e et e o S B
5 oo o . :
<2 1&( .,..‘3%‘ & R .?:Z.{'i_.«;)
8. - &~ S h
Cofaa - jﬁ?v 2
&RI5 e Xz

25 e 24 '
?R/ L R
W - o o
o \
- 7
° PPN
L &CG)‘.RQ)
e} R = s
2 i
i 5
P ey 8.,‘ N
?,083:18:’ {#50)(8)
o5 (3ot} - 9 Jog = = 16 log (25-16:)



M; 2(}0"6, log K

“"")0 9

810 Ky -17 :x.»g 17 ~6z,,sss

maw‘aixm (10’0) t’v.erefox\, %akes 'bhe z.ollowing fo?'m-f? i

[

36 308 ¢ 25416;;) e

BERA YR O C

: -.6a @g a 25 103 gl-y) =9 1ag-;:
Czorme0i9%0 0.000050 40,0896 <15.390h = 5.5
B omm 0,985 ¢ ‘ B 280050 40,059 w15,A5)12 o 1 61,202
P 0,988 0 1.9800=50" | $0.0468 - -15.414% . -63.388
et - 100z = o8, 955 B ' |
‘ ’l{: .&80"6, ..LOQ .k D 931 o

- ‘Equaticn '(.3.01:) uh- -m”ore \‘}ak e the

_ £ ollowing £orm:
8-log Ky .x’? og- A7~ == Pha3G8
=71.398 = ?; Zog (_-.-':) <9 jog = ~i6 oz {(25-3fm)
for = = 0,99) 197575 <0.01S6  ~15.3296 ©  ~75.335
o= 0,993 AT 40,0279 53R = 690
1605, 2.99-378 ’
(,crxrc.ﬂ..ﬁa& Witk ~butans ! :
‘Duwsns Couane -
200°G., N S%9. b2,a A98.95‘;’6
1s0°c, <99 895 . 99.375
erder o illu,,i.mu@ the &ffech of ch..ngeo in camnos:.t:w:z

ol fpe Zore effeasively Yhan can bo done whan vhe yicld iz
20 for brisno) the o'"’.:vnc mmlib“iv.,n at 622°%, (3L9°C.) Lor
Ky & -L.C6 b.,a veen celouiabid

ST 4ho oF
cor> Kol
wideh "ag;
L1

-8 log &, =17 log A7 = =29.3578

29,3978 = . 25 dop {1-x) . =9 log x  -16 dop (25-16m 2)
for = = 0% 7.5258-25  _<0.86QL  -17.382% = =33.957
8o o= 0,70 I1,0275-25 <2.39%%  -18.2380 = -29,936
0o 0,68 12,8290-25 +1.5075 ~29.251.

- =38.3973 =
By Tincar dntorpolaticn

200, = gu.‘,),u‘

& e o
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_ Reacisim Sehene & gom; ng é,amng s

gags by voluirs .!.ntmmmed Heacteci F'ina._ ccmgosztzom Pex-cam
"‘ff‘.eb" oy o o,'g’ oz 180)_‘,
2 S vu‘g'.‘izs"l_~ «-.,-.;.-’1-5401.,- '0.67_140-'  »3 e 38.,31

G T = 20,085 0jo8sh “85_
RS T TS co6s30 0 o830 3882
B 3125 ’_"“-1.3’656, T . 300.00

Effech of qlumuuc.mp Iner‘b Gos {ch_no 62? ._»..) ,

1 p. e N .m 2 p b Vo CQ.,, comsponm:\" to b P. b.\l’. ‘&2
,,A».vm. 25 n b v synb‘] % e - ‘ . . - s N ‘ N.» .

o . . .

= Tovabicn (10'9),;as:-:wnes the.fol._'i_cwing form

29,3976 25 log (1=r) =9 lop i -16 op (29=3fs)

for'm = 0.66  13.2875-25  +1.683%- ~20.2522 = . -30.282
Foomes 0,63 14.2050-25  »1.8059 »20.1;3_07 = 29,420
o e 00m = 2.5 T
DReagbion Schomz 9. {Ochang 622°%.)
' (1-?41);‘J’. s in & -5.‘.’. CQ}
e .
o Gaml X + 31 = 12
" Parts br volume  Tabrodimed - Neacted :'n's'ﬂ commositicn
. iy ol -2.629 0.371
Hy o 2.125 ~3..3345 07881 33.91 -
Cehy - +0,07685 0.0785 .32
5,0 L. 20,629 0.629 26,57
i, 0.50 - 0,50 21,33
-
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L "1 p.b.v. 1%2_0 in 2 n.b.v. GO covmspnnding ﬁov k parts b:y
'; volumc s,atnr vapor An25 p_.rts by volume synthesis gas. e

| 529398 2725 Jo (o) lomx -8 dog (0.5v3) 36 Tor
' for = 0,637 . A4,2050n25

»" me 0,55 . - 16.330B-25  +0.259% C=0,3695 - T 20,8856 o w29.465.

ER 0.5k 36.5700-25 vo..aé‘?é; (=0:1362 - -20.9405 = ~29.23%

N;g' ._.J:ueuz‘ sﬂpoln.tzcn "  S

| 100z o ShaTh
" Beachicn Sahy Yems 10 (Occans 622"1:{.,)

{1 p.be }29 i 2 p.b.v. €0)

gas :c".-:»_'u Coel IIT :
Parts by wolums.  Tntroducsd - Beacted  Pipal composition . Percend

@ - -osg ous3 o WS
SRy 2,325 2.8 0.5626°  38.03

Catag xRS, 0088 270
6,0 0.5 SO.E7 1047 43T
s 3.625 o <109, 2531 36000

.

Bovbiing the quantily of water vapor (X p.b.v. 0 in I p.b.v.

CO corresponding Lo 8 purits by volume waber vapor in 25 parts by voluc:e
cynthesic gas) gives )

~29,%08 = 25 oo {1-5t) ~lop 3 =8 200 (1.,0-"}:)»3..; loh {3335

<33..000

for m = 0.50 37 AT L3258 ~:~0.301O ~1.037 ~,§g.367o =
oamoe D.486 318.3200-25  20.3372 ..QBFJ’,B ©o=22,B03T7 = «30.210
o= Q.42 19.0852-25  +G,3797  ~1.2203 «22. 703 = "9 L5 -
Moz DL 19,2723-25 «0.2872 <L.938 ~22 788 = =29, 29? .

A0 = 'h-ltl.qa

A

50,2007 ~u2L6 | -=20.307 @ =31.450.
Uomm 0658 AB.8813vR5  #0.2366 . <0.26h . -20.7385 = e30.405;

'



Rsact:lm Schpma 11 gog@e éag’z{.,z

(1- Oob Vc HPO ﬂ 1 PaboVo GO) :

3 *'w cLs ly volum J‘.xfrtv'ca.uz:e& ‘teacted; K*‘inal ca;ggo.,iﬁmn Percem.’

4

o o '-ooz,,m, v "-';: D 0.58 17 71- e
a0 e o Lo s
: Z_Gﬂ,{; : ’ " B —“ . - we \}9‘,052 R °°052 Sl e —1°5S S

CEO L0 w0360 Ladé 13.00

s G125 0 -0.832 . 3.293 0 100.00

= Iig
Fh nal c‘o:,po siblon

“ .
;‘.o.u

2,125

- ) mmpip wne g mm ”
i, 232500325 ~2.0257 .=

WO

“Uo .‘.2:,:4. 3Dn.,-,.k«
B el Eld

5 o

2t 3u25-2
mass 2actannd
- ::.7
rer ~22(2,250 -.,1?5~3 "
E_“TC‘} E';) = = ) “ 1 i
\ & o i

foo ay \ I L at g . . 2
{Caliqg) (10 {(s) £0.125x%) =(3.25+2x)
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- (3_,, _‘g)(_&" _.z;) A\", T

w (za-a:a.e«w)

1~ <1-->-=-»<
%?‘m__;z.ﬁx’ )

S (Zéaléa:)
\.v,G:z) s lcg R;J - 17 1oa e men.;ge =

206 (1.0“3§;:’)m:2&ma K- ,
 ferme 00 -h2830 - 75876 159 -18TRR > ~20.081
RO Do dmo o elamo  as.emey 2270
Pome 0 ~A3008 SRITSE | el3387  H8.8486 = - -25.38%

0052 The0h

Boaction Sc!ume 13 (Oacznc 6..2°E{,)

- (O’.iZ—'S p.b.x. LE»)--— CIOFES | ial p.b.,'-?. QO)‘ .
- e . —

2ag A s S i

_ Eyebs by yolvms - Iotroduced | Reacted . Final cc_;‘mﬂtiu.f Poreeni

I~I
I-—]

s .1 0,710 - 0.260 353,85

o e

fin | RJI2Ee0.IRG e3,5088 .72 40,50

Cathg - - D.0Ess 0.0328 (o83
- . N

i pg - 0700 Q.70 - 38.80

3 3.25 <1.4200 ’ 2.8300 ZE,CQ.,CO‘
[ - B -

Effzvt Of Fresasn x,O in the Swathesiy Cas

(5,200 = 1.70; Ostame §22°%.)



Mc‘?,:aon ;ocmms &

Qe .,. % Se IO
~ravbs by wolumo : i
el E T s

e -*'-z S m

o 70 -eamsE 1 70-9. 1,45:;

=9 on w  -1H Top (22,61t

~3.1632 } ~13..7805 i...9c"'7 ~17,2572 ® 30,23

-2.9320 ~19.851% ,_,_ 1959 ~17.5393 = 29,125
3. C‘?Jz;'v -.13..'3.792 20 '.!,,9.’, ~15F J;‘;CC = "29..5-,\

Py s .
By iinear ‘mernol..'

gi.f_s. T‘xegﬂ:x_::ﬁt-,, of hy’z'ogen; in AC0 parte by voines of hydrogsn prosent
in ths symihesis gas, transformed by the reaction.)
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B Beac :.oca Sche@ 1.2 Scctane 622° _l ‘: : M
(ag,co=1,,o) e ST
- e 7 -4 a0
: ”’am,g 'bv vol*um,, Introdu&.d Reacted E&mal comi\‘;ion/- : Percegt.
S co o TR 1.00 f‘-.-:o.)'z?f{._\’ .zazs_‘]" L_‘,‘z7ej6 —
Ba . Lo 226 Oumh — 3066
s - w00 0.0m s
me = om0 oW 3730

s 2 -Lash _1:5@5‘-. 300,00
‘ DISCUSSION OF RESULTS S

It s pmposed to determine ma‘bhematinal]y the thermodynamic
.,.,propartzea of -the-Fischer=Tropsch- hgdrocarbrm s;ynthes:ts- in-other -words. -
o study the chemical equilibriuvm and especially to indicate how The
stete and composition of the symbhesis gas affect the compositicn of
the end produch and influence the yield, Caleulations, the peneral
principle of which has been.thoroughly discussed, were carried oub for
butane at 180°C, and for octane at 349°C. ‘(62?°K }o  Ths qualitabivo -
" results are the same in both-cases. FProm a quantitative point of view,
owing %o the position of the equilibrium af hi;_;har temperatures, the
resulis i‘or octa.ne are more striking.”

Results for calwlatz.cms an octane 6.2";(. ars mz.rnm“lzcd in
Table 9, which shows the effect of compoamition of the synuhe..r £38. -
The cqu:xl:z.brlum vias cc.lcula’ued i‘or 6 cascs:

- (1) Purse synthesis gas with stoa.ch:wms'_bmc pmounts:

1 p.b.ve CO = .:!-.Z psb.vs Hoe |

(2) Synthesis gas with a.ddn.ion of nitrogen: -
0.5 Nz p.b.¥. in 1 p.b.v. €O, corresponding to 13. 84 Hp
. in 100 p.b.v. oynthesis gas.
(3) Synthesis gas with addition of water vapers -
o 0.5 p.b.v. H20 in 1 p.b.v. CO, correspending o a mafer
vapor zaturaticn of the synthesis gas ab 59°C.
(%) Synthesis gas with addition of water vapor:
Doublo quantity, 1 p.b.v. H20 in 1 p.b.v. GO,
corresponding Lo & water vapor saturabion of the
symthesis gas at 640°C.
(5) - Synthesis ges with excess hydrogen:
‘ L part in 17 parts Hp, corresponding to a 5.9% @xeess,
(6) Synthesis gas with excess carbon moncxides:
Hp:C0 = 31,70, corresponding to 0.8 eguivalent yroight of Hp
per 1 equivelent CO.
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febls 9. Oc‘&ana 522‘5; -

T Gcmno;s:«.‘oz,cn ot Cas i
: sidiémouétric 1; 8% Eg ng Vapor Hgo Fapoz' 5 5ﬂ Hg ag-co 91
- Equivedent Included Saturaticn Sz um’a.tian Exeess . L.70-
SR EEE R " ab 59°G. &t 64°C. Incluﬂed
- Ineluded - Included
Swmthesis . A
oo L3 11 1 T oAt
H 2.125. 2,125 2.325 . 2,025 2.25 1. 70(2.,325%0 8)
Reacted . :
6o R RN 11, S PV T S | S ) ¢
il 1,337 . 1.382 0.884 1.5088 10226 .
&
Final o
Comoozibion ’
P.buw. 00 0.317 0. 371 0.453  0.56k 0,290  0.423
P.b.ve o 0.874 T Q.7E8 ‘0.953 o241 0,741 Q.17
P.b.7. Gg  0.0854 6.048.5.- 0,088, - 0.052 0,0383 72
P.b.v. H0  0.683 0,629 1,057 1,416 0,710 0.577
Pib.ve 2 - 0.500 - - - -
5759 2376 2531 3.293 1.830 . 3.546
Compnogibion
o 18.0 C15.7 7.9 TY7.7 i5.2 Y
H 38.3 33.3 58.0 37.7 105 20,6
_Cg 49 3.3 2.7 1.6 - 4.9 eF
K0 38.8 26,6 Ll L3.0 38.8 VALY,
oy - 21,1 - - - .-
S ) 1CG0.0 3100.0 100.0 105.0 3100.0 100.0
-Yercenh 65,3 62,9 54.7 k1.6 7L.0 57.7 1/

1/ Based on Hg;:
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(1) Pure syrithesis gos, containing stolchlmstric anounbe of CO and Ha,
. b the high temperature of 622°K, (349°0.) gives & yiold of 63.3%.
" (2) " The presence of ingrh geses in the cyntheeis gas (B;S%;vug')"céﬁaes-:i__ﬁ
7 & decrease in yleld, &8s evidenced by 6 drop from 68,3/ to 62.9%. . -

© (3) The-water vapor content of the synthesis gas has a speeific effect.
For 2 water vapor saturation of the synthosis gas ab 59°C., . -
. eorresponding o & wabter vapor conbent in the synthesis gas of -7
13.8 parts in 100 parbs, @ diminished yield of 54.7% is cbserved,.
. as against 62.9% for the seme nitrogen centent and 68.3% for the
_purc synthesis gas. BRI Do :

() Then the Jter vapor content doubles (64°C. water vapor saturation
podnt), the yield £alls to 4L.6%, almost a third of whut it is
in the pure synthesls gas. : - ‘ R
{5} &ven for only 2-slight e,:»:c'esg;_eﬂ Tydrogen an increass in yield is’
SRR ‘,...obsewad= (n:;'(ﬁ‘sasagainst 680‘3%&‘0? equivalent amo‘mtst_,ﬁ__“_-ﬁ? e

(6) -.For an excess of carbon monoxide in t.hé ,symﬁm sig pas corresponding
“to an H2:C0 = 1.70 ratio, i.e., $0.2 zatio of

1 equivalent GO to 0.8 equivéient Hoy

we Tind, as v@s Lo be expected, thab the yield based on carbon
monoide decreases. MHowever, the yield tased on hydrogen rlses
4o 72.1% as compared with 68.3% for equivelent amounts of CO ’
end Hy in the synthesis gas. Vifhemhe‘less, the improvemsnt in
vield for an excess of CQ is less significant than for an excess
of hydrogen, which is effective even ia amsll quantitiea. :

The essential mathematical evidence has thus been presented.

CONCLUSION

(1) Ecuilibrium constents for producis of the Fischer-Tropsch synthesis
{paraffin hydrocarbons) are given and thair dependence on
‘experature shoiml.

(2) A cimpie mothematical procedurs for the calewlation of equilibria’

.. and the cvaluation of effocts produced by .changes in composition
of %@ synthosis gas is developed, based on the usc of réaction
seheres and logorithmic equatlons. S
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-(3) .ﬂuihb Zusm of .,he buaane szymi;h’aam ig. s‘&uaiec?: at. chffarent
’ tampnratweg and the effect of changes in composibion ef the_

i sjntheszs fas et 380°C. is calewlated (inert gases, water

- ‘vepor comen’c, excess !zydroga"za and cagkon mnmcide)a s

aL,) Equilibrive oﬁ' the oebans synthcaw is a“u&ied a.t- vardous
L bemperabures and effect of chanpes iz compesition of the
sym;besw gas at 349°C. (622°K.) is calculeted {imert gases,
_ mv*r vapor c'\n‘t,ont, eAcees Iwaror-en, and carbon monos:ude). '

m’uex'imenaal weoults am oumameé azxd d:.scussadg_‘

D

9sen, Febe 19, 1944,
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: § Sae chamcﬁemstﬁ.c pmpm:ies oﬁ 2 zﬁx“m qf mm&a ‘
‘ ..ga.. anéd reathion products, vwhich deberibe the course of the e:ymhacia,
. avo Qigoussed and an approprisisc poacablatuss 18 sugpestsd. On the.

" baels of simplo sboichicmstry, a variely of rolaticnsiips ameng Sheose
propertiea. ic deviwed. A numerical mathed for ealeulatica of the . -
'yiold and related propervies £rom gao apelysis dats is dovigad,: :
¥ethods for testing the accuracy ei‘ calculaﬁmm ei‘ the e.:;p.,rimental
23 are deveﬁnpvd.

— '{narcducticn to the B"e. hmat:.cal P‘*ccedu.-?e

For meral decades,-gas analyais data: dorived frem the
Jhgdrogenation of earbon memorxdde have bzen used o predict the couwrss
of the sjnthesis and %the yield. Such calewlaticns are made dally- 4n
many placna, Thne current procedure- iz 'bhe zapg cunbersoms one used

wenty years ago in the early work on the g gaae..ine synthesis, in which
c«.ch lndivmml calcu.aticn neeossitatos a more or less complete
generald devlvaticn. Ths great advantages offered by a strictly
mabheratical appreach and $he mrtr...dwulm of suitabls ﬂmbols have
not 28 ym, begn wbiliged. © . L

. In the present paper, wo' thall a.t"c.ezm:n o dcvalop the prine
cip..es of & mtnemaw&.’l. treatment of gas concumption in the hydrogena=
ticn of carbem moancride. -Starting £xém the Sundamental quaxrbatzva
wolaticnghipes bobwosa roackanis and products, cquauam.. whose omaipulae
$ica offers ne difficuldy are eagily derdived, ' =

Tho use of thete formiles climinates orrorz of calcula‘aim,
reduces the mmbsr of mathemtdeal operations, and epables mirained
workers %o cawvry oub rapid, reliable gas annlyses end to check the'
veluog obtained. Uniform application of such formulac would feedlitatg -
comparicon of symbhesis date from variows zources. =
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. Fusthor, new quEntitativo polaticus bstween the. cemponents
of tho reacticn bavwo been beought to light, which could neibther have
 loen observed mor applied, withoub the aid of mthemetical analyelse
‘Pinslly, o now have o bodler pereoptien of ths degree of accuracy thab
ey bo eppected with such ealeulations, as weld ag of the gouzces &8 ..
ozran and the effect of such ervorss : T N A NS R

S - Progrossive devolcpmend oveR o perded of years i roopencdblie

T Zo7 She Jack o Wmilormay ixzmuaeofaymfm" 63168, and A6 agrcsmsat eon= T
_Gerning the choico of nmomenclaburs g dn prospect, In conoeguenes, %
nas stemod deplrable fo present & detalled czplenalion of the terms used..

Tho Bosidval Volems, B

- The quandity, "contractica", datos frem the eerly days of -
copevinental rosearch. Ab that time, contractdon wes 2 chegacteristls
property whose determinetion was parbticularly simple for small secale .

- expewicsnts in vacuo, In cobalt contact catelysis, for instance, the
comversicn is escentisily proporticmal to the conbrachicn,  Although ™
_contraction is evident, its numerical value must be calculated.  In
“ealewlating the coaversicon, the numerical veluve of the residual volums, .
 which is determined experimentally, is used. Since in the courss of -
caleulation it would be necessary te calculats the gontraction from tha
pagidual volurs, and olince bobh values sre ccaplersniary, it ic simpler
"and mora efficieat Lo use enly the residual volume.. '

o The. quantily, contraction, end its numericsl walues my, .
therefore, be lignored in estimeting the course of a synthesio used simply
23 a osans of expressing the idea ¥f o decrease in volums. The Serm,
contraction, may be preferrsd to thet of regidual volurs, which implieo
a cuantitabive idea. In the prescat wozk, ounly the quantity, residuald.

" voluze, indicated by the symbol R ig used. To gymbol for conbracticn
is given. - T

Doscrinticn of Characteristic Varisbles

0f all tho numerical velues which characterizo the course of &
syntheais, the most sssential ere thoze used in celculating the yields.
Conscquently, the calculation of gas ccnsumpbicn during the couras of a
oynthesis has ag its wltimate object either the determination of the yicld
30 bo cpscied, or an crplanaticn of the reasoms why the masisum yield was
nob coblained. o

i} s TS NP

%/ A gt of formiles for the uwtilization of Fischor-Tropsch ges analyces
in calevlation of ylelds and sbudy of synthasic course &ppears on
page 69, toble 15, -
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P If e m& camider uhe ﬁ‘ac%om which a.fi‘ect *bhca ma::imm
= :fieu, a‘aﬁmﬂ themtobaaa S.’ollom@» ‘ S

" 1. Tncomplete comveveiem,
2._Fomtim ofmmminmmwmgmrmcarbo R
‘3., szmptiem of CO antd Hg @ diffewm rablo Qmm ‘»‘.h..

!}eposi.ticn of éarhm.m ' e

: fo u’&hex- etowmmm ch..mgca affe&ing the' con..mﬁion of
- gao are knom.  Sincs oither the formaticn of carbon is regligibleg o
‘clse ths. cabtalyet is rapidiy inectivated, the fourth factor noed nobt be
_etnoldorsd heres . The deteornination 6F factoro 1 te 3 must be anﬁ'mient
Lor a eomlew chamctexviuamm ef the ecurss of the syathemso

S meer, when cmveram, mthane i‘mtm, and usage ratlo
ars lmmm, -the theopetical yield can slwayd be calewlated., In congs—=
qusnee, the present: caemlcp:een’c will be limited to the calculaticn of
The fo..lcming Lour cha?acuez’:.stw vaﬁablcz- ‘

_.st‘zaae fcmﬁim, L
. Usage rabio, X
Tield, A

Gkamctéﬁé’aié Veriablos for GO < Yo Sonversien

4 grophic Tepressntabisn of the charactericiic variables is
chom in figure 8. s .

¥hen the synd'a":s iz acccmamcd largely by the. ‘v”om_,tm
of water, as ig iho case ¢n nickel and cobald catalyste, the ratio of
Tho yleld of higher hmromcom to tha amoumd of carbon moncdde
. meacted is e olmple oney ¥ COsl Gzl Por Shic reacon iv has bécems
' geaersl practice 3o base ealowlations such as those for the conveorsicn
or tho yicld en the amounk. of cazbon monoxide reacted. I is alrayo
deodrebleo 40 determine the regidue of unveacted gas as carbon and hero
ogein celeulations are baged on carbc’; monesido. :

thers cerbon diczide ig the chiof I ,y»-producb, a3 cecurs cn
izen catalysts, e slople and clear rolaticn is oblnined with the CO+Hp
coaversion. An advantage of thic procedurs, as againgt that baged on
the CO convcrazcng lies in the fact thzt COHp conversicon may ba com-
Fared divectly for synthesls cenducted under widely varying ccnd:.ulonco

'

b
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In the fol'!.owin\, chscuaa‘lcm the i'.em cmvars.mn refem

mxclusivaly to %he COsHZ conversicn end is ‘Fopresented by the aymboz.,
. ¥aluos £or the CO conversicn, 85 well as Lor the Hp conversitn, Y.

:bo enibted ag $hese are ovident from the' Hg_.co usage watios Taz- sym'bol ‘
- Uco Zor the CO canvaraim nay he used as. intemadmte value in. eertain
,calculatimm : - , R : :

L

What has m a_.id of convsrsion is also ‘Lrus for the a.mxmt

o methans formed. In the following peges, the formation of meihenc

- designated as My in indicated solely by the COS¥p conpumpticn, Fhess -

. ¥ values are elways suscepiible to direct comparicon no matterha* S
: widely the synﬁheses ard cai.alysts d.iﬁ'ezu

Izz all, aynfoola for gome ninety gifferent quan‘m.tzes are .
necded. - Stma of the eymbols are identieal with those already in uso;
however, ¢his is not the case for mosb of ?,hem. In selscting symbolfs
the foil czrlnc yulssz wore observed, g , .

() Fhem poa asible" symo,.s a..reaﬂy in-vse are: m..mtajneﬁ. e

(b) . ¥han poasible a cc**respwdemca betueen the s,ymbol and
its Bigxﬁ_ficance i3 scu\,nt., P

{(c) . tnén soveral szimilar symbdls occur, 'the smnleot form is
assigned to the most xveqnsn* cage,.

(¢) A3 eymbols st be canpily distinguished and be feproduclble

ST cn a shanderd 'o;ypevmmer,

{e) Fo smols axe gn‘en for cercepts still in current use, bub
which became obsolete in the light of the present stuoy,
for cmupls, the degfen of liqusfacticn, the Hp conversion,
- glcs

TFor typograpMcJ reasens when no confusion isg m‘ely between
2n index levter and au independent symbol, the index is writien on the:
zame line rather them as a subscript, for ciample, Uco instead of Uspe

The yisld may be &{p“es ed in & nnmber of different wa
depending cn the gas compositicn and ths convergicn uged as refe e:nce.,

‘“The products considered, and methed chosen in caleulating thoese veluss

are g follows:
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i gé} Syna‘les:_s gase ‘
— =m(b)  Eobal COtHy conbénbe . - ’ el
(s_;) "’ha CO¢H2 fractim used f.oz' a g:\men u\,\—;ve z-ai.ioo

"'.’jl-,, Canvers.mzz o
» (e.% Fhe conversion actu:xﬂ,j achieved
- {p) The conversion “hat may be a*’tained ini prac’e.ice..'-
. . for example, 90k v
(e) Complete copversion, 1005, -

3 ° %ﬁu\a\vs

%a)’ A hy'drocarms Zormed, mclvdma mstmneo
b) - Hydvocarbons formed, exceph mothens.
{e) Hydrocarbons f’m:n:ati1> except ‘acthane, ethane and
- ethylene.
_K{a) () ~ (e¢); with inelusior of m:ygenatea products
T Of meﬁatei gmupso SO O RS PN
. Allowing for ‘ghe various ccdamamma of the different
individual eases spwvsraued +ha possible msthods of emﬂau.,_ng the
yicld begoms NUCEOUS. In ge1ex°al, these @ifferent exx:-reasmn... are
esaily converted from one to another. The cholce, hheﬁefor‘,, doee
net depend on mathematical derdwveticn, bub ig o mabber of conventicn,
&nd ag . such, dees nob properiy 1ie within the scope of the present
iscussicm. [or our pUrposy, all celowlations of yield ave 1imited
4o a simple case, pamsly, “the welght in grems of hJ.gJB? mdrocarb-m
{axcluding meihane) per cubie meber of svnthesia ge.s, W:;e,:e ns N—*ﬂry.
aggendteu groupa are incluvded. '

CATCULATIONS FOR THE KIDRCCARBON SYH’IHESI.S FROM CGAS ANALISIS DATA

Fpwas Fimdagental Rules for all Ges Angly‘a.m Calctﬂ.atmom—z

tihen aha gas enalysis calcnlamoms are rcduced to ‘bhe.lr
gasentizl factors hrﬁs funderonial wules appsars

Firgt ruls {for a1l subs tances par uxclpa.tmg in the reaction):

.. The sum of all cubstances entering he co—we*tmr is equal
o the sum of 211. subsbancec igsuing from the cc*;vez*hcr, whethed
peatted o unreacted.

Secend rule (€or cach ind:.via* a3 gas frectiom}s

The amount of any gas prosent 1s equsl to The sum of the -
- amount reacting (or formed \) plvs the unreacted fraction.
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Lo ﬁh.mi mle (for xzﬁ.wagen tmly) T S
| ’”he qmnﬁty ef n:i.%rcﬂem present in the :i.nleﬁ; gas is xze:mthax-
' lm*raasml nor z'educcd ﬁmmug ﬁhe raac‘&,ioaa PR

e ihese three pules :-’.'orﬁ the bamwp nb‘h only gor the’ msthemstdeal
demvatm, buﬁ also f.‘or a chec?s oi‘ the‘ .;,ccumcy of 'i-.he mmemcal reavltm :

bion f thg Thme Rnlgzq
Th@ ‘i‘m Fmdamsntal sz.chzcmetmc x}quatima a.né ‘l‘heir Salubm~

: Accarding To. 'éhe f:.ra‘l‘. rule, for a glman amomxt of mbstsac@-- :
imdroduced dnko the reaclion system an cgual amownt of subsience must .
be withdrewn from the system. ' In this cc'meetm, the highe-molting .
paraffin Shat soparates out in $he reactor may bo neglected sinco thoy:
play no pard in the gas anslysls, and sincs ths ealenletions are mads . -

.ena aynthea.uz operabing continuously at the obeady state. 411 hydzo=-
‘sarbos my bo classified by the g’*z’erel torn, CH‘G1 In comuqumcs, ,

oophe-Andbial- quanulmss GaF- b@ eq.s.sea +0-the-final- quantim.ea ag-

£ollowe - -

a2 00« p-Hg = ¢p Cﬁnmf-\ &G0z +e ‘iigo (1)
This equaticn will be knovm ag the "first fundamenied stoichiomsirie
squatien’.  The values, a, b, ¢, &; and & represent the volumes of
carbon monoxide and hyurogea veacted end tho volumes of hydrocarboas,
carbon dioxide, and water formsd; and will be re‘f’erred {o as ohe :
Sinterpediate variablest. : »

Equ..tlcn (1) givee rise %o & series ei’ stoighlicastzie reactions
derived by meana of témporary aummablen squatiens for the thme elaments
carban, Lygen,.and hyﬁmgm, 2g fOl..O”'S‘ .

_ ‘(S_mmat:mn cquation for carben: a=gq+d

Summation equation for exygen: a=2d + 8, .
Sumpmation cquation for h;rd.z-ogem 2b. = np o + 2

From these thrce equaticns general solutiens of equa‘c.lon (3)
are derived by simple algehra.. .
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S e term o Gﬂam :ineladea a1 hyufcca;bms @omad. ‘ Hcrwar,

smee mathane xre.y ‘be detormined’ sefparately isi the gas analyszs hiz . -
. berm my be resclved isko two pafi-.s. the. volume of higher hydrccarbcne

L. Bobmed- (ez{cltsive of ‘methans) ¢* CHj -and the volum,, ‘of methane fo*md
e GH&Q &abst:xt.trb..ng :ln e;qv.._m.cm (.'f. e ebtain e L g

aCO+bH2=c %+cm&+dcczﬁeﬁgo @)

: : ‘Tais eqva‘biozz i° Zmo*m as ‘Z'.he "second f'tmdamem‘sal stolchz.cmt“:tc
cquat:.on"g e .

R I’mm q&mma {2} the follwing s\mm.\ation equaﬁmus are
ob‘ba:.ned for the * hx'ee elemanta' e

dxf

Summation equat:mn foz' earbcn . c ¥ e
- Suwmtion equation for caygen:. =2d+ 0
Summatwn equa.z.im i‘or b,ydmgan. _ 2b @ m:" « lc + 2

From ﬁnase three cquaomns the gnne-f'a." scl éna of equizzon
(2) are obtained e.lgebmlcaﬂlvo S . :

e s solumms show how the volum;: e¥ of ‘higher hydxmarbons
depwéa cn the values a, b, ¢, and d, cbiained by ges anziysis, es well

as on i, In Lhis way, '&h@se eauamcns cengbitute the bas.x.... for the |

- ealcvlaiion of ths Ficid,

Cal cula:Hon ::,f.’ the Im.omd *’ae (’amanles

- The szzeend mule s*’xtew 3hat for ga::asus sx.bs{::a.ces “&alcmg
part dd the reacticn, the amsunt inddislly introduced equals the sum .
ed pive the woreacted frecticns, For carbon monexide this
m3y be espressed 23 followo: :

.

Iniet OO = pepoted + unrsacted CO

Ihe amcunt of mreasted G0 is Qotermined by a.nulysm and $he
amount of resmu?l gas iz given by ‘«rioCO“.. Thuss . .

500 - R.00° (3)

[X]

C-f.) =g + ROV o

T‘ne Lhree cthew .ntemcd.sue va.nahlne aze detamned in
the aame vy .

V ? -
b=Hp =Ry 7 {4)

¥

' g = ‘HCHL;‘ - CH!_:. (5)

43

4= R.00, - 00y, (6)
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CNEE rhemaa the digebraie intarprazatim of the f;rs?. mle gs:aass )
the mthematical velaticns among the foul waiuce 2,.b, 85 ad dy° and n,
the secand rulo leads %o the ecorrclation of the four inermedlate
- yariables with the gas analysis data on the cne. hand and with™%Hs .
| residusl volume on the obher, With the ‘axcopticn of ths rather imecpe
-%adn nitrogen conmtent, vhich will be diecusged later; 211 other: poseibmn
uiaa.of esbablishing fundamental rolaticas by the sole means of gag o

: 6 have, herewith, boen exhausted. = All’ Pfurther calculstions are -
baged on the algebmic mtez-pﬁetaum of the i‘z.rsu ami second rulea
: gz.vezz abo”ﬁ‘eo - , _

. Galculatlen of ‘bl'ze Resldual E’oltm:a fm the ﬁitrogm Ccmtmﬁ

s th:.rd ruls states thed the amom"o of nitrogén prasent :in
%he inlet gas is nob affected by the zeacticn and, therefore, appears |
mehanged in the outled gas. It is upon this observaticn that calcf'-.
latlen of bhe regidusl wolume from.the nitiogen conbtent firat u...ed
in the’ early Gays' of.‘ the gasoline synthesis :Ls based, _
_ The emount c:'L' inlet gas is asam’=d eq_ual Lo ls ‘the rea.’tdual ‘
volume is then caleviated as 10110“413. e

Toaeh v ) - 100 ,—

=
At of .LL&.;OgGE'E Amoumb of mitrogen TI»
M~ e .

Dubles gas o0 B - 302
Amounh of mitwogen  Amswmt of nitvogen ?‘é
. H, L o
Bpewr 0 -

Thua, the third wule leads 4o yoi enother fundamentel
*rolaticn.  I%o practisal woiuve, hewover, is slipht 5, for B values
- determined in this =y aYe ErIanecus, or'rn_ng o the fact that the
anzliytical walues for alirogen ars nob obiained by a direet nitrogen
‘determiration, bub are glven as the difference between 100 and thﬁ
gum of ths other de’ueminat..omsu In this way ths accumilated errors
in 231 the other detorminaticns affect the velue for the z’elatwc]iy
2231l volums of nibrogen. Yorzoveér, it is lmown that ermcre are
very apt o occwr when R is caleulated from $wo 309 determinaticns
theb were nob carpied ou'i; slamitancously and wador exactly tho sams
conditidns, :
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T‘ne n-R Eqm\’;icm :

Tne iollomg Gcma.tim ves eb‘tamad ﬁ‘rmn eqmtion (2) by

ao-m; fcz' g -
- 8 n aee) ga-b}

. '..ﬁ—n-:«

Suhst:.tutmg t.hv.i,ems .z:or uhe intes mediato var:o.ab‘l les
v der:z.ved £rom the: r°cord ru..e ang ‘trensposing, ve obi*a:‘an‘ ‘ ‘

2 (2302 kS CO) - (H2 < ZCHA) +-n{Co < CH&. + CQQ)

2 (zem » cm) - (H' + 2c§iﬁ—¢—n€seﬂ+eﬂi + €04 )
p“(GOQ'@CO‘C‘CH'\ =2B2®5+fza—aéozmkﬂ
137 = (co? < cor * CH") qv = 2[2@0! ¢ 000} - (H' < 20}%% ;

stipg These’ abbramtwna 3 “the" n“ecedil.g equaticn may be’ w:é.’tttezz‘""ig“twc} '
w*cr, for mand R, respe cwr’elya co

'

: f Bwq ' ’ . ; .
s S @ DB q o
n D-p R - Réorﬂ?gg,mﬁ,‘..q; 8)
SR Thege Ym0 Ldenuzc,l @o'..,.{::.. s wiil be lznvm as the TR
- aguetion® 8). Agide from n and B, it cmwi, ns .cnly geg analysis

data obtained Irom the compogifion oi’ t‘mc inlet 2 Ld outlet gam.
Thus, for eva:;y cet' of ges emalysis wvelues, equaticn (8) egtablizghey
& numerical v“‘lat:;m aei;vmn n and Re N

Since equation {8) wms derived without calling upcn any
a,doiuuo el nmnheses, it &_-Llufies the first and zecond rules
‘campler,e_.y : :

In tnc sems w2y, an el cquatm“ ray be derived from .
equation (). Thic cguation applies o casés where msbheans is nod
_ breated separately, but included with the cbher hydeocarbons in thoe
caleuwlaticns. %his is indicated by an m s'..bvcrm{. cnall the
gbbrsviations. ‘Ihus. )

I
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By ® (;g?z +(;m | qﬂm o z(ggoe’ kS 0107 "H£>
e o

b vaaruz.caz fmm n to nm oF ths revsrse, pmcoedz és follows"

Summzi.lm emtlcn for iwdrcgen cm nm =% n ¢ lee
SLm.fnat.Lm eqmﬁicm for carbem. S et rel s

. 'T"ﬂ] g—.vsn- . ":, o ‘— R

. . b - 'r?.(b > 2d) = 5
B E A ch=B 2 .
m 3 P L i N

, Application and Valigity of‘ the Gor'*ela.t.m'x .

Babueen Cha:’acteristic end Intermedinte Vepiables

In c;lcxﬂating the actual charmasieristic variabl ez, ag
will be choma be c‘a in more deta;, nugerical velues of 2, b, ¢, aand

"4 .are nesded. zge values couid easily be obbained from equations
53). AR (5) and (6),u sezz gimple means for accurade debermina~
tion of the residual volume were aveilahle. - Unfortuns? bely, this is

not the 'ce.as. Herain lies the ses num.l di:i‘lcult.y of all &4l leula-
- %iens based on gas analyses, .

It hzs been chomm that delerminaiion of Ghe residunl volums

by the nitrozen methed doss nob offer sufficiont accurncy., The same
is true of direct measurenznd o\“ the residurl volume e5psc_ally when
synthesis ualfe* place at high pressura.

The thisd, and at pz'eeent, cenly other s=ans of de’s;emlxjivzg B .
in offored by cquaticn (8). For this purpoce, we need the numerical vaius
of n. Howover, whoa both R and n ave unlmemm, we have no way of debors
mining them solely from gas analysis data and without ctme doviation
£oom the £irst and aesend xules. Ancbher msthed of debermination mlwoo
uze of the ana_.yaia of the products formed, as a means of determining n.
"»‘uba’u subing this value for n in equabd (8) we obtain the quamtity Rgo
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' If 0w e 'ca}ce a 8@1‘163 of appxzmmate valuea for'n and
’ aucsrtitu’ce then in eauatm (8), wo obtain'a series of usefdd *
‘appraximete values for R iz) » besed exelusively on gas ana:!gsis‘ .
data, that sablefy tho f sscongd. ndes. ‘nis meens thab L
valuss of the choracterissic varlables caleuwdated from these valueg
‘nfaamreanymmfor mammbms of fo“mﬂa “Thlg dis by
;o meems Yho generel case When the veluss for R.axe calculaﬁe@. "’x‘om
. divsct meacuremsat (g, Bp) or by the nitrogen methed’ (B, 4))
 Here wo £ind, for imtan‘cfo;‘m\’rt@“valuesgf the charactmwle '
. vhriables obbained hold for the formaiion of lydrocarbons whosd .
HeC vatio shows considerable deviatien fmm the comect averaga
camos:.tion, i’or emmnle_., Gy, 5 oF Cligo " . :

o The chief edvantege 4n ealculating R £rom equ..tion (8) ‘Adeg .
Sn the agresmeznt of the relation between the characteristic: vardsbles

- obteined, end the. !mcan avez'age compogiticn of ‘the twd.rcuerbm :
Kome&, Clyo - . v v

Ao ragazda the ciumcter of the n-R equation, the following
':zay be added. Gzaphic representation of pairs of velues for Rand nn
‘obtained from varicus sets of 225 amlyses Zive o series of eurveg -
" which alert ab the origin. The chaps of tho curve is such as o g:.va
the irpressiom thet the cbordinetes of the mexima eve the n and R
values for the corre%cnd.mg ges analysis. However, melther by -
differentiation nor by g**aphz.&l analyeis cen guch 2 critical point
- be determined, That no critical poinis exist is appe.renu from the
: .r.o‘” ilowing discussicn. .

A1 zrelatlens betwoen inbermsdiabe walues and characteristic
variables cilcuiabed fremn en c R %eks the anelybicad form of & shreight
or almest straight l.me. Thim, hc*“‘wr, can only be the casze if
cquaticn (8) holds net only Sor a given opsrabion bub for any nusber
of such opsraticnc. ' ]
- if, for insﬁepcé, we ua*,k an nfl eqvac.lon obtained for a.my

nm and substituie tho inbogors i 4o 9 for n, solving for the values of
"R, w> cbiain nine pairs of values for n and R., Each of these pairs
gives the correct characterigtic wariables for a correspending aynthosio.
. Frem & purcly stoichiomstric point of wiow, nothing prevents ug frem

carrylng oul each of thege nine syntheses. This is $he cass, not caly
Lor the Antogral valueg asclgned here to 1, but for 211 “me’aimul
velusz of ‘u, therefore, for any velues of a, and for all n-R peiro,
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S Tnie moang hhat a a;:t o£ gas analwm valu@s cbtc.,.mea i‘c:“*
an in.et ‘apd an cuflet gaa need not be derived fromany ong
partloular gynthesis, bub will hold for any number of different

'.synthows, 2 gim "xnﬁ mm campomﬁn tc aach aymth«.cwo e

Gy b‘ie 10 11lustrates thc FONgR. for mch eqtaﬁm (8) :L,
walid, Iﬁi" the inlet ‘gas i water gas the samo final eomz‘omuicn
v ‘Vou..d he obtained for 'bhe foll;:mrg dui'e'm{, conditim-‘ : A

@y ‘I'or a rsaidml volums of L7.3% and. a ;ya.eld of 12L.L g/ﬁ? p'm;'ideﬂ
L Ghat a.sade £oom xr_auhane cm..y acetylene or be?zve*xe (C‘Hﬁl .‘.‘ozmez!o

. (2) Por'a residucl volié of 61,94 and & yisld of 5.7 g/nd, provided.
th;b amde frem methane c-13.y pure olefin hyd:oaxbons {10:2K) fozm,

{3) Fora vegloual volume of 68.5% and 2 y:mld cf §ﬁ8 @;g/m s p?’o‘au.dad _
that aside frem methane only em_m (Catg) ‘Lovas. {

‘\:.-,;'- For a mm'gdual volm_c.; 73.6%, provided that _aalde from the .,
_____,g‘_sﬁ*'ithano formed in the other cases;.a. further yield of 58.,«,‘,/‘@3 e
s of mﬂtiwa forms ard that no other hydrocarbons i‘omu i

{5) Por a 51aual %Olh.u., CE 81,53 and a yicld of 3? 6 gl , :m*;d..u
g that asidz from mebhane oty b—d.?ocarms of m: h,g«-a‘.,hcui__%..
Sarposition CF 19 form, -~ .

Table 10 St
Roxwe_of ¥olidity of the n-R Ecuaticn for &

. .
o .

Ly " Sct of Cas Anslyees

1. ‘Gas Amalyees R &0 Hy Gy,
Indet, volums pareend | 6.0 38,3 ] 'So.o 0 )
Ouilet, volums pszee;zt 28 3.9 2.0 7.6

2. The n-R Egradion

pe k3 2295 q=0.6 | q = kbl

+ R =dd-3n 2 O, NS
' 55.50 + kbl

43
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3. Intosmediste 'Variables

433 3TS
131 376
K317 TS
3.1 3.6
1.1 376

LA 85,7 0 682 582
1281 857 68,20 -
1211 857 - 6%.2 0 58.2
| 85y 68,2 0 B2
120,30 85,70 £8.2 522

R S 100 ) \ o
Y I T Y 0.617 10689 Q‘..?BG_ .'m o,,’zou_ o 815
a. = 36=5' L 35.9° " 35,6 _-35:15 35.3 .35,2 3503
bow 30,1 2hed T v 21,1 119,35 3.&,2,;_--16 8 - 15.8
e = 7367 4y 5.2 55 5.8 o 6.2
& ° 32,0 3. 20010 237 228 2.0 2n9.
dy e a2 :_‘;-3_;,7 b 0206k LR 22,6 2k.O . 1 2HS
o Sl acuematm Fe,:,la.olezx e L e ﬁ ’
s 75 680 L6he3. 1.0 80.6 569 5746
Moo= 21,60 31,5 36,6 A0 Lo BB MELT
I o= 085 0.67 - D.595 . 0.545  0.516. O.475 - 0.450
Ay’ 1231 85.7 . 68.2 0 582 . 43T 37.6

.

»

wwwyywoa
L WL W AOAR

LAt A AR AN

LI
Taad
R
A
c
ted

; ascumed in a3l cagse th.w awne of t‘le h,ym“acawbcm o
the yield s bagsd *\::ral_m be amd 3.:2 the residezl g'e

es for 4 chesk oniy vhen <‘""“:u“ﬂuu desimad _laces e
L {2 e."cuﬂa{'.wv “’""m"ﬂ

T

4]

Frem ths dage .a_auis 10 & m:l,l 0 sesyy how g;:rea':,xy the wallun
of the yisld varies wij ,h ". Zhls is a1 alzo chomn in the £ollowing data,
34

which ligbe walues for n ond A;, fopr the same emample, as they oseur moab
Zreguently In the cuvrent synikecls of kigher hydrocerbans:

n = 2.0 2.1 2.2 2 o3 2y 2.5
i o 85.7 3.2 “0,8 8.9 TTe2 7544,

iz gufficimnt to change the yield by 2o mieh ag 2.5 5.

renont canditlcns o doborming n with an accuracy of Q.0
Ono of Bhe moot dmporbant “);'Ob:.cs in thie commschion
& Ioa porD accwaie, olmplo mothod of cbfa:m‘ N, 20
azs tha ablion of aﬂn"m:ur_..bo values which foy b2 2pplicd %o
differcas is Adual, svn"h,”.u_,« For he ocobaldl norral precgure, syatheals,
accosrding wo cur present Infermadicn, m showld 3o bebroon 2.15 ant 2.20,



Tt io useless in caleulating the yisld o strive for a

| greater accuracy than that with which the hydrogen-cazbon retlo is
deternined either for the hydrocarbons formed. or for the vesiduel
VOIUED, 7 R Ho TR R :

AN Moreover, since our lack of information comcerning the
molar volume of mogt -higher hydrocarbons contribubes eddivional
uneertainty in calewlating the yield, it is appropriate for the
present to round off the yield velues to whole: aumbers ; thus avoid-
ing an impressicn of accuracy thab woudd be migleading. -

The agreement in the yields cccurs caly when corrsgponding

‘n and B values are used. ¥When thls is nob the case, the differencas
in the yields obtained by means of the various formilas increase 23 -
R differs increasingly fzom the vdlue which corresponds to the given

‘n value, The geomstrical lecus of all yiclds caleulated from fosts]

" and the sama formila for a given n may be considered a femily of -

. shraight-lines (figure 9). . Alk these yield lnes inbersect ab a .. .
point for which n and R sabiely the conditions of equation (8) for
that perticviar set of gas an2lyses. '

Caleulation of Characteristic Verisblos

e Lk

T . Genvercien and Usege Batio
o Once the rggidual volums is determined, welues of thz intor-
pediste varizbles 6,0, €, and &, ags easily cbbained from equations
(3), (), (5), end {6). Vhm numsricel values for a and b are lmomi,

convercion and usage rabtios are caleulated dirsciiy i‘gcmﬁpo following
formlas:  — T ' 1 ‘

K¢ T apme 7 e
e Bhmrneils 10 {:_1____;\

4
1

3
i}

o o
=
[
{
)

Ae indicated, U gives the amowt of cavbon monerids and
—o hundred pavés of €0 ¢ Hp wixburs present dn the

orcotblion of Msthams ¢

to3

Calcvlation of %he Pure Fethane in the Quileb Goa

Gas enalyois dote contribute two values for the celeulaticn
of condidicna abttending the formtlen of methane. Firgd, the volumsy
of mebhans + any higher paralfln hydrocaerbons {desigpated as GH), and
CH} ) and seccnd. Lhe average cerbon mumber of thls hydrecarbea mizbure
. T
{desipnated as Z). *Tac convontiwms Lfor the apniicatlon of 7 .are noh
well estabiished. '
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Figure 9.~ The yields as functions of~th‘é residual volume.
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Surthor and gnzparad by RARW P..&mmamtvembsn Anoe'”lr@te ’
EBzehsnwais Trens., Uobthods of sloulation eppioyed in e2porle
mental 'cfor‘ "cerried oub m’ew the cax@“?,mp of thz Reﬂ.ch)o
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c:::iu’ﬁe. '1 OED. m\.mn of the a‘-ur‘vh":'.om uzcd s given in the
m’acet_ng paper {(To=3). 3o eddibhon, Whe follcming now cyubols heve
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{2) o3 o sunsrocTipk:  Indicebex 1,21"—- value afier dedu ot&m of cc*ygcrs.
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' of ideal. gaa mezsured wdew noymak cond:ltiem . Taig yield
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7 - eagh cla.ss of smbs&.nce ccrxtmhv mr» o yhﬁ toﬁal Gaun,

The. CO ccw-ofden s c!zi:a:.ved by d:i.f;d...zzq m'a "eae:bcd <;arom mmde‘
o \j obe carbon. mongxide mﬁz&.lv b,..qon = v R
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LTITEG TIED AND ':mmr'“ 5, 1R R GINSTAIT
L The :?c'”.m;;sgf: ¢consids m’a._cfzi\. y ‘Be usefvl in cl:'*wr;zvr the
ST

Thz yig z:,f“’* \:,3:._., *:n:m»x ce-n,a:?rm the

Gc:n"cm. of “limiting yield®,
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