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'}f:’or 1eca complately for each indiviuml compv.’aa,eions. ; ». iy

vantagea derivad from chm*g*nb ove" ‘ao '.'-a.fa 1c31ymathema.tical

fcm mth a. simltanec uz nso cf tha corresponding abbreviat 1 ng
_have not e.u yot 'been é,afn&&: A

.\.n e,%emn* han bran ma&a in tne 'Pollowim; pages, ﬂo",show the

’~-basai s ::o, a ma%homaticmt trae,tanant c:t‘ *?.he compuuations of the g

utddz «m:m auv-mg the lwdrcgenaw.on of car'ncn ;monoxi&e. |

j:,-"‘si;urted here 'r-*om the banic rsla’ainnshlps ‘ba*sween *.h”:amoum;s 0"7

z‘aw me;be 19113 an&. oi’ Lhe rasmting prednc{.su’f ‘mece}fundemental

_A-"relationahips 103:1 reac’tily w com'enient fommlaa ~pyh:i,ch can be

-:f: ,:,emplied a:lgebre.ically to axgy a.d.dit* onal comzﬂnations “"‘:Thi.s resulta:.{“

j:‘;"'in 2 comprehensivo co.;rlectlon of fomlas which 1nc1ude 'the whole_ f;-f:‘

: '_;ﬁem.

The appli:co&ion of thena fomulas eli.ninates 'scm'cen oi’ errora,

m a@plication, shortona considembly tlxe computatiomtand a.ctnauy”
v-»_ang&ggs"and to

.v-pemlw to evaluata mpidlxr m'zd. a,c-:m-ately the ge.s’



Moreover, quant:c‘cauive relationships batweem ‘_ he participanto“j "

oa. rwctiana becoxne re;.dily red :niza.‘nle, mch ralationehipa could

';_.neithar be found. nor v.sad withcm ths uaa"o a me.thsma.tieal thod.f

*‘:_c.E' \treatmenb. | Js‘ina.‘!.ly the a,ccurac“ﬂ' o:t‘__’mch camputations can ﬁe S

ue&ued. nm'z ’battaz' 'chan fomerly, .e, findiﬁg what az'e 80111'00870{__

».’-'error an& to wha.t ev;tent they af-f'ect %hia a.ccuracy. -
f,’f;z Selectﬁ.on ot amcﬁ u.,.ry fivuro.a anl cha.ra.cteriatic :mmberr
| i’he developmcnt accomp:'.ishea. m the course of yeara ha.a not |
: i-raaﬂ.ted 11‘ the in% oduction of -Lmifom abbreviations nor 1n any
iy'.agreemevr% a.-bout the charz;cusristic nmbera to ‘ba uaed.' ;_We shall
Q’:themfore glve ‘belaw a. dau;..-lad. s ~1a.nation of the mbols, i

'with en ui‘-tenpt to 1ima.t the v.se of factors to only a few.

i '}) !Ehe rasic’iuai voluma T!.

’.IIhe tem "contmcuion" ~s a habit aoquired“i;;ie initial
__5..:8tagem of expar‘imcnta:_ invee’cigatﬂ ons. At:; that time, contraction o
g wan a f’acuor wb.ich was pa,r uw:...arly I'Badlly determined :ln 1a.‘boratory
'*"-tem.s m 8 mrmal nrassure, e.szd ms cupable of leading to mmeraua:’f“--i"
",_.vccn"lmiena. With co::alt ca.tal‘mts, cn-‘varaion is practically
,lt“dirmtly m‘omrtional i:o tnp conﬁ“action. ;«Howaver, contraction 135,"'

;mmmly a.n illuatration oi ‘bhe proceu, but cmmot 'be used &iz'ec'hly.jf-f

;m aommta.tiona.



and 1%8 mzmez'ical valae in judgin(_., th.e course

| 'baﬁe mu' compu.t;.tions. on the zes* d.uel"-’volum

'ahe e@resaion *or uhG actua.l vclume of tn' ;, esiaﬁa:r*g“s‘ tor tha‘ '7"

PRI

' concept o.f contracti-an a8’ azz exprsssion for the cba.xge ot volumo

' will simplify diacuaeions. We sha.n usa -vbelo'v the abbreviation

B. for the concap‘b "*esidual volme" 1?9 'introdnea no m‘bol for

3 mntractiomuat of_svnholes, L
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to charact@rs.ze the cou_rae of syni:hesis. : "‘o .’mctge the courae o:f

?’ the mchea"a ccmputations oi’ gas ut:lizatiﬁn are ezpected. tharefore;i

eitha-f- to ﬁhow the yiex.d expccted or alse *bo ._pamifarﬁving at

conclusiona why the- mammum‘ yield he,a; net been’ obte.ined.



- avoidable or e’t ae muld '-ocn ‘bmrg 'e.n'and to tha synthesia, and we

_{-}may ﬁ?mrei’ora lca.ve :‘. out of consideration here,

'.Ehare remain

‘_»»ﬁ'mmcterizm;ion o:: the oom'se of syntheais. , Such is indeed. the

caua. Sl

*me ccnvamion fo”ma,tion of methane and consumption proporbionni B
: : can 'w m,a comu.ted for uhe theoretical_“ calculations of the yiela‘,:

’. '.m mm ‘m’ommn b"”“’“ 1 11’1‘“9‘1 to. ‘Ehe'computation of the e
3';':t‘ollowing .acmr rzﬁ,ues s
!‘eth*mc i‘omation o

Genm:.::mtioa pmportion x

),, ‘;ulmmn Ba‘aween ’“he Fa.ctors e.nd. the (00 + Kz) convgmiom

i’:‘ynthmia me:n a8 with cobo.lt ana nickel, proceeds etther



commonIy 'ba ed on the conamvptﬁi’sf ,. -',; aa r,esﬁit__.

m alco calcula ed from 'r.he consumnt.‘.ozx of carbcn moaoxide.
Howevar, . ...\.‘bh iron ca'halyu s cef‘oon &ioxide 1 is: formed in

considera.'ble and vary ve.riaoie e.mcuma, axu}. e.s a result computa.tﬂ.one

eimple ?.o ju@ga condit* ons from the comrersion
o.E' (co -!- Hg) ‘"his L,athod of co:mu a{.ioas off:ars the mportant

a_,ivantage over %;he use of the Co convarsion, in that the (GO * Ha)

converurom can ne cmpare& wt‘ch euch other avan when synthesis
| tal*-em p‘* ace m diffemn‘.: consumntion propo-'tion. S
~’cr tLia raasc-z, whenevar mnveraion is diecnased balow, _?.he

(CO + Bg) cumvm sion -vill ‘ae m@ant a.nf’ aasig,mtea. by the a.‘bbrevia.tion

lB .\.‘,\‘- .

T}m v'alues of tho Go convarziﬂn can ba dirmeaxse& rith. e,a wall
N

: a.a ai’ th«s Hg converalcm Theirf 'mluaa ara dafinitaly astablishad*ff "

from 'ehe '"a.tio o;. co snmption of CO, S In th.e list oi’ aymbolﬁ]f

; an aﬂbravi.ation of Uco is used- ”cw tae co conversicm to ‘oa usad



- ':'"‘:';What ha.a baen sa“d. a.‘bou.,,"comersion,' : p?» ~&‘3.'f""f_

,fomaﬁ;mu m methane. } 'l'he metheme fomatlon'will ’ae givm_ ‘

f,jen'kiraly "oy tne com'esvonding ( GO*‘En) conm:mtion. ana. u:bbrev.‘mtod

"ﬂtto Liv. Theae Mv va.uea e.ra compa»-ab e for ‘Ghe "108* "“”"’a “mm“k ”f&f

and. ca‘a&.ysts. vm.!.e the Mco valu@s are not.

Ezplzmation of‘ sp'mbala- s

"'ho m:zmbar o:? the nacassary a‘b’brevia‘biona hmre 'haan found to

B -he £0 great tha.t cam.&\ﬂ.' ze’ ec‘aion had to 'na nuia to ceme inntd.a

}'.}'me ca'nacitrof—t:m uv‘u.al meﬁﬁ*——“— A total of noma ninety

._v,.'_:a.marent concepts fecgaire symbol Llm g M

mido vhen o

R

Symbcls Jrewdy in uae have baen retainad aﬂ far xm ponaiblo.

‘As an a:te. 'ao memory~new symhcls—}mve 'baen aelected tb

PR mree with the concept._, I

o s
o “"T’f-;“.?“jselected for the mcst comzonly usad. c.tme. o

Fin pany -slmilar symbola, 'ahe si':xpl,n '.‘a‘om hcm ‘bamn

M aym’ao}.s rru.e{'. ’ae clea iy diatingulaha‘bla. n.mi ’oe
'ce,pa‘ble Qf ‘beng writ*her on the wnal typem'itw.

o ‘uo abbrcvia‘.:lonn ha:?e ‘bcan .given o concmta whioh are

i j.from bhis invmtigc_uon, Ghete are. fer mmmg n _
. abbreviations for the dagree of liquafmtion, for tha ~
j'-"ﬁn conversion, a—tc.m“_., ,



"ﬂfacnitated by not placing the 3.ndex 1etters belowv e" lline. bu.t :

*axlding small lettere to the oxa.sf:ing symbol, e.g. ‘ozr wﬁ.ting vco

1\. mmmary ~o£ ; all of ‘Ime abbreﬁ ations uaad wi.ll ba :rmmd. mi’-f

"the ezplanation of symbolzil au the end. 04’ ‘ahe article. Abbrevia.tlons

"used in ‘ahis art* cle L,re e. J:‘ivst a‘etempt S;n thia line;";No claimn

,g,ra naﬁe; to 5.nc1uﬁ.e a...l of .he sya*bols rem)._red in~the 1a.bora.toriaa

znd *n 1arga scale onmation's. \ ﬁn is pari:icularly not tbg case

B

; for a‘b’breviat.’:.on uaed. *‘o;. yield.s. e iy
i Yaeﬁ &e can ba em"esaea .m mx:croua Ways G.enends.ng cn the na.tnra
:cf zzm gae or e;as con.stiment conve'ﬂted, as well ;.s cn the natuxe
', ci’ uonversion, :.-md may be -o.se&. fov' sxpressiﬁg the.groducta formed,?- : ”
| cm -mll e.s for the method, of ccmu’aaaiona in uee' iy |
| 1, K:lnd af gas

| ) Syntheaim gaﬂ,

'bﬁ. Total (CD + Ha) content.

5 —c?). | fme propormn of (co + Ha) which may bo-consumed

‘ from a given conmmption proportion.

Pu Gonversicn
| ) Actual coava'f'slon,m
b). The pra.cticaliy poasible comroreion, e.g. 90 parcant._

o). . complete conversion. 1(30 percent.
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'_:,'\ﬁ".aJc A:!.l h:;r&ra_carbdna “omea, mcluding methane.

"-b) E’,ydmw‘bons fomed, wi-zhm methane, S

: "o)., Bydrocar‘bms fo*mad w:’.%,haut methane. ethane. etm'/lane.

-8, -;’c; rvit’z the ald.it*cn Imravnr of ozygenated 7/~'odnctsj

ar o:E‘ oxwgaz-com.aiuing cbemical (,I'OU;QS» e

'ﬂhe’e maa' 'be zmmercus COuDi!‘.a.t ems between ;.he exmme ' 'ted.

‘ ,caaes, ‘,:ad there ::..>e tmremre m.merou waya of' expresa ;

& 3191@0

"cc«nvcrted o.ne mto anctheru _ Thci" seleo"'ion is ther "forn not a

f.."l’ne e d..fferent emsres S C m ha'vev*ar be ‘10"5 c,. 10.,

""_m'bjec:; 04‘ a mathcma,uica» c’icrﬂm 'mrf: e canveat- on, .uad. is not

,—-—e—..

~thare<‘m*e tne—real ob_"fecir o-"—the p"sfféizt— zﬁ? ‘W

;oursalve,, hare :ln al'!. wrput tions of ields uO "'he sim:vlest ami

Z'mo ~a m'of‘i-bn‘bje cases, nmely %o g.cms of hi:;h r xvcuccs::bana ‘

,"'wltnow 'mmane/chm o.c symncsi'-* ga's, occa,sie a..iy nclud.ina alm
"'tha o::, on-conta'lnin{, gmuﬂso
o “ wm u

COmmmm.onvo.L deracarbaa I‘o*ma-z;:ton —X’om sthe 'Bata. oJ‘ | .ji i

~-~‘&_.I—L§11‘m icAgs_m_m .;7‘53‘3031“‘ in "11 cnmuuatinm Df_ "LB,:.\» kg

""@he:z inveétigatm, J.l eomm t.cions mo:n gas analyaes in a
ftconi;imc*m cah_ytic h:faroﬁmmtion m carbovz .mno'tiﬁe. ard for "

anz; GO'D.I'::B of‘ synthas*s of ﬁhia Lind, unree beneral aﬂ@mptionn -‘
oan be mzﬁe, whzch ma;v be alwaya/ aasume*l to be knomz,




“First agevmption (for all paricipante of reactions)

’;t_*,:fzj-ahé:i;;:aéa_.;gf;ge.-sec '

JD.I!.&DCOE])OBG& pw'c"

E'hi"a wtiog (for -qi’crogsn only)

“The amom% of nit -egm prese"rt; in ‘uhe: em;e"-ing gas ia neither

1ncreaf=ed nor re@acea &u‘ing .ze conversiorr“

m- ”k.kJmles ﬁn‘nLBu us. the fomczﬁ'mthemaucal

deriv"‘“’ms and. f°1' &-né' \.astmg foz' the raaul‘cs.

_AIB M.gabraic Exoms ion of the T‘r'ee ,ga._g ‘bicn;s' SN -
1 .me two basic. stoic‘;iomet"*ic eqna.ticnn and their solution.
According ‘bo %he fiz'st a,&wmption. all aznoums of 'ue.tariala
‘ezﬂtor*zw the rea.ce:lcn spgce nms» cxactly equal tho aﬂennts of
maténal.s 1ea.v~7 zs_‘; t‘baﬁ; mace. ‘wa m d.isregard %he h‘.tgh nelting
poiﬂt *mraffin d.e 705;.%3(1 upon uhe ca‘sa.lysta, 'beca.use 1ts amount
does pa-‘r. r'arlcedly BffGCu ‘bhe es‘u.l‘hs of gas anahzsﬁs._und beca.uae_

the compuuutione a.re alid :t'o:e: a c01timcus synthesis in a sua.to

: of ‘ﬁqu‘ilibﬂimo 'me.l Gnlyw or a‘lmosv Gnly hy'dr L

R424

the reuctlcn parﬁicipants whieh cone und.er consxderation a.re either

knorm individually (e,g n—buuane, i—ﬂmtane, n—‘butono, i—-'bntene)



f_"»"or ‘a‘.he ammmt.. of‘carban &mdde, hydrocarbon f-and’qaeer fomed.
E _in *h:a.t ssnase (v axplanationﬂof sym'bola) Eheynax'e used 1n 311

f.lff’aompu‘mticng sma az'e callad 'below ‘cke “intemec?.i 8 .‘e_fvaluea"

"Ie can cler ive & mm‘ber o2 stoichﬂ.ometric steps from the

_f-"'above equation, beca:zse—_i.'

-ezpreseﬁone of the mms of 'ohe three
e‘* ementa car‘nun, omgen, a.nd. maroben are always equa‘l
=k ,’E'or ca.rbon.f.f_‘- : cn 4 ﬁ

&‘or omgen._" 2(1 + a S Eal

?or Ir,?drot,enf 3b‘:= n;g cm + 29

Simp'!.e algebra.:.c ‘jzrmafcrma.%ions of these three equa&;ione

pamim a ganeral soluﬁie” o the fivst fmadamental stoichionetrio

v equatxon :ln the col:!:actio 'j""of fomulas. PR :'f';‘

e expressicn % 'cgnm incl'_cles silml'banammly &_ ’che hydrocar‘bons

‘} .

‘-f“fomed., 'f.he gas analvai" pemiﬁso howev-er, ‘z;o determ:lne separa.tely

_the methazxe foweﬂ., .and this exp*esaion cr.:a be 'broken up into the

_, w"‘.volume oi’ the higher hy&.rccar‘bons‘ fomeé. (excluaive of methane)



':{}B‘oz' mmuﬁ_’che &,ht*es e’temants_we can—éerive the throe following
:‘veqaa.%ionsv - - RS

"?‘For carbon‘~ ‘.‘l.fr

:_?Eor c:vsen" "

i_v._Algeargic trans%ma"ien" o:é' \:hese ‘ahree eauations gavea ua

f"fm«nf’t ln the eollecuim of fo*mzle,s, m'ot a..l o:t’ the mnneroue
;”_solm,ions h@ve emally gz'mt mctlcal wox-th. The maximm e.ccuracy

is emsinea if the greﬁﬁes{. ':oasime mmbor cf experimental data

: ‘(a,»b,,"c s,nd. c") afe mclu&ea, mma emerinentally not readily

aeﬁeminable volune o:t‘ sne B'te'm fc ueﬂ., e. shmld net ‘oe ranresmted.

'm "plaina ﬁma se sct}.on 03_"6}‘6 m.:: so)mc.*ons fmm&.
'I.‘Imsa e-oluﬁions; we *"e"‘ﬂ “a'ole_-n me.n,y respects. : They show
-;':ln t"ze i‘ira‘t nlace .Lﬁ rzlmt waJ t‘le vohme c"‘ v:hich ié in most casos
‘::':z'acuime ln ﬁhe wni.hesia oz. highe ‘wdrocwbons, depends on ehe
i’?‘a.b‘!l%ﬁ ebtainea in ga E.,;.EL.FBid for a,,,b ¢ a:a.& d. aa well as i‘rom no
.~'Ihasa oqu. %iona i‘orm tbermo e the baais for all cémpu.’cationa for

: :,rielé’_.



be fremzently uaed'g 1n rlerivationg 'DY always 'oemitting the exi:reesion"

of am'

o=° the‘ fov.. values a.,b c and 6. in tema o:t‘ tho three othera.

Wmesidm V‘Ol‘ume R.

'_ and thc' a“-'no{; conver'uecl._-_- "--'_‘f : —

»f’We ma:y e;mress tha amonnt i‘or ca.rben nonozcide as follows'

Entering CO =_:_cons«xmed. '3' uﬁconvertedf‘co.ii '

)=_4

The amumﬁ: of the unconve ted ca.r’bon uonoxifle' is. o‘btainedffi frou ana]yais*

and frem the amount of the *'e%aaal gaa. ae 11. 00' ve {;ot

We ob uain sﬂ.l lar‘.zy« for the other three 1ntemadéate mlue&:—




Sues-anc | , 5 ~. , diﬂ.—ar—
from u.‘).Q x'esidual *rolunag It *mllx 'bo 'shom 'c_: by lea.ving asid.o

- the vat -ba ba discufsco& M"d'_f' not mrf mien‘bly depmzdab‘*e nmportion

'.' i ﬂ.t *'ogcm, wa ex‘wnst %xa ve’ e:w th.e poasibnities to bas:lc f‘unéammtel

‘ relauionshipw exclusivc’j on the éata of gw' mmlys:. , All futnre

coma{ .?. &Gns o:. th“’s 1..‘{,11:1 '\“e warefore refe*”ad to the a.‘?.reaé;r

POSNE __.x_‘v - e e e

givnn a.'t »'e‘nra.c am*ese?o' ~. _,or 1 ¢ s-b a.no. aecond aasumptiona.,

' 3° fJorﬂthion 01 t’ze C:,Elud.u.. Volv'*e ‘From bne Hi :eogen Content" o

:.‘l'”ixc thir& a,ssam;.inn ai:atw thut ﬁha amouzx‘a of ni%rogen presen% -

_ in \‘:.‘1: renc‘smg {;es "s nn mfected ?.W the comrersio , and remains

e

u:xa_- u(,'('(.d. 1‘1 tho czm leevmg ﬂm reacuion svacaa This leada us

, tc ,hpm.«e';hna of comnntc*tiov' ei‘ the "esi&xal volume f:eom thc m‘l.tmsenj

: csn?;em “,‘ vsav slnca mae be innirr cf r-c::k en gaso'l ino s::mtheais.

‘ihcf’ on m%. oi‘ n* t- ,,g}cn m *‘me me inlet a.ﬁ well ue crutlet

;"-.‘f,he sam ’nrono tiam to tne cotal a.mcmn’c of gn.s a.‘_."the

' nercenﬁago of Na founa azwj,.;ﬁcally 4.3 to 100. . If we se% the ga.a



Gas 1nta1:a
Amomt oﬁ.’ nitrogen

The third. a.ssumpt.son 1aa5.s us thereforey'ko"an ;'e.dditional basiof-

rela.%ionsb.ip - I‘La pracuical 1mportanco ﬂ.s ho'vevar but limited.,

because emerience has 8hovm tl..a.t 'bhe va..ues for B sa ob ainod a.ro

*'cosmected wii;h—a.n mcantrollg.ble; variable*aad :Ln moat ca.saa not T

: 5.nsigniﬁcant ez’z'or. The res,son for it is the :t'act 'ahat the analz/"

tica.. vames for ni»rogmx are not o‘b‘cained. by direct nitrogen

& m“aewmina.tions, 'but 'by a. ﬁifference. A rala.tively emallﬁvolume

",o.; nitrogen oarries therefore thc :mm cf ﬁhe erﬂors of tho

:._'ﬂetsmma.‘aions of al fof :the other gas ccnstitnants. Experience

ha.a also shown that errors‘ "f'e also in rcduced. ﬁhen R 15 d.eteminedifiw
Jrem the :aa Values found 4n %wo gas samples en a.t the same %ime,
| which for some reasons, ,do not emctly helong together.

;‘fha nuR g tion’

Ths second baaic s’co:.ch:.ometric:' vequa.tion gives the follouing

-‘ mreﬂsi on for the sol'o.tion .<or d' T e

Jam Q)+, g(a-b) +4c ;
RESENNENNE . 00 S I




‘3 22008 + €0) = (5t 0E) + ale0 + Gty % oogz |
L ,,.,2(200a° . co_) (H:ﬁ + zcm.') o+ n(cm * ca., s ooa'L

| q = 2/(2003 " co) - (Ea + ac&)/
| ,jqf'r.- 2/(2()02' + oo') - ( 33' * 20114‘)/

us..ng mese anbrev'i.aﬁions., ‘che above a@aticm ca.n ba solved :!‘or n
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;jcﬁ.fficmw ox 311 commxtmlom from gns analyeen.

It nna already been mantioned that tha renidua.l vgm""vnlm !a

not sufficiontly acmu‘atsly fOun& i‘mm 'che no ce&.lad nitragen
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