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SUMMARY 

The product distribution of Iron-catalysts of different hydrogenation 
hydrogen values is presented and investigated with the application of the 
polymerisation function. A law of distribution is found for the paraffin 
hydrocarbons. The volumes of C-fractions IOllow the reciprocal pro
portional ratios of the squares of the C-numbers, independent of the 
absolute values of the hydrogenation hydrogen. Their absolute values are 
obtained by multiplication with hydrogenation hydrogen values. The 
methane formation is an exception from the rule. The minimum value of 
the first methane term in the series of the paraffin distribution is being 
estimated, and the influence of the methane formation on the formation of 
the higher paraffin hydrocarbons is being discussed. The paraffin distri
bution for different catalysts can be calculated with the help of simple 
data, obtained from gas analyses. 

A similar law of distribution is stated for olefines. This distribution 
decreases for the higher olefines in a higher order, than in the reciprocal 
square ratios of the C-numbers. The formation of lighter olefines is 
favoured against the formation or preservation of the higher olefines, 
probably on account of the easier hydrogenation of the higher olefines. 
Quantitative data are given which lead to the calculation of the olefine 
distribution for iron catalysts. 

The formation of the olefines is found to be principally a radical poly
merisation which is superimposed by a lesser active ethylene polymerisa
tion. According to the amount of hydrogenation hydrogen, activated 
by a catalyst, smaller or larger parts of the polymerisation olefines are 
being hydrogenated. The methane formation occurs at least to somewhat 
more than * of the hydrogenation hydrogen value. The change in the for
mation of the higher paraffins with increasing methane formation is 
discussed in detail. A method is indicated according to which the 
total olefine volume and the division of CO-volumes, converted into 
paraffin and olefine hydrocarbons, can be calculated. 
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In our earlier puhliC';.tti(Hl,1 !,-l,''; tW.H' pfl"e!' the !','l \,It 
hydrogcTI\ which is us~d !,(If th~ :1I,dr,':''':11.tlH ' il tIl tb~ ')"!,.",1:t1,·;n ,~;~\i '.':;\; 

have also di:-,cussetl the import:ilH:l~ df It. In till.' fnll."" ~l'," :nHlh·:~;.'I..· 

of the hydrogw.!llatit,1/l h:-dnl;',:n on the dl"Hrihutif':1 df th:.' +~:n~: It I't 

the synthc,is is JiscU',scJ, 

With our prc'-:cnt. knll\\lvd.: f l· W~ <.:.In ~·.i:,:uLi~" 111l1:~ thaI p,~n \~l 

lion h\'dr()l!~n. adivatt'd b,Y H (utalv:"L \\'hkh ha': ,..:t'ld,:'d r,.1!" ti;,,' h'<l l '>"'.',\t"r' 
metluu;c, a~' it i~ usually 1-;,nO'All rnm~ g.t\ analy".,1I". \\"nll fhh \h .. IH,,,:,! 11:;: 

remaining 1tydnlgcll~ttl\,ln hydr;Jgcll. \:\'hil'h ha') h;:I,'H U~{'J ft,l' 
oldlnc, into J1amtlllh, hut \\,; cauIlot ,ut"i;1 id< if an:, fllrlf!t'L 

where all (he hydmg¢nali('>I\ bydl'(l~cn has ht'"ll lIlili;",i 1',11' 
it can be ~hown that the p,:m:lll1itl:, :.mlnunt t'l{" h,tai 0;. >\ih"i! !,,';~\tl.~'u\'t:·. 

been convertcd~ appear~ as nktint.~~. t.lx-)1't.:'natl'd t."\Ulp-I,"u~;d'" ,H~d ' j" ,~"Hh;\~l 

dCpOlliL 

It is l-'Ssclttial to have 11)(: product L-ompo"irilln ,h:~"H'di~,:' tP ('.'t. fr;lclH'H,-., 
in order to obtain further inf,mnmion ahNlI the di~lrib\lti"n pi lil~ 1 

hydrogen 011 the higher paratlins, "lUI tbcr~hy tl' "!'>laiu !h~ "~!;':il\,'H,m ,'I '/lc' 
distribution of these paraffin', In 1943, under the (ti\c " R~kh·,,!tHt""!'\l':h<", 
synthesis nms with 6 different imn cll!:11YM' under llllif<lrm ,:<111,);11'>'''' fl.;"" 
carried out and all the pf'(ldu,'h have bcon ellmrktdy ,.('1',,,,<1'.'11 ,l"t! cd 
The published rc;)ults of the~c iml''oliuaiitHh::: have bI.~('n W~4:d l:~ u~H' '~\lHht',~ pl' i,h~' 

influence of hydr()~\!natlon hydrnl~l.:n un th~ dhdnhutiPl1 of th~ 'pr\l~bh:~', <i\ ~bt:'A: 
hap;>en to 00 the most complete aVlliiah!c ~!ilta, 

The c<ltalysts u~ed in llit' •• Rcichsumtwcr,uehe" h"d iW~1l '~l', .. :, ," ,) ,!t.t! 
manufactured by 6 different firms. and thi>Y were u,cd fur the tc',h '" !h~ "w,~, 
" Schwar'hheidc" of Messrs. Araunkohk·lkn/ill, A. (;" dm'ih~ 1'1,H 4,l, Al"I!~ 

with studies of J1urely technical and (X()oomical nature, all Ih~ ;'" "1:.< : ' j).,.1 l:r:~;1 
completely separated into C-fracti()n~, and pcn .. ·t·!lfar~· nm(mnt', (If p.H.,;Hh!~, (~k" 

fines, and oxygenated compounds of the,~ fl'acti()n~ h/!d h<!cn (',(imtHt:<l, Tn.: J,lIa 
published so fat are rather inc()lIIpiete, As far as \Of" afO' ~""r<!> a ",,'1',<."" ~"I' 
lualion of these investigations has never heClJ published, Til" FJ,A,j, g"llllrt 
No. 276 contains the composition and the absolute 'lu:mtilb of Iht 
products, from 6 different iron catalysts, The I(ll.' qUlllllllk" 
however, are not given. The proouct "(lmpositioll 11\ \\dl us tht .1,l, 'l,,;.nti(lC" 
and gas composition, for 2 of these 6 tatalysts (Rheln!""l""'" 'Ind llralMll elLl" ,1,) 
over specific experimental ;>eriods, are a( our disPl)SIIL" Thclc ,":Imp:" ~n<\1:>k 
us to carry ont a complete comparison, with th" aid i}f nur carli~r dc<lu~lj"!h rr<lm 
gas analytical data, It is, howc,n, pos,ihlc 10 ll\diedt" Ih" C'l!lll~\I01'i' of the 
built-up of the products, in the case of other examples, with the~, data. al'ld it can 



1 1·400 191·80 1268 .• ,2 268.52 " I I.. i.. .. 
2 0·717 199·10 148·73 297·46 0·800 18·20 i 14·56 29·12 H8) 74.15 
3 0·509 130·S0 66·58 199·74 0·533 173·40 I' 92·42 217-26 O,37S 33·25 
4 0·386 120·20, 4.6·40 185·60 0·400 125·00 61)·00 2.0·00 0,303 23·20 
" 0·311 81'45' 25·33 126·65 0·320 114·70' 36·71l 183·50 0·254 0·90 
6 0·261 67·91 17·72 106·32 0·267 76·00 I'I 20·29 121·74 0·220 1·69 
7 0·224 64·51 14'45 101·25 0·229 64·40 14·73 103·11 0·193 4·60 
8 0·197 54·54 10·7< 85·il2 0·200 1 50·10 10·02 80·16 0·172 6·04 
9 0·175 44·15 7·73 69·57 0·178 37·00 6·58 59.22 0,155 4·32 

10 0·157 49'85 7·83 78·30 0·160 33·00 "·28 52·80 0·142 :1-55 
11·5 O·la7 64'93 8·90 102·35 0·139 35·30 4·91 56·47 0·130 3·17 
13·5 0·117 .. " .. 0·119 .• I .. 0,]]6 2·60 

l::g ~:i~~ 14::91 1~:58 225·91 g:n~ ~:70 I ~:921 69 49 ~:1:: 2'S7 

11·5 0·090 44·92 I 4·04 71·34 0·091 615 0·56 980 0089 1·17 
19-27 O·OC9 143·10 9·87 227·01 0'070 9·30 0·65 14·95 0·066 0·00 

~ 0·0399 ~~: __ 8~.~ __ ._. ___ 0~1~~~~~~~~ 
oum .. .. ! 1602·15 1 660·48 ,2432'07 •. 787·25 I 271·62 11297'62 I . 1161.51 
Loss " 0·]()2 ,37·01 3·78 I 08·,9 0·103 18·19 I·S7 28·98 0·101 3~ 

~~~al •. --.-.-'1639'16 1664.26~I--·-·-~lm:;-I]3;:60r-:~I-;;·25 

U~Factor calculations:-
(x - f) = 100 -' 3 (a + b). 
(x' -- f') = A - 3 (a' + b'). 
A ~ (x' - j') + 3 (a' + b') = 664'26 + 3 (4011'53) = 12698'85. 
U = 100/A = 100/12698·85 = 0 '007874722. 

* E. Sauter, "Report on the Works of the Department of Research and Development of the 
Works Schwarzheide of Messrs. Braunkohle-Benzin, A. G.," 1938-45. 
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tABLE t 
J)islri,~uli(i/l ~f In!' products of an [rOil Catalyst of Rheinpreussen, A. G, Homoerg, 

\' 1 I F'il'r, " '---!-;-I-;-I I 1 ' 
, Wlllh; , , Iraraffin\+IParaffi~+ Mo, voumesonCOtH1=1@ 

I
"'-~ I Olennsr, Olefins t,--,.--.......... 

I
I '( I ' I " , " 1,:0 vol, I' AICQhoIS+!AICoh01S+ I I 

1'10:1"",1, V"I,I'I(,'I ,'t:',';", .~'.i"1 I' 1 t \ II P ffi 01' 1 , '('" 'il:, :,;,,' ,I,X,U, ~II: ,I,l er l'Ol,i6XNi';st~~-COEsters'CO Ila ,ns I Mel Aconals EI 
lng, \ 'I! !(II'+ 11')11 1 Mol. WI,: lug, I('~! IC\'+H')~~I Vol. liter I Vol,liter (X-~)N FN GI I • 

" " " " '" I" II "i I. -1-;T-,;-j:T 
" $~'5212~8,q2! 2oll41 I 

71-1., :lli,11 j~.~~ )99-40 398,80' I,m 0:j15 , O:iM I 

:1::,25 [HI) :li,:!(1 111>40 : 453,72 0,524 1 0,72! i 0'09! 
2;).2[,1 7·(13 2s.12'·, .. " " llS,43 j 408,72 0-3~5, 0-472 0-005 
11·90 11,2:1' 1-15', 11,2."11 I)·MO !)'[4 0-7002040 I 3!2·00 0-]99 i 0·289 0·002 
].69 1I·~7 2-22: IH~:l 0·697 (1·11 O·O~ ~8'49 I 230-94 0,139 i 0·J60 [ ~'Oul 
4060 {)·R9' ~·2:I' 1).172 0.690 0, lZ 0·81 ~O' J9 [211·48 0'1)41 O'll~' 0·1)07 
ti·04 J.04 8'32: 1J.J5,1 0,722 D,ll 0,88 11,91' 115·28 I 0'084 0,079 0·008 
H2 !I·61 0,03 0·]42 11·530 0·117 H3 15-,06 JM'45 I 0,061 0-052 0·005 
HI (1.611, a'l~ o.J:lO 10400; ()·OJ 0·50 !H6 1~6,60 I 0-062 I 0'041 0·004 
H7 0.41 407) 0·116 11·4011 1 0·05 0,57 IH7 woo I 0,070 0·039 0-003 
2·60. I!-:IO' 4<05 0·101 0·530' D·Oi i 0·67 ' 0'15 4·72 "I': 0'002 

I
" .. . " .. ..' ,,~HO I 2~o'40 o-m 0·03~ .. 
2087: (1'29, 4049 0,089 0·590, (I·05! 0·77 0'34! 5·26 " "I 0·002 ! 

1

1,17 I 0,10 HZ 0-080 I 0·360, 0'03 i 0·52 4'131 SHI I 0103~ 1 0'004 i 0·001 I 
0·00, 0-110 (I-liD ..' 1)·000 ',. O-~) i 0,00 10·52 241096 I 0,078 I 0'005! 0·000 1 t 

_~!.I~~~~~· i~~~~~i_~[~~I~~I~:!.I~~ 

1

1MI I 60,!4. 181049 .J H&~: 0·;8 i, 6,7I! 993,22 I' 3917092 5,199 II 2-139 i 0'474 1' 

_~~~~~!.~~~~~~!~~.L~~~~~~·O)5 .!~~ 
: 165,25 ! 611,72 ISH8 I " I 5.599, 0,79: 6,891999,26 140lHt 5·229 [ 2·151 I 0.471 1 



G. flolll/)crg. 194J!44 (RcichsalillomsuciJe)' 

-'-'--'-'-"- .. -. - .. ---.---.-~- .-.• __ .. ----
I 

IA I Il) valuesoa 1001 co CO+lI basis Individual (x- ~valn~ 

Alcohols E~t~rs :P+ol+.~[ll), I' 'O[ fi . i 1[' h 1'-lp~o;+~~1 ·--·-I·~·--
G

l 
Gj I Hit. i ,Ira lin, i e neg : I lO D,S E,ters I tEst.' I' Paraffins: O[ennes 

i I I I I 

--I 

Aka!lu;11 Elell I 
: Pt 

"' I " I • I " ..1 11·11 
2.1l4 2·l!4 .. 2·114 2·ll4.. n 

11·284 1-570 2·342 1)·229: 0·569 3·140 1·171 O·lIS 0:28: I :: i 

IHI~IR 1'3;'11 I·m 2·183 I 0,293 i.. 4-049 1)·524 0·728 O·IID! I " I 

0·115;' 1!'!02 I·jlll 1·890: 1I·221!.. 3·572 IH65 , 0·472 II·On,) " I 

1).(1112 1).1)01 IH91 IHI97 HiS I O·()OG 0·0(15 3-456 O· [99 I 0·289 11·001 O'~OI I 
11·011:1 11·11111 1)·303 1)·837 0·959 11·017 0·005 1·8!8 0·)39. (I·WO 0.(111) ~,om I I 
0.111)7 11.001 1)'23R 0·;97 I)·BIZ (1·(149 0·00;' H05 0·1l4, 0·116 0·001 ~'OOI I 

O·I~IB 11,1101 1)·172 0·671) 0·631 0·065 0-007' 1-379 0·084' 0·079 0·0111 o·om 'I' 
I)·IIOS 11,11(111 lI·m 0·54& (H6C! 0·047 0·005: )·066 0·061 0·052 O'lIlIi O,~OO I 

0'1It14 11.000 11·1117 1)·"16 (I'41B I 0·039 0,004' ).075 0·062 (1,041 0·01111 ij,OOO 
O·I)O:! 11·111111 (HJ! 0·800 11-445. 0·037 .. 1·292 0·035· 0·1ll9 II·IJII~I 0,000 
0·002 0·01111 I 11,002.. 0·032 0-004 0·037 .. 0'01111 0,000 

.. .. i IJ.]62 )·779 1),547 ..! 0·005 ~ 2·326 0·031 0·0007 .. I " 
0.0112 11·11011: 11-1102 .. 0·1135 I' 0·006 ' 0·041 {)·00l1 0,000 

'O.OO! 0·000: 11·0:17 0·;'62 11·077 11·014 11·004 0·657 0·016' 0·1102 l].fit\! I 0,000 
i ((·0011 11·0011 I 0,083 1·788 (J·1l8 0·000 I 0·0011 1·906 0·009 O·OOOS IHlfii I 0,000 

!~~~~. 1~~~2~3~~~~1~:~~~~:~~~·1I~1 0·000 ~ 
i 0·474 0·004 I 7,816 J9·14~ 10·218. H27 I 0·052 i 30·846 4,928 2·083 0'4i\ O,OO! 

1~~~I~~~~:-~:!t~~!·~~~~~~~t~l~ 
I 0'477 I 0.004 I 7.R~4 lA.fl10· lO.4RR I 1.m I O.O.,~ I '1.'iQ 



I 

Is Esters Ip!~~e~ Al I'araffirs 

I IP+OI+~~II Q 

! Olefines Alcohols Est. tEst_ I 

I 
I 

t 

I 33 1 34 I 35 I 36 I 37 I 38 I 39 I 40 I 41 

I 
I I I 

! .. I 2-114 2·114 .. .. I.. 2·114 .. .. 
I .. 1-570 2-342 0-229 0-569!.. 3-I{O 2·158 2·158 
rl .. 1·350 10573 2-183 0·293!.. 4-049 2-089 2-092 

.. 0-892 1-46! JoSOD 0-221 I 3-572 1·920 1-919 
0·001 0-491 ()-997 1-445 0·009 i 0-005 2·4G6 2·030 2-028 
0-001 0-303 0·837 0-959 0-017: 0·005 1·818 2·024 2-021 

rr 0-001 0-2:18 0·791 0·812 0-049 0-007 10665 ]0965 1-975 
.~ 0-001 0·]72 0·676 0·631 0·06,5 0-007 1·379 1-987 1·982 
5 1)·000 O-llS 0-548 0·466 0·047 0-005 1·01\6 2·026. 2·027 
,~ 0-000 0·107 0-616 HI6 0·039 0·004 10426 ).926 1-931 
15 0·000 0·055 0·402 I 0·223 0-018 0·002 0-646 2'.0.49 I 2-051 

0·000 0-001.. 0·016 0 ·002 0·018 .. 
I 0.041 Q.444 0-137 .. 0·581 HI8 I 1·926 

0:000 I 0·001" 0·018 0·003 O,O~1 .. .. 
2 0·000' 0'01851 0-280 0·039 0·007 0·002 0-328 2·022 2·023 
o 0·000 0·0095 0·199 0·013 0·000 0·000 0·212 2·029 2·055 
o 0·000 0·004 0·141 0·000 0·000: 0·000 0·141 2·010 2·015 
r..-----------I--------
:0: 0·004 70485 I 13·427 9'4431 1·886 I 0-042 ,I 240632 .. I .. 

13 0·000 0·048 I 0·461 0·228 0·046 0·001 0·736 .. .. 
~----'-----I--------
, .. .. I "I .. I .. I .. I.. .. I .. 



Distribution of Products of Fischer-Tropsch Synthesis with Iron Catalysts 11'7 

be shown thereby that the relations developed ellrlier are useful in explaining 
further the built-up of the products, 

However, it should be mentioned here that fnrther investigations in this 
connection are desirable in order to establish the solidarity and completeness of 
the relations developed by us. The results of these investigations are valid only 
for iron catalysts, though the conclusions drawn may be such as to appropriate 
them a common validity. Unfortnnately, practically no adequate data are available 
for cobalt catalysts, for which there may exist probably much simpler relations 
for the distribution of the products. 

The data at 'our disposal have been utilized in the following manner (vide 
Table 1):-

I. The weights of the different C-fractions, separated as paraffins, olefines 
and oxygenated compounds, have been recalculated into vapour volumes. Thus 
we can arrive at the distributioR of the products, according to Mol.-volumes and 
at the sum of such volumes. The latter values are identical with our earlier defined 
values of (x' - 1'), f' and g'. 

2. By multiplying the vapour volumes of different C-fractions by the respec
tive C-numbers (N) we get the different CO-volumes, which have been used up 
for the formation of different C-fractions. The sum of these values represent the 
CO-volumes, converted into the different groups of products, and further, the sum 
of these groups of products forms the CO-volume which has been converted into 
the total products, which is identical with our earlier defined 'value of (a' + b'). 

3. The different vapour volumes, their sums, the CO-volumes and their sums, 
then have been recalculated on 100% conversion basis, in order to utilise them 
for comparative studies. The~e recalculations are possible with the help of an 
equation 

(x - f) = 3 [33'33 - (a + b)] (I) 

which we have already formulated in our earlier publication. Here, the values 
of (x' - f') and (a' + b') are substituted for (x - f) and (a +! b), from our examples, 
and the constant equivalent to 33·33 is then obtained. With the help of the 
thus obtained recalculation constant (vide Table I), each value has been recalculated 
to a value, valid for total (CO + H2)-conversion. Depending upon whether we 
consider the oxygenated compounds either, as paraffins or. as olefines, we obtain 
somewhat different (x - j}valuesor constants_ Here, ,throughout, we have 
obtained (x -f)-values only from paraffins. Wherever the comparison between 
the values of (x -' f), obtairted in this way, and such (x - f)-values from gas 
analysis is possibk, they were found to be in very good agreement [vide Tables I 
and II: (x - f) = 4,992 from gas analysis and (x - f) = 5,229 from product 
analysis]. 
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"I l',,%itwfs ,~j hsritcr-Trop.dl Spllt/wsis with Iron Catalysts !l9 

f"r tiill"rc!H C-rl'actiOlb. thus obtained. have been divided 
"lillVil will hc' ,~i'<'11 later) within the different product-groups, 

I I. i ,IUd g-"alues (1'id .. Tables V, VI and Vll). In order 
d"'lribu!i"I), funhcr evaluations have been carried out. 

(ii:,' ('"k,,;,![eJ !hwugh example (Rheinprcussen Catalyst) is given 
L!h:~ fl \;.'~HltWh tht ga~ anulYlkal datu for the example in Table 1. 

, 11,,· dillil 1(lr tht' Ina» distrihution of paraffin hydrocarbons of 
iWH'",!ig.tfitm. calculated in the manner shown in Table I. 

nldin,' data. The tabulation of oxygenated com-
th"" dt'triouti(1Jl j, not known so well as that of paraffins 

I" ,m ".lfits" r"ft'renw.' ;m e</ulltion for the polymerisation of the (CH2)
")l,, "k,ilie", h gi"-Il. It i, nf the following nature. if all the poJymerised 

,'",filll;" "I' d,l!t'rCIll ch"in·kngtlh afC' converted into paraffins: 

n (I) 

I .. thh C'l,",llil1li !, ! j j., lh~ ,um <,f th,' vapour volumes of all the paratfins, 
ill Nil", \tHI> "I' ;lll tIll' CO-volumes which have been converted into hydro
(',4th~)ih an~i ftjf~1 !ht,; a1,cl'~lg~ chttin.lcngth of an the hydrocarbons. A similar 
!!I.,,:ti,'1l ,h ';'III"\\<\11 (I) Which b valid only for the sum of all the products, must 

ht ",lid ror each .,cp;mltC fraction, We cun write such an equation, by choos
Hl¥ H'~ n"'i'l'l'ii,<' rapi!!!1 leUe!'", filr the individual fractions as follows: 

I 
N (A : B)p, (2) 

,'iltJ ,Iho we "11I1 write rllr the sum of all the separate paraffin fractions as, 

J'iam .N~fII L (X'- tlJN -, ~E (A -f- B)p ~, (x - f) 
;..: ... /. Na l 

(3) 

wh~r,' N may be any C -number hetween. I and m, and n is the average chain-length 
or :111 the l~\[,tlli!l', During the common synthesis reactions only a part of the 
()Iefin(~ is hydrogenated, and so we can write an equation for the formation of 

(lld'nes a~ fbllows; 

I N' (A-:- B).> (4) 

and >irnilarly for oxygenated compounds, as 

(iN ~'(A i B)AI' 
(5) 



C·:Kos, 
N 

TABLE III 

Distribution of Paraffins of Different /rol1 Catalysts 
[Individual (X - FJ,.- and (A - El.-values] 

KrS~[t ~V;I~~lm I Rheinpreussen RbeinpreuS$ell r G ~ L~_' • Ruhrchemh~ 
mOtif! I II .. 1"ar!.f<;'UlU·· A(' 

Kobleforschung I II berg H her du.strie, I...euna 01 - h ,C>, 

II 

MueJbeim J om oro g . loeT ,aU5en ~ 

I , ' , . . ,-----... -----..... 
(X-Fl!cA+ HI. (X-F)·(A+B). (X- 'F) (A+R), (X- FJ!IA.'.Bl,:(X-F) (A+ 11).'(X-F)·(A·- B),.!tX- F) (,\.;-1,1. \ X-- Fj{.\--lll. 

--0-----'1- ' I ._. ___ ........ '- __ ..... -'-__ --'- ___ . c.._ ... _ ... 

3 
4 

8 
9 

1" 
11·.1 
W';; 
ii·,j 

l~:~ 
w- !!7 
:: .... 

2·2f..ii . 2·28-.1 
1'2~-i ~'448 
Q·;;;n 1·';";1 
o <l:Ht l·~.i!'i 
().1:{:1 . fJ-t";Bti 
O.ll!i h·fili:) 
O'lI~l!l (J·(j:i4 
-o.rr;ll tld~(\h 
n·o.is O·:,~'j 
O.!II:I} (I.Cnn 

0-1112 n··t .. .., 
0.0:r7 H··HlI 

(tt1 

,p,U"s 
tl'4~:~ 

,··:"'1 
~'" 1-:': 

----~-" , f. $':11" 

" l·,,: , 

I' l·ll:' , 

2·3eo e·~20 
}·220 ::!·4-40 
O"~'t2 1-717 
0·33.5 1':"'1 
O·IUl (I.!J,"';.'i 

H·I!!! (i<~;,:l 

(I.!H4- I).;::!,: 
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C-Nos. 
N 

TABLE IV 

Distribution of Olefines of different Iron Catalysts 

[Individual (FN)- and (A + B)o-values1 

Klaisti;t
r 'ii!helmj-~~einpreussen ! Rheinpreussen II G F b . I Ruhrcbemie I L' i ns ut uer I I II .. ar enm- A G urgl 

Ko~~~~~~=g Hamberg Bomberg dustrle, Leuna Oberhau~en Frankfurt Main 
Brabag I 

Berlin 
Brabag II 

Berlin 

'---T---'--
I iF) !:(A+B10\ (¥1 tCA+B1o\ (~1 \(A+ 8101 (F) \CA+B1o'l (F) 1(.'.+8)01 (F) iCA+B)ol (F) ICA+B1J

1 
(F) I(A+B) 

I :.. I· .. ..:.. .. .. 1 .. I" :" I " I " [ " 1 " ' " ~ .. 
2 10.146 0·292 0·145 0·291 0·115 0·229 0'4571 0·993 0·398 I 0·797 0·478 0·957 0·345 0·690 0'424

1 

0·848 

4 0·352 1·406 0·{42 ]·769 0·472 ]·890 0·392 ]·582 0·276 ]·104 0·333 1·339 0·334 1·335' 0·281 1·124 
3 , 0'659[1 0·978 0·705 2·112 0·728 2·183 0·817 2·446 0.638[1.914' 0'47411'422 0.445\].335 0·487 ]·461 

5 .0·244 I 1·221 0·283 1'416 0·289 1·445 0'27211'37610'191 10·955 0·221 1]'104 0·]65 0·825 0.15310.765 
6 10·151 0'903 0.]71 1·023 0·]60 0·959 0·155 0·927 0.13610.818 0·111 0·684 0·]37 0·825 0·135 0·810 
7 • 0.092! 0·642 0·111 0·774 0·1I6 0·812 0'11210'782 0·079 0·554 0·070 0·492 0.094

1

0.660 0.098\ 0·586 
8 1 0·061 0·487 0·085 0·681 0·079 0·831 0·082 0.65910.052 0·420 0'064, 0·510 • 0·057 0·453 0·078 0·624 
9 0.041 0·373 0·058 0·523 0·052 0·466 0·047 0·421 0·033 0·293 0'02S 0·255 0.056 0·501 0·005 0.585 

10 1 0 '029 0·290 0·041 0·410 I 0·041 0·410 0·049' 0·490 0·031 0·310 0·033 0·330 0·058 0·580 0·071 0.710 
1I·5 ,0'014 0·169' 0·018 0·207' 0·019 0·223 0.02210.261 0·017 [ 0·203 '0'023 0·267 0.023 I 0·360 I 0'025 10'287 
13·6 ,0'007 0·102 0·008 0·108 I" " 0·016 0·218 0·009 0·129 0·020 0·283 0·030 10'413 0·029 0·330 

14·5 I" " " "I 0·009 0·]37" "I" I" " " " " "I" 15·5 I 0·004 0·063 0·005 0'079 I" " 0·011 0·147 0·006 0 101 0·013 0·200 0·016 0·257 0·019 0·302 
17·5 0·001 0·022 0·002 0·038 0 002 0·039 0·007 0·)23 0·004 0·081 0·007 0·124 0.013! 0·232 0.013] 0·236 
19-27 I 0'00031 0·008 0'000710'01510'000510'013 0'003l0'065 0'00210'041 0'00310.074 0·004 0·105 I 0·004 0·092 
28+> i 0·000 0'000,0.000 0·000 0·000 0·000 0·0002 0·207 0·0003 0·013 0·0006 0·026 0·0004,0'020 0·000 \ 0·000 
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The di>lributioll ()f the separate \'olume, lX !), I (wd (~, 1'01' the' dllli.:rcnt 
N. appcar~ as a hyperholic fllncti()!l :lnd r,>!lil, in 'trai!!ill I>ne'. if , ',,:, ,,'1, " .. I nn 
log-I,)!; diagram. Here. two ways of graphit:al rq1Tc\t'llt;lIj(ln ."" p"",hk. I hey 
,Ire: (I) (X F) or F mny be pl('![cd again,t t\, "hcl'd1~ III' "hl.,in ,(r,llttilt Ime,. 
descending: fn)m low (,-number, to high C-l1U!llhcr" Silllil,'rl~ L\ III laltle, 
can be plotted agnin;;! N. (11 (X F) ()r F illa~, he' l'i(.tlcti .waiJl'! L\ H) 
whereby we obtain stmight line dc,ccndinl; from Ib,' ri1tht ,idt· l!) tlte kf! "dc. and 
each C-nllmber. N, ftHming a 45 -purallcl i,h,p" ('IUai In I ~ "11 \\lIldl lie all the 
possible values of the 'tullC (,-number and whkh thert·!'"r., n~pr<""!ll """",('(I'i,' 
places for ,tIl fractions having !Iw same ('·Illl!l!ocr. I lit',," I'''l'~dkh t:U! the ordi· 
nate drawn on the (A ; B)-values equal (I' <lIlC, til the >ulu! .. ', I S, rlli, method 
of representation is preferred hI the first a' it indicate·, tl\e' ,','n,hlllln, Illore dearly. 

In l:'ig, l. a typical rcpre,enlatillll of the indi,idtlill j", ,!!" ",1/;', 'I' h,lum!', 
aga.inst their C-N(), is given for (he pwuucts lIf the Rhdnpr""""11 ('a!tll~,! :lCt"lrd. 
ing to Taole l. Curves I and II (It' Fig. I indicate tlw distrinulinll I'!" tht: para· 
ffins and olelines resl"'clhcly_ lind Curve III indkatt', tht' diqrihllti"l1 "I' the sums 
of the products according (,) ('-No. Furlher, in ('ur\'~, IV and V tlw 1', '1')','li,,' 
CO-volumes of ptlfatllns tlnd olefines <lrc rJotl~d again,! S, ;md !II <:ur\'~ VI the 
slim of them, 

In Fig. 2 the same rcprc~cntation i~ giv.:n H!!;llflltt th\: n:'j'lt't.,ti\\! C( )-\ldum,,'" 
Fllrther a dislriblltioniine, exp 'cled thcorClicall), is ,tl", drawn, I hI' ruints ",here 
this linc crosses the N-linc,; indicate the thcllrvtic:d fraction liI'ufe, IX !')N) 

and from tbis we can "bSCfV( the d "sc .Itl",'""',,t hl'twc,'11 the theoretical 
and experimental values, 

If we investigate mme thoroughly the di\tI'iOUlit!1l "I' {lalaHia \;;. ,\fPt'al'boll<, 

W0 notice that they follow a definite 11Iw ,,1' di,trihuti(lll whidl I' ir!<itc;\!cd by the 
facl that all the experimental point, with the ,'\C\ lit I, 'll <,I' nMhanc lie ,'1\ l! \(raight 
line which starts at the vallie (.~ f) in CU\c this \;lluc (,\ f I i" bcin!? u,I'd 
completely for methane formation, Then ill \ueh a case, the di,(rihll!i<ll1line I would 
have to shrink on the point (x .n (<I! /I). und therefore di"lppear. A, the 
value e for methane formation is mostly I<$s than IX l), the rurmation of 
higher paraffins is possible. 

We further find that the slope of the paramo dimlbulion IiJW is practicallY 
equal to 2·0 (vide Table I). It can be seen thaI thb ~I(lrc Of "\pIlBon! is nearly 
the same for all iron catalysts under investigation (I'ide Table till. We will call 
these values as Q and R, and tbey will be the average vatuc~ arri,'ctl fwm "II differ
ent points. This observation is of fundamental impll/'t,lIll'l' U~ it indicates the 
existence of a general mechanism of the formati()o (If lhe prodUl'h. The call1lysts 
with low (x -' f)-values are observed to deviate {<,wards sm.t!kr slope v:llues, 
theoretically on the lower product side, OIl the high~r product ,ide however, 
deviations towards higher slope values arc found, But here also. the average 
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value of slope remains nearly 2·0 and is especially maintained within medium N
range. The distribution of paraffin hydrocarbons. with the exception of the starting 
number methane, for the iron catalysts under investigation, therefore follows a 
simple quadratic function over the C-number area, which can be written as follows: 

1 
(X - F)N = N2 (x - f). (6) 

If we substitute the value for (X - F)N from equation (2) in equation (6), we obtain 

1 
(A + B)P = 1'1 . (x - f). (7) 

This is a still simpler function which connects the amonnt of CO used for different . 
paraffin "fractions. with the hydrogenation hydrogen values. This equation is j 

also satisfied by the experimental data (vide Fig. 1 Curve IV). 

If these distribution functions are written logarithmically we get a better 
graphical representation. For equation (6) we can write. 

log (X - F)N = log (x - f) - 2 log N (6 a) 

and for equation (7) 

log (A + B)p = log (x - f) - log N .. (7 a) 

Finall:\', for the exponent 2·0 in equation (6) we can introduce the more general', 
term Q so that it can be applied for all the general cases and we get 

log eX - F)N = log ex - f) - Q log N. (8) • 

From equation (7) it can be observed that for each C-fraction of the paraffin 
series, part of the converted CO used for its formation is equal :to N-th -part of ' 
the hydrogenation hydrogen (x - f). This means that the probability of the 
formation of higher hydrocarbons decreases with the increase in chain-length in 
logarithmic proportion. The distribution function therefore, represents itself as' 
a rather simple function, wherein the (x - f)-value decides only the absolute 
height of the paraffin formation, while the distribution itself is more or less fixed 
and is the same for all the different iron catalysts under investigation. 

The relations developed so far describe the representation of (X - F) against 
N; the representation (X - F) against (A + B)p, then follows the following 
function: 

log (X - F)N = 2 log (A + B)p - log (x - f). (9) 

This equation is obtained by substituting the value of N from equation (2) in 
equation (6 a). Equation (9) can also be written as 



1~4 

lng{X Fbi 11)1,1 C, I 
! j) ,~ l!l;1 i \ Ill", ('I,ll 

{1r nl\\rc gl.'!H:r;tlt~ US. 

log(X n" h.~ ( I 
.\ II) R it~}:~ 1 -\ II'), (W) 

where R is the \101''' cpmtunl. whid, j, ~'lll.tl I.' : Ii til t:;", \ ,1'., \ .l)"r, 1"" Q and 
R llccording (I' equation, (~) aml {IO, h,),,' rwrn "lkaiJtetl ("1 IJ:., dh!nhulhlfl or 
plmdlins of Fe-calllly,!s tl' a,cra!!,~ UlilC\ "I' illl Ill<' , ' ' ' I'"jli" and arc 
givcn in Taolc III. rrotn thi, {"hI<' ,\<' ,'"Hl ol""'t\l' t/',II ""f 1 "itn 
(oX .n-vulue> of abotl! 5 ,0 Ih,-w \,.lu,·, "I' () ;.rlt! t~ M" ,'i",,"- {,\ ,; I). b .. t 1m the 
cattlly,!s with !t>wcr (X ,n they arc Ito! ". dl"" hI : Ii III t "l-k I, the ,;t!I.IO, 

of Q Ilnd It, calculated fur each '<·r.lwt~ l'"r."jill fr,ll'lIdil .,re i"H'!j, ,;ad we tlnd 
Ihut with the natural exceplion l,r tuCIl\;lll,' th ... ) .Ire <lillI<- t'\,,"" \I. ~ .p, 

If these distrihuti<m law, arc ""tllIlet! ''1 h" Idl" .... !,.l II; ", • .1, :~ 1'" ,.1' .: •• !,dy'(, 
it then bc(.~onlc;.; very easy (0 calcul~ttc tin' til'~inh~IIHiH d~ ~t~t,' FAI!h th~) Jid 
of c'lulIlion (6 a), .1, IX f j.\,tiu.,:, Can 11<' ~."lh "r.I.'llwd fr'"11 Ih'rm.d WI', alia
lyticalc()otrol. and it would un more bv f:\\ lu (.UP. ~nH r,~th~r "·:".<.,,;~~:d 

product analy,e,. 

Equation (H) describes the statis!i<:~1 dhmbuI,n'l "r Ih,\ "" ,::, the ",m nf 
which cun be exprL',,,d by tht: form of ,I ,en;:., 1 he ~"!l'.l.mn of the ·;!nftl. ... (Q 
or R) of l.he distribution curl'es, fOllnd in .111 '1hl' (;I'~', lrid'~.\l~' the ¢lid't(,IlC~ "I' a 
unique mcchaniHm of the formati,," \If lh~ :"'\"', \ , ':,' til It, .Illrllllt 
the polymcri~ati()n and ;,uowquclI! h~dr<lw.ct!;IH"". f'lf Ih~ 111111."1,,,'1 uf I' 
product of l\ certain C-Numhcr alway, timl:'\\' .1' IlUIlJ (', I :lI, ,: .. ,'1I:':, 
or CH$ molecules arc required ;1' will f,urn ',l!1I'I',.lih·"lhl, 11'11<' the rc',peclive 
product with double the ('-Number. hlf IIhl;U\C\', " <I H ., .,,1:, ' !"';\1li.:ri"" 
into 4C2H.-molecules. which are then I",!!":·",, .. :·,,!, "h.le '",':',), \',.,:,::, <>Illy <I 
(CH,)-radicals combine to form Ie ,HII m.,ircuh: ,llld ,,) "Ii, l! !11~llll' th.t 4 (,.H I-

molecules are hydrogenated. while ,illlu;I;:m','" .1:- \llli~ I rm,lccuie .. ,I' <-'.HII i~ 

being hydr<>gcnalcd. The sum of all the p.,..d1i"·"":"""-' \.';111 he e,pr",~c<l a~ a 
series which is known as Riemann's Zetu fUnClioi\$. and i: C~!I !'Il: wtillell at:Cllnling 
to equations (3) and (6) as follows: 

or 
N_ 

xr,~r,xi 
e + -i" + 3" ,!, 4' 

.t l 
fII' 

(X· ,n. (II) 

L (X - F)N "" (x - /) [e + b + i~ + !. i .. " ~t l '(.t ·n:~ I (12) 
N=l 



Distribution of Products of Fischer-Tropsch Synthesis with Iron Cataysts 125 

wherein the value e (in bracket of equation 11) for absolute methane formation is 
multiplied by (x - f)/(x - I), and the term for the relative methane formation 
is introduced in equation (11) which is 

t;=_e_ 
x-f' (13) 

Thus we obtain equation (12) which gives the distribution independent of the chang
ing absolute values of (x - I). According to equation (3) E (X - F)N is identical 
with (x - f), and thus the sum of all the terms within the bracket of equation (12) 
can then ~nly become equal to 1. Therefore, 

[ 
I 1, I I ] t; + 2' + 32 '42 + .... + in2 = I. (14) 

From this condition, we can now get a complete survey of built-up principles for 
the paraffins and simultaneously for all the other products. 

If the first term t; of the series given in equation (14) is equal to I, the bracket 
expression converges for m = ex> towards the value ""/6 = I· 643. The expression 
in bracket without the first term I, consequently becomes, 

[
I 1 I I J 2'+ 3' + ;p,+ .... + iii' = 1·643 -1 =0·643. (15) 

This means that according to equation (14) the value for t; must have lower as well 
as upper limits and that methane formation can never become zero or it can never 
exceed (x - I). According to equation (1 and 15), 

[
I 1 I I ] 2' + 32 + 4i + .... in2 = I - g = 0·643 (16) 

and 

t; = 1 - 0·643 = 0·357 (for m = ex». (17) 

The relative methane formation, therefore, can never be smaller than 0·357 for 
which condition m becomes 00, which means that the polymerisation should continue 
to indefinitely long-chained compounds. But for most of the catalysts, the poly
merisation reaches only upto the chain-length of 60--100 or less, and so the effective 
relative methane formation should be always somewhat higher than 0·357. On 
the other hand for g = I, the bracket expression in equation (16) must become 
zero, i.e., only methane is being formed and no more any other paraffins. With 
increasing g-values, between 0·357 and I· 0, the terms in equation (16) starting 
from higher molecular side, must consequently disappear. It is quite interesting 
to state that the minimum value of the relative methane formation is just some
what higher than t of (x - f)-value, as already indicated earlier, and therefore 
nearly equal to the bH"value.' The distribution values of the paraffins calculated on 



tr ! 1 L ~h:c\.\fi,liflg 1(} \;4uatiIHI t I ~; ~1 \i f ""'.,,',\( 
and ha\l".: h~~cn nhtaint:d hy dhidml:~ ~';g:h !p,ll~ ldtl.~: 

pt:~ti\\..· I r () \;tiP!: })di,\ng;n~~ (,1 tilt: '· . .'ft,,·!.· 
t.h~~,\! \uhtt.'<" ag:.,in ... , N i .. !!1\1:1i Hl I if· J. 

\VIH.'tl \.\'e t."\amt!h~ ~Jur ~~,amph: ... ttl' til-:if 

that all t~\att1c" arc hight"r than O· .;5:. B~·"dtk ... ~hl"" 

th-t!' (:'"{w.:t 1\llIt)\\ intI of tht: di\ttihuti(* I:n.~' .. ',~n 
In" moiccular ,ide, the ,,~peri!l1~IH;l1 1.,1,,", 
fht!or~tk~al ."HH'OJ. 'which j", fnund Hld\r!y t\)f 
OIl the <,tlwr hand higher ",du.:, arc r"UI,d pI! ,I:. 
been aln,ad> 'taltd. The 1>rI,h"hk n:' 

follow,: 

I. 1'11<: catalys!\ rnav pr"ferahh :'nnl1 
gt~nati()n hydr~)fl·tl on the hi!tldy ll\\!!'p," 1 

.") It may be t.hat the )lllrph'!~ t.r HH,-~ Pt",t;:"h 1'1'. t~, lO·t' 

can be \)hScf\,cd 'With Bnthng Catal:\O i~ dur hl .tl~d.~~t~;t: t~·.!,-:l:,'Jh 

;,1) in this r.:as~~. as <.lUI.: to low h~dl\j.j~\'!l,!!ld;1 
remain~, ~() that alkylation n.·a\~tit)Ih ~hnu!J p~'i.'1jr 1\1·)[ I~ 

would account for Imv<:r ptll"tlllin ,;tlut, "11 !hr 
haw h\!cn tran,ft.'rrcu t\1 the higher ,;d~ tlu,: I',' ,,:\ ~ bll,;', 

app(~ar a~ paramn~. Sud! ~ide n:W.:l tOO', \-'~al \\ idd~ .. 

~hk tV 

L~,df.\· 

~h,~,,;, 

"'H~!..' f\,\ flh,'h 

~! 1,Oj l\Htn' 

3. Further, tht: slight difl'c-n'i1t't; ... un 1h~~ }Wh~ m~~;t.'.':dLH .,,~;,!,~ ,",W ,!:.: .. 'd~Wh:d 

by oxygenated c()mpounth. If H:JO i .. p;~n!! "UFt,,!ltU!\'''t.i tnf h;.dr .... 
gen. substantial amollnt~ of Qxygcllatr!u "ill,q'.!".!".~, i~~ }:H.> pfn~Lt.;.<h 'ilt~th 

-catalysts having lower (:r f)"'\itItH,~!\. In (,tut Kh,,' ql.W ·A H~~" "l,.'!l!umt:.; 

of all the oxygenated l'ompOlltlti-. .a(:~ounh for th~" m:vd1:!!. \U~~.:m-.; f,,,"hH':::n l.h~· 

theoretical and experimental value\.., \\fith fh~' d:dn .t\ .. uh~b:i,.", t'I{~'\''\;\t'l', H h nvt 
yet possible to dceidc which of thcst:' ('1I1Tcfcnl ~! ... .,tt1nptIU~! '. ~!}\'i.<n, ~'. Hhhf ~ 1. \i\,-.h~\' 

From our dtrivations. it can al~n h~ uh';Cf\C'd {h~~t iiw ~th,q~hi~C' niiuc t',f 
(x ---/) for practically constant fundam!:,lltal <ii·,tnbuti<'fl H) "f R .!I l'\l"; thl: 
amounts of paraflius and oicfines in the tot .. ! prndut:h, lhh I' ':rh_,!'}, \alid I'll!' 
the same relative methane formation. which mClIn-, tb;\! l,'r n;\I.1l .m.! ,''''''tlull 
t-values, the further influential factor Ull the ,uhdi,hi,lll im" r:Il,;,mll\ ;wd "khfl.~' i, 
then the ~-value itself. This value decides the ch"m'!':nj(d1 "f tbe 
For every constant ~·vuluc. there mil'! exi,t all "I j·,alu~, 
all the products must uppear as f';tm1lins, hlf fi/ 50. tlii>. "l'hnllHll value "f 
(x n is found to be 7-77 and for m W(l, 6'~:" mid i~ dIan!!,,,, ill,:tw<:;m /,,5 
and 8·0 according to polymcrisatiQll activity lmd thc h"ii;ll! "r ,~.\ aluc_ ,\! U Ill,-;! 
(x -. f)-value. with increasing e-value (the night,:»! p""lhk I'I:III!' ! '0), Ih~ fda
tive methane formation increase;; and reach;;s its maximum, while 'lIlHll!t'l)cll!i,ly 

the possible olefine formation also reaches it, maximum, Tlli, is due ttl thlZ fact 
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that all the converted CO-volumes in excess to methane formation, must then 
appear as olefines. If (x - f) and t increase simultaneously, the synthesis reaction 
finally ends into an exceptional total methane formation. 

Below the optimum value of (x -- f) for complete hydrogenation, more and 
more olefines must: appear in the products, as on one side hydrogenation hydrogen 
is no more sufficient for complete hydrogenation and on the other side poly
merisation activity of most of the catalysts is limited and does not much extend 
beyond C-60 products. Therefore, an increasing amount of the polymerisation 
olefines remains unaltered. While in the first case, more medium and light olefines 
are formed, in the latter case more high molecular olefines are obtained. The 
increase in the quantities of olefines, and the chance for secondary reactions like 
alkylation, polymerisation, isomerisation and hydration is favoured due to the 
catalysts being able to activate sLlch reactions. It is quite probable that these 
conc1nsions drawn for iron catalysts only may be valid for other catalysts also. 

In an analogous way as used for eX - F)N, the sum of all (A -+- B)p from equa
tion (3) can be represented as a series: 

N=m N=rl' N=m L (A+B)p= L N ·(X-F)N=(X-f)· L 1 "" (a+b)p (18) 
N=l N=-1. N=:J 

and 

N=m 
'\' _ . x--/ ,x-I x-f, x-f L.J (A+B)p--e-j-"""2 r -3- + 4 T·· .. + m =(a+b)p, 
N=l 

or in general, 

N=». 

L (A+B)p=(x-f) [tH+HH .... + k] = (a+b)p, (19) 
N""l 

and further 

[ ~ + t + t -+- t + .... -I- k] = i: ~i) = p. (20) 

The series in equations (19) and (20) is a diverging one. The development of this 
series for different N-values is therefore better expressed by tabulation. From this 
table an average chain-length, p, of the paraffin hydrocarbons in each case can be 
found, and we find that each hydrocarbon contributes to this average chain-length 
by the faclor liN. (a + blp, the CO-amount converted into paraffins, can be 
calculated according to equation (20), with the help of (x -f) and S'-values (obtained 
from C-balance) for each chosen paraffin hydrocarbon of the highest chain-length. 

By doing so, simulta neously we obtain the part of CO, served for olefine formation. 
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1'he highest N~\,tdHt,~ t.'''lual to m 1.,;an be caklliatt:d hy t-quatirl:! fi~l fiH'l".tt:'h onrnw.l 
\ynfhl.'-.i" case and this value of In can he u"tl'd for lb~' prppl'f t'~tkHLt1idH dof (a hJp 
and p hy ~quatiun C:!O). 11 i~ not pos~ihh: to cail'ufat1,," ~hl..''''I.· .. altlt.",., 'siwr~; .dt:,,·la~ 

til)n and llthcr side. J'cactions are taking plal".·c. :\"" thl: nl,dim" t:pntt,,'rH ~m hi~h 

111oh;:cuia.r :-.idt~ is negligibly srnal!. we ~an tIm" ~~ht~HH \in)utt~iitc, HI'-':!Y h~ tt~\:-tt." 
ca!c\llati,m, th" high,:;[ hydr()carhon, pn,dm;cd hy th" 1;,.(;11),( , ,·lIli'n' thai lh' 

,id~ reactions occur), 

IV. TlIE DISrR1BUTH"1 pl· Ill! UIll!~1 

According to the schcnw or the prndu~t huilt-up_ fO!li,F ... ~'d "'{~ far, ~ht.· pl.>ly
merisatiotl of (CH.)-rttdical, ,!tImId occur tl) "hwin tlw "IdIOts, litis "":·."h'';'",
bon which resnlts in the built-up of h)drdc;trh'flJ<' ui' dith.:n'Pt dhtin"!~'n;,'1h~, ob\i·· 
ously follows H statistical prlm.:iplc. Fr,)f Ihc t:(\n,"'~'l.:tnh,'l,' 11>d:'\"_·.,.J~d.el of ~1 p~lrf 

or all of the OIctill~S, such statistical disrrihuti,'ll is ratill'!' ,imp!\:, ,I'· "" h,i\\' al
('cady c'\pbilleli. 11 now r~fl1ajns to pron: whcthc:l' ~inHt~~r Ltv.":>. ~~r~' \ahd fnr ttl(' 
remaining or origin;d oicfin('s. 

In order to tlnd rhis out. it "ppear, rca',l!lahk (., apply (h: "lilli.' pfindpks 
for o\et\ncs, which were 'lui!" successful en, the' I'araJiin'. '1 he ,,!dint dhtrihlllinn 
in absolute quantitits is already ,given in rtlbk~ I and I V ,mu i'<> :'Li!l!l!~ ,) Ii<. ·~hown 

in Figs. 1 and 2, In Table VII. the fclati"" "Jelinc di,(rihUlinll tWI,Il"', !'". f"r 
the iron catalys!s arc given, similarly \(l the rar!!tlin di,lrihlJliou '<Iltl~" III hhle V. 
The graphical represcntation of FN:f is given in Fi!!. 4, 1't'(lttl tht"t l,l .. l.' caB \;~~ a" 
a first approximatioll that the uh,,,luk ,,!cline di,;trihntit>!l e'<"~l't Ih,~ hr)! okline 
and the highcr~m()Sl molecules, present Oldy iIt [h:~"lJ.'ihh .. yU"lJaHj~\, fpth,')1,;%,s OJ. 

similar statistical distribution law with din'cr~ll( <"m,I,mh. 1'<',' the" "!cline tlls
tribution we can write: 

[ I-' ] log ./ log 1/1(1 i h) 

where v"(~i'-T:7i) is a constant for each calaly,( and S j, tile <\{,'"h'n(. ",. \h,I''' of 
the curve. which is approximately equal to 2, 5. hut which ch:w!l'" fhnn .:alaly,( 
to catalyst, due to slight changes in (a , f,), and thl .. it mu,t he caiclll,Ued S(1)lI
rateIy for each catalyst. The SICP from one (,.nllmber to the next higher one j, 

much steeper. f is tbe slim of all olellne \lllulll"'. which can b,~ ,:\pn'",,1 ~imi!"r 
to the respective value of paraffins according 1<) cquati()n n 2). :I,: 

f] 
mi! (22) 

Here, the expression for the series in the bracket multiplied with th~ constant 
can again become only equal to 1·0 and also 

h 
(23) 
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TABLE V <;! 

Distribution of the Paraffins of Iron Catalysts in relation to (x - f) = 1 ~. 
'" ~ 

C liN' K_W_I_ R_P_R_I R_P_R_ II I_G_F_ R_Ch_ Lurgi Brabag I Brabag II ~ Nos_ (x - 1)=1 5-394 5-456 5-229 4-071 4-024 3-112 2-237 1-983 ~ N (theor_) 
" <;-

1 0-3567 0-4236 0-4252 0-4043 0-5842 0-5179 0-5373 0-4850 0-4014 ~ 
2 0-2500 0-2269 0-2236 0-2239 0-1639 0-1645 0-1272 0-1381 0-1503 ~ 
3 0-1111 0'1032 0·1048 0-1002 0-0572 0-0649 0·0717 0-0506 0-0519 S. 
4 0-0625 0-0629 0-0614 0-0698 0-0506 0-0587 0-0530 0-0384 0-0409 '" 7 
5 0·0400 0-0247 0-0350 0-0381 0-0283 0-0293 0-0369 0-0264 0-0252 ~ 
6 0·0278 0-0214 0-0261 0-0266 0-0192 0-0251 0-0276 0-0224 0-0227 {l 
7 0'0204 0'0173 0·0191 0-0218 0-0150 0-0171 0-0161 0-0152 0-0187 '" 
8 0-0156 0-0143 0-0159 0-0161 0-0113 0-0152 0-0135 0-0121 0·0141 S. 
9 0'0124 0-0108 0-0123 0-0117 0-0064 0-0097 0-0061 0·0085 0-0131 ~ 

10 0·0100 0-0111 0-0106 0·0119 0·0064 0-0082 0-0062 0-0089 0·0146 " So 
11-5 0·0076 0'0078 0·0071 (j-0067 0·0034 0-0067 0-0042 0-0058 0·0055 ~ 
13'5 0·0055 0-0068 0-0062 0·0027 0-0047 0-0045 0-0049 0-0066 0;-

14·5 0-0048 0-0059 " 15'5 0-0042 0-0054 0-0057 0·0025 0-0035 0-0035 0-0072 0-0066 s: 
17-5 0-0033 0-0045 0·0035 0·0031 0-0022 0-0035 0-0026 0-0067 0·0081 ~ 
24+> 0·0017 0·0023 0-0015 0-0017 0-0015 0·0020 0-0026 0-0054 0-0066 § 

m 0-0009 0-0004 0·0008 0-0007 0-0010 0·0013 0-0022 ~ 
S 
'2" 
Co 
1:l' 

.... 
N 

'" 
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TABLE VI 

Dislribution of till.' CO-m/llmes, iA ':- B)p. required for lile Pol'tllJins in rell1Ii,m 10 (x - - f) 

C liN' K_W.I_ R.P_R_ I R.P_R II l.G_F_ R_Ch_ Lurgi Ilrab"" I Brabag U -Nos. (x -.n=,j 5-394 5'456 5-229 4-071 "-024 3-112 2-237 1-911-' N (theor.) $ 
~ --~ .. -~- g 

1 0·3567 0-4236 0-4252 0-4043 0-5842 0-5179 [)-5373 0-41$50 0-4014 i:: 
2 0-5000 0-4538 0-4472 0·4490 0-327& 0-3290 0-2544 0-2762 1)-."\006 

~ 3 0·3333 0·3096 0-3144 0-3012 0'1716 0-1941 (l-2151 0'1511) 0-1557 
.:I 0·2500 0-2516 0-2456 0·2800 0-2024 0-2348 0-2120 0-1436 0-1631> '" '" 5 0·2000 0-1235 0·1750 0-1905 0- !415 0-1465 0'1845 0·1320 0·1260 >-
6 0-!6(i8 0-1284 0·1566 0-1596 0'1l52 0-1506 0-1656 0-1344 0-1362 ~ 
7 0-1428 0-1211 0-1337 0-/533 0-1050 0-1197 0-1121 Q-l(X,{ 0-D09 

~ 8 0-1248 0-1144 0-1272 0-1288 0-0904 0-1216 0- W!>O 0-0968 (HI2!! 
9 0-1116 0-0972 O-! 107 0-105'\ 0-0516 0-0813 0-0549 0-07(>5 lH179 T-

10 O-}OOO 0-1l1O O-IOW 0-1190 0-0640 0-0020 0-0610 {l·OIl90 f)-14Ml :;; !l'S 0-0874 0-0897 0-0811> f)-OnO 0-0391 0-0771 0-(J..l1l3 ()-OM~ fH)(,33 
13-5 0-0742 0-0918 0-0837 .. (Hnl,; Q-t'l635 O-O<>(l!( f)-OMl !Hl1'91 ~ 14·5 0-0696 0-0856 -- ;;: 
15-5 0-0651 0·0837 0-0884 .. n-(BIIIi !H.l542 (l-IlS4:: (l-ll Ii> O· l!J~3 ~ 17-5 0-0577 0·0781 0-0613 (,1-0543 0-031'5 tHI612 (HJ4S5 (HP3 0- !4l7 
24 0-0408 0-0552 0-0:160 0-041.h~ {l-03{>l} o·(»~o 1I-llo':4 0-1:::')0 {H5~.j 



TABLE VII 
t:::> 

Distribution of the Ole fines in relation to f ~ 1 1:;-
"1 s: 

C " 6" Nos_ FNlf K_W_I. R_P_R_ I R_P_R_ II I.G_F_ R_ Ch_ Lurgi Brabag I Brabag II " N ~ 
j 5-7750 1-8320 2-0980 2-1540 2 -5320 1-9360 1-9930 1-9330 2-0180 ~ 

jxva+b 1-0000 0-0797 0-0691 0-0534 0-1805 0-2056 0-2398 0-1784 0-2101 
~ 
~ 

vlN' 0-1800 0-0143 0-0123 0-0093 0-0325 0-0371 0-0440 0-0320 0-0380 ~ 

1 5 -7750 ~ 
2 1-0000 0-0797 0-0691 0-0534 0-1805 0-2056 0-2398 0-1784 0-2101 9-
3 0-3670 0-3597 0-3360 0-3380 0-3227 0- 3295 0-2378 0-2302 0-2414 7 
4 0-1800 0-1921 0-2107 0-2191 0-1548 0-1426 0-1671 0-1828 0-1392 ~ 
5 0-1030 0-1332 0-1349 0-1342 0-1074 0-0986 0-]]09 0-0854 0-0758 ~ 

'" 6 0-0653 0-0824 0-0815 0-0743 0-0612 0-0702 0-0557 0-0709 0-0669 r, 

"" 7 0-0447 0-0502 0-0529 0-0539 0-0442 0-0408 0-0351 0-0486 0-0484 
~ 8 0-0315 0-0333 0-0405 0-0367 0-0324 0-0269 0-0321 0-0295 0-0387 
" 9 0-0243 0-0224 0-0276 0-0241 0-0186 0-0170 0-0140 0-0290 0-0322 S-

10 0-0184 0-0158 0-0195 0-0190 0-0193 0-0160 0-0166 0-0300 0-0352 ~ 
11-5 0-0134 0-0152 0-0172 0-0176 0-0174 0-0176 0-0230 0-0238 0-0248 

'0-

13-5 0-0090 0-0076 0-0076 -- 0-0126 0-0092 0-0200 0-0310 0-0288 ~ 14-5 0-0076 0- 0-0084 
15-5 0-0064 0-0044 0-0048 0-0086 0-0062 0-0130 0-0166 0-0198 t:;< 

'> 
17-5 0-0048 0-0010 0-0018 0-0018 0-0056 0-0040 0-0070 0-0134 0-0128 " 

31-535 31-515 
;;: 

(a+b) 33 -333 31-582 31-976 31-992 32-295 32 -588 32-670 1:; 

va+b 5-77 5-625 5-62 5-62 5 -65 5 -66 5 -68 5-71 5-12 ~ .., 
S 2-449 2-388 2-431 2-529 2-559 2-600 2-521 2-528 <:: 

-~ 
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TABlE VllI 

DisfribUlion of the Olefines in reialiull 10 f>~ \ II --. j, 
-----.~--------~'-~-

C 
Nos. N·~33·33 K.W.I R.P.R.I RP.R. II LG.F. R. ell. Lurgi Brabag I Draba" I[ 

______ • __ • __ • ____ ~ ___ • __ ., ~ ____ • ___ e _ 

~ 

f 5' 775(J 1·8320 2·0980 2'1540 2·5320 1·9360 1·,}930 j·9330 2·0180 
~ 
;;-
'" '" 1 {-oooo .. -- -' 

:2 0-1731 o . {)l 42 0-0123 0·0095 0-0319 0·0363 0-0422 0·0312 ()·0367 Z 

3 0·0635 0·0640 0-0598 0·0601 0·0571 ()'0582 0-0419 0-0-W3 {J-04:!2 ~ 
>-

4 0·0312 0·0342 0-0375 o ·()390 0·0274 0-0252 0·0294 0-O~20 O·02·B ~ 
5 0·0178 0·0257 0-0240 0-0239 0·0190 0·0174 (H1l95 0·0149 0'()133 

6 0-0113 O-{)l46 0-0145 0·0132 O-OlOg 0-0124 0·0098 O·()J2.~ (l·0!!? :-0 

7 a-oon 0·0089 0-0094 0·0096 0·0078 O·OO?;! a-liDo:! 0,0(1)5 0·00t>5 7-

8 0·0055 0·0059 0·0072 0·()()65 0·0057 !HlO4S 0·0057 0·(X)5:! o .1)Of,~ 
v 

9 0·0042 0·00.j() 0-0049 Q'OOB 0-0033 1)·0030 () -OC125 0-0051 !H1056 ;. 
10 0-0032 0·0028 {)·0035 lHJ034 0·0034 0·(102;; 0,(1029 0-(1053 O-!)(J{(! ;; 
11·5 0·0022 O'002~ 0-0030 0·0032 0·0032 !HlO32 0·00.\0 0-(1042 Q-I.XJ+l 

13·5 0·0016 (HJOI4 (}-001-1 0·0022 n·(10!!, O-()(136 ()'OO54 o·()o:m ~ 
145 0·0014 (H1014 .. 
15·5 0·0012 o·OOOg O·()()iJll n,O(j!.! tH~Jl~ {j'o(J24 

17'5 O'(J(108 0-0002 Q.()()04 (j.()!.:;o.< o 'llOlO O-()!J()~ IH10l2 
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where h is the ethylene volume. Again for v = I, olefines, higher than ethylene 
cannot be formed, while for ¥ = 0 the polymerisation will go more to higher olefines. 
One can see from the distribution curves that at lower values of v, the formation 
of lower olefines is more favoured than for higher values of v; compare the left 
and right sides of Fig. 4. For catalysts plotted on the right side of Fig. 4 
due to lower (x - f)-values, also absolutely more olefines are formed than the 
catalysts plotted on the left. The slope of the distribution CUrve is however, 
practically the same for both the groups. 

The higher steepness of the decrease in the olefine distribution, indicated by 
the exponent S (equal to approximately 2·5), shows that the polymerisation dis
tribution decrease is quicker than the hydrogenation, which is more active on high 
molecular sid~, while the olefines get ge,nerally enriched on the low molecular side. 
This enrichment of the olefines on the lighter side is due to the higher slope of the 

. olefine distribution cnrve and due to the fixed but less steep paraffin distribution. 
It is rather remarkable, that for all these iron catalysts, prepared by different firms, 
the olefine djstribution is principally very uniform, and it is also remarkable that 
the results are different only with regard to their absolute values, which depend on 
different f-values only. Similar to methane formation in the paraffin distribution, 
ethylene-formation does not follow the hyperbolic function. 

The constant va + b should be of some significance in the formation of ole
fines. According to our equation, this constant represents the first term of the 
series, for N = 1, and therefore would be identical with the volume value of (CH,)
radicals or any other intermediate products, if the latter would be more stable. 
However, ·this value is purely hypothetical, as the radicals or the respective inter
mediates polymerise almost immediately after their formation and disappear. 
Their concentration is therefore practically riil. From this representation, it can 
be concluded that the polymerisation which leads to the distribution of the olefines 
and further of the paraffins, must be predominantly radical polymerisation. As 
also the ethylene values are found lower than the theo,etical values, it can be assumed 
that an ethylene-polymerisation also takes place to a smaller extent. Such an 
ethylene-polymerisation must prevail more in case of catalysts with higher (x - f)
values, than those with-lower (x - f)-values, because in the latter cases ethylene 
values are found to be higher. 

The higher order of the olefine distribution and therefore their more rapid 
decrease towards higher olefines is possibly a consequence of lower degree of hydro
genation, which tends to more complete hydrogenation in the high molecular region 
and less in the low molecular range. 

After elimination of the constants va + b, olefine distribution can be directly 
compared with paraffin distribution (vide Fig. 5). The series of equation (22) 
is of the converging type and for m = 00, appro '1'341 is the total value.' 
As the sum of the series cannot be higher than 1/ va + b, this means that the first 
term of the series, the radical concentration, already omitted in our equation, 
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mu~t bt:\~omc l,crn, and it also rcquir..:s that th~ ~c\.:und t...-rrn, r ... ·)'I~" ... :lljl!·2· ('!hJI'~IH: 

fOfmati\)I1. must remain flluch small(;f. if at all higher oh:tiOI.· ... :-.hnt;kl fnrnl. Tlh'M' 
conditions nrc in fact found to he true I'm all the "atal) 'h under illYi'·ai,,;ujoll. 

By using <qll;ll!e"" (2:'.) and (23), '111<1 with the kBt'wkd~c "I' ttil"kn, flll'ma· 
(io\1 (hI. the vnlue' for en ~an he found dir,,,tly. for \lhid\ ,w1l1eth"d w,,, knowll 
'" far, With the ,"""ledge of 1/,)' it is further possihk to ;;akfJlah' dir"ctly the 
CO-vellum.:, which has been eomcrtcd into "Idiuc" ,,,HI vlludl lIas alrcadv 
L)btained from equations (I~) and (19) as a dill':rclllial value, '1 he \·qllation~. 
necessary for 'lleh caiculaliOll>. arc as folluws;,. 

:-';'",:'l";' 

L: (t\. e B)" ",,'i I> Ii Ui.] 
N",l 

va'!"i> 'f,' [.,,2" '3(1·,,) .;jll" 

(0 i M", (24) 

Thc estimalion of (It) from ga~ analysis, by using (,·balanc(· is quit~ 'ir11ple, It is 
necessary only to carry out a fractional absorption of cthykne in the oldine f'rac
lion. By calculating tf) and (if ! 1». we can a\';" oblain '" '. lb" ",crag" chain
length of the nklinc,. TI1<' valuc, of (a ! b)", acc()rding to eqnation (19) as a 
ditfcrcntial value. and according to equation (24) as a direct value, call b" ('nmp"red 
with each other, The rortncr valuc always includes the CO-volume which h'IS ,~ 

served for the production of ()~Y~L'natcd compounds. ;md thus is lNlally found 
somewhat higher than the latter valuc. The diffcrcll<'c bC{WC<:1l the two \'alue~ 

may then give the CO-part (a h)Al' whkh has b<.~en ~o!lwrtcd into "'l gCllatcd 
compounds, With this. the calculations of the product distribution ;t<:cording to 
C-llumbcr fracliolls is complcte. The calculation f(lr the dhtribution "f <lxygcnated 
CLlIllPUlIlllls callnot yet be made, as the data Hl our disposal arc nm,idcr~d to he 
not 'Illite suffici.;nl. 

The meaning of ,\10 "·value for radieal-,,)r iis cqui'aJcnt-·,t'mnati()O will 
become more clear by the following discussion, Ir the !;erit'S in equati,"1 (24) 
becomes equal to I, which is always the case when all the term~ other than the first 
term become equal (0 zero, then we can write: 

f .. "", (11 + b), (25) 

For this condition only radicals would be formed and could he a~MlIm"d (0 remain 
stable also. In this case (f) will havc maximum value, iudicllted by I.",.. In 
such circumstances, no hydrogenation hydrogen will be activaled, und then (a b) 
would become 33·333, , and! .... , will become equal to'\! 33· 33, i.e., . 5·774. This 
meaus, that the intermediate compounds in question call be assumed as consisting 
of aggLomeralcs on the catalyst surface. made up OU! iJf 5 or <> carbon atoms. 
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Though this statement can only be made as an assumption and needs further 
investigations, it is interesting to note that other authors have recently confirmed 
the existence of iron-carbonyls on the surface of the iron catalysts and even in the 
exit gas which consist of Fe (CO), and of PeH2 (CO),. 
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