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!ho detemﬁ.nation ot branched pararfin lvdrooarbone aoquimd
'praotioal 4nterest asit become known that the sultability for motor purposes
~partioularly ' the ‘mot dmportant property, the lmocking tendensy depends upon

~the conatitution of umuo material, ' Comparative motor evd uations were
~carried out on'a . ‘arge ‘nunber of. paraffin bodies. The reswlts canbe -

.vgonerauzed 4into a rile. 'The tendenoy to Jmocking is greater the longer
‘the chain of 632 geoups in the moleoule which is undisturbed through. branoh:l.ng.
Thrae influsnces: of ‘the oonstitution’are participating in this rule, the mol-

~eoular sige, the d:gres of branching and the positien of the “wanching

- places in the molecule,  The third factor can be treated as-a constant in

' many-component mixtures oomoroiany. Bevoraing the rule may give an
‘opportunity to measure tha oontent of branoh:lng of a paraffin fraction

' thronﬁu motor testing. If one compares their octane nubers with those

“of & mixture of unbranched paraffing of -the same’ avérage moleouls weight,

" then the difforama can serva as a approximate measure forthe content of

- branching, ‘So-far as finished technical products have to be. tested for
their: snitabil:!.w as fuel material’ there is no reasbn to go beyond the

 octane nunbers to devise values which oh..raotorise the chemical astructire.

" But these values: acquirs independant value in our own processes which use
the hydrocarbon not as ‘motor fuel but with inoreos:l.ng Amportance as starting
naterial for cheémlcal conversions 1like ‘oxidations, halogenations and
polymerizations. Researches which aim at the qualitative dmprovement . .
of gyntheses and material mprovament nesd: not only:to know:the octans

~ numbers but alse information on"the chemical’ composition. “Here it is

~ofton dmportant to notice amall changes in content whioh cannot be

“detocted through indirect dedistions from’ motor tests, ‘but ‘which need

“direct and sensitive’ analyaes. Also, each motor test requirea and doatroys
a large amount of festing material, which ‘can’ only éeldom be ‘procured from
-mvast:.gatione #ich” ‘are still in the’ laboratorv stage. “Terefore, it is
'no‘cossary to work out. ‘the onalytioal processes for sma.u amounte of snbsf.anco,

. One must distinguish betmeen mixtures of tow oomponents ana mlti- .
component mixturés. The’ first onse can“be expeoted in: low boiliny paraffin
fractions ineluding: hexano, and’ aomet.imes of  such products which:are -

‘ synthosized of larger: "bullding stones", ' There exists the Ramen ‘analysis whioh
-seems to: be of 'valué among: the ‘proposed methods part:lnnlarly for qualitative

. purposes whioh e.'now parbioular single materials to be resogniged. -Te two -

' escﬁbnd.hemmuitab&fomam‘im



.- A large part of the possible isomsrs were found in'paraffin .
fractions. from natural petroleum, so far as planned investigations were
available, One may probebly assume -generally that branching, so.far as.
1t principally occurs, is distributed over e large ‘part of the possible
configurations, : In a hydrogenated kogasin one found with the method - ..

described under: III in the hexane frastion 0,15, the heptane ‘0,20, the octane

0,27, the nonane 0,35, the.decane 0,40 "branching mumbers”, The branched
. molecules inoressed regularly with molecular weight, On this results the
prelininary working hypothesis about the ‘distribution of isomers, that thers.
exists. an equal posaibility for branching in each newly-built chain member -
in the Fischer-Tropsch eynthesis. From thig one canconolude their regular -
distribution to all possible isomsrs but with the limitation, that nothing
oopfigurations,

can be affirned about the favoring of tertiary and quaternary

Distillation Analysis

_ ... The bolling diagrans of the paraffins do not show extremes in their
‘mixtures and therefore can be separuted. through distillation, Algo by the
small -differcnces in.boiling points ‘one obtains finally frestions waich
suffice for the oriterion of pure materisl through fraptionation vhich can
be carried out as far as desired in principls. - Thess fractions canbe .
identified with materiale through their physical properties,( melting point,

. boiling.point, density), vhose. constitution is assured through’ gynthosis,
Howaver, the diffisulties of obtaining a total balamco go with higher  ~
_molecular weights into. the ‘practicsl lmpossibility. - But one-can cerry out
a distillation analysis for the.total boiling range of the light motor fuels
(up %o 220°C) in products which ars comparatively poor in brenching 1iks
kogasin. ' This analyeis would separate each iscmeric group. into the.normal

paraffin and the total amount of branched.. The geparation is on- the -
principle that all branched paraffins have.a boiling point at least 5° lowar
~than the normal ‘paraffin, and that only @ few highly branched paraffing
are in the boiling range of ‘the normal para’fins which are 1 CHy ‘group
poprera ‘ oo . ,_‘ \~ P T s

" . JIf the: Bacult relaticn is fulfilled ome can caloulate the
theoretical number of platas from the relative -difference of the vapor
pressures of - the. pure components. - The-theoretical number of plates pives
the desired enrichment, - From. the bolling point of the normal paraffin

“and the highest boiling isomers one obtains a relative difference of tha
vapor pregsures for-heptane at the boiling' temperature, ‘which amounts to -
1.1k to 1 and similarly for the other.groups. . In order to reach the goal
in one operation one must fractionate with an ‘effectivencas.of 30-L0 -
theoretical plates.’ ‘Here we shall describe a plant which is set up-  for
2 to 5 liters still content which assures an undisturbed operation,

RrUR—— "glash exchalige column 16 1.2 meters long and.has 430 mm .
inner dismeter,. - The distillation retort is 1ifted by a wire spring to the
end joint of the exchange golum, Te heating 1s done electrically through
& cone-ghaped heating mantle. ' Rashig rings I by 4 mm ave used as filling .
bodies. 80 m was determined as the effective height of a theoretioal

plate of this colwin, in all therofore somewhat over 50 theoretical plates,
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In order to produce the effect which is required above, one must. chooge

1) ‘the retort content large enough thet the frastions that are to bs
geparated are larger than the material amount whichi s circulating in

the exchanger. 2) One must distill with a reflux ratio of 1330 to 1350,
The plant worke without trouble and most rationally when no interruption
in the operation occurs. These conditions can be.fulfilled if ore does
-not condense in the descending cooler, instead one entirely condenses )
the vapor which streams out of-the exchanger in a reflux oooler, and the
portion which is determined for the distillate is branched off £rem the
condensate. A % mm glass fiber insulation is enough for heat protection
up t0150°C boiling temporature. -With higher temperatures, the heat loss
is compensated for by a heating coil which is installed under a mantle on
the pipe of the exchange columm, - - . KT

In order to-separate only approximately dnto impure normal -
-paraffing and-igomor-rich intermediate fraction, one can construct a similar
smaller fractionation column of 1.2 meter height and an eguivalent sotion -
of 15 theorstical plates. The spiral colunn with veouum mantls-is suiteble

for amounts below 100 grams, according to Jantzen, -

, One can proceed schematically imthe ¢ arrying cut of the distile
lation by Beparating into normal paraffins and intermediate fractions ’
according to proportions of the transition temperature, Toble 1 is an .
excerpt of the resords of the distillation in which one separated in many
emall - fractions in oxder- to show the course of the separation. ‘The ~ -
fractions 10 to 13 together yielded a normal cotane preparation which
was proven to be pure on basis of the melting point and the cooling curve
at freesing. In the same manner fractions 20 to 22:ylelded a pure normal
nonane, The fractiom9, 1k, 15 and 23 have to be added to0 the normal ‘
paraffins in a balance. On the other hand, it is obvicus from the course _
of the bolling points and densities that 16 to 19 do not represent the
‘transition fractions from m-octane to n-nonane but contain almost only isomeric
nonane, - The samie can be learned from accurate measurtment of moléculay
welght, The .quantitative ratio of n~ogtanesisomeric nonanssnorial nonane
walch 1s representsd in the case in Table 1 can be estimated at:53:20:27 dn
percentages of their sum. R LI ’ T o

Measuring of the Branchinf Nmbers . - S
e distillatien analysis only glves indlcations about the amounte

but not the type of isomers.
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o Tablel -

" Fractionation of a Kogasin which has been freed ,
- Of olefins in a k.2 meter packed golumn.
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Since the Imocking tendensy of isomeric materials depends upon the branching -
(the larger, the stronger the branching) it may be practical to determine

e branching instsad of the amount of isomers since one must forego the -
determination of single materials. ‘he branching number 2 is defined as
- the molecular fraction of the branching., ' For instance, normal heptane

has a 2 20, 2,l,} tri-mothylpentane a Za3, & mixture of each 50 mole percent
‘of-the two materials Z=1.5; ~The indication inthe molecular ratdo vhich =
declares how many branchings come to each molesule on the ‘average in any
mixture is chemically obvicus and corresponds to the practice which has to

be used practically in which ons must reckon with molecular fragments, |
One must look for a measurable magnitude which would yield the same contribution
in each branching. - The method that was worked out here was based firast on -

a physlcsl property of pure materials which is-rather parallel to branching, .
- Namaly, it has been knom for a long tims that the branching lowers the .
boiling point compared with the isomeric normal paraffins. Te qualitative

" relation can be sson from Table 2 in which there aré summarized the.average .

. values for lowering of the ‘boiling points for all paraffing that are :

desoribed in the llterature, according to ‘isomeric groups .separated for - "
the branching numbers 1,2, -3 and L, The number of materiala considered. ...

18 added-in round brackets, - the number of possible isomers are in cornered -
‘brackets. In the nonanes and decanes not only the relative portion of known
.materials but, algo the.reliability of the physical data detreases:much, Qne.-

~can learn from the table thdt the lawering of the boiling points odours in 8ll -

nolecular welght classes and attaing approximately the samo value, It ds

about twice as:large for the twice-branched materials than for ‘the onse<branched .




materiale and 11; rieee with further branching. But it does not 1ie about -
3 or It times the amount but only about half the amcunt. As average value
‘one can assume =790 per unit or branchin(' by ej.mpliiying it for ell o
1sometd.c groupe. »

'lhe enalyt.icel evalnation of ﬁne regular:llv of the boiling point ‘
of the pnre materials in their mixtires is based on wide exporience “that
the paraf{fins among themselves form ideal ®lutions, Thus the twtal vapor
pregsure éscording to the Raoult law equals the sum of the products of the
vapor pressure of the componsnts times their consentration in moleswlar - -
fraotions., Thig relation oan be considered valid for all mixtures, me\me
of the similarity of the physical- mperueemohieamwefomdm S
paraffins partioularly the heat of evaporation.  Now cne must use the
boiling temperatures: 'vhioh wore measured at given pressureés prestically, -
.The curves that are plotted for validity of Racult's law against the
- molecular fracticns are bent more parabolic- as comparsd with intorpolated valuss
(etra:lghuine) the furthor components are from each other in boilingy points.
From this one can see that the boiling points odn be used even more reliably
the smaller the boilinr intervals botween the fractions that are to be
invaptigated and the more regular the components are distributed in a y.ven
- boiling interval. Bach inoreagse of the molecule by a CR, -group: raises the
“boiling point only by a value' for which the difference inm boiling points ‘of
two consecutive normal paraffins is inserted. ‘Therefore; ons must know -
-acourately the portion of “each of - the vardous molecular sizes. Harrow boiling
- fractions can contain prastically only two molecular sizes so that the
moleculm' retd.o can’ he obtained by measurlng the nols cular weight. N

'lhese coneiierati.one lead to the followl.ngs

D:lrect:lone for MW%$ t,he Branching reo

i One freetionates the mixture of | ‘paraffin bydrocarbons which are to
be tested in a oolumn of at_ leaet 10 theoretical platee end carried out wlth
a reflm: retio 1:10. R : . ,

RO 'lhe gaseous materiale are removed by homng \mder reflux before
teking off the first distillate, The fractions are cut. at transition.
_temperatures which are 5% aboye the: noma% ‘boiling point of the paraffins, .
thus at 41, 7k, 103, 131, 156, 175 and 200%, Each frastion'n then should
contain at least'10 ous ¢c.. One measures their amount Hn; ‘their mo].eeular
'welght lMn and “their bodling point Kpn, For the evaluation: one uges a8 -
diagran in which the temperatures are: plotted as the ebso:leea against. the

- The points that. eorx'eepond to:the

i j paraffina are 36,0, 72,163 .. .

‘ 36913 8808; 980!1’ 10001’ 12506’ uholi 15007' 12802‘ 17308 1!‘2.2} 195 8’ 156.2.
-If one connests ‘tham linearly in serles sequence, one reduces ‘their rel&tionehip
bR proceeeional 3tretoh which virtually represents the ‘mll curve, One
-¥inds the branching. mmber 2n of -the various: fractions by subtracting thed.r
bolling point Kpn irom the. temperature To ‘vich belongs to the. moleonler e
veight ¥n on the. null curve, and one divides the differense that was found. by.. 7.,,;,
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The branching mnnber of the tobal diatﬂlat/a is calculated by
adding all rraotions. 2 .z EZn x total ?Ex Elin/E: total:n

~ Mixtures with suall branching mmbers can first-be. _separated by
the distillation prosess which is desoribed under II with gain in aoouracy..
The moasuring oan. be limited to intermediate fractions., = ‘

There tollm the desord.ption of the apparatus in- uhioh the
bolling point: detaeminatd.on can be cnrrie¢ out mlﬂl 10 o0

For oormotd.on ot t.he bo:uinr point to mrml baromow condiﬁ.on
for the mixtures of hydrocarbons, it mfiices to use the Faust rule which
is derived from the rule of Pietet~Trouton.- One mmst add o' the cbssrved
boiling temperature which is recaloulated into degrees Kelvin the same
parts per -thousand positively as the barometer state doviates negauve]y
in percent from the normal value. On the other hand the olefins are
separated from the paraffins fgee Br. Chem. 10, 337, (1929h = They can be.
‘hydrogenated on the other hdand by protecting-the hydrocarbon. skeleton. . Terefore
the process to determine the branching num‘ber can alao be uaed for o].enn and
their mixtures with paraffinae _ T

Translated Oot. 30, 19h6 Rocheue H, Bondy
Checked Do, 12, 1946 - CCM .





