cambine with olefinas or alcohols to produce oxygenated compounds of higher
molecular weilght than the starting materials. Cobalt usually 1s the catalyst,
probably in the form of cobalt hydrocarbonyl, HCo{CO))Y, which may be formed from
dicobalt octacarbonyl under synthesis conditions according to the equation

ZED(COME + Hy == 2HCo(CO)}.

Although cobalt hydrocarbonyl can be prepared directly, 1t is difficult
to keep a8 1t becomes unstable ebove -33 C. The storage problem was partly
overcame by collecting the acid in toluene and staring 1%t in an atmosphere of
carbon monoxide. Under these conditions, only very little decomposition was
obgerved at room temperature during 24 hours (fig. 34). Methods were devel-
oped for the analysis of mixtures of cobalt carbonyl and hydrocarbonyl. A
considerable amount of cobalt hydrocarbonyl was found in the reaction preduct
from cobalt carbonate, benzene, and synthesis gas.

The formation of complexes of dicobalt octacarbonyl with organic campounds
has previously been explained as a displacement of 1 or more moles of carbon
monoxide by the entering organic molecule. This view has been shown to be
untenable. Instead, the organic molecule effects a dlsproportionation of the
dicobelt octacarbonyl into cobalt ion and cobalt carbonyl anion according to
the generalized equation

2xb + 3/00(c0) h—> EZ(;)(B)fZEo(CO)%_ + 8¢O0.

The electrons necessary for the formation of the anion may be derived from
some of the cobalt or from an external source. The tendency to form the
atable cobalt caerbonyl anicn (rare-gas structure) is probably the driving
force for the reactions. Addition of electrons from an external source 1s
1llustrated by the reaction of sodium with dicobalt octacarbonyl:

ONa +Zc_o(co)_1972 —> 2NaZc-o(co)L]

A study is being made of the effects of contact time, temperature, catalyst
concentration, and pressure on typical oxo reacticns,

Characterization of Synthesls Products
Analyses

The total liquid product obtained fram hydrocarbon synthesis over a
nitrided-iron catalyst at 240° C. and 20 atmospheres pressure was separated
into fractions by a scheme involving several distillations, extractions, and
phthalation, and the fracticns were analyzed by chemlcal and spectrographic
methods (figs. 35-37). A new mass spectrometric method was developed to de-
termine the higher alcohols in this product. The total aqueous phase repre-
sented 26.1 percent of the condensed product. Some of its components and
their amounts are shown in table 15; alcohols were predominant, and ethyl
alcohol was by far the largest constituent of this phase. The oll phase,
73.9 percent of the condensed product, contained more than L5 percent of
oxygenates, chiefly alcohols but also significant amounts of esters. The
hydrocartons were predominantly saturated. More than 80 percent of the oil
phase boiled between 50° and 350° C,., and a detailed analysis of this part
of the product is given in table 16.
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TRELE 17. = Some coxyEenAated substancza in condensed product of

Fiachcr-Tropach oymitheaia over nitridet catalysts
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By msane of new msthods developed with the mmea spectrometer, cther con-
gtitients in the 1ijuid Fiecher-Tropach product can be identified. Theasc are

t1e acetsl-type compounds, .

! OR.,
|'| P
Rq———— '
| ‘::>{:f
I 0Rs
in wklcr By i H for formal, CHy for acetal, OpFs for propicnal, elc, In
soulogy to Lhe mass fragmentation of aimple sthera, cne may expect the C©-0 1
hord te rupturs most easily (a2 Indieated by the soelld line), and the C-R]
bond not qulte as readily [okown by the dashed line}. The resulting maas i
frageenta are distingulshakle becmuse of the masn difference betweer © and 0.
The spectra of seversl formals, acethla, and propienals exhibited cdd mass
peaks thet conid be correlated by & aimple empirical scuatlen which may bhe
uaed to predict the positicns of corresponding raas pesks f'or the acevals of
higher aldshydea. Thia correiatien Ie applicable alac to certaln compounda
reiated to ecetals, such as dloXelanes, It shows, furtbermers, that ne
agetal-type campoimd can have & mass peak of £1, which necura cemmerly in
mixtires of czygenated compounds, Thla odd peak may e attribotable to
hemiacetela,

Product end Jeomer Diatrilutien n the Hydrocarhom Synthezals

Schemess for mredistlng the lacnsr dlstr busicu ol each paraffin hydro- 1
sArten wera develcoprd anma time agzo et the Bruceton laboretorissz. These
solewmes ere based on & few zimple riles for shein growth end aws In aatiafac-
tory egreement with actual iaamer d'stributions a8 determired 1r the products
from diron and cchald catalyeta. A& =i='lar achems, acocunting fcor the carhon-
mmber ddstribution of the avdrocarbon predust, was svallable tut nob eazily
applicable becauce fracticmatlon of the hydrocarhone inte clcze cuta waa re-
guired. Further develuvpmenl of _2ls method hes mede it eppiicable o rela-
tively crule fractiomatieon dnta, and sgreezent of theory and practlce permita
some veluable sonclusiona ccneercing the mochaniam of the oynthesia. Tae
wathod 19 based on the azaumption that chain erowth in the syrmtheala procesds .
by atepwise additlon of aingle carben atema and that tho prohahiilty of growtl, ],
a , of & giver hrdrecarbor chaln Is lndependent o blie carbon nunker A5ove '
05, altrougk !t may vary with experimental condit:ons, Agreement of data and
thsory is 1liustrated in figure 3%, vhere woedust dlstributicn is plotted aa
a function of the probvacility of growth. This geeph 18 of oractical ‘nisreat,
az 1t otows tkatnot more than about 20 percent of the total liguid ard sclid
product can be expected to te in the range ol Dlesel oll, Furtherrare, this
ampimt of Diesel oil sheould be readily ohiainable, hecause the raximm rield
of Lhe Cruction rems'ms mearly unchanged vver a rather wide range of protapll-
1ties of growth, that 13, conditicns aof operaticn of the aymikeaic. Anoa
matter of Tact, atterwpts mede In othor laboratories fo incrense the yrleld of 4
Dleael il ocbtalned in the e aynthesis process heve been wnsuczadalcl,
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Figure 36. - Glass-blowing sheop.
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Figure 37. - Modified Unterzaucher apparatus for direct determination of oxygen,



PERCENT BY WEIGHT OF TOTAL LIQUID AND S0OLID PRODUCT
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Figure 28. - Coerelation of theoratical ond cbserved product distributions of liquid end salld
Fischer-Tropsch hydrocarbons sbtoined with iron otalysts.



