NATURE OF THE ISOSYNTHESIS REACTION

COMPARISON WITH OTHER CATALYTIC
PROCEDURES FOR THE HYDROGENA-
TION OF CARBON MONOXIDE

o
e

» Before the discovery of the isosynthesis, two
undamentally different catalytic -procedures
were available for the hydrogenation of carbon
moxide. The first made use of metallic
- “eatalysts having a high hydrogenation capacity
“i7d produced methane and its straight-chain
omologues. Chiefly methane, or liquid hydro-
Larbons, or solid paraffins could be obtained,
epending on operafing conditions. The sec-
“ond process, carried out in the presence of oxide
catalysts, produced methanol, higher alcohols,
and other oxygenated compounds, Under dif-
érent conditions, chiefly methanal, or higher
“alcohols, or a mixture of alcohols, acids, alde-
Hydes, and ketones (the Synthel synthesis)
uld be obtained. It was generally assumed
“the past that these syntheses followed two
mpletely different courses, despite the possi-
ility that hydrocarbons might be produced by
y of intermediary oxygenated compounds.
In recent years, however, medium-pressure syn-
thesis with iron catalysts has produced consid-
grable amounts of alcohols instead of the usual
ydrocarbons. The isosynthesis over oxide
catalysts produced primarily branched-chain
aliphatic hydrocarbons; at low temperature and
hi’gh pressure, oxygenated compounds were ob-
taimed. The nafure of the reaction for the pro-
tion of hydrocarbons by the hydregenation
off carbon monoxide is discussed in another
port. ¥
As in the synthesis of straight-chain hydro-
carbons, the over-all réaction accompanying
synthesis of branched-chain hydrocarbons
‘be represented by the two equations:

nCO-+2nH,;=(CH)n-+nH,0
2nCO+nHy= (CH)n+nCO,.

Under the conditions of isosynthesis, the maxi-
Mum yield of hydrocarbons (208 g./m® CO+H.)
2 15 obtained when carbon monoxide and hydro- .
O are present in the ratio in which they are
Qusumed, that is, 1.2:1. '
e

<% Pichler, H., [Synthesis of Hydrocarbons from Carbon Mongxide
a?gpﬂpydrogen]: Burean of Mines Special Report, Pittsburgh, Pa., 1947,

at 300 to 600 atmospheres.

ESSENTIAL FEATURES OF THE
ISOSYNTHESIS

The essential features of the isosynthesis are
the following:
THE CATALYST

The best results are obtained with s thorium
oxide catalyst promoted by aluminum oxide
and, in certain cases, by traces of alkali. The
catalyst must be prepared by a special precipi-
tation process, the details of which have been
described earlier in this manuscript. Branched
hydrocarbons also were obtained from carbon
monoxide and hydrogen in the presence of
zirconium oxide, cerium oxide, and zinc oxide-
aluminum oxide. The individual components
of the last catalyst were not suitable for isosyn-
thesis, however.

In contrast to the straight-chain hydrocarbon
synthesis, metals belonging to the iron group
produce methane and carbon under the condi-
tions of the isosymthesis. Substances. that
dilute the active centers, such as kieselguhr, do
not improve the activity of the catalyst in the
isosynthesis. ‘

SYNTHESIS CONDITIONS

Synthesis pressures range from 100 to 1,000
atmospheres, the best results being obtained
No perceptible
reaction oceurs- at atmospheric pressure. At
pressures above 600 atmospheres, the produc-
tion of large amounts of dimethylether was
difficult to avoid. Reaction temperatures be-
tween 400° and 450° C. are optimum. As the
temperature decreases, dimethylether produc-
tion again increases and, in certain cases, alco-
hols appear. At higher temperatures, methane
and the other homologous gaseous hydroear-
bons are obtained. Above 500° C., large
amounts of carbon are produced.

THE PRODUCTS

The principal synthesis products are satn-
rated, branched-chain, aliphatic hydrocarbons
containing four to eight carbon atoms. As the
temperature decreases, the amounts of high
molecular-weight and unsaturated aliphatic
hydrocarbons increase (at 375° C. hydrocarbons
in the lubricating oil range are obtained as
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a4 THE ISOSYNTHESIS

secondary products). The formation of oxygen-
ated compounds also increases. At higher tem-
peratures, the degree of saturation of the
aliphatic hydrocarbons increases, as well as the
naphthene and aromatic hydrocarbon content.
Under the best conditions, over 90 percent of
saturated aliphatic hydrocarbons are obtained.
(As the presence of olefins makes identification
of the hydrocarbons by distillation difficult,
the product was usually mildly hydrogenated
before distilling. ‘The following discussion is
concerned primarily with saturated hydro-
carbons.)

POSSIBLE MECHANISMS OF THE REACTION

In considering the nature of the reaction, the
following questions arise:

1. Can branched hydrocarbons be obtained by isom-
erization  from n-paraffins obtained sas primary
products? S

2, Are aleohols possible primary produets of the
isbsynthesis? . '

. Do polymerization, alkylation, and eyelization
play a part in the synthesiz of the higher hydrocarbons?

ISOMERIZATION OF PRIMARY n-PARAFFINS

The catalyst is an oxide that is not reduced
under the conditions of the synthesis. Conse-
quently, . the occwrrence of carbides and car-
bonyls as intermediates in the formation of
CH-chains cannot be postulated. The carbide
of thorium (ThCy) is known; it is not formed at
synthesis conditions but at considerably higher
temperatures (for example, electric arc ).38

The equilibrium ratios existing - between
individual isomers also indicate that the pri-
mery production of normal CH,-chains with
subsequent isomerization does not occur under
the conditions of the isosynthesis. In recent
years, this hypothesis has been examined in
detail by & number of workers. True isomeric
equilibrium of n-butane with iso-butane was
first obtained by Glasebrook and Lovell ® in
the presence of an aluminum bromide catalyst.
In the case of higher aliphatic hydrocarbons,
the formation of byproducts interfered with
true isomeric equilibrium.® However, under
certain experimental conditions, Koch and
Richter 4! obtained a true isomeric equilibrium
for the hexanes between 17° and 25° C., which
confirmed the calculations of Rossini and his
coworkers.  Figures 18 and 19 show equilib-
-3 Gmelin-Krant, [Haudbook of Inorganic Chemistry]: Vol VI, pt. 1,
lgf‘?b]iéslesg\:ook, A. L., and Lovell, W. G., The Isomerization of Cyelo-
bexane and Methyleyelopentane: Tonr, Am, Chem, Soc., vol. 61, 1939,
L ézzﬁui]t:%oog, and Verheus, Recueil Trav, chim.: Pays-Bas, vol. 59,
lgffuk%n;?aﬁ., and Richter, H., [Tsomerization Equilibrinm of Hexanel:
Ber. deutsch. chem, Gesell,, vol. 77, 1944, pp. 127-132

# Rossini, F, D, and Progen, E. 1. R., Energies of Isomerization of the
Five Hexapes: Jour. Arm. Chem, Soe., vol, 62,71940, pp. 22502251,
Rossini, F. D, Prosen, E. J. R,, and Pitzer, K. 5., Free Energies and

Eqnuilibria 0f Tsomerization of the Butapes, Pentanss, Hexanes, and
Heptanes: Jour. Res., Nat. Bur, Btandards, vol. 27, 1947, pp. 520-541,

- Freurs 18.—ISOMERIZATION EQUILTBRIA
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NATUEE OF ISOSYNTHESIS REACTION 35

wir concentrations at various temperatures
for the two butanes, the three pentanes, the five
étanes, and the nine heptanes. They agree
#h the free energies of isomerization ecalcu-
ted by Rossini, Prosen, and Pitzer.
The curve for butane shows the relative
saunt of n- and iso-butane present in the C,
ijons obtained in normal pressure hydro-
rFon synthesis at 190° C. and in isosynthesis
“450° C. (cross-hatchings represent iso-butane
‘fiaction). Comparison of the values obtained
fithe two types of synthesis with the equilib-
s curve shows that straight (CH,) chains
=4 as primary products in synthesis at atmos-
¢ pressure {the same is true of medinm-
~essure synthesis). A state of equilibrium is
Bot attained, and only 7.5 percent of iso-butane
“end 92.5 percent of n-butane are produced. In
{a"isosynthesis, at equilibrium the relative
wbiints would be approximately 65 percent of
tane and 35 percent of iso-butane. The
Hetial composition of the C; fraction, however,
/s 10 percent n-butane and 90 percent iso-butane.
'&'s result, equilibrium is not attained. Con-
Gqtently, it is believed iso-butane is the
rimary product in isosynthesis,
Table 27 contains the distribution of the
Cs, and C, fractions of isoparaffins and
:paraffins obtained at equilibrium at 425° C.,
id.thé actual distribution obtained in isosyn-
¢sis at the same temperature. The data
- that there is no evidence in support of the
iypothesis that branched-chain hydrocarbons
the result of an isomeric resrrangement as

et

wBLE 27.—Distribution at 425° C. of branched
Lhydrocarbons present in lhe C—Cy paraffin
Jractions (percent of the individual fractions)
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INTERMEDIATE ALCOHOL PRCDUCTION

:'The problem of the formation of alcohols as
infermediates is discussed in the light of the
following experimental evidence.

~ CXYGENATED EYFRODUCTS OF TEE ISOSYNTHESIS

'The byproducts of isosynthesis include di-
fethylether and ~ methanol. Under certain

onditions, there are obtained isobutyl alcohol
-and small amounts of isopropyl alcohol {in the
Presence of alkalized catalysts, phenols also
Were obtained.  at high temperatures). The
Production of dimethylether is favored by high
Pressures and low temperatures,

EFFECT OF THE CATALYST

Oxides, which are known to have a dehydrat-
ing action on aleohols, were found to be suitable’
catalysts for the isosynthesis. Table 28 sum-
marizes a study made by Sabatier and Mailhe®
on the activity of various oxides as catalysts
for the following reaction:

C;H;0H = C,H,+ 0.

In these experiments, ethy! alcohol vapors were
passed over the oxide, and the amounts of gas
evolved were determined, together with their
ethylene and hydrogen contents. Owing to
the fact that the most efficient conditions for
preparing oxides were not krown at the time,
these earlier results have in some instances
only a qualitative value. Nevertheless, it is
interesting to compare the results in table 28
with table 2.

TaeLE 28.‘—-~Decompos'£tion of ethanol vapors in
the presence of various calalysts at 840°-850° .

Product, percent -
Rate,
cc./min.

C.H,

100
98.

Thorium, eluminum, and tungsten oxides
were most effective in promoting the dehydra-
tion of alechols. Thess same oxides were most
active as catalyst in the isosynthesis, although
aluminum and tungsten oxides were undesirable
because of their tendency to form carbon and
methane. The oxides from chromium to vana~
dium are not suitable catalysts for dehydration
and show little activity under the conditions of
the isosynthesis. On the other hand, the
dehydrogenating properties increase. The ox-
ide from zine to copper (the latter prepared
at low temperatures) are suitable neither as
catalysts for the dehydration of ethanol (table
28) nor as one-component catalysts for isosyn-

5 Sgbatier and Maithe: Aznn, Chim. (8}, vol. 20, 1920, p. 341,




36 " THE ISOSYNTHESIS

thesis; they are exclusively dehydrogenation
catalysts. In the thorium oxide-20 percent
aluminum oxide catalyst, which is the best
catalyst for the isosynthesis, the debhydrating
action of thorium oxide is promoted by alumi-
num oxide. Under the conditions of the
1sosynthesis, the catalytic activity of thorium
oxide in both hydrogenating carbon monoxide
to alcohol and dehydrating the alcoho! far
exceeds that of the other oxides. ‘
These observations on the action of thorium
oxide in isosynthesis agree to some extent with
experiments by Hoover and Rideal * on the
decomposition of ethyl aleoho! in the presence
of thorium oxide. Their experiments showed
that thorium oxide can act as a catalyst not only
for the dyhydration of the alcohol to ethylene
and water but also for its dehydrogenation
to acetaldehyde and hydrogen. Under certain

conditions, the two reactions proceed at 4ppToxi- |

mately the same rate, but their temperature
coeflicients are different. It was found that the
dehydrating action of thorium oxide could be
poisoned {with chloroform) without affecting its
dehydrogenating property. On the other hand,
by changing the method of preparation (decom-
position of thorium nitrate on carriers instead of
precipitation) thorium oxide could be obtained
in such form that it was almost exclusively s
dehydrating agent. This indicated that the two
reactions occur at different points of the
catalyst surface. By blocking certain parts of
the surface, selective adsorption # is obtained,
and primarly catalytic dehydrogenation oceurs.
On the other hand, inhibiting the development
of the dehydrogenatine centers causes the
catalyst to be solely a dehydrating agent.
Eucken and Wicke* have studied the
mechanism of the dehydration of alcohols in
the presence of oxide catalysts, especially
bauxite. Particularly the observation that a
certain amount of water retained by the
catalyst at excessively high temperatures is
necessary for the reaction to take place indicated
that surface OH groups are catalytically active
centers.  The alcohol is adsorbed at ithe OH
group by the formation of OH linkages (weak
chemical absorption); simultaneously, s hydro-
gen atom from an adjacent CHj-group of the
alcohol interacts with an OxXygen alom at
the catalyst surface. When the olefin and the
water are desorbed, a hydrogen stom has
shifted from an oxygen atom at the catalyst
surface to an adjacent oxXygen atom. The
twofold aetivity of thorium oxide in isosynthesis

X Hopver, Q. I,, and Ridesl, E. K., The Decomposition of Ethyl
Alesholat the Surface of Thoria, 1T, Adsorption on the Thoria Catalyst:
our, Am. Chem. Boc., vol. 49, 1627, R 23,

4 Springer, Julius: Berlin, 1931, p. 184, Schwab, G., [Catalysisj:
Berlin, 1931, p. 184, Taylar: Jour. Phys. Chkem,, vol. 30, 1926, p. 145,

Eucken, A., and Wicke, E., [The Interpretation of Heterogeneous

Dehydrating Catalyses by Exchange of Hydrogen Atoms]: Naturwissen,,
vol. 32, 1545, pp. 161-162, .

is emphasized by the fact that it can be replaz,
to sorne extent by the two-component catal
zine oxide-aluminum oxide, in which "33
component is & hydrogenating agent gﬁ’(ﬁ
other is a dehydrating agent. i
Earlier reports that thorium oxide is' R
suitable dehydrating agent for methang] 4
probably be attributed to insufficient et
of the adsorption points of the catalyst af
debydration. of the methanol shouid
taken place. : :
Dehydration of the higher aleohols has}h
the subject of numerous studies. For examplsd
the catalytic action of aluminum oxide, thom
oxide, and chromium oxide has been ComparaTs
Particularly with thorium oxide, it was foi
that dehvdration of the sleohol to olefin
usually followed by isomerization of the oléf
Comparstive isomerization experiments’ 008
C. showed that with certain olefins (for examplg
starting with 2- and 3-methylpentene) g &
of equilibrium was reached In the prese
thoriumn oxide, but not aluminum . ox
Chromium oxide is strongly dehydrogens
and leads to the production of aromatia 2
pounds rather than olefin isomers,® -

INTERMEDIATE DIMETHYLETHER PRODUCTION

The conversion of mixtures of dimethyleth
end hydrogen (1:4-1:5) in the ‘presérice U5
thorium oxide under the conditions Tof &
isosynthesis was reported in the exparimiy
part of the present work. The i
products obtained were iso-butane, iso-butén
and liquid hydrocarbons. Carbon mich3
carbon dioxide, methane, an.

_carbon monoxide and hydrogen.

Dimethylether is produced from methano
according to the following equation:

Dimethylether was almost always obtair
byproduct in the isosynthesis, in very.s )
amounts in the presence of highly dehydratin
catalysts, and in larger quantities in other ¢ase!

The formation of hydrocarbons from
methylether can be explained by postula

_ initial decomposition brocess, ag follows

CH:0CH:; —s HCHO — GH,+ GO

8l
The carbon monoxide reacts with hydroget

¥ Habatier, P., Work cited in footnote 21, p. 217,

# Anissimow: Chem, Zentr., vol. I, 1940 p. 2033, - :

Goldwasser, 8., and Taylor, H. 5., Catalytic Dehydration of £
Aliphatic Aleohols: Jour, Am, Chem. Soc,, vel, 51, 1839, pp, 1752

# Groldwasser, S., and Tayler, H. 8., Isomerization of Alkenes]
Alunina and Thoria: Jour. Am, Chern, Soc,, vel. 61, 1939, pp. 1762~

M Komarewsky, V. I,, Reisz, C, H., and Thodos, G, Aromatization!
Fatty Aleonols; Jour. Am. Ohem, Soh., vai. 61, 1039, pp, 2525-2557, 8
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give branched hydrocarbons by the iso-
synthesis process. )
>Lvidence against this hypothesis is based
Hainly on experiments Involving similsr re-
sctions between ethylether and hydrogen (1:4).
Ethylether reacts largely according to the

. Carbon monoxide, methane, ethylene, ethane,
propylene, and propane were obtained, but
her - iso-butane nor iso-butene. If iso-
tane was obtained indirectly from carbon
ofide in the dimethylether experiments, it
ghould also be obtained from ethylether. The
séénce of isohydrocarbon in the latter experi-
menits: may be explained by the fact that the
partial pressure of carbon monoxide is too low
GF:the isosynthesis to proceed. However, the
i€ effect should also apply in the dimethyl-
gther experiments, - _

The next step in this phase of the work was
utline a reaction for the formation of iso-
ne, or iso-butene, from dimethylether,

did not involve the intermediate forma-
f carbon monoxide and hydrogen. Such

reaction may involve the dehydration of a

olecule of dimethylether to produce s mole-
.of water and s molecule of ethylene; the

reacts with a second molecule of dimethyl-

thér to produce another molecule of water

nd iso-butene. Thus:

CH;
=CH, + H,0
H,

iso-butene formed in this way either
ydrogen to give iso-butane or undergoes
erization and other similar reactions.
hypothesis may be justified on the basis

s ths relatively high synthesis temperature
he strong dehydrating action of the
ilyst, :
‘Subsequently received additional support
ﬁ%m studies carried out at the Kaiser Wilhelm
Wtute to determine the nature of the prod-
S, obtained from decomposition of methanol
S0 phosphorus pentoxide. In addition to
¢thylether, methane, and other gaseous and
hydrocarbons, iso-C, hydrocarbons were

d.**  The same reaction carried out with
aleohol gave neither iso-butene nor iso-

: his connection, mention should be made
VG earlier studies, now rarely recalled. In

gog’thH et al, Gupublished work of the Kaiser Wilhelm Institute
esearch, MﬁIh_eim-Ruhr.

the first, Sernagiotto ** observed that in the
presence of phosphorus pentoxide, methanol
suffered a violent reaction with formation of
gaseous, liquid, and solid hydrocarboms. In
the second, Ostromysslenski and Kielbasinski 5
found butadiene to be one of the resction prod-
ucts obtained by passing ethylether or mono-
chloroethylether over heated aluminum oxide.

In addition to the process involving dimethyl-
ether s intermediate product, already dis-
cussed, the formation of isobutene from jso-
butyl alcokol can be considered, according to
the following scheme:

CH, : CH,
+ H;,CHOH —— CHOH <+ H,0
CH, Ha
CH;
HOH 4+ HCH;0H —— CH,
H, (JJHOHEOH + H,0
H,

Dehydration reactions are either independent
of pressure or should be favored by operation
at low pressures. According to Ipatieff, oper-
ation at high pressures retards the dehydration
of aleohols by raising the temperature at which
dehydration begins, inereasing the formation of
ether and decressing that of hydrocarbons.
The fact that isosynthesis must nonetheless be
carried out at higher pressures can probably be
attributed to the primary reaction, that is, the
formation of alcohols and the stepwise building
up of hydrocarbons. However, the fact that,
in the experiments using dimethylether in the
presence of thorium catalysts, satisfactory
results were obtained only at high pressures can
probably be explained by absorption phenomens
leading to other undesirable reactions that pre-
dominate at low pressure.

ISOMERIZATION EQUILIERIA OF OLEFINS OBTAINED BY
DEHYDRATICN OF ALCOHOLS

The olefins obtained by dehydration from
alcohols (especially C;—C; aleohols) and di-
methylether can polymerize to higher olefins.
However, higher olefins can zlso be produced
by dehydration of the corresponding aleohols.
At the temperatures used in 1sosynthesis, tho-
rium oxide promotes the isomerization equilibria
of olefins® but is not a good hydrogenation
catalyst. Consequently, it may be assumed
that in certain cases isomerization of the olefins

“ Bernagiotto: Gazz. chim. itel, vol. 44, T, p. 587 (Chem. Zentr., 1014,
vol. II, p. 1034).

# Ostromysslensii and Kielbasinski: Chem. Zentr., 1914, vol. I, p. 2155.

i Ipatiefl, V. N., Jour. Soc. Phys. Ohim. Russe, vol. 36, 1904, DD. 786,
819; vol, 38, 1508, pp. 63, 92,

Sabatier, P., Work cited in footnote 21, p, 215, reference 711,
% Goldwasser, 8., et al., Work cited in footnote 4.
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proceeds more rapidly than their hydrogenation
to paraflins. If, moreover, we assume that the
parafiins formed by hydrogenation of the olefing
do not_isomerize in the presence of thorium
oxide, then the composition of the paraflins ob-
tained is determined by the equilibrivm com-
position of the corresponding olefins. In order
to evaluate this assumption, s specific example—
hexane—was selected, as deseribed below:

1. Values for the composition of the hexanes
based on the assumption that the hesane iso-
mers are in equilibrium at 420° C. (values cal-
culated by interpolation of data obtained at
398° C. and 440° C.) and thas the olefin isomers
are saturated without any subsequent isomeri-
zation of the hexanes.

2. Values for the average composition of the
hexane fraction obtained by isosynthesis.

3. Values for the isomerization equilibrium
of the hexanes corresponding to figure 19.

It will be seen from table 29 that under cer-
tain conditions the supposedly primary equilib-
rium of the olefins could he responsible for the
absence of n-hexane. However, the two main
components of the hexane fraction obtamed by
isosynthesis, 2-methylpentane and 2,3-dimethyl-
butane, cannot be the result of such an isom-
erization reaction. It is probable that they
are produced as primary products.

TaBLE 29.—Mizture of hezane isomers

(A) At equilibrium of the olefins
(B} From isosynthesis
(C) At equilibrium of the hexanes (420°-450° C.)

Hexane , {A) ’ (B)= lf (<
n-Hexane _____. _________ | 0 3-8 r 23
2-Methylpentane.. .. . . 10-15 | 25-59 ’ 23
3-Methylpentane_ . _____ .. 80-90 10-20 16
2,2-Dimethylbutane_ _ _____ 0-3 i-3 23
2,3-Dimethylbutane_ ______ 0 12-43 10

= The values listed in this column were obtained subsequently by
Pichler and Titzenthaler,

The absence of a state of equilibrium betwoen
the olefins is particularly evident in the case of
3-methylpentane. The corresponding 3-methyl
olefins constitute 80 to 90 percent of the olefins
in equilibrium obtained st 420° C. {more than
90" percent at lower temperatures), whereas
the isosynthesis products obtsined by hydro-
genation of the C hydrocarbons contains only
10 to 20 percent of 3-methylpentane.

The same is true of the other hydrocarbon
fractions. At 420° C., the n-butene—iso-butene
equilibrium  contains only 48 percent of iso-
butene and 54 percent of n-butene,® whereas

# Berebrizkowa and Trost; Chem. Jour. Ser. A. J. zlig. Chem, {russ.

Chimtscheski Shurnal Ssser. 4., Shurnal obschtsehei Chimii}, vol, 7,
1926, p. 122,
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approximately 90 percent of
obtained by isosynthesis is compiigy
branched compounds (see table 27) .7
quently, the establishment of an Isomegi iy
librium of the initial olefins APDears ki
no special significance. o
The fact that the composition of the
produced by dehydration of higher a)
the presence of thoria corresponds tg thtss
erization equilibrium and that the gomr
tion of olefins produced in the 1808 ynthesis
not indicates that the hydrocarbong oht:
by isosynthesis are not dehydration p‘?‘*
of the corresponding alcohols. Goldwyggmas
Taylor ¥ dehydrated hexanol in the pragiss
of thorium oxide at 398° C. using (a) g thisea
put of hexanol of 22.5 cubic centimet st
grams of catalyst per hour and (b) a threy
of 3.1 cubic centimeters per 10 grams of ¢g
per hour. Table 30 shows the composifyy
the reaction product obtained in each cqg

the C, ;

TasLE 30.——-Dehydmtion of hezanol 4
ence of thoria at 898° (7

Preducts, pereent

2-Methylpentene-2
3-Methylpentane-2t
- 4-Methylpentene-2t
Polymer

l
|
Hexene-1__.__________ f

In the first experiment (a), a short conta
time resulted in a mixture of hexenes,
longed contact led to Isomerization andfth
almost exclusive formation of 3-rhethylp o
{10 percent of polymers). The fact 't abls
pressures below 300 atmospheres, alcohols

5 or more carbons are present, only in traces;;
at all, also contradicts the theory that_'hlm},giﬁgr
hydrocarbons are produced by debydratidi®
the corresponding” alcohols in the coursé
isosynthesis, ' T

o

POLYMFRIZATION, ALKYLATION, AND CYCLIZATIO
REACTIONS IN THE PRODUCTION OF HEIGHR
HYDROCARBONS (C;+) Lt

The C,-C, hydrocarbons, produced asipn
mary produets, constitute the essentizl elemeni8
of these reactions. We know that at the B
peratures and pressures prevailing in isosyR
thesis, the unsaturated members of :th
hydrocarbon series have s marked tendency.
polymerize. When a low olefin concentratiy

# Goldwasser, 8., and Tavlor, H. 8., Work eited in footn!
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. mgintained, as s the case in isosynthesis,
'Isolymerization decrcases in favor of alkyla-
p"on 3 Of the olefins considered, iso-butene is
ﬁie most reactive towards alkylation in an acid
nedium and also shows the strongest tendency
‘toward polymerization. In contrast to paraf-
fins, ethylene shows the greatest reactivity un-
Jer the conditions of _thermal .alkylatlon.
Under the condition of acid alkylation, a reac-
‘ion' takes place only with a paraffin hydro-
arbon containing a tertiary carbon, especially
with. isobutane; however, even propane and
A-butane react under the conditions of thermal
‘alkylation. The following reactions are possible:
‘ Bibylene-t+propane — iso-pentane
Ethvlene+n-butane — 2-methylpentane
Ethylene+iso-butane— 2,3-dimethyibutane
2-methvipentane
2,2-dimethylbutane
Propylene+ propane — 2,3-dimethylbutane
2-methylpentane.
Tt will be seen from the foregoing discussion
hat there is little basis for the assumption that
higher hydrocarbons obtained by 108y~

hesis form by isomerization of primary straight-

ain hydrocarbons, or that they are obtained
* dehydration of the corresponding alcohol.
he direct formation of branched-chain hydro-
arboris seems to be most likely. The mecha-
iémi of the formation of branched hydrocarbons
v alkylation (for example branched hexane,
¥, ethylation of isobutane) has been mnter-
ated In various ways. According to Ipatieff,”
t.is probable that ethylene participates in an
ddition reaction with the tertiary carbon atom
nd produces 2,2-dimethylbutane as primary
roduct. On the other hand, ~Caesar and
rancis © and Koch ® believe that 2,3-dimethyl-
ene is the first of the butanes with a double
methyl group to form. It is probabie that this
so the case in isosynthesis, as 2,3-dimethyl-
utene iz far more abundant than the 2,2-
methyl compound, which, according to equi-
brium calculations, should be present in large
ounts,  One must, therefore, assume that
mitially the olefin molecule is located between
fo carbons of the paraffin hydrocarben. Sim-
arly, in accord with the results obtained in
Sosynthesis, such compounds as iso-pentane
80d 2-methylpentane may form as primary
Odl_lcts, whereas other hydroearbons, such as
22‘dlrnethylb'utane (neo-hexane} and 2,2-di-
ethylpropane, are produced in small amounts,
8t all, as the products of a secondary isom-
atlon,
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The aromatics and naphthenes that occur in
isosynthesis are obtained by way of primary
aliphatic products. In recent years a number
of studies have been published on the catalytic
cyelization of sueh compounds in the presence
of oxidic catalysts.®? Best results in aromatiz-
ing paraffins arc obtained with dehydrogenating
catalysts such as chromium oxide. Dehydration
catalysts such as aluminum oxide produce poor
results. Thorium oxide, which ean act both as
a dehydrator and as a dehydrogenator, presents
gn intermediate case.

n-Hexane produces benzene, di-isobutyl pro-
duces p-xylene, and di-isoamyl gives m-methyl
iso-propylbenzene. As the isosynthesis pro-
duces only small amounts of n-hexane, benzene
was not present as a rule, but toluene, xylene,
hexamethyl benzene, and other cyciic hydro-
carbons, pariieularly the corresponding naph-
thenes, were obtained. Hydrocarbons belonging
to the terpene series are produced by
resctions similar to that of di-iso-amyl. As a
good many of the hydrocarbons formed in this
way can undergo isomerization under the condi-
tions of isosynthesis, the studies made of the
equilibrium between n-hexane and 2-methyl-
cyclopentane # * % may be mentioned. It will
be seen that at the temperature of the isosyn-
thesis, this equilibrium is shifted almost entirely
toward 2-methylcyclopentane, which is obtained
in relatively large amounts by isosynthesis.

The ratio of naphthenes to aromatics also
indicates a state of equilibrium. Under the
conditions of the isosynthesis, at 450° C. the
equilibrium is shifted towards the naphthenes;
at 500° C. it is displaced toward the aromatics.
The explanation for the decrease in the ratio of
paraffins to olefins'at low temperatures (increase
in olefins) may be a lower hydrogenating
capacity of the thorium catalyst at low tempera-
tures.,

Finally, as already noted, at low temperatures
(that is, below 400° C.), high-boiling, viscous
hiydrocarbons form as a result of polymerization
reactions favored by low temperatures.

82 Goldwasser, 8., and Taylor, H. 8., Aromatization of Hegtane, Hep-

tene, and Hexene Isomers on Chromic Oxide: Jour. Am. Chem. Soc.,
veol. 61, 1939, pp. 1766-1769.

Karzhev, et al., Chem. Zentr., 1538, vel. II, p. 2058,

Kasansky and Plate: Ber. dentsch. chem. Gesell., vol. 69, 1936, p. 1862,

Koch, H., [Catalytic Aromatization of Aliphatic Hydrocarbons]:
Brennsteff Chem., vol. 20, 1939, pp. 1-8.

Komarewsky, V. I, and Riesz, C. H., Aromatization of n-Qetane and
n-Decane in the Presence ol Nickel-Aluminum Catalyst: Jour. Am,
Chem. So¢., vol. 61, 1939, pp. 2524-2525,

Moldawski and Kaumscher: C. F. Acad. Sci., URSS, 1936, vol. I, p.
355, (Chem. Zentr., 1936, vol. II, p. 2339 and 1837, vol. I, p. 1546).

Moldawski, et al.: Chem. Zentr., 1938, vol. IT, p. 1023,

TUniversal Qil Produets Co., Ttalian Patent 351,078, 332,747 (1937).

Zelinsky, Kasansky, Libermann, Lossik, Plate, and Serguienew:
Chem. Zeatr., 1940, vol. I, p, 3459,

2 Glasebrook, A, L., and Lovell, W_ G., Work cited In footnote 39,

# Nenitzescu, C. I, and Cantuniari, I P., [Aliminum Chloride
catalyzed Heactioms. VI Rearrangement of Oyelohexane to methyl-
eyciopentane]: Ber. deutsch, chem. Gesell., vol. 86, 1938, pp. 1087-1100.
32E}:LSiJ:LgBﬂ Ando: Jour. Soc. Chem. Ind., Japan, Suppl. Bind., vol, 42, 1939,

-324B.
& Schuit, et al.,, Work ¢ited in feotnote 40.




