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HIS bulletin is a translation of a German

manuscript describing an investigation of

the synthesis of branched-chain hydro-
carbons that was carried out in the laboratories
of the Kaiser Wilhelm Institute for Coal Re-
search under the direction of Helmut Pichler.
The paper contains data on the development
of the catalyst for the isosynthesis, on the effect
of temperature and pressure of operation, and
on the composition of the products of the reac-
tion. In the last section, experimental evidence

and speculations concerning the mechanism of
the isosynthesis are discussed.

The organization of the manusecript was re-
vised in the technical editing process in order
to present the material somewhat more con-
cisely. The major part of this revision con-
sisted in rearrangement of the tables and figures
to combine related data and elimination of long
descripticns of the data summarized in tabular
form.

Introduction

High-quality fuels, particularly aviation fuels,
must satisfy certain requirements. Specifica-
tions relate to the boiling range of the fuel, its
purity, its stability in storage and in cold
weather, and its suitable resistance to ignition
by compression, that is, high octane rating.’
The most satisfactory compounds ere the iso-
paraffin hydrocarbons, whose resistance toward
ignition by compression increases with the den-
g1ty of the molecular structure and is particularly
high for those compounds that contain one or
more tertiary or, preferably, quaternary carbon
atoms. Until recently, Germany lacked the

necessary raw materials to prepare isoparaffins

in sufficient quantity.! Aromatic compounds,
obtained as byproducts in the coking process
and as products of high-pressure hiydrogenation
of coal, also have high octane ratings, which
tlso are largely independent of the boiling point
of the individual hydrocarbons. However, aro-
matic compounds have a marked tendency to
form soot. The antiknock ratings of naphthenes
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Tpatjeff, V. N., Catalysis in the Mineral-Ofl Industry: Peiroienm,
vol. 33, No, 45, 1937, pp. 1-5.

and olefins that boil below 100° C. are satisfac-
tory for numerous purposes. Unsaturated hydro-
carbons, however, do not make satisfactory
aviation fuels. n-Paraffins, which are liguid
at ordinary temperatures, are known to have
sntiknock ratings, the quality of the fuel
declining as the molecular chain increases.

The effect on the octane rating of the addition
of lead tetraethyl is greatest for paraffins, some-
what less for naphthenes, and least ior are-
matics. The behavior of olefins in this respect
varies with their structure, Aromatic com-
pounds with relatively long, saturated, aliphatic
side chains tend to behave in the same way as
paraffins.

Iso-butene and isc-butane are known to be
important starting materials in the production
of high-quality aviation gasolines. For exam-
ple, polymerization of iso-butene followed by
hydrogenation,” or alkylation of iso-butane,

:}E%}’gﬁ, G., Polymer Gasoline: Ind. and Eng. Chem., vol. 28, 1936, pp.
1461-1467. "

Heinze, K., Ol, Eohle, Erdsl, u. Teer, vol. 12, 1036, p, 185,

Ipatiefl, V. N., Catalytic Polymerization of Gaseous Olefins by Liguid
ﬁ]%cspcl'nﬁ%ric Acid. I. Propylene: Ind. and Eng. Cherm,, vol. 27, 1935, pp.

7-1069.

ﬂ:atieﬁ, V. N., and Pines, H., Polymerizing Butylene to Form Gaso-
line Hydrocarbons: U. 8. Patent 2,181,942 (1839).

Standard Aleshol Co., Polymerizing Olefins: Brif. Pat. 456,315 (1936);
French Pat. 808,611 (1836},

Standard Qi1 Development Co. and I. G. Farben., Brit. Pat, 457,158
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with & compound such as n-butene.? produces
the valuable aviation fuel iso-octane. In the
current processes for the synthesis of liquid
fuels from coal, only relatively small amounts
of iso-Ci-hydrocarbons are produced. The
amounts obtained by high-pressure kydrogena-
tion of coal by the Bergius-I. G. Farbenin-
dustrie A. G.* process vary with operating con-
ditions. Normal-pressure synthesis*® (Fischer-
Tropsch} and medium-pressure  synthesis
(Fischer-Pichler®), both of whick have been
epplied on en industrial scale by the Ruhr-
chemie A. G.,® yield 0.5 to 1 percent of iso-C,-
hydrocarbone based on the total amounft of
reaction products.

In addition, except for a few organic chemis-
try laboratory methods and the polymerization
of olefins, iso-hydrocarbons are prepared either
by catalytic isomerization or by splitting n-
paraffins in the presence of aluminum halides.™
Iso-butene may also be obtained from iso-butyl
aleohol, which, in turn, is obtained by synthesis
from carbon monexide and hydrogen in the
bresence of zinc catalysts. However, the main
‘product of this process is methanol, iso-butyl
alcohol representing only about 20 to 30 weight
percent of the liquid reaction products.’

To date, no process exists in which coal or its
gasification products are used as starting
materials in preparing isoparafins. The devel.
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01, Kolhe, Erdal, u. Teer, vol. 13, 1937, pp. 616-920.
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{Hydmcarbqns Boiling Below 100° Q. in Synrhetic Gasoline from Car-
on Monoxide and Hydrogen (Kogasin)]: Brennstoff Chem., vol. 22,
1941, pp. 135-138, 145-152) of the —100° C. bydroearbon Iraction produced
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opment of such a process, known 88 the
“isosynthesis,” wes the purpose of the Presep
work. As in the synthesis of n-paraffing ¢ o
starting materials are carbon MONOXide gy g
hydrogen. The isosynthesis differs from th,
other processes, which are catalyzed by ele-
ments belonging to the iron group of the Periodi
systems, in that it makes use partieular]y of
thorium oxide as catalyst. The operavting
temperature and pressure are high, and CONge.-
quently the reaction follows an entirely differen;
course.

in the normal pressure synthesis over cobalt catalysts. In the saturat,
Crlraction, 7.5 percent of isobutane was obtained. Precise distiilajay of
the Cs-Cy fraction showed that the normal paraffins n-pentane, n-herang
and n-heptane prodeminated. Sma)i amounts of singly-brancheg nydreg
carbons, such as methylbuiane, 2-methyipentane, 3'methylpentane =
methylhesane, and 3-tmethylhevane were present. Mulii-branched parg
Bas wers present oaly in treces, ifatsll, U, von Waber (Angew. Chem
vol. &7, 1929, D. 667) reported that the branehing number (mo] fraetion]
of hexane is 0.15, heptane 0.20, octane 0.27, nonane 0.35, and decane 0.4g
In this synthesis, 5 tertiary carbon atom is present for every 25 tg g5 -
carbon atoms, whergas Qquaternary carbon aioms zre present in only -
minute quantities, if at all. . Tty
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" Calingaert, G., and Flood, D. T., The Isomerization of Normal
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APPARATUS

ii'he experimental apparatus shown dia-
i %imatically in figure 1 consisted of the
: o“ﬂ wing: :

'1,000-atmosphere Andreas Hofer com-

high-pressure storagé chamber for
ﬁ*?e ires up to 1,000 atmospheres, consisting of
: high-pressure Krupp tube 275 millimeters 1. d.
2L 1o £ meters long, closed by stoppers screwed
ii each end. To avoid carbonyl formation
event seepage at the stoppers, the tube
fitted in the workshop of the [nstitute with
‘brass lining. -
(1A battery of six steel flasks placed between
gh-pressure storage charmiber and the
ter at pressures below 350 atmospheres to

constant pressure.

1 “Ferd goa reservole =
L ~Preswre chorconl g
3 - Cohverier

4 = Pressure retalewd

5. - Gharconl tep

€ =Gos meler

Vo =Gon it

ISOSYNTHESIS APPARATUS

rD. The reactor, consisting of a pressure tube,
ither lined with copper or made of carbon
tonoxide-resistant steel, placed in a metal
luminum block. ‘
E. A trap in which the major part of the
uid reaction products was collected under
essure and whose temperature was kept above
1° C. to prevent carbon dioxide from liquefying.
~ F. Activated charcoal trap ‘in which the
0w-boiling liquid reaction products and gasol
¢ Were removed from the outlet gas.

- The amount of inlet gas was determined by
Measuring the outlet gas, reduced to atmos-

EXPERIMENTAL PART

pheric pressure, and calculating the contraction
values from the difference in nitrogen values for
the inlet and outlet gas. The composition of the
gasol hydroearbons was determined by low-
temperature distillation, and that of the liquid
hydrocarbons by careful fractional distillation,
generally after preliminary mild hydrogenation.

Refractive indexes, densities,. ete., were
determined for the individual hydrocarbon
fractions.” The antiknock ratings of the dis-
tilled and stabilized crude and hydrogenated
gasoline fraction were determined by the motor
method (L. G. testing engine) both before and
after addition of lead tetraethyl..

PRELIMINARY TESTS.

When water gas is passed at 20 liters per hour
through an empty unalloyed-steel "tube (12
millimeters i. d., 400 millimeters heater length}
at 30-atmospheres pressure and 450° C., s
reaction takes place between carbon monoxide
and hydrogen to give as principal products

TasLit 1.~Conversion of water gas in an empty,
unalloyed, steel tube at 450° C. and 30 atmos-
pheres '

Gas composition, 'percéﬁt by volune
Time, ’ :
Ges 4 Hy-
days Ole- dro- | O- T
CO1 gps| 02§ €O} Ha | or | No, | 12
béns
B B =1 S — 0, 0.8 00,2 [44.1 (46.9 ;2.0 F 1.1 7.0
Reactiongas._..1 -1 {34407 .1[64|131]3.2F1.23 141
Do--otei} 30 1328 | (5| (3|9.1(28.3 | 2206 {{1.25 | 1L.8

carbon, ¢arbon dioxide, and low-beiling hydro-
carbons, espécially methane. )

Table 1 shows the composition of the inlet
and outlef gas obtained in a 30-day experiment
of this type. Hydrocarbon homologues of
methane are formed in small amounts, as shown
by the ¢arbon numbers for saturated hydro-
carbons. The calculated yield was 8.5 grams of
C; hydrocarbens, 7.4 grams of C, hydrocarbons,
and 2 grams of gasoline per cubic meter of water
gas. During synthesis, carbon deposits form in
the tube and gas conversion gradually decreases.

Lovw-témperature distillation of -the C3~Cy
fraction gave the boiling-point curve shown in
figure 2," curve I. Distillations of this type
were carried out with a low-temperature column

3
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- TION OF C-C, FRACTIONS FROM VARIOUS
CATALYSTS. - T

constructed in the Miilheim Institute 1 17 The
curve shows no characteristic break at the hoil-
ing point of iso-butane (—11.8°C.). The frac-
tions distilling between —10° and-0° C. con-

tained n-butane, n-butene, and small amounts.
of iso-butene. The latter was extracted with,
64 percent sulfuric acid from the fractions dis-

tilling between —10° and 0° O. and between

0% and 10° C8 . The Inercury nitrate test.also-.

wes used  for identification.” .. S
Active iron-group catalysts, which give good
yields of straight-chain paraffins between 180°

and 300° (., ‘produce mainly carbon snd’

methane when operated at higher tempera-
tures. Such catalysts cannot be used in the
isosynthesis. . When ‘carbon . monoxide and
hydrogen react in g copper-lined converter at

400° to 450° C. inthe Presence of a catalyst.

ordinarily used in synthesizing methano!, small
amounts of hydrocarbons are formed in addi-
tion to  oxygenated compounds. Curve II,
figure 2, represents the boiling-point. curve of
the Co~C, fraction obtsined with a copper-zing
oxide catalyst. No appreciable amount of iso-
butane was observed. The iso-butane yield
was found to be 0.2 gram per cubic metor of
syathesis gas. o '

Curve 111, figure 2, was obtained for the
+—C; fraction of g hydrocarbon mixture

16 Fischer, ., and Weinrotter, F., {Production of Gaseous Olefinie
Hydroearbons by Thermal Decomposition . of Kogasin]: Breonstof
Chem., vol. 21, 1940, pp. 215-817.

" Xoch, H., and iiberath, F.,-([;Apparatus for LoW-Temperamre
Fractional Distillation]: Brennstoff Chem., vol, 22, 1940, pp. 197-203.

1 Dobrjanski, Refer. Chem, Ztrbl., vol, 1025, I, p. 2220,

. Universal 0il Products Co., Laboratory Test. Methods for Petroleum
and Tts Products, 1957, p. 167.

¥ Hurg, C. D., and Pilerim, F. P., The Pyrolysis of Hydrocarbons.
Furiggéjgou?ms on the Butanes: Jour. Am. Chem. Soc., vol. 53, 1933,
P, . - . e

Hurd, C. ., ang Goldsby, 4. R., Rearrangement Duritig Pyrolysis
of the Butanps: Jour." Am. Ohem. Sac., vol. 58, 1934, pp. 1812-1815. " ¢

ewton, A., and Buckler, B. J .+ Determination of Methylpropene by
Means of ‘s Modified Deniges Reagent: Ind. Eng. Chem., anal. ed.,
vol. 12, 1940, Dp. 251-254.
Schulize and Weller: 1, Eohle, Erdsl, v, Teer, vol. 14, 1938, p. yes,
Treadwell and Tauter, Helv. Chim. Acta, vol. 2, 1918, . 601,

obtained with g precipitated alumina catalygt
(water gas, 150 atmospheres, 450° ), The
portion of the curve corresponding to the frac.
tions distilling between — 150 and —j°
shows evidence of the presence of iso-butap,
However, the amount was small. )
The results were completely different Wwhen
thoria was used as catalyst. Curve 1V, figure 9
showed iso-butane to he one of the Prineip;
reaction products, This specific behavipr
thoria constitutes the basis of the isosynthegis
In addition to iso-butane, liquid branchg
hydrocarbons also were produced; the yield ;
straight-chain compounds was negligible. "=
* The elimination of undesirable ide reactigng:
at the surface of the tube proved to be essentigl &
As observed in table 1, unlined tubes of ordinéij_y
iron are unsuitable for use s high pressufi
because of the reactions that take place at this
surface between carbon monoxide and hyds
gen.  V-2-A—extra steel was found to be ,_iﬁé#'
toward water gas at high_ Pressures. Of va;righs’

bonyl, and carbon. Copper-lined iron tub
also gave satisfactory results. Aluminum, o
the other hand, was not suitable, -ag" it
attacked by oxygenated compounds that’ forma
during synthesis at high pressure (above
atmospheres). -- ' :
The catalysts:-were ¢
methods. Catalysts obtained by precipitatid

from dilute salt solutions were found to_j‘gi?:é”‘
1.'
a]

particularly good results. Changing the con

tions produced a wide variety of Preparafions
that differed even in externaj properties. - For
example, the bulk density varied between..0;
and 2.3, according to the method by which the;

catalyst was precipitated and the rolimins

solution into a boiling thorium nitrate solutions
The " precipitate was then- washed  free . from?
alkali and dried at 110°.C. - When 240 ‘grans
of thorium nitrate in 2 liters of water was pres
cipitated by -2 'liters - of 'carbonate'-sdlm_&;&

(slight excess of ‘sodium carbonate), ‘a hard;
granular ‘catalyst - was obtained whose bulk
density wes 1.3. If precipitation Was' CarTl
out with more concentrated solutions, :the
catalysts had a lower bulk density.  + Thig
when the concentration of the solution’ !
tripled, the catalyst had a bulk density of 0.76;
and its granule had a soft, ‘earthy consistentcy
When the standard concentration was Uus
but precipitation was carried ot very slowly,
{for example, over g period of 1 hour), ®

g



seulting catalyst was a heavy, glasslike sub-
ance. Catalysts of this type (bulk density
3)! formed even upon rapid precipitation
hen sodium hydroxide or ammonia was used
s precipitant. The bulk density could also be
creased by subsequent sintering in a current
air. " Thus, treatment of 2 standard catalyst
air at 300° C. increased its bulk density from
.3 to 2.0 In this case, the dull, hard granule
grsisted.
' Catalysts dried at 110° C. were observed to
hrink during synthesis. As it is desirable for a
'given catalyst volume to contain maximum
ght of catalyst, the catalyst should be sin-
d before being operated or, preferably,
before being charged into the converter. Up
{0 300° C., the shrinkage of thorium oxide is
dife t0 & loss of water and carbon dioxide. At
higher temperatures, the oxide still gives off
Wwater, but, owing to the high melting point of
horium oxide (3,050° C.), there is no further
intering of solid - material # Accordingly,
éTe is no reason to believe that preliminary
‘eatment of thorium oxide at higher tempera-
ires affects its catalytic activity. . On the
ontrary, a thorium compound treated in a cur-
rent of air at 1,000° C. was found fo be partie-
ularly. active in catalyzing the conversion of
carbon monoxide and hydrogen. However, as
h catalysts showed a tendency to promote
Alksli carbonates brecipitate hasic salts from sgueous thorium soly-
;. with evolution of carbon dioxide. At 240° C., ThO(C0:) .2H,;0

COLH-0, At300° C., this salt changes to 4¢ThO:. H0,
converied to ThO, at higher temperatures, especially

, 0., and Senftner, V., [Studies of the
nanation Method}: Ztschrit, phys. Chem
ler, P, [Catalysis in, Organ
i ge,seHschaft m.b. H., Leipaig, 1427,
i d by E. Emmet Reid, D. Van

Burfaces of Iron Oxides
- vol. A170, 35934, p. 209,
fc Chemistry]: Akademische Verlags-
, - 214, references 707 and 708, {Trans-
Nostrand Co., Inc., New York, 1927).
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methane formation, pretreatment at 300° C.
was adopted as standard,

When operated under the conditions of the
isosynthesis, thorium catalysts were found to

have a remarkably long life. In cases where

prolonged operation led to an increased pressure
drop across the catalyst bed because of the
formation of carbon, it was found that the
catalyst could be restored to its original activ-
Ity by treating with air at the synthesis
temperature. Thorium oxide differs from other
oxides in that it can be heated to red heai
without loss in activity and that, as a result,
it can be satisfactorily regenerated with air.

In contrast to catalysts belonging to the iron
group of the periodie system, thorium catalysts
are unaffected by sulfur compounds. Neither
preliminary treatment with hydrogen sulfide or
carbon disulide nor precipitation with am-
monium sulfide had any effect upon the normal
degree of conversion. ' '

or a single pass of synthesis gas (withgdt
recycle), the usage ratio of CO:H,; is generally
about 1.2:1. When the composition of  the
synthesis gas is the same as the usage ratio,
higher gas conversion and, consequently, higher
vields are obtained than when ordinary water
gas 1s used. A further increase in the carbon
monoxide content of the gas favors carbon
formation, whereas hydrogen-rich gas favors
gaseous hydrocarbons.

EXPERIMENTS WITH VARIOUS ONE-
COMPONENT CATALYSTS

Table 2 contains a summary of the resulis
obtained with varicus metal oxides (one-

 TABLE 2.—Fffect of one-component oxide catalysts in the isosynthesis (480° ., 25 ce. catalyst,
: 10 L. end gas/hour)

) Percent: g:%s' jonversien Hydro-
! carbons
Ozfalyst Starting material inend | O-No. Ot Remarksy
30 150 300 | &85, per- :
atmos. | atmos. [ atmes. | ceRE
Nitrate...._____ [N 2.1 2.5 Gasol comtains much isobutane; uniform
activity.
________ 46 | 8.1 2.6 Do,
66 6.4 2.8 Do.
-—-__| Na aluminate________ [ S - 11.0 1.4 Traces of i50-Cs, much CH; and carbon,
< I — 58 | 10.5 1.5 Some 130-Cs, much GH; and carbom,
Al nitrate e T S — 21 3.1 2.6 Little is0-Cy,
Na tunzstated HENOs.._| 5§ | oo | 12,9 1.3 Much methane and earbon.
Nitrate 2.0 1.5
i e yEyUS P ]
I N Poor conversion.
3.5 2.1 0-C4, very little carbon.
3.5 2.3 Do.
3.7 1.4 Do.
1.2 1.3 Very Hitle hydroearbon,
10.0 1.1 Litile liquid hydroearbom.
.8 1.2 Very little hydrocarben,
3.0 1.3 .
.5 2.0
p ] 2.4 Little iso-Cl.

121 percent at 75 atmospheres. i
verse precipitation: Nitrate 2dded to sodium carbonate solution.
868607°—50-—0
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component catalysts). The experiments were
carried out with water gas at pressures of 30,
150, and 300 atmospheres and at 450° C.
The charge of catalyst was 25 cc. (length of
layer, 30 centimeters) and the throughput
10 liters of outlet gas per hour. '

The relatively high carbon number of the
gaseous hydrocarbons (2.5-2.8) obtained in the
presence of thoria shows that, in addition to
liquid hydrocarbons, this catalyst.. produced
the higher molecular-weight gaseous hydro-
carbons. The gasol hydrocarbons include large
amounts of iso-butane. o

The aluminum oxide catalysts used in the
experiments at 30 and 150 stmospheres were
prepared by precipitating the hydroxide with
sulfuric acid or carbon dioxide from s sodium
aluminate solution. These catalysts produced
principally methane and carbon, together with
small amounts of gasol and liquid compounds
(see low carbon number, 1.4-1.5). “Ouly traces

TaBLE 3.—Production of iso-C, hydrocarbom
in the presence of several I-component cata-
lysts

Gas con- ] I-Cy, per- Cy- hydr
version, | &Cy, g/m?! centin s~ Bydro-
Catalyst volume gas» total C cfg;"fé R
pereent fraction | B/ 8
|
ThOy . ___ 46 15 ¢ 8% 40
2rQu 32 & | 7 I—
CeOs o ___ 10 1.3 ] 81 Jo
ALGs6_ T 3 28 | .59 5

* G./m? inert-free feed gas.
b Prepared from sodium aluminate.

of is0-C,; hydrocarbons were present in the
gasol formed at 30 atmospheres. The product
obtained at 150 atmospheres contained slightly
larger amounts of these compounds. The
eluminum oxide catalyst used in the 300-atmos-
pheres experiment was prepared by the same
general method as the thorium oxide catalyst.
A dilute solution of aluminum nitrate was pre-
cipitated with sodium carbonate. The precipi-
tate was washed and dried in & current of air at
300° C. 'This catalyst showed little activity.

Table 3 contains the quantitative data for
those oxides that were found to be best suited
for use as one-component catalysts in the jso-
synthesis. The catalysts were, in order of
their effectiveness, the oxides of thorium, zir-
conium, cerium, and aluminum.

THORIA ONE-COMPONENT CATALYST

EFFECT OF SYNTHESIS TEMPERATURE

Figure 3 shows graphically the types of re-
action products obtained by isosynthesis with
water gas over & thorium oxide catalyst at an
operating pressure of 150 atmospheres. The
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Figure 3.—COMPOSITION OF PRODUGCTS ok
THE ISOSYNTHESIS OBTAINED = OVi
THORIA CATALYST AT 150 ATMOSPHERL

operating temperatures are shown on “th
abscissa and ‘the average percent, compositior
of the reaction products on the ordinate, Aled
hol formation predominates at semperature;
below that of the jsosynthesis, that is, belgw
400° C., and especially below 375° C.; whereas
at temperatures above 475° C., and particulagly’s
above 500° C., methane, ethane, and propsa:
are the principal products. The temperat
region for the isosynthesis lies between thess
two limits. . At 450° C., for instance, a tem.
perature at which formation of oxygzenated
compounds is low, the graph shows 16 percerit
of methane and small amounts of C, hydr
carbons; 13 percent of C; and n-O, hydroe:

bons, chiefly propane; 25 percent of iz
hydrocarbons, with iso-butane predominating;
and 46 percent of liquid compounds, primarily
branched aliphatic hydrocarbons and smaller
amounts of naphthenes and aromatics. Table
4 summarizes some of the dsta in figure 3. -+

EFFECT OF SYNTHESIS PRESSURE

Table 5 and figure 4 show the effect of pres-
sure upon the liquid and gasol vields at 450° O
It will be noted that best results were ob
tained at pressures of 300 to 600 atmosphere
Below 300 atmospheres, carbon monoxde-hy

TaBLe 4.—Tsosynthesis in the presence of
ThO, catalyst {150 atmospheres)

Yields, g./m?gas »
Temperature, °C.

C; C; Cs n-Cy ' -Gy

1.1 7.3
1.8 18. 4

400 . 2.9
480 .. 9.5

o
oy

2.6
7.8

* G/t inert-free feed gas,
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/” drogen conversion was relatively small. . Above

600 atmospheres, methane and dimethyl ether .
were the principal products. At 1,000 atmos- -
pheres, there was observed a decrease in iso-
_ butane and tofal yield and a sharp increase in
Oimestyt ethet |  dimethyl ether. Pressures of 1,000 atmos-
T pheres and above are too high to be used with
thorium oxide catalyst, even under other temp- ‘
erature conditions. Af such pressures, temper- N
Liquids atures below 450° C. produced sizable quanti- :
Vi — | ties of dimethyl ether (at 400° C. and 1,000 S
00 : . atmospheres, 200 grams per cabic meter gas). 4
Temperatures sbove 450° C. produced much
P methane. As the pressure increased, the yields

obtained per unit volume of synthesis gas N
/ (single-stage proeess) increased, but the temper-

—  ature range in.which oxygenated organic com--
pounds no longer form, and methane formation
is not yet appreciable, was small.

The last five columns of table 5 show that
the total yield increased with increase in pres-
=5 =3 sures, and that the distribution of the reaction

PRESSURE, ATMOSPHERES products remained fairly constant over a wide
Frevam 4—INFLUENCE OF PRESSURE UPON  range of pressures. At 1,000 atmospheres, 60 o
THE NATURE AND QUANTITY OF THE  ,,.cont of the total yield consisted of C, and

J RO .
Eﬁg’;ffycgﬁ 42(:]5; E?E ISOSYLTHESIS (ThO: C. hydrocarbons and dimethyl ether. l}l’

ABLE 5.—Efect of pressure on isosynthesis over ThO, calclyst (450° C., 10 1. end gas/28 g. ThO,/kr. )

N

ey

Tt w Ry

Iso-Ca

300

Conversion, percent Yields, g./Nm? ideal gas
Pressure, THO 5. G Liquids .
. atmos- = - L, E
Ezperiment No. pherie, | catalyst | CO: Ha oo - Aloohols solizhie
absolute 1 Cit - .
- H.Ce [ 1 'Total
0Oil H:O .
_________ | A 49:41 <3 = 1 ISR MUY R R .
em ] A 43:48 ~10 ~ PR .
—- - 30 A 49:41 2 21 15.0 0.4 It 15.4 :
N [, 75 A 49:41 31 24 | e 24 4 -
______ 150 A 49:41 46 39 36.3 5.0 13.0 4.3 }
- 300 A 49:41 65 A (RO SRSV KNS, 61.7 -1,
- 300 B 45:45 80 51 45.2 5.1 9.4 59.7
______________________________________ 300 c 41:49 61 49 417 7.6 12.3 61.6
""" - 600 A 40:50 3 0 4.6 5.3 2.1 53.0
1,000 A 44:47 90 | e et e e 39.9 =
Yields, g./Nms idesl gas--Continted Preduct dastnbutm;ievi‘;lght percent of total ,
i—-C;.t i—GJH%. oy
: Experimernt No. Gases Total rereent| percen .
: B ' of Ci | ofi-C4 Card :
liquids | Tote) Liquids | i—Cs { n—Ci | CibC| EMe
. Cst Di-Me- ‘
i—Cs NGy C1+0Cs ather gasol

24
-— 4
7
X § 0.1 5
1207 | 158.7 9B 2 34.5 29.3 14.8 18,1 3.3
84.0 200.0 W 18.5 8.5 6.0 33.5 4.5
*A= m temperature; d¢ Bmall amounts of liquid and gaseons hydrocarbons produced.
=normal caialyst; B=catalyst precipitated af room tempen 3 . Cbjofle lobaty) aloohol. <P )

- Scatal tion.
| > 5. G os prepared by verse procipita ¢ Ghiefly metherol,
°H. Q.=hydrocarbons. -




