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Tarrre 20.--Probable composition of the liguid  curve L.~ However, owing to aparticularly'hjgh
hydrocarbon product {(hydrogenated) from the - -olefin content, complete saturation WAas not oh
1sosynthesis (experiment 260a, 800 atmos-  tained in a single hydrogenation. This is g
pheres, 425° ()] parent from the boiling-point curve and from

l the physical constants for the individual fra
Percent of tions. “The curve was drawn to show the in

{ —100° G, crease in high-boiling hydrocarbons gt los
parafiia temperatures. Products formed at 425°

c};{ g;‘;’l“s contained approximately 11 percent of hydre
carbons boiling -above 140° C., whereas thg
formed at 375° contained

The general chatacter of cu

similar. The total olefin con

" Total

Constituent percent

»-Cj
Cs parsafins

TaBLE 22—0lefin and aromatic conzents'oj th
liguid products Jrom ezperiment 250b (Tho,
A130s, 300 atinospheres, 375° ). -

Olefing,
Boiling range of fraction, °C. weight

G
= Cyclohexane was not found. -

b In subsequent experiments, 0.6-3.4 percent 2,2.dimethyibntana and
3-8 pereent n-hexane were obtained under various conrditions,

° 2. 2-dimethyipentane, 3,5-dimethyipentane, 3-ethylpentane, 2,2,3-
trimethylbutane, ang n-hentane wers nat, fonnd. i
- Y Approximate values, :

e Not determined, :

values in ‘table 21 1s 39.3 percent. The olefin
content for the entire product calculated foran the olefin content, of {1, reaction produets.

average carbon number is 34 percent, : ;
- creases as the synthesig temperatme-decreages

ounds were found b ! 8
threa fractiong (table 21). Beginning with  and the boiling range of the products increas

fraction 4, the aromatic content Increased with
the boiling point of the fraction. :

g to note that in isosynth

whereas in the normal hydrocarbon syrthe

&b atmospheric and medium Pressures the olefin
I . ‘content decreases under the same conditiofis
Tarre 21— Determination of the olefin and No aromatics were bresent in the compoungs
aromatic content of the Uguid product obtained boiling between 65° and 150° C. ' :

in the . isosynthesis (experiment 250p, 800 The higher—boiling fractions of the "hydr
). : genated product obtained at 375° C.

" afinospheres, 425° (. “WETE
‘_jw—ﬁmﬁﬁ_ﬁ_‘__ -V?cuhlum-d(iistilﬁd. Ta ; 1]t
C Todine- -of this distillatinn
Boiliag range, °C, | Volume | 4vuage thiceya- | SRy | Afome- conditions. o o
Dumber | PTGt | percent The 150° to 200° . Iraction had o strons
terpene odor and produced g violent reactiol
mn the presence of b i i
panied by the evoly

vapors. Appreciabl

- 5y e benzene distilled with the 200° 1o 275 =

S S S fraction, Reerystallization produced 6 gr:{lal%
ANALYSIS OF LIQUID HYDROGARBON FRODUCTS  of the pure compound identified by its meltit

OBTAINED AT SYNTHESIS TEMPERATURE OF 375° G, pomt and a mixed melting point. - The resid
(EXPERIMENT 2508) was & reddish-brown eil that showed gr
: fuorescence and whose viscosity was 141 ce
+ Curve IT of figure 11 shows the distillation  poises at 20° C. and 21 centipoises at 503l
analysis of the product obteined in experiment (Vogel-Osseg viscosimeoter . Treatment :three
250 at 375° C. " This product was subjected to times with Fuller’s earth made the eolor of $hg
the same preliminary hydrogenation treatment oil considerably lighter ; its viscosity. dropp
as that whose distiliation analysis is shown in 49 93 centipoises at 20° (. end 15 centipo
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"ANALYTICAL PART-

’ BLE 23 —Distillation of hgmd hydrocarbon products (lydrogenated) obtmned tn the isosynthesis
: under various conditions

A.—Experiment 250b, '300 atmospheres, 375° C., ThOg-—AhOg

e Boiling range, Volume Ca Aniline Specifie
Fraction No. =C. percent 4 point, °C. | dispersion

- 043

150 atmospheres, 375° C., ThO;

C.—30 atmospheres, 475°

. 0= 59,

el e el el sl o

PEOOQUIMOOIOWN UGS WO
Lo B RO BY 1 PO RO DO B PO PO BO M KO PO B IO 1D
O 0O bl et et e i kol e et b o ek e fred sk ot

N

; Terpene ador, . t Tofal velume In 25°-225° C. range =443 cc.
%5 Fluorescent oil, { This fraction was 10 ce, In volume.
; Laoss, 5.8 percent. & Total volume In 25°-161_6° C. fraction =369 co.
This fraction is included in the gasol hydrosarbons. & This fraction was 116 ce. in volume,




20 THE JSOSYNTHESIS

2t 50° C. The crude oil solidified at —14° C,,
the purified product at —26° . :

COMPOSITION OF LIQUID PRODUCTS OB-
TAINED UNDER VARIOUS SYNTHESIS
CONDITIONS

THORIUM OXIDE CATALYST, 150 ATMOSPHERES,
375° C.

Distillation curve I, figure 15, corresponds
to the liquid reaction product from an experi-
ment with an unpromoted thorium oxide

catalyst at 375° C. and 150 atmospheres. The .

hydrogenated hydrocarbon mixfure was washed
with water, dried over sodium, and distilled in
a l-meter band eolumn., The product was
separated into 27 fractions (table 23B).
Curve I, figure 15, may be compared with
curve It of figure 11, which was derived for )
product obtained ai the same temperature
(375° C.). It will be seen that the molecular
size of the hydrocarbons depends not only op
the synthesis temiperature and pressure but
on the activity of the catalyst. 2-Methylbutane
again occurs in the G; fraction, buf in this
experiment it was only partly recovered. The
characteristic break at 60° C. {2-methylpen-
tane, 3-methylpentane, and 2,3-dimethylbu-
tane) again appeared in the Cs fraction. A pla-
teau in the C; portion of the curve appeared
at 80° C. (probably 24-dimethylpentane). 9-
and 3-Methylhexane as well as 2,3-dimethyl-
pentanc and the naphtheres I, 2- and 1,3-di-
methyleyclopentane distilled at 0g° C. The
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TEMPERATURE

| I Experiment I01at 150 atm., 375 *C.

T Experiment 64 ot 30 atm, 475 *C.

o 0 20 30 40 50 60 70 80
: VOLUME PERCENT LIOULA PRODUCTS

Fraurs 15—DISTILLATION OF HYDROGEN-
ATED LIQUID HYDROCARBONS OBTAINED
UNDER SPECIAL ISOSYNTHESIS CONDI-
TIONS, B

‘corresponding to the
fraction showed 8 definite plateau at 1390
(2,4- and 2,5-dimethylhexane).

The product contained only small amoyy
of normal paraffins. The naphthene éoﬁ‘t‘gﬁp
Inereased with the boiling point of the produg
However, it will be seen from the aniline pojyit
that naphthene formation was lower than for"t]ff
product synthesized at higher temperatureg -

THORIUM OXIDE CATALYST, 30 ATMOSPHERELS
475° C. ks

The last example is & distillation curve (curys
II, fig. 15, and table 23C) obtained from g p
uch synthesized et a pressure known to
poor yields (30 atmospheres). To attain cq
barable yields, a high synthesis temperaty:
of 475° (. was necesssary, . G

-Comparison of the distillation for the prod

prepared at 30 atmospheres (curve 1, fig.-15y
with curve I shows that u-pentane (36.2° (3
and probably n-hexane (69.0° C.) oceur in si]
amounts. 2-Methylbutane was produced b
Wwas not recovered with the liquid hydrocarhg
No break occurred in the C,; region at §°
(2/4-dimethylpentane), hydrocarh
mixture distilling at 90° C. was obtained. -
Curve I of figure 15 and the previous ¢

-showed & well-defined break at 110° (.

responding to the O; fraction
il i

the other hand, th. numbe;

small breaks above and below 110° Ciw

probably indicate the presence of naphth
The fact that the refractive indexes are

sistently higher in curve 11 in

naphthene content of the hydrocarbon

creases with the synthesis temperature.

In general, it is reported that the determ
tion of the alcohol content of reaction prodiies;
is by acetylation. Active thorium oxide

i i ysts produced only .s )
amounts of alcohol. "After the liquid reactign
product was washed with water, 1t was dried
over sodium. No reaction with sodiym
observed, indicating that little or no aleohdl
was present. : -

The reaction water contains zleohol
amounts that vary according to the opemtmfg
conditions. . These aleohols are concerntra té
by preliminary distillation in the range boil
below 100° C. and then subjected to “pregise:
fractional distillation in & ro tating band eclur

The boiling points for methang] and
azetropic mixtures containing lower-boilind
alcohols and water are listed in table 24, "
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4BLE 24.—Boiling poinis of azeotropic mixlures
containing lower-boiling aleohols and water

Weight
percent
+O

Boiling
pg%lt,

0 64, 7

4.43 78. 1
28 87.7
12,3 80. 4
37.8 92,6
33.2 89, 8
27.3 87. 5
544 95. 8
50. 5 94. 7

: Curves I and II, figure 16, show the distilla-
tion- curves for the alcohols from experiment
250a (425° C.yand 250b (375° C.), respectively.
Methanol was the only aleohol present in the

queous reaction product.

- Figure 17 shows the distillation curve of the

hols from experiment 159 (thorium oxide
catalyst, 150 atmospheres, 370° C). In this
experiment, both methanol and isobutyl aleo-

ol were obtained. Repeated distillation of the
litter compound resulted in an aqueous and an
alcohol layer, from which pure 1sobutyl alechol

45 recovered and identified by its boiling point
(108° C.), density (DP==0.8029), and refrac-
ve index (n¥= 1.39583). '

T T T 0 T T

== I Experiment 250 ¢, 200 otmos, 425°C

| === IL Experiment £50 2,300 0imeos, 3750
]

' 20 30 40 50 0 w &0 %0 100
VOLUME PERCENT
GURE 16.—DISTILLATION CURVE OF WATER-
SOLUBLE —igo° C. FRACTION FROM EX-
: PERIMENT 250.

ANTLIKNOCK RATING OF THE
HYDROCARBONS

Table 25 lists the motor octane ratings of the
quid hydrocarbong synthesized in experiment
80s, together with their boiling points and the

the total product which they repre-

2. Iso-pentane (2-methylbutane) and 2,3-

u_gghylbutane are the predominating com-

5.
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500 20 40 &0 a0 T100
VOLUME PERCENT

Fisure 17—DISTILLATION CURVE OF WATER.
SOLUBLE, --100° C." FRACTION FROM EX.
PERIMENT 159 (150 ATMOS., 370° C.).

It is known that the mixed octane rating of a
gasoline does not coincide with the average
octane number ecalculsted for g . mixture of
hydrocarbons according to the law of mixtures.
The experimental value may be higher or lower,
depending on the hydrocarbon. If, neverthe-
less, the average octane rating is determined
according to the law of mixtures for the hydro-
carbons listed in table 25, caleulations show that
hydrocarbons boiling below 140° C. (8% percent
of the liquid reaction product) have an average
octane rating of 80 to 81: those boiling below
100° C. (70.4 percent) have an average rating of

TaBLE 25.—Octane ratings for isosynthesis hydro-
earbons (experiment 250a)

Percent
of liguid

Lydro-
carbons

Motor
octane
Dunber

Boiling

Hydrocarbon pg%].t'

Z-methylbutene . _________
D-pentane
2-methylpentane,
S-methylpentane___
2, 3-dimethylbutane_
methyleyclopentane.
Zmethylhexane__ .
S-methylhexane ___
2, 3-dimethylpentane..
2, 4-dimethylpentane
1,2 and 1, 3-dimetl
bentang________

L B RS EX ERER - F- N s
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o¢tane mixtire.._
8 | naphthena__
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84, and those boiling below 80° C. (56.4 percent)
have an average rating of 86. Determination
of the octane rating for the fraction of unhydro-
genated product from experiment 250z distilling
below 150° C. with an I. G. testing motor gave
a'value of 77.4. The octane rating was the
sime whén the gasoline fraction boiling from
150° to 180° C. was included. Addition of 0.08
percent tétraethyl lead raised the octane rating
t6 89.9. : L ;

“The octdne rating for the hydrogenated
product from experiment 250b (thorium oxide-
aluminum oxide, 300 atmospheres, 375° C.) was
also 77.3 (table 26). Compounds 5 to 8 in table
26 were obtained from experiments'at 30 and 150
atmospheres. Here, too, the octane rating for
the unhydrogenated hydrocarbons boiling below
150° C. was 78 to 80.5. .

Since iso-C; hydrocarbons are the Prineips 3
product of the synthesis when the reactioy
products are used.as high-capacity fuels,
should be possible, to subject iso-butane, isq.
butene, and n-hydrocarbons to & commoy
alkylation process. Addition of tetraethyl leaq

‘to the gasoline obtained by alkylation givis

octam ratings of 100 or more and can be con
bined with .the primary gasoline prepared by
Isosynthesis. Aeccording o experiment 25

in which approximately 60 grams of iso 3
hydrocarbons were obtained for every 20 grams
of liguid hydroearbons, the mixture should

«consist of 6 parts of alkylation gasoline an

part of isogasoline boiling below 180° C. -Addi
tion of 0.08 volume percent of tetraethyl legd
to & mixture of this {ype yields a motor octags:
rating of 99.2, v

 TaBLE 26.—Octane ratings for various gasolines prepared

Expeﬁ—
ment,
number,

Pressure| Temper-
atmos- | ature,
=]

Catalyst
I phere

Boiling
range,
°C.

Washed
with 30
percent,
CaClg
solution

Hydro-

Po(C:H;), Reid
genated added

vapor

percent | pressure

. 250a } 300
250a . 300 |
25Qa j_1. e 300
250b 300

64 ",
‘101a |-
-101b
159

_‘1
2
3
4
!
6
7

.78.




