Chemistry. — “7he decomposition of Cottonseed-Oil in a Closed
Vessel at 450° Compared with the Hydrogenation of this Oil
by the Method of Bereius with Hydrogen under High Pressure.”
By Prof. H. 1. Watkrman and J. N. J. PErQuin. (Communicated
by Prof. J. BOEsEKEN.)

(Communicated at the meeting of September 29, 1923).

A. MaiLHE recently carried out some experiments.on the prepara-
tion of mixtures of hydrocarbons from fats.') MAaILBE made use of
calalysts and from different kinds of vegetable oils he obtained at
600°—650° gases of high calorific value, which contained H,, CO,
and CO, and lower hydrocarbons, a lignid of low boiling-point,
and a distillation residue. By subjecting the latter once more to the
same treatment, he finally obtained only gases and a low-boiling
liquid as a final-product. This liquid still contained some acid; it was
neutralized with lye, and then hydrogenated over metal at 180°—2009.
Thus MaiLHE obtained hydrocarbon wmixtures, consisting of saturated
and aromatic hydrocarbons, and also of naphthenes. This treatment
was applied to different vegetable oils. For the way in which the
reaction takes place, as MaiLHE imagines it, we may refer to his
publication *).

Industrially these researches are of no importance excepted of
course under abnormal conditions which may possible arise in dif-
ferent countries from time to time. Formerly EneLER *) has prepared
during his classical research these hydrocarbon mixtures in a still
simpler way. He obtained by distillation of fish oil at 300°—400° and
4—10 atmospheres about 75°/, of a liquid mixture of hydrocarbons.

In this investigation of ENGLER’S it was particularly of great im-
portance that the process of conversion takes place almost quanti-
tatively. Here too there were formed besides the liqguid hydrocarbons,
also gaseous ones, chiefly CH,, but further also CO,CO,, and water.

Investigations made by us of late concerning Brreius’ hydrogena-
tion process induced uvs to extend this research also to fats.

1y Préparation de pétrole & l'aide d’huiles végétales et animales, Bulletin de la
Société de Chimie Industrielle 4, 40 (Octobre 1922); La pyrogénation catalytique
des huiles animales, La revue pétrohfere, 1, N 17, Mars 17, 1923.

%) Compare also Katalyse und Erdélbildung, C. EneLEr, Chemie und Physik des
Erdéls, Leipzig 1913, p. 412 et seq.

%) C. ExeaLer—H. Ho6FER, Das Erdol 1I, 110 (1909).

6'!
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In the berginisation of products containing carbon and hydrogen
one has only to deal with two processes, the process of cracking
and the process of hydrogenation ; in this case, however, the matter was
still somewhat more complicated, because here the hydrocarbons must
first be formed from fats. It is self-evident that here the berginisa-
tion experiment proper had to be compared with the cracking
experiment.') Where in his distillation experiments Encrer worked at
300° and 400° and under a comparatively low pressure, this
experiment was carried out at much higher temperature (450°) and
very high pressure.

For the rest the way of experimenting was analogous to that
followed by us with paraffine as experimental material ?). Only with
this difference that here a high-pressure apparatus constructed for
the purpose was used (see figure 1)"). Besides, the temperature in
the metal wall of the autoclave was measured, by which it was
ascertained during the experiments that there was no question
of any overheating of the walls. The capacity of the autoclave
was = 1.000 cm®. In the experiments described here no use was
made of the condenser.

Both experiments are recorded in table A.

It has been proved by the experiments that also under these
circumstances the futty oils are converted into mineral oil to a very
great percentage, just as this is the case in ENGLER’S experiments.

It is clear from the graphical representations fig. 2, in which the
change of pressure and temperature is given, how very sensitive the
apparatus used is, and how accurate the results obtained are.
Even very small variations of temperature are immediately expressed
in the pressure-curve. The change of the pressure during the
berginisation is essentially different from that in the cracking ex-
periment. The rise of the pressure is considerably smaller in the
berginisation than in the cracking.

Furthermore it appears from the gas-analysis that the oxygen of the
cottonseed oil is driven out in both cases almost quantitatively as
CO, CO,, and H,0. Smaller quantities of acids (compare acid per-
centage) and ketones may still be present in the oil obtained. The

') The decomposition when cottonseed oil is heated in a closed vessel is always
called “cracking” in what follows.

3) H. [. Wareruan and J. N. J. Perquiv, Hydrogenation of paraffin by the
Bereius's Method; Proceedings Kon. Akad. v. Wetensch., Amsterdam, Vol. XX VI,
226 (1923).

3) In the construction of this apparatus we had the assistance of Prof. J. C.
Anprikssen, for which we express our thanks to himn here.
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expulsion of the oxygen from the oil is very clearly shown by the
oxygen balance.

If it was already very probable from the shape of the pressure
curve that hydrogenation really took place in the berginisation, this
appeared with certainty from the gas analysis. Considerable quanities
of hydrogen have been consumed.
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Oxygen balance

Experiment NO. VII

Before the experiment

After the experiment

In cottonseed oil 324 gr.

In hydrogen
(0; content: 2.0 0fg) 2.2 gr.
34.6 gr.

Co,
In gases: 1) C

2
In water (10 gr.)

) Leaving water vapour out of consideration,

(0] 205 gr.
0]

89 gr.
Total 29.4 gr.
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Oxygen balance

Experiment NO, IX

Before the experiment After the experiment
In cottonseed oil 32.4 gr. CO,
In gases: ') C8 22 gr.
In water (2 gr.) i 1.8 gr.
Total 23.8 gr.

) Leaving water vapour out of consideration.

We have set ourselves the question already before'), in how far,
also in the ordinary cracking experiments the hydrogenation in Brraivs’
sense may take place to a smaller or greater degree. This hydrogenation
is called by us internal hydrogenation in contrast with that which is
brought about by the hydrogen supplied from the outside. It mightbe
possible that also in this cracking experiment internal hydrogena-
tion has taken place. In this case there is, however, another way
possible, namely that in which the CO formed during the process
by the action on water, might yield hydrogen in statu nascendi:
CO 4+ H,0 =2 CO, 4+ H,.

At the time EncLErR and GriMm already drew aftention to the
hydrogenation by means of carbon monoxide*), Fischrr and ScHRADER
have systematically investigated the hydrogenation of coal with carbon
monoxide®). Whether the internal hydrogenation and the indirect
hydrogenation by CO in such experiments as performed by us, actually
takes place, and if so to what degree, will have to appear in a
separate investigation.

The indirect hydrogenation by CO can, indeed, also have taken place
in the berginisation experiment, though there, in consequence of the
excess of hydrogen, the watergas equilibrium will shift to the side
of the CO.

In both experiments the losses were important, the loss being
greatest in the cracking experiment. This is perhaps partly caunsed
by condensation of hydrocarbons and water in the tubes between
the manometers and the autoclave; there were also losses during

1) Congres international des combustibles liquides. Paris 9—15 Octobre 1922,
Chimie et Industrie, Mai 1923, p. 200—207.

%) Compare ENGLER und J. GrimM, Ueber direkte Abspaltung von Kohlenoxyd
und die Umsetzung desselben mit Wasser. Berichte 80, 2925—26 (1897).

%) Compare IFr. FiscHErR und H. Scaraper, Hydrierung von Kohlen durch
Kohlenoxyd. Brennstoffchemie 2, 257 (1921,



CRACKING AND BERGINISATION OF COTTONSEED OIl. AT 450°.

TABLE A.
1= Ev o & 298 gr. cottonseed oil used obtained in Oil obtained Bromine| Acid Gases obtained: - o T | <
g o3 |u g | E v |E gr. resp. in percentage of weight value value o §a ;z :E a f,,g
T |LETcon| 28 (58 |8 9 Distill. according to |(addition) w | T o |ex|ga|ogles
o Wl 50| 38 | m - 0 3 . : ot the U b5 . it saelEFls5d|z ¢
& |E&f6SZ| s |42|22 — | , | ENGLER (yield in per. | of the s |5 Analysis 5) =3 |E=-==|%E|” 2
o SEE|lcegc| $8 |za|2a +| = | centages of weight)?) [ = | 2 = Sl SFE|IT™
v IE|S D Lo |Sa ¥ = g 2 2 o ow|c «
) == E|I22E| ad |Eo|gO - < ) ° E Ew Q o o =8|l g
5] o _|RET| g |5€E|%E ; ] 2 0 | uo il 2y o= S ¥ Sun| E 5.2 5515 8|0 0 S
o SEEISSE| E< |ES|SS oil water gas coke loss y ) Yo 5 28|« |=S |8 | = 2 2 >’.§ S ;.S & = | BB -~% 2a E%mg‘s: s &
S 57 a8 % |E S| = o | = 819 21 3 e |5 2 J T |C2|8® ES ClE527 (S
s |EE |5 & F o <5 [5slEn S |85 8|55 (2| B8 T T | |ty 27 |2yERE B2
z = | 2 RED <& |8 e 5 = &
| VI 40 | 120 | 101 | 272 |47,7] 203 10 68 55 20,3 | 0,793| 51| 606 | 17,7| 155| 6,2|14.5/ 65| 3,2| 09| 63 (0,877 188 1,1| 0,4 | 73(23,0(44.2| 52| + 15 L. |14,5(60,5| 54| 1.8
(66,094) | (3,3)  (223) (1,8) (6,6) (44,2) 9 |(11,7)|(10,5) (24,4)|(1,49((0,5) | (9,5! (8.8 Gr)
IX 35 | 120 0 | 171 320 169 64 15 48 | 0818| 1,0 57,1 | 17,1] 20,8 5,0 51 |1,022| 238 2,8/ 0,9 | 109 8,0(49,9| 3,7
agaos. (56,7%) | (0,7) 2L5) | (50) | (16,1) (352) 99,1 |(11,8) 16,8 85| 03| 1,8 (25,9)(3,0)((1,0) |(11,8)
pressure
TABLE B.
Used + 200 Gr. cottonseedoil
(XXII : 200 Gr., XXI1I : 204 Gr., XXIV : 200 Gr.,
XXV:198 Gr., XXVI: 202 Gr., XXVII: 201 Gr.);
obtained from this in gr.
oil water gas coke loss
XXII'Y| 35 60 | 110 | 270 |79 126 8,5 69 1 8,9 0,714 0,3| 67,1 149 (11,6 | 64 17,2 52| 0,3| 0,1| 95 (0582 85| 04| 04| 62539|27,1| 35| 108 L. 6) |51,2 56,8 | 51| 2,5
(59,3%)| (3,9) | (324) | (0,5 (3,9) 43,74 (8,8)] (6,9) (18.4./,0,9)(0,9:/(13,4) (13,4 Gr.)
XXIII 35 60 | 110 | 251 |85 146 8,5 58 0,6 4,3 0,790 | 7,6 | 59,3 20,8 | 15,1 | 4,8|170| 5,0| 6,3| 1,2 92 0,512 93 | 10| 05| 3,7|61,8/20,0| 3,7| 108 L.6) |57,0{51 | 46| 23
(67.2%) | (3,9) (26,7) 0,3) (1,9) (43,4)4) |(14,0)|(10,2) (24.3),(2,6),(1,3), (9,7) (13,4 Gr.)
XXIV 2)| 35 60 0 79,522 124 1 42 14 19 0,817 1,3(52,9 223 |21,2 | 3,6|243| 79| 1,0/ 02| 31 (1,094 279 | 48| 09| 10,0({105| 458
(62°0) | (0,5 | (21) @ (9,5) (35,0) 4)|(13,8)|(13,1) (31.2)(5,4)(1,0) (11,1)
XXV 33 60 0 81,5/21,6 132 3,5 44 14 4,5 0,812 1,9 /55,5 21,0 21,2 | 2,31240| 79| 1,9| 0,3| 325/|1,077| 26,4 | 4,6/ 1.1| 128(10,3/38,2| 6,6
(66,6%)| (1,7) | (22,2) an (2,3 (38,5) 4((14,0)/(14,2) (29.4)/(5,1)/(1,2)((14,2)
XXVI 40 60 0 81,5121,5 127 35 46 145 11 0,816 | 2,3 | 55,3 20,7 {20,0 | 4,0(24,0| 76| 2,4| 0,4| 33,5/1,093| 25,4 | 4,2| 0,8| 13,4|10,0 40,8 | 5,4
(6309 | (1,7) | (228) (7.2) (5,9) (37,4) 4)\(13,0)(12.6) (28,2)/(4,7)(0,9) (14 9) \
XXVII 36 5 | 110 |222 |96,5 172 9,5 30,8 0,6 — 0,84736,4 | 19,3 224|566 | 1,7|42,015,622,7| 7,6 103 (0,239 50 | 0,4| 0,3| 29850 6,4 111,4L.6)87,5(239]| 2,1| 1,0
| (81,4°)| (45) | (14,6) 03) | — (17,1 4)(18,2) (46,1) (33.3)/(2,7)((2,0)/(19,3) (10.0 Gr))
1) The thermo-couple having been slid from the tube, the temperature rose in this experiment during the last 10 minutes to 4 500°.
2) Just before the termination of this experiment there arose a small leakage, which could soon be repaired by screwing on the reflux cooler.
3) The figures placed between brackets indicate the yield in percentages ot weight of the initial product.
4) Gasoline inclusive the loss in the distillation by ENGLER’S method.
5) The percentages placed between brackets have been calculated on gas free from hydrogen.
6) Determined experimentally.
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the opening and pouring out. In a series of observations made later
(berginisation experiments XXII and XXIII and cracking experi-
ments XXIV, XXV and XXVI) the results of "which are likewise
recorded in table B, we have succeeded in redncing these losses
greatly by placing a reflux cooler on the autoclave. The oxygen
balances are in still better harmony there.

Oxygen balance

Experiment NO. XXII

Before the experiment After the experiment
In cottonseed oil 21.7 Gr. CO,
In gases: 1) = CO 16.3 Gr.
In supplied hydrogen 0,
(0, content 2.5 0/)) 3.9 Gr.|In water 15 Gr.
Total 25.6 Gr. Total 23.8°Gr.

) Leaving watervapour out of consideration.

——

Oxygen balance

Experiment N¢. XXV

Before the experiment After the experiment
In cottonseed oil 21.5 Gr. CO, |
In gases: 1) CO 15.7 Gr.
In water ) 3.1 Gr.
Total 18.8 Gr.

1) Leaving watervapour out of consideration.

Fig. 3 represents the change of pressure and temperature in these
experiments. The experiments were always made with about 200 gr.
of cottonseed oil. For the rest the circumstances were analogous to
those of nrs. VII and IX.

It may be a drawback for the technical execution of these
experiments that the iron of the apparatus is pretty quickly atiacked
throngh the formation of organic acids.

[t appears from the experiments described that both by cracking
and by berginisation, cottonseed oil can very efficiently be converted
into hydrocarbon mixtures with high gasoline percentage. It appears
from experiment XXVII, which was heated for 36 minutes, and was
kept at a temperature of450° for only 5 minuteg, that even after thisshort
period of healing a considerable part of the oxygen of the fat had been
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expelled, while the hydrocarbons formed also had been partially
decomposed, so that a considerable yield of gasoline and kerosene
had been obtained already.

The conversion is not yet complete here, as appears among other
things from the high acid value (36,%4) of the oil.
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The value of unsaturation (bromine value) of the gasoline and
kerosene formed is greater in XXVII than in the other berginisation
~ experiments. In all these experiments the behaviour of the cottonseed
oil is not very different from that of a hydrocarbon mixture, as the
oxygen can easily be eliminated from it. In the berginisation of the
cottonseed oil very much hydrogen is consumed, among others directly
or indirectly for the formation of water. In both processes formation
of coke takes place, this being considerably less in the berginisation
experiments. We have been siruck with the fact that also in other
berginisation experiments with paraffine, formation of small quantities
of ‘“carbon” takes place. It will be of great imporiance to perform
a berginisation experiment in which this separation of carbon is
entirely absent. If this does not succeed, it will have to be examined
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in how far this carbon, which has been formed during the process,
and which will be active according to CHaANEY'), at least if it
is formed at low temperature (below 500°—600° C.), may act as a
catalyst ?)..

In conclusion we express our thanks to Mr. J. A. Brukers, who
has assisted us in the execution of an important part of these
observations.

Delft. Laboratory of Chemical Technology
of the Technical University.

1) N. K. Caaney, The activation of carbon, Transactions of the American elec-
trochemical Society, 36, (1920).

2) A similar investigation should also be carried out with regard to metals that
are accidentally present, as nickel, vanadium etc. Compare Rawmsay, J. of the Soc.
of Chem. Ind, 42, p. 287 T. (1923).





