
Chemistry. - "Tlte decomposition of Cottonseed- Oil in a Closed 
Vessel at 4500 Compareel 't/Jitlt the H.'Idl'ogenation of tltis Oil 
b,ll tlui Metltvd OfBI<:HGlUS witlt H/ldl'ogenunder High Pl'essU1'e." 
By Prof. H. I. W An:HMAN and J. N. J. PERQUIN. (Communicated 
by Prof. J. BÖ~~SEKEN.) 

(Communicated at the meeting of September 29, J 923). 

A. MAIUIE recently ca .... ied out some experiments , on the pre para­
tion of mixtures of hydrocarhons from fats. 1) l.\hILHE made use of 
catalysts and fl'om different kinds of vegetable oils he obtained at 
6000 -6500 gases of high cal~I'ific vallle, whieh contained H., CO, 
alJd CO, and lowel' hydrocarbons, a Iiquid of ]ow boiling-point, 
and a distillation residue. By sllbjectillg the latter ollce mOl'e to the 
same treat.IlIent, he lillally obtained ollly gases and a low-boiling 
liqllid as a final-pl'oduct. This liquid still ('ontained some aeid; it waS 
nellt.l'alized with Iye, and thell hydrogellaled ovel' metal at 1800-200~, 
Tlms MAILHE oblained hydroeal'boll mixtures, cOllsisting of salUl'ated 
alJd aJ'omatic hydl'ocal'bons, and alsoof naphthelles, This "'eatment 
was applied to diffet'ent vegetable oils. For IIle way in whieh the 
reaction takes place, as MAII.HE imagines it, we may refer to bis 
pil bItcaIion '), 

Indllstl'ially these researches are of no importallce excepted of 
cO\.ll'se linder abllormal cOlld i tions w hieh may possible arise in di f­
ferellt eOllntries from time to time. Formel'ly ENGI.ER I) has pl'epared 
dlll'illg his classical research these hydl'ocal'bon mixtures in a Rlill 
simpier way, He obtained by distillat.ion of fish oil at 300°_400° and 
4--10 atmosphel'es about 75 oio of a liqllid mixtlll'e ofhydroeal·bons, 

In this investigation of ENGLEH'S it was particlI]al'ly of great im­
pOl'tanee Ihat the process of cOllvel'sion takes place almost qllanti­
talively, Here too Ihere were formed besides the liquid hydl'oeal'bons, 
also gaseous ones, chiefly eH., bul flll'lher also CO, CO" and waler, 

IlIvestigations made by liS of late cOllcel'lling BJt:HGlUS' hydrogena­
tion process illduced us 10 exlend this l'eseal'ch alao to fals, 

1) Préparation de pélrole à l'aide d'huiles végélales et animales, Bulletin de la 
Société de Chimie lndusll'ielle 4, 40 (Octobre 19221; La pyrogénation calalytique 
des huiles animales, La revue péll'olifère, 1, Nn, 17, Mars 17, 1923. 

') Compare also Kalalyse und Erdölbildung, C, ENGÜ:R, Chemie und Physik des 
Erdöls, Leipzig HIlS, p. 412 et seq, 

I) C. ENGLF.R-H. HÖFER, Das Erdöl 11, 110 (1909). 
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111 the ber'ginisalioll of products containing carbon and hydl'ogen 
olie has ollly to deal with Iwo processes, the pl'ocess of cl'acking 
and the pl'Ocess of hydl'ogenation; iJl Ihis case, howeveJ', Ihe matter was 
still somewhat mme compli('ated, beeause hel'e t.he hydl'Ocarbons must 
tiJ'st be fOl'lued fl'OJlJ fats, It is self-evident Ihat here Ihe berginisa­
tion exper'iment proper' had t.o he ('ompared wilh the cl'acking 
exper'illlent,,1) Whel'e in his distillation exper'iments ENGJ.ER wOI'ked al 
300° and 4000 allo IInder a eOlllpamlively low pressuJ'e, th is 
expel'jmenl was cal'l'ied out at mlleh higher temperature (450°) and 
ver'y Ir igh presslI re, 

FOI' Ihe resl the way of expeJ'ÏlIIenting was analogous 10 Ihat 
followed hy liS wi I h paraffilIe as experi men I al malerial '),Only w ith 
th is differen('e Ihat. here a high-pr'essllre apparaills COllsh'\lcted for 
the plll'pose was m;ed (see figUJ'e 1) 3), Be:;ides, the lempel'alul'e in 
the melal wallof Ihe auto('lave was measured, hy wlrich it was 
aseel'lailled dUl'illg I.he experimenls Ihat Ibere was 110 qlleslioll 
of an,}' over-healing of Ille walls, The capacity of Ibe autoclave 
was ± 1.000 cm', 111 Ihe experimellis descl'ibed here 110 IIse was 
made of t he eondellsel', 

Bolh experimellts are reeorded ill table A, 
It. bas been proved by Ihe experimellts that also uIIdeI' these 

Cil'l'UlIIstallces the fuU.y oils are couveJ'ted illro millelal oil 10 a ver'y 
great pel'cenlage, jusl as this is lire case in ENGLEII'S expel'iments, 

It is deal' from t.he gmplrical l'epreselltaliollS fig, 2, ill whirh the 
change of prcssure alld tempeJ'lltlll'e is given, how very sellsitive the 
apparat.lls \lsed is, alld how accul'ale the resllIts obtained al'e, 
E,vell vel'y slIlall variatiolls of tempel'al\lre are immediately expressed 
in the pressure-curve, The ('hallge of lire pressllre durirrg the 
ber'gillisalioll is e~senlially different from Ihal in the c/'acking ex­
periment. The rise of tbe pressnre is considembly smaller' in the 
bel'ginisalion than in Ihe cl'aeking, 

Fllrthel'UlOl'C it appeurs frolIl Ihe gas-analysis that the oxygen of the 
coltonseed oil is dr'iven out in both cases almost quantilalÎ\'ely as 
CO, CO" and H.O, Smaller qnantilies of acids (compare acid per­
centage) and ketoJles may still be present iJl the oil obtained, The 

I) The decompositioD when cottonseed oil is heated in a closed vessel is always 
called ·cl'acking" in what follows, 

S) H. I. W ATERIIAII and J, N, J, PERQUIN, Hydrogenation of paraffin by the 
BERGIUS'S Method; Proceedings Kon, Akad, v, Wetenseh" Amsterdam. Vol. XXVI, 
226 (1923), 

S) In the r.on~tr llction of Ihis apparaills we had Ihe assistance of Prof, J. C, 
ANDlm:ssI!:N, 1'01' whi(:h we express OUI' l!tanks 10 him hen', 



85 



86 

explllsion of the oxygen ft'om the oil is vet'y clearly shown by the 
oxygen balance. 

If it was ah'eady "el'y pl'obahle from the shape of t!Je pressllI'e 
curve t.hat !Jydl'Ogenation reall,}' took place in t!Je bel'ginisation, this 
appeal'ed wit.h certainty f"orn the gas analysis. COllsiderable quanities 
of hydrogen have been consurned. 
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A and B: PRESSURE CURVES C: TEMPERATURE CURVE IX 

D: TEMPERA TU RE 'cURVE VII 

Oxygen balance 

Experiment NO. VII 

Before the experiment 

In cottonseed oil 

In hydrogen 
(02 cOlltent : 2.0 OIo) 

32.4 gr. 

2.2 gr. 

34.6 gr. 

After the experiment 

In gases: I) CO CO~ l 
O2 

[n water (10 gr.) 

20.5 gr. 

8.9 gr. 

Tota! 29.4 gr. 

I) Leaving water vapour out of consideration. 
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Oxygen balance 

Experiment NO. IX 

Before the experiment After the experiment 

In cotlonseed oi! 32.4 gr. 
In gases: I) 

In water (2 gr.) 1.8 gr. 

Total 23.8 gr. 

I) Lt·aving water vapour out of consideration. 

We have set olll'sel\'es the qnestioll all'eady berol'e '), 111 IIOW fal', 

also ill the ol'dinary cracking expel'imellts the hydl'ogell3.tioll ill BlolGlvs' 
sense may take place to a smallel' Ol' gl'ealel' <legl·ee. TlIis hydl'ogellalion 

is called by us inlel'llal hydl'ogenalion in contrast wilh lIJ[tt whieh is 

bl'ollght about by the hydl'ogen supplied from the oulside. 11 migllt ue 
possible that also in this cracking expel'illlellt inlernul hydrogella­
lion has takelI place. 111 Ihis case tilere is, howe\'el', allolhel' way 

possible, lIamely that in which the CO fOl'med dUl'illg !he pl'ol'ess 

by the action on water, might yield Ilydrogen ill slatu naseelldi: 

CO + H,O;: CO, + H,. 
At the time ENGU:H and GHIMM already drew altelllioll to Ihe 

hydrogellatioll hy means of carbon monoxide '), FISCHI1:H and SCHIlAm:1{ 

have syslematically illvesrigaled the hydl'ogenalion of coal wilh ('arbOIl 

mOlloxide '). W hel hel' the illlernal hydl'ogellalion and I he indirect 

hydl'ogenalion by CO ill sneh expel'illlenis as performed by ns, aCluully 

lakes place, and if so to whal degl'ee, will have to appeal' in a 

separate illvesligalion. 

The indit'ect hydl'ogenation by CO can, illdeed, also have laken plaee 

in the berginisalion ex peri men I, I hough I here, i 11 conseq uenee of the 

excess of hydrogen, the walel'gas equilibrium will shift 10 the side 
of rhe CO. 

In both expel'imellts Ihe losses wNe impol'lant, Ihe loss being 

gl'ealest in the cl'aeking experiment. This is peI'haps partly caused 

bJ' condensation of hydl'ocal'bons alld water in Ille tubes hel ween 
Ihe manomelel's and the anloclave; thel'e wel'e also losses dUl'illg 

1) Congrès international des combllstibles liquides. Paris 9~ 15 Octobre 1922, 
Chimie et Industrie, Mai 1923, p. ~OO - 207. 

i) Compare ENGLER IInd J. GRIMM, Ueber direkte Abspaltung von Kohlenoxyd 
und die Umsetzung desselben mil , Wasser. Berichte 30, 2!-J25-26 (1897). 

S) Compare FR. FJSCHER und H. SCHRADF.R, Hydrierung von Koillen durch 
Kohlenoxyd. Bl'ennstotJchemie 2, 257 (1921). 



CRACKING AND BERGINISATION OF COTTONSEED 011. AT 450°. 
T ABLE A. 
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I I I 
VII 40 120 lOl 272 41,1 203 10 I 68 5,5 20,3 0,193 5,1 60 .6 17,1 15,5 6,2 14.5 6,5 3,2 0,9 63 0,811 18,8 1,1 0,4 1,3 23,0 44.2 5,2 + 15 L. 14,5 60,5 5,4 1.8 

(66,0 %) (3,3) (22,3 ) (1,8) (6,6) (44,2) 4) (11,1) (10,5) (24,4) (1,4) (0,5) (9,5 .' (8.8 Gr.) 

-------- ----- - - ---- - - ---------------------- ---- -

IX 35 120 0 171 32,0 169 2 64 15 48 0,818 1,0 51,1 17,1 20,8 5,0 51 1,022 23.8 2,8 0,9 10,9 8,0 49,9 3,1 
atmos- (56,1 %) (0,7) (21,5) (5,0) (16,1) (35,2) 4) (9,1) (11 ,8) 16,8 8.5 0,3 1,8 (25,9) (3,0) (I,ü) (11,8) 
pheric 

I pressure 

TABLE B. 

Used + 200 Gr. coltonseedoil 
(XXII: 200 Gr~XXI\I : 204 Gr., XXIV: 200 Gr., 
XXV: 198 Gr., XXVI: 202 (ir., XXVII: 201 Gr.); 

obtained from th is in gr. 

oil 
I 

water 
I 

gas 
I 

coke 
\ 

1055 

I 1 1 1 6,4 111,2 1 5,2 8.5 0 4 1 04 6,2 153,9 

I 

XXIII) 35 60 110 210 19 126 8,5 69 1 8,9 0,714 0,3 61,1 14,9 11,6 0,3 0,1 95 0,582 21,1 3,5 108 L 6) 51,2 56,8 5,1 2,5 
(59,3 %) (3,9) (32,4) (0,5) (3,9) (43,1) 4) (8,8) (6,9) (18.4 , ,0,9) (0,9 ; (13,4) (13,4 Gr.) 

------- - - - --------- - -- - - - - ---- - - - - ------------ ---- -

X X III 35 60 IlO 251 85 146 8,5 58 0,6 4,3 0,790 1,6 59,3 20,8 15,1 4,8 11,0 5,0 6,3 1,2 92 0,512 9,3 1,0 O,S 3.1 61,8 20,0 3,7 108 L. 6) 51,0 51 4,6 2,3 
(67,2 0J0) (3,9) (26,7) (0,3) (1,9) (43,4)4) ( 14,0) (10,2) (24.3) (2,6) (1 ,3) (9,1) (13,4 Gr.) 

------ ------- - - - - ---------------------- ----.-
XXIV 2) 35 60 0 19,5 22 124 1 42 14 19 0,811 1.3 52,9 22,3 21,2 3,6 24,3 7,9 1,0 0,2 31 1,094 27 .9 48 0.9 10,0 10,5 45,8 

(62 "/0) (0,5) (21) (1) (9,5) (35,0) 4) (13,8) (13,1 ) (31.2) (5 ,4) (1 ,0 )(11,1) 

----- - - - --- - - - - - -- - - - - -------------- ------I-

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 2,3 24,0 1,9 1,9 0 ,3 32,5 1,017 26,4 4,6 1.1 12.8 10.3 38,2 6,6 
(66,6°/0) ( 1,1) (22,2) (1,1) (2,3) (38,5) 4) (14,0) (14,2) (29.4) (5,1) (1,2) (14,2) 

------ --- -------- - ------ - - ---------------------. -- - - --

] XXVI 40 60 0 81,5 21,5 121 3,5 46 14.5 11 0,816 2,3 55,3 20,1 20,0 4,0 24,0 7,6 2,4 0,4 33,5 1,093 25,4 4,2 0,8 13,4 10,0 40,8 5,4 
(63° 0) (1,1) (22,8) (7,2) (5,5) (31,4) 4) (13,0 ) (12 ,6) (28,2) (4,1) (0,9) (149) 

------ ------- - - --- - -- - - ------ - - --------

XXVII 36 5 IlO 222 96,5 112 9,5 30,8 0,6 - 0,841 36,4 19,3 22,4 566 1,1 42,0 15,6 22,1 7,6 103 0,239 5,0 0,4 0,3 2,9 85,0 6,4 111,4 L. 6) 87,5 23,9 2,1 1,0 
(81 ,4% ) (4,5) (14,6) (0,3) - (11,1J 4) (18,2) (46,1) (33,3) (2,1) (2,0) (19,3) (10.0 Gr.) 

1 

') The th prmo-couple having been slid from the tube, the temperature rose in th is experiment during the last 10 minutes 10 ± 5000 • 

2) Just before the terminatlOn 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 percelltages ot weight of the initial product. 
4) Gasoline inclusive the 1055 in the di ;;lillation by ENGLER'S method. 
5) The percentages placed between brackets have been calculated on gas free from 
6) Determined experimentally. 

hydrog~n. 
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the opening and pOlIring out. In a series of observations made later 
(berginisation expel'ÏllIents XXII !lnd XXIII alld crackillg ex peri­
mellts XXIV, XXV allu XXVI) the I'eslllts of'which al'e likewise 
l'ecOI'derl in table 13, we have succeeded in redll(~illg these losses 
gl'eatly by plncing a I'eflllx cooler on the alltoelave. The oxygen 
balances are in still bettel' hal'mony there. 

Oxuen balance 

Experimpnt NO. XXII 

Before the experiment After the experiment 

In coltonseed oil 21. 7 Gr. CO2 1 
In gases: I) . CO 16.3 Gr. 

In supplied hydrogen O2 

(02 content 2.5 %) 3.9 Gr. In water 7.5 Gr. 

Total 25.6 Gr. Total 23.8' Gr. 

I) Leaving watprvapour out of eonsideration, 

Oxygen balanee 

Experiment NU. XXV 

Before the experiment Af ter the experiment 

In eottonseed oil 21.5 Gr. CO2 \ 
In gases : I) CO , 15.7 Gr. 

Og I 
In water 3.1 Gr. 

Total 18.8 Gr. 

I) Leaving watervapour out of eonsideration. 

Fig. 3 represents the change of pressllre and temperatul'e ill these 
expel'Ïments. The experiments were always made with about 200 gr, 
of cot1onseed oil. F01' t he rest the cÏl'cumstances were analogous to 
tho~e of ms, VII and IX. 

ft may be a dl'awback fOl' the techlli(~al executioll of these 
experiments tlult the iron of the apparatlls is pl'etty quiekly atlacked 
thl'ollgh the formalioll of ol'ganic acids. 

lt appears frolll the experimenfs descl'ibed fhat both by cl'al'king 
alld by berginisation, cottollseed oil call veryeffil'ielltly he convel'led 
into hydr'o('arbon mixtUl'es with high gasolille pel'(~elltage, Itappears 
fl'om experimel.lt XXVII, which was heated for 36 milllltes, alld was 
kept at a temperat ure of 4500

1'01' on I,}' 5 millutee, that even after th is short 
pel'iou of heatillg a cOllsiderable part of the oxygen of the fat had been 



91 

expelled, while the hydrocal'bons fOl'med also had been pal'tially 
decomposed, so that a considerable yield of gasoline alld kerosene 
had been obtained alrendy, 

The convel'sion is not yet complete hel'e, as appeal's alllong othel' 
things from the high acid vaille (36,4:) of the oil. 
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" k ,. .. .. 
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A PRESSURE CURVES 

B MEAN TEMP. CURVE 

The valne of unsatul'ation (bl'omine value) of Ihe gasoline and 
kel'osene fOl'med is greatel' in XXVII than in Ihe ot.her bel'ginisation 
expel'imenls. In all these expel'iments the behavioul' of Ihe cottonseed 
oil is not vel'y different fl'om that of a hydl'ocat'bon mixture, as Ihe 
ox'ygen can easily be eliminated fl'om it. In the bel'gillisation of the 
cottonseed oil vel'y lOuch hydl'ogen is consumed, among others directly 
Ol' indirectly for the fOl'lnation of water, Irt both processes fOl'mation 
of coke takes place, Ihis being eonsiderably less in the bel'ginisation 
expel'Ïment8, We have been struck wilh Ihe fact thai also in othel' 
bel'ginisation experiments wit.h pat'aftine, fOl'mation of small quantities 
of "carbon" takes place, It \ViII be of gl'eat irnportance 10 pel'fornt 
a bel'ginisalion experiment in whieh Iltis separalion 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, whieh has been fOl'llled dIlring t.he process, 
and whieh will be adive aceol'dillg 10 CHANEY I), at. least if it 
is fOl'lned at low tempemture (helow 500~-600° C.), lIIay act as a 
catalyst ') .. 

111 concillsioll we expres!> 0111' Ihallks 10 MI' .. 1. A. BJ<;UKERS, who 
htts assiHted W3 in the exe(·ut.ioll of all important pari of these 
ohsel'vatiolls. 

Delft. LIl!JOl'Ilto/'y {~/ C/umûcal Teclmolo,qy 
(~f tlte Tec1miCilI Unive/·sity. 

1) N. K. CHANEY, The aetivatioll of carbon, Tl'ansactions of the American elec­
trochemical Society, 36, (1920). 

2) A similal' investigation should also be carl'ied out with regard 10 metals that 
are accidenlally present, as nickel, vanadium etc. Compare RAMSAY, J. of the Soc. 
of Chem. Ind. 42, p. 287 T. (19231. 




