
Chemistry. - "Conve1'sion of pamffin by healing unde1' pressu1'e 
in llte pl'esence of hydl'ogen, metltane and othe1' ,qases" 1). By 
Prof. H. I. WATERMAN and J. N. J. PERQUIN, Chem. eng. 
(Communicated by Prof. ,1. BÖESEKEN). 

(Communicated at the meeting of January ~6, 1924). 

Ths l'eseal'ch taken up by us concel'fling tlte scientific and technical 
signijicance of Ber,qins' Itydrogenation process is going to ask still 
many yeal's of study, while a thol'Ough expel'imental abiIity and a 
highly speciaIised knowledge of the different kinds of appal'atus are 
necessal'y . lVleanwhile we al'e al ready able to give some of the most 
impOl'tant I'esllits. 

Material and w01'king sclteme. 
The research concerns this time the same kind of paraffin while 

the scheme of wOl'king and lhe appat'atus used have been described 
in an eadist, co'mmuuication on the decomp?sition of cottonseed 
oil '). With the exception of a couple of experiments, whel'e we 
distilied dUl'illg t.he heating, also now no condensor was nsed . 

Ex:cepted in the two expel'imonts just mentioned the heating was 
done in a closed vessel and consequently no gases were added or 
blown oH' dul'Ïng the experiment. 

As cltam cte1,isûcs for tlte judgment of the oil we used: 
1. Tlte appearance of the oil, as well as tlte yield and distillation 

limits. Already bet'OI'e we have communicated that by the bergini
satioll of pat'affin the oil obtained was clear and light in colour. 

2. Tlte spec. gmvity of the oil Ol' of tlte 1'esidue I'esulting aftel' 
the distillation aecol'ding to ENGLER. 111 case of hydl'ogenation the 
spec. gravity is lower. 

3. The b,'omine vIl11le of the oil Ol' of the fractions obtained from 
ENGLER'S distillation. Here we want to lay stress UpOIl the fact that 

1) This research is a continuation of a former publication: "The hydrogenation 
of parallin by the BERGIUS' Method". Proceedings Koninklijke Akademie van Weten· 
schappen, Amsterdam, Vol. XX VI, p. 226 (1923), see also ibid Vol. XXVII p.83. 
(1924). Chimie et IndusLrie, numéro spécial Mai 1923, p. 200-207. 

2) These Proceedings, Vol. XXVII, p. 83 (1924). 
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the hydrogen consllmed is not used In the first place rOl' the elimi
nation of the unsaturation of the gasoline and kel'Osene formed bnt 
pl'obably to improve fhe residue, An analytical research of Ihis 
residlle (elemelltary analysis) combined with a detel'millation of the 
rnoleculal' weight, bas to brillg light into th is matter. 

4. 'l'he amount of ltyd1'ogen consumed. 
This appeal'S entirely from the gasanalysis. 
Experimentally it was proved th at the apparent consumption of 

hydrogen, caused by hydrogen dissolving in the oil, was practically 
of no account. 

5. The quantity of heavy Itydl'ocarbons in the 1'eaction gases. 
In general the lowel' Ihis quantitJ Ihe beUer in technical sellse 

the results are. 
6. 1'lte cltange in pressure dw'ing tlUl heating. 
Though the significance of Ihe change in pressllre, aftel' the tem

perature has become constant, has not been definitely settled, a 
consideration of the pl'essllre curves can gi ve some Illldei'standing 
whether Ol' Ilot we have to do with analogons processes. 

A difficlllty with this is however that e.g, R relative pressure 
lowel'illg may be callsed by t.he addition of hydl'ogen (hydl'ogenation) 
Ol' by polimerisatioJl in the gaseous phase 1), 

Review of t!te experiments. 
In the table one finds a review of the most important results. 
The two experiments in which dlll'ing the heating gas was blown 

off were the numbel's 58 alld 59. 
In 58 the reflux coolel' was not pl'ovided with cooling. water 

while the autoclave was kept closed until the pressure amollnted to 
seven atmospheres '), 

Hereaftel' gas was blown off continuously and the pres8ure kept 
constant at seven atmospheres. 

Whereas in 59 the autoelave was filled with nitl'ogen up to seven 
atmospheres befOl'e tbe beginning of the experiment, therefore the 
gases could be blown off rlirectly from the heginning of the heat ing. 
The conditions in 58 and 59 have some r~semblance with those 
th at oecUl' in cl'aekingpl'ocesses such as the BURTON process '). 

I) N. IPATIEW, Polymerisation der Äthylen-KohlenwasserstofTe bei hohen Tempe
raturen und Drucken, Berichte 44, 2978 (1912). 

') A clog ging of the tubing caused the pressure to ri se to 14 atmospheres 
during about 10 minutes , 

I) H, 1. W ATERIIAN and H. J. W _ REUS, The cracking process of BURTON, Rec. 
Trav. chim, des Pays-Bas 43, (1924), 87. 
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Of all in the table mentioned expel'inu'mls only in 58 and 59 a 
distillate was obtained during the experiment. In 58 the distillate 
becallle solid at 0° C" lhe bl'Omine vahle being vel'y higlr 76,5, 
while the residlle in the autoclave was liquid and had a bl'omine 
valLle of 24,6, 

In 5~ the bromine value of tlre dislillate was 82,7 aCId of the 
residue 39,7, The residlle contained gum-like eonstituents, For furlher 
research a portion of the distillale and residlle of 58 and 59 were 
mixed in lire propol'tion by weight as they we,'e formed in the 
experiments, 

Although also in 58 and 59, as well a~ in all othel' experiments 
little or no cokeformatÏon occurred, the oils of experiment 58 and 
59, as far as their bl'Omine valIIe was concel'lled, and the gases on 
account of theÏl' great pel'centage of tieavy hydrocarbons, stood fal' 
back by all other experiments, 

Especially the difference was great with those experiments, where, 
according to BERGlUS, was heated with hydrogen under high }Jres
sure, namely in 55 and 57 but especially with experiment 52' where 
a very high hydrogen pressUl'e was reached, 

In 52 not less than at least 34 Liters of hyd,'ogen have been 
consumed, in 55 and 57 more than 20 Liters, If we compare this 
with experiment 60 and 61, then it appeal's that in this connection 
Il h~q!t Itydrogen jJl'essul'e was indeed necessary, For the oils of expe
riment 60 and 61 have a higher bromine value and a higher spec, 
gl'avity, while it appears from the gasanalysis of experiment 61 
(the gas of expel'iment 60 was lost) th at. p,'actically no hydrogen 
had been cOllsumed; 7,6 Liters hydrogen wel'e added and 7.7 Liters 
were recovered, In cracking experiment 56 which can be compared 
with these 1.3 Liters hydl'ogen wel'e formed, Neithel' does hydrogen 
in status nascens ojfer any improvements in this respect as appeal's 
from experiments 62 and 63 where mixtures of CO and R,O were 
used 1), 

Tn these expel'Ïments the CO, and hydrogen, fOl'med according to 
the equation, CO + R,O -+ CO, + R .. were present in the reaction 
gases in nearly eaquivalent quantities, namely 6.6 and 7,1 Liters 
CO, with I'espectively 6,4 and 7.6 Liters hydrogen. 

In the corl'esponding experiment 56, all'eady mentioned, 1.3 Liters 
hydl'ogen wel'e formed, 

1) This confirms a research by H, I. WATERMAN alld ~'. KORTLANDT : "The 
treatment or Mexican asphalt and paraffin wax by heating under high pressure 
with sodiumCormate and with carbonmonoxide and water respectively, Ree, traY" 
chim. des Pays-Bas 48 p, 249, (1924). 
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As in 60 and 61, it appears that 111 62 and 63 no important 
hydrogen consurnption took place. In this respect there is no ditJe!"
ence for paraffin betweeJl hydl"Ogen under low press\1l'e and hydrogen 
fOrllled during the expel'irnent by the reduction of water by CO. 

An indiJferent gas under high pressw'e, sllch as nit1'ogen (64) and 
high presslIl'e technica! methane (53 and 54) neitlte1" has afavoumble 
inflllence. 

We find that in 64 the alllount of lIitrogen added remained un
changed, while in 54 the total volume of hydrocal'bons in the 
l'eactioll gases was only slightly changed. Experiment 53 seems to 
point to a, may be slightly pronollnced, decrease. The results of the 
gasanalysis (percentage N,), the low preSSIll"e af ter complete cooling 
and the low yield of gas, howev61', point to a small leak th at. 
probably al"Ose during the cooling. Furthermore one sees that in 54 
the hydrogen pI'esent in the methane as an impurity is recovered 
after the experiment. 

If we compare the experimellts with hydrogen under high pressnre 
(52, 55 and 57), hydrogen under low pl'essure (60 and 61), methalle 
under high pressme (54), hydrogen in status nascens (CO + H,O, . 
62 and 63) nitrogen undel' high presslll'e (64) and simple heating 
in a closed autoclave only unde!" the pl'essnre of the gases that 
develop during the heating (56) then it appears th at : 

1. Tlte yield of oil, 1'esp. gasoline. kerosene and 1"esidue is practic- , 
ally the same in all t/tese e:Mperiments. 

Frorn this appelU's t.hat the yield of gas ought to be practically 
the same too. 

2. Experiment 52, 55, anti 57 with hy(h'ogen under h~qh jJ1'eSSUl'e 
distingwsh themselves in a favourahls sense, namely: 

A. à better appearance and alowel' spec. gravity of ' the oil. 
B. alowel' bromine vallIe (addition) of the gasoline and kel'osene. 
If we compare 60 and 61, 53 alld 54, 62 and 63, 64 and 56 

on the one side, with 58 and 59 on the ot her, in the latter two 
experiments distillation took place dlll"ing the heating while the 
pressure was kept constant at seven almospheres, th en it appears 
that: 

a. the yield of gas was gl'eatel' in 58 and 59. The yield of oil is 
consequently lowel', even if (in 58 and 59) thel'e had not been any 
losses 1). 

b. The gas of 58 alld 59 contained much heavy hydrocarbons. 

1) One has to reckon with the facl th at in 58 the experiment was started without 
any pressure while experiment 59 was slaried after the nitrogen pressure amounled 
seven atmospheres. 
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52 35 60 4500 110 219 81 111 21.5 93 0.135 98.2 35.0 43.8 0.83'1 

------------- - ------
55 40 60 4500 . 60 142 50 112 33.8 61 0.145 109.2 31.8 31.0 0.84fi 

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

51 25 60 4520 60 140 50 113 32.4 60 .5 0.144 104.4 34.2 34.4 0.841 

------------ -- ----I-
60 30 60 451 0 1 65.5 - 113 - - 0.169 100.2 33.6 39.2 -
------------ -- ----I-

61 29 60 4500 7 59 13 171 17 .5 19.5 0.169 92.0 35.6 49.4 -

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

53 40 60 4500 15 189.5 59 114 15.2 87 0.769 97.8 34.2 42.0 0.883 
- ---------- -----

54 48 60 451 0 60 162 61 114 17 .4 91 0.172 99 . 1 35 .0 39.9 0.883 
-------- ---- -

62 31 60 451 0 23 117 32 116 I) 41.5 41 0.161 96.1 36.6 43.3 -
-------- ----I-

63 40 60 4500 23 116 31.5 ISO I) 51.4 43.8 0.165 97.7 35.9 46.4 -
- ---------- ------

64 33 60 4510 60 112.5 66 116 96.7 SO 0.768 98.3 34.7 43.1 -
- -------- -----

56 32 60 4490 0 49.5 8.8 111 23.2 18 0.763 95.6 32.0 43.4 0.875 

- ------------ - - -- -
58 30 60 4500 0 1 0 133 2) 30 19.5 0.750 85 .3 23.0 24.7 0.866 

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

59 31 60 4500 7 7 0 161 2) 44.6 29.5 0.713 71.2 27.1 56.9 0.850 

I) Saturated with water. 
2) In these experiment oil losses were great. 
3) Inciuding losses caused by evaporation during the distillation. 
4) The oil obtained is here a mixture of distillate and oil poured out of the 

autociave in the true proportion by weight. 

_. 
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22.1 28.4 13 .7 - - 0.1 - 63.9 - - - 1.3 0.6 - 40.4 16.4 2.3 Hydrogen 
under high 

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

~, 
pressure 

21.1 28.9 13.6 0.1 63.9 1.6 0.2 41.3 15.7 

------------------
23.8 34.5 15.7 - - - - 7.6 - - Th. gasofthi .. xp ... im,nt woslo,t ( Hydrogen 
------------------ under low 

25.0 38.3 16.8 7.6 1.4 0.2 - 7.7 9.3 0.9 
pressure 

- - - - - - - 'ij 
m 

---------- - - ------------------ - -- rn 
GI 

26.4 > 
35.9 15.9 0.6 3.5 1.2 1.0 4.0 77.3 9.0 1.3 2.5 0.3 0.8 5.1 74.6 ~( "0 Methane GI 

under high m 

23.6 35.6 14.4 0.4 2.6 1.0 0.8 3.0 58.9 6.8 2.1 0.8 1.0 2.8 77 .0 7 3 pressure ,.g 
lIS 

---------- - - -------------- - ---- - .5 
24.9 37 .8 16.5 0.1 23.5 0.4 not deter- not deter- 6.6 1.3 0.3 14.5 6.4 10.3 

~( 
bi. - - mined mined CO+H20in ':á 
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GI 

25.1 37.9 16.5 0.1 23.0 0.4 not deter- not deter- 7.1 1.3 15.8 7.6 10 .7 0 .9 
quantities :r: 

mined mined 0.2 

23.7 35.4 16.1 - - 1.9 - - - 65.1 
Nitrogen 

1.0 0.8 0.3 - 1.4 11.0 6!">.5 under high 
pressure --------------------- - - ---- - -- - -

28.7 41.5 16.9 - - - - - - - -- 3.6 0.2 - 1.3 11.7 1.3 Cracking under 
its own pressure 

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

63.24) 86.4 29.7 - - - - - - - 0.2 6.8 0.3 0.1 1.2 8.0 2.9( Cracking 
under con-
stant pres-

45 9 4) 78 .0 26 .5 14.0 0.1 5.9 0.2 1.0 6.8 15.5 sure (7 atm.) J 

5) Here has not been reckoned with the gas present in the autoclave before 
and after the experiment (about 1 Liter). In all experiments excepted in 56 the 
autoclave was forced up first and then blown olf and the gas measured after 
wllich the autoclave was forced up again, consequenUy practically no air is 
present. In 58 the air was driven out by nitrogen before the experiment. 
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C. The bromine value of Ihe oil of 58 alld 59 is extraordinary high . 
The heating iJl a closed alltoclave or the heating in one which 

has been tilled bafore with a Iittle hydrogen, methane or nitrogen 
under high pressure Ol' with CO (+H,O), and by which pressures 
of 50 atrnospheres and highel' were reached during the heating, is 
cOllsequently bettel' than a heating by which one keeps the pressUl'e 
constant at 7 atqlOsphel'es and one distilIs in the meantime. 
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A consideration of the graphical repl'esentation of the change in 
pressure in 52, 55 and 57, 60, 61, 53, 54, 62. 63, 64 and 56 
shows that, with the exception of the three bel'gillisation expel'iments 
52, 55 and 57, the pressure increases cOllsiderably even af ter the 
tempet'atul'e has become constant. 

There were hydrogen has been commmed (52, 55 and 57) the 
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eu/'ve is absolutely different, the pl'eS5Ul'e curve becomes Ilearly 
hOl'izontal in 52 where most hydl'Ogen has been consumed , 

As explained before, we CaJlllot enter info an explanation of the 
. course of the pl'eSSUl'e CUt'ves because a eleal' understanding of the 

kind of 'l'eaction pl'oducts and of the chemical reactions taking place 
during the process fails at present. Finally we wish to expl'ess our 
thalIks to MI', J, A, BEUKERS, chemical engineer, fol' his assistance 
dUl'ing the course of this research, 

Delft, Laboratory for Chemical Technology 
of the Technical University, 




