
1796 PRING AND FAIRLIE : THE SYNTHESIS OF 

CC1V.- Xhe Synthesis OJ' Hydrocarbons at High 
Temperatures. 

By JOHN NORMAN PRING and DORIAN MACEFIELD FAIRLIE. 

IN a previous investigat,ion by one of us (Trans., 1910, 97, 489) the 
synthesis of methane wsts investigated between the temperatures 
1200° and 1500O. The yield of methane diminished somewhat with 
progressive use of the same carbon, but finally attained a constant 
value. This decrease in the methane formation was probably due 
to graphitisation of the carbon, the minimum values being obtained 
from the first when graphite was used. 

The formation of ethylene was observed at 1800O and at higher 
temperatures. In experiments carried out a t  1200-1500°, the find 
quantity of methane obtained appeared to  be increased by using 
platinum a~ a, catalyst in contact with the carbon. N o  satisfactory 
explanation could be given of this, nor of the fact that the amount 
of methane, which, of course, diminishes with the temperature, 
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HYDROCARBUNS BT HIGH TEMPERATURES. 1’797 

began to increase at 1550°, although the formation of acetylene 
could not be detected below about 1800O. 

The p i n t s  which still remain to be c lwed  up are whether the 
quantities of methane obtained in these earlier experiments between 
1200O and 1600° are the true equilibrium values, or is the yield 
affected by the intermediake formation of traces of acetylene or 
some other hydrocarbon which it has not yet been found pcxssible 
to detect, or is it affected by m y  other cause. 

Gautier and Clausmann (Compt. rend., 1910, 151, 355) have 
shown that by the action of oxides of iron on mixtures of carbon 
monoxide and dioxide at 1250°, an amount of methane is formed 
which is equal to  0.20 per cent. of the hydrogen present. This is 
probably a rough measure of the equilibrium value, but the conditions 
of the experiment were not sufficiently precise for an exxt 
evaluation. 
In order to elucidate the remaining points of uncertainty, the 

following series of experiments were carried out in the present 
research. 

Part I.-The influence of different catdysts on the final quantity 
of methane obtained. 

Part ZZ.-The surrounding of t.he heated carbon rod by an 
electric field of high potential in order t o  influence any ionisation 
effect from the heated carbon. 

Part ZZZ.-The detection of any hydrocarbons formed in very 
sinall quantity, or as intermediate ;ompounds, by rapid continuous 
circulation of the gas through the apparatus, and then through 
charcoal, cooled by liquid air, in order to condense and retain any 
hydrocarbons as soon as possible after their formation. 

Part ZY.-Measurements were made of the rate at  which acetylene 
and ethylene react with hydrogen at  different temperatures, and the 
nature of the products obtained was ascertained. 

Part Z.--E’ffect of Catalysts. 

The form of apparatus used was the same as that described in the 
earlier work (Trans., 1910, 97, 500). The hydrogen was purified 
by filterin? through a palladium tube (Zoc. cit., p. 502). The only 
part of the apparatus to be subjected to a high temperature was 
the carbon. Temperatnre readings were made, as before, by means 
of the Wanner optical pyrometer, which was first carefully 
calibrated. 

Analysis of Gas.-In the samples in which acetylene was absent, 
the gas was withdrawn from the apparatus, stored over glycerol 
and water, and analysed by taking from 1000 to 1600 C.C. and 
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1798 PRING AND FAIRLIE: THE SYNTHESIS OF 

removing the excess of hydrogen with palladium foil, until the 
volume was reduced to 35-50 C.C. 

After removal of the citrbon monoxide, a fractional combustion 
of the hydrogen was brought about by mixing the gas with an excm 
of oxygen, and passing through a U-tube containing palladium 
black, and maintained at 80-10O0 in a small water-bath (compare 
Hempel, Gas Anu,lysis, 1906, p. 178). After complete removal of 
the hydrogen in this way, the remaining mixture wit8 ignited by a 
spark, and the contraction measured. The carbon dioxide formed 
was then removed by potassium hydroxide. By noticing the r&o 
between the contraction after ignition and the carbon dioxide 
formed, the saturated hydrocarbon was always identified as 
methane, for which the above ratio was always found to  be 2 : l  
(with ethane this would be 24 : 2, and with propane 1 : 1). 

For a satisfactory analysis of the gases obtained in experiments 
where unsa;turated hydrocarbons were present, it was found neces- 
mry t o  make an examination of the methods available for the 
separation of acetylene and ethylene. 

Use of ArnononlacaJ Sduer Nitrate.-By taking a mixture of 
acetylene and hydrogen it was found that, provided the reagent was 
fresh, the whole of the former was absorbed by a concentrated 
eolution of ammoniacal silver nitrate, after shaking for three 
minutea. 

35.5 C.C. of pure ethylene were shaken with the same reagent. 
The absorption after three minutes amounted to  7-63 c.c., asd after 
another three minutes’ treatment slr further 2.5 C.C. was absorbed. 

Bromine water containing an e x c w  of bromine waa found com- 
pletely to  absorb acetylene and ethylene, if shaken, after three 
minutes. No means of absorbing acetylene without affecting the 
ethylene was found. Ammonia4  silver nitrate was used, with 
which the absorption of the acetylene was complete, and that of the 
ethylene assumed to amount to one-quarter to  onefifth of the total 
quantity present. The remainder of the ethylene was absorbed by 
treating the gas with bromine water, followed by potassium 
hydroxide solution. The hydrogen and methane were then estimated 
as described above. 

Purification of Carbon.-The carbon, in the form of a rod, usually 
4 mm. in diameter and ahout 8 cm. long, was purified by heating 
in chlorine to  about 1400O for one to t w o  hours in a vessel similar 
to the reaction vessel, but in which the brass water-cooled 
holders were previously coated with shellac. This form of apparatus 
is specially suited for this purification, as the chlorides formed from 
the impurities distil rapidly away, and condense in the cold parts of 
the apparatus. The vessel was always evacuated, and refilled with 
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FEY DROCARBONS AT HIGH TEMPERATURES. 1799 

chlorine several times while the heating was continued. The carbon 
was then heated in hydrogen in thB same manner for the same time, 
the apparatus being frequently exhausted to a low pressure. After 
transferring to the reaction vesael (Zoc. cit . ,  p. 501), the carbon waa 
heated for two to three hours, to about 120O0, a t  the low pressure 
of about 0.01 mm. In this way, the ash content of the carbon waa 
usually reduced to below 0.1 per #cent., and the hydrogen below 
0.01 per cent. In the case of the carbon rods which were used in 
presence of platinum or pailadium aa a catalys6, these metals, ta 
the amount of about 0.2 gram, were coated on the carbon, by 
electrodeposition, after the treatment in chlorine. The order of the 
experimenh has been carefully noted in the results below to show 
in some cmes the 

Carbon 

Order of 
experiment. 

1. 
2. 

effect of continued use of the same carbon. 

Use of Platinum as a Catalyst. 
coated with Platinum. 4 mm. x 11 cm. 

Product. 
7'- 

Duration. (approx.)' Per cent. 
Temp. CO. CH,. 

12 hrs. 1250" 0'09 0.522 
3* 9 )  1150 0-11 0-702 

Carbon coated with Palladium. No. 1. 5 mm. x 11.2 cm. 
1. 12 hrs. 1175" 0 -08 0.630 
2. ?J hr. 1400 0-222 0.328 

1. la hrs. 1320" 0.08 0.498 
Carbon coated with Palladium. No. 2. 5 mm. x 5.5 cm. 

2. 3 9 9  1450 0.56 0'212 

Carbon. coated with Silicon.-The rod (5 mm. x 9 cm.) was coated 
with aa even deposit of silicon by heating in an atmosphere of 
hydrogen and silicon tetrachloride, a t  about 1700°, for twenty 
minutes under conditions which have been determined by one of 
us, in conjunction with W. Fielding (Trans., 1909, 95, 1497). 

- 

Product. 

Order of Dura- Temp. CO. CH,. C,H,. C,H,. 

1. 14hrs. 1225" 0.004 0,218 - - 
2. 1 hr. 1600 0-56 0'286 0.00lS-t. - 
3. 35 mino. 1710 0-02 0.467 0.95 ? 

The above resulk show that there is no appreciable difference 
between platinum and palladium in their influence as catalysts in 
assisting the reaction, and that silicon has no appreciable catalytic 
effect. The results obtained with platinum are in complete 
agreement with those found in the earlier work (Zoc. cit., p. 510). 

* Not corrected for departure from "black body" radiation from the coated 
surf'we. j. Estimated colorimetrically. 

experiment. tion. (approx. )* Per cent. 
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1800 PRINGC AND FAIRLIE: THE SYNTHESIS OF 

Part II.-I!nfluence of an Electric Field Surrounding the Heated 
carbon. 

A t  the suggestion of Mr. R. E. Slade, a number of experiments 
were carried out to ascertain if any influence is exerted by ionis* 
tion from the carbon on the formation of methane. A cylinder 
of fine platinum gauze, 8 cm. long and 2 cm. in diameter, was 
taken (Fig. 1). A rectangular opening ir the middle 1 cm. x 0.6 cm. 
was made to allow an uninterrupted view of the rod by the 
pyrometer. Thin tubes of fused silica were inserted at  S S  to  
prevent contact of t h s  platinum with the brass tubes. A wire at 
I;V enabled electrical contact to be made with the cylinder S. The 
whole of this was then mounted in the reaction vessel by sliding 
through the sidetubes, and the wire 147 allowed to emerge through 

FIG. 1. 

the neck at the bottom, where an air-tight joint was made by means 
of wax. In this way, a' difference of potential could be applied 
between the heated rod and the surrounding cylinder by means of 
a circuit C, which is independent of the one used for heating the 
rod. A difference of potential of from 200 to 400 volts in either 
direction could thus be maintained, and the ionisation current 
measured by using a milliammeter in the circuit. 

With a carbon rod 9 cm. long and 5 mm. in diameter, heated 
in an atmosphere of hydrogen, the following values were found for 
the ionisation current: 

Ionisation current when field on gauze was 

+ 200 to 300 - 200 t o  -300 
Temp. milliamps. milliitmps. 
1200" 0.02 - 
1550 0.88 0.07 
1625 1 '20 0'08 
1720 - 0.11 
1845 5-0 - 
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HYDROCARBONS AT HIGH TEMPERATURES. 1801 

The current produced when the platinum wits negatively charged 
must have arisen from the negative ionisation of this metal, 
which became heated by radiation from the carbon, as subsequent 
work on the ionisation from carbon at high temperatures has shown 
that no measurable amount of positive ions are produced at any 
temperature below 2000°. 

Rod N o .  1.-Amorphous carbon, 9 cm. x 5 mm., purified as 
described above (p. 1800.) 

Order Product. 
of Charge on I 

experi- platinum CO. CH,. C2Hp C,H,. 
ment. Duration. Temp. cylinder. Per cent. 
1. 3 hrs. 1330" f210 0.5 0.212 - - 

1330 -375 0.14 0.200 - - 2. 24 9 9  

3. 1 hr. 1560 $360 0.62 0.260 - 

c 
\ 

- 

Rod No.  2.-Partly purified by heating in a high vacuum for 
three hours at 1200O. 

1. 8 mins. 1850" +210 1'6 1-46 0.43 0'90 

The rod was afterwards analysd, and found to contain 0.32 per 
cent. of ash. 

Rod No.  S.-Partly purified by heating electrically in chlorine 
for fifteen minutes at about 1200°, and then in hydrogen, and, after 
mounting in reaction veasel, heating in a high vacuum for four 
hours to about 1200O. 

1. 12 mins. 1850" -200 2.5 1.01 0.60 0.50 

Rod No.  4.-Not purified. 5 mm. x 8 cm. 

1. 12 mins. 1850" +210 2.1 0.57 0.40 0.32 

Rod No. 5.-Not purified. 4 mm. x 8 cm. 

1. 74 mins. 1825" -220 5.0 0.69 0.50 '1 

Rod No. 6 . 4  mm. x 7 cm. Purified by heating in chlorine for 
fifteen minutes, then in hydrogen for the same time, and finally 
in a vacuum for an hour. 

1. 5 mins. 1900" +220 4.2 0-50 1.05 ?1 

Rod No. 7.-5 mm. x 7 cm. Purified by heating electrically in 
hydrogen at 1600-1700O for three hours with occasional 
exhaustions. 
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1802 

Order 
of 

experi- 
ment. 

1. 
2. 

3. 

4. 
5. 
6. 
7. 
8. 

PRINO AND 

Dura- 
tion. Temp. 

30 rnins. 1560" 
30 7 )  1680 

30 ,, 1650 

30 ,, 1550 
30 ,, 1580 
70 1525 
34 his. 1215 
3 $ 9  1230 

FAIRLIE: THE SYNTHESIS OF 

Charge on 
platinum 
cylinder. 
- 200 
- 200 

+ 200 

+ 200 
- 190 
- 195 
- 220 
3- 340 

Product. 

CO. CH4. CzHp C2H4. 
Per cent. 

0.24 0.243 - - 
0.50 z trace T 

0.05 0.220 trace ? 

? <0.005 0.180 - 
9 <0'003 0.182 - 
? <0'003 0.180 - 

t0.003 0-188 - - 
0'01 0.201 - - 

A c \ 

(o-oor%) 
(0'001 %) 

A t  the end of this series the carbon rod was analysed, and found 
to contain 0'05 per cent. of ash. 

The formation of. acetylene a t  1650O and 1680O was detected by 
passing a large quantity of the gas through a small washing spiral 
containing ammoniacal cuprous chloride, by which method the 
presence of 0.001 per cent. of acetylene can be shown. In this way 
it was possible t o  detect the acetylene formed a t  a temperature about 
looo below that  previously found. 

The above experiments, in which long-continued use wa8 made of 
the same carbon, show clearly that  ionisation by the carbon makes 
no difference to the yield of methane. The qumtity of methane 
obtained a t  1525-1550°, namely, 0.180 per cent., is in agreement 
with the results obtained in earlier work (Trans., 1910, 97, 510). 

A t  the lower temperatures, 1215-1330°, where the reaction has 
been found to be so slow, sufficient time was not allowed for the 
formation of methane to reach its maximum value, bat &he above 
experiments prove that the ionisation of carbon has no effect on 
the rate at which methane is formed. 

Part III.-netection of Hydrocarbons formed as Intermediate 
Compounds, or in very 8rnaZJ quantities, b y  conthztously C ~ T C U -  

latiny the gas through the reaction vessel at different pressures, 
and then at atmospheric pressure through charcoal at -18QO. 

The reaction vessel was similar to the one previously used, but 
of smaller capacity. The globe S (Fig. 2) was 13 cm., and the 
side-tub= 1.3 cm. in diameter. The water-cooled brass tubes fitting 
into these were 1 cm. in diameter. Graphite plugs were inserted 
in the sealed brassl tubes as usual, and aa amorphous carbon rod of 
3 or 4 mm. diameter and 7 to 8 cm. long was fitted. 

The pressure of gas inside the apparatus wae indicated by the 
mercury gauge V and the vacuum gauge 0. The vessel was 
exhausted tol a fraction of a millimetre by means of a Sprengel 
automatic mercury pump connected to P. The vessel was filled 
with pure hydrogen, which entered at B, after passing through a 
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HYDROCARBONS AT HIGH TEMPERATURES. 1803 

heated palladium tube. The large Topler pump T, fitted with a, 
drying bulb F, enabled gas to be quickly removed from the reaction 
vessel at any pressure, and passed into the reservoir R, where, by 
regulating the height of the mercury K ,  the pressure w a ~  usually 
adjusted to be a little above atmospheric. By then turning and 
carefully regulating the tap L, the hydrogen could be slowly 
re-admitted into the reaction vessel, after passing through the tube 
C containing cocoanut charcoal, which was kept immersed in liquid 
air. It was, of course, first necessary to saturate the charcoal with 

FIG. 2. 

hydrogen, a large quantity of which is absorbed at atmospheric 
premure. A very rapid circulation of gas and removal of absorbable 
constituents could thus be carried out at different gaseous pressures 
in S. However, since this absorption is probably not complete, the 
method cannot be applied for precise quantitative rmults. 

I n  many of the experiments, the operation of the Topler pump 
waa made mechanical by the use of a motor and pulley for raising 
and lowering the reservoir B. In this way a steady and known 
rate of circulation could be kept up for several hours. 
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1804 PRING: AND FAIRLIE : THE SYNTHESIS OF 

E’ractioml Sepuration of Hydrocarbons b y A bsorption with Charcoal 
at Low Temperatures. 

It was found that  if methane and acetylene, together with a 
large excess of hydrogen, are absorbed in charcoal cooled by liquid 
air (- 190° to - M O O ) ,  and if  the liquid air is then replaced by a 
mixture of ether and carbon dioxide ( - SO0) and the gas withdrawn 
from the charcoal until the pressure is reduced to 3 mm., then 
nearly all the hydrogen is given off, about one-third of the methane 
(b. p. -160°), and only a trace of the acetylene (b. p. - 8 5 O ) .  On 
removing the ether and carbon dioxide, the remaining gases, con- 
sisting of hydrogen, methane, acetylene, ethylene, carbon monoxide, 
and dioxide, could then be removed by the Sprengel pump. The 
last traces of acetylene and ethylene could only be removed, 
however, by warming the charcoal for some time in a high vacuum. 

Reaction betweelt Unsaturated Nydrocarbons and Hydrogen when 
A b sorb ed in Charcoal. 

It is well known that  chaircoal, by condensing, has the power of 
bringing about reactions between gases which do not take place 
under ordinary conditions, and it became consequentlly necessary 
to  ascertain if  any influence of this kind is exerted on acetylene or 
ethylene when in presence of hydrogen. 

I n  the use of charcoal for dealing with gaseous carbon compounds, 
an obstacle which is encountered is due to the difEculty of entirely 
removing such compounds as carbon dioxide, water vapour, and 
other readily condensable gases from the charcoal, small quantities 
of such gases constantly reappearing during future use of the 
charcoal. The charcoal used in these experiments was prepared by 
carefully carbonising cocoanut shell, which was then granulated, 
and a small quantity placed in a glass tube. This ww exhausted 
for four or  five days with a Sprengel pump, and the charcoal heated 
from time t o  time with a Bunsen flame. Hydrogen wm then 
admitted several times, in’ some cases after cooling the charcoal by 
liquid air, and then pumped off until a high vacuum was obtained. 
After treating in this manner, some hydrogen was admitted, with- 
drawn after warming the charcoal, and, on analysis, still found 
to contain 1 C.C. of carbon dioxide. 

A number of experimenb were carried out, in which mixtures of 
acetylene or ethylene and hydrogen were left in contact with 
cocoanut charcoal at different temperatures. The reaction between 
these unsaturated hydrocarbons and oxygen was investigated in a 
similar manner. The results showed that  the reaction between 
acetylene and hydrogen, when occluded in charcoal and heated at 
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HYDROCARBONS AT HIGH TEMPERATURES. 1805 

100-200°, leads to  the formation of ethylene in quantities not 
exceeding about 2 per cent., and an amount of methane which is 
smaller than this. 

I n  presence of oxygen, acetylene and ethylehe ar0 partly oxidised 
at about 300c, but only slightly, if a t  all, at room temperatures. 
Exact measurementis of the m o u n t  of carbon dioxide present when 
only in small quantities was prevented by the difficulty of com- 
pletely removing this gas from the charcoal after each experiment. 
Tho results show that  carefully purified cocoanut c h a m 1  can, 
without appreciable error, be used for the fractional separation of 
hydrocarbons in presence of hydrogen. 

After these preliminary experiments, use was made of the c i r c u b  
tion apparatus described above, and shown in Fig. 2. I f  the inter- 
mediate formation of acetylene or any other stable hydrocarbon 
tak- any part  in the yield of methane, then by continuously 
circulating the gases through the reaction vessel and through the 
cold charcoal tube, any such compounds will be partly or entirely 
condensed, and after a sufEcient quantity has collected, can be 
removed and analysed in  the usual manner. 

Experiments were, in this way, carried out a t  various pressures. 
I f  acetylene plays any part in the reaction, it follows that by 
working a t  a lower pressure the ratio of the less condensed molecule 
acetylene to  the more condensed methane will be higher than at a 
higher pressur,e. The precjsure of gas in the reservoir R (Fig. 2) 
and in the charcoal ww usually higher than atmospheric, to enable 
more efficient condensation, and to obviate leaks through the rubber 
stoppers at the base of the reservoir. 

Purification of Charcoal.-In order to remove the last traces of 
acetylene from the freshly prepared charcoal, it wm found necessary 
to exhaust to the lowest possible pressure for a period of several 
days, occasionally heating and admitting hydrogen. It is probably 
not at all possible to remove all the water vapour and denser hydro- 
carbons. After the purification treatment, none of the latter were 
evolved, however, with the gases during subsequent experiments, so 
that their presence did not, interfere with the measurements. 

I n  the experimenta of this series, very particular precautions were 
taken to  obtain the carbon in the purest condition. In addition to 
the usual preliminary purification, only carbon was taken which had 
been used for a long interval in previous experiments, where it had 
undergone prolonged heating in hydrogen. 

The experiment below is described in some detail, as it is typical 
of the remainder in this series. 

Expt.  1.-The carbon rod (7 cm. x 4 mm.), which had been coated 
with platinum, was heated for five and achalf hours at 1400O in 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
11

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
id

ad
 A

ut
on

om
a 

de
 C

oa
hu

ila
 o

n 
4/

21
/2

01
9 

10
:4

4:
22

 A
M

. 
View Article Online

http://dx.doi.org/10.1039/ct9119901796


1806 PRTWG AND FAIRLIE: THE SYNTHESIS OF 

hydrogen at a presrsare of 12 t3 14 cm. The preesure of gw in the 
mercury r-rvoir (22) w m  kept a t  74 m. (in a11 subsequent experi- 
ments this was kept at 77 cm.). The speed of circulation of the 
gas was arranged so that the volume in the vessel was renewed 
every two minutes. The total volume of gas circulated through the 
charcoaJ srnd measured at N.T.P. was estimated a t  38 Iitres. A 
quantity of hydrogen was the2 removed from the charcoal while 
still at - 180°, until the pressure was reduced to 2 cm. The liquid 
air around the charcoal WM then replaced by ether and carbon 
dioxide a t  -SO3, and 720 C.C. of gas removed, which reduced the 
pressure to about 1 cm. Most of the hydrogen was removed from 
this gas by condensing with palladium foil, and the residue fmnd 
to ooatain 6-23 C.C. of methane and 2-10 C.C. of carbon monoxide. 
After warming the tube to room temperature, 22.5 C.C. more gas were 
withdrawn (the last portions being obtained by warming to about 
200O) .  This last sample wm found to contain 1-15 C.C. of ethylene, 
0.72 C.C. of carbon monoxide, and 3-95 C.C. of methane, and no 
other hydrmarbon. The total gas condensed therefore contained : 

CH,, 10.18 c.c., or 0,026 per cent. of whole. 
C,H,, 1-15 c.c., ,, 0.003 ,, ?, 

CO, 2.85 c.c., ,, 0.007 ,, ?? 

The experiments in this series can be represented in tabular form 
as folIows: 

Total 
volume 

Duration of gas 
of circulated Percentage composition of gas. 

experi- (litres r A \ 

ment. N.T.P.). CH,. CaH,. C,H, CO. 

No. of Temp. Pressure 
experi- of of gas 
inent. carbon. (cm.). 
4. 1200" 7-30 
2. 1225 50-60 
1. 1400 12-14 
3. 1400 10-26 
5. 1650 7-30 
6. 1800 76 
Experiments 2 and 

4 hrs. 26 0.049 0*0005 nil. 0.01 
04 ,, 80 0.010 0-00014 nil. 0.04 

0.026 0.003 nil. -- f' :! 0'039 0.002 nil. - 
14 ,, 10 0*1104 0'0025 0'012 - 
7 mins. 2.6 - 0.052 0.024 0'11 

6 were conducted with pure carbon, and the 
others with platinum coated rods. In Noe. 3 to 5, the same carbon 
rod waa used. 

Blank E~~eTiments.-Experiments were made to ascertain the 
extent to which impurities in any part of the apparatus, such as 
vapours from tap grease or wax, might have contributed to the 
hydrocarbon formation in any of the present work. For this 
purpm, use was made of a platinum strip, instead of carbon, and it 
complete experiment carr ied .through, as in part I11 above, and 
another aa in part I. It was found in both cases that the amount 
of methane wa8 less than 5 per cent. of that obtained when using 
cairbon under the same conditions. 
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HYDROCARBONS AT HIGH TEMPERATURES. 1807 

Part IV.-Rate of Reaction of Acetylene CMtdE EthyEelte with 
Hydrogen, and rute of Decomposition of Methane at various 
temperatures. 

In  the present work, which extends some preliminary measure- 
men& already made by one of us (Trans., 1910, 07, 508), a simple 
means w w  devised to follow continuously the course of the reaction 
between acetylene and hydrogen, and the measurements were 
extended to the reaction between ethylene and hydrogen. The 
rate of decomposition of the methane formed into carbon and 
hydrogen could also be observed. 

Apparatus.-A porcelain tube of 2 cm. internal diameter and 
60 m i .  long wm arranged inside an electrical wire resistance furnace, 
so that  the tube could be heated to any temperature up to 1200°, 
which could be read by means of a thermocouple placed dongside. 
The tube was provided with a manometer, and gasea could be intro- 
duced at one end and removed a t  the other by means of a Topler 
pump, whereby the tube could be exhausted. 

A mixture of the hydrocarbon and hydrogen could be admitted, 
and in virtue of the volume change, the reaction could be followed 
by the change of pressure indicated by the manometer. Accurate 
measuxements could thus be made of the relative rates of the forma- 
tion oi methane from hydrogen and acetylene, or ethylene, and of 
its decomposition; thus, in the case of acetylene and hydrogen 
reacting according to the equation C2H2 + 3R2= 2CH4, or 

the methane formed is, in either case, equal to the contraction. 
When all this methane is decomposed, the volume will again assume 
its original value. It was found that this second change, the decom- 
position of methane, wm very slow compared with the firat, 80 that  
the first could be measured independently of the second without 
appr wiab le error. 

The acetylene used was prepared from calcium carbide, and, after 
washing through concentrated potassium hydroxide solution, was 
liquefied by liquid air, redistilled, and then collected over a heavy 
oil in a gas-holder. A sample of the gas was analysed, and found 
t o  contain 95-5 per cent. of acetylene. This and another holder 
filled with hydrogen were placed in connexion with the porcelain 
tube, arid, after exhamt.ing, either gas could be admitted to the 
heated tube and the volume ascertained by reading the manometer. 

The temperature of the tube wits kept constant to  within about 
loo throughout the experiment. 

The pressure at first was always atmmpheric, and the course of 
the reaction could be followed by the rise of mercury in the mane  

C2HZ + H,=C'+ CH,, 
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1808 PRINQ AND FAIRLIE : THE SYNTHESIS OF 

meter. 
submitted to analysis. 

After a; definite period, the remaining gas was removed and 

Expt. 1.-Temperature 720O. C2H,=21 ; H2= 79.-% 
Time (mins.) . ....... 0 5 8 13 16 IS  21 
Pressure(mm.) ...... 760 717 702 686 6 i 7  672 668 

Final composition of gas, C,H2 = 9-5 ; C,H, = 2-0 ; CH, = 10.0. 
Contraction = 12 per cent. 

Expt. 2.-Temperature 980O. C2H, = 26.7 ; H, = 73.3. 
Time (mins.) ...... 0 1 2 3 6 17 28 36 40 
Pressure(mm.) ... 760 733 725 718 703 682 682 683 683.5 

Final composition of gas, C,H2-3*08; C,H4=0*56; CH4=11*9; 
CO =2-9. Contraction= 10.1 per cent. 

Expt. 3.-Temperature 745O. C2H2 =24*8 ; H, = 75.2. 
Time (mins.) ...... 0 1 8 6 10 16 25 40 143 183 188 283 
Pressure(mm.) ... 760 747 730 714 697 680 662 648 613 610 610 607 

Final composition, C2Hz= 1.91 ; CzH4 = 1.0 ; CH4= 16.9 ; CO = 0.8. 

No other hydrocarbons but  the above were found in any of these 

Reaction between Ethylene nnd Hydrogen.-Thie was investi- 

The ethylene used for this purpose was of 98 per cant. purity. 

Contraction = 20 per cent. 

experiments. 

gated in the same manner as above. 

Ezp t .  1.-Temperature 860°. C2H,=32; H,= 68. 

Time (min.) ...... 0 2 3 4 8 12 18 28 32 40 
Pressure(mm.) ... 760 742 739 735 722 711 707 703 702 702 

Final composition, C2H2, niL ; C2H4 = 8% ; CH, = 8-3 ; GO = 4-5. 
Contraction = 7.6 per cent. 

Expt. 2.-Temperature 1000°. C2H4 = 32 ; H, = 68, 
Time (mins.) ......... 0 3 10 20 30 40 50 60 70 80 90 100 110 
Pressure (mm.) ...... 760 733 714 710 711 714 715 716 718 718 719 720 721 

Final cornposition, Cb2H2, nil ; C2H4 = 3.5 ; CH, = 12.3 ; CO = 3.6. 
Contraction = 5.5 per cent. 

These results show that  a t  temperatures between 700° and 900° 
acetylene reacts with hydrogen to give methane and ethylene. The 
amount of methane formed, as ascertained by analysis, was found 

* The composition of the gases is given i n  percentages. 
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HYDROCARBONS AT HIGH TEMPERATURES. 1809 

to correspond approximately with the contraction, as would follow 
from either of the rwctiona below: 

(a) C2H2 + & = CH, + C, 
( 6 )  C2H2 + 3% = 2CH4. 

The amount of methane formed, however, was always considerably 
less than the loss of acetylene. This loss could not have arisen from 
the decomposition of the methane a t  first formed, as this reaction 
was found to be extremely slow, even when large quantities of 
methane were present. Consequently, even assuming all the 
methane to have been formed according to equation (a), some of 
the acetylene must have undergone decomposition according to the 
equation C2H2 = 2C + H2, and a similar decomposition with the 
ethylene (compare Bone and Coward, Trans., 1908, 93,1197). 

It is also seen from these results that, in the form of apparatus 
used, in which ab-out one-half of the total volume of gas was heated 
to the particular temperature, the decomposition of acetylene in 
presence of hydrogen into methane and into carbon and hydrogen 
takes place a t  720° to the extent of onehalf in about twenty 
minutes. A t  980° seven-eighths is similarly decomposed in forty 
minutes. The reaction between ethylene and hydrogen also takes 
place at about the same rate. The decomposition of methane into 
carbon and hydrogen, on the other hand, was too slow to be measured. 

It follows from these measurements that  in the experiments made 
on the synthesis of hydrocarbons by the circulation method 
(p. 1802) a t  temperatures below 1200-1300°, the acetylene or 
ethylene would be separated largely as such. Sufficient time had 
not been allowed for the formation of the quantities of methane 
obtained from the observed amounts of ethylene and acetylene. 
Consequently, most of the methane which was formed in these 
cases, and which was always largely in excess of the other hydro- 
carbons, must have arisen directly from the elements, or else 
through the intermediate formation of some hydrocarbon a t  present 
unknown. 

At the higher temperatures of 1500O and upwards, the ethylene 
present would certainly account for most of the methane observed. 

These results further show that the presence of ethylene will play 
a very large part in thwe experiments in which hydrogen was left 
in contact with the heated carbon over a long interval, even at 1200O 
(parts I and 11). The amount of methane, on account of its com- 
paratively great stability, would be raised above the quilibrium 
quantity at the temperature of the rod, on account of the polymer- 
isation of the t<races of ethylene formed with hydrogen in the coder 
parts of the vessel. 

The formation of methane from acetylene and hydrogen as con- 
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1810 SYNTHESIS OF HYDKOCARBONS AT HIGH TEMPERATURES. 

ducted with the heated porcelain tube is an interesting example 
of an intermediate product arising in quantities much larger than 
are permanently stable a t  the particular temperatures used. 

The above work, which has demonstrated the synthesis of methane 
and also of ethylene at temperatures from 1200° upwards, still 
leaves undecided the question of the equilibrium between methane 
and hydrogen, and shows that this cannot be ascertained in the 
form of apparatus hitherto used. 

Berthelot, using a method in which the whole of the reacting 
substances were a t  a uniform temperature, could detect no hydre  
carbons a t  120O-13OO0, but the porosity of the vessel probably 
led to their oxidation. 

Summary of Results and Conclusiom. 

The reaction between carbon and hydrogen has been investigated 
by quickly removing the products from the neighbourhood of the 
heated carbon, and circulating the gas in large quantities through 
charcoal cooled by liquid air. Any traces of hydrocarbons were 
thus retained in the charcoal by condensation, and afterwards 
analysed. At a temperatixre of 1200°, and at pressures from 
10 to  63 cm., carbon was found to combine with hydrogen to  give 
methane and ethylene, the rate of formation of the latter being 
about IjlOOth that of the methane. The amount of acetylene 
formed at this temperature is very much less, and could not be 
detected. 

Measurements which were made oP the rate at which acetylene 
and ethylene react with hydrogen to give methane, show that  the 
amount of the latter hydrocarbon formed in these circulation 
experiments could not all be attributed to the initial formation of 
ethylene. A t  higher temperatures the ratio of ethylene to methane 
increased, at 1400O the amounts found being in the proportion of 
1 to  10, I n  this cam the amount of methane formed from ethylene 
would, of course, be much greater than at 1200O. 

A t  1650O methane, ethylene, and acetylene are obtained, and, as 
a t  higher temperatureg, the quantity of ethylene formed is about 
twice that of the acetylene. 

Palladium in contact with the carbon was found to assist 
catalytically the formation of methane to the same degree as 
platinum, whilst silicon had no appreciable effect. 

It was found that the presence of a highly charged electric field 
surrounding the carbon made no difference to the rate of formation 
of methane a t  temperatures between 1200O and 1600°, so that  no 
complication is produced in the reaction by ionisation from heated 
carbon. It is conceivable, however, that  a disturbance might have 
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CHAPMAN AND JONES : DECOlHPOSITION OF DRY OZONE. 1811 

been c a d  by carbon vapour distilling from the rod and reading 
in the cooler parts of the vessel, or minute particla of carbon are 
possibly dispersed from the rod and ad similarly. 

The formation of ethylene which has not before been observed, 
nor suspected at these low temperatures, hm, in this work, been 
detected at  1200°, and a t  1400° it is comparable with the metham 
formed. The equilibria between the different hydrocarbons and 
hydrogen are now being investigated by the use of high gaseous 
pressures. 

Par t  of the incidental expenses of this research have been borne 
by a grant from the Research Fund of the Chemical Society. 

ELECTRO-CHEMIUAL LABORATORY, 
THE UNIVERSITY, MAITCHESTER. 
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