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The ether has hitherto been considered to be stable to chemical reagents
and to heat.? But the nature of the ether has not yet been made clear, as
the chemistry of ether has advanced little. Recently S. Komatsu and his
co-workers are exploiting the field of the chemistry.® The writer made
some experiments on the thermal decomposition of aliphatic aleohols,®
concluding that the alcohols are decomposed into corresponding olefines
through the stages of the corresponding ethers: R.CH.OH — (R.CH2):0 +
H:0 — R’:CH.+H:0. For introducing the conclusion, the writer proved
that the corresponding ethers were formed and that the thermal effects of
ether-formation were always larger than those of other possible cases.

It will however be proper to discuss the problem with the result of the
thermal decomposition of the corresponding ethers under the same con-
ditions. On one side for above purpose and on the other for obtaining
some data for making clear the nature of the ether, especially for getting
some idea on the affinity of alkyl groups to oxygen, the writer made the
present experiments as works on the field are found scarcely in the
chemical literature.

In 1835, J. Liebig® observed that ethyl ether was decomposed into
aldehyde, a burnable gas and water when its vapour was passed through a
heated glass tube filled with glass pieces and the formation of acetylene in
the reaction was also observed.® W. Tischtschenko® reported that the
ether was mainly decomposed into aldehyde and paraffines when heated
at high temperature, unsaturated hydrocarbons, carbon monoxide and
hydrogen being also produced. On passing ethyl ether through a tube
filled with pumice or a mixture of pumice and zinc dust at about 500°,
Nef® observed the formation of ethylene, carbon monoxide, hydrogen,
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methane and ethene with a small amount of acet- and eroton-aldehydes
Under high temperature and pressure, ethyl ether was decomposed into
ethylene and water in the presence of iron and alumina®; the same de-
composition occurred at 200-300° in contact with alumina.? When ethyl
ether was passed through a heated platinum tube, the principal change was
the formation of ethane and acetaldehyde accompanied by ethylene and
water®, But ethyl ether in gaseous state, when heated at about 500° in a
silica bulb without catalyst, did not decompose according to the formula,
C2H;-0-C:Hs=2C.H,+ H:0, but carbon monoxide separated from the mole-
cule, the net result being thus: CO+2CH;+0.5C;H..® Ethyl ether gave
ethyl alcohol when heated with alumina under ordinary pressure® or when
treated with silicon tetrachloride® or with disilicon hexachloride.®

Propyl ether behaved similar to ethyl ether when heated.® The
thermal decompositions of dimethyl and di-isopropyl ether and some mixed
ethers were studied to some extent.®

As the experimental materials, ethyl, n-propyl, n-butyl, n-amyl and
ethyl-n-butyl ethers and n-amyl alcohol are used for making comparative
studies.

The experiment was conducted under the same conditions, using the
same apparatus and catalyst as in the case of the alcohol. Small grains of
Japanese acid clay are filled into a hard glass tube and dried and activated
at 350-400°. When the temperature of the catalyst attained a desired one,
the sample is gradually dropped into one end of the tube at a definite rate.
It is there evaporated and acted with the clay. The produced liquid and
gas are collected into proper receivers and analysed. The gas is analysed
by ordinary absorption method combining a combustion one for hydrogen
and paraffines. As to the liquid product, water, alcohols, ethers and some-
times aldehydes are estimated by fractional distillation, by combining the
action of toluene, sodamide and others. Aleohols are proved by the forma-
tion of their phenylurethanes or benzoylesters.
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When aliphatic ethers are passed over heated Japanese acid clay, they
are decomposed into corresponding olefines, alcohols and water, small
amounts of aldehydes, gaseous compounds, sometimes of esters and a kind
of petroleum hydrocarbons (at high temperature) being also produced. A
very small amount of free carbon is precipitated on the catalyst, the higher
the temperature, the more the amount of carbon.

The mechanism of the thermal decomposition of aliphatic ethers in the
presence of Japanese acid clay is assumed to be as follows :

R-CH:-CH2-0-CH»-CHz-R = 2R-CH : CHz+ H,0.

Figures on the succeeding pages show the mutual quantitative relations
between the decomposition products at different temperatures from ethyl,
propyl, butyl, amyl and ethyl-butyl ethers and amyl alcohol. That the
ratios of olefines and water produced are almost constant (2:1) at above
ca. 300° and that the yields of olefines from ethers are always larger than
those from corresponding alcohols will explain the above reaction mecha-
nism, i.e., two alkyl groups are split off from oxygen at the same time at
the temperatures.

In the case of ethyl-butyl ether, the decomposition product is a mixture
of ethylene, butylene, ethyl and -butyl alecohols and water, where the
amounts of butylene and ethyl alcohol being larger than those of ethylene
and butyl aleohol. The affinity between butyl proup and oxygen is there-
fore weaker than that between ethyl group and oxygen: CsH;>C,;Ho.

On the formation of alecohols at low temperature, the writer wishes to
assume the following reaction:

R'CHg'CHz'O'CH?CHg'R = R‘CH M CH2+R'CH2'CH2-OH.

As mentioned before, the ether has hitherto been thought as a stable com-
pound ; this conception will be correct in a certain limit, but it will not be
proper to assume it very stable. Not only by the action of acids, but also
even by alkalies, it is decomposed, especially at elevated temperatures.

On the hydrolysis of the ether by acids, some works® have been
recorded, the decomposition product being different according to the tem-
perature, at which the ether is treated :

RX +R'OH,

>
R.O-R"+HX —» ROH+R'X,
™ RX +RX.

(1) R.D. Silva, Ann. chim. phys., [5] 7 (1876), 429; W. Lippert, Ann., 276 (1893), 148; A.
Michael. J. prakt. Chem., [2] 64 (1901), 106, ete.



28 K. Kashima.

As the name indicates, the Japanese acid clay reacts acidic. The liquid
products in the reactions are always acidic. When ethyl, propyl or butyl
ether is heated in a sealed tube at 200-250° with water in the presence of
the clay, corresponding alcohols are produced, the amount being however
small. H. Inoue!” observed the hydrolysis of acetic ester by passing it over
Japanese acid clay at about 200°. And W. Ipatieff® reported the formation
of ethyl alcohol by the thermal decomposition of ethyl ether under the
influence of alumina. A. Skrabal and H. Airoldi® measured the saponifica-
tion constant of ethyl ether under the influence of benzene sulphonic acid
and S. K. Kulkarni Jatkar and H. E. Watson® calculated the equilibrium
constant of the reaction, C.H; O-C.H;s+ H20 = 2C:Hs0H.

From these facts, there is a possibility to suppose that the aleohol is
produced by the hydrolysis of the ether due to the special characteristics
of the clay:

R-CHz'O'CHg'R + H.0 = 2R-CH:0H.

And it will of course be natural to suppose a very small amount of alcohol
present in the liquid produet is formed by the hydrolysis, but the saponifi-
cation constant of Skrabal and Airoldi is only 9x 1075 at 98° and the equili-
brium constant of Jatkar and Watson is 7.3 at 227°. Would the hydrolysis
be permitted, the degree will be very small, while the amount of the
alcohol determined is not-small ; the writer wishes therefore to propose the
above reaction mechanism :

R-CH,-CH»-0-CH-CH2-R = R-CH:CH, + R-CH,-CH,-OH.

As will be seen from the tables and diagrams the clay represents a
special characteristics to the ether, the lower the temperature, the less
the decomposition to the olefines, but larger the prcduction of aleohols. At
above eca. 300°, almost complete decomposition takes place rapidly i.e.,
at high temperature, almost all of the ether is decomposed into olefine
and water.

As in the case of the aleohol, the amounts of the produced olefines
increase with the rise in the reaction temrerature, which is shown in Fig. 1.
At above ca. 300°, the decomposition is extremely promoted. There is
almost no difference between the amounts of the produced olefines according
to the difference of the ether. In the case of ethyl ether, the rate of the
formation of ethylene is slightly less than the cases of other ethers.

(1) Private communication ; cf. this Bulletin, 1 (1926;, 157.
(2) Loec. cit.

(3) Monatsh. f. Chem., 45 (1924), 13.

(4) J. Indian Inst. Sci. [A] 9 (1926), 99 ; Chem. Absir., 21 (1927), 386.
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The double bond of the olefine produced belongs generally to the earbon
atom linked with oxygen:

R.CH:-CH;-0-CH,-CH2-R — R-CH : CHa.

But in the case of butyl ether, butylene is a mixture of «-and B-isomers, the
latter being predominated. And amylene produced from amyl aleohol and
ether is also a mixture of e-compound (CHs-CH,-CH,-CH : CH:) and B-one
(CH;3-CH.-CH : CH-CH3) ; these will be produced by the migration of double
bond by the further action of the heated clay for producing more stable
isomers.

At low temperatures (mainly at 200-250°), corresponding alecohols are
produced, the amount of which decreasing rapidly with the rise of tem-
perature. Ester is produced in the case of ethyl ether, but not distinet in
the cases of other ethers. Aldehyde is produced in small amounts at every
cases. The amounts of carbon monoxide, hydrogen.and aldehyde isolated
are not large, the formation of aldehyde in the reaction will not therefore
be large.

Ethyl Ether. Pure ethyl ether is used after distilling over metallic
sodium, boiling point of which being 35°. The experimental conditions,
decomposition products and the analytical results of the produets are sum-
marised in Tables 1, 2, 8 and 4, and the mutual relations of the main
produets are shown in Figs. 2 and 8.
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Table 1.
Experimental Conditions and Decomposition Products.
[ | Reacti D i Decomposition ..
f Sample te?nacpelt?;- r?t%pé?g products Ethylene| Liquid |
No. gr. ’ ture, sample, | Liqud, Gas. L yl;ld' yLeld
°C. gr./min. gr. as, L. i %
33 3.4 200 0.35 40 11.65 16.4 54.5
34 58.3 200 0.34 28 9.87 18.6 48.0
35 87.1 250 0.34 21 39.09 50.5 24.1
36 104.4 250 0.34 29 36.22 38.4 27.8
37 126.0 250 0.33 32 58.73 53.2 2564
38 117.4 300 0.33 25 61.49 58.8 213
39 118.8 300 0.32 27 i 63.86 55.1 22.7
40 86.4 400 0.34 19 47.57 59.0 22.0
41 104.8 400 0.36 22 56.16 i 62.6 21.0
Table 2.
Composition of the Produced Gas, volume per cent.
. . - I |
No. | Rgaction ‘ CnHm | CO; co 0, Hy, | CnHinss
{ !
33 200 | 825 6.4 0.4 6.8 1.4 2.6
8¢ | 200 ‘ 88.0 2.1 0.2 5.4 2.1 2.2
35 250 | 89.9 3.1 0.2 47 | 1.0 1.1
36 250 88.4 3.6 0.4 3.4 | 1.0 3.2
37 250 91.2 3.1 0.2 2.8 1.0 1.7
38 300 | 897 5.1 © 0.2 2.2 1.0 1.8
39 300 81.9 3.0 0.2 7.3 3.2 4.4
40 400 85.6 1.8 0.4 4.0 3.2 5.0
41 400 93.4 2.4 0.4 | 12 1.4 1.2
Table 3.
Composition of the Produced Liquid, per cent.
No. R;::;t;on | Ether Aleohol Water | Aldehyde | Ester
33 200 61.8 19.8 14.8 0.52 +
31 200 57.5 23.2 14.3 0.43 +
35 250 6.2 25.7 68.1° 0.05 +
36 250 21.7 26.2 44.8 0.66 +
37 250 10.0 20.0 65.6 0.19 +
38 300 2.4 1.2 94,0 0.02 +
39 300 trace 4.1 92.6 0.02 +
40 400 0 0.5 97.4 0.02 -
41 400 | v 0.3 95.5 0.01 -
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being 90-91°.

(1) Ber., 26 (1895,_-2829.
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Table 4.

Yields of the Main Substance, mol per cent.

No. ng’g;fﬂ Ethylene| Ether | Alcohol | Water
33 200 438.4 33.3 17.2 33.3
34 200 49.6 28.0 17.8 28.0
35 250 133.6 1.7 10.2 67.2
36 250 101.5 7.7 12.1 51.1
37 250 140.6 2.4 8.2 68.8
38 300 155.3 0.6 0.4 82.7
39 300 145.4 trace 1.3 89.2
40 400 156.1 0 0.9 88.3
41 400 165.5 0 0.5 82.7

/_Efl:q'.'z_ ne (fromale.) ]

300
Temperature, °C.
Fig. 2.
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n-Propyl Ether. One part of the ether is prepared from n-propyl alcohol
by the method of Kraft® and the other is Eastman’s product. They are
carefully purified by distilling over metallic sodium, boiling point of which .
The experimental conditions, decomposition products and
the analytical results of the products are tabulated in Tables 5, 6, 7, and 8,
and the mutual relations of the main compounds are shown in Figs. 4 and 5.
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Table 5.

Experimental Conditions and Decomposition Produects,

o, | Somple, | temere” | Tl ok _[proprind Ligu
°C.’ gr.{'min,. gr. ' { Gas, L. % %
2 | 460 200 0.31 330 | 2.52 9.2 7.7
43 | 46.0 200 0.81 30.5 4.38 13.9 66.3
4 | 46.0 250 0.81 20.0 10.81 415 43.5
45 | 46.0 250 0.81 20.0 10,99 43.2 43.5
46 | 46.0 300 0.81 8.5 16.49 66.2 18.5
47 | 46.0 300 0.81 8.7 17.52 68.5 18.9
48 | 46.0 350 0.31 8.0 17.98 67.2 17.4
49 | . 46.0 350 0.81 8.4 18.17 70.8 18.3
50 | 46.0 400 0.31 8.0 18.63 73.3 17.4
51 |  46.0 400 0.31 8.5 19.47 5.2 18.5
Table 6.
Composition of the Produced Gas, volume per cent.
No. | Reaction | ¢ Hy | €O, | €O 0. Hy | CoHonss
42 200 89.2 1.0 1.2 3.0 2.7 1.0
43 200 7.4 0.5 0.2 | 25 1.1 0.6
a4 250 94.0 0.6 0.2 2.4 1.3 0.5
45 260 96.2 1.0 0.2 1.4 0.9 0.3
46 300 96.8 0.6 0.4 0.8 1.3 0.1
a7 300 95.8 1.0 0.2 1.0 1.2 0.4
48 350 94,2 0.6 0 1.2 1.8 0.5
49 350 95.4 0.6 0.2 1.4 1.1 0.5
50 400 96.4 0.4 0.2 1.2 1.2 0.4
51 400 94.6 0.8 0.3 1.2 2.0 0.7
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Table 7.
Composition of the Produced Liquid, per cent.
No. Rf:;%?“ Ether | Alcohol | Water |Aldehyde
42 200 74.9 17.6 3.0 0.12
43 200 63.9 18.7 13.1 0.08
44 250 52.0 16.5 25.5 0.24
45 250 52.5 17.0 24.5 0.19
46 300 8.2 2.4 83.5 0.09
47 300 8.1 2.3 86.2 0.09
48 350 3.8 0.3 93.8 0.02
49 350 2.4 0.2 95.2 0.01
60 400 7.5 trace 90.0 0.02
51 400 3.5 trace 94.1 0.01

Table 8.

Yields of the Main Substances, mol per cent.

[ No. Rg:.cmt}i)(.)n Propylene] Ether | Alecohol | Water
42 200 22.2 53.8 21.6 12.4
43 200 33.5 42.4 21.1 49.3 -
44 250 100.8 22.7 12.2 62.9
45 250 104.8 22.9 12.7 60.4
46 300 158.1 1.6 0.7 87.6
47 300 166.3 1.6 0.7 92.7
48 350 167.9 0.7 0.1 92.7
49 350 171.9 0.4 0.1 98.7
50 400 178.1 1.3 trace 83.9
51 400 182.5 0.7 trace 98.7
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n-Butyl Ether. Pure ether of Eastman Kodak Co. is used after distil-
ling over metallic sodium, boiling point of which being 140-141°. The
experimental conditions, decomposition products and the analytical results
of the products are summ?.rised in Tables 9, 10, 11 and 12, and the mutual
relations of the main compounds are diagramed in Figs. 6 and 7.

Table 9.

Experimental Conditions and Decomposition Products.

] . Droppin Decomposition ..
N Sample, I Reaction ] rat%pofg products Butylene | Liquid
0. p i ternpeora.- sample, | Liquid, | yield, yield,
. | ture, °C. gr.)’min,. gr. ’ | Gas, L. % %
52 | 46.0 200 0.31 340 | 351 15.3 73.9
53 46.0 200 0.31 30.0 | 4.95 23.6 65.2
54 42.6 250 0.356 22.0 6.31 33.3 51.8
55 46.0 250 0.31 21.0 9.50 49.6 45.7
56 50.0 300 0.31 13.0 13.01 61.6 26.0
57 46.0 300 0.31 9.0 13.04 67.4 19.6
58 | 44.4 350 0.32 8.0 14.16 78.8 18.0
59 46.0 350 | 031 8.0 13.93 71.2 18.6
60 47.0 400 |+ 0.34 8.0 19.79 83.2 17.0
61 46.0 . 400 0.31 8.0 14.20 723 17.4
62 46.0 450 0.31 | 6.5 14.66 4.7 14.1
| 63 46.0 450 031 | a5 14.93 74.8 14.1
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Table 10.

Composition of the Produced Gas, volume per cent.

No. Rfearfl';j‘“ CnHan | CO, co 0, Hy, | CnHanss
52 200 80.0 1.2 1.0 2.8 2.7 8.2
53 200 87.8 1.6 1.2 2.4 1.5 4.1
54 250 89.7 0.4 0.8 2.0 3.0 41
56 250 95.6 1.8 0.5 0.2 0.8 1.1
56 300 94.5 0 0.4 3.1 0.7 1.3
57 300 95.0 1.4 0.2 1.0 1.0 1.4
58 350 93.7 3.1 0.2 1.0 0.5 1.5
59 350 94.0 0.8 0.4 1.6 0.8 2.4
60 400 78.9 2.8 0.6 2.8 2.6 8.6
61 400 93.6 0.4 0.6 1.8 1.0 2.2
62 450 93.6 0.8 0.6 1.2 1.3 2.6
63 450 92.0 0.6 0.8 1.4 1.5 3.7
Table 11.

Composition of the Produced Liquid, per cent.
No. Rgeargg?“ Ether Alcchol Water Aldehyde
52 200 73.2 15.3 5.9 0.05
53 200 70.0 11.3 8.0 0.06
54 250 4.7 6.4 16.5 0.05
56 250 69.5 13.3 17.1 0.06
56 300 33.8 9.2 52.3 0.04
57 300 35.6 4.4 60.0 0.06
58 350 22.6 1.1 6.0 0.06
59 350 31.8 2.4 65.9 0.05
60 400 12.5 1.3 - 86.3 0.04
61 400 28.5 1.3 70.0 0.04
62 450 23.1 3.1 12.3 0.05
63 450 18.5 3.1 76.9 0.05
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Table 12.

No. RE’:&%‘_’“ Butylene Ether Alcohol Water
52 200 36.8 54.1 19.8 31.4
53 200 53.8 45.6 13.0 37.6
54 250 6.7 24.5 5.8 58.0
b5 250 121.7 81.7 10.8 56.3
56 300 143.2 8.9 4.2 98.2
57 300 165.7 7.1 1.4 84.9
58 350 173.0 4.1 0.3 97.6
59 350 164.2 5.9 0.9 88.0
60 400 191.1 2.2 0.3 95.3
61 400 167.0 5.1 0.3 88.0
62 450 172.6 34 0.9 73.9
63 450 172.6 2.6 0.9 8.7
100
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Fig. 6.
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n-Amyl Ether. Pure ether of Eastman Kodak Co. is purified by dis-
tilling over metallic sodium, boiling point of which being 90-91°. The
experimental conditions, decomposition products and the analytical results
of the produects are tabulated in Tables 13, 14, 15 and 16, and the mutual
relations of the main products are shown in Figs. 8 and 9.

Table 18.
Experimental Conditions and Decomposition Produets.
| . | Droppi Decomposition | . .
Sample, | Reaction ra&p::}g products Amylene | Liquid
No. gr tempera-| .- mple Tiquid yield, yield,
: , ture, °C. .‘ gr.fmin’. | “ar. ’ ) Gas, L. % %
64 45 250 0.3 41.0 0.3 45.3 91.1
65 45 300 0.3 42.0 0.4 67.1 93.3
66 45 350 [ 0.3 42.0 04 | 748 93.3
Table 14.
Composition of the Produced Gas, volume per cent.
No. |Reaction| ¢.H, | co, Cco 0, H, |CoHomss
64 250 0 0.4 1.0 19.6 0 0
65 300 0 0.4 0 19.4 0 0
66 350 0 0 0 20.0 0 0




K. Kashima.

Table 15.
Composition of the Produced Liquid, per cent.
l. .
No. Rf;;i:fm Amylene Ether Aleohol Water | Aldehyde
64 250 49.7 35.4 8.1 6.8 +
65 800 71.9 17.1 2.7 8.8 +
66 | 350 80.1 8.1 0.8 11.0 .
' |
Table 16.
Yields of the Main Substances, mol per cent.
No. Riz‘gg?n Amylene Ether Aleohol Water
64 250 102.2 32.2 13.3 54.7
65 300 162.4 15.9 4.5 68.4
66 350 180.8 7.6 1.4 89.8

Per cent.

10 %
o dedt_|
250 300 350

Temperature, °C.

Fig. 8.

Mol per cent.
[y
8

§

Temperature, °C.

Fig. 9.
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Ethyl-n-Butyl Ether. Pure product of Eastman Kodak Co. is repeatedly
distilled over metallic sodium, boiling point of which being 91-91.5°.
experimental conditions, decomposition products and the analytical results
of the products are summarised in Tables 17, 18, 19 and 20, and the mutual
relations of the main products are shown in Figs. 10 and 11. The ether is
also prepared from n-butyl alecohol and ethyl iodide using sodamide as a
condensing agent, which is a good method for the preparation of the ether

or of similar compounds.

Table 17.

Experimental Conditions and Decomposition Products.

39

The

Sample Reaction Dj’:&pf,‘}gi De;?%%?gm !Et}}ylene Butylene| Liquid
No. | grp > | tempera- sample, | Liquid yl;zld, yi;:id, yifld,
ture, C. gr.fmin'. gr. GaS, Lo /9 Ill (/] /0
67 50 200 0.28 45 1.69 1.4 | 8.6 ‘ 90 0
68| 80 | 250 0.28 27 6.83 19 | 365 \
69_ 70 I 350 0.29 [ 15 % 22.75 20.1 |F 44.5 | 21 4
Table 18.
Composition of the Produced Gas, volume per cent.
T ”Eeactlo . D
No. temp. | CpHp CO, co i 0, H, Cn Honss
67 200 76.4 0.4 1.0 5.0 4.2 6.2
68 260 90.2 3.0 0.4 2.2 2.0 1.2
69 350 E 90.2 sz | 06 1.4 2.4 2.2
!
Table 19.
Composition of the Produced Liquid, per cent.
__________ o !LOW boil- ng_h}:)oﬂ"
Reactlon Ethyl Butyl :
No. Ether Water |Aldehyde|ing frac-| ing frae-
‘ temp. ’ Alcohol ‘ Aleohol ! Yion tion
67 J 200 46.6 ‘ 6.0 | + 26.9 11.1 ‘
68 | 250 24.2 19.3 + 33.0 9.8 |
69 I 350 9.1 1.1 | trace 74,7 + 0.5 14.7 |
o |
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Table 20.

Yields of the Main Substances, mol per cent.

l Reaction Ethvl Butyl
| y
! No. l temp. Ethylene | Butylene| Ether | 5 "% | Jioohol | Water
| 67 E 200 5.0 16.6 41.9 15.5 2.1 30.6
E 68 | 250 28.6 66.5 13.1 11.5 0.8 59.0
l 69 ‘ 350 73.3 80.4 2.0 4.4 trace 95.8
100 ; 1 100 T I
90
80
()
+ § 60
S 5
1 = 50
& 3
= 40

Temperature, °C.

Fig. 10,

n~-Amyl Alcohol. Pure product of Eastman Kodak Co. and of Kahl-
baum is used after distilling over powdered quick lime, boiling point of
which being 137-138°. The experimental conditions, decomposition pro-
ducts and analytical results of the products are summarised in Tables 21,
22, 23 and 24, and the mutual relations of the main products are shown in

Fig. 12.
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On the Thermal Decomposition of Aliphatic Ethers.

Table 21.
Experimental Conditions and Decomposition Produects.
Reaction |Dropping| Decomposition . 4
| oo | Sampe, |tampera:| rataof | products | Amyiene| Liaud
| gr. | o(f’ grr:"’rgm {quuld gr.| Gas, L. % %
70 45 | 260 43.0 0.23 29.5 95.6
71 45 300 [ 425 0.44 64.9 94.4
72 [ 45 350 o 3 | 425 0.36 70.0 94.4
Table 22.
Composition of the-Produced Gas, volume per cent,
No. |Reaction| ¢ g | o, co 0, Hy | CoHypes |
temp. H n 2 i
70 250 0 1.2 0.8 21.1 4.6 0
il 300 14 0.2 2.4 19.5 4.0 0
72 350 5 0.4 Lo | 187 2.6 3.8
Table 23.
Composition of the Produced Liquid, per cent.
No. | Rggcnfl‘;‘fn Amylene f Ether Aleohol | Water Aldehyde
| ——— —
70 250 308 | 62 53.2 9.8 +
7 300 68.7 4.5 81 | 191 +
72 350 74.1 4.0 12| 205 +
Table 24.
Yields of the Main Substances, mol per cent.
[ No. Rﬁ:ﬁf&n Amylene Ether Aleohol W%ter
70 250 37.1 | 3.3 50.8 45.7
71 300 81.6 2.4 2.9 88.1
E 72 350 88.0 2.1 1.1 94.5
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