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Direct Determination of Oxygen in the Organic Compounds
by the Hydrogenation. IIIL. Reduction Mechanism on the
Ni-Thoria Catalyst.

By Kiyoshi MORIKAWA, Toraki KIMOTO, and Ryonosuke ABE.
(Received November 21, 1940.)

In the previous paper the cracking mechanism on the Pt-silica gel
catalyst was elucidated. We are going to examine the reducing reactions
which occur on the Ni-thoria catalyst. Experimental details are found
in the previous papers.

I. Reduction on the Ni-Thoria Catalyst. The CO and CO. which
are produced in the cracking zone at 950°C are reduced on the Ni-thoria
catalyst in the hydrogen stream of about 5 1/hr. '

CO +8He=CH;+ HO ...oovvivven... eees (D)
CO; +4H; =CH( + 2Hz0 ..cvvvvvvrennnnnns (2)
2C0 +2H;=C0, + CH; ...... “esesssasaean 2)

The high partial pressure of water vapour may prefer the reaction
(2’), but in our analytical condition the situation is opposite and, there-
fore, this reaction may be duly discarded.

(1) Reaction Tempe- .
rature and Equilibrium Con-
——  CO.+4H, = CH, + 2H.0 stants. The equilibrium con-
-~=-- (O +3H,=CH.+ H.0 stants of reaction (1) and
(2) decrease as the reaction
temperatures are raised;
therefore, the higher the re-
duction temperatures on
H./CO, = 10 Ni-thoria catalyst, the less
favourable the equilibrium
condition and the tempera-
o SO HifCO=40 ture of 3850°C was found

B/ CO=0N N hyco=10 best suited for our purpose.
450°C__400°C  30°C <z (2) Calculation of Un-
2 25 3 35 reacted Carbon Oxides. The

NS PP r'elations between the reac-

T tion temperatures and un-

reacted carbon oxides are
shown in Fig. 12 for the
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Fig. 12. Relation between Reaction Temperature
and Rate of Reaction.

or CO-_:.
In our analytical conditions the ratio of H. to CO may be around
7.2-12.8 and that of H. to CO. 14.4-25.6 as already been discussed in the
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previous paper. Fig. 12 definitely shows that above 400°C, even if
the equilibrium state is nearly reached, the reduction of CO. may com-
plete with difficulty.

The relations between

0 the logarithm of H./CO or

- —— CO0.+4H. = CH,+2H:0 H./CO. and the unreacted

P N ===~ CO +3H.=CH,+ HO % of carbon oxides are
? - plotted in Fig. 13.
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Fig. 13. Relation between reaction temperatures By . the Sarf"e reason the

and ratio of concentration of reactants. rapid cracking of sample

results in the large partial

pressures of carbon oxides and, therefore, brings the unsatisfactory results.

The slow evaporation or decomposition of the sample is the key of success
in this analysis.

(3) Activity of Ni-Thoria Catalyst. The Ni-catalyst was prepared
after the method of H. S. Taylor and W. W. Russel® and contained 2%
of thoria. The activity of this catalyst was examined by reducing CO.
which was evolved from NaHCO;. The production of CO. exactly followed
the reaction,

2N3.H003 = Nachs + HzO + COz .

The results of table 9 proved that the activity of Ni-catalyst was
quite satisfactory.

Table 9. Reducing activity of Ni-Catalyst.

Sample pure NaHCO;, Hydrogen streaming velocity 4 1/hr.
Calculated : residue 63.19% , H.O 10.72%, CO.

. 26.19% (as H.O, 21.45%) Total H.O 32.17%

| Found

| Exp. Catalyst Sample — cal-Expt.

; H.O0 | CO; (as H.0) ' Residue. JH.0

| No. temp. °C gr. :

| % % % i % %
C—61 295 0.1962 31.96 0 0 i 63.20 —0.21
C—60 315 0.2669 32.22 0.11 0.09 ! 63.58 +0.05
C—58 350 0.2393 32,05 0 0 _ 63.23 —0.12
C—59 350 0.2166 31.90 = 0.28 0.23 | 63.02 —0.27
C—62 400 0.2227 31.61  — — | 6345 —0.56
C—63 400 0.3235 3166 = 0.33 0.27 63.13 —0.51

(5) H. S. Taylor and W. W. Russel, J. Phys. Chem., 29 (1925), 1325.
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(4) Hydrogenation Decomposition of Ethane and Ethylene. The
hydrocarbons higher than methane, i.e. ethane and ethylene, are easily
and completely hydrogenated and decomposed to methane on the Ni-thoria
catalyst® and, therefore, we are not concerned with the behaviour of
these higher hydrocarbons which may be produced in the cracking reac-
tion zone.

(5) FEffects of Water Vapour and Hydrogen Sulphide. The oxida-
tion of Ni-catalyst by the water vapour produced is impossible under the
conditions employed.

Ni + H.S=NiS + H;

NiO + H.S = NiS + H.0

Poisoning effect of H.S on Ni-catalyst is well known and, further-
more, water vapour produced in this reaction is the source of error in this
analysis and, therefore, some device for the removal of H.S prior to the
reduction of carbon oxides is essential and will be discussed in the follow-
ing paper.

II. Decomposition of Native High Molecular Compounds in the
Hydrogen Stream. Saccharose, cellulose, lignin and brown coal of Jara-
hinohl mine (Manchoukuo)

100 ¥ — are decomposed at several

K temperatures in the hydro-
s 8¢ gen stream and the % of
o i oxvgen evolved as the vola-
& 60 - tile oxygen compound is
200 —e— Saccharose (0% 51.45) measured by the method
..; 40 ——+— Cellulose (0% 50.17) developed above. The varia-
S 20' —e— i‘if::_':f:]"““’ (0% 21.15) tion of heating time of
1 T “brown coa) (0% 22.16) the sample between 10-30

Y S S S S S minutes changed the % of
200 300 400 500 600 700 800 900 1000 oxygen found very little.

— Temperature of heating sample, °C Fig. 14 shows that the

Fig. 14. Relation between the Temperature of higher the polymerisation
Heating Sample and % of Oxygen Evolved degree of the sample the
from the High Molecular Compounds. more difficult it is to expel

the oxygen from the sample
and needs the higher temperature.

Table 10 is the classification of oxygen bonds in these samples and
is compared with the results shown in Fig. 14.

It is well known that the initial decomposition of saccharose and
cellulose is the liberation of water and, therefore, hydroxyl bond of
alcoholic type is considered to be most unstable. Stabilities of pyran and
furan rings or oxygen bonds of ether type placed between pyran and
pyran or furan rings coming next; methoxyl bond and benzopyran or ben-
zofuran ring seem to be most stable. Thus this analytical methods of
oxygen in the organic compounds may be well employed for the study of
thermal behaviour of high molecular compounds.

(6) Kiyoshi Morikawa, W.S. Benedict and H. S. Taylor, J. Am. Chem. Soc., 58
(1936), 1795; Kiyoshi Morikawa, N. R. Trenner, and H. S. Taylor, ibid., 59 (1937), 1103.



[Vol. 16, No. T,

232
Table 10. Classification of Oxygen Bonds.
J o Classiﬁ:ation of Oxygen bonds.
i . Benzo- .
Sample found : i Pyran or | Etheric*| Methoxy Dime-
| % A(l)cﬁh;hq furan p}érear:tz:_r thylene
i 0 ’ % % % furan % Oxide %
Saccharose() | 51.43 | 7273 = 18.18 9.09 0 0 0
Cellulose(®) i 50.17 60.00  20.00 20,00 0 0 0
Lignin® | |
(spruce) 27.15 33.10 0 0 30.9 30.1 5.9
Brown coal |
(Jarahinohl) !I 2216 - - - - - -

* Oxygen bond placed between pyran and pyran or furan rings in cellulose or
saccharose.
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