The Review of Physical Chemistry of Japan Vol. 21 No. 1 (1950)

ON THE AIR-OXIDATION OF AMMONIUM SULPHITE
CRYSTALS UNDER ULTRA HIGH PRESSURE.

By Ryo Kivaya, Takao Yavacinoro and Tapasar Makira.

Introduction.

The air-oxidation of ammonium sulphite in an aqueous solution has been
studied by many investigators under ordinary pressure for over a century., Dut,
on the crystal (NH,).50; we have only a few repoits, one of which was reported
by S. 1. Woifkowitsch and D. L. Tzirlin? in 1933, They obseived the oxidation
of crystal (NH,).SO, in air at various temperatures under ordinary pressure, and
found that, at 20°C, 124 9% of (NH).50; was converted into (NIT1).50, in
10 days, at 40°C 59.53 2 being converled in 3 days, and at higher temperatures
the thermal decomposition occured.  Trom their results it is clear that the oxi-
dation of sulphite is very slow at room temperature under ordinary pressure, and
with the rise of temperature the oxidation velocity is increased, but, on account
of the thermal decomposition the amount of oxidation has a limit.

We carried out the oxidation of the crystal (NI1).50; by compressed air
under 500~3,000 kg/cm®, and measured the amount of conversion of sulphite into

sulphate at room temperature.

Experimentals,

(1) The high pressure apparatus and proecdure,

The high pressure apparatus used for the present experiments has already
been repoited®. The samples, which ware kept in a brass case, were placed in
the pressure chamber (Fig. 1)” and compressed by air. The amount of the oxygen
consumed in air is, even if (NT1,).50; is completely oxidized, less than 1 9% of
the amount of oxygen in the pressure chamber, theifore, it is negligible in the
present experiment.  And yet, pressure was applied or released so slowly that

the temperature changes could be neglected during the operations.

1) S L Wollkowitsch and 1. 1. Teirlin, Z, anory, allgen, Chem,, 211, 257 (1933)
D R. Kiyama, 74& fowrnal, 19, 1 (1915)
3) R. Kiyama, and T. Yanagimoto, s fournal, 21, 41 (1951).
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(2) The sample,

As (NS0, was slowly oxidized in air, the sample was prepared for every
measurement. The sample was prepared according to the method of Divers and
Ogawa®. A solution of NH; of sp. gr. 0.880 was treated with SO, while the
flask containing it was kept in a mixture of ice and salt. When the rolution
turned pasty from the deposition of the crystals of (NH,),SO., the introduction of
SO, was stopped, The product. drained on the filter paper, was dried in the

vacuum desiccator with KOH for a day.

About 200 mg of the sample was used for each experiment.

(3) The analytical method.

Mostly, (N11,),S0, was determined by Todometry. According to Raschig®,
the correct results are always obtained when a sulphite solution is added slowly, ;
with constant stirring, to an iodine solution until the latter is decolorized. Then,
a (NI1)SO, solution is added from a buret to the standard solution of lodine
and hydrochloric acid. Simultaneously, the increase in weight due to oxidation,
is accurately measured and is found to agree with the result from Iodometry within
the experimental allowable error. 1f necessary, the total nitrogen is also deter-

mined by the Kjeldahl method.

Experimental results. i

Exp. A: In order to compare with the air-oxidation under high pressure,
the amount of the oxidation of crystal (NH,).SO; under ordinary pressure was

measured. The results observed are shown in Table 1.

Table 1
The air-oxidation of (NTI)5C; under ordinary pressure at 16~20°C
Tn oir In desiccator with KOIL
“Purity of ~ | Amount of T Puril_y_c-)f_rm(-n_f_
(NILWSCy | oxidation | (NHJSO; | oxidation
_ (%) (#9) ¢ | o
Before cxperiment 84 2 =9
After 1 day 2.6 1,90 82,7 1.78
» o 2 days S 2.a7 82.2 2.37
v 4 adays 80. 2 4.%5 79.5 5. 58
 Tdays 745 11.52 6.0 9.74

* Only one day was very wet between the dth and the Tth days.

£) 1. Divers and M. Ogawa, Jf. Chem. Soc., 11, 330 {1900)
B) T. Rasehig, # angre. Ciem., 580 (1904)
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Exp. B: The results of the air-oxidation of crystal (NII,),50; under various
pressures are shown in Table 2.

Table 2
The air-oxidation of (NH )50 under various pressures,
Pressure applied, kgjem? 700 2100 3060
Time kept, hrs, 3 3 3
Room temperature, °C 778.0 7.5 I 10.5
Amount of oxidation from weight (2 | 808 | 10.08 | 98.70
Amount of oxidation from lodometry (24) l 8.10 15. 90 | 98.76

Exp. C: During the measurement of Exp. B. we found a type of (NH,),
SO; which was very stable for oxidation. 1t is shown in Table 3.

Table 3
The n:i&‘intinn of difficultly-osidizable sample of (NH,)}S0s.
Presssure applied, kgfem?® 2040 2700
Time kept, hrs, | 1 3
Room temperature, °C T 9.0 8.5
Amonnt of oxidation from weight (22) | 116 | 7.1
Amount of oxidation from Jodometry (2£) 0.99 1 7.40

As compare with Table 2, the oxidation of sulphite was largely affected according
to the sampling.

Exp. 13: In order to distinguish the difference between the two samples
used in Exp. B and Lxp. C, these samples were simultaneously kept in the
pressure chamber under the same conditions. The results are shown in Table 4.

Table 4

The oxidation of the two samples under the same conditions.

Pressuret 2,970 kgfem®, Times: 3 hrs,, Temp.: 5.1°C,

NITL)WSO04 used in Ni1 used in

Amount of oxidation from

weight (22) 97.20 16.48
Amount of oxidation from i
Todometry (%) 97. 23 16. 52

In the above table we can recognize the difference of the stability for air-
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oxidation between the two samiples.  Thercfore, these samples were accuyrately

analysed and the results arc shown in Table 5.

Table b
Results of analysis of two samples of (NI1E;)S05.
Sample used in Sample used in

Samples Exp. B Exp. €
(NH).504 82.33 25 80-88 25
(NI )S0, 0.42 25 4.75 24
11,0 17.85 o5 14.37 &
Quantity of HsO in mol 114 mol 112 mol

-

As shown in the above table, it is considered that the oxidation velocity is
largely affected by the quantity of the water contained.

Exp. E: In order to observe the effect of repeatedly applying and releas-
ing pressure, both sample used in Exp. ID were simultancously kept in the pressure
chamber for 30 minctes under 350, 1,000 and 2,000 kg/cm® respectively. Whenever
pressure was released, the increase of the weights of both samples were observed,
and the total amounts of oxidation were determined by means of lodometry. The
results are shown in Table 6.

Table 6
The oxilation of the two samples in case of applying and releasing pressure,
Temp.: 19°C

]S;unplc used | Sample used
| in Exp. B | in Exp. ©

After 350 kgfem®

(30 mins) Amount of cxidation (25) ! 7.82 0.26
- : : ! ;
Aﬂc(rm'l},l?_'?g.;-g]ml‘ Amonnt of exidation (22 7.0 7.21
% Amount of cxidation (24
a 3 . i
‘\ner,.a' 008 Lgjary from weight : 96.55 | 47.93
(20 min.) from Todometry i 9. 62 | 47.9)

It was apparently recognized that the oxidation of (NH,).SQ, is accclerated
by repeatedly applying and releasing pressure.

ixp. F: To compare with cations on the oxidation of sulphites under high
pressure, sodium and ammonium salts were simultaneously kept in the pressure
chamber and the amount of oxidation measured under the same conditions. The
results are shown in Table 7. During this experiment pressure was applied and

released over and over again.
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Table 7
The alr-oxidation of (NH,)S80; and NSOz under the same conditions,
Pressure applied 300 kgfem? (immediately released) and 2,040 kgfom® (3 lirs.),
Temp.: 95°C

Samples NauS50, (N, )50y
Amount of nxidation from weight {22) 0.51 97. 58
Amount of oxidation from Jodomeiry (25) 0.48 97.08
Considerations,

Under ordinary pressure, (NH).S0; is slowly oxidized and, as shown in
Exp. A, only 102 of sulphite is conwverted into sulphate after a week.

Under high pressure, the amount of oxidation rapidly increases under 3,000
kg/cm®. The influence of time under pressure is kiown in Tables 3, 4 and it
secms that the time required is considerably long before the reaction reaches an
equilibrium.  When the pressure was applied and released over and over again,
the amount of oxidation was extraoidinary increased as shown in Table 6. This
behaviour is cousidered to be caused by the fact that the crystals are shattered and
powdered in the course of the procedure and are changed to more easily-oxidizable
forms. Therefore, the oxidation is considered to be caused not only by the in-
crease of the collision number on the crystalline surface, but also by the acceleration
of the diffusion velocity of oxygen molecules into crystal, and it scems that under
3,000 kg/cm® the diffusion velocity increases rapidly.

From the results in Exp. C, D and E (Table 3. 4 and 6), there are two types
of (NH).SO;, for oxidation. As known in Table 3, the easily and diffcultly-oxi-
dizable samples contains 13H,O and 13H.0 respectively. It seems that the amount
of oxidation is affected by the quantity of H.O contained. It is known about
ammonium sulphite that there are two types®, anhydroas (NH,)SO, and monohy-
drate (NF1,).50, H,O, and the excessive water in the samples are considered as
adherent water among crystals”. Therefore, it is considered that the more
excessively the sample contains water the more easily it is oxidized.

As shown in Table 7, (NH,).S0, is much more easily oxidized than Na-salt,

6)  Caeling ilmedb. des anorg. Chemr., 23, 250,
7) Y. Ishikawa and 1T, Murooka, Sei Papers of the fuste of Phys and Chem, Research, T, 1100
(19:5)
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and the latter is scarcely oxidized under 2000 kg/cm® for 3 hrs..
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