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- ¢ Introduction

This is a theoretical study on the radiation from magnetic current oscillator or slo} oscillator.
‘ The exgerimental studies on electro-magnetic screening had been investigated by Dr. Y. Asami,
who found the fact that intense electro-magnetic wave emérges througrh narrow 'slot of suitable
length on metal plate or metal enclosure. .

Upon this fact, slome’ ‘experimental studies to utilize such slot as a kind of aerials were pei-
formed with various interesting results. On the other hand, a theoretical discussion on these pheno-
mena which the author has treated assures their theoretical foundation. As'will be mentioned later,
slot oscillator must be a magnetic current oscillator, hence properties of the magnetic current
oscillator must be clarified. In the following paragraphs these’ properties will be exblained in de-

tail.

{. Fundamental Equations of Magnetic Current Oscillator.
The fundamental equations of Magnetic current. oscillator can be deduced similarly to those'
of Llectrxc current oscillator. .
Now, Iet 0% be the volume dens1ty of free nngnetlc charges.and 2* be the vector quautity

defmed by, -
pF == — PIPF e e cerinerennn ............ (1, 1)

Then the magnetic current density % is expressed as
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Pyrophesphoric acid being most powerful, the phosphoric acid on the catalyst surface must be in

s

the “pyro-form”. It is" thL well-known fact that mthophosphorxc acid chdngcs gradually into pyro-

phosphonc acid and the latter into metaphosphoric acid on heatmg Hepce there may be two pos-
sible ways for maintaining the acid on the catalyst surface in the “pyro-form”. First, orthophosphoric
acid is converted into pyrophosphoric acid by feating in a vessel made of noncorrosive material.
Second, orthophosphoric acid is adhered to the carrier and converted into pyrophosphoric acid on
the catalyst surface by heat treatment, We adopted the lattgr as it was more sﬁitable for in-
dustrml preparation. . )

“(2) The Kinds of the Carrlem

»  Materials used for mt'xlyst carriers usually have high adsorptnve power and give a large contact
surface. \ '

To add to these pzopcrtles, the carriers for phosphoric acid are required not to react with the
'1c1d and to: hold as large amount of acid as possible. '

1 divided conventional carriers into three groups:

{I) Active charcoal, animal or bone charcoal.

(I1) - Silicious earths (diatomaceous eafths).

(I Acid clays, kaolin. ‘ < &

“Those belonging. to the groilp I, have comparatively small maintaining power for phosphoric-
acid, though they hardly react with the acid. : '

Group II is the most important. Silicious earths being mainly consisted of hydrated silica as
shown by the name, they are attacked by phosphoric acid only. slightly.. The oxides of iron, alumi-
.num and other metals, found in ‘silicious earth as impurities, react appreciably with the acid.
Siliceous carth can hold a large amount of acid. Three to four parts of acid may be contained safe
in ‘one part of it. . ] - )

 Group III is represented by adsorptive clays These may be considered as-aluminum silicates
accompanied Wlth iron or some other metal compounds as impurities. Alumim to silica ratio being
usually’ 2 to 6 m them, they are fairly reactive to acid. Their acid holdmg capacity is small.

>Comparing the above three groups, it may be admitted to say that group II, that is silicious
earth, is the best carricr for phosphoric acid from the industrial and economical standpoints.

But here, we must notice that there “are many kinds of silicious earths having different ad-
sorpuve power in very wide 1ange due to different surface area respectively. I invyestigqted almost
.all kinds of silicious earth found in Japan in order to find out the most suitable ones for manufac-
turing the solid phosphoric acid, These of Lxcellent quality were found in Okdqua chfecture, 4
Miyagi Prefecture, and in. Hokkaido. -

For industrial preparation of the catalyst; 4 kind of silicious earths produced in Okayama Pre-
fecture, was used. - . o S

The apparent specific’ gravity of typical silicious earths of good quality lies between 0.1 and’
0.41. The smaller is ‘the apparent specific gravity, the greater is the acil holding capacity. . But,

on the other hand, small apparent specific gravity of the carrier often lowers the mechanical
. .
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strength of the finished catalyst, ‘though the latfer is highly modified by the method of pilling. .

Silicious earth used as carrier must be as pure as possible, because the impurities have hafmhd '
influence on the activity of the finished catalyst, Of the impurities, iron ‘compounds‘ have the most
powerful effect. ‘The influence of the impurities is Atoo large to explain it by their. high reactivity
to phosphoric acid which causes naturally the conéumption of the free acid.  The action of the
impurities is not clear in the present stafc; but it 'may be ajkixid of surface phenomena, as, in the
case of the same acid content, the l;lrger is the adsorptive power of the carrier{ the greater i§ the
influence of the lmpurltles ' ' ' ’

We used graphite powder for improving the propertxes ‘of the solid phosphonc amd "The amount
of addition of graphite powder is twenty to thirty percent of the weight of silicious earth, though
the addition up to fifty percent does no harm. v ’ ‘

) The éompositior'x )6f our typical catalyst is as follows : 400 pdrts of 90% orfllophosplloric acid,
100 parts of silicious earth, 30 parté'of graphite powder. g

(3} "The methods of Activation of the Catalyst.

(i) Activation by THeat Treatment ‘ ,

The mixture of orthophosphoric '1(.1d and ‘;111cxous earth (éontaining grapﬁite) is dried at tem-
‘peratures near 200 %eg. C. until the state of the catalyst powder becomes suitable for pilling.
Then it is made into pills, and the pills undergo heat treatment. -

The principal aim of heat treatment, in my opinion, is to-remove the small quantity of water
strongly adhered to the catalyst surface. The conversion of orthophospheric acid into pyropl;osphoric
acid is completed in comparatively short time before the water removal is finished. The water
adhered to thé catalyst surface can not be removed by mild drying, and its e\:istence considerably

decreases the activity of the catalyst, even though its 1mount is only ‘enough to fmm monbmo-
» lecular layer of water over the surface. '

When the catalyst surface is covered or partly covered with thin film of water; ti]c I)I'thIXS
of phosphoric acid on the covered p(gtion of the surface may combine with water molecules to form
hydroxonium' ions and may adsorb rribre watér molecules by their ionic-force around them. Hence,
the existence of water on the catalyst surface greatly decreases the number of frce active protons
(not coated with water). I think this is thc reason why small amount of water on the surface so-
remarkably lowers the 1ct1v1ty of the mt’tlyst ~

As ‘mentioned above, orthophosphoric acid on the catalyst surfacé is almost Complétely COllveftéd ’
into” pyrophosphoric acid during heat treatment. DBut, at the same time, a_part of‘ pyrophosphoric
acid gradually changes into inactive metaphosphoric acid. - As pyropliosphoric acid -is comparatively
stable below 250 deg. C., two methods of heat treatment are theoretjcally possible. = Namely, the
first method.,is to heat the catalyst pills below 250 deg. C. for avoiding the conversion of pyropho-
sphorié¢ acid into metaphosphoric acid, though it requires fairly long time to remove the” adhered
" water (low tempcratlxre‘treatment). .The second method is to treat the catalyst under higher
temperatures than 250 deg. C.~ (high temperature treatment). In this case,“the formation of meta-

phosphoric acid is inevitable to some degree, but the time required for the. water removal is much



shorter than in the former case. ) -
According to my experimental results, the former method takes too long time for obtaining

highly active cqtalysts by the removal of water to put it into_industrial use. It usually takes a

. few days to obtain the finished catalyst.  While the Iattc; mcthou, when properly ’11)p]md gives

effective catalysts in comparatively short time. The most favorable temperature range is 300
to 350 deg. C., and under this condition the treatment requires 10 to 20 hours.

During my study on heat treatment -of solid phosphoric acid, I found very intéresting relation
between the heating time and the activity of. the finished catalyst.

Tn the course of heat treatment, activity of the catalyst increases first up to the highest peak
and then decreases. This tendency_ is quite natural. * ‘The higher is the temperature of treatment;
the steeper is the slope of the activity-time curve. This fact is also self- wldcut

At first 1 expected that the. utwlty heating time relation would be obt(uned as a smooth curve.

But the curve actually obtained was not smooth but notched. This notched curve means that the

activity of the catalyst does not increase (or dLu‘ sase) steadily but flactuates with heating time.

I propose hexe an’ explanation for this fluctuation of the Ldralyst activity during l1eat treatment,
but this problem may require further discussion.

Durmg the heat treatment, two competitive debydrating actions nproceed on the catalyst sur-
face. ‘The one is the removal of adhered water to iIncrease ‘the free protons, and the other is
the dehydration in pyrophosphoric acid molecules to produce - metaphosphoric acid, which causes to
decrease the free protons. - N ' ) ,

If we assume the activity of the catalyst is pi‘d;prtioiml to the number of the free protons
on its surface, the increaSe of the catalytic activity by a certajin duration of heating shpws the in-
crease of free protons by this heat treatment, which is the difference of the appearin;g; and disap-
pearing protons caused by the above-mentioned two dehydrating actions. ’

. The rate of the removal of adhered water, or the rate of increase of free protons, is fairly
different at every stage of heat treatment, while the dehydration of pyrophosphoric acid, or the
diminution of free protons, is considered to proceed rather steadily during the course.

Hence, at a certain stage of “heat ‘treatment, it is possilble to notice the fall of the catalytic
’lLthlty as compared with that in the preceding stage, ¢ven though there plcme, a general tendency
towards increasing the actvity.

(iiy ~ Activation by Steammg

‘When silicious earth used as carrier has extremely high adsorptive power, the Cafaly'st becomes
sufficiently active by heat treatment only.. But, in most cases, iwe apply the “steaming” to the
catalyst after heat treatment to obtain its highest activity.

The treatment of the catalyst with superheated steam is called “steaming”. “The stcam tem-
perature lies between 300 to 350 deg. C. and the time required for this treatment is a few hours.
Steaming 18 equally effective when applied beforc and after heat treatment. But/yit usually follows .

&

heat treatment. ) ; )
In my opinion, the action of steamn is “stripping”. The water strongly adhered to the catalyst

surface may by stripped off by steam flow. This action of steam is very similar to that of “strip-

. ping steam’’ used in petroleum distillation.

Steaming being more effective than heat treatment {or the removal of water, the time required
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for preparing the catalyst may be reduced to a considerable degree by pertinent combination of
steaming and heat treatment. ’ ' '

Mild heat treatment is :dsvztys‘nqccséal‘y after steaming, as the latter usually lowers the me-
chanical strength of the catalyst,

(4), Regencration of the Catalyst.

3
»

Regeneration of the solid phosphoric acid catalyst was not dl)phcd to industry in Japan, as the
poly-plant operation, was always discontinued by Lhomm of the reaction tubes.

The surface of the catalyst is gradually covered with carbonaccous materials {probably highly
condensed or polymerized products of-olefins) during use and this decreases the activity of the
catalyst.  Hence regeneration of the catalyst is achieved by removing the carbonaceous materials
from its surface, - ’

In our laboratory, the spent catalyst having abbuﬁ 50% activity of the fresh catalyst was treated
with inert gas containing 2% of oxygen for a few hours at 350 deg. C. By this treatment about
ninety percent of the original activity was recovered.

, As the catalyst towers of the poly-plant in Japan are neatcd by means of hot pressure water
circulation, it is difficult to elevate the tower temperature over 200 deg. C. Consequently,-if re-
generation were applied to industry, it could not be done in the catalyst towers, unless the heating
medium is changed. C

When the solid phosphoric acid catalyst is used for the dehydratlon of butanol the fall of -

catalytic activity is partly duc to the loss of phosphoric acid caused by high operating temperature.

Accordingly, recovery of the activity of the spent catalyst by regeneration is quite di‘ficult in this

case. : >
(Chemical ¥agineering Taboratory, Yaculty of Enginecring,
Hokkaldo University)
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