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Synopsis

The property of the ferromagnetic sennconductor often varies according to the process of nta:

formation.

In the present paper, the outline of and some precaution for the preparation-of NiQ -

Fe,Oy and Fe;O; are mentioned, their properties being observed by means of the magnetic

measurement.

Furthermiore the best procedure for obtaining the synthetic magnetite by wet

method is described, thereby stressing to avoid the employment of NH,OH as OH .

~

It has been frequently pointed out, that
semiconductor displays the different properties
according to the process of its formation, and
__¢onsequently, the .examination of the results
of experiments on it must be very careful.
- Considerations on physical as well as chemi-

cal aspects of the preparation of samples
should go hand in hand.

Magnetite, found in considerable quantities
" in the nature, is ome of the ferromagnetic
semiconductors of spinel type, which has the

. composition of FeQ. Fe,0;; it is well known, -

that when the ferrous ion is replaced with
the other monovalent or b1valent metal ion,
or the ferric ion with the other trivalent
metal ion in magnetite, the products have
also the same crystal structure of spinel type
and many of them show ferromagnetism.
‘Especially, the former is prominent as a
group of compounds giving the name of
ferrite.

Though some of these spinel oxides, be51des

} magnetlte, are found in the nature like
chromite FeO, Cr,0;, or franklinite, Zno. Fe,0s,

it is difficult to obtain them as pure state.

because of its rare occurence and coexistence
with other minerals and elements. Hence,
“ they have to be prepared artificially, and
‘then the results of measurement of their
physical properties must be investigated in
combination with the condition of the process

*“ This paper was read at the annual meeting of
the physical Society of Japap, May 29, 1949.

of formatlon The same is saxd about art14.

ficial magnetlte as reported formerly &Y
Next, the preparation of spinel oxide W111
be mentioned. Except a small number of
particular methods,2 the method of prepara-
tion is generally as follows; the mixture of
each constituent oxides of the compound is

heated at high temperature up to finfsh of _'
the reaction. This is a sort of additive oxide -

reaction.®
considered,
following two methods:

(1) The method, in which two constituent

But, the practical procedure being

oxides are pulverized and mixed mecha’n'icw'
-ally and let them to be reacted one another:

AO+B203—AO B.O,

(2). The method, in which the hydroxides
are precipitated from the mixed solution of
two constituent cations at the same time and
let them to be reacted: Provided that,

A** + 20H- ~ A(OHD\
B*+* + 30H- — B(OH);/
A ; Fel, Co, Ni, Cu, Zn, Mn.
B; Fell, Cr, Al, etc.

The former is called ‘“dry method” and

—AQ. B,O;.

the latter “wet method” in the present re-

port. If these two method are compared
with each other, the latter,
method, is preferable except special case.

Generally spoken, in order to react peffeét-"
ly in usual solid reactions, the following arg
considered commonly as important factorg

is roughly classified into the

namely - wet .

Sl
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bes;des temperature, the smallest ‘size of
 particles, the highest activity and the suf-
ﬁment m1x1ng of reacting substances. Hence,
these conditions are almost’ satisfied in the
case of wet- method. _

Now, the outline and the ordinary precau-

“tion for the formation of spinel oxide, will "

be mentioned below with respect to the wet

B - method. . To begin with, the notes for the

percipitation of hydroxide are given. It is

* ‘desired that the amounts of added alkali are

as close as possible to the calculated, not

© 'to-mention the amounts of the both con-
- stituent ions, and the exsistence of excess

alkali seems ‘to bring unexpected difficulties -
- for the reaction of subsequent heat treatment
“of the obtained oxides. Moreover, it is

| -neccesary- that the solution should be pre-

pared as. dilute. as possible, in order to ﬁn1sh'
corhpletely the reaction, because the precipit-
-ation from conqueous solution lowers the
degree of mixing owing to adsorbed im-

-purities. . - Fig. 1. in which NiO, Fe2034) is
s}
.
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- tzken as an example, illustrates the results

of experiment; abscissa shows concentration -

~ of reacted solution, ordinate magnetic ‘mo-
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‘ment per umt mass at the external ﬁeld of
- 820 Oe, after heatmg the prempltate obtained

in‘ respective concentration at 900°C in 10
‘mm. Hg for two hours. It is seen from this
figure that the magnetic moment increases
with the decrease of concentration. '
In the next place, the reaction tempareture

- for- the formation of spinel is. considered.

Generally, solid reaction hardly takes place
‘at low temperature, and the raise of tem-
perature becomes the most important factor,
in order to proceed the reaction. Now, the
reaction of spinel formation of of NiQ. Fe,O4
is investigated by means of magnetic measure-
ment by using Ballistic galvanometer. The
following reaction, NiO+Fe,0; - NiO. Fe,0;,

~arises at first observably in the neighbour-

hood of 450°C, and is accelerated remarkably
with the raise of temperaiure. Fig.2 indi-
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'Fig' 2
cates the advancmg degree of the reactmn;
‘at the respecitve - temperature, abscissa shows
duration of the reaction, ordinate magneflcw
moment per unit mass at the external field
of 820 oe, after heating fat respective tem-
perature, where vacuum degree ‘was always

at 10°mm. Hg. kept. Now, the followihg
two points are noticeable from the figur.
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Ne)) In a very short- tlme such as 5 minutes, .

‘the reaction proceeds- .considerably, ‘and any-
~ thing like- mductxon perlodo) cannot be found -

" there.

.(2) For. advancmg of the reactlon, a. re-'

stnctlon ex1sts, waich depends upon tempera-
ture, and so it is different from the ‘other
reactions; such as it proceeds perfectly at
some fixed. temperature, as found in the case
" of many solid reactions®. With respect to
the mechanism of the reaction above men-
tioned, it will be reported for another oppor-
tusiity with the aid of the X ray ‘analysis,
Since

as remarked above, sufficient precautions are

necessary other reactions, accompanled by

thz reaction of Spmel formation, ‘especially

the oxidation and the reductlon ; in the case

of nickel ferrite, nickel oxide, N1O forms o
h1gher oxide. without high pressure oxygen
or oxidizing reagent, but when the prec1p1tate
_obtained by wet method are heated by means

of the following reaction, Ni(OH):~NiO, it

is partially oxidiz2s and forms nickelic oxide,
Ni,O;, within 200°-300°C.”)* Hence, in such
temperature range, heatmg was accomphshed
~always in vacuum.
‘Ae the reduction of NrO occurs frequently
- rather than the oxidation, sufficient precau-
-tion must be taken for it. Namely, NiO ‘is
“reduced in the neighbourhood of 450°C® in the
air by means of carbon and in more lower
temperature in the case of carbon monooxide.
Consequently, the mixing of filter paper in
the precipitate must be avoided as perfectly
as possible. Furthermore, as the dissociation
pressure of NiO increases appreciably in a
temperature,” over 1000°C,®) therefore limita-

tion of vacuum degree must be considered in

the case of the heat treatment at very high
temperature

Lastly, the preparatxon of artificial mag-
netite is considered.’> The mixed solution
- of ferrous and ferric ions.in the proportion

of FeO.Fe,0; is slowly added to the OH- .

solution in a flask, boiled in vacuo using
aspirator after the replacement of the air by
nitrogen, and then the black. precipitate,
_ namely hydrated magnetite is at once formed.

* The above reaction is formulated as follows :
Fe** 4 20H™— Fe(OH)s\
2Fe**+*+ 60H™ — 2Fe(OH),”

o g,e Fomgalwn af .Semmduc}or of SP'MI Typa

‘ 1mmed1ate combination ; s
solution of Fe** and Fe*** is added to OH‘; S

the reaction  of splnel f_orma‘tmn'
“takes place at considerablly high temperature.

—’FCQ-F6203-XH20.

R

In thlS case, it is very 1nterest1ng to note,

~'that ‘the 'reaction  takes. place between the

two solid hydroxides, Fe(OH), and Fe(OH)a,
at the considerable low temparature such as -

100°C. The same example can be found;

only in the case of the formatxon of cobalt
ferrite.1l

If the reaction is performed at room tem~
perature,

the two distinct. hydroxndes are

formed independently in stead of the those,y

solution, the bluishwhite ferrous hydrox1de . B

and the brown ferric hydroxide are obtained.
After a very short time, they change into

’ the black precipitate, but that is nonmagnetic
at the begmnmg and, after some minutes, -

when the mlxed.- '

I

shows the ferromagnetic property, which can

be. identified by using horse shoe magnet.’
But the finish of the reaction seems to take '

a cons1derable long time.

What sort of results we may expect, Wheng
the mixing order of iron ions and OH-
are reversed at the room temperature namely,
OH- ion are added to the mixed solution of-

_Fe** and Fe*** jons? Then the precipitation '
reactron of ferric ion, F e**"—l—SOH"—»Fe(OH),,

only takes place at the beginning owing to.
the difference of solubility of ferrous and.
ferric hydroxides. When ferrie ion has been

consumed, the reaction, Fe**+20H- —~Fe(OH), > .
arises and the black precipitate is produced. PR
- But it seems to take -a long time for the.
. finish of the reaction to the formation of

magnetite, as in the former case. The pre--
sent mixing method is quite undersirable at’

high temperature, because of oxidation of

ferrous ion before the reaction. The reaction =

of spinel formation occurs already in solu-

%

tion in the case of preparation of magnetite’

by wet method, - that is different from the’

ordinary wet method in some point, such as’

the formation of NiO. Fe,Os; the former

shows already ferromagnetic property, but”
the latter nonmagnetic in the room tem-

perature. Remarks above mentioned being

considered, the method in which the mixed~ .
solution of Fe*+ and Fe*** jons is added to
OH- solution in -the nelghbourhood of 100°C,
can ‘be considered the best one, though' 1t8>' o

treatment is someswhat complicated in order -

- to prevent oxidation in the course of form-

.

£
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- 'at’ioh of precxpxtatlon Because, ferrOUS and

. timé, and its reaction is- actwe, “being" differ-

*+ -gnt from the course of the reaction at a room
LA temperature, moreover, solid reaction takes,

- .place before the growth of prempltated
SR hydrqxrde
.~ by 'this procedure has stronger magnetic
' moment, than ,that of obtained by other
' methods at the room temperature, because
. the remaining of unreacted f&rrous hydroxide
.. is’oxidized at the subsequent treatment like
filtration in the case of another methods.

The reagents used in the presert research, \

- ‘are KOH, ferrous and ferric sulphates. It is
noteworthy, that KOH is used as OH~ ionj
. on the other hand, any soluble salt, like ion
chidride. étc., may be satisfactorily used as
ron ion. Commonly, NH,OH is often employ-

moving the absorded impurities by - heating,

- thefacility of filtration, and the other reasons,

. but When this artificial magnetite obtdined
by using NH,OH is heated, adsorbed NH,OH

- in’.the precipitate easily decomposes into
‘vitregen and hydrogen, and this active hydro-
. gen reduces constituent oxide and lessens
the effect of excess oxygen 1n the oxide in
the ‘caae of heat treatment:" Therefore, es-
pecially the employment of NH.OH must be
‘;avmded '

- . », Summary
'~ .The outline and the ordinary precaution
for the preperation of spinel oxide ~are re-

'marked with respect to the .wet method, as.

'NiO. Fe;0; is taken as an example.

o In. the first place, the notes for the pre-
mpxtatlon of hydroxide are given as follows;
the amounts of reacting ions is as close as

-posmble to the calculated; moreover, the'

‘ percxprtated hydroxide should be. formed in
‘solut1on as dilute as possible. Next, the
reaction for the spinel fo1maf10n of NiO. Fe,
-03 is 1nvest1gated by means of magne‘uc
measurement Frem the results of the
- measurement, the following two paints are
C e notlceable : .
(1) In a very short time such as 5 minutes,
the reaction proceeds considerably, and any-

thmg like induction period can not be found.

N
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ferric hydroxides are formed at’the same

In fact, the magnetite prepared.

ed a8 OH~ fon, due to the pessibility of re-

[‘;’QL‘.

" ”(2)

perature

With respect to the mechamsm of the reac-
tion above mentioned, it will be reported for
another time w1th the results of Xray in-
vestigation.

‘Lastly, the preperatlon of artlﬁclal mag-

the procedure in which the mixed solution
of Fe** and Fe*** jons is added to OH~
solution in the neighbourhood of "100°C can
be considered the best one, though its treat-
ment is somewhat complicated in order. to
prevent oxidation. Moreover, the employ-
ment of NH,OH as OH~ ion should be avoid-

ed in the course of formation of precipita-

tion.

In conclus1on the athers express thanks to
Miss Koko | Takahasi for her enthuseastic
help daring the course of the work. '

L. A. Wello .u, O. Baudisch, Phil, Mag,, (6)
50 (1925), 399.

L. A, Wello u. o. Baudlsch Phil. Mag., (7)

3°(1927), 397.

. For aﬁvanc'ing of the reaction, ‘a’ re-
striction exists, which debends upon tem‘

~netite by wet method is mentioned. From
. examinations for the experimental results,

¢
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