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Koétaro Honda-his Thermobalance and

his Achievements

Cyril J. Keattch

Introduction

In a comprehensive study of the history
and development of thermogravimetryl), the
influence of the Japanese School on the develop-
ment of the technique is described in detail and
from this, it is apparent that the inspiration for
the evolution of thermogravimetry came solely
from one man, Professor Kétaro Honda.

He can rightly be credited with producing
the first apparatus that constantly recorded mass
changes which occurred whilst the sample was
subjected to a programmed temperature rise. The
paper describing the apparatus and the results
obtained was published in 19152 and it is,
therefore, appropriate that this account of
Professor Honda’s work should be published
in 1990, in recognition of the 75th anniversary
of his outstanding invention.

In the opening remarks of this classic paper
Honda comments on the difficulties associated
with the ‘“‘ordinary method” of following a
chemical change taking place in a compound at
high temperatures, ie heating the compound to
various temperatures, cooling to ambient tem-
perature and weighing, he continues: “..... it is
highly desirable to measure, if possible, the
change of weight at high temperatures without
cooling to the room temperature. For this
purpose, the author has constructed a thermo-
balance, which admits us to follow continuously
the change in its weight at gradually varying
temperatures” .

A significant point about these opening
comments is the manner in which Honda uses the
term THERMOBALANCE (..... “the author has
constructed a thermobalance’) which implies
that the term has been in existence for some
time. Indeed, the title of the paper is, quite
simply, “On a Thermobalance” and yet this is
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not only the first occasion that such an apparatus
is described but also the first occasion that the
term “thermobalance” appears in print. In fact,
it has yet to be superseded and is now the inter-
nationally accepted term®,

In addition, it is, perhaps, remarkable that
such an apparatus should be devised from no
apparent earlier foundation; there are certainly
no explicit statements in Honda’s paper suggest-
ing development from earlier studies. However, a
clue emerges when Honda compares the route of
thermal decomposition of chromic anhydride
with the results obtained, in an earlier paper, by
measuring the magnetic susceptibility at different
temperatures®). Reference to this paper gives no
indication as to the origin of the thermobalance,
but indicated prior involvement in research into
magnetic susceptibility measurements. Indeed, an
even earlier paper describes in detail an apparatus
for magnetic susceptibility measurements®), the
design of which (Fig 1) shows quite clearly the
origins on which Honda based his thermobalance
(Fig 2).
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Fig1 Magnetic Susceptibility Apparatus, ac-
cording to Honda and Takagi®).
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Fig 2 The Honda Themobalance .

It is not proposed, in this account, to de-
scribe Honda’s thermobalance in detail, since this
is comprehensively covered in his original publica-
tion?). However, some points of detail are
worthy of note, since they indicate Honda’s
keen appreciation of the effect of procedural
variables on a thermogravimetric experiment.
These are currently regarded as standard practice
but were only studied in detail some 50 years
after Honda’s work?)®):

1. Honda suspended the thermocouple into the
sample container, clearly appreciating the
importance of the recorded temperature
being as close as possible to the sample
temperature.

2. The platinum-wire furnace was wound non-
inductively. This technique, quite new at the
time of Honda’s work, produces a furnace
having a longer life than a straight-wound
furnace and also obviates any anomalous
results when dealing with paramagnetic
compounds.

3. The temperature increase of the furnace was
achieved manually and Honda clearly ap-
preciated the importance of slow heating
rates since, typically, the time taken to reach
1000°C was 10—14 hours.

4. Credit must be given to Honda’s keen
observation in noticing slight weight varia-
tions due to the effect of convection,
currently referred to as the ‘buoyancy
effect’.
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Honda’s Results

The results obtained by Honda are consider-
ed to be of sufficient historical importance to be
reproduced and commented upon in this com-
munication.

Manganous Sulphate, MnSO4, 4H,0

Fig 3 shows the TG curve obtained by
Honda, which indicates that water of crystal-
lization is evolved in two distinct stages; between
70° and 110°C three molecules of water are
lost, whilst the remammg molecule is released
between 230° and 260°C. At 820°C anhydrous
manganous sulphate decomposes to form Mn3 O4
at about 850°C. These results agree well with
those obtained by Dollimore®).

Calcium Sulphate, CaSO4, 2HyO

The TG curve of the above compound is
reproduced in Fig 4, from which it can be seen
that dehydration commences at about 130°C
and is complete by approximately 260°C. It
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will be seen from the details given in Fig 4 that
the sample weight was 0.535 g and the total
weight loss was 0.116 g In addition, Honda
quotes the mean velocity of separation ie the
rate of weight loss, dw/d¢ as 0.0992 g per hour.

From this information, it has been calculat-
ed that; not only did Honda use a heating rate of
4°C per minute but the rate, up to at least 300°C,
was remarkably linear, particularly considering
that the temperature rise was manually control-
ledV). In addition, by plotting dw/de, it has been
shown that the dehydration of CaSO4 2H,0 is
a two stage process corresponding to an initial
loss of 1% molecules of water, followed by a
subsequent removal of the remaining % molecule
of water.

Calcium Carbonate, CaCO,

The thermal decomposition of a 0.455 g
sample, obtained by Honda, is given in Fig 5
and shows a single-stage process in which
decomposition commences at approximately
500°C and finishes at about 880°C. This is in
acceptable agreement with work carried out on
a sample of similar weight some 50 years later
with considerably more sophisticated equip-
ment®,

Chromic Anhydride, CrO5

The rather complicated decomposition
pattern, shown in Fig 6, does not agree particu-
larly well with the mode of decomposition
proposed by Honda viz: CrO; - CrgO;5 —
Crs04 — Cr203.

Nevertheless, Honda claims the results
confirm his earlier experiments on the same
system using high temperature magnetic sus-
ceptibility ),
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Honda was a scientist of sufficient ex-
perience to appreciate the considerable impact
that this paper would have on the scientific
community in general and Japanese scientists
in particular. However, he pursued the tech-
nique of thermogravimetry no further and
published no other paper on the subject. He
merely concluded his paper with the prophetic
words:..... “The investigation also shows the
great convenience of using such a balance in
similar investigations in chemistry”.

The reason for this rather unusual attitude
to discovering a new technique can probably
be explained by the fact that K&taro Honda
was primarily a metallurgist and constructed
his thermobalance to assist with one small
part of his research interests, namely the study
of high temperature chemical changes.

Not suprisingly, however, the Honda
Thermobalance was produced commercially, by
Narusekagaku, Sendai. Production commenced
in 1920, several hundred apparatuses were
made until production ceased in about 195419)
The first production model was acquired by
Heikichi Saito, an outstanding scientist and
colleague of Honda. He wused this thermo-
balance, together with several of his own
modifications and improvements, whilst work-
ing at the Kuhara Mining Co. Ltd., where he
commenced a basic research programme, result-
ing in an outstanding thesis, on the chemical
changes occurring in metals, oxides and sul-
phides when subjected to high temperaturesi!),

The pioneering work of Honda, followed
by the studies of Saito and others, served as
foundations on which many rigorous Schools
of thermal analysis in Japan were built. They
still flourish, 75 years later and will continue
to flourish in the future.
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Kbtaro Honda, a Brief Biography

No account in celebration of the 75th
anniversary of Honda’s “Thermobalance Publica-
tion”” would be complete without a short account
of his life.

K8taro Honda (Fig 7)!2 was born on 23
February, 1870 in the town of Yahagimachi,
in the Aichi prefecture and was the third son of
a wealthy farmer, Heizaburo Honda, who spent
large sums of money on irrigation work in
Yahagimachi. Kotaro Honda graduated in 1897
from the Department of Physics, Tokyo Imperial
University. In the same year as his graduation,
he became a lecturer at the Physics Department
and was promoted to Professor of Tohoku
Imperial University in 1911. He rapidly achieved
fame as an outstanding metallargist and his
studies on iron led to his winning, in July, 1916,
the Imperial Academy Award. Honda was the
main driving force in eastablishing, at the
University, in the same year, the Temporary

Fig. 7 Kb6taro Honda.
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Institute for Physical and Chemical Research, of
which he was the first Director. The work of the
Institute rapidly achieved national importance
and in 1919 it was established as a permanent
organization and renamed the Institute of Iron
and Steel, with Honda remaining as Director of
Research. Under his guidance, the Institute’s
reputation continued to increase and the activi-
ties expanded. This expansion necessitated a
further change in title, to The Research Institute
for Iron, Steel and other Metals, T6hoku Imperial
University and at this stage Honda became the
Institute’s first President. After the Second
World War a new buidling was constructed (Fig
8)13) and in honour of his achievements a statue
of Honda was erected outside the main entrance.

A Memorial Room is retained at the Insti-
tute, containing many of his personal effects.
In September, 1975 the Japan Institute of
Metals founded a Metals Museum at Aoba
Aramaki, Sendai, which also houses several
items of interest relating to Hondal!®.

Professor Honda received many decorations
and awards, the most notable of these being the
Cultural Order, in 1937. This Order was confer-
red personally by Emperor Hirohito and Honda
was the first recipient. On 22 November, 1952
the Honda Memorial Foundation was established,
in honour of Honda’s achievements in the fields
of science and engineering. Unfortunately he
did not live to see the Foundation develop to
any extent, since he died on 12 February, 1954.

Fig 8 The Research Institute for Iron, Steel and
other Metals, T8hoku University.
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