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Abstract James Ballantyne Hannay (1855—1931), who made accurate mea-
surements by evolved gas analysis in train with isothermal and isobaric weight loss
techniques, may be regarded as a major pioneer of thermal analysis before Le
Chatelier’s improvement of the thermocouple in 1886. Hannay’s ”time method” and
use of very dry air are recommended for investigating different states of water in
clays and other substances since the method is more sensitive than many thermal
analytical techniques in use today.

INTRODUCTION

James Ballantyne Hannay (1855—1931) had to leave Scotland in the
Spring of 1876, his health having suffered from chromium poisoning in
a Glasgow factory. Yet within a year he had returned and begun a period
of creative activity, which has rarely been exceeded in the history of
science (Flint, 1968). He was the first to show that the magnetism of
rocks was due to the presence of discrete particles of magnetic minerals;
he described several new minerals; he designed an easily-made reflecting
goniometer; his work on the cohesion (viscosity) of liquids and the design
of his microrheometer made him one of the “Fathers of Rheology”; and
his work on the solubility of solids in gases above the critical pressure
place him among the greatest experimentalists of his time.

In the history of thermal analysis he has been remembered as the
inventor of the method known as isothermal weight change determina-
tion (Keattch, 1976), following Mackenzie (1969), who later (in ’De .Ca—
lore”, in preparation) felt that Hannay and William Ramsay and p9551bly‘
Henri Victor Regnault, should be regarded, along with Le Chatgher, as.
Founders of Thermal Analysis. While differential thermal analysis natu-
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rally followed from La Chatelier’s perfection of the thermocouple in 1{386,
we can now recognise that Hannay introduced both isothermal and iso-
baric weight change determinations and is also responsible for first car-
rying out evolved gas analysis — from 1876.

THE TIME METHOD

Hannay’s "Time Method” was to cause air, by means of an aspirator,
to bubble through several vessels containing sulphuric acid and, when
necessary P,O; as well, in order to make a supply of very dry air. A thin
layer, about 1 mm deep, of a hydrated substance was placed in a tube
suspended in a heated water- or oil-bath. The dried air was passed above
the substance and the water vapour evolved was collected in two U-tubes
containing pumice saturated with sulphuric acid, one being attached to
the instrument while the other was being weighed; by these means the
dehydration was kept going constantly. Weighings were done every 5
minutes at first and then at longer intervals when the rate became slower.
We now call this technique evolved gas analysis.

HYDRATED SALTS

Hannay showed that a salt which refuses to give up its moisture at
100°C in ordinary air may do so in very dry air, and referred to the well-
-known phenomena of efflorescence and deliquescence. He could say
from his experiments that the rate of dehydration is not a measure of the
vapour-tension of the water in compounds, but a measure of the differ-
ence between such tension and that of the moisture in the air employed;
but where this is extremely small compared with that in the salt, the
time of dehydration may be considered as a direct measurement of the
vapour-tension.

In his most important paper on the “Examination of Substances by
the Time Method” (1877) he illustrates the apparatus (fig. 1) he used and
gives results of runs with hydrated salts. Sharp inflexions in the weight
loss/time curves indicated several new hydrates of Fe?*, Na, Mg, and Zn
sulphates; on the other hand, several hydrates prepared in a variety of
ways by previous workers, did not show as discontinuities.

He showed that at low temperatures more hydrates are formed or are
indicated by this method than at high temperatures; and that, if the
temperature were raised high enough, all sudden changes in vapc’)ur-ten—
sion would be eliminated, as they are in differential thermal analysis, for
example. :

It’ was possible to discriminate between hygroscopic moisture and
chemically combined water, as in opaline silica (Robertson, in press) and
bthecn moisture regained when a partially dried substance is in contact
with moist air. The regained moisture is lost more quickly than the hyd-
rate water. '

While the vapour-tension of lower hydrates is usually less than that

of the higher hydrates, but in zinc sulphate heptahydrat i
was the case over much of the drying curve. whie s s ntiee
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Rig. 1. Hannay’s dehydration apparatus
a — aspirator, b — drying train, ¢ — water or oil bath, d — drying vessels

GYPSUM

“An examination of calcium sulphate by this method gave rgsglts
pointing to the existence of the compound 2CaSO4-3H?O. In examining
this compound, experiments had to be made to determine accurqtely its
dissociating’ point. It is generally stated that calcium sulphate gives fo
three-fourths of its water between 100° and 120°, and does not part with
the last portion till between 200° and 300°. A weighed portion of pure
selenite, finely powdered, was submitted to the following experiments:
It was kept for 20 minutes at each of the followglg tergxperatures, gv1thout
suffering any loss — 100°, 103, 1059, 110%:2157% 1107 ‘but at 118~ water
began to come off, and after about 2 hours at 1257, it had parted vglth
15.28 per cent of its moisture; but it required a temperature of 150 to
complete the first stage of the decomposition, when 15.68 per cent had
been expelled, the calculated amount for 2 CaSOy - 4 H,O — 3 H,O being
15.69. . :

The temperature was then raised and weighings made at mtervglos
till it was found that the last stage of ghe decomposition began at 17 d
The temperature was maintained at 180° for an hour, when it was fou(:ld
that 19.78 per cent had been driven off. As the dxsso_matlon had ceased,
the temperature was raised to 190°, when after 30 {nmutes, the }oss wzis
20.78, the calculated amount being 20.93. ’I;hus we find that calcium sul-
phate may be entirely dehydrated at 190°. Itowe}s further noticed th;lt
when the first dissociation is started at 118°, if tcl)le temperaturehi
lowered, the decomposition still goes on even at 100°, or rather at t af
temperature at which the vapour-tension of water equals the pressurﬁ (t)
the atmosphere, because 15 per cent of the :vater of calcium sulp a;cte
may be expelled at 99° (after starting at 118°), provided the barometer
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be at such a height that is the temperature of boiling water”. One can see
frorp the graph provided that there is some indication of a compound
havmg_ the formula 2CaSO, - 3H,0, as there is a decided change of rate
after 5.53 per cent of loss, but there is not the slightest indication of the
existence of the compound 2CaSO, - 2H,0.

The method used here is of isobaric weight change at very small
temperature intervals, the loss in weight being determined by evolved
gas ana!ysis as before. It is almost certain that the extreme sensitiveness
of the time method leads to evidence of compounds of very low stability,
though clearly it would be advisable not only to repeat this work but to
extend it to other compounds.

L2

IRON AND ALUMINIUM HYDRATES

\ It was suggested by his friend Dr. Ramsay, later Sir William and
obel Laureate in Chemistry, “that the composition and constitution of
mﬁny of the amorphous hydrates, such as aluminic and ferric hydrate
whose comppmtmns are somewhat indefinite, might be accuratelyAdeter-'
mined by this met’ho'd, as the vapour-tensions of hygroscopic and combin-
le)dtwater woulg differ so much that a definite distinction could be made
t;exeeg t}ﬁem : T}éey ac}iordmgly divided the research work between
, Dr. Ramsay doing his work at Gl i i in bis
T et g asgow University, Hannay in bis
Ramsay says ”"The method of drvi
lamsa; ys . 4 ying the hydrate was as follows:
Q'watch-glass filled with the powdered hydrate was placed isn a k())'at;x.
ea(tigd to a constant temperature. After a certain time had elapsed (de:
p;en ing on the expepted loss of water), the watch-glass was removed and
'pace'd over sulphgrlc acid for ten minutes to cool; it was then weighed
dgd a_gimb placed in the bath. When the loss became so small as tbo be
Eewelg able, the temperature was raised and a new set of experiments
: gu‘n . We see that Ramsay did not dry the air, did not specify a thin
aytil ~of powder and measured the isobaric weight loss at large tempera-
(t)tflrtchmtervals. It is not perhaps surprising that he found evidence only
More(e)vr::r}ll(;hg%ratef, AlO - OH and FeQ "OH, but not of the trihydrates.
ol g 1d not compare the precipitated hydrates with any natural
In view of the relativel i i
y crude experimental technique used by Ram-
3?eyig?1?dc }f:sgéagécﬁ};?éuHan{lay hladd used both isothermal and g,sobi;]‘ri)c
: es, I would suggest that Rams
be considered as one of the pi e e
: pioneers of thermal analysis. H
of Hannay’s enthusiasm for the subi i e i R
nn ject but failed to add anythi i
Hannay’s place however seems assured by the following coynsiglegratt(i)oilt:

one cannot build ) : e
Hasirag's upon Ramsay’s work in this field, but one can do so on

CONCLUSION

Now that evolved va i

i : : pours can be continuou
?}ftermmEd in modern apparatus, there is no reasg1

od 'gf passing very dry air at different temper
materials should not be brought up to date and u

y and automatically
n why Hannay’s me-
atures over hydrated
sed for distinguishing
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between adsorbed water, water layers — such as those in montmorillo-
nite water associated with specific ions in homionic clays and zeolitic
water with different energies of bonding. The method can also be used
for showing different energies of bonding of adsorbed or occluded water,
as in opaline silica. Hannay’s name can be linked with Le Chatelier’s as
one of the pioneers of thermal analysis.

Acknowledgment. These notes were prepared when researching for a book on
James Ballantyne Hannay by Dr. Binar P. Flint and myself. I am grateful to
Dr. R. C. Mackenzie for his helpful comments.
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ZNACZENIE ANALIZY TERMICZNEJ W BADANIACH )
MINERALOGICZNYCH. CZESC Il DOSWIADCZENIA HANNAY’A
W ZAKRESIE ANALIZY WYDZIELANEGO GAZU

Streszczenie

jakie przeprowadzal James B. Hannay
wykonujac dokladne pomiary wydzielanego gazu w uklaqzie i‘zoterrplcznej
i izobarycznej utraty wagi. J. B. Hannay moze by¢ uwazany za glownegg
pioniera analizy termicznej — zanim jeszcze Le ,Cbateller udpskonah
termopare w 1886 roku. Metoda ,,czasowa” Hannay’a i stosowanie wysu-

Praca opisuje doswiadczenia
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szonego powietrza sa zalecane do bachn réznych stanow w0<.dy Otbecny'ch
w mineralach ilastych i innych substancjach. Metqda ta jest bardziej
czula niz pozostale techniki termicznej analizy obecnie stosowane.

OBJASNIENIE FIGURY

Fig. 1. Aparat odwadniajgcy Hannaya
a — pochlaniacz, b — uklad suszenia, ¢ -- kapiel wodna lub olejowa, d — naczynia
odwadniajgce

PRI CPOBEPTICOH!

3HAYEHUME TEPMUYECKOI'O AHAJIM3A B MUHEPAJIOTMYECKUX
UCCJIIENJOBAHUAX. YACTD III. SKCIIEPUMEHTBI TAHHENA
KACAIOIIUECH AHAJIM3A BBIJIEJTEHHOI'O 'A3A

Pezwome

B pabore ommcaHbl 9KCIIepUMEHTHI, KOTOpbIe BbimoaHUa Jzk. B. Tauuer
NpOM3BO/A JleTalbHble M3MepPeHMA BBIIEJIEHHOTO Ia3a B CUCTEME M30Tep-
MU4ecKoii 1 m3obapudeckoir morepu Beca. JIzk. B. 'aHHelt cumraercs muo-
HEpPOM TepMMYecKoro aHaimsa. OH INPOBOAUI MCCIENOBAHUA eIe A0 TOTo
koryia Jle IllaTenbe ycoBepuiencrsoBan B 1886 roxy repmomapy. ,,Bpemen-
HbUI MeToxt 'aHHelia M NpuMeHeHye BBICYIIEHHOIO BO3LyXa peKOMEH/yeTC s
AJISL MICCTIeIOBAHMI PAa3HBIX COCTOSAHMIT BOJBI NPUCYTCTBYIONIEH B IJIMHU-
CTBIX MMHEpasax M Jpyrux cybcranumax. ToT MeTox GoJiee dyBCTBUTENECH
9eM OCTaJbHbIe NPUMEHseMble TeXHUKY TePMMUYECKOro aHaJIm3a.

OB'bACHEHUE PUT'YPEI

Pur. 1. ObesBozkmBammit anmapat Fanneia
a — 1ornoTurens, b — cucrema BRICYIIMBaHUA, ¢ — BOJAHAA WMJIM MacCJAHaA IIPOMBIB-
Ka, d — 00e3BOKMBaIOIEe YCTPOCTBO



