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Abstract 

Based on the reviews of Behrndt, Iwata, Duval, Jenemann and Gast, we present a 
chronology of vacuum microbalance techniques in table form. The earliest discoveries of 
weights and balances are dated to about 3000 B.C. In the 19th century, balances were 
operated in vacuum for meteorological purposes. Thermogravimetry began with Talabot 
who, in 1833 in Lyon, equipped a laboratory with thermobalances for quality control of 
Chinese silk. At the beginning of the 20th century, microbalances were placed in high- 
vacuum apparatus. 

HISTORY 

Although microweighing in vacua and at variable temperatures are recent 
techniques, their origins go back to the time when the kilogram was 
standardized [I] and possibly to the beginning of vacuum techniques. We 
can recommend the following reviews on the development of chemical 
balances [2], microbalances [3-71, and thermogravimetry [S- 111. A survey 
of current commercially available instruments is included in the book 
written by Mikhail and Robens [ 121. Concerning vacuum microbalance 
techniques, the volumes by Czanderna and Wolsky [ 131 and by Lu and 
Czanderna [ 141 should be consulted. For details of the proceedings of the 
VMT Conferences, the reader should see refs. 15-18. Monographs on 
thermogravimetry are mostly presented in the context of thermal analysis. A 
variety of conferences deal with this subject, for example, those organized 
by the ICTA (now ICTAC) [ 191 or by national thermoanalytical societies. 
Specialized journals are Thermochimica Acta, the Journal of Thermal 
Analysis and Netsu Sokutei. 

* Corresponding author. 
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Fig. 1. Emich electromagnetic compensating vacuum microbalance: Z, solenoid with coil N; 
W, permanent magnet; X, sample pan, Y, counter-weight; Q, quartz tube beam; diameter, 
0.7 mm; length, 82 mm; U, quartz fibre pointer; E, ocular micrometer. 

With respect to the origin of methods and instruments, some revisions 
and supplementary reviews are required. Because of incorrect absolute 
dating of Egyptian history, drawings and discoveries of weighing equipment 
were thought to be older than they really are [20]. The oldest balance beam, 
a small instrument made of limestone originates from Upper Egypt [21] and 
is assigned to the pre-dynastic Negade period (3700-3200 B.C.). 

From an early drawing of a balance beam of the same type in the tomb 
of Hesi-re (3rd dynasty), we have proof of the use of balances at about 2650 
B.C. [22]. Thus, we may date the balance beam to somewhat earlier than 
3000 B.C. From that time, there are also discoveries of weights in Egypt, in 
other parts of the eastern Mediterranean, and in India. Of course, its 
invention may have been much earlier, but there are no properly dated 
findings. 

The Egyptians used the balance in metal manufacturing [23]. An early 
thermogravimetric investigation is mentioned in Vitruvius’ report on lime 
burning [24]. Gravimetric hygrometers loaded with wool, cotton or a 
sponge were first described in the 15th century by Nicolaus Cusanus, Leo 
Battista Alberti and Leonardo da Vinci [25]. Leonardo claimed to have 
observed big deflections of a balance loaded with weights of equal mass but 
different volume during a thunderstorm, as a consequence of density 
changes in the air. He recommended this buoyancy balance ‘as a means to 
see, when the weather will break’ [26, 271. 



E. Robens et al./Thermochim. Acta 235 (1994) 135-144 

Fig. 2. Eyraud recording vacuum thermobalance (Setaram). 

Thermogravimetry began in 1833 when Talabot equipped a laboratory in 
Lyon (France) with thermobalances for quality determination of Chinese 
silk [28]. Independently, in 1915, Honda seems to be the very first to use the 
expression ‘thermobalance’ for his instrument [29]. The first microbalance 
was built in 1886 by Warburg and Ihmori. 
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Fig. 3. Gast electromagnetic suspension balance (Sartorius): 1, electrodynamic compensat- 
ing balance with mechanical weight load; 2, balance thermostat; 3, magnetic suspension 
system; 4, sample vessel. 

In the 19th century, balances were operated in vacuum for meteorological 
purposes. The first vacuum microbalance, already with electromagnetic 
compensation, was made in 1912 by Emich (Fig. 1). In 1953, the company 
A.R.A.M. manufactured Eyraud’s electrodynamic recording balance (Fig. 
2). The most favorable technique for mass determination in vacua is 
realized using electromagnetic suspension of the sample, the balance being 
outside the sample vessel (Fig. 3). 

Table 1 lists important developmental steps in vacuum balances and 
thermobalances, and gives their first application to various types of investi- 
gation. 
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