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ABSTRACT 

A survey is given of balances suitable for thermogravimetric 
and sorptlon measurements, this survey also covering composited 
thermogravimetric and sorptlon measuring apparatus. A bibliography 
is appended. 

BE~,I BALANCES 

With beam balances the mass difference in the gravitational 

field between the sample and the counterweizh t is measured. The 

relative sensitivity of 108 is usually approached, and a 

sensltlvlty of 109 may be obtained. 

InclinatiOn Balances 

These balances are characterlsed by a change in beam incllna- 

tlon when the mass of the sample is varied, until equilibrium has 

been re-established. This type of balance was often used for 

thermogravimetry but nowadays is mostly replaced by compensating 

beam balances. For applications in UHV and corrosive atmospheres 

bakeable quartz beam balances are sometlmes used, with microscoplc 

observation of the incllnatlon (cf. the Rodder balance (ref. 1) 

shown in Fig. 1) . 

The beam inclinatlon can be recorded in various ways: 

Chevenard (ref. 2) used photographic registration (Fig. 2). 

Chevenard-Duval actuated electrical contacts with the beam, the 

pulses being recorded. Gordon and Campbell (ref. 3) used a 

potentlometer, Petersen a magnetic detector (ref. 4), others a 

differential transformer. Rulfs (ref. 5) performed registration 

with the aid of photocells, using a diaphragm with varying 

aperture. Seederer-Feuer (ref. 6) equipped their balance with a 
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radium pin, the posltlOn of which was determined by two ionlsa- 

tion chambers. 

F i g .  1. R o d d e r ' s  UHV q u a r t z  b e a m  b a l a n c e  f o r  o p t i c a l  o b s e r v a t l  
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Fig. 2. Guichard's thermobalance 
1 beam, 2 taut band, 3 counterweight, ~ mirror, 5 shaft, 6 pan 
with sample, 7 oven, 8 counterweight and damper, 9 lamp, 
10 recorder cyllnder with photo-paper 
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Compensating Beam Balances 

With compensating beam balances the momentum due to a change 

in equilibrium is compensated by a counterforce returning the 

beam to zero. This counterforce serves as a measure for the mass 

change. The balance can be made very sensitive and independent 

of posltlonal variations by locating the centre of gravlty in the 

pivot. Stable position of the sample is advantageous because the 

temperature field of the thermostat often is not homogeneous. 

Compensating, equal-armed beam balances are most favourable in 

terms of the measuring procedure. In balances of thls type, 

sample and counterwelght can be kept at the same temperature, so 

that buoyancy and convection are largely compensated. For the 

measurlng system of the balance a temperature compensation bet- 

ween O and 40°C is generally sufficient; for water vapour 

sorptlon measurements between 80 and 120°C. 

Bartlett and Williams (ref. 7) descrlbe a balance in which the 

beam is restored by a counteracting pointer of an electrical 

instrument arranged in Wheatstone brldge. Eyraud's balance [ref. 

8,9) is equipped with a metal plate cutting off a l~ght beam 

and, via a photocell, controlling a d.c. magnet suspended at the 

balance (Fig. 3). A dlfferentlal photoelectric detector is 

descrlbed by Mauer (ref. 10). Brockdorff (ref. 11) used a coll 

at the beam to counteract a permanent magnet and thus compensate 

the deflectlon after its photoelectrlc determinatlon. Similar 

Fig. 3- Eyraud's thermobalance 
I rider, 2 beam, 3 base plate 

permanent magnet, 5 coil, l 
6 ba]ance pan, 7 cover, 
8 electromagnet, 9 photo cell 2 
10 amplifier, I] recorder 

3- 
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devlces have been descrlbed by Cahn (ref. 12), 2,1uller (ref. 13), 

Hlrone and Maeda (ref. 14), and are manufactured by several 

companles. ~lan±gaut and Tsal (ref. 15) used electromagnetlc 

forces applied to a core of soft ~ron whlch was attached to the 

beam; the current requlred to compensate the deflectlon was 

operated manually. A coil system wlth controlled d.c. flow was 

used by Gregg and Wintle (ref. 16), the deflection belng observed 

with a photocell. Slm±lar devlces have been developed by many 

others (ref. 17,18). Czanderna (ref. 19) developed a conuuerclal 

UHV quartz-beam compensating balance wlth a relatlve sensltlvlty 

of 2-108. Photocell and lamp are arranged outside the case, the 

llght beam being introduced through boroslllcate w±ndows (Fig. 4, 

5). 

quartz beam 

m e c h a n i c a l  / f l a g s  f o r  
r e f e r e n c e  ' \  ~ ~  , , ~  ~ ~ - ~  a u i o m a ±  l c  

stalnless 
s~eel frame to magnet for tungsten to sample ]oad~ 

servo feedback pivot up to 20 g 
supports 

Figs .  ~+5. Czanderna's UHV/high pressure  balance 
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The sensor of Gast's balances (ref. 20,21) (Fig. 6) is composed 

of coils whlch are crossed in zero posltlon. After deflection a 

hlgh-frequency signal is transmltted, which is subsequently 

rectlfied and fed back to the beam coil, restoring the beam against 

a permanent magnet. The d.c. serves as a measure for the mass 

change. 

F i g .  6 .  G a s t ' s  e l e c t r o m a g n e t i c  b a l a n c e  

Former thermobalances were compensated by chalns which could be 

varied automatically in length (ref. 22). Garn (ref. 23) used a 

servo-motor controlled by a differential transformer for this 

(Fig. 7). Waters (ref. 24) described a differentlal thermobalance, 

in which the mass change was compensated by electrolytic preclpl- 

tation of silver from AgNO 3. Buoyancy in a liquid is occasionally 

used to compensate balance deflection. Automatic balances of thls 

kind are described by Paphailhau (ref. 25) and Somet (ref. 26). 

Dybwad and Zinnow (ref. 27,28) used the force of a llght beam as 

restorlng force; the lowest mass change detectable with their 

balance was 10 -10 g. 
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Fig. 7. Chain balance 1 deflection contacts, 2 battery, 3 chain, ~ servo-motor, 
5 recorder 

Torsion balances where the torslon wire is turned by a servo- 

motor have been described, a photocell mostly belng used as 

position sensor (ref. 29). The mlcrobalances described above (e.g. 

Cahn, Gast, Czanderna) can also be regarded as torsion balances 

because the beam xs suspended in taut bands. 

SPRING BALANCES 

With respect to slmpllclty of deslgn, quartz spiral balances 

are part±cularly favourable. In fact, self-manufacturing is 

possible. These balances consist of only few mater±als and thus 

lend themselves to work in UHV and corrosive atmospheres. However, 

because of their moderate resolutlon related to the maximum load 

of about 104, they have largely been displaced by commerc±al 

electric beam balances. 

Spring Balances with Deflection Measurement 

The McBain balance (ref. 30) consists of a quartz splral in a 

glass tube. Deflection is observed uslng a cathetometer. A modlfl- 

cation is described by Rhodln (ref. 31). Despite the small 

coefficient of expansion it ±s recommended to keep the spiral at 

constant temperature. Ernsberger (ref. 32) calculated the error 
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by thermal expansion to be 

m AT AL : -1.23 10 -4 k(M + ~) 

where AL is the elongation of the splral (nut0, ~T the temperature 

dlfference (K), M the sample mass, m the splral mass (mg), and k 

the sensltlvlty (~m~/mg). 

The sensltlvlty of the balance depends on its geometry. FOr a 

maximum load of I mg it may be 1OO n~/mg, and for 10 g about O.O1 

mm/mg. 

The deflection of the spring balance can be read uslng a 

dlfferentlal transformer (ref. 33,34) (F±g. 8). In an improved 

version the coll system is automatlcally guided (ref. 35) to 

expand the range, which results in a sensltlvlty of 10 ~Z for 

I g load. Some sprlng balances are equipped with a light beam 

recorder (ref. 36, 37). 

Fig. 8. 'Amlnco Thermo-Grav' 
I quartz spring, 2 inductlon coii 

tare pan, 4 temperature screen 
5 vacuum flange, 6 heater, 7 sample 
pan, 8 thermocouple, 9 recorder 

9 

6 

7 
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Compensating Spring Balances 

Spring balances can be magnetically equillbrated by attaching 

a soft iron magnet to the balance pan, as described by Clark 

(ref. 38). Using a photoelectr±c control and a d.c. coil system, 

the elongatlon can be compensated to zero. A similar balance is 

described by Beams, Hulburt, Lotz and Montague (ref. 39). 
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Strain Gau~e Balances 

The measurzng method using strain gauges or stretched resistance 

wires exhibits slmilarities to spring balances with respect to 

the operating principle. This method is increasingly being used 

for weighing heavy loads. The small maximum load/sensitivity ratio 

of 105 restricts its use in thermo-gravlmetry to special tasks. 

SUSPENSION BALANCES 

Suspension balances are defined as instruments where the 

sample is freely suspended in the atmosphere without mechanical 

connection to the measuring system. There are two possibilities 

of realisation: electrostatic or electromagnetic. 

M111ikan suspended charged particles to determine the ratlo of 

charge e to mass m. If e is known (and constant during the ex- 

periment), m and variations of m - e.g. due to adsorption - can 

be determined. 

Straubel (ref. 40) improved the method by using a capacitor 

with three circular parallel plates, each with a hole in its 

centre (Fig. 9). If an a.c.voltage is applied between the inter- 

mediate plate and the ground, small particles carrying a suffl- 

ciently high charge will be trapped in the inhomogeneous field of 

the hole. These particles will be kept exactly in the centre of 

the hole but, according to their mass, somewhat below the hori- 

zontal plate. To counterbalance the mass a constant field may be 

applied across the two outer plates (Millikan experiment). Fig. 10 

shows the corresponding experimental set-up. The particles are 

charged, e.g., in a corona discharge and dusted into the capacitor 

from above. All particles but one will be removed by varying the 

a.c.voltage (about 10 kv, 50 Hz). The remaining particle is 

illuminated from below and observed with a stereo microscope. 
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F i g .  9.  S t r a u b e l ' s  t h r e e - p l a t e  c a p a c i t o r  



When slowly increas±ng the voltage, the partlcle suddenly 

starts to oscillate. By determining the onset of osclllatlon it 

is posslble tO calculate the ratlo e/m. In addltlon, relative 

weight changes of the partlcle are obtained from the relation 

~m AU 
m U 

by repeated determination of the a.c.voltage U at the onset of 

osclllatlOn. Partlcles up to mllllgrams may be used; the smallest 

mass change observed was O.1 pg. 
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F i g .  1 0 .  A r r a n g e m e n t  w i t h  t h e  p a r t i c l e  s u s p e n s i o n  b a l a n c e  

For studying sorption in a corrosive atmosphere or in ultrahigh 

vacuum, the electromagnetic suspenslon balance (Fig. ]I) accordlng 

to Gast (ref. 21) is particularly suitable. This is a slngle-armed 

beam balance with electromagnetic compensation in which the sample 

pan is attached to a permanent magnet whlch is kept in suspension 

at a distance of about 10 mm below an electromagnet attached to 

the hangdown wlre, the distance between the two magnets being 
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controlled electromagnetically. The reaction space, a quartz 

vessel, thus contains only the sample attached to the permanent 

magnet. The measuring system of the balance is outside the 

reaction space, thermOstated in air. The sample temperature can 

be transmitted wlreless (ref. 41,42). Special versions for work 

in corrosive atmospheres (Fig. 12) and at high pressures (up to 

150 bar) are available. 

F i g .  1 1 .  
G a s t ' s  
s u s p e n s  1o  
b a l a n c o  
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F i g .  12 .  A p p a r a t u s  w i t h  
m a g n e t i c  s u s p e n s i o n  b a l a n c e  
for measurements with corrosixe 
gases or in UHV 
1 balance beam, 2 electro- 

m a g n e t i c  m e a s u r i n g  a n d  c o m p e n  
s a t i n g  system, 3 c o n t r o l l e d  

7.  e l e c t r o m a g n e t ,  4 p e r m a n e n t  
m a g n e t ,  5 6 s a m p l e ,  o v e n ,  

k~/ 7 pressure gauge,8 gas 
I I  c y l i n d e r ,  9 m e r c u r y  

i~----%~ O l l l U S l O n  pump 

10 water j e t  pump 

10 8 

OSCILLATION BALANCES 

Crystal Balances 

A change of the mass of the crystal m ° results in a change of 

it elgenfrequency f o :  

~f _ Am 
f m 
o o 

The smallest mass difference observed so far is about I pg. It 

is essential that the sample be firmly connected to the crystal. 

Otherwlse it is not the mass that is measured, but the impedance 

of a statlonary wave within the sample. The appllcatlon is 

therefore restricted to the measurement of growlng layers (vacuum 

evaporation, sputterlng, etc.; (ref. 43-45)). Some difficulties 

arise from the temperature dependence of the crystal. 
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String Balances 

The elgenfrequency of strained wlres and bands is varled by 

the deposition of material. This prlnciple has been proposed for 

welghlng (ref. 46,47). A balance pan can be attached to a 

strained string. This method has been implemented in some tech- 

nical balances (ref. 48) for g to kg loads, but not yet for 

thermogravimetric applications. 

MULTICOMPONENT BALANCES 

Such balances, mostly electromagnetlc systems, are used for 

thermogravlmetrlc appllcatlons where additionally to the mass 

change the impulse of a molecular beam is to be measured. 

GRAVIMETRIC APPARATUS 

Thermogravlmetric instruments are characterised by heating 

equipment wlth temperature program. 

Gravlmetrlc instruments for investigating physlsorptlon are 

equipped with pressure and temperature controls and devices for 

programmable changes of one or both varlables. They also include 

a vacuum apparatus. In addition, simple apparatus for special 

technical measurements are on the market. 

Moisture Meters 

A very simple application of gravlmetrlc sorptlon measurement 

is in moisture balances. Conm~ercially available molsture balances 

usually are milligram balances equipped with infrared heaters, 

where the moisture contained in the sample is vaporized. 

Thermo~ravlmetric Instruments 

They consist basically of a balance with a program-controlled 

heater, usually for l±near temperature rise. Whereas earlier 

apparatus were equipped with special milligram balances, micro- 

balances are increasingly belng used today. Even small apparatus 

are equipped with vacuum aggregates. More sophisticated instru- 

ments include provlslOns for working with different gases at 

controlled pressure and reduced temperatures. Research apparatus 

of this kind are provided with connections for auxlllary ~nstru- 

ments. Some typical examples are briefly described in the follo- 

wing. 

The 'Derivatograph' (Fig. 13) includes a milligram balance 

with automatic weight switchlng. It is an inclinatlon balance 
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with light beam reglstration on photo-sensitive paper. The tem- 

perature, the mass and the derivative of the mass change are 

recorded. DTA is built in. The balance can be used alternatively 

as dilatometer, squeezing the sample between a yoke and the 

balance beam. The first derivative is here also recorded (ref. 

49-53) . 

~JY~/A r / A / / / A  
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Fzg. 1 3 . Comblned TG, DTA and dllatometr~ accordlng to 
Erdey, Paulik and Paulxk; 'Derlvatograph'. 

The 'Thermomat' (Fig. 12) includes an electromagnetic 

suspension balance according to Gast (ref. 21, 54). The whole 

apparatus is made of quartz. An automatic Bodenste±n quartz spiral 

manometer serves for pressure measurement from UHV to I bar. 

Valves are equipped with PTFE seals. A mercury diffusion pump is 

combined wlth a water 3et pump as forepump. This version is 

sultable for work in UHV and in corrosive atmospheres. Another 

version can be used at high pressures up to 150 bar. 

The "Thermoanalyzer" (ref. 55, Fig. 14) is equipped with a 

milligram balance. The sample can be arranged either below or 

above the beam. The vacuum aggregate includes two diffusion pumps, 

one for the instrument case, the other for the sample space. DTA 

at the balance pan is possible. 

The "~4icrothermoanalyseur" (ref. 8,9,56, Fig. 15) is equipped 

either with an Eyraud balance or a compensating microbalance. The 

mass and the first derivation of the mass are recorded. DTA is 
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included. Temperature control is up to 2700 K. 

Favourable is the arrangement of the balance on a free stand 

accessible from all sides, which facilitates the connection of 

other instruments. 

D E ~FG 
B 

c' rl , U I 

F x g .  14 .  M e t t l e r  T h e r m o a n a l y s e r  , 
A p r o t e c t ' n g  g a s  s u p p l y ,  B g a s  d r y e r  I] 

I C o i l  d i f f u s i o n  p u m p s ,  D r e a c t i o n  g a s  ! 
s u p p l y ,  E s a m p l e ,  F c o l d  t r a p ,  G d i a p h r a g m  
p r e s s u r e  gauge,  H e x h a u s t ,  i r o t a r y  vane ]!il ,," 
p u m p  

' I q l l [  I ! 
F i g .  15 .  SETARAM M l c r o t h e r m o a n a l y s e r  / ' 1 1 , ~ " ~  / 
1 e l e c t r o m a g n e t i c  b a l a n c e  i n  v a c u u m  c a s e ,  9___~7~I~<~j~ 
2 b a s e  p l a t e  wlth v a c u u m  m a n i f o l d ,  3 w z n d o w  
a n d  m i r r o r  f o r  t h e  o b s e r v a t i o n  o f  t h e  s a m p l e  
q c o u n t e r w e i g h t  s u s p e n s i o n ,  5 h e a t  s h i e l d s ,  
6 s a m p l e ,  7 o v e n ,  8 DTA t h e r m o c o u p l e s ,  9 g a s  
s u p p l y  

Sorption bleters 

The characteristic feature of sorptzon measuring instruments is 

the program-controlled variation of the gas pressure for the 

measurement of isotherms. Preferably this is performed by stepwise 

isobaric pressure change, while the temperature zs kept constant. 

Temperature programs are optional. Another typical characteristic 

of this type of instrument is its being equipped with thermostats 

for low temperatures: baths of liquid gases, freezing mixtures 

or cryostats. The 'Gravimat' (ref. 57-59) may serve as an example 

of an extensively equipped commercial instrument: this apparatus 

(see Fig. 16) is equipped with several electromagnetic micro- 

balances according to Gast (ref. 20,21). One of these carries a 

glass bulb and is used for the pressure measurement and control 

by buoyancy. Depending on the balance type, the balances carry 

a maximum load of 2.5 or 25 g. In the range of I and 105 Pa the 
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pressure x s  ad3usted in 1OO stages and malntalned for a preselected 

period of tlme. The vacuum installation includes a turbomolecular 

pump. The normal temperature range extends down to 77 K. The 

'ThermOgravlmat' ~s equipped in addition wlth a txme-controlled 

temperature program up to 2500 K. 
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F i g .  16 .  N e t z s c h  G r a x  x m a t  
1 s a m p l e ,  2 c o u n t e r w e i g h t ,  3 D e w a r  x e s ~ e l s  It e l e c t r o m a g n e t i c  

b a l a n c e  a f t e r  G a s t ,  5 b u o y a n c y  p r e s s u r e  g a u g e ,  b ] o n l s a t l o n  
g a u g e ,  7 t u r b o  m o l e c u l a r  p u m p ,  8 r o t a r y  v a n e  p u m p ,  9 g a s  
c y l i n d e r ,  10 g a s  d r y e r ,  11 ,  12 p r e s s u r e  c o n t r o l  

Composite Instruments 

The results of sorptlon measurements can often be interpreted 

only with tile aid of addltlonal measurlng methods. Research 

apparatus therefore include auxlllary instruments. 

As mentioned above, a very useful and simple supplement for 

thermogravimetr~c investxgatlons is differential thermal analysis 

(DTA) performed on the sample on the balance pan or on a second 

sample arranged near the balance pan. Examples are shown in Fxgs. 

13 and 14. 

In the setup shown in Fig. 13, dxlatometry is used as a 

supplementary method whzch is of particular ~nterest for ceramxc 

materials. After completlon of the thermOgravlmetric measurement 

a second, ±dentzcal sample is placed on the balance. The sample 

is inserted between a flxed yoke and the balance beam, and the 

balance measures the varlations in sample length. 

Frequently it is of ±nterest to identify the gases which have 

been released. Because of the small quantlt±es that have to be 
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analyzed, mass spectrometry or gas chromatography seem to be bes 

suited. When lnvestlgatlng the adsorption of gas mlxtures an 

additional parameter must be measured. This can be achleved by 

a simultaneous volumetric determination of the pressure change. 
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