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A modofied Q-1500 D derivatograph (MOM, Hungary) allowing measurements of sample 
weight changes at constant temperature is described. The sample weight changes measured were 
due to the adsorption and desorption of liquid vapour flowing in an inert gas stream through the 
measuring cell at constant temperature. This apparatus permits the utilization of thermal 
analysis for adsorption investigations. 

:Sample weight changes may be measured with a derivatograph by either 
nonisothermal or isothermal methods. In the nonisothermal method [1-4], the 
sample and the reference substance are simultaneously heated under the same 
conditions. The temperature increase gives rise to physical and chemical 
transitions, such as evaporation [5], melting, structural changes, decomposition, 
oxidation, etc., and consequently the sample weight changes. 

In the isothermal method [6-8], the sample weight changes caused by its heating 
at constant temperature are recorded until constant weight is obtained. The sample 
weight change curves are determined for chosen temperature ranges, e.g. 350-450 ~ 
[7] or 110-265 [8]. Before measurements, the samples e.g. zeolites, are wetter with 
water, placed in a crucible and heated at a constant temperature. Under isothermal 
conditions, the measurements are usually carried out at temperatures higher than 
the boiling point of the liquid in the sample investigated. 
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The object of this paper is the application ofa  derivatograph to investigate liquid 
vapour adsorption and desorption on and from solid surfaces at constant 
temperature. The derivatograph was fitted with appliances necessary for these 
investigations. 

Experimental 

Apparatus 

A Q-1500 D derivatograph (MOM, Hungary) was fitted with appliances 
permitting the saturation of an inert gas with the vapour of the liquid investigated, 
the introduction of gases into the measuring cell, and the attainment of a constant 
temperature in the measuring cell [9]. Before measurements, the reference holder 
was removed from the measuring cell in order to prevent the adsorption and 
desorption of liquid vapour on and from it. A special sample holder was placed in 
the measuring cell. 

Figure 1 A presents a block diagram of  the apparatus. The unit permitting 
saturation of an inert gas with the liquid vapour consists of an inert gas (nitrogen) 
bottle (1) connected to a flowmeter (2), a multi-way valve (3), a saturator filled with 
the liquid investigated (4), a cooler (5) and the measuring cell (11) of the 
thermobalance (8). Saturator (4) is heated by a sand bath (6). Cooler (5) is 
connected to an ultrathermostat (7) producing vapour at the measuring 
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Fig. 1 A Expe r imen ta l  set-up o f  the d e r i v a t o g r a p h  for the de t e rmina t i on  of  l iquid v a p o u r  adso rp t ion  

a n d  desorp t ion  on  and  f rom solids,  l - n i t rogen  source,  2 - gas  f low meter ,  3 - mul t i -way  

valve ,  4 -  sa tu ra to r ,  5 -  excess v a p o u r  rectifier,  6 -  s and  bath ,  7 -  u l t r a t h e r m o s t a t ,  

8 - t he rmoba lance ,  9 - recorder ,  l0  - power  supply,  11 - measu r ing  cell, 12 - sample  

holder ,  13, 1 5 -  AT the rmocoup le ,  1 4 -  the~xnocouple of  p r o g r a m  Q, 1 6 -  t empera tu re  

the rmocoup le ,  17 - qua r t z  jacket ,  18 - n i t rogen  d ry ing  washers ,  19 - me ta l  coil, 20 - weight ,  

21 - screw, 22 - tube,  23 - furnace  
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temperature. The constant temperature in the measuring cell is obtained by 
circulating water from the ultrathermostat through a metal coil (19). 

Figure 1 B presents an oblong section and Fig. 1 C presents a cross-section of the 
sample holder (12), a rectangular silver pan (2.5 x 3 cm), the edges of which are 
curved in order to retain the sample. The pan is equipped with a 5 mm long tube 
(22) and a screw (21) allowing its fixation to the measuring thermocouple (13) 
(Fig. 1 A). 

b) r 

Fig. 1 B Oblong section of sample holder Fig. 1 C Cross-section of sample holder 

Materials 

Silica gel (Machery Nagel, Germany) for chromatographic columns, with a 
particle size of0.15q3.3 mm and a surface area of 467 m2/g, was used. The surface 
area was determined with a Sorptomatic 1800 apparatus (Carlo, Erba, Milan, 
Italy). 

Procedure 

Before the measurements, a silica gel sample (35 mg) was placed on the 
derivatograph sample pan and was heated up to 300 ~ in order to remove volatile 
substances (especially hygroscopic water) from its surface (Fig. 2, T and TG curves, 
sectors AB). The furnace was then elevated and the measuring cell was cooled to 20 ~ 
without removal of the quartz jacket (17). During the heating and cooling process, 
dry inert gas (nitrogen) was passed through the measuring cell. The quartz jacket 
and the continuously flowing dry nitrogen protected the sample against the 
influence of the atmosphere. The position of the multi-way valve was then changed 
and nitrogen saturated with water vapour was passed through the measuring cell. 
The nitrogen was saturated with water vapour in the following way. Nitrogen from 
bottle (1) was passed through saturator (4), containing water preheated to about 
60 ~ The preheated mixture of nitrogen and water vapour was cooled in cooler (5) 
until the measurement temperature (20 ~ ) was reached. The temperature was 
regulated by thermostat (7). The water vapour excess was condensed in cooler (5) 
and collected in saturator (4). 

As a result of  the flow of nitrogen saturated with water vapour through the 
measuring cell, water was adsorbed on the silica gel sample. The derivatograph 
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Fig. 2 T, TG and DTA curves corresponding to adsorption and desorption of  water vapour on and 

from silica gel at 20 ~ . 

T curve: peak AB - sample heating to 300 ~ and cooling to 20 ~ sector BE - constant temperature 

(20 ~ during measurement;  sector EF - sample heating to 300 ~ after the desorption process. 

TG curve: sector AB - evaporation of hygroscopic and bound water; BC - adsorption of water; 

CD - plateau; DE - desorption of water; EF - thermal desorption of  bound water. 

DTA curves: sector BC corresponds to the heat of  adsorption of water on the silica gel; 

CD - plateau; sector DE - the heat of desorption of water from the silica gel surface 

recorder plotted the TG curve of sample weight increase vs. time (Fig. 2, sector BC). 
As a result of the adsorption on the sample, a small amount of adsorption heat was 
liberated and hence the temperature of the sample was somewhat higher than 
ambient temperature. The recorder simultaneously plotted the DTA curve (Fig. 2, 
sector BC). After complete sample saturation (adsorption equilibrium, plateau in 
Fig. 2, sector CD), the gas + water vapour mixture inlet was stopped and pure dried 
nitrogen was introduced again into the measuring cell. Water desorption from the 
sample then occurred. The recorder plotted the weight in the form of a TG curve 
(Fig. 2, sector DE). Water desorption was accompanied by the absorption of a 
small amount of heat and yielded an endothermic peak in the DTA curve (Fig. 2, 
sector DE). The derivatograph fu~ nace was then lowered and the sample was heated 
up to 300 ~ when the water bound by the silica gel underwent thermal desorption 
(Fig. 2, T and TG curves, sectors EF). 
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Zusammenfassung - -  Es wird ein modifizierter Derivatograph vom Typ Q-1500 D (MOM, Ungarn) 
beschrieben, der die Messung yon Ver/inderungen des Probengewichtes bei konstanter Temperatur 
erm6glicht. Die adsorption und Desorption einer bei konstanter Temperatur in einem inerten Gasstrom 
dutch die Menzelle str6menden gasf6rmigen Substanz wird dutch Messung des Probengewichtes verfolgt. 
Eine Apparatur fiir thermische Analyse wird damit zu Adsorptionsuntersuchungen verwendet. 

Pe3mMe - -  Onncan MOaadpnuaponannbl~ JlepnBaTorpaqb Tnna Q-1500 J1 (MOM, Benrpna), 
noa13oylslomieifi HpoBo~.HTb H3Me~HH)I H3MeHeHHfi aeca o6pa3ua npn nocToslnno~ TeMnepaTypc. 3a 
BeCOBbiMH H3MeHeHHIGIMH cne~lyeT a~cop6aHa H ~ecop6una napoa, HaxoRamnxca n noTore HHepTHOFO 
raaa n nponycxaeMblX tlepe3 HaMepHTe.rlbnyrO aqefiry rlpH HOCTORHHOfi TeM.lepaType. AnnapaTypa 
~!aeT BO3MOXHOCTb HCHO31b3OBaTh MeTO,/I TepMHq~KOFO ana~u3a ~,na nccae~oaanaa a~cop6Lt~n. 
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