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A technique developed for the continuous and selective detection of water vapour 
formed during thermal decomposition reactions is described. 

The device can be connected to different types of thermoanalytical instruments 
without any difficulties. The detector can closely follow changes in the amount of water 
released during decomposition reactions, with negligible time delay. 

The signal curves obtained by the detector can be compared to the simultaneously 
recorded thermoanalytical curves and used to determine the step in which the water 
was released. 

The device as a free standing unit can be used to detect water plugs in different gas 
flows as well. 

The different techniques of evolved gas detection (EGD) and evolved gas analy- 
sis (EGA) are widely used in thermal analysis to detect the volatile products, if 
any, and to determine the nature and amount of the volatile products formed 
during the heating process. 

Different types of thermoanalytical equipment (thermobalance, DTA apparatus, 
dilatometric equipment) are connected to gas chromatographs [1 ], mass spectrom- 
eters [2], thermo-gas-titrimetric equipment [3], infrared spectrophotometers [4], 
heat conductivity cells [5] and others. 

Compared to the simple thermoanalytical methods, these complex methods give 
additional and detailed information on the decOmposition processes. 

During thermal decomposition processes it is often necessary to know exactly 
whether or not water vapour has been formed in the reactions, to detect it selec- 
tively in the evolved gases, and continuously to record the change in the amount of 
water released and to measure its approximate amount. 

In practice a number of techniques are used to determine the water contents of 
different flowing gases. However, the number of techniques available for determina- 
tion of the time-dependent water contents of flowing gases is much lower. For 
example, there are different well-known methods to measure the water contents 
in flowing gases, based on conductivity [6], coulombmetry [7], piesoelectricity [8] 
and dew-point determination [9]. 

The above methods are not suitable for thermoanalytical purposes for various 
reasons: their characteristic curves are non-linear, the instruments are sensitive 
ot corrosive gases, or the response time is too high. 
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A simple, cheap and easy-to-handle device has been developed for the continuous 
detection of water evolved during thermal decomposition processes. 

The detector has to meet the following requirements: 

1. Selective response. This is important because in most cases the decomposition 
reactions take place in more then one stage and different gaseous products are 
released simultaneously. 

2. Appropriate response time to indicate the appearance and disappearance of 
water in the carrier gas at a flow rate of 5 - 1 0  l/h, following closely the changes in 
water content. 

3. A signal proportional to the actual water content. 
4. The detector signal can be recorded simultaneously along with the TG, DTG 

and DTA curves. 

In the method developed by the authors, the HzO evolved in the course of 
examination is transported by a carrier gas through a detector (Fig. 1: 2). 
The electric signal is measured in comparison to a reference signal. 

Experimental 

Preliminary experiments were carried out by injecting water-saturated air 
samples. The schematic diagram of the device is shown in Fig. 1. Nitrogen gas 
flows through the detector cell (2) from the carrier gas supply (1) at a constant 
flow rate of 5 1/h. The water content of the gas is preliminarily adsorbed in a drier 
filled with dried silica gel. The flow rate of gases passing the detector cell is con- 
trolled by a rotameter (6). A "T"  element (4) is connected to an aspirator bottle (5) 

[ t-t 

Fig. 1. Schematic diagram of the apparatus used for continuous detection of water vapour in 
water-saturated air samples. 1 : Gas bomb, 2: detector cell, 3 : drier (silica gel), 4: T-element, 
5: aspirator bottle, 6: rotameter,  7: D. C. power supply~ 8: recorder, 9: Wheatstone bridge 
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containing the water-saturated air. The detector is fed by a D.C. power supply 
(Type TR-9253, F O K - G Y E M ,  Hungary  (7) and the signal o f  the detector is 
registrated on a four-channel /~V recorder (MOM, Hungary)  (8). 
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Fig. 2. The curves obtained with the detector. Initially 50 cm 3 water-saturated air sample was 
injected, and its amount was increased in equal steps of 50 cm 3 up to 500 cm 3 
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Fig. 3. The areas enclosed by the curves plotted against the water content of the air samples 
saturated with water 

Initially, 50 cm a air sample saturated with water was introduced into the dry 
carrier gas stream, and its amoun t  was increased in equal steps o f  50 cm 3 up to 
500 cm 3. Ten curves were recorded, as shown in Fig. 2. The rising parts  o f  the 
curves represent the addit ion o f  water-saturated air samples. The addit ion was 
s topped at the peak. The areas enclosed by the curves were determined by a 
planimeter and plotted against the water content,  as shown in Fig. 3. A linear 
relationship was found between the curve peak area and the water content. The 
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results were evaluated by the least-square method. The constants of  the linear 
regression line are as follows: 

a = 2.19___0.14 

b = 0.17+0.24 

The regression coefficient (h) is: 

h = 0.998 

(1) 

(2) 

(3) 

For further tests the detector was connected to a derivatograph (Type 3427-  
1100 ~ MOM, Hungary) The schematic diagram of the apparatus is shown in 
Fig. 4. The sample is surrounded by a silica chamber, which can be flushed with 
an inert carrier gas [10]. The evolved gases are removed from the furnace chamber 
of  the derivatograph and transported through the detector at a constant flow 
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Fig. 4. Schematic diagram of the apparatus connected to the derivatograph. 1: Furnace 
temperature programmer, 2: furnace, 3: detector cell, 4: Wheatstone bridge.~ 5: d.c. power 

supply, 6: recorder 

rate of  10 I/h by the carrier gas. The flow rate of  the mixture of  the evolved gases 
and the carrier gas was controlled automatically. 

The thermal decomposition curves of  50.0 mg CuSOa �9 5H~O, including the 
signal of  the water detector, are shown in Fig. 5. The sample was heated at a 
heating rate of  5~ 

Compared to the decomposition curves the following conclusions can be drawn 
as regards the signal of  the detector: 

1. The signal of  the detector closely follows the change in the water content of  
the carrier gas (i.e. the shape of the D T G  curve) with a negligible time delay. 

2. All the points of  the curve produced by the detector are proportional  to the 
actual concentration of water in the carrier gas and are very close in time to the 
thermoanalytical curves. 
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Fig. 5. Thermal decomposition curves of 50.0 mg CuSOr �9 5H20, including the signal of  

the water detector 
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Fig. 6. Thermal decomposition curves of Ca(COO)~ �9 H20 in a nitrogen atmosphere, and 
the signal of the water detector 
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The measurements were repeated with different amounts of CuSO4 " 5HzO. 
The relationship between the curve peak area and the mass of water was similar 
to that shown in Fig. 3. 

The lowest detectable amount of water can be estimated as 2 -  3 mg. The stand- 
ard deviation of the method is not worse than 2 rel. per cent. 

Selectivity tests 

For investigation of the application of this technique to detect water in the 
presence of other gaseous thermal decomposition products, a known amount of 
Ca(COO)2 H20 in a nitrogen atmosphere was examined and the curves recorded 
(see Fig. 6). It was found that the signal of the detector indicates the release of 
water during the reaction in accordance with the D TG  curve. Carbon monoxide 
and dioxide formed in the second and third stages of the reaction do not influ- 
ence the response of the detector. 

The thermal decomposition curves of an air-dry anion exchanger resin sample 
(AG 1 x 8 Bio-Rad, USA) in chloride form, heated in a nitrogen atmosphere, and 
the signal of the detector are shown in Fig. 7. The thermal decomposition takes 
place in three separate steps. The detector records only the water released in the 
first stage of the decomposition and the other gas products evolved do not disturb it. dm.  2T- 
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Fig. 7. Thermal decomposition curves of an air-dry anion exchanger resin sample (AG 
1 x 8 Bio-Rad, USA) in chloride form, heated in a nitrogen atmosphere, and the signal of the 

detector 
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S i m i l a r  i n v e s t i g a t i o n s  we re  c a r r i e d  o u t  to  e x a m i n e  t h e  i n f l u e n c e  o f  s u l p h u r  

d iox ide ,  s u l p h u r  t r i o x i d e  a n d  a m m o n i a .  I t  was  f o u n d  t h a t  t h e s e  c o m p o u n d s  h a v e  

n o  ef fec t  o n  t he  se lec t ive  r e s p o n s e  o f  t he  d e t e c t o r  e i the r .  
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Rt~SUM/~ -- L'article d6crit une technique mise au point par  les auteurs pour ddceler de fagon 
continue et s61ective la vapeur d 'eau form6e au cours des r6actions de d6composition ther- 
mique. 

L'appareil  peut atre raccord6 sans difficult6s ~t diff6rents types d ' instruments  d'analyse 
thermique. Le d6tecteur permet de suivre 6troitement et avec un retard'n6gligeable les variations 
des quantit6s d 'eau d6gagbe pendant  les r6actions de d6composition. 

Les courbes obtenues par le d6tecteur 6tre compardes aux courbes d'analyse thermique 
enregistr6es simultan6ment et permettent de d6terminer l '6tape pendant  laquelle l 'eau s'est 
d6gag6e. 

L'appareil  peut 6tre utilis6 comme unit6 ind6pendante pour d6celer les "bouchons"  d'eau 
dans les diff6rents circuits de gaz. 

ZUSAMMENrASSUNG -- Dieser Artikel beschreibt eine yon den Autoren zum kontinuierlichen 
und selektiven Nachweis yon im Laufe thermischer Zersetzungsreaktionen entstandenem 
Wasserdampf eingesetzte Technik. 

Die Vorrichtung kann mit verschiedenen Typen thermoanalytischer Ger~ite ohne Schwierig- 
keiten verbunden werden. Der Detektor  kann Anderungen der w/ihrend der Zersetzungsreak- 
t ionen freigesetzten Wassermenge mit zu vernachlfissigender Versp/itung verfolgen. 

Die durch den Detektor  erhaltenen Signalkurven k6nnen mit den simultan aufgenommenen 
thermoanalyt ischen Kurven verglichen und zur Bestimmung der Stufe, in welcher das Wasser 
freigesetzt wurde, eingesetzt werden. 

Das Ger/it kann als frei stehende (selbst/indige) Einheit  auch zum Nachweis yon Wtisser- 
pfropfen in verschiedenen Gasstr6men verwendet werden. 

Pe3toMe - -  Ormcana TexnnKa, pa3BHT~ aBTOpaMH ~ n  HenpepbiBnoro H ce~eKTHBnoro onpe~e- 
~eH~fl rIapoB BO~bI, o6pa3y~omHxc~ Bo BpeM~ peart~rff~ TepMn~ecKoro pa3~oYKeH~. 

HpncTaBra MO~eT 6LITb npRcnoco6:~eHa x pa3nnquLIMH TnnaM TepMoaHaY/!~ITI~qeCKHX HHcTpy- 
MeHTOB 6e3 Karax-aH6o Tpy~HocTe-~. ~eTerTop Mo~KeT TmaTeYtbHO npocae~nTb n3MeHeH~ KOJtn- 
~eCTBa BO~bl, Bbi~e~aron~e~c~ BO BpeM~ pear~IrI~ pa3aomeHrig c He3HaqrITenbHblM BpeMeHeM 
3a~ep~rKn. 

Ho~y~eHm, ie ~eTeKTOpOM ~prmbIe CHFHa~IOB MOFyT 6t, ITb COIIOCTaB2IeHbI C O~IHOBpeMem-Io pe- 
FHCTpHpyeMblMH TepMoaHaYtt~TI~IeC~t~MH KpHBblM~I H MOFyT 6]blTb HClTOYlb3OBaHbI )IYI~ onpeae~e- 
HHfl CTa~t~, Ha t~OTOpO~ Bbillea~eTc~ BO~Ia. 

1?Ip~cTaBKa T a ~ e  Mo)KeT 6blTb ~tC~O~b3OBaHa rI CaMOCTO~ITeYlbHO ~2JI~t O6Hapy~eHrI~ BO~IHblX 
~IpO60K B pa3~rIqHbIx ra3OBblX nOToKax. 
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