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The TG curves obtained for various temperatures and evaporation times allowed estab- 
lishment of the thermodiffusive characterics of the solvents frequently used in adhesive and 
film-forming materials. Determinations were carried out in air with a flow rate of 5 I/h, on 
pure solvents, on mixtures with solvent ratios corresponding to those in the final products, 
and on the final products. The temperature range of the study was 17--35 ~ the evaporation 
period for most cases at each temperature being 25 minutes. The method leads to the 
evaporation rates of such solvents with an average standard deviation of 4 per cent, 

The evaporation rate is a value used to establish solvent concentrations in industrial 

workshops in order to avoid the attainment of  inf lammabi l i ty  and tox ic i t y  limits. 
In the literature [ 1 -3 ] ,  the evaporation rate is given as a value relative to that for  

ethyl ether or butyl  acetate, in the form of a volat i l i ty  index at 20 ~ 
In the present paper, the evaporation rate is determined as a conventional value 

for the main solvents used in f i lm-forming and adhesive materials. 

The study was performed on pure solvents, on mixtures of solvents wi th  composi- 

t ions corresponding to the compositions of  the groups of solvents currently used in 
the product ion o f  some adhesives based on neoprene rubber (Prenadez) and on acetals, 

as well as on the materials as such. 

Experimental 

The solvents tested were acetone, methyl ethyl ketone, tr ichloroethylene, ethyl 

acetate, butyl acetate, methyl alcohol, ethyl alcohol, isobutyl alcohol, benzene, 
toluene, p-xylene and water. 

To establish the evaporation rate, the weight of substance evaporated was deter- 

mined by means of a Paul ik--Paul ik-Erdey derivatograph equipped wi th a gas t i t r im- 

eter. 
For the assays, a cylindrical crucible wi th q~ = 20.3 mm and h = 22.3 mm was used. 

For most assays, the evaporation t ime was 25 minutes and the studied temperature 
range was between 17 and 35~ the temperature was kept constant wi th in +0.5 ~ The 
sensitivities used in tracing the TG curves ranged between 50 and 500 mg. The deter- 
minations were carried out under dynamic conditions, wi th an air velocity of 0.5 m/s 
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over the assay surface, the f low rate of the driven and absorbed air being 5 I/h. 
Dynamic conditions were used in order to simulate actual evaporation conditions; 
the values of the evaporation rates determined under static conditions are lower by 
8 per cent than those obtained under dynamic conditions. 

To determine whether an addit ivity law is observed or not during the release of 
the component solvents of adhesive and fi lm-forming materials, a Carlo-Erba gas- 
chromatograph was used with a detection system of catharometer type, using as 
stationary phase bis-2-methoxy ethyl adipate deposited on silanized Chromosorb W. 
The assays involved the absorption of the released solvents in acetone. 

Results and discussions 

The experimental results obtained are illustrated in Table 1 and Figs 1-6.  
For the pure solvents studied, except benzene, the evaporation rate increases 

linearly with temperature in the range 17-35 ~ 
For benzene and technical solvents (extraction petrol and ethyl acetate) the evapo- 

ration rate no longer varies linearly wi th temperature. This demonstrates a different 
dependence of the intermolecular forces on temperatu re. 
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Fig. 1 Evaporation rates of methyl, ethyl and isobutyl alcohols as functions of temperature and 
time 
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Table 1 Evaporation rates of studied solvents 

67 

Solvent Temp.,~ kg/m2h 
kg/m 2 

5' 10' 15' 20' 25' 

20 0.13 0.01 0,02 0.04 0,05 0.06 
26 0.22 0.02 0.04 0.05 0.07 0.09 Water 
30 0.29 0.03 0.05 0.07 0.10 0.12 
35 0.36 0.03 0.06 0.09 0.12 0.15 

23 0.30 0.03 0.06 0.08 0.10 0.12 
I sobutyl 26 0.33 0.03 0.06 0.09 0.11 0.14 
alcohol 30 0.57 0.05 0.09 0.15 0.19 0.24 

35 0.70 0.06 0.11 0.18 0.23 0.29 

23 0.37 0.03 0.06 0.09 0.12 0.15 
26 0.47 0.04 0.07 0.11 0.15 O. 19 

p-Xylene 30 0.67 0.05 O. 11 0.16 0.22 0.28 
35 0.86 0.06 O. 14 0.21 0.28 0.36 

18 0,39 0.03 0.07 0.10 0.14 0,17 
26 0.62 0.06 0.12 0.16 0.22 0,28 Toluene 
30 0,80 0.06 0,12 0,18 0.24 0,31 
35 1.03 0.09 O. 18 0.27 0.37 0,47 

20 0.83 0,07 O. 15 0.22 0.28 0.34 
Ethyl 25 1.27 0.11 0,22 0.33 0.43 0,53 
alcohol 30 1.55 0.14 0.29 0.42 0.56 0.69 

35 1.83 0.17 0.33 0.48 0.62 0.76 

23 1.62 0.16 0.29 0.43 0.56 0.67 
Methyl 27 2.08 0.19 0.36 0.53 0.70 0.87 
alcohol 30 2.56 0.23 0.44 0.65 0.87 1.07 

35 2.97 0.26 0.50 0.75 0.99 1.24 

19 1.45 0.13 0.25 0.37 0.49 0.60 
Ethyl 26 2.45 0.21 0.42 0.62 0.81 1.02 
acetate 30 3,12 0.25 0,50 0.76 1.02 1.30 

35 3.79 0.34 0.66 0.98 1.27 1.58 

19 0.27 0.024 0.05 0.07 0.09 0.11 
Butyl 26 0.50 0.04 0.08 0.12 0.16 0.21 
acetate 30 0.76 0.06 0.12 0.18 0.25 0.31 

35 0.97 0.07 0.15 0.24 0.32 0.40 

20 2.64 0.22 0.44 0.66 0.88 1.10 
Methyl ethyl 26 3.27 0.31 0.59 0.87 1.11 1.36 
ketone 30 3.71 0.35 0.69 0.99 1.28 1.54 

35 4.09 0.38 0.76 1.08 1.39 1.70 

21 1.70 0.15 0.30 0,45 0.59 0.71 
Benzene 25 2.75 0.24 0.49 0.72 0.93 1.14 

30 3.16 0.26 0.53 0.79 1.05 1.31 
35 3.57 0.29 0.59 0.89 1.20 1.48 

19 2.76 0.26 0.53 0.73 0.93 1.15 
Trichloro- 25 3.92 0.29 0.60 0.89 1.17 1.47 
ethylene 30 4.83 0.46 0.81 1.27 1.63 2.01 

35 5.91 0.57 0.97 1.55 2.00 2.46 

19 4.68 0.46 0.87 1.25 1.60 1.95 
Acetone 26 5.35 0.50 1.01 1.47 1.86 2.23 

31 5.72 0.59 1.11 1.55 1.97 2.38 
35 6.17 0.64 1.18 1.64 2,12 2.57 
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Fig�9 2 Evaporation rates of benzene, toluene and p-xylene 

F i g .  3 Influences of temperature and time on evaporation rates of acetone and methyl ethyl ketone 

Chemically pure ethyl acetate displays a linear variation of the evaporation rate 
with temperature (Figs 4, 6), in contrast to technical ethyl acetate�9 

Benzene [4 -7 ]  and ethyl acetate [4, 5] form azeotropes with a great number of 
different solvents, which have boiling points in a wide temperature range. The boiling 
temperature gives an informative indication on the volati l i ty of a solvent, its molar 
vaporization heat being a more adequate value [2]. 

The variation in the specific weight of the evaporated substance with time is also 
plotted in Figs 1-6. 

The points lie on a straight line for the single solvents and solvent mixtures 
(Figs 1 -5,  7, 8), showing the stability of the evaporation rate in this interval of time. 
The linear dependence no longer holds for the adhesive and film-forming materials, 
the slope decreasing in time. This is mainly due to the formation on the surface 
of a fi lm which, althouph permeable to vapour, hampers the evaporation in time 
(Figs 9-1 1). The rates of formation and thickening of the fi lm depend on the com- 
position of the compound. 
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Fig. 4 Evaporation rates of ethyl and butyl acetates as functions of temperature and time 

Fig. 5 Evaporation rates of trichloroethylene 
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Fig. 6 Evaporation rates of the tested solvents as functions of temperature 

Fig. 7 Evaporation rates of a mixture of three alcohols in comparison with the components of 
the mixture 
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Fig, 8 Evaporation rates of the thinner for nitrocellulose lacquer 

Fig, 9 Dependence of the evaporation rate of Prenedez 463 on time 
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Fig. 10 Influences of  temperature and oxygen quant i ty  in air on f i lm hardening 

Fig. 11 Percentage loss in t ime of  solvents f rom Prenadez 4 6 3  and Acetal  B 5 5  LC 
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Fig. 12 Temperature dependence of evaporation rates of acetals B55 LC in comparison with the 
component solvents and their mixture 

Applications 

Thermal analysis enables us to establish, under the same experimental conditions, 
the quantities of solvent vapour released from a solvent mixtures used as a thinner 
for nitrocellulose lacquers, whose evaporation rate increases rapidly with temperature 
(Fig. 8). 

The evaporation rates were determined for an adhesive based on neoprene rubber 
~Prenadez 463, Fig. 9) and a lacquer for constructions based on polyvinyl butyral 
(B55 LC, Fig. 12), materials with very good adhesive and fi lm-forming properties, 
which have been reported in the literature [8]. 

The decrease in the evaporation rate due to the formation and thickening in time 
of the f i lm on the surface, also enabled us to study the influences of temperature and 
oxygen from the air on the hardening rate. The material based on neoprene is more 
susceptible to oxidation, while that based on butyral hardens more slowly, the f i lm 
preserving its permeability to vapour up to the quantitative exhaustion of the solvent 
(Figs 11, 12). 

Conclusions 

The thermal analysis method used allows determination of the evaporation rates 
of toxic and inflammable solvents from materials containing them, wi th an average 
standard deviation of 4 per cent. 

The gas-chromatographic determinations have demonstrated that during the release 
the same ratio is preserved between the solvents as in the initial composition. 
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Zusammenfassung -- Aus den for verschiedene Temperaturen und Verdampfungsperioden er- 
haltenen TG-Kurven k6nnen die Thermodiffusiven Charakterist[ka von fur adhesive und film- 
bildende Materialien h~ufig verwendeten LSsungsmitteln ermittelt werden. Die Bestimmungen 
wurden in Luft bei einer Str6mungsgeschwindigkeit von 5 I/h und im Temperaturbereich von 
17--35 ~ ausgefUhrt, wobei die Verdampfungsperiode bei jeder Temperatur 25 Minuten betrug. 
Untersucht wurden reine LSsungsmittel, Gemische mit LSsungsmittelverh~ltnissen, die denen 
in den Endprodukten entsprechen, sowie die Endprodukte selbst. Nach der vorgestellten Methode 
k6nnen die Verdampfungsgeschwindigkeiten solcher LSsungsmittel mit einer Standardabweichung 
von durchschnittlich 4% bestimmt werden. 

Pe31oMe -- Tr'-KpHBble, nony4eHHble npH pa3~H~HblX TeMnepaTypax H BpeMeHH HcnapeHHR, nO3- 
BOJlHnH yCTaHOBHTb TepMo,B, VIE~)(~0V3VIOHHble xapaKTepHCTHKH pacTBOpHTeJ~e~, qaCTO HCnO~b3ye- 

MblX ~s CBR3blBalOLL~HX H RneHKOO(~pa3yK)LLLHX BeLu, eCTB. Onpe/],eneHHR 6blNH npoBeAeHbl B 

aTMOC~0epe BO3/~yxa npH O6"beMHO~ CKOpOCTH ROTOKa 5 n/4ac c '4HCTblMH paCTBOpHTenRMH, C 
CMeCFIMH pacTBopRTege~ B npOROpLLHRX, COOTBeTCTByK)LU, HX TeM, 4TO B KOHeHHblX RpOAyKTaX, 

a TaK~Ke C KOHetlHblMH RpoAyKTaMH. I/IccneAoBaHHR BpOBO•HRHCb B TeMnepaTypHOM HHTepBaJle 

17--35 ~ FIpH Ka)K/],O~I TeMnepaType nepHo/~ HcnapeHvlR paBHR~CR 25 MHHyTaM. MeTO/~ AaeT 
CKOpOCTH HcnapeH~R TaKHX pacTBopHTerlet~ co cpeAH~M CTaH,g, apTHblM OTKJ'IOHeHHeM B 4%. 
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