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THWRMOAWAIXTICAL STUDY 019 SOME FIUI-FORWIWG QDICK-DRYIRG 
AND WATERPROOF PRODUCTS 

Me POPBSCU and A. SIMION 
Institute for Constnuctions, Buc@rest (S.B.Romania) 

ABSTRACT 

The papor deals with the thermal bohavlour of the copolymer 
vinyl chloride I vinyl aoetatr P 85r15 (mass peroontage)(resin) 
and dlmothyl phthalate (plaatleisor) as compared to their thor- 
aal behaviour in the matrix of some film-forming, auickdrying 
and waterproof produots. 

For some ink type fib-forming products used in the markers 
with fibre tip, the evaporation rate of the solvents was deter- 
mined in the following systems: methyl-ethyl ketone I cyclo- 
heurnone = 2:l (in volume)) toluene : acetic acid e 66134; 
tdluene : pyridine = 78122; toluene t butyl forriate = 70130 
(mass E), the last three systems correspond, 3 to aeeotropio 
compositions. 

Due to the constant evaporation rate of -i;he solvents from the 
systems having aseotropic compositions, the ratio between the 
component solvents is preerrved constant with time and confiem 
qurntly also the marking quality of the ink is preserved. 

The thermal analyses were carmlrd out for the vinyl chloridom 
vinyl acrtate copolymer (85:15) with and without maleic anby- 
drido, dlaothyl phthalata (DMP), pigmented materials consisting 
of ZnO + DMP (70 % in pigment), yellow pigment 141680 + DMP 
(5C %) and two paints whfto and yellow, respeatively with the 
above compounds. 

A thermal analysis apparatus with PaulikSaulik-Erdey system 
was used. 
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The experimental determinations were conducted on a 500-1000 
mg sample displayed on 6 platinum trayd; the sensitivities wore 
TG 500 and 1000, DTG l/5 and DTA l/10; the inert thermal mate- 
rlal A1203, the heating rate of 1000/minute and maximum heating 
temperature of 8OOOC. 

RESULTS AND DISCUSSIOWS 

We have obtained and characterized six film-forming, quiok- 
drying and water-proof products to be used for marking the 
quality and size characteristics on the metal, plastic and glass 
products /l-4/. 

In the composition of such products, film-forming,materials 
such as polystyrene and vinyl chloridr - vinyl acetate copolymer 
(85815) were used, the latter being with and without maleio 
anhydride. 

A good adhesion to the metal, glass and polyethylene surfaces 
was obtained with the vinyl chloride - vinyl acetate copolymer 
'containing in its composition nalekc anhydride, maybe due to the 
numerous acetate polar groups in its composition., 

P@. 1. DTO curves of vinyl chloride 
-vinyl acetate oopclywer (85:15) 
with (1) or without (2) maleio 
anhydride 

Pig.2.DToand DTAcurvesof 
DMP (a and a+, respectively), 
ZnC-blPprefabricated(bandb') 
and of a white paint (c and 0') 
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Fig.1 illustrates the IYTG curve of the copolymer (a) and the 
copolymer with maleic anhydride (b). The loss of the acetate 
gr,oups by heating occurs in the temperature range 330-rC70°C, 
with maximum speed at 44O’C. 

In all the compositions as plasticizer was used dimethyl 
phthalate (DMP) because due to its volatility it provides a 
short time for drying (some minutes) for the non-absorbing sup- 
ports. 

The thermal behaviour-of DbP Is--different depending on the 
matrix within which it exists. Thus, fig.2 shows the DTG and IYIA 
curves of DYP (a), of the white pigmented material (ZnO and DMP 
prefabricate)(b) and of a white paint (c). 

Within the temperature range 100’ to 260°C DMJ? undergoes two 
transformations (Flg.2, a and a’). The first transformation has 
the maximum speed at 210°C and is endothermal being accompanied 
by a 60 % mass loss, maybe due to the splitting of molecule and 
loss of esterified acid groups, fact which was also found from 
the quantitative interpretation of the TG curve. 

The second transformation has a maximum speed at 240°C, it is 
exothermal and is accompanied by 40 % mass loss corresponding to 
the ignition of the aromatic nuclei. 

In the pigmented material (ZnO + DMP) (Fig.2, b and b’) the 
two stages are differentiated on the DTA curve but not also on 
the DTG curves 

Above 200°C, ZnO undergoes only a colour reversible modifica- 
tion from white to yellow /5-6/ due to the appearance of some 
network defects called thermal gaps. This trmnsformation Uoes 
not appear on the thermal curves. 

Fig. 2, c and c’ presents the thermal behaviour of the white 
paint. The first stage of endothermal decomposition of DIAP is 
overlapped on the solvent evaporation and the ignition of the 
aromatic nuclei occurs at lower temperature, with maximum speed 
at 180°C. 

Fig. 3 shows the DTG curves for DMP (a), for the vinyl 
chloridr - vinyl acetate copolymer with maleic anhydride, for 
the yellow pigmented material (Yollow l-11680 and DMP prefabri- 
cat., 50 p in pigment) (c) and for a yellow paint containing all 
the compononta mentloaod above. 



Fig. 3. DTG curves of DMP (a), vinyl 
chloride-vinyl acetate copolymer 
with maleic anhydride (b), yellow 
ormnic pignent-DMP prefabricated 
(c) and of a yellow paint(d) 

Fig. 4. IYIG (a), DTA (b) 
.md TG (c) curves of a 
paint based m ZnO 

It is found from Fig. 3 that in the pigmented material DMP 
preserves its thermal individuality decomposing itself into two 
well differentiated stages, while in the matrix of the yellow 
paint the behaviour ie similar to that in the matrix of the 
white paint. 

From the DTG curve of the copolymer (b) it is found a high 
ma88 loss from 200 to 38O'C which according to TG curve would 
correspond to the loss of chlorine /?/. The effect does no long- 
er appear on the DTG curve of the paint (d) within the same tonw 
perature range but from 300 to 4OO'C. 

The other effects of thr resin, i.e. the lose of acetato 
groups (380 48O'C) and the burning of the organic remainder 
rich in carbon (480 -650'C) appear aleo on the DTG ourvo of the 
paint. 

Knowing the individual thermal behaviour of the componrnts 
the DTG, DTA and TO curves of a film-forming material such ea 
the paint from Big. 4 may give useful information on their ao- 
dificatione with time and at high temperature. Thus, the films 
of hardened paint obtainrd by us may be used up to a temperature 
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Fig. 5. Specific evaporatim 
depending on time for MEK (a), 
cyclohexane (b) end the ink 
containing &hem Cc) 

of IUIX~IWAU 250~~. 

Fig. 6. Specific eveporation 
depending on time for toluene 
(a), acetic acid (b) and the 
ink containingthem (c) 

In the case of the ink type film-forming materials with quick- 
drying and water resistance used in the markers with fibre tip, 
it is very important to study the evaporation rate of the sol- 
vents involved In their composition. 

Bach component solvent plays the part of dissolving or grlify- 
ing the resin and/or dissolving the dyestuff which usually is an 
organic one l 

We have obtalned and oharacterieed such products /l-4/ in 
which the two solvents do not form (Fig. 5) or form azeotropic 
compositions (Figs. 6-8). 

We have experimentally established, a conventional method for 
the determination of the evaporation rate of the solvents in 
various materials by using the thermal gravimetry method /a/. 
This method was applied in the determination of the evaporation 
rate of the solvents in the Ink. 

The evaporation rate influences the drying time of the film 
and a sudden evaporation microcracks the film and causes the pre- 
cipitation of the resin and/or dymmtuff in the marker tip. 

The solvent system consisting of methyl-ethyl ketone (MEK) 



Fi$g. 7. Specific evepcratial Pip. 8. speaific eMporatian 
dependinpcntime for tolugte depsndinctontiae for toluma 
(a), pyridine (b) end the ink (a), butyl fordata (b) end 
caItaininrJthem(o~ the i.nkcontaininpthezi (0) 

and cyclohexanone (CH) (211 in volume) in Fig. 5 shows a decreaao 
with time of the evaporation rate of the solvents in ink aue to 
WK evaporation, After three-months storage, MEK volatilizes to- 
tally from the ink. Therefore , if the initial ink might have 
been used fox marking several plastic supports with a type B 
drying time of 5 seconds, after three months storage the ink may 
be used only for the PVC supports on which it is dried by Ultra-! 
tion for 120 seconds. 

IA the case of the azeotropic solvents systems; toluene t 
acetic acid = 66t34 (l?ig. 6)1 toluone ; pyridine = 78122 (Big.59 
and toluene I butyl formiate I 70r30 (Fig, ~)(~ss 961, the ova- 
poration rate of the solvents involved in the ink composition is 
constant with time. In this way the ratio betwaen the component 
solvents is maintained during ink conservation, fact which has 
important consequenoes in preserving the marking qualities of 
the ink. 

Ibe ~~o~~t~o~ provided by the thermal anal;gais method aP- 
plied on the film-forming materiala are numerous. Pho meet re- 
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prssentative data are obtained when in the compoeition of the 
film-forming material is introduced an Inorganic pigment which 
doee not thermally decompose up to 8OO'C. 

Bor instance, within range I of temperature 20 -3OO'C of the 
TG curve (Fig. 41, quantitative information are obtained regard- 
ing the eolvonta in the composition, in this case being a mixtur 
of toluene and butyl aoetato and aarplasticlser in this case be- 
ing DMP and'withln rango II of temperature 300’ -6OO'C quantlta- 
tive information are obtained regarding the thermal brhaviour of 
the resin. The residue which remains after burning represents 
the quantity of pigment. 

CODCLUSIODS 

The Information provided by the thermal analysis method ap- 
plied on the film-forming materials aro'numarou8. Belsidee the 
orientative amounts of solvent-plasticizer, resin and pigment, 
information on the evaporation rate of the component solvents, 
on the interactions between the components in the matrix of the 
Film-forming materials as well a8 on some transformations of the 
:omponents with time may alao be obtained. 

1M. Pope~cu, Y. Ungursanu, A. Bimion and V. Stiduleacu, 
Bonanian Patent Ho. 86157, 1984. 

2 Y. Popesou, H. Ungureanu, A. Simian and V.latei, Romanian 
Patent Do. 86158, 1984. 

3.M. Popo~ou, C. Ionoscu, V. Poetlceecu and Id. Ungureanu, 
Bomanian Patent lo. 86156, 1984. 

4 Y. Popescu, Y. Ungureamu, V. Mat& and Gh. Balea, Romanian 
Patent go. 85855, 1984. 

5 D.D. Denitosca, Goneral Chemistry, Edltura didactic& 9i 
pedagogic&, Buoharrot, 211, 1979. 

6 R; Bipan and I. Oateama, Ohomietry of Yetals, Bditura 
didaotioi 9i pedagsgici& Bucharest, ~01.11, 740, 1969. 

7 J. Parlik, X. 'lolkohr, Ir. Paulik and L. Brdoy, Plaste und 
kautsohuk, 13(6), 336-9, 1966. 

8 Y. Popoecu, V. Yatoi, A. Simion and A. Dtiot, J.Thormal.Anal. 
2% +z#%% 1983, 


