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Surface Tension and Viscosity Studies of Molten 
Resins for Thermoplastic Recording* 

MADELINE S. TOY, Astropower Laboratory, Douglas Aircraft Co. , 
Inc., Newport Beach, California 

synopsis 
Analytical and experimental studies of surface tension and viscosity properties of Dow 

resins P S 2  and 276V-2 are described. This investigation was undertaken to provide 
information on msterials of interest for thermoplastic recording. It was found that ex- 
ternal plasticization lowered the surface tension of the polystyrene while greatly decreas- 
ing the viscosity. Typical values for a 25% mixture of P S 2  in 276V-2 are y = 35 
dynes/cm. and 9 = 20 poise a t  80°C. 

Introduction 

Thermoplastic recording of electrical charge patterns has been reported 
by Glenn and Wolfel to be a relatively simple, dry method utilizing optical 
readout. Recordings in black and white and color of television and radar 
displays have been demonstrated. However, the lack of information on 
surface tension and viscosity for thermoplastics useful in this applica- 
tion limited the value of analytical studies of surface deformation. The 
work reported here was initiated to correct partially this condition. 

Surface Tension of Thermoplastic Melts 

In  this investigation, the surface tension of thermoplastic melts was 
measured by means of a precision Jolly balance. A wire frame, as in 
Figure 1, was immersed in the melt to be tested. The method is described 
in many basic texts. 

The surface tension of the thermoplastic melt decreased with increasing 
temperature, as shown in Figure 2. Values for water, and carnauba and 
opal wax are included for comparison.2 

The data obtained on molten resins by the tensiometer method can only 
be considered as approximate because of errors introduced by stickiness of 
the melt, especially as the temperature approaches solidification. Other 
errors are introduced, because the film is relatively cooler than the melt 
due to lack of temperature control, although a crude aluminum foil en- 
closure was used to insure against very large temperature gradients. The 

* This investigation waa supported by the Reconnaissance Laboratory, Aeronautical 
Systems Division, U. S. Air Force. Work done a t  ITT Federal Laboratories, San Fer- 
nando, California. 
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Fig. 1. A method for measuring surface tension. 

weight of the wire pulled from the surface is also uncertain due to drops of 
adhering melt. 

The surface tension of binary mixtures (75/25 and 50/50 ratios) of 
molten Dow resins 276V-2 and PS-2 becomes constant at higher temper- 
atures, as shown in Figure 2. This leveling effect of surface tension with 
increasing temperature indicates the change of molecular compositions 
above those temperatures and is apparently due to evaporation or decom- 
position of the lower molecular weight resin 276V-2. 

Viscosity Measurements 

The melt viscosities were measured in a No. 600 Fenske type viscometer 
at  80°C. and are given in Table I. Viscosities of the solvent and the dilute 

TABLE I 
Approximate Absolute Melt Viscosity of Binary Mixture of Resins P S 2  and 276V-2 

Composition 
276V-2, PS2,  
wt. % wt. % 

- 100 
75 25 
50 50 
25 75 

100 - 

Average flow 
time at Absolute 

80. O O C . ,  Specific viscosity, 
FAX. gravity poise 

2 .5  1.0" 0.10-0.20* 
37.4 1.0" 15-30b 

30-6OC 
45-90c 
60-120" 

* Value from Dow Chemical Co. 
b Calculated value from eq. (1). 
c Extrapolated value from Figure 3. 
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Fig. 2. Effect of temperature upon surface tensions of molten resins. 

solutions were measured in a No. 150 Fenske viscometer at 29.0"C. with 
the results shown in Table 11. 

The absolute melt viscosity 7 ,  of the 75/25 binary mixture molten resin 
276V-2 and PS-2 was calculated from eq. (1): 

where t is the flow time, and data on specific gravities of resin 276V-2 
(d2)  and PS-2 (d,) and absolute viscosity q2 of resin 276V-2 at 60°C. were 
available from the Dow Chemical Company. The approximate absolute 
viscosities of other compositions were graphically estimated from 
Figure 3. 
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Fig. 3. Viscosity and composition relationship for binary mixture of resins PS2 and 
276V-2. 

Molecular weights of the various compositions of binary mixtures in 
Table I1 were not determined, but calculated from eq. (2), where the 

[ q ]  = K'M" (2) 

constants K t  = 0.97 X lo-' and a = 0.74 used were those determined 
osmotically for polystyrene at 30°C. in benzene.3 

The second-order transition temperatures T, of the same binary mixtures 
were calculated from eq. (3), based on work by Fox and Flory.' The 
observed values were determined by Fischer-Johns melting point apparatus 
(see Table 11). 

T, = 1 0  - (1.9 X 106/Mn) (3) 
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Conclusion 
The values of surface tension and viscosity of thermoplastics are useful 

guides in selecting materials of interest for thermoplastic recording. The 
addition of plasticizers to the thermoplastic not only lowers the second- 
order transition temperature, but also viscosity and surface tension. 

The plasticized PS-2 resin with 276V-2 represents one example of a 
material useful for thermoplastic recording. Internal plasticization may 
provide even better performances than the external plasticized resin 
mentioned. 
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R&WQ 
On ddcrit des dtudes analytiques et expdrimentales sur les propri6ths de tension super- 

ficielle et de viscosith des rdsines Dow P S 2  et 276V-2. Cette 6tude a 6t6 entreprise afin 
d’obtenir des informations sur des mat6riaux qui sont inthressants pour l’endgktrement 
thermoplmtique. On a trouv6 qu’une plastification externe diminue la tension super- 
ficielle du polystyrhne, tandis que la viscosit6 diminue fortement. Des valeurs typiques 
pour un melange de 25% de P S 2  dans le 276V-2 sont y = 35 dynes/cm et q = 20 poises 
B 80°C. 

Zusammenfassung 
Es werden analytische und experimentelle Untersuchungen der Oberfliichenspannung 

und Viskositiitsiegenschften der Dow-Harze P S 2  und 276V-2 beschrieben. Die 
Untersuchung sollte Informationen uber ffir thermoplastisches Aufzeichnen interessante 
Stoffe liefern. Es wude gefunden, dass eine iiussere Weichmrtchung die Obediichen- 
spannung von Polystyrol erniedrigt und zu einer starken Herabsetzung der Virkositiit 
fuhrt. Typische We& fiir eine Mischung von 25% P S 2  in 276V-2 sind y = 35 dyn/cm 
und = 20 Poise bei 80°C. 
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