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INTRODUCTION
  The saturated vapour pressure (SVP) of pressurised metered dose inhaler (pMDI) formulations provides 
the propulsion for aerosolisation1,2 

  The inclusion of ethanol in the formulation is known to influence the vapour pressure when blended with 
R134a, with a deviation from Raoult’s law observed3

  In the two pMDI spray images below, large, stray droplets can be observed for the lower pressure 
propellant. These could impact in the throat and reduce fine particle mass.

Figure 1: pMDI spray plume overlay images for low and high vapour pressure propellants.

Figure 2: Laser-diffraction derived droplet size data for two propellants with different vapour 
pressures; vapour pressure may thus significantly influence droplet size.

AIMS AND OBJECTIVES
  Measure the saturated vapour pressure of low-global warming potential (GWP) propellant and ethanol 
mixtures at two temperatures

  Assess for a deviation from Raoult’s law for vapour pressure estimation.

THEORY
  Raoult’s law states that the vapour pressure of a 
mixture of volatile substances is a linear function 
of the mole fractions of the constituents and their 
individual vapour pressures 

  This allows the vapour pressure of such a  
mixture to be estimated, if these are known.

EXPERIMENTAL DESIGN

  Ethanol fractions of up to 90 % on a molar basis were employed due to the possibility  
of ethanol-enrichment over the course of the spray event 

  Increased number of data points at the lowest ethanol fraction due to anticipated non-linear behaviour3

 Mole fractions converted to mass fractions to account for propellant molecular weights.

Figure 3: Example response surface for saturated vapour pressure, inputs shown.

  Packs were placed in a restraining jig on the laboratory bench for the 25oC measurements,  
or in a temperature-controlled chamber for the sub-7oC measurements

 The temperature was monitored using a Hanna HI935002 k-type thermocouple 

 Pressure measurements were taken using a Keller MMD-30E digital pressure gauge.

RESULTS

Figure 4: Saturated vapour pressure as a function of ethanol fraction for two propellants/temperatures.

  For both propellants, increasing the concentration of ethanol decreases the saturated vapour pressure - 
this may be significant if the ethanol fraction in the device increases during discharge due to evaporation 
of the relatively volatile propellant

  The deviation from Raoult’s law is minimal at below approximately 15 % ethanol fraction on a molar 
basis. The deviation then rises at intermediate ethanol fractions before falling off again at the highest 
ethanol fractions

  Neither propellant obeys Raoult’s law across all ethanol fractions. Thus, this law cannot be used 
to accurately estimate vapour pressures of these low-GWP propellant/ethanol mixtures. A further 
experimental study is thus required to completely map vapour pressure as a function of both 
temperature and ethanol fraction for each propellant, to provide the required input for thermofluid 
mechanic modelling.

CONCLUSIONS
  Both new propellants show non-ideal vapour pressure behaviour when mixed with ethanol

   A further study is required to characterise the behaviour of these mixtures over a wider range  
of temperatures 

  This will result in a full response surface for saturated vapour pressure in terms of both temperature  
and ethanol fractions over the full range expected to occur in a pMDI through use, ultimately allowing 
for more accurate prediction of aerosol behaviour from pMDIs.
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Table 1: Propellant/ethanol blends used in the present work. 

Mole fraction composition of ethanol-propellant mixtures

0 0.7 0.15 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90

Corresponding EtOH mass  
fraction with R152a 0 0.05 0.11 0.15 0.23 0.32 0.41 0.51 0.62 0.74 0.86

Corresponding EtOH mass  
fraction with HFO1234ze 0 0.03 0.07 0.09 0.15 0.21 0.29 0.38 0.49 0.62 N/A
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