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Summary 
 

The creation of pressurised Metered Dose Inhaler (pMDI) product systems exhibiting consistent dosing within 
product tests for dosing uniformity remains the holy grail of the pMDI designer, yet undesirable deposition of 
active pharmaceutical ingredient/s (API/s) from suspension based formulations to system hardware continues to 
challenge this aim.  Although canisters featuring non-stick coatings are available which mitigate the deposition 
that may occur to the walls of canisters, valve deposition remains an unsolved issue. The focus of this paper is 
the demonstration of the performance benefits arising from the use of a new fluid-applied fluorocarbon-bonded 
(FAFB) coating system, to both canisters and to valve components. When applied to both stainless steel and 
aluminium canisters, the coating was shown to perform as well as a PTFE-lacquered canister in a rapid 
screening test for deposition. The coating was then applied to metal valve components and product performance 
was characterised in terms of through life dose uniformity. The coating produced a marked reduction in 
measured valve deposition which resulted in a step change improvement in dose uniformity. It is anticipated that 
release coatings will become increasingly used on valve components as the performance benefits that arise from 
the use of easily applied high performance coatings such as the one described, become more generally 
recognised.  
 
Introduction 
 

Release (non-stick) coatings are now employed widely in marketed pMDI products to reduce canister wall 
deposition of suspended APIs. This situation has arisen as a consequence of the pMDI industry’s transition to 
propellant systems based on hydrofluoroalkanes (HFAs), where the previously employed surfactants, such as 
oleic acid and sorbitan trioleate, that largely prevented API deposition in the older propellant systems based on 
chlorofluorocarbons (CFCs), were not sufficiently soluble. Whilst the non-stick coatings currently employed on 
canisters utilise highly effective fluoropolymer-lacquer based systems, such materials do not lend themselves to 
the coating of the intricate components of a valve, where deposition of API/s can give rise to pMDI system dosing 
irregularities that may be of equal, if not of greater significance, to those caused by deposition to the canister 
walls. 
 

This work details a new approach to the procurement of a release coating whereby a proprietary fluorochemical 
treatment is applied to target inhalation components by simple fluid contact. The contact may be by spray coating 
or immersion. The contact is then followed by a thermal curing step which results in a covalently bonded release 
coating of around 10nm in thickness. Since the coating solutions employ hydrofluoroether (HFE)-based solvents 
with low viscosity and surface tension, treated surfaces are coated very rapidly and fully. The latter situation is in 
contrast to other coating approaches such as plasma techniques, where the line-of-sight deposition effect, can 
make the coating of all target surfaces highly challenging. In addition, plasma deposited material can form lumps 
on component surfaces, particularly in the tumbling systems typically used to batch-coat small components and 
this may result in unwanted surface roughness and performance variability.  
 

Results are presented and discussed showing the benefits arising from the use of the new fluid-applied 
fluorocarbon-bonded (FAFB) coating system, applied to both MDI canisters and valve components.   
 
   
Experimental 
 

Example 1 Application and performance testing of FAFB coating applied to aluminium and stainless steel 
canisters  
 

Aluminium and stainless steel canisters of 10ml nominal capacity were pre-cleaned with 3M Novec
TM

 72DE. 
Following this the FAFB coating system was applied to the components using a fill-and-drain process, whereby 
the canisters were filled with the coating solution for a 30 seconds contact time and then emptied.  The coating 
was cured onto the canisters by placing into an air drying over at 120degC for 30 minutes. The coated canisters 
were then evaluated for release properties using a previously published rapid screening deposition test 
employing salbutamol sulphate as the test depositing substance
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Results 
 

Measured canister deposition level (%) 

 
 
Figure 1 Deposition performance of FAFB coated aluminium and stainless steel canisters relative to control cans 
sample size n=3 for each canister set 
 
Discussion  
 

With reference to Figure 1, the cans labelled “Control” provide a test reference point of 100% deposition, since 
these are canisters that have been quantitatively deposited with micronised salbutamol sulphate, but not 
subsequently washed. The cans in the chart section marked “Deposition control canisters” are cans with known 
levels of release performance and provide an internal calibration of test deposition values.  All canisters apart 
from the cans labelled “Control” have been deposited with salbutamol sulphate and then rinsed with two separate 
10 ml aliquots of decafluoropentane, with five 190 degree inversion shakes of 1 second cycle duration, for each 
10 ml rinse. Hence in this test, canisters producing low test values are showing an ability to release their 
deposited salbutamol sulphate with only moderate shaking. The FAFB coated canisters with both aluminium and 
stainless steel substrates exhibited excellent release performance similar to that of the PTFE lacquered cans.   
 
Example 2  Application and performance testing of FAFB  coating on stainless steel valve components 

Stainless steel valve components (springs, metering tanks and bottle emptiers) were washed in 3M Novec
TM

 
72DE prior to FAFB coating, employing the same processes as described in Example 1, with the exception that 
the components were bulk-dipped in the coating solution. The FAFB-coated components were then built into 
valves of the design shown in Figure 2, marketed under the trade name Spraymiser™ by 3M Drug Delivery 
Systems. Control valves without coating were built using the same component lots.  
 

 
Figure 2 3M Spraymiser™ valve with component details 

 
In order to evaluate the performance of the FAFB-coated valves, a 
laboratory scale cold filled batch of a test HFA134a-based 
suspension formulation of micronised fluticasone propionate was 
prepared at a target dose of 50mcg per actuation. In addition, a 
valve from a competitor manufacturer was included in the filling run 
for further reference.  

 



Each product system was tested for through life uniformity of delivered dose, with USCA sample collection using 
a proprietary analytical method for assay of the fluticasone propionate. Ex actuator doses were collected at the 
start, the middle and the end of unit life and a shaking technique with a slow manual rotation of the MDI unit was 
employed by the Analyst for both the waste shots and the assayed shots. The valves were then disassembled 
and the individual components were photographed to record the appearance of any deposition and then finally 
the deposits were assayed.  
 
Results 
 

 
Figure 3 Deposition at the end of pMDI unit life on 3M Spraymiser

TM
 valve components. Left to right: Uncoated 

spring, FAFB-coated spring, uncoated metering tank, FAFB-coated metering tank 
 
In Figure 3, representative photographs of the coated and uncoated spring and metering tank components at the 
end of pMDI unit life are shown. It is clear visually, that the FAFB coating has caused a marked reduction in 
component deposition and quantification showed that typically, there was around a 7-fold reduction in deposition 
on the spring and 4-fold reduction in deposition on the metering tank.   
 
Through life medication delivery results 

 

 
Figure 4 Through life uniformity of delivered dose for uncoated 3M Spraymiser

TM
 valve 



 
         Through life position and shot number 
Figure 5 Through life uniformity of delivered dose for competitor valve 
 

 
Figure 6 Through life uniformity of delivered dose for FAFB-coated 3M Spraymiser

TM
 valve 

 
Discussion 

 

With reference to Figures 4 to 6, the FAFB coating was seen to have produced a major positive impact on 
through life dosing consistency with an approximate halving of the RSD values for each of the start, middle and 
end shot groupings. In addition, the mean emitted dose for the coated valve system was increased by around 
6%. These benefits from the coated valved product system are believed to arise firstly by minimising component 
deposition at the start of life and hence measured values for the emitted dose at this point are not depressed. 
Then, as the pMDI is actuated further through life, the coating eliminates the potential for the emission of large 
quantities of agglomerates from unstable deposits which can significantly affect dosing consistency
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downwards trending seen with the competitor valve may relate to an interaction of valve design with the specific 
product shaking regime employed during actuation of the pMDI through unit life. 
 
Conclusions 
 

Since dose uniformity of pMDIs is such a key performance attribute from regulatory, manufacturing quality control 
and patient-use standpoints, it is reasonable to anticipate a future transition to the use of release coatings on 
valve components to realise the clear dosing performance benefits that such coatings are able to provide. Such 
coatings would in addition need to be able to be applied in a robust and cost effective manner. The use of the 
described FAFB coating meets all of these requirements.  
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