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Summary 

This paper describes an online leak detection system that provides real time instantaneous response to detected 
leaks at the specified leak rate, allowing for early detection of process failures or component faults, thereby minimising 
production losses and obsolescing the quarantine period as a means of leak detection in pMDI manufacture. 

The sensitivity required to carry out the leak detection in real time is a result of the mid infrared spectroscopic 
technique pioneered by Cascade Technologies. This technique utilises a Quantum Cascade Laser (QCL) tuned to 
match the primary optical absorption band of r134a that is utilised as a propellant within the pMDI devices. Any loss of 
seal integrity in the pMDI device results in an escape of the r134a into the environment around the can. By containing 
the air around the can for a period of a few seconds, sufficient propellant is accumulated to allow for detection of leaks 
as low as 0.5 mg/day at a rate of up to 180 canisters per minute. 

This is the first time that a device has been capable of detecting leaks at a high enough rate and with enough 
sensitivity to allow for 100% online leak detection testing of pMDI devices in a manufacturing environment. 

Introduction 

Accurate determination of leak rates in pMDI devices has long been a goal in the pMDI manufacturing process. 
Current production methodology utilises a check-weigh and quarantine period to detect and reject cans that have lost 
mass at a rate exceeding the specification. The sensitivity offered by this current method, even over a four week 
quarantine period, is insufficient to detect leaks at the required specification, which is typically around 1 mg/day. This 
gap between legislative requirements and technical capability has resulted in non ideal manufacturing quality controls, 
wherein only a small subset of products are able to be sampled at a sensitivity required to confirm compliance with the 
leak rate specification and that these measurements typically take 1-3 days to carry out. 

Delays in receiving results in QC checks can have a dramatic impact on the number of units produced under fault 
conditions. This can result in complete batch loss, or even more severely, a product recall. 

The aim of this work is to demonstrate a means of carrying out leak detection measurements online on 100% of all 
pMDI devices, in real time and at a speed that does not impact normal production rates. 

Materials and Methods 

Leak detection measurements were carried out using a chirped quantum cascade laser, wavelength tuned to match 
one of the primary mid infrared absorption bands of the propellant tetrafluoroethane (r134a) in the mid infrared.  

The system is able to be configured for the detection of other propellants by careful selection of the laser wavelength. 

Container flow, can control and can rejection were driven by a CT3204 pMDI leak detection system configured for a 
60m optical path and running at a rate of 140 cans per minute. This production rate provided an accumulation time of 
5.8 seconds for each can contained within the accumulation cavity. 

The system was challenged with cans that had been prepared and confirmed to be leaking at a rate comparable to 
the range of leak rate specifications. The leak rate was confirmed by monitoring the mass of the cans over a period of 
days, utilising a Mettler Toledo XS205DU balance scale with a display resolution of 0.01 mg. 

The response of the system is quantified in units of absorbance which is derived from the change in the amount of 
light reaching the MCT detector between consecutive pulses.  

 



 

Figure 1 Model of CT3204 as installed on production line 

Cans on the primary conveyor are driven into pockets in the circulating CT3204 conveyor using back pressure 
generated by a queue of cans as illustrated in figure 2. The cans are delivered to the sampling point which transfers 
air from around the cans to the detection cell. If the can is leaking, levels of propellant measured in the cell will spike, 
resulting in a rejection signal being generated. 

Timing calculations based on conveyor speed are used to isolate the leaking can which is then targeted for rejection 
at the reject point. An electrically driven solenoid is used to generate a blast of compressed air which dislodges the 
can from the conveyor at the rejection point, where it can be collected, without disrupting the flow of production. 

 

Figure 2 Process flow 

Results 

The system “response” to a leaking can was quantified as the peak differential of the change in relative laser power 
reaching the MCT detector between consecutive measurements. 

The residence of r134a within the detection cell occludes the amount of laser light reaching the detector which is 
situated at the output of the astigmatic Herriot cell. Approximately 20ms of accumulation time was allowed between 
measurements. The differential of two hundred consecutive measurements is shown below. The passage of a 1.2 
mg/day leaker through the system is seen between points 100 and 120. Based on the absorption cross section of 



r134a at the targeted wavelength, an absorbance of 0.003 corresponds to a relative concentration change of 10 ppb 
of r134a within the detection cell which is demonstrated to be well above the baseline noise of the system. 

 

Figure 3 Response of CT3204 pMDI Leak Detection System to a 1.2 mg/day leaker 

A number of cans with leak rates between the range of 0-15 mg/day were identified and quantified through use of 
precision balance scales. Each can was fed into the CT3204 pMDI leak detection system and the response of the 
system was recorded. The response of the system was observed to be proportional to the magnitude of the measured 
leak rate of the can. A linear regression curve was fit to the data with an r

2
 of 0.998. 

 

Figure 4 Linearity of response of CT3204 across a 0 - 15 mg/day range 

 

Table 1 Leak rate and CT3204 system response 

Can Leak rate Response 

A1 0.36 0.0007 

A2 0.52 0.0011 

A3 0.84 0.0027 

A4 1.20 0.0026 

A5 2.52 0.0058 

A6 4.44 0.013 

A7 6.96 0.02 

A8 13.2 0.04 
 



The tendency of a leaking can to continue leaking at the same rate was examined. The linear change in pMDI canister 
mass during the 120 day trial indicated that a stable leak is able to be maintained over an extended period of time 
therefore demonstrating the possibility of using a stable leaking can as a sensor validation device. The highest short 
term leak rate during the period was 3.89 mg/day observed between days 23 and 24. The lowest leak rate for the can 
of 2.28 mg/day was observed between days 99 and 101. 

The variance in observed leak rate is a combination of the balance scale accuracy and changes in the leak rate as a 
result of environmental conditions. 

 

Figure 5 Long term tracking of mass loss in pMDI device due to leaking propellant 

 

Conclusion 

Cascade Technologies has been able to demonstrate online leak detection of pMDI devices at a production rate of 
140 cans per minute. The leak detection system demonstrated a linear response to leak rates across a range of 0 – 
15 mg/day. The rate of mass loss of a leaking can was found to be stable over a 120 day period when fit with a first 
order linear equation and displayed an r

2
 of 0.9993. 

This demonstrated capability makes online detection of leaks at rates compatible with the FDA specification possible 
for the first time and offers a means of obsolescing the costly and time consuming quarantine period as part of the 
manufacturing process. 

The speed of response allows for feedback on process related or component related manufacturing issues to be 
obtained in realtime, keeping lost production time and wasted API, propellant and associated stock to an absolute 
minimum.  


