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Like any piece of mechanical equipment, from the automobile you drive to work to the furnace that heats your home, spray coating systems can become less efficient over time because of wear, variable conditions and infrequent maintenance. The subsequent loss of efficiency generally results in higher costs. Coating consistency problems can result in rejected product, production downtime, increased maintenance time and an increase in operating expenses. In fact, optimum spray gun performance is a key component in maintaining profitability in tablet and capsule manufacture. 

Before discussing the technical aspects of the spray gun optimization process, let us outline the benefits of an optimized spray coating system. 

The Benefits

When your spray system is optimized, you should experience trouble-free operation including:

· Maximum system efficiency

· Low operating and maintenance costs

· Excellent quality control

· Consistent cost of consumables

· Predictable labor costs

· Normal maintenance schedules and no unexpected downtime

· Minimal environmental impact

Understanding Your Coating System

Typically, coating systems are supplied from equipment manufacturers fully configured for a specific coating application. These systems include spray guns to apply the specified coating solution. A typical spray gun used in tablet coaters is shown in Figure 1. 
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   Figure 1
Often, these spray guns are perceived as simple devices and as long as they are spraying, it is assumed they are working properly. As a result, the performance of spray guns is often overlooked when troubleshooting QC problems. However, the reality is that spray guns are precision components – designed to yield very specific performance under very specific conditions. Any small change in the process, such as a change in the coating formulation, can quickly result in substandard product. Understanding spray gun performance and learning how to optimize spray performance can have a big impact on profitability. 

Coating Process Basics 

The coating process begins with the formation of the drop, a process called atomization. In tablet coating applications, the atomization process relies on compressed gas/air to break up a stream of liquid into a finely atomized spray. 

As drops exit from the nozzle – generally with a conical or flat pattern – they have contact with the solid surface, spread and coalesce with neighboring drops. As additional drops are applied, layers are created. A dry, uniform film results as the liquid evaporates. Tablet coating machines are typically configured with a manifold system with multiple spray guns and a control system that adjusts the performance of the spray guns. 

So, how do you know and/or ensure that your spray guns are performing optimally? 

There is no simple test or even standard method to determine the performance of your spray guns. Certainly if product quality is good, you know your spray guns are getting the job done. However, there can be a big difference between adequate spray gun performance and optimized spray gun performance. That is, there may be room for improvements that could lower your coating solution consumption and energy costs and reduce labor and maintenance costs. Before we address ways you may be able to optimize performance, let’s look at the most critical factors in the coating process.

Drop Size and Drop Size Distribution — Keys to Optimum Results 

For consistent, even coating, drop size must be controlled and relatively uniform. This can often prove challenging since drop size and drop size uniformity will vary based on the characteristics of the solution, the solution viscosity, the spray gun design, the solution flow through each spray gun and the atomizing air pressure. 

In addition to controlling drop size, spray coverage must be precisely controlled. That is, the spray guns must be positioned in a manner that ensures the proper amount of overlap without creating uneven coverage or heavy edges when the patterns overlap. 

Evaluating drop size can be, and often is, complicated. It requires the use of highly-specialized equipment in an environment that replicates the tablet coater, coating solution and spray guns. That’s why spray performance testing is usually conducted by labs that specialize in particle and drop size research and analysis. 

However, it is important to have a fundamental understanding of drop size even when relying on outside experts so you can understand and interpret the data. 

Measuring Drop Size

Drop size is the measure of the size of the individual spray drops that comprise a nozzle’s spray pattern. All of the drops within a given spray pattern are not the same size. Drops are generally scattered among many sizes and create what is referred to as drop size distribution. In general, a narrow-span drop size distribution is desirable in coating. It is important to limit the number of small drops since small drops tend to dry quickly and create dust. 

Drop size is expressed in microns (micrometers, μm). One micron equals 1/25,400 inch or 0.001 mm. 3,175 microns equal 1/8 inch.
There are two techniques for measuring drop size: spatial and flux. 

The spatial technique is when a collection of drops occupying a certain volume is sampled instantaneously. Generally, spatial measurements are collected with the aid of holographic means, high-speed photography or light scattering instruments. This type of measurement is sensitive to the number density in each class size and number of particles per unit.
The flux technique is when individual drops pass through the cross section of a sampling region and are examined during an interval of time. Flux measurements are generally collected by optical means such as laser imaging instruments and phase doppler analyzers that are capable of sensing individual drops. This type of measurement is sensitive to the particle flux. 
To determine drop size for coating applications, phase doppler particle analyzers are generally used as shown in Figure 5. 
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   Figure 5
As most spray guns provide a flat spray pattern, there is a heavy concentration of volume at the center of the spray and a light concentration of volume toward the edges of the spray. Data is collected at various radial locations throughout the spray. The results are then combined to provide a comprehensive drop size distribution throughout the spray. Drop size distribution is affected by liquid flow rate. The higher flow rate results in a larger drop size and a wider span of drop sizes.

Coating Quality Problems Call for Expert Assistance  

When you purchase your tablet coater, it will be equipped with properly positioned spray guns that deliver the proper drop size to meet your specific coating application. Coating quality should be high. If it isn’t, you can work with the tablet coater manufacturer until all problems are resolved. 

Of course, even the slightest change in any process condition can have an impact on drop size and drop size distribution. If you start to experience quality problems, the first thing you should do is document what has changed and contact the tablet coater or spray gun manufacturer for assistance. 

In the long run, it is usually more expedient and cost-effective to contact an expert for help. They may have drop size and drop size distribution reference data readily available to guide you through the needed adjustments on your spray guns. You can try to adjust the spray gun settings, but a “trial and error” approach may or may not yield positive results. It will, however, disrupt production schedules and most likely generate wasted product as you refine the settings on the spray guns. 

If you are changing applications or feel your operating costs are too high, consult with a spray nozzle manufacturer or a spray technology consultant. If necessary, they can conduct specialized testing and help pinpoint the precise spray gun performance required. They can help you source the needed spray gun or even develop a customized solution. 

Quality Problems Often Stem from Wear

If your process has remained unchanged and you start to experience quality problems, you may want to evaluate your spray guns for wear. Like any component, over time, spray guns will experience some performance deterioration due to normal wear. Gradual removal of the spray gun material causes the nozzle orifice and internal passages to enlarge and/or become distorted. The result will be uneven coating, wasted coating material and rejected product. You probably won’t see any sign of these changes, as wear in the 10% to 30% range is not visually detectable. 

Signs of spray gun wear in addition to uneven coating:

· Deterioration of spray pattern quality

· Decrease in effective spray angle coverage

· Increased liquid flow

· Drop in spraying pressure

The best strategy is to establish a preventive maintenance program designed to maintain and replace your spray guns on a regular basis to ensure trouble-free performance. 

It’s always a good idea to document system performance immediately after spray guns are installed to establish a “baseline” for later comparisons. Check these factors frequently to monitor changes in system performance.

· Flow rate of each spray gun

· Spray pressure in the manifold

· Drop size

· Spray pattern

· Nozzle alignment

· Application results

New Technology Solves Old Problems

Spray technology continues to improve and you may find new spray guns available that can be easily integrated into your tablet coater. New high-efficiency spray set-ups are available for spray guns that can reduce your air and energy usage. The same spray performance can be achieved using lower air pressures. In fact, some users report a 50% reduction in air consumption. 

A common problem with spray guns used in tablet coaters is the build-up that occurs on and around the nozzle exit orifice. This phenomenon, known as bearding, blocks liquid and air orifices and results in a distorted spray distribution. Frequent cleaning is required to maintain coating quality. Advances in anti-bearding spray technology have been made recently that enable the atomization and spray formation to occur away from the face of the spray gun’s air cap. Testing of this new technology shows that spray guns with anti-bearding technology can operate eight times longer than standard guns without signs of bearding. Figure 6 shows the difference between a traditional air cap (right) and a new anti-bearding air cap (left) after four hours of use. The anti-bearding spray technology also allows maintenance intervals to be significantly extended and production time increased. 
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   Figure 6
Conclusion

While high quality tablet coating can be challenging due to its low tolerance to slight process changes, it is certainly achievable and hundreds of pharmaceutical companies do it every day. Even so, with the continuing advancements in spray technology, it is likely there can be improvement in any coating application. These improvements can yield significant quality/efficiency gains and reductions in operating costs and are definitely worthy of exploration.
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