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(Latex glove donning requires lubricious surfaces other than powders.)
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(Polymer coatings are applied on-line in properly designed dip tanks)
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(The catheter industry has routinely used silicone lubricious coatings for patient comfort)
The use of corn starch, calcium carbonate, and talc as slip agents for dipped products has seen better days for those manufacturing these processing products.  Historically, these products of choice dominated latex processing as an anti-tack and donning application agent.  The manufacturing of products using powders was generally quite simple to control, and easy to apply during the manufacturing process.  A simple controlled dosage of powder in a water or alcohol slurry tank normally produced acceptable results, followed by de-powdering through a tumbling process.  Products such as gloves, condoms, finger cots, breathing bags, medical balloons, probe covers, and toy balloons all use this approach routinely during the manufacturing process.  
However, with the advent of heightened alerts of latex allergies in the 1990’s, it was determined that proteins could be spread by residual airborne powder from using latex gloves, which in turn jeopardized latex sensitized personnel who could potentially react to latex allergens.    This led to the growth of powderfree latex products, which was primarily achieved through chlorination of the finished product.  Powders were still employed in the manufacturing process for purposes of anti-tack of work-in-process inventory.  The finished latex products were then transferred to a chlorination room where separate processing equipment enabled the product to be subjected to chlorine, which in turn removed the processing powders, and altered the surface of the film, allowing for improved donnability and/or lubricity of the product.
However, there were many disadvantages to chlorination as a choice to achieve the feature of powderfree donnable products, such as:

· Controlling levels of chlorination during batch processing proved challenging, yielding batches with different donnability characteristics, frustrating manufacturers and end users.

· Thin film products such as medical gloves and finger cots, required extensive downstream handling, adding to manufacturing cost.  These products required a two cycle chlorination process – one for each side of the product, with a manual turning operation in between.  This was necessary because the thin film characteristics did not allow the chorine batch to penetrate the inside of the product successfully.  Exceptions to this problem are household gloves, and other thicker film products which allowed the chlorine batch to properly penetrate the inner layer using one cycle only.

· Chlorination tends to degrade and weaken latex film properties. At times, the chlorination-associated glove degradation results in poor glove donning.  Also, chlorinated gloves tend to adhere to each other as part of the packaging process, especially exam gloves and finger cots, which are packed in bulk boxes or poly-bags.

· Those attempting to reduce downstream manufacturing handling cost by applying the chlorine on-line during the dipping process were introduced to other challenges of harrowing proportions.  It was often difficult to find space within existing dip lines to achieve this process.  Furthermore, without absolutely impeccable ventilation control of chlorine fumes from the on line tanks, dip lines were subjected to extensive corrosiveness from the process.  Those companies attempting to maintain a clean process found the exercise futile, as particles were generated from damaged machine structure and form carrier components.
· The buying marketplace generally did not warm up to the yellow appearance of the dipped product, especially for surgical gloves.  The color “white” was king and perceived to be a more pristine, reliable product.

In the 1980’s, a patent was issued for Biogel, a hydrogel product that continues in use today.  This coating was developed by then London International Group, primarily for surgical gloves.  This ingenious product led to what today is a wave of choices for powderfree dipped products through slip coatings.  Enough history – let’s get on to today’s choices for anti-tack and donning coatings.

Key Requirements to Consider 
Allegiance Healthcare (Cardinal Health), in its informative on-line bulletin on “Powder Coatings for Powderfree Medical Gloves”, offers some basic advice on preparing for the use of coating technologies for latex products.  The polymer design must consider the following requirements:

1. It must adhere to the underlying rubber latex substrate and offer durability and good donning characteristics.

2. It must be resistant to chlorination and the vigorous post-forming processing steps that can include rinsing, extraction, and drying.
3. It should not degrade after sterilization.

In Bill Williams’ (Research and Development Manager – Best Manufacturing Co.) article from an earlier Rubber Asia article on “The Science of Donning Coatings”, he states that donning coatings actually serve two purposes.  In addition to the obvious use discussed, which is as a slip coating for donning latex products, he suggests that a second purpose is to provide additional barrier properties.  A properly applied barrier film in some cases may reduce the affects of type 1 and type 4 allergic reactions.  Agents such as anti-microbial agents, Aloe Vera and vitamin E can be incorporated into the coating for improved benefit to the end user.  This is an excellent example of how differentiated the latex glove business has become since the turn of the millennium.
In today’s highly differentiated product world of latex medical and industrial products, the development of donning coatings can in be applied to many substrate materials including natural rubber, nitrile, polychloroprene, polybutadiene, polyvinylchloride, polyurethane, polyisoprene, styrene diblock and triblock copolymers, and other synthetic elastomers.

The application of donning or slip coatings on latex dipped goods is primarily for one time or disposable use. Most coatings tend to be hydrophilic, which reacts with the human skin, and degrades with repeated use.  Therefore the use of donning coatings with products that are worn repeatedly, such as industrial gloves, is not a normal occurrence.
Polymer Coating Choices

The development of polymer coatings for latex products continues to expand.  Listed below are those most commonly employed as of this writing.
1.
Polyurethane
This type of polymer coating continues to be the most popular choice for donning coatings on latex products.  They have excellent biocompatibility.  They are normally applied to the latex layer as part of the on-line dipping process.  The adhesion of the polyurethane to the glove substrate has of late been enhanced by the formulation’s ability to be applied to the wet gel state of the latex during processing.  During the most recent International Latex Conference, Mr. Fung Bor Chen of Medline Industries reported in his presentation and paper that this capability of cross linking is achieved through inclusion of hydroxyl and carboxyl functionalities in the polymer composition.
  This crosslinking improves blocking and increases stain resistance.  He reports that a system pH of 9 – 10 and a concentration of 0.1 to 1.0 phr of cross-linking agent will enhance results.  

Some recent advances have combined polyurethane with other materials to achieve desired results.  One PU dispersion is a linear dihydroxy polyester reacting with diisocyanatetodiphynylmethane.  This emulsion is a copolymer of ethoxy ethyl methacrylate and methoxyl methacrylate.  A blend of 70 parts of PU dispersion with 30 parts of the acrylate emulsion is used to coat the glove.  Polyurethane dispersions are typically diluted with water to 5-10% solids and applied to the surface of the glove by dipping.
Another recent innovation, patented by Tony Yeh of Allegiance Healthcare in March, 2002, suggests the achievement of powderfree gloves with a silicone impregnated cross-linked polyurethane inner coating. 
 This formulation suggests the aqueous coating composition employ the following general recipe: 100 parts PU; 11.1 parts silicone; 1.0 parts surfactant; 2.2 parts cross-linking agent.  Surfactants are added to give stability to the compound and improve the wetting of the film.  It is critically important not to use an inordinate amount of surfactant, as too much leads to oven efficiency issues and can cause excessive foaming in the dip tank.
In his patent, Mr. Yeh suggests the following process for making a powder-free elastomeric article having a coating comprised of a crosslinked polyurethane impregnated with silicone on an internal surface of the article.  The steps include: (a) dipping a former into a coagulant dispersion to deposit a coagulant layer onto the former; (b) drying the former with the deposited coagulant layer; (c) dipping the former with the deposited coagulant layer into an elastomer to produce a second layer comprising coagulated elastomer thereon; (d) dipping the second layer of coagulated elastomer into a powder-free dispersion comprised of polyurethane dispersion, wetting agent, silicone emulsion, crosslinker, stablizers and water to form a coating on the second layer; (e) curing the layers and the coating on the former; (f) stripping the article from the former; (g) treating the article to remove powder; and (h) drying the article. 



2.
Acrylics
Thermoplastic or cross-linkable acrylics are employed as a powderfree solution for latex dipped goods.  It is reported that the capability of cross-linking is achieved through inclusion of hydroxyl and carboxyl.  A hydroxyl is cross-linked using amino resins and isocyanates, whereas a carboxyl is cross-linked through carbodiimides, azridines, and epoxies.
Acrylic coatings are based on acrylate polymers with elastic properties.  Their tensile strength and elongation are comparatively low to that of natural rubber.  This differentiation in properties may cause the acrylic coating to crack and possibly delaminate or separate from the natural or synthetic rubber.   From a manufacturing viewpoint, some acrylic coated devices are difficult to strip from the mould when hot, which may produce challenges for processes being retrofitted from earlier latex equipment designs.
3.
Hydrogels

The initial hydrogel employed in actual production was Biogel, which was a coating applied to surgical gloves.  This coating dominated the slip coating industry in the 1980’s and early 1990’s.  Hydgrogel coatings are used routinely on other medical products such as heart balloons, contact lenses, and catheters.  The absorbed water in the hydrogel coating forms a water film on the substrate surface. 

The key challenge is to achieve high reliability of bond of the hydrogel to the substrate surface.  It is reported that some treat the substrate layer of rubber with acid or other adhesive before applying the hydrogel to the product.  This has obvious disadvantages by making the manufacturing process complex and inconsistent.  In many cases, if an adhesion is poor, then the hydrogel coating will delaminate and flake, generating harmful particulate during use.

4.
Silicone

Past practice in latex processing has led to the application of silicone to finished dry film products.  For many years, latex breathing bags were treated with silicone in downstream tumble dryers, which in turn provided a sheen or appealing cosmetic appearance to the end product.  For other medical devices, such as Foley catheters, silicone coatings have been routinely used to improve the surface lubricity and patient comfort during use.  Using silicone coatings for catheters rather than chlorination, again produces a more pristine looking product, given its white appearance as opposed to the less attractive yellowed chlorinated catheter.
Some gloves today are treated with silicone as a donning agent, but in general are not as popular as other donning polymers in that they typically fail to provide adequate damp and wet donning capability.

5.
Nitrile

The newest innovation in donning coatings, especially in use with natural rubber products, is nitrile latex.  Nitrile is a synthetic latex comprised of acrylonitrile, butadiene, and carboxylic acid.  An advanatage of using nitrile is that it has excellent chemical resistant properties.  Its benefits include good tensile strength, adequate elasticity, and adequate adhesion to natural rubber during the manufacturing process.   Cardinal Health introduced this concept with their Protegrity® surgical glove, a triple dipped product.  The outer layer is natural rubber latex. The inner layer is reportedly a blend of natural rubber latex and nitrile, with the donning side comprised of 100% nitrile polymer.  Cardinal’s product literature makes performance claims of tensile strength range from 3919 to 4064 psi and ultimate elongation in excess of 900%.
Coating Characteristics

The following table offers some general guidelines to the use and performance of slip coatings.
	
	Hydrogel
	PU
	Acrylic
	Silicone
	Nitrile

	Tensile strength
	Low
	Medium - High
	Low
	Low
	High

	Adhesion to NR
	Low
	Medium
	Medium
	Low
	Medium

	Elongation
	Low
	High
	Low
	Medium
	High

	Lubricity
	High
	Medium
	Medium
	High
	High

	Puncture resistance
	Low
	Medium - High
	Medium
	Low
	High

	Abrasion resistance
	Low
	Medium
	Medium
	Low
	Medium

	Oil resistance
	Medium
	High
	High
	Low
	High

	Hydration (lower is better)
	High
	Medium
	Low
	Low
	Low

	Integrity after stretching
	Low
	Medium - High
	Low
	Low
	High


(Table made courtesy of Cardinal Health; Billmeyer, 1984; Pauly, 1989)

Manufacturing Considerations
It is imperative that polymer coatings be applied uniformly on the latex substrate surface for optimal performance.  Since a polymer coating is a mixture of water and polymer, it has a higher surface energy than dry latex films.  Therefore, coatings tend to perform better when applied to a latex substrate in wet gel state, and especially when the latex substrate is dipped using lower solids content.  The higher water content tends to benefit the application of polymer coating when in a wet gel.
The quality of water employed in the slip coating solution contributes to performance as well.  Water with high iron content and rich in calcium can lead to an instable polymer.  Deionized water may be helpful to performance, but one must be careful as bacteria can breed more easily, and typically is lower in pH.  Careful use of FDA approved bactericides can overcome these issues.

The application of the water based polymer is performed as part of the on line dip system.  The latex substrate should be leached as a wet gel prior to applying the coating.  Leaching time should not be less than 1.5 minutes, and preferably more.  After drying the film to remove surface water resultant from the leach system, the coating application can then ensue.  One should allow the polymer to drip for a short time (12 seconds), before camming to help distribute the polymer coating for uniformity purposes.  The product is then ready for final vulcanization.   On-line, post oven leaching follows the final cure process. 

For the coagulant bath, some continue to use calcium carbonate powders to achieve proper release from the mold.  For example, Mr. Yeh reports in his patent for PU and silicone coating, that the coag bath is comprised of calcium nitrate, calcium carbonate powders, wetting agents and water (or alcohol for alcohol based coagulant dispersion).  However, others have made successful strides to eliminate calcium carbonate from coag solutions to achieve a true powderfree product.  
Products such as Coag Plus Hydrogel and Coag Plus Dispersion, by Crusader Chemical in the USA, are employed with water or alcohol accompanied by calcium nitrate. No calcium carbonate is employed using this process.  The Coag Plus products have been prepared with proper defoamers and surfactants, to enable the manufacturer to simply add Coag Plus to warm water, followed by the addition of calcium nitrate.  Products such as this have been designed to promote leveling, wetting, and latex pick up, as well.
Unicote® is a product offering of National Starch and Chemical which also claims to offer solutions for both coagulant and polymer coating application.
Simple Tests of Coating Effectiveness

At the International Latex Conference in 2004, Mr. Fung presented a basic method for screen testing of polymer coated films, as follows:

1. Cytotoxicity – take a cup of water, placing the glove in the cup with water about ¾ full.  Rub the glove under water for 2 minutes.  Remove the glove and observe bubbles formed.  The more bubbles that are formed, the more likelihood that the glove will cause an allergic reaction to those sensitized.

2. Dry Donning – Hold glove in one hand at the cuff area.  With the other hand, twist the glove with two fingers, feeling for the ease of movement for one surface with the other.

3. Wet Donning - Fill the glove with water, and allow to set for a few seconds.  Pour out the water. Hold the glove in one hand at the cuff area.  With the other hand, twist the glove with two fingers, feeling for the ease of movement for one surface with the other.

4. Adhesion – Stretch the glove while rubbing the coating repeatedly with thumb.  Observe the degree of coating that flakes off the glove to the thumb.

5. Block – Press two gloves together.  Evaluate adhesion by observing the ease of separation between the two when pulled apart.
With many choices available today for polymer coatings, it is apparent that the dipped goods industry has been rewarded because of its due diligence towards reducing latex protein exposure, and providing improved product offerings.
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