The Chemistry of Dissipative Plastics
     
Static dissipative polymers have been used for over thirty years for static protection of electronics.  However, the first comprehensive explanation of the chemistry was described in a paper given at the EOS/ESD Symposium in 1989 by Dr. Marv Havens of Cryovac.16   The following paper is based on the work by  Dr. Havens.  "Pink Poly" is sometimes used to describe general dissipative polymer films.  Today many pink polys are clear or other colors.

     There are two dominate chemical technologies that achieve static dissipation as Type II electronics packaging films, as defined by EIA 541 or MIL-B-81705-C  (the " MIL-Spec"), and as the static dissipative heat sealing layer of many EMI shielding Type I and static shielding Type III films.  


     Comprehension of dissipative polymers is important to the complete understanding of static protective packaging.  Since electronics packaging has also become more concerned about corrosion, solderability and polycarbonate compatibility, a fundamental understanding of the properties of dissipative loaded polymers is necessary to users who specify static and EMI protective films to meet their overall electronics packaging needs.

Amines and amides

     Amine and amide are convenient jargon for the more complex actual molecules that are defined here with their chemical and electrical ramifications.


     An amine begins with two parts (Fig. 1).   On the left, is a long chain of carbon atoms surrounded by hydrogen atoms.  This hydrocarbon chain is derived from a fatty acid and can vary from a few carbon atoms long to twenty or more carbon atoms.  The last carbon is connected to a nitrogen atom which has two hydrogens linked on the sides.  This is a fatty amine.   In chemistry shorthand, a big group of carbons and hydrogen is abbreviated simply as R-  (Fig. 2).
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Fig. 1 Complete Fatty Amine Structure
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Fig. 2 Chemistry Shorthand for Fatty Amine


     Because simple fatty amines need a higher affinity for water to perform well as antistatic additives, ethylene oxide is reacted with them to make ethoxylated fatty amines (Fig. 3).  This gives the molecules two polar end groups: OH or alcohol groups.  Ethoxylated fatty amines are the additives used in dissipative polymer amine technology.
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Fig. 3 Ethoxylated Fatty Amine


     The amide additives used in amide type dissipative polymers are similarly based on a fatty acid attached to nitrogen, which is also reacted with ethylene oxide (Fig. 4).  However, the carbon atom next to the nitrogen has a double bond attachment to oxygen instead of two single bonds to two hydrogens.  Because there is a subtle chemical difference with the nitrogen end when the adjacent carbon has an oxygen attached instead of two hydrogens, chemists name this an amide.  In this case, the molecule is specifically an ethoxylated fatty amide.  It should be noted that the commercial nomenclature "amine free" usually means that an amide additive is used instead of an amine.
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Fig. 4 Ethoxylated Fatty Amide


     Other static dissipative additive systems for polyethylene exist with performance and properties very similar to amines and amides.  Because these are not widely sold into the electronics industry, they are not considered in this tutorial. 

STATIC DISSIPATIVE CHEMISTRY

      The -OH groups in both amines and amides can be visualized as a pair of polar "claws," which can form a "hydrogen bond" with moisture (Fig. 5 and 6).  This "hydrogen bond" is shown with a dashed line because it is not really a chemical bond where electrons are physically shared between atoms, but is a dipole-dipole attraction between two oxygen atoms that are bridged by a hydrogen atom attached only to one of the oxygens. There are several ways that the combination of two oxygens tugging at and sharing a hydrogen can occur.  In this hydrogen bonding to water, amines and amides can be considered to be nearly the same because both have the same functional end with the -OH groups.
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Fig. 5 Amine Hydrogen Bonding to Water
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Fig. 6 Amide Hydrogen Bonding to Water

SOLDERABILITY AND CORROSIVITY  

Solderability and corrosivity are considered to be related to the additives because the resins used are inherently noncorrosive.  A few years ago corrosion (white fibrous growth on solder connections) was attributed to n-octanoic acid that was traced to an amide additive.  Ethoxylated fatty amides are made by reacting a fatty acid, like n-octanoic acid with a previously ethoxylated amine, in this case diethanolamine (Fig. 7).  The products are an ethoxylated amide and water; the latter is boiled away.  Even if the initial ingredients for this reaction are in their proper proportions, a trace of the original ingredients can be present because chemical reactions often do not go all the way to completion.  For whatever reason in the cases attributed for corrosion, some n-octanoic acid was left over and incorporated into the dissipative polymers along with the ethoxylated fatty amide.  Later, the acid bloomed to the surface where it attacked the solder.  The concern was that such attack would lead to failures before the planned component lifetime.  Although corrosion due to static dissipative films has been considered, this is one of the few traceable examples. 
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Figure 7 Ethoxylated Amide Reaction

     The problems of determining corrosion are further complicated by the fact that amines and amides similar to those used in dissipative polymers are of some value as corrosion inhibitors.     The EIA PEPS committee Task Force 3 was concerned with volatile corrosion inhibitors, which are chemically similar members of the amine and amide families.


     Corrosion is an ill-defined term that needs clarification.  The need for a better corrosivity test method has been discussed especially. The current Federal Test Method Standard 101C, Test Method 3005, defines corrosion as pitting or obvious attack but specifically excludes discolorations and stains.  The test method as modified by MIL-B-81705-C ( now Mil-PRF-81705D) considers seventy-two hour total contact with low carbon steel, aluminum, copper, silver plated copper, lead-tin solder, 314 stainless steel and Kovar.  During the test, the temperature and relative humidity are varied but most of the time are at 120o  F and 65% RH.  Many materials pass for all but the low carbon steel test coupons.  It is the opinion of several experts that this test actually is a corrosion inhibiting test since low carbon steel in the humidity conditions of the test would corrode with no material in contact.


    For the electronics industry, solderability is an issue apparently equal to corrosivity.  The two issues may or may not be chemically related.  Solderability is really a contamination issue and not one of corrosivity.  At this time there is no known industry standard test for solderability.

COMPOUNDING AND EXTRUSION

Commercial dissipative films are made by intensively mixing or compounding one of the additives with an inexpensive conventional polyolefin resin, usually low density polyethylene (Fig. 8).  Other polyolefin resins can be used to vary properties like stiffness and sealability.  The additive manufacturers often suggest using 0.1% to 0.2% by weight to achieve antistatic properties but it usually takes a substantially higher concentration to be effective at the level required by the standards.  An antiblock, usually a crushed mineral like calcium carbonate or silica, is added to minimize the finished film's tendency to stick to itself, a common trait of polyolefin films that is increased by the use of fatty amines or amides.  Some dissipative polymers can have a greasy feel if the ratios between the additive, antiblock and resin are out of balance.  This greasy feel is especially problematic if contamination is a concern for the product being packaged.


The blend of additive, antiblock and resin is then extruded to form the finished product generally as film but also as sheet or profiles for closures and can also be injection molded as trays or other shapes.  In film extrusion, hot blowing of a long bubble from an annular die is the most common method of making a continuous film which is then slit and cut to size.  Bags, pouches and shrouds are then fabricated from the large film rolls.
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FIG. 8 - Fresh Hot Blown Dissipative Polymer Film

STATIC DISSIPATIVE MECHANISM

     Either type of dissipative polymer starts as a homogeneous blend of additive, antiblock and polyolefin resin.  However, two things must occur for static dissipation to take place.  The amine or amide must first diffuse through the plastic volume to reach and wet the surface (Fig. 9).  This is commonly referred to as blooming.  Good compatibility between the additive molecule and the resin results in an insufficient amount of amine or amide wetting the surface.  Without enough additive on the surface, static dissipation will not occur.  Too little additive and resin compatibility results in too much additive getting to the surface.  In this case, the static dissipative property will work well but the surface will be excessively greasy with the additive contamination everything the film contacts.
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Fig. 9 Dissipative Polymer Static Dissipative Mechanism 


     This diffusion or blooming problem also affects Types I and III films.  Because too much additive will diffuse into and degrade the adhesive lamination to a metal foil for Type I or a metallized film for Type III, dissipative polymers with little additive are sometimes used.  This gives modest static dissipation properties.  The other and more successful commercial solution is to adhesive laminate the foil or film to a plain polyethylene and use a surface wash coat of additives for static dissipation.


     The additive must absorb at least a trace of atmospheric moisture with its two "claws."  This hydrogen-bonded combination of additive and water is the surface that provides static dissipation.  Essentially, the conductivity is provided by the layer of water attached to the bonds and helped by the ionic solution of the additive.  It is an ionic soup.


     During certain seasons in some locations, it is possible that there is too little atmospheric moisture to be absorbed.  It is not clearly understood the minimum relative humidity required for static dissipation.  The best guide is probably the EIA's standard of 12.0 +/- 3.0% RH as a reasonable minimum limit.  

ANALYTICAL COMPARISON

     In order to examine the difference between the two chemistries, rolls of two commercially available four-mil thick dissipative polymers, one amine and one amide were purchased from leading producers.  Because problems with limited useful lifetimes were anticipated, fresh samples were specified.  The samples were supposed to be less than two weeks old when they arrived for testing.


     For comparison, a Type II film that utilized an entirely different technical approach, both in resin and structure was chosen (FIG. 10).   In general, the film utilizes a quaternary salt, which is nonvolatile and takes advantage of resin and additive compatibility for dissipating static electrically more by volumetric conductivity.  

      The other important features is that a range of multilayer structures can be coextruded to provide static dissipation in different layers and still utilize different resins and layers or other physical or chemical properties.     Because of the volumetric conductivity and coextrusion, other film technologies can be used to get new attributes like static dissipative shrink film.  For this examination a fresh commercial sample of coextruded film with low surface resistivity was chosen.  Thus, the data that follows is based on extrudable Type II films.
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Fig. 10 Coextruded Film Structure

ELECTRICAL  PERMANENCE

     Some have referred to questions about the permanence of dissipative polymers as one of the dirty little secrets of ESD.  Many films lose their electrical properties when exposed to the MIL-Spec accelerated aging test at 1600 F.   In this section we will try to explain and quantify this property.  Fresh dissipative polymer can be visualized as a relatively homogeneous blend of polymer and the amine or amide additive (Fig. 8).  There are two phenomena that affect static dissipative performance: diffusion to the surface and evaporation from the surface (Fig. 11). 
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Fig.  11 Dissipation Mechanism

      Because direct measurement of additive evaporation from a film with time requires measurement of very small masses, a better illustration was required.  The pure additives identified in the above analysis were melted in the bottom of round, flat bottom, straight shallow side Petri dishes, weighed and placed into a 1600  F oven, the MIL-Spec conditions, and reweighed periodically.  These data show that the amide is volatile with roughly one-half gram evaporated (about five percent) in ten days and still continuing to evaporate (Fig. 12).
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Fig.  12  Additive Evaporative Weight Loss
     Because there is no diffusion reservoir in this illustration to affect the evaporation, the curve should not change until the Petri dish goes dry.  The amine shows less volatility but a steady weight loss with time.  The quaternary salt showed a slight initial weight loss, which is attributed to evaporation of a trace of absorbed moisture.  Once that was driven off, the weight loss attributable to additive vaporization is insignificant.

     For a while, a general surface concentration can be maintained by the additive as it diffuses to the surface in rough balance with the evaporation rate.  Such a situation is evaporation rate limited.  As long as there is sufficient additive in the bulk of the solid to keep the balance in favor of the required surface concentration, everything is fine.  However, when the additive in the bulk is depleted and diffusion can no longer maintain the surface concentration, the situation becomes diffusion limited and the surface concentration begins to fall - the solid and surface dry out.

LIFETIME DATA 

     The MIL-Spec simulates an accelerated aging on dissipative polymer type materials that depend upon diffusion and suffer from evaporation.  To determine the affects for two fresh commercial dissipative polymer samples: one an amine, the other an amide, there were enough samples cut and placed into the 1600  F oven to electrically characterize four samples each, daily for sixteen days.  After exposure to the high temperature these samples were placed in a 12.0 +/- 3.0% RH chamber for forty eight hours to stabilize the diffusion and evaporation and to come to a equilibrium with the humidity in the chamber.  For comparison a commercial sample of a non-dissipative polymer coextruded Type II film was also tested at the same time.  The samples were then checked for static decay time and surface resistivity.


     The accelerated aging static decay time data shows relatively flat times for the amine out to eight days when it starts to increase but, although tending upward, is still within the specification after sixteen days (Fig. 13.) This is probably due to the fact that the sample was so fresh.  The amide goes over the limit on the sixth day while the coextruded film has steady values out to the sixteenth day and beyond.
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Fig. 13 Static Decay vs Accelerated 

     The surface resistivity data presented as the log of surface resistivity versus time shows the amide's surface resistivity property was over the limit on the fifth day.  The amine surface resistivity data showed that it passed the twelve day standard, but was tending upward to the fourteenth day.  The coextruded film showed little change over the same time period.
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Fig.  14 Surface Resistivity vs Accelerated Aging

     It has been estimated an acceleration factor for the MIL-Spec accelerated aging test to be approximately seventeen, that is one day at 1600  F equals seventeen days at room temperature.   The theoretical acceleration factor estimate is  twenty six.  From these acceleration factors, the useful lifetime of the four-mil amide bags could be troublingly brief for some users.  The amine would be effective for a longer time but would not be expected to have an unlimited lifetime because the static decay time data had begun to trend upward.  There is no indication of a lifetime limitation for the coextruded quat film.

     The electrical performance lifetime of commercial dissipative polymers is often increased by increasing the film thickness and therefore the reservoir volume (Fig. 17).  This is how some dissipative polymer films are MIL-Spec qualified for the accelerated aging test in their six mil form but are more commonly sold as two to four mil thick films with less useful static dissipative lifetime.
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Fig. 15   Thickness as a Reservoir

POLYCARBONATE COMPATIBILITY

     A major electronics equipment and computer manufacturer first encountered the polycarbonate compatibility problem with dissipative polymers.  Their field service people noticed that polycarbonate-containing components were "crazed" which then cracked when used.  Later, they found another crazing problem that was time related and was traced back to their static dissipative shipping and storage bags.  This second polycarbonate compatibility problem became critical when a costly worldwide product recall was required to replace the crazed parts.


     In general, polycarbonates can be seen as polar, rigid thermoplastics.  As expected with chemistry's "like dissolves like" rule, a polar solvent or molecule with a polar end will try to dissolve into the polycarbonate surface.  However, because polycarbonate is rigid, it cannot expand or swell to accommodate the solvent.  It accommodates the solvent molecule by surface cracking or crazing at a stress point, which leads to further surface attack and ultimately breaks in two.

     The term "compatibility" when used in conjunction with polycarbonates has a different meaning than that used to describe additive and resin compatibility.  In the latter case compatibility meant that the additive and polymer are capable of intimate mixing.  For polycarbonate compatibility, the opposite is essentially true.   A more accurate term would probably be polycarbonate "coexistence."

  EIA 564 test method describes how to test for polycarbonate compatibility.  Basically it uses pure polycarbonate coupons that are mounted on various curved jigs to simulate different residual molded-in or service-induced stress levels (Fig. 16). Several sets of these samples are then wrapped with the films to be tested, sealed into clean jars and exposed to different temperatures for five days to determine the effect of the films on the polycarbonate coupons.  A general rule for polycarbonate compatibility is that there be no serious crazing up to the 2000 psi stress level at 1580  F.

     The data in Table 2 gives the polycarbonate compatibility date for the three versions of Type II film.  In each case a control set of plain coupons was tested along with coupons wrapped with the different Type II films.  Amines and amides showed unacceptable levels of the polycarbonate crazing with amines being the worst.  The coextruded version had no problems with polycarbonate compatibility because in all cases it equaled the control coupons which were only exposed to air.
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Fig. 16  Polycarbonate Test Jig

SUMMARY

     Because dissipative polymer technology is used in various Types I, II and III films, these data should help users distinguish between static dissipative products now offered and choose cost effective static dissipative materials suitable for their overall needs.  For example, a material's effective static dissipative lifetime can vary considerably with the different technologies and thickness specified.  Polycarbonate compatibility may also need to be considered in some applications where polycarbonate parts are present.  Thus users should be able to demand and get predictable and reliable static dissipative performance from their packaging film suppliers.
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