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Lead (Pb) exposure is a major health concern that is gaining recognition around the world. Magazines, newspapers, television, and radio have been spreading the word about its risks, causing trade associations and governmental bodies to initiate proceedings to investigate the elimination of lead from electrical and electronic solder with emphasis being placed on the amount of consumer waste containing lead that is being deposited in landfills.  While a great deal of work has been done in the Asian (Japan) and US markets to facilitate the removal of lead from solder on a voluntary basis, the regulatory lead has been taken by Europe with the EC Commission’s Directive on banning the use of lead in solder.  Both the Asian and US markets are following Europe’s lead rather than face any possible trade restrictions on the import of their products into the European market.

Background:

Solder \Sol"der\, n. [Formerly soder; F. soudure, OF. soudeure,

fr. OF. & F. souder to solder, L. solidare to fasten, to make solid.]

A metal or metallic alloy used when melted for uniting adjacent metallic edges or surfaces; a metallic cement.

Soldering is defined as "the joining of metals by a fusion of alloys that have relatively low melting points" (i.e.  It is the use of an metal alloy that has a low melting point to adhere the surfaces to be soldered together.).  Soldering is more akin to gluing with molten metal than anything else.  During soldering the solder bonds the connection by dissolving a small amount of the metal being soldered at temperatures significantly below its melting point.  The soldering process in effect involves a metal solvent action between the solder and the metal being joined.  A solder joint is therefore also chemical in nature rather than being purely mechanical.  The bond is formed in part by chemical action and part by a physical bond.

Basically, solder is a metallic alloy used to join pieces of metal, most commonly electrical or electronic circuit components.  Electrical solder is typically composed of tin and lead, usually about 60% tin (Sn) and 40% lead (Pb) by weight (60/40 or 60Sn-40Pb), which is a near-eutectic, close to the ideal composition for a tin-lead mixture.  At 62% tin and 38% lead, solder is a eutectic alloy; it melts at the lowest possible temperature and changes phase (i.e. melts and freezes) uniformly.  Tin and lead solder compositions range from having 97% lead to 95% tin with 60/40 and 63/37 being the most commonly used ratios.  Since lead is a very toxic substance (one of the reasons it's no longer used in household paint and gasoline), soldering is always to be done in a well-ventilated area to minimize inhalation of the poisonous vapors.  It is the potential poisoning aspect of solders that is the principle driver for the change to lead-free solders.

Tin and lead solder (Sn-Pb) has been successfully used by the electronics industry for over fifty years.  It is highly prized for its relatively low melting temperature (183°C for 60Sn-40Pb) as well as its unique abilities to meet demanding performance requirements.  A myriad of testing and development (in the millions of worldwide accumulated hours) has been done over decades of use in tweaking the material, process and equipment to produce highly efficient and reliable solder joints.

The initiative behind converting the electronics industry to using only lead-free solders is basically threefold.

1. The first is public health (environmental protection).  Lead and its various soluble compounds are of particular concern because of their toxicity to children.  Children and developing fetuses absorb lead more readily than adults.  Children exposed to lead can suffer from brain damage, central nervous system damage, slow growth, hyperactivity, and behavior and learning problems.  Adults exposed to lead can suffer difficulties during pregnancy, high blood pressure, nervous disorders, and memory and concentration problems.  Once in the body, lead is distributed into blood, soft tissue, and bone.  Its effects on the body as a whole includes: metallic taste, skin paleness, tremor, twitching, convulsions, paralysis, muscle aches, fatigue, weakness, joint pain, excessive thirst, lack of coordination, jaundice eyes and vision abnormalities, yellow skin, loss of appetite, weight loss, constipation, vomiting, diarrhea, abdominal pain, both low and high blood pressure, hyper, coma, hallucinations, apathy, irritable, uncooperative, headaches, sleep disorders and confusion.  A complete recovery from severe lead poisoning can take a year or more.  Those who do not die can suffer permanent brain damage.

2. The second is political with no politician wishing to ignore anything with “headline” potential that affects the well being of his constituents.

3. The third is economics.  Companies are striving to show how “green” their products are in hopes of increasing market share over competitors whose products are not as environmentally friendly.

Concerns over lead ending up in landfills and contaminating land and water supplies are coming under close scrutiny.  In Europe this has resulted in a move, embodied in European legislation, to ban the use of lead in electrical and electronic equipment.  The drive to reduce the use of lead is not new.  Lead in domestic water pipes, plumbing solders, gasoline, paint, fishing weights and ammunition etc, has long been the center of both environmental and “green” pressures.

Worldwide Initiatives:

US:
As of today, there are no specific regulations in the US banning lead in electronic components, but there are several initiatives underway to get products and processes ready to meet European, Japanese and possible future US market requirements.  Several states are also reviewing legislation to enact the banning of lead.

Japan:
The Japanese electronics industry has always been very environmentally conscious and is continuously preparing for any future environmental contingency.  Japan’s ‘White Goods Recycling Act’ calls for progressive lead elimination or recycling targets in order to reduce the amount of toxic materials being dumped in landfills.  While the act emphasizes recycling rather over elimination, several of Japan’s largest electronics companies are already producing lead-free equipment.  The Japanese electronics industry is also trying to follow what is being done in Europe in order not to miss out on any business opportunities by having any of their products banned.

Europe:
The European ban on lead is very aggressive, both in terms of its timeline and scope. The European schedule requires elimination of lead by July 1, 2006.  The EU Commission have issued a Directive stating that the Member States shall ensure that, from 1 July 2006, new electrical and electronic equipment put on the market does not contain lead, mercury, cadmium, hexavalent chromium, polybrominated biphenyls (PBB) or polybrominated diphenyl ethers (PBDE).  For various technical reasons, specific exemptions to this ban are being allowed to ensure both product availability and reliability.

Europe actually has several distinct programs to reduce lead in the environment. The two most important of which are:

WEEE -
Waste of Electrical and Electronic Equipment:  concerned primarily with aspects of end-of-life; i.e. to minimize waste and maximize recycling.

ROHS -
Restrictions On Hazardous Substances:  restrictions on the use of certain hazardous substances in electrical and electronic equipment i.e. to ban certain hazardous materials such as lead.

The EU Commission has “exempted” several important categories from the ban on lead.  These categories currently include:  Servers, Storage, Network and Telecom equipment, Medical, Aerospace, Military and Automotive markets.

The exemptions specifically include:

· Lead in glass of cathode ray tubes, electronic components and fluorescent tubes.

· Lead as an alloying element in steel containing up to 0,35 % lead by weight, aluminum containing up to 0,4 % lead by weight and as a copper alloy containing up to 4 % lead by weight.

· Lead in high melting temperature type solders (i.e. tin-lead solder alloys containing more than 85 % lead),

· Lead in solders for servers, storage and storage array systems

· Lead in solders for network infrastructure equipment for switching, signaling, transmission as well as network management for telecommunication

· Lead in electronic ceramic parts (e.g. piezoelectric devices).
Exemption from the ban requirement is also permitted if substitution is not possible from the scientific and technical point of view or if the negative environmental or health impacts caused by substitution are likely to outweigh the human and environmental benefits of the substitution.  This clause allows items such as batteries and shielding in X-ray equipment to be exempted.

Applications for application specific exemptions continue to flood the EU Commission.  Mechanical, electrical and process difficulties occur whenever drastically changing base materials in products.  For example, items such as compliant-pin connector systems depend on lead-tin plating to provide acceptable insertion forces.  If the lead content is less than 3%, the insertion forces increase so dramatically that the connector system cannot be plugged in.
None of these initiatives specifically ban the use of tin/lead solders.  The ban is on the lead in the solder.  These proposals do not as of yet have a specific maximum allowable concentration of lead (It cannot be zero since the naturally occurring background baseline level will never be zero.), but a consensus is forming to have an upper limit for lead-free components be 0.1 percent by weight (0.1w percent or 1000ppm) related to individual materials, not whole packages or components.  This is double the 0.2 percent lead level specified in the US Safe Drinking Water Act (1986).  That Act also allowed pipes and fittings to be considered lead-free if they did not contain more than 8.0 percent lead.
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Figure 1
For standardization purposes, it would be preferable if the initiatives specified going 100% lead-free, but that is not a possible alternative. Several assembly categories will not tolerate the 260ºC temperatures needed for most lead-free reflow (such as fiber optics, MEMS and microwave); some entire, very important equipment categories (Medical, Aerospace, Telecom, Networking, Military) are being exempted from any ban on lead, de facto or by regulation, because of questions concerning reliability.

A little scientific analysis reveals the “logic” used by the various associations and commissions on how to reduce the amount of lead being sent to landfills.  The most direct means of analyzing the scope of a problem and the effects of its various factors is with a Pareto analysis.  The Pareto Principle states that only a "vital few" factors are responsible for producing most of the problems.  This principle infers that a great majority of problems (80%) are produced by a few key causes (20%).  If you concentrate on correcting these few key causes, you have a greater probability of success of correcting the problem.  A simple Pareto analysis (also called the original 80:20 rule - the "vital few and trivial many”) shows that the lowest reduction in lead usage (0.5%) would be gained by conversion to lead-free solder.  While this fact has been argued (lobbied) with the various trade associations and governmental commissions involved with applying the upcoming restrictions on the use of lead, apparently politics and economics rather than scientific logic have determined where the emphasis will be placed.  Simply stated, recycling is the tool for reducing lead in the landfills for the high lead usage categories while elimination (banning) is the tool for low usage categories.

Pertinent Data:

· Lead is toxic

· Lead-free solder consumes higher manufacturing energy

· There is no single drop-in solution for all lead solder applications

· There is a lack of industry standards

· Lead replacements also have environmental impacts that have not been adequately defined for all the new alloys (i.e. silver, copper, bismuth, indium)

· The ease of conversion of small consumer devices (i.e. calculators) should not be equated with conversion of complex electronic devices (i.e. servers)

· The reliability of lead-free devices in mission critical applications has not been proven

· According to the EPA, electronics compose 1.0% of municipal solid waste in the US

· CRTs, which are exempt from the EU’s ROHS, account for over 96% of electronic equipment lead (A typical 18” CRT has more than 2 lbs of lead.).
· There are no studies that link environmental or human health risks to lead use in electronics

· There is no drop-in replacement for lead that is hazard-free

· Lead substitutes (i.e., bismuth, indium, copper, silver) are more scarce and therefore more expensive
· Lead-free solder requires much higher manufacturing temperatures than leaded solder (see Figure 2)
· Lead-free solder will require all new manufacturing processes, performance parameters, and inspection criteria (see Figures 3 and 4)
· Lead-free solder requires inert gas reflow that has the potential of increasing air pollution
· The difference in densities, with lead being a heavy metal, means that going to a lead-free solder would reduce the amount of solder weight going to landfills by 25%, but the volume would remain basically the same
· While the various initiatives around the world are banning the use of lead, there is no “official” direction as to what a “safe” substitute would be, only that it not be more hazardous than lead
· The amount of lead used in electronic solder is only 0.5% of the total usage
· Over 60% of all lead used on a yearly basis is from recycled material.
· According to the US’s EPA, lead exposure in the US is due primarily to inhalation of dust from soil that has been lead contaminated by seventy years use of leaded fuels, consuming paint containing lead colorant and consuming contaminated water from household plumbing containing lead piping, joints and/or fixtures.
· A hazard does not equal a risk
· Resources, both manpower and materials are not limitless
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Figure 2
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Figure 3
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Figure 4

Reality Check:

If ever there was a solution looking for a problem, banning solders containing lead is it.  From a scientific rather than an emotional or political prospective one has to do what is done in industries such as airline, automotive, chemical and pharmaceutical and take a step back and examine the lead problem on the issues of hazard, exposure and risk.  Hazard measures the intrinsic characteristics of a substance in a controlled setting such as a laboratory.  Exposure assesses how human beings and other organisms can come into contact with the substance.  Risk combines hazard and exposure to assess the potential effect the substance will have on an organism or group of organisms. Without the correct exposure, there is no risk, no matter how high the hazard.  In terms of lead-free solder, the stated end objective by the various trade associations and government bodies for enacting the lead-free directives is to reduce the amount of lead in landfills in order to reduce potential exposure to the environment/people.  The stated objective is obviously flawed.  Lead is a proven hazardous material, but landfills are closed loop environments that are designed to contain the substances deposited in them (Landfill: carefully designed structure built into or on top of the ground in which trash is isolated from the surrounding environment (groundwater, air, rain).  This isolation is accomplished with a bottom liner and daily covering of soil.).  Since in theory the lead cannot leave the landfill, there can be no exposure and therefore there is no risk.  If the objective is to eliminate/reduce the hazardous pollutants that can escape from landfills, the primary concentration should be on methane gas not on metal contaminates.  Conjecture is one thing and hard facts are another.  In spite of numerous studies done over the last twenty years by organizations ranging from the EPA to various independent environmental groups, none of these studies demonstrated environmental or human health risk posed by electronic products in landfills.  For example, in a Palo Alto, California Landfill study it was found that there had been up to 100,000 CRTs disposed there over a 20 year period; the State Water Board’s tests demonstrated no lead leakage in their monitoring wells; and that lead did not have a significant presence in the leachate (found to be at levels over 500 times lower than EPA actionable levels).
Total cost of implementing lead-free solder to the electronics industry and the consumers of its products has been estimated to be $50-$72 billion.  This estimate does not include such items as replacement costs because of the reduced life on solder processing equipment, the lab research time required for the re-qualifying of every component having lead removed from its structure nor the material increase cost which will spiral upwards as more of the scarce materials such as silver (Ag) are used in place of the much more plentiful lead.  It also does not include the exorbitant cost of the government bureaucracy that will be built up to monitor and control the restrictions.  On top of this it does not include the court costs and lawyers fees that will eventually happen as ridiculous conspiracy theories and frivolous lawsuits are directed at the various electronic manufacturers over the past use of lead and its effects on the environment.

Conclusion:

If the drive to lead-free solder is truly being driven by consumer demands and concern over public safety, rather than regulating the use of lead starting years out in the future with uncertain results, a more immediate solution would be to simply increase the recycling efforts on lead.  Over sixty percent of the current lead usage is from recycled lead (compared to the main metal constituent in landfills, aluminum, with less than a twenty percent recycle rate).  With the lead in batteries currently constituting over eighty percent of the usage, if for simplicity sake one attributes the sixty percent recycling rate to the eighty percent usage rate, by simply adding battery recycling bins at recycling stations and battery pouches on home pick-up garbage cans, it would be possible to reduce the amount of lead going to landfills by almost fifty percent.  Obviously, recycling is a more comprehensive solution because it also deals with the waste volume, encompasses other toxic materials, provides for an increased raw materials supply base and is low cost to implement.

If it is mandatory for political or marketing purposes that something be banned, then ban CRTs rather than exempting them.  There are currently available alternate technologies (plasma, LCD, etc.) and CRTs contain 96% of the lead used in electronic equipment.

The drive to lead-free solder in electrical and electronic equipment could end up being very similar to the attempted use of aluminum household wiring during the mid 1960's in the US.  In spite of a few doomsayers predicting numerous potential problems, all the government and industry testing showed that while it was necessary to increase the wire diameter by one gauge, aluminum could safely be used in place of copper.  If wasn’t until after aluminum wire was actually in homes for a number of years that fires started occurring because of the known, but ignored, insulative effect of aluminum oxide.  Lead-free solder is not something new.  It has been around in various forms for as long as Sn-Pb solder.  Due to a combination of reliability, service life, usability, availability, cost, and performance Sn-Pb solder was found to be the best overall compromise.  The electronics industry currently has over fifty years of history on how to safely use Sn-Pb solder.  Conversion to lead-free solder on a large scale will mean facing new “unknowns” and ignored “knowns” that may eventually prove to be more hazardous than the problem that it is meant to correct.

It is a noble cause to try to improve the environment and protect public health.  In truth, we face a danger from lead, but the true danger comes from sources other than electronic solder.  Eventually we may find that we face a far greater and more long-term danger from bureaucracies that promulgate regulations based on the presumption that they know best.
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