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                                              ABSTRACT                                 ​​​​​​​​​​​​​

                        Being in an era of technology, it is a well known fact that every one(either technical or non-technical people)tries to learn about technological developments, the operation of technological products & their applications.  Further most of the engineers & research people concentrate on further developing existing technology.  Everyone seems to be in a singing mood about technology.

                        But be alert, every technological development has its other side where it has certain hazardous impacts on environment, society & the living beings.  If we take a note on this unknown side, we find many sorrowful facts about hazardious effects on surroundings.  But unfortunately, there are little who care or turns their attention towards this sorrowful side of  technology.

Here we are investigating on one such sorrowful face of electronics world called

“ELECTRONICS  WASTAGES – A POISONOUS SOUP OF 21ST CENTURY”

with searching for following aims,

· What are electronic wastages & what they impacts are?

· Can’t we reduce the impact of hazardious electronic wastages on environment?

· Whatare people’s(both technical &technical)point of view(or)attention towards it?

· What are the future impacts it can develop on the environment?

· How can we control this impacts?

A SORROWFUL SURVEY LETS US TO SELECT THIS TOPIC-E-WASTE:

                       Once we had seen a small article about E-Waste in a magazine “SCIENCE REPORTER” from CSIR, New Delhi.  The article is fully about sorrowful impacts of E-Waste in Asia(particularly the subcontinental area).  The article further focused on the facts about

· Careless actions by people(both technical & non technical)on recycling of E-Waste .They simply dump them under the soil, throws them in seas etc.  Unfortunately, this careless actions was becoming a “KILLER FOR ENVIRONMENT &NATURE”.

· Export of E-Waste from US & other developing  countries to subcontinent.  It focuses that even after getting freedom from British & European countries, the sub-continent remains slave to developed countries.  The developed countries use sub-continent as their

                                             “DUMP-SLAVE”

                           This sorrowful article made us to ask to people(both technical & Nontechnical) about E-Waste  & its impacts.  But unfortunately no single person (including technical people) were aware about E-Waste.  They were totally unaware about,

· Exporing of E-Waste to Asia by developed countries &

· Impacts of dangerous VIRUS called “E-WASTE”

                           Being an engineering student, this sorrowful impacts made us to investigate on this topic & possibly create some sort of  awareness to us & people surrounding us.

                           In this paper, we are concentrating on two parts,

· Effects of E-Waste &

· Ways to control the effects of E-Waste.

                           We have started with a general introductory view on E-Waste & followed by constituent &  impact of  E-Waste on environment.  After that we have presented a deadly report on “EXPORT OF E-WASTE TO ASIA FROM AMERICA & OTHER DEVELOPING COUNTRIES”. This report is very sorrowful to read.  Then we had transferred our attention towards “IMPROPER RECYCLING” Done in china.  It consists of improper recycling of printer toners,PCB & Acid strippers.

                          Finally without wasting anytime, we transferred our attention to the ways to control this E_Waste by the following ways.

· takeback compaign

· manufacturer should take the maximum burden.

· Replacing ways for lead as it is highly dangerous used metal in electronics.

· Awareness-a unique compulsory step.

                         Atlast we ended our paper with finding the feasibility of the solutions &arriving at the best possible solution.  We ends with a motto,

                      “BE ALERT, BE AWARE & BE  SAFE"

-----------------------------------------------------------------------------------------------------
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INTRODUCTION:

                                   Looking to the technological world today ,normal people pays attention only to the growth of the unimaginary powerful, costless technology. But in the other hand,this fast growing rate of technology develops many hazardious impacts on the living beings and the nature which goes unnoticed most of the time.The people are either   unaware or are not interested in paying attention to this things.But it’s the duty of the people in the technological field to take care of this impacts.

                                  Being an engineering students,we are paying our attention to one of the most dangerous problem of the 21st century which will increase as time passes if not cared properly named,

      "ELECTRONICS WASTAGES-A POISONOUS SOUP OF   21ST CENTURY"

                                 Nowadays Discarded computers and other consumer electronics (so called e-waste) are the fastest growing portion of our waste stream - growing almost 3 times faster than our overall municipal waste stream.These are toxic hazardous wastes containing heavy metals like lead,cadmium,mercury etc causing  poisoning of groundwater and damages  the nervous and reproductive systems.

E-WASTE - A  TOXIC SOUP:

                        E-waste consists of mainly lead  which is high in following electronic goods,

· Pb Acid storage batteries  64%

· CRTs (TVs & monitors)  29%

· Other electronics    1%

· Glass & ceramics products  3%

· Plastics       1%

· Other products

E-waste also comprises of other risky elements like,

· Beryllium

· Cadmium

· Barium

· PVC

· Mercury

· PCBs

· Brominated Flame Retardants

                                Most domestic recyclers cannot avoid export. They have no recycling options for electronic components domestically so they end up exporting it to Asia via container ships for recycling. In fact, 80 percent of e-waste from America finds its way to Asia..No one had ever bothered to go to Asia and look at what recycling there looked like.

                                When the video cuts to China it shows you the wide spread destruction of Asia attributed to e-waste and ignorance.We are presenting a report on this exports & its impact  in this paper.

                                Circuit boards, burnt plastics, videotapes, printer cartridges, toner cartridges, Cathode Ray Tubes and such litter are part of the export.We will also have a detailed discussion regarding  the improper recycling of this products & its impact.

EFFECTS OF THE TOXIC SOUP-E-WASTE HURTS THE ENVIRONMENT:

impacts of lead:

· Persistent, bio-accumulative, toxic (PBT) chemical

· Adverse affects on children’s brain development is proven

· Damages human nervous system, kidneys, blood, and reproductive systems

impacts of other toxic elements:

· Mercury -  impairs learning and intelligence in children and increases the                           rates of neurodevelopment disabilities, including autism,effects kidneys, fetus and travels easily in the food chain (PBT).

· Cadmium - damages kidneys (PBT)

· Chromium VI - damages DNA

· Toners - carbon black - respiratory problems;

· The combination of toxics found in e-waste is also suspected of causing cancer clusters, birth defects,

· miscarriages, and high levels of dangerous chemicals have been detected in the blood of computer recycling employees.

· Cathode Ray Tubes, the picture tubes in computers and televisions, contain 4 to 8 pounds of lead per unit, posing a hazardous legacy for current and future generations. Consumer electronics already constitute 40% of lead and about 70% of the heavy metals (including mercury and cadmium) found in landfills.

EXPORTING HARM TO ASIA -A REPORT:

                          Large quantities of e-waste collected for recycling in the United States are finding new markets in China, Pakistan and India. This tremendous amount of imported [electronic] waste material and process residues is not recycled but is simply dumped in open fields, along riverbanks, ponds, wetlands, in rivers and in irrigation ditches. Findings from a new study show e-waste disposal in third world countries harms both public health and the environment.

A report “Exporting Harm: The High Tech Trashing of Asia” says,

                         that in a cluster of villages & towns like guiya along the Lianjiang River in southeastern China, some 200,000 men, women and children labor to recycle obsolete electronic equipment imported from North America. The work continues despite a ban on the import of toxic materials by the Chinese government.

                         The whole villages made their living burning wires from the inside of a computer.These small short wires are ripped out in the town in massive quantities and collected in bags, delivered  to villages outside of town where they are sorted by day and burned at night producing “CANCER-CAUSING DIOXINS” and kids are playing in the ash like it was a sandbox.

                         The workers operating under primitive conditions melting and burning toxic soldered circuit boards and cracking and dumping toxic lead laden cathode ray tubes. Many tons of e-waste are routinely thrown in open fields and irrigation canals in the rice growing area. The water has become undrinkable. And, except for providing rubber gloves and boots, no attempt has been made to protect the workers.

                          Nobody seemed to be aware that these were problems. They didn’t know the toxicity [of the water or the chemicals] especially the cancer-causing problems. Similar activities are also happening in Pakistan and India too.

                          In a new report by a coalition of environment groups –recommends that the United states ratify the Basal Convention, a global treaty that limits export of hazardous electronic waste. The United States is the only developed nation that has not ratified the treaty or the subsequent amendment that would ban the export of e_waste.

                         So U.S. ratification is the most important of several steps that could put a stop to the toxic waste trade.

IMPACT OF  THIS E-WASTE EXPORT :

                    Six years ago Guiyu was a peaceful rice village but when e-waste started arriving by the truckload life there changed.

· Both well water and surface water has been undrinkable in Guiyu for 5 years because of it being so polluted. It has to be trucked in from a town 30 Kilometers away.

· People in Guiyu use the polluted water to wash their dinner plates and wash their clothes with. Many get sick from it, even children.

· The methods they are using to recycle poison the air they breath and of course, the water.

· E-waste will always run down hill on the economic path of least resistance towards the poorest people. In China, environmental standards are lax and labor is cheap. Workers usually get paid $1.50 a day to recycle e-waste using primitive methods.

                   In picture in the last page, you see workers disassembling electronic equipment with hammers and other tools. After taking the most valuable parts most discard the unwanted material in ditches or along side roadways.It is not uncommon to see charred circuit boards, burnt plastics and other electronic equipment dumped any where they can find a place for it.

                       “Landfills of the world reflect a people who would rather destroy themselves intellectually and later destroy the environment they live in rather then realize knowledge and live in harmony with nature.”

                       "We now have a very ugly scenario where the United States on one hand, is doing everything it can to prevent the contamination of its own soil by the dumping of e-waste into its landfills. On the other hand they are actively promoting the wholesale exporting of this waste to Asia where it ends up in rice patties and irrigation ditches . This has gone unnoticed until now.So in the politics of e-waste developed countries like USA,Japan etc. are using developing nations to save their soil.

So we all (asia’s developing countries)  should form a unity & say to developed countries

                               “ASIA IS NOT YOUR WASTE DUMP!”

EFFECTS OF IMPROPER RECYCLING:

                        Computers and other appliances contain valuable materials: like gold, platinum and other electrical conductors  used in microchips and motherboards; lead  in solder and computer monitors; copper in  wires and internal circuitry.So one go for recycling(improper) to get this valuable materials noting the fact that labouring is cheap in india,china & pakistan.Here we have a look at some of this activities.

Printer Toner  recycling:

                       In parts of Asia,streets are filled with stacks of  exported printer and copier parts. Workers use paint brushes to extract small remains of toner from the printer cartridges. In doing that it creates a toner dust cloud and is inhaled by workers. By the end of the day workers are covered with black toner.

                      Toner contains carbonblack, a probable human cocarcinogen and other materials of unknown toxicity. It can cause respiratory problems if inhaled.

                       For some reason the cartridges are not recyclable and are often dumped along roadsides and water ways.

Desoldering of Circuit boards:

                      After circuit boards are taken from computers & other electronic devices , they are then handled by hundreds of desoldering workers all over town. The circuit boards are placed over a coal fired gril to melt the solder. Then the chips are plucked from the boards for later sorting.

                      Some workers use fans to blow the led-tin toxic fumes away, But inhalation of the toxic fumes is inevitable as is the ambient fallout of the heavy medals over the entire community.

                     After the chips are removed the circuit boards are often burnt to recover residual solder and are discarded in the environment. The extracted chips are often sold to acid strippers.

                     Analysis of the soil, water and sediment samples were found to have levels of led more then 200 times to which the Dutch government considers sediment to be hazardous waste. "River water was 2400 times the world heath organizations threshold level for led in drinking water."

Acid Strippers:

                     Many electronic parts are comprised of tiny amounts of gold. This gold is extracted using a method that is very damaging to both humans and the environment.Acid strippers usually operate on river banks just outside of town. They heat over small fires a toxic mixture called Aqua Regia. Aqua Regia is comprised of 75% pure Hydrocloric Acid and 25% pure Nitric acid. It is swirled over tubs of computer chips to extract the tiny amounts of gold found inside.

                    Then a chemical is added which precipitates the gold making it settle to the bottom of the tub. This is recovered as a mud, dried, and finally melted to a tiny beed of gold.The method produces sulphur dioxide and chlorine. The only protective gear the worker use are rubber boots and gloves. The sludge from the process is dumped and leaks into the river.

SOLUTIONS TO REDUCE THE IMPACTS OF E-WASTE:

                    No doubt e-waste will increase as electronics  develops & its consuming  quantity increases.So complete eradication & impacts of e-waste is truly impossible.But we can  control its impact  by the complete and sincere supports of the  consumers ,manufacturers, government  and researchers  by the following ways,

(A)TAKEBACK CAMPAIGN

(B)SEARCHING A REPLACEMENT FOR LEAD

(C)MANUFACTURES  RESPONSIBILITY

(D)A STEP TOWARDS LEAD-FREE ELECTRONICS                   (E)AWARENESS TO YOUNG BUDDING STUDENTS

(A)TAKEBACK CAMPAIGN:

                              The goal of the TakeBack Campaign is to protect the health and well being of electronics users, workers, and the communities where electronics are produced and discarded by requiring consumer electronics manufacturers and brand owners to take full responsibility for the life cycle of their products, through effective public policy requirements or enforceable agreements.

                             The goal can be accomplished  by establishing extended producer responsibility (EPR). EPR will improve the next generation of solid waste and toxic materials policy, promote the manufacture of cleaner computers and curb the flow of toxic electronic waste by pushing manufacturers to take responsibility for their waste, internalizing its cost in corporate bottom lines, and phasing out the use of hazardous substances.

PRINCIPLE ESSENTIAL TO THE CAMPAIGN’S GOAL:

· Producer Responsibility:

                          Hold manufacturers/brand owners responsible for meeting specific goals for electronics recovery, reuse, and recycled content & the government should back them in their job with some sort  of financial assistance for development of a convenient and effective collection, disassembly, reuse and recycling infrastructure.

· Taxpayer Relief:

                    Shift financial responsibility and potential liability off of taxpayer-funded collection, management and disposal programs that are already overburdened and under-funded; in the short-term - in areas where no other collection opportunity exists - local programs should be authorized to charge-back manufacturers for the costs of managing their electronic devices.

· Toxics Use Reduction:

                       Require manufacturers of consumer electronic devices to meet specific reduction goals and implement programs at least to phase down - and where feasible, phase out - the use of hazardous materials in their products.

RECYCLE RESPONSIBILITY:

· Market Based Incentives:

                       Require manufacturers to pay the net cost of collecting and recycling electronic devices (or the cost of proper management and disposal for devices that are not recyclable), providing manufacturers with an incentive to design products for recyclability, to develop markets for recycling, and to support public education about how consumers can manage electronics at the end of their useful lives.

· Right to Know:
                       Require manufacturers to disclose publicly all hazardous substances, and  proper techniques for managing them by consumers and recyclers, through clear labels on devices and all their hazardous components.

· Performance Standards:  

                      Establish meaningful and verifiable performance standards for  electronics recycling companies, specifying responsible management practices ,including bans on landfilling ,incinerating or exporting electronic waste. 

· Community Economic Development:

                     Ensure that the recycling infrastructure promotes community economic development, including safe jobs at living wages.

(B)SEARCHING A REPLACEMENT FOR LEAD:

                     Lead (Pb), which is a major constituent of solder, has been extensively used in the assembly of electronic components and equipment. The toxic nature of Pb, however, has remained of considerable concern. Legislation is being pushed that requires the industry to search for environmentally friendly replacements. This real possibility of lead elimination has lead to various programs and studies by organizations across Europe, Japan and the USA for possible replacements. These organizations, to name a few, include National Electronics Manufacturing Initiative (NEMI) in North America, International Tin Research Institute (ITRI) in the UK and Japan Institute Interconnecting and Packaging Electronic Circuits (JIEP) in Japan.

REPLACEMENT ALLOYS  REQUIREMENTS:
                   It is important to understand the requirements and properties that the replacement alloy must pose for electronic applications such as packaging and assembly.  Some of these numerous requirements that need to be considered include:

· Low Toxicity:

                  There is no point in trying to replace a cheap toxic material Pb with an expensive toxic material. The replacement should therefore at a bare minimum be less toxic than Pb.

· Low Cost:

                  In the world of electronic assembly cost remains paramount.

· Availability:

                  The main constituents of the replacement alloy should be available in sufficient quantities.

· Low process temperatures:

                  The replacement alloy should ideally have temperatures that are close to those of eutectic Sn/Pb.

· Good Mechanical Properties and Reliability:

                  The alloy should exhibit adequate mechanical properties such as shear strength, creep resistance and fatigue resistance. The performance of the substitute alloy should be as good or better than Sn/Pb when tested in extreme environments, under thermal cycling and other reliability test conditions.

· Alloy should posses desirable material properties such as low surface tension and good wetting ability

· Rework ability.

· Good electrical and thermal properties.

· Ease of processing Base Metals.

INVESTIGATION TO FIND POSSIBLE METALS AS REPLACEMENT:
A possible list of the leading base metals that can be considered as a possible starting point for alternatives is as follows (The different properties of possible replacement metals are shown in the table-1 below)

· GALLIUM(Ga) & INDIUM(In):

                        Gallium (Ga) and indium (In) have low melting temperatures,but their much higher cost makes them unattractive except for niche and small volume applications.

· COPPER (Cu) & SILVER(Ag):

                       Copper (Cu) and silver (Ag) have much higher melting temperatures and therefore must be used in an alloy configuration that would lower the melting temperatures. Supply concern is an issue with In, Ga,Bi(Bismuth)
and
Ag.  although the cost of Ag relative to most metals is high, the small quantities that are required for lead-free alloys makes the selection more practical.

                       Conductive ink has been promoted for years but has failed to gain broad acceptance, especially as a replacement for copper traces. Indium solders show great promise but are very costly. replacement for tin-lead solder, there is considerable interest in replacing it.

· TIN(Sn):

                       Among the  remaining metals (Sn, Zn, and Sb) that exist in sufficient quantities, tin forms the nucleus of all lead free alloys. By using tin (Sn) as the dominant alloy as a percentage of the overall alloy compositions, the relative cost of lead free alloys declines to about 2-3 times that of 63Sn/37Pb.

TABLE-1:

Element


M.P.

°C
Crystal

Structure
CTE

10¯6/°C
Thermal

Conductivity(W/°K)

In
156.4
FC Tetra
32.1
82.0

Sn
232.0
BC Tetra
22.0
73.0

Bi
271.3
Rhombic
13.4
8.0

Zn
419.5
HCP
  -
116.0

Sb
630.5
Rhombic
11.0
24.0

Ag
960.6
FCC
18.9
429.0

Ci
1083.0
FCC
16.5
401.0

Ni
1455.0
FCC
13.4
91.0

INVESTIGATION TO FIND POSSIBLE BINARY ALLOYS AS REPLACEMENT:

                             The simplest new alloy systems that can be formed from the basic metals for lead-free applications are those composed of only two metals from the list shown above. Here one metal can be used as a base metal and the second an alloying metal. Emphasis on these binary alloys is necessary since understanding the properties and behavior of these alloys provides a good foundation for further studying ternary and quaternary alloy systems, which use these binary alloy systems as building blocks.

                            The commonly considered binary alloys are given below. Only binary alloys formed with tin as one of the metals are considered along with the common binary compositions for each. Several additional binary compositions exist. One such example is In/Bi but it is not considered, because of the limited expectations of these being used.

                            Commonly considered binary alloys for lead-free replacements & can be compared to 183 degree Celsius  for 63Sn/37Pb is as follows, (The different properties of possible binary alloys as replacement  are shown in the table-2 below)

· In the low temperature regime Sn/In and Sn/Bi binary systems dominate. On exposure to elevated temperatures close to 100ºC (which could be required within the mainstream of electronic assembly and packaging), both these binary alloys exhibit weak strength. Tin-bismuth solders are considered safe but oxidize easily and lack ductility.
· In the higher temperature regime Sn/Ag, Sn/Sb, Sn/Cu binary alloys exist. Sn/Sb falls in the highest temperature category for the binary systems . Most of these binary alloys typically exhibit a liquidus temperature that is about 30ºC to 40ºC higher when compared to eutectic 63Sn/37Pb, which is about 183ºC.

· From the standpoint of cost Sn/0.7Cu is very attractive, as it is one of the cheapest binary alloys available, making it attractive for wave solder applications, but it does in general have a higher melting point than the Sn/Ag binary alloys.

· The simple eutectic binary alloy Sn/3.5Ag seems like a promising candidate for consumer applications but its ternary counterparts, like those containing copper, exhibit even more desirable properties such as lower melting temperatures, slightly better wetting ability and strength. Many consider Sn/3.5Ag suitable enough for their applications, especially when lowering the temperature by five to ten degrees is not that critical.

· The melting temperature of Sn/Zn alloys lies somewhere between the extreme two cases of the low and the high temperature binary alloys. Its melting temperature is much closer to the Sn/Pb eutectic temperature. However, alloys that contain reasonable amounts of Zinc are prone to oxidation with potential corrosion problems and with poor wetting ability.

TABLE-2:
                Lead-free Alloy System-Binary Alloys



System


Known composition
Melting temperature(°C)

Sn/Sb
99Sn/1Sb (E)

95Sn/5Sb
235

232-240

Sn-Ag
96.5Sn/3.5Ag(E)

95Sn/5Ag
221

221-240

Sn-Bi
58Bi/42Sn(E)
138

Sn-In
48Sn/52In (E)

various Sn and In ratios
118

Sn-Cu
99.3 Sn/0.7 Cu (E)
227

Sn-Zn
91 Sn/9Zn (E)
199

INVESTIGATION TO FIND POSSIBLE TERNARY AND QUATERNARY ALLOYS AS REPLACEMENT:

                                  Most of the common ternary and quaternary alloys that are considered the leading replacements for Sn/Pb have one thing in common: they contain the alloys Sn and Ag. There are, however, a few exceptions, such as Sn/Zn/Bi where attempts to control the oxidation effects of Zn are initiated by the addition of Bi and some Sn/Ag/In compositions.

                                  The addition of a third and fourth metal to the binary alloy is primarily done to improve alloy’s wetting ability, modify the melting point and improve its mechanical properties. Here we are only covering those ternary and quaternary alloys that contain both Sn and Ag along with either Cu, Bi, Sb or their combination.(The different properties of possible replacement TERNARY & QUARTERNARY ALLOYS are shown in the table-3,4 &5 below)

· The most probable choices are the combination of Sn/Ag/Cu based alloys and Sn/Ag/Bi based alloys.The trade-off between the two is that for the former a slightly better reliability and cost can be achievedversus lower process temperature for the latter.The limited supply of bismuth(Bi- a biproduct of lead) is also of concern. However, both contain Ag which also has toxicity concerns but to a limited extent compared to Pb. 

· Industry groups have started making initial proposals for lead-free alloys that can be adopted industry wide. Recently International Tin Research Institute (ITRI) and the National Electronic Manufacturing Initiative (NEMI) for example have promoted the use of Sn/Ag/Cu based alloys especially for reflow applications. Among the common alloy compositions of this group , Sn/(3.5 to 4.0)Ag/(0.5 to 0.8)Cu seems to be the most commonly proposed composition.

· On the other hand some groups prefer Sn/Ag/Bi, Sn/Ag/Cu/Sb and Sn/Zn/Bi. This situation of selecting the right alloy to replace tin-lead is further complicated by the numerous patents, which cover a whole range and variety of alloy compositions. Many paste and material suppliers and manufacturers have already developed proprietary alloys. This could possibly result in the most widely used compositions being those that already exist in the public domain without any proprietary restrictions.

                 TABLE-3:

             Lead-Free Alloy System –Ternary Alloys



   System


   Known Composition
Melting 

temperature(°C)



Sn-Bi-Ag
83.5Sn/ 14Bi / 2.5Ag

91.8Sn/4.8Bi/3.4Ag(E)

94Sn/ 4Bi/ 2Ag

92.5Sn/ 6Bi/ 1.5Ag
142-218

211

203.6-231.1

187.6-228.9



Sn-Bi-Sb
75Sn/19Bi/6Sb
140-220



Sn-Bi-In
70Sn/20Bi/10In

80Sn/10Bi/10In
143-193

163-209

134-196

127

216

Sn-Bi-Zn
78Sn/16Bi/6Zn

41.7Sn/57Bi/1.3Zn

93.6Sn/4.7Ag/1.7Cu (E)




Sn-Ag-Cu
96.75Sn/1.25Ag/2Cu

96.5Sn/0.5Ag/3Cu

95.65Sn/0.35Ag/4Cu

94.75Sn/1.25Ag/4Cu


224-260

225-296

227-332

224-260

                 TABLE-4:

        Lead-Free Alloy System-Ternary Alloys (cont’d)



System


Known composition
Melting temperature(°C)

Sn-Ag-Zn
95.5Sn / 3.5Ag / 1Zn


217



Sn-In-Ag
77.2Sn / 20In / 2.8Ag

>90Sn / <8In / 6.7Zn


178

195

Sn-In-Zn
86Sn / 5In / 9Zn

85.9Sn / 7.4In / 6.7Zn


173-193

182.3-188.9

Sn-Cu-Se (Te)
95Sn / 4.75Cu / 0.25Se


210-217

Sn-Sb_Zn
88Sn / 4Sb /8Zn


198-204

                 TABLE-5:
             Lead-Free Alloy System-Quaternary Alloys



System


Known composition
Melting temperature(°C)

Sn-Ag-Sb-Cu
96.2Sn / 2.5Ag / 0.5Sb / 0.8Cu
210-216

Sn/Ag/Bi/Zn
93.5Sn / 1.5Ag / 4Bi / 1Zn

91.5Sn / 1.5Ag / 6Bi / 1Zn

93Sn / 2Ag / 4Bi / 1Zn

91Sn / 2Ag / 6Bi / 1Zn

89.5Sn / 1.5Ag / 7Bi / 2Zn


201.4-228.5

192.2-225.2

189.6-226.7

185-225.2

190.4-223.4

Sn-Ag-Bi-Sb
90Sn / 0.5Ag / 4.5Bi / 5Sb


228-234

Sn-Ag-Cu-Ni
95.5Sn / 0.2Ag / 4.0Cu / 0.3Ni


228-234

Sn-Ag-Sb-Zn
96.5Sn / 1.0Ag / 0.5Sb / 2.0Zn

94.5Sn / 1.0Ag / 3.0Sb / 1.5Zn


199-220

199-227

Sn-Zn-In-Bi
82Sn / 6Zn / 6In / 6Bi

84Sn / 6Zn / 5In / 5Bi

90Sn / 5Zn / 4In / 1Bi
177-185

182-188

190-192

ADDITIONAL MATERIAL REQUIREMENTS:
                                   In the case of chip scale packaging, high melt solder such as 90Pb/10Sn, 95Pb/5Sn and 97Pb/3Sn is typically used for flip-chip bumps. 97Pb/3Sn solder have a liquidus temperature of about 320ºC. Attaching these to organic substrates require a eutectic 63Sn/37Pb bonding between the high lead bumped silicon and the substrate. For direct chip attach (DCA) onto boards or modules such as flip chip on board (FCOB) type applications eutectic 63Sn/37Pb solders are used for both solder bumping and the joining or bonding process.

                                   As seen from the combination of lead free alloys ,hardly any choices exist for temperatures close to that of high lead solders. Lead-free alloys such as 95Sn/5Sb with a melting temperature of about 240ºC have been used by some institutions. Similarly, very few alloys are available in the temperature range that eutectic tin-lead solders fall into. Most of the lead free alloys currently being suggested fall into the temperature range of 210ºC to 230ºC. Lead-free alloys may therefore require higher reflow temperatures and the packaging materials such as package substrates should be able to meet this higher thermal budget required for processing.

KEY ISSUES IN LEAD-FREE REPLACEMENT:

Temperature :
                            A key issue to address in moving away from lead-based alloys is the temperature differences. The tin/silver/copper families of eutec-tic or near-eutectic alloys have higher melting temperatures than tin-lead (217 to 227°C as compared to 183°C). Reflow temperatures will have to be higher—up to 255 to 260°C in some cases and components and boards must be rated to these temperatures.

                         Components may degrade or fail entirely at higher temperatures.The well-known “popcorn” effect on molded components becomes an increased concern. The IPC/JEDEC specifications will need to be modified, and many components will need to be reevaluated to the higher temperatures. The typical lead-free processing temperatures will also probably affect electrolytic capacitors, laminates and the plastic moldings and insulation of connectors.

                             Other concerns are the assembly tooling, such as reflow ovens and their ability to meet higher temperature requirements and tem-perature uniformity, and dimensional stability of PCBs with low T g (glass transition temperature). Higher temperatures must be addressed with new component and board specifications, including new reflow profiles and tem-peratures required for component mounting. The LFA Project will work with suppliers to specify the temperatures that components and boards will have to withstand and develop typical manufactur-ing parameters for using lead-free products. In addition, NEMI will interact with standards organizations—including IPC and JEDEC—to develop new standards for lead-free components and boards.

Inspection:
               Solder joints created with alloys from the SnAgCu families will

look and behave differently from tin-lead solder joints. New visual and x-ray inspection criteria will need to be developed, redefining what constitutes a “good” solder joint in terms of appearance, rigidity and malleability.

Reflow/Rework/Cleaning:
                       The higher temperatures required by lead-free solder alloys will affect the processes currently in place for reflow, rework and cleaning.

                       For example, new reflow solder profiles will affect equipment requirements. Electronics manufacturers must work closely with equipment suppliers to adjust accordingly. The rework and repair processes required for removing and replacing through-hole and surface-mount components will need to be adapted. One issue arising with rework is the risk of contamination. Even though the solder may be lead-free, contamination from lead from the finishes on either the PCB or component is likely, as lead-containing finishes will be encountered for a considerable timeafter the date of any lead ban. Since lead alloys melt at lower temperatures than lead-free alloys, rework must be done carefully to avoid damaging any lead components on the board.

Fluxing:
                     In order to provide clean solder surfaces, fluxing is commonly employed. New fluxes will be required for many of the lead-free alloys . Most current surfaces used for solder are not compatible with lead-free alloys. New surface finishes on substrates, boards and components will also be required to enable good solderability. 

NEMI’s OBJECTIVE FOR A STANDARD REPLACEMENT:
                                Several alloy compositions are potential replacements for tin-lead;however, if every company pursues a different solution, implementing them all will be difficult. National Electronics and Manufacturing Initiative’s(NEMI, Herndon, VA) objective is to further investigate potential substitutes for tin-lead and recommend a single alloy as the industry standard.

                                Although lead-free soldering is seen to be a technical possibility, many implementation issues must be addressed before a solution can be put into   high volume production. With these issues in mind, NEMI has forwarded the following objectives for developing lead-free electronics manufacturing:

• To demonstrate production-ready parts, materials and processes for lead-free soldering PWB assemblies.

• To select an alloy, most likely from the SnAgCu families, to replace lead-tin solder.

• To cooperate with component, board and equipment manufacturers to allow for the smooth transition to manufacturing processes that may require reflow tem-peratures

up to 260°C.

• To develop criteria for the industry to evaluate lead-free processes.

• To modify or develop appropriate JEDEC and/or IPC standards for lead-free electronics manufacturing.

REVIEW:
                              Several promising lead free alloys exist, but these new alloys are bound to cost more, and the overall cost cannot simply be measured in terms of just the cost of solder material. The cost structure would have to include any additional costs associated with higher temperature reflow and the increase in cost of other materials that would be necessary for process compatibility with lead-free solders.

                            A recent announcement by leading organization on the selection of Sn/(3.4 to 4.2)Ag/(0.4 to 0.9)Cu as the dominant alloy choice presents a good starting point for future studies in the lead-free area.In the end the question remains: does a simple standard replacement exists, as was the case with the tin lead? Probably not,but only time will tell, by paving the path for the dominant solution.

CHALLENGES BEHIND INDUSTRIES FOR LEAD-FREE  PRODUCTION:
         Implementation of lead-free  technology will surely increase  the cost of the products.So before implementing, the manufacturing industries will have to face the following things

· interest or demand from customers on the factor of cost; 
· proving to customers that it is a reliable technology; 
· concern about replacement of ball alloys on BGAs, flip chips and CSPs;
· package materials not being compatible with the higher  temperature ranges required by alternative alloys.
FOR
(C)MANUFACTURES  RESPONSIBILITY :
                    Manufacturer have a keyrole to play in reducing electronic wastages & preserve environmental Life. They should take greater responsibility for the products they manufacture, especially when they contain potentially hazardous materials. They should

· Take waste products with toxins [in them] back and manage the [end of use] domestically with good clean recycling." 

· have phase-out programs for lead, cadmium and beryllium & other harmful elements.

· label the components in a product during manufacturing which are hazardious ,so that it helps consumers to give back such components for recycling.

                  Further we believe that rather than an exclusive responsibility being placed upon the manufacturers and/or the distributors the responsibility for careful and prudent product stewardship and environmental stewardship really should be a shared responsibility among all the parties involved And that includes the manufacturers, the distributors &  the consumers.

Test for  toxicity:

The manufacturer should take care of materials used in their products  for toxicity. 

                      The amount of toxicity is determined by using the Toxicity Characteristic Leaching Procedure (TCLP) test. If the extract from a representative sample of the waste contains one or more of the eight toxicity characteristic metals at a concentration greater than or equal to the maximum contaminant concentration for that metal, the waste would be hazardous waste. For example, wastes exhibiting the toxicity characteristic for lead (TCLP 5.0 ppm lead) would carry the hazardous waste code D008.

                         The most recent data available demonstrates that waste       cathode ray tubes (CRTs) from color monitors and color televisions consistently exceed the regulatory limit for lead when tested using the TCLP. Due to their weight and size, CRTs comprise a significant portion of the overall monitor or television and will cause the entire unit to be considered hazardous waste.

Green Watchdog Proposal:

                        Manufacturers should be required to pay the net cost of genuine recycling of electronic devices (or proper disposal for devices that are not recyclable). This proven approach will provide manufacturers with an incentive to design products for durability, reuse and recycling, and to develop markets and infrastructure for recycling.

                       Manufacturers should be responsible for meeting specified recovery and recycling goals for electronic devices and should be required to phase down and where feasible, phase out the use of hazardous materials in their products.

(D)A STEP TOWARDS LEAD-FREE ELECTRONICS:

                      A promising new development now exists in Canada where Eddy electronics Mfg. Ltd has developed a manufacturing process which is lead-free. Standard and non-value adding process steps have been abandoned and only simpler and cleaner steps are in place.

Manufacturing process:

· starts with the normal drilling and electroless copper.

· Then, copper is plated to the specified thickness in a pyrophosphate bath. Pyrophosphate is preferred for its ductility and strength.

· Lamination and imaging follow to produce a "tent and etch" bare copper printed circuit.

· The last wet process step is an efficient immersion silver bath which is self regulating and produces a layer 2-4 microns thick. Solder mask and overlay are of course normal, and the silver provides excellent adhesion with a low profile relative to solder plated PCBs.

Advantages:

· The cost of waste management is far less in the absence of lead.

· The other advantages including: Copper bearing waste is free of lead and recycling can proceed on-site at a PCB plant. Phototool film with its silver emulsion can be used as a valuable resource rather than a waste treatment problem.

· High quality PCBs are manufactured with this process that are comparable to common SMOBC types with the added benefit of wide design latitude.

· Very fine features and very large copper areas can be manufactured reliably with no concern for plating densities or warpage. Eddy Electronics has manufactured PCBs with .003 lines and .004 spaces.

· As the only solder on the finished product is applied by the assembler, many different combinations of solder or conductive ink may be used. Tin-lead solder may also be used.

· The low profile nature of the product allows accurate placement of solder pastes for SMD applications.

                              Eddy Electronics' product is a little different but has been gaining acceptance in local and export markets for more than ten years. Many similar approaches to the same end exist and are under development. Organic coatings, like Entech, and various electroless and immersion coatings have emerged over the past few years. With future environmental sensibilities, acceptance of all of these approaches are likely to grow. A lead-free printed circuit allows manufacturers to choose solders or bonding systems according to their own criteria and makes a lead free electronic product a viable option.

(E)AWARENESS TO YOUNG BUDDING STUDENTS :

                            Everyone  knows that  budding young students are the future to any country,so apart from awaring adults about e-waste, we need  to create a  heartbeating awareness among students from their schooling age.Here we are suggesting some awareness steps  as follows,

· establish an environmental corner in the school library. Include books, magazines, reprints and pictures on ecology.

· If you’re a parent, teach your children about environmental stewardship.

· Create a school environmental improvement committee that includes both students and faculty. Run articles in the school newspaper.

· Companies to develop packages that are reusable, recyclable or otherwise easily disposable & contact seminars on them at educational institutions for national & environmental interests.

· Take children to a recycling center or sanitary landfill. Have them list the equipment they saw and the jobs people were doing.

· Learn where your trash goes after it is collected, and how you can reduce waste.

· Bring  wastages to a drop-off center.

· Help your school start a cafeteria recycling project.

                   PHOTOS:

                               E-WASTE –A POISONOUS JUNK OF 21ST CENTURY
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                                       COMPUTER JUNK OF US
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COMPARISION OF SOLUTIONS:
· The “TAKEBACK CAMPAIGN” & “MANUFACTURERS RESPONSIBILITY “ are those part of solutions which will happen by creating proper awareness among them about the harm of E-waste. It further needs a strict policy of rules from Government (before that Government should also became well aware of the depth of toxicity effects in E-waste )for manufacturers. 

· “Finding the replacement for lead & applying it all over the world “ is a more costlier solution project. It needs a smooth plan. For this ,all the countries should come together & form an association to control use of lead & to develop lead-free electronics.

· Awareness among childrens & young Budding engineers is a plan which will save the future depth effects of E-waste.

BEST FEASIBLE SOLUTION: 

           The best ,economic & feasible solution among the above solutions is as follows in order of preference,

· Awareness among all (it is a root to all other solutions)

· Manufacture responsibility  & replacement for lead.

CONCLUSION:
          E-waste is a big toxic ocean. To save the world from this,”A PROPER AWARENESS” is a highly needed among all. Further it is a duty of every living being to save the nature from this dangerous breakdowns. So

                       “BE AWARE,BE ALERT & BE SECURE!”

-----------------------------------------------------------------------------------------------------
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