
MACFEST Project Update: The project is reaching its one year milestone and exciting 

results have been achieved.  The main bulk of the work has been focused on validating the 

innovative coatings developed by the University of Leicester.  Validation trials on a range of 

coatings have been completed with support from Merlin Circuit Technology and A-Gas Elec-

tronic Materials.  A novel electroless nickel, immersion palladium, immersion gold  (ENIPIG) 

coating has been demonstrated.  The performance of this coating has been tested on typical 

FR4 boards, with a view to also depositing it onto flex-rigid and polyimide substrates, as 

these are becoming increasingly important within the industry.   

Results arising from this initial scale-up work have been positive.  Solderability trials on-site 

at Merlin, using the innovative coatings, have demonstrated the good quality and perform-

ance achievable.  Bright and consistently coated solder pads can be produced with no skip 

plating or other common defects being observed.  Interestingly, the innovative gold coating 

thickness can be reduced below the current level specified in the IPC standard, yet it can still 

provide the same, and in some cases, superior coating and solderability performance.  There 

may thus be the opportunity to provide a step change in the market, which could provide the 

UK industry with reduced cost solderable finishes and a more competitive edge.    

Work continues with the development of a full process line at C-Tech Innovation, addressing 

the pre-treatment and rinse stages required for the non-aqueous chemistry.  As the year be-

gins, the project is on target, and is aiming to move the majority of the work to on-site ‘make-

like production’ trials, supported by Merlin and their extensive facilities.  It is hoped that inde-

pendent external validation tests and commercial comparisons, to be conducted shortly, will 

provide further demonstration and confirmation of the positive attributes of these new ad-

vanced non-aqueous solderable finishes. 
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GREEN CHEMISTRY 

Emma Goosey 

Green chemistry refers to alternative 

sustainable technologies, where prod-

ucts or processes have reduced envi-

ronmental burdens.  This can be 

through reduced resource consump-

tion (and use of renewable resources), 

less hazardous materials, processes 

or products and improved end-of-life 

treatment (less toxic, less persistent 

etc.). 

The notion of green chemistry has 

been around since the late 1980’s, but 

it was not until a decade later that 

concepts and actions were put in 

place to provide guidance.  Green 

Chemistry: Theory and Practice, by 

Anastas and Warner, was published in 

1998 (ISBN:9780198502340).  These authors developed 12 principles for greener chemicals, proc-

esses or products.  These include: prevention, atom economy (resourcefulness), less hazardous 

chemical syntheses, designer (less toxic) chemicals, safer solvents, energy efficiency, renewable 

feed stocks, reduced derivatives, catalytic reagents, degradation (without persistence), pollution pre-

vention, & safer chemistry (reduce accidents). 

The initial movement was to support resourcefulness and to address growing waste issues.  Today 

these sustainability issues still apply, but there is an additional drive for energy efficiency, and reduc-

ing ecological impacts of chemicals, during their synthesis, use and end-of-life are also critical.  Ef-

fort has also been placed on identifying and eliminating chemicals that have a lasting negative effect 

on the environment.  For example, over the past decade, the number of categorised persistent or-

ganic pollutants (POPs) has risen from the ‘dirty dozen’ to twenty three, with a further four chemicals 

under review.  The legacy of these chemicals in the environment means that both humans and the 

ecosystem are still exposed to levels that could induce negative health effects (impacting sperm and 

reproductive health, pre- and post-natal development and carcinogenic activity), despite the elimina-

tion of their use. 

Not only are these POPs affecting our environment but, additionally, the way we use, store transport 

and dispose of chemicals has a wide impact on health.  Although improvements have been made to 

the industry over the past two decades, there are still many cases and situations that strive for better 

results.  For example: 

 Recent (2015) chemical blasts in China (Tianjin, Jaingsu, Fujian and Shandong) are an indication 

of the unsafe handling and storage of chemicals. 

 The rise of antimicrobial resistance from overuse/misuse by humans and farming industries. 

 The lifted ban of two neo-nicotinoid pesticides in the UK, because the government has deemed 

commercial interests of greater importance than environmental health, particularly for bee colo-

nies, is further evidence of capricious chemical management.   Continued on page 3 
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Despite efforts in some sectors faltering, Green Chemistry concepts and objectives are still being 
addressed by many companies, consciously generating chemicals from sustainable resources, using 
efficient syntheses and catalysts, and identifying alternative, less detrimental solvents.  The impact 
of a chemical from its source to its end-of-life (cradle to grave) must now be considered in order to 
identify the true environmental impact.  This includes all energy, water, and resources used, as well 
as the persistence, bio-accumulative and toxic nature of the chemical.  Efforts are underway to 
model and manage chemical movement and migration by conducting toxicity tests, using the precau-
tionary principle and life cycle assessments, environmental impact assessments and substance flow 
analysis models.  

The impacts of the chemical industry (a £2 trillion global industry) past and present are significant.  
In 2014, the UK chemical industry was the leading consumer of energy (14% of total industrial en-
ergy consumption), despite large efforts to reduce consumption throughout the past decade.  Addi-
tional to the energy savings achieved, the energy intensiveness of the industry by 2014 was well be-
low others such as food, drink and tobacco, and iron and steel, showing a marked achievement by 
the sector. 

The Green Chemistry movement still feels like it resides in its infancy considering all the environ-
mental issues that are yet to be addressed.  However, the development of innovative technologies 
and novel chemical syntheses is certainly helping  the sector to mature. 

 

There are many publications and tools that have evolved to assist with the development of greener 
practices.  Tools for selecting green chemistry are available which provide suggestions for alterna-
tive less hazardous/environmentally impacting chemicals and reactions for common syntheses and 
production, as well as calculating the atom economy and energy efficiency of reactions. 

The expansion of the green chemistry movement is supported by UK, EU and global legislation.  Ac-
tions by the Stockholm, Rotterdam and Basel Conventions, the Registration, Evaluation, Authorisa-
tion  of Chemicals (REACH) regulations, the strategic approach to international chemicals manage-
ment (SAICM) policy framework, and other directives, legislation and policies, are all helping to gen-
erate responsibility for manufacturing, use, and impacts, thereby driving further change. 

The Stockholm Convention is a global treaty to protect the human environment from chemicals that 
are considered to be persistent, bio-accumulative and toxic (PBT).  The chemicals covered under 
the treaty have the ability to reside in the environment, being distributed globally, and to cause harm-
ful impacts to individual species and ecosystems across the world.  The treaty was adopted in 2001, 
and seeks to prohibit or restrict the use of 23 PBT chemicals (pesticides, insecticides, flame retar-
dants, plasticizers, and more).   

Adapted from Department Environmental Affairs  South Africa: Margaret Molefe: Hazardous Chemical Management. 
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This treaty is driving change for the use of more environmentally benign alternatives without a legacy 
impact.  The Rotterdam Convention promotes responsibility for the sale and use of hazardous 
chemicals in order to protect health and the environment.  Adopted in 1998, the Convention pulls 
together shared data and information from the parties on hazardous chemicals, their use and pro-
posals to eliminate or restrict the use.  Almost 50 chemicals have been listed in Annex III, leading to 
them becoming banned or severely restricted.  The Basel Convention, implemented in 1992, is spe-
cifically designed to protect both health and the environment from hazardous waste.  The convention 
has been trying to reduce hazardous waste, reduce transboundary implications of hazardous waste, 
and regulate transboundary movements, where it is permissible. 

The policy framework provided by SAICM is directed at supporting sustainable development.  
Adopted by the International Conference on Chemicals Management in 2006, the objective has been 
to produce and use chemicals in a way that reduces adverse environmental impacts.  Emerging poli-
cies from this framework are to address: lead in paint, chemicals in products, electronic and electri-
cal equipment (EEE) associated hazardous chemicals, nanotechnology, endocrine disrupting chemi-
cals, persistent pharmaceuticals, perfluorinated chemicals and hazardous pesticides.  The primary 
utility of the policy framework is directed at sound chemical management. 

REACH is an EU based tool to generate awareness and knowledge about the chemicals being im-
ported, produced and used within the EU.  These regulations require companies using over 1 tonne/ 
annum of a chemical to register it, complete an evaluation of the chemical and its impacts and, 
based on this review, the EU will authorise its use, or restrict it from the market.  At the heart of 
REACH is the protection of health and the environment, chemical responsibility and a desire to drive 
change towards alternative sustainable chemicals. 

Additional to the legislation, the development of novel ionic liquids (ILs) is also driving change. 
These chemicals are often considered to be ‘green’ because of their novel physicochemical proper-
ties.  Many ILs exhibit low vapour pressures, thermal stability, are liquid at room temperature and 
can be used in many organic reactions as solvents or catalysts.  Substitution of traditional reagents 
for ILs can lead to improved environmental benefits arising from their entire lifecycle, thereby pro-
moting sustainability.  This chemical sector is fairly new, and only recently have the application and 
uses of some of these chemicals been recognised by industry.  ILs can be used as solvents for ex-
traction processes, refining of biofuels, lubricants, electrolytes in batteries, metal plating, solar panel 
manufacture, catalysis, multi-phasic reactions, drug delivery, biocides, and many other applications. 

Within the MACFEST project, an ionic liquid-based approach has been chosen because of their abil-
ity to outperform current chemistries, supplying advanced coatings on printed circuit boards while 
also avoiding the worry of common issues found with traditional solderable finishes, such as black 
pad.  Benefits from utilising ILs within this project, beyond the superior product results, are the re-
duction of VOCs on the shop floor, reduced energy consumption due to no evaporative loss from 
heated baths (because of non-aqueous chemistry), recyclability of both the ILs and metals from the 
rinse baths, a cyanide-free process, and improved product reliability and production efficiency (which 
will result in economic savings).  It is also expected that thinner coatings can be used compared to 
those in current use, thereby offering the potential for reduced metal consumption and thus further 
savings. 



CONSORTIUM FOCUS:  

The Materials Group at the Univer-

sity of Leicester are the pioneers of 

the Deep Eutectic Solvent (DES) 

technology that has grown in popu-

larity and application over recent years.  DESs are a group of ionic solvents that exhibit similar prop-

erties to Ionic Liquids but which are tuneable, by compositional formulation, over a wide range of 

rheological (viscosity, conductivity) and chemical properties.  Whilst DESs and ionic liquids share 

similar properties and capabilities, DESs have generated a huge amount of interest over recent 

years, due to the number of more desirable qualities that they display.  They are air and moisture 

insensitive, have wide electrochemical windows, high solubilities of metal salts, are made from inex-

pensive and renewable feed stocks, are user friendly and have lower environmental impacts.  The 

Materials Group (UoL) is currently housed in its own dedicated building (main Campus) where there 

is a team of over 40 academics, post docs and PhD students.  It has a range of facilities available, 

such as a dedicated microscopy suite, a material testing and thermal analysis suite, as well as a pilot 

plant scale up room, where processes can be fully scaled up from small scale testing to ~ 60 L. 

Professor Karl Ryder has been working in the field of DESs for more than a decade and his current 

interests are primarily focused on developing electrochemical processes for modifying a range of 

metallic surfaces and also developing novel polymer batteries.  Much of the surface modification 

work has revolved around the electroplating and electropolishing of a wide variety of real world sub-

strates, with the aim of replacing current processes already used by industry.  His current main fo-

cuses range from developing a replacement hard chrome plating from trivalent (Cr3+) Cr salts instead 

of using hexavalent Cr sources, electrochemical processing of internal and external surfaces of sin-

gle crystal super-alloy aerospace turbine castings and novel solder fluxes for a range of electronics 

industry applications.  Each of these activities is currently in the process of scale up development 

with various industrial partners across Europe, with volumes of DES being used in excess of 1000 L 

at this stage.  Other interests within the DES group at the University of Leicester are also found in 

the recycling/recovery of rare earth/precious metals from ores and scrap materials and also in foren-

sic science, where DESs have been employed to help develop fingerprints. 

Metal plating is an important process in the PCB industry.  Copper, which is used to enable conduc-

tion through the PCB, will readily oxidise on its surface.  Components are typically connected to the 

PCB through soldering and the presence of this oxide layer will dramatically reduce the reliability of 

the solder joints formed.  As such, a protective layer is required to prevent excessive oxidation of the 

copper.  For extended lifetime and reliability, the coating is typically an inert metal which will not oxi-

dise (e.g. gold) or a metal whose oxides 

are relatively easy to remove from the 

surface such as tin or silver.  The metal 

coatings can be deposited through 

electroplating, but this can lead to prob-

lems such as non-uniform plating thick-

ness, as well as the requirement for in-

creased complexity of both the PCB 

design and the production equipment to 

enable the electroplating process to be 

used.  Because of this, the majority of 

PCB surface finishes rely on electroless 

or immersion plating processes. 
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Immersion coating is a much simpler process than electroplating.  No special modifications are re-

quired to either the PCB design, or production equipment, as the process is a simple one involving 

the exchange of the copper on the surface with a metal salt in solution, such as tin, silver, palladium 

and gold.  This is termed a galvanic exchange process.  Because immersion plating involves the re-

action of the copper substrate, these processes are inherently corrosive.  In addition, conventional 

plating solutions are usually acidic, meaning that additional corrosion of the substrate also takes 

place.  This can lead to reliability issues during electronics assembly and reduction of the reliability 

and lifetime of an electronic product. 

In contrast, DESs, because of their high solubility of metal salts, can prove effective plating solutions 

without the requirement of an acidic medium.  As a consequence immersion coatings from DESs 

promise to be higher reliability surface finishes than their aqueous counterparts and have been used 

in immersion silver, gold and palladium coating processes. 

As part of the EU funded IONMET project, an immersion silver PCB plating process was developed 

and taken through scale-up to full size production PCB panels immersed in 200 L plating baths.  It 

was observed that similar plating rates and coating qualities to the conventional aqueous processes 

could be obtained at lower temperature with no corrosion of the copper at the solder mask interface, 

a common problem with aqueous immersion processes. 

Electroless nickel immersion gold (ENIG) is the most common PCB surface finish for high value 

electronics because of its high reliability and excellent solderability.  However, ENIG production 

processes are liable to “black pad” where a nickel oxide layer forms between the nickel and gold.  

This is linked to the requirement of acidic media for the nickel plating bath to prevent passivation of 

the nickel substrate, causing poor performance and solder joint reliability.  An immersion gold plating 

process from DESs onto electroless nickel substrates was developed during the EU FP7 funded 

ASPIS project, where it was found that immersion gold coatings were possible from DESs without 

the requirement for cyanide in the plating bath, a common requirement of aqueous processes.  In 

addition, none of the typical signs of black pad, such as “mud cracking”, were present in the deposits 

produced from DESs. 

In summary, the Materials Group at the University of Leicester is involved in cutting edge research 

which has important implications for industry.  Specifically, work has focused on deep eutectic sol-

vents and their use in metal processing. The group has demonstrated to high levels of technology 

readiness that they are suitable for a wide range of metal processing including electroplating and 

immersion coatings. 
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UPCOMING EVENTS 

1
st
 March 2016    ICT Evening Seminar and AGM, Tewkesbury, UK. 

11th - 14th April 2016   Foundation Course, Loughborough University, UK. 

11th - 13th May 2016   Liquid Salts for Energy and Materials, Ningbo, China. 

3rd - 8th July 2016    EUCHEM on Molten Salts and Ionic Liquids, Vienna, Austria. 

14th - 19th August 2016   GRC: Ionic Liquids for Future Technologies, Maine, USA. 

21st - 26th August 2016   Int. Soc. Electrochemistry Annual Meeting, Hague, Netherlands. 
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PCB MARKET DYNAMICS: 

The global PCB market has experienced a slow decline in the rate of growth since it peaked at the 

end of 2013.  However, the industry finished the year on a marked increase in growth, that has not 

been experienced all year.  For Europe, the market has noted a decrease in electronic shipments 

throughout the year, whilst many other countries continued at the same rate, or better, than 2014 

(except for Japan).  The North American PCB industry ended 2015 with a 0.4 %  growth in sales.   

The greatest market growth for the global electronic supply chain, compared to the same time last 

year, has been in communication equipment, followed by original design manufacture, internet, com-

ponents, automotive and large electronics manufacturing services.  For Europe, the electronic sup-

ply chain has grown in 7/13 sectors, with the largest growth being in motor vehicles, semiconductors, 

and medical electronics.  Globally, there is still growth in markets such as smart phones, mounted 

displays, LCDs, and in general consumer electronics.           (Based on Custer Consulting Group Report) 

RECENT DEVELOPMENTS IN THE IONIC LIQUID SECTOR: 

-Engineers from Pittsburgh, USA deliver an IL solvent for plating aluminium onto steel, to provide a 
corrosion-resistant metal product and replace processes that usually contain chromium or cadmium 
(heavy metals).  More information can be found at www.lumishieldtech.com 

-Lo-Braze paste developed at the University of Leicester for joining steel and other metal parts.  The 
technology promises to be environmentally friendly, simple and cost efficient.  More details can be 
found at www.lo-braze.com 

-A recent patent has been filed on the preparation of metal substrate surfaces for electroplating in 
ILs (#20150322582).  The process uses ILs to remove oxide layers, activate the surface (using an-
odic pulsing) and, in some cases, to electrodeposit metal coatings from the same IL.   

-[EMIM][N(Tf)2] has been immobilized into a solid polymer electrolyte to be used as a sensor for NO2 
(Kubersky et al. 2015). 

-ILS have been used as the electrolyte in paper based electronic devices (Pettersson et al. 2015).  
Sorbitol based ILs have been utilised in the environmentally friendly device. 

http://www.merlinpcbgroup.com/
http://www.agasem.com/
http://www.ctechinnovation.com/
http://www.instct.org/news/future-events/382-evening-seminar-and-agm-at-tewkesbury
http://www.instct.org/news/future-events/383-annual-foundation-course-at-loughborough
http://www.rsc.org/ConferencesAndEvents/RSCConferences/FD/liquidsalts-FD2016/index.asp
http://www.euchem2016.org/welcome/
https://www.grc.org/programs.aspx?id=16756
http://annual67.ise-online.org/index.php

