2021 Award Nomination
Title of Innovation:

Smart, Sustainable Corrosion Inhibitors

Nominee(s)
Patrick Dodds, CEO and Founder of Hexigone Inhibitors

Category:
(select one below)
Coatings and Linings
Cathodic Protection
Materials Design
Chemical Treatment

Instrumentation
Testing
Modeling/Risk Assessment
Other—fill in

Dates of Innovation Development:

Jan 2015 (discovery) to June 2017 (1st scale-up)

Web site: www.hexigone.com

Summary Description (300 words or less):
For a whole generation, coatings industry professionals have been searching for comparable
performing anti-corrosion pigments to lead and chromate complexes, however, no new
products delivered the same results. Hexigone plugs the performance gap with their smart,
sustainable corrosion inhibitors that have been independently proven to be ten times more
effective than market leading alternatives.
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The technology is a game changer. Hexigone’s range of products – known as Intelli-ion replace toxic chemicals with ‘chemically intelligent’ and highly effective inhibitors –
protecting metal assets for longer – and saving money and the environment in the process.
Intelli-ion protects in a completely unique, ‘smart’ way and breaks the corrosion cycle via
three modes of electrochemical protection. The active ingredient sits dormant in a microreservoir and is triggered ‘on demand’ when corrosion ions are sensed at the coating surface.
These are then sequestered into the coating, preventing cathodic disbondment and filiform
corrosion.
Due to the pioneering micro-reservoir system, Intelli-ion is able to offer corrosion protection
using chemicals that were previously incompatible with coatings – significantly increasing the
lifetime of the end product. The technology is non-encapsulated so ultra-fine particle sizes
and grinding does not affect the performance and it can be used as a drop in replacement to
current formulations.
This patented method of protection provides a multibillion-dollar industry a safer, smarter
and more sustainable way to tackle corrosion. Hexigone currently has three patents
protecting the technology across several application areas, with feedback from leading
coating manufacturers that AX1 is outperforming the newest to market innovations as well
as the existing market leading corrosion inhibiting additives.
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Full Description:
(Please provide complete answers to the questions below. Graphs, charts, and photos can be
inserted to support the answers.)
1. What is the innovation?
Hexigone brings to market high performance corrosion inhibitors which are independently
proven to protect metal assets for longer, prolonging life-cycles and reducing the strain on
natural resources.
Hexigone’s range of products – known as Intelli-ion - replace toxic chemicals with safer, smarter
and sustainable inhibitors that bring coatings to life by enabling them to react and protect ‘on
demand’ against corrosion. This has been done by incorporating an active ingredient which has
never before been used effectively within coatings - making it a completely unique innovation.
Hexigone's range of Intelli-ion inhibitors include three products with AX1 as the leading and
most versatile option, showing excellent results even as a drop in replacement across a variety
of primer systems, substrates and applications. The Intelli-ion technology was developed with
commercialisation in mind: competitive in price, scalable in production and utilising existing
chemicals in innovative ways. Intelli-ion has been developed to be the new standard of
corrosion inhibitor for the £200bn coatings industry, in turn disrupting the +£6bn corrosion
inhibitor market as the only chrome-free inhibitor which is cost effective and shows
comparable performance to hexavalent chromate.
2. How does the innovation work?
The technology was developed in Swansea University by CEO Dr Patrick Dodds during his Eng.
D. Driven by his interest in sustainability and advanced materials, he was eager to find an
effective alternative to hexavalent chromate.
He moved his research away from iterations of current substitutes and explored smart-release
vehicles. After trialing hundreds of combinations, he was able to demonstrate that several
typically incompatible chemical ions which provide corrosion protection could be incorporated
into coatings successfully, with the aid of nano-reservoir technology.
When corrosive ions are detected, the smart technology releases the inhibitors ‘on demand’ –
allowing the coating to protect the metal underneath in a more intelligent way. The metal is
protected by three modes of electrochemical protection and works by breaking the corrosion
cycle. When corrosive ions are present, they form salts at the site of corrosion, leaving a
nanolayer of insoluble precipitate; the nano-reservoir is able to sequester the corrosion ions
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present in the coating which renders them neutral; and the high pH required at the corrosion
front is buffered when Intelli-ion is present within the coating.

3. Describe the corrosion problem or technological gap that sparked the development of the
innovation. How does the innovation improve upon existing methods/technologies to
address this corrosion problem or provide a new solution to bridge the technology gap?
The EU's REACH legislation has now banned the use of hexavalent chromate across almost all
industries and other regions are planning to, or have already, followed suit. This has left a huge
gap in industry as there is nothing on the market that offers the required level of protection to
metal assets.
Given the vast number of industries which have relied on hexavalent chromate as their main
corrosion inhibitor and across nearly all geographies, the impact of phasing out hexavalent
chromate is monumental. As a result, there is a major market pull for new innovations within
coatings or coating additives which can help reduce and delay the onset of corrosion given
existing chrome-free replacements simply do not perform to desired levels. The key chromefree alternatives on the market are zinc phosphate and similar phosphates, and ion-exchanged
synthetic amorphous silica inhibitors.
These inhibitors generally don't show any electrochemical activity as part of their corrosion
inhibition mechanisms and the Intelli-ion range of products consistently outperform them in
independent, standardised commercial trials and natural weathering tests. As a result of poor
performing hexavalent chromate replacements, many coating manufacturers are no longer
incorporating inhibitors but instead attempting to build up barrier protection of their coatings
which simply does not offer the same protection.
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The coatings market is massive and coating manufacturers are seeking to offer their clients
(asset owners, OEMs etc.) alternatives to meet previous levels of corrosion protection from
their coatings, however, expectations are not being met. As a result these end-use customers
are seeking out innovations in corrosion inhibition directly, offering financed partnerships,
innovation competitions and programs to attract the best corrosion solutions out there and in
development. Hexigone for example is now in validation trials directly with several of the
largest steel producers globally, as well as with one of the leading aerospace OEMs and a
leading O&G major.
As part of meeting customer expectations once again, coating manufacturers are seeking out
ways to differentiate their products. Given the relative lack of innovation in corrosion inhibition
in coatings, inhibitors on the market are generally out of patent protection and are iterations of
existing technologies. Therefore very similar corrosion protection offerings are found on the
market regardless of which company produces them.
Lastly, but most importantly, sustainability is a critical consideration for all businesses involved
in the manufacture and maintenance of goods. Maintenance is extremely costly for OEMs and
the avoidable drain on natural resources for premature replacement and repair of metal assets
is now a global concern.
4. Has the innovation been tested in the laboratory or in the field? If so, please describe any
tests or field demonstrations and the results that support the capability and feasibility of the
innovation.
The technology has been tested extensively in Hexigone’s labs as well as independently tested
within industrial coating systems of global coatings manufacturers. The pigments are offered as
a drop-in replacement, and assessed to ASTM-B117 salt spray, prohesion, humidity and
adhesion testing. The inhibitors have also undergone accelerated outdoor weathering testing, 6
months of SST and 3 months of immersion in sea water, heated to 40C (AX1 was the only
inhibitor surviving the latter two against the Tier 1’s existing products).
As you can see from the image below, when comparing Hexigone’s inhibitor to the market
leading alternative for architectural coating, AX1 protects against corrosion up to 10 times
better. Following 1,000 hours of salt spray to ASTM B117, the Intelli-ion® product displayed
1mm of corrosion versus 10mm.
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The pigments show a high level of inhibition when in the industrial coating system, not only
protecting to a high level at the defect but offering an increased protection at the cut edge, as
well as no creep from the scribe at 1000 hours. We have also been able to demonstrate that
the rate of corrosion can be slowed down significantly once it has started. This is by far the best
result seen in 15 years of research on this topic.
Further analysis and testing has shown compatibility across a range of coating systems. This
level of corrosion reduction is a critical development for the architectural and aerospace
markets.
We’ve also been testing our inhibitor on ferrous substrates. Our corrosion inhibitor was added
to ‘off the shelf’ organic primers from three leading industrial primer manufacturers, with no
reformulation. Following 42 days of accelerated weathering, with constant 100% spray and 5%
sodium chloride (ASTM B117 1000 hours), the results show Intelli-ion containing primers
protect on shot blasted steel significantly better than the inhibitor which has been used for the
last 25 years – an enormous innovation for the O&G industries.

11

Investigation into the electrochemical activity of each inhibitor was also carried out using a
Scanning Kelvin Probe and examples of spatially resolved maps of cathodic delamination of
HDG substrates can be seen below per inhibitor. As the corrosion progresses there is a sharp
drop in the free corrosion potential, giving a cathodic delamination front, from which distance
vs time points can be taken for rate calculations. The Intelli-ion system showed a high level of
performance at generation 1, with increased protection offered by the generation 2 product,
with no visible failure 4 days post-test initiation.

Figure 2 Free corrosion potential maps versus time, clockwise unpigmented,
strontium chromate, Intelli-ion® gen. 1 and Intelli-ion® gen. 2.
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Further standard electrochemical testing was performed on the modes of protection and it was
found that the system showed:
-

A decrease in difference between the potentials of the intact and delaminated
coating

-

Under-film moderation of pH

-

Insoluble salt formation with any dissolved metal ions in the under-film electrolyte

-

Activation at high pH and film forming at the cathodic oxygen reduction front

-

Thin film formation over any bare metal.

5. How can the innovation be incorporated into existing corrosion prevention and control
activities and how does it benefit the industry/industries it serves (i.e., does it provide a cost
and/or time savings; improve an inspection, testing, or data collection process; help to
extend the service life of assets or corrosion-control systems, etc.)?
Sustainability is a critical consideration for all businesses involved in the manufacture and
maintenance of goods, and the longevity of the metal assets in question across key industries
such as O&G, aerospace and architecture is one of the largest drivers for innovation in the
coatings industry, given the high costs associated with premature failure or repair. Hexigone
brings to market high performance corrosion inhibitors, that when incorporated into coatings
systems, can protect metal assets for longer, prolonging life-cycles and reducing the strain on
natural resources.
In one cost analysis with an O&G refinery, it was found that just one of their offsite chemical
storage tanks costs them $374,000 to repaint every 15 years due to corrosion. Intelli-ion has
shown to increase metal asset longevity by c. 50% and can therefore increase the life-cycle of
the tank by 7 years, halving the maintenance costs per tank. This figure does not include the
lost opportunity cost whilst the tank is out of service. Moreover lengthening the maintenance
cycle also reduces the frequency of ‘permit to work' activity and hazardous tank entry activity.
This not only meets the expectations once again of asset owners, but also promotes
sustainability - ensuring that our natural resources and asset life- cycles are maximised.
Furthermore, the technology is easy to incorporate into existing coating formulations and is
offered as a drop in replacement – although reformulation may further optimise performance
dependent on the system. Very little CAPEX is required by the customer to incorporate the high
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performance inhibitor within their coatings. An additional differentiated feature is that Intelliion is not an encapsulated product so ultra-fine particle sizes and grinding does not affect the
performance.
The complex nature of the chemistry within paints and coatings cannot be overstated,
however, Intelli-ion has also been found to improve physical characteristics of the coating
including adhesion which is of critical importance to the industry.
Furthermore, Intelli-ion has shown to have synergistic effects with existing corrosion inhibitors
used today, meaning that performance of these technologies can be mobilised and boosted by
over 100% with the addition of AX1 for example. This is useful for companies which are
particularly conservative and reluctant to remove the entire loading of their existing inhibitor.
In these cases, AX1 has shown to massively reduce the quantities used of their current
inhibitors which can be loaded in quantities of up 30%, meaning cost neutral solutions for step
changes in performance.
Lastly, in today’s climate, there is a big demand for sustainable products. Hexigone’s
manufacturing process utilizes the waste stream of another industry which otherwise would be
directed to landfill. Over half of Intelli-ion’s composition can be made up of this waste stream
product, giving it a second life in the production of a highly effective product which replaces a
carcinogenic alternative. It also offers companies in this industry another revenue stream while
improving their environmental standing. The production process for Intelli-ion products itself
harnesses a circular process, whereby all components are 100% recycled.
6. Is the innovation commercially available? If yes, how long has it been utilized? If not, what
is the next step in making the innovation commercially available? What are the challenges, if
any, that may affect further development or use of this innovation and how could they be
overcome?
There is a massive industry pull for this as chromate-free inhibitors do not meet market
expectations, and as such Hexigone has a potential sales pipeline of +£1bn.
However, the industry dictates two phases to commercialisation:
1) Technical validation by coating manufacturers to ensure compatibility of the inhibitor
2) Introduction to commercial/procurement ahead of commercial contracts
Hexigone has over 40 coating manufacturers and end users in technical validations however
these can take several years to move to commercial sales dependent on the industry. As such,
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Hexigone is focusing more so on the protective coatings market which generally moves faster
toward commercial contracts.
As a result of this renewed strategy, Hexigone has just received its first order from a marine
coating manufacturer therefore this signifies a major milestone for the company. Further
orders are expected before 2021 with a strong projected revenue from Q1 2021 onward.
We have received excellent results from our technical validations across several markets
including aerospace and protective from global partners, and we are actively initiating new
partnerships, however customers evidently require more information regarding the inhibitors'
behaviour in specific coating systems as well as final particle size offerings by way of product
grades.
As a result, Hexigone plans to recruit a coatings formulations chemist to provide customers with
better insight ascertained from in house trials of AX1 in specific systems, as well as conducting
ladder exercises with a range of particle sizes in specific but widely used coatings to ascertain the
optimum range per coating/application. This will standardise the manufacturing process/product
promotional and information materials and remove a variable from the technical
validations/mitigate high risk early stages while the relationship is building.
Hexigone is going into a market of over £6bn with legislation driving out its key competitor –
watch this space!
7. Are there any patents related to this work? If yes, please provide the patent title, number,
and inventor.
Inventor for all patents: Dr. Patrick Dodds and owned by Hexigone Inhibitors Ltd.
WO2017064499A1 (Europe and US) – Relates to a corrosion inhibitor and inhibitor provided
within a coating material for coating a metal, particularly but not exclusively steel.
WO/2018/197869 (Europe, Africa, Eurasian) – Relates to a corrosion inhibitor and a corrosion
inhibiting coating provided for coating a metal, particularly but not exclusively steel. The
inhibitors pigment will also protect aluminium and magnesium alloys.
GB1916563.8 – A combination of the existing patents and phosphates.
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