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Pixvelligent's Craig Bandes
believes its commercial-scale
nano-malerials production
platform will help compa-
nies innovate the next-
generation of products.

By Paul Tate

“Inevery majorcom-
mercial,industrial,
orelectronicappli-
cationyou canthink
about,you'restart-
ingtoseetheimpact
of nanotechnology.”

Craig Bandes, Chief Executive
Officer, PixelligentTechnologies
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mall is beautiful, says the old adage. In the world of nanotechnology, small
can also be powerful, game-changing, and capable of creating new types of
materials with properties that have never been possible before.
Working at atomic and molecular levels, and using multidisciplinary chemi-
cal, physical, biological, and engineering techniques, nanotechnology develop-
ers have proven they can successfully manipulate matter to produce specially-coated smart
nano-materials that promise a vast array of possibilities for companies to create brand new
classes of products across multiple industries — from healthcare to clothing, from construction
to lighting, from satellites to automotive.
The complexity of the production and | and bringing in some additional capital,
coating process however, is expensive and dif- | my next focus was understanding why such
ficult to scale, a problem that has held back | an incredibly innovative and potentially
nano-technology development in its pursuit | valuable technology had, for the most part,
of mass-market deployment. 2017 Manufac- | failed to come to market as a viable com-
turing Leadership Award winner, Pixelligent | mercial product. I took a deep dive across
Technologies, believes it may have an answer | the nanotech landscape to try and under-
— an innovative manufacturing process that | stand what so many promising nanotech
promises to deliver coated nanotechnology | companies had failed. The critical insight
materials at a commercial scale. for me was realizing that it really all came
In our latest Dialogue with a manufactur- | down to manufacturing, and getting the
ing industry thought leader, Craig Bandes, | manufacturing team involved early in the
President and CEO of Pixelligent Technolo- | material development process. This is the
gies, talks with Executive Editor Paul Tate | only way you bring breakthrough science
about the potential of nano-materials to usher | to marketin a robust way and make it acces-
inanew paradigm for industrial and consumer | sible to a broad set of customers in some of
products, the company’s approach to develop- | the biggest, most technically stringent mar-
ing and scaling its own nano-particle manu- | ketsinthe world.
Jacturing process, the PixClearProcess™, | Q:Whatexcitesyouaboutyourroletoday?
and the importance of transformational inno- | A:We’re doing something which very few com-
vation to the future of manufacturing. panies in the world have proven they’ve been
Q:Howdid you getinvolved with Pixel- able to do -- to bring a nano material-based
ligent? product to market that has enormous poten-
A: 1 became involved with the company | tialfor our customers, at the scale and econom-
during the turnaround in 2009, initially | icsthey need, so they can deliver a new class of
working as the chief restructuring officer | next-generation optoelectrical products.
and then joined as President and CEO once Many times, when you’re such a technol-
we emerged from Chapter 11. After lock- | ogy and science-driven organization, you
ing things down post the reorganization | can gettooenamoured with your own stuff,
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with your own technology, and lose sight
of what’s actually important to the cus-
tomer. So what gets me excited is to get out
there, have conversations with customers
and partners around the world, and then
find ways to bring what their requirements
are to market to really help them deliver
all these next generation products to the
broader market.

Q: Canyou explain a little more about na-
no-technologyand how it works?

A: It’s a form of material science that works
at dimensions of under 100 nanometers.
The nano-particles we make start at five
nanometers and are based on the metal ox-
ide material Zirconia. Then we put a cap-
ping material, or coating material, around
that surface. That creates a 10 nanometer
nano composite, which then gets dispersed
into a number of different solvents and
polymer systems of our customers’ choos-
ing, to create the properties and the values
they’re looking for.

When you start to engineer materials be-
low 100 nanometers, their properties change
and they are dramatically magnified. So as
you shrink particles and materials smaller
and smaller, you have ways to mag-
nify and manipulate various prop-
erties in ways that have never been

donebefore.

As you shrink a particle, the surface area
becomes bigger as the part of the cell be-
comes smaller. For example, if you took
a particle and you cut it into micro-sized
slices, the surface area would be about the
size of a small coffee table. If you took that
same particle and cut it in nanometer slices,
the surface area becomes that of a football
field. Since all of the reactions occur on that
surface, the more surface area you have to
work with, the more you can really affect
the properties of a vast array of materials
and create brand new applications based on
those new properties.

Q: Whatapproach has Pixelligent takenin
itsnano-material manufacturing process?
A: It’s a complex chemistry-based physi-
cal process that requires extreme pressure
and heat. It’s also a three stage process —
we synthesize and form the Zirconia nano
particles; then we have the capping process
where we put a material on the surface of
the nano particle; finally we disperse it into
a broad set solvents, monomers, or poly-
mers, depending on what the customer
needs. All of that combined is what we call
our proprietary PixClearProcess™.

We’ve had to scale up all three of those
processes simultaneously, all of which were
new processes for the market, and show
that we could do them consistently, and
measure the quality of those systems over
time. It was a very robust effort. We believe

“As you shrink particles and materials
smaller and smaller, you have ways to mag-
nify and manipulate various properties in
ways that have never been done before.*
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this approach represents a paradigm shift
in how high performance materials can be
developed and manufactured.
Q:Sohowdidyouscaleupthat manufactur-
ing processto makeitcommerciallyviable?
A: We had to prove early on that we could do
somethingin multiple tons of capacity a year.

So, for the synthesis of the Zirconia
nano-particles, we began by building a
detailed process and plan to move from a
small 50ml lab-scale reactor, to a two-gal-
lon reactor, then to a five gallon reactor to
understand the dynamics of what was hap-
pening and prove it was possible to manu-
facture at a larger scale. We then took a leap
of faith and installed a 30-gallon, five-ton
annual capacity pilot line about three and
a half years ago to show that we can make
the product at larger volume and achieve
batch-to-batch quality coming out of the
pilot line. It was a multimillion dollar in-
vestment, although we didn’t have to re-
invent any new manufacturing line equip-
ment. The core equipment is off-the-shelf
chemical synthesis equipment, but con-
figured to our specific high-heat and high-
pressure requirements.

Today, we have a new 40-ton manufac-
turing line that will be brought online be-
tween Q1-Q2 of next year. The equipment
is already pretty much integrated and in-
stalled in our outsource manufacturing
partner and really, we’re now just waiting to
match it with the market demand so we can
finish the last bit of commissioning.

Some of the biggest companies of the
world have already come through to kick our
tires and see what we have. That has helped
to prove to our customers that we’ve broken
through the scale up barrier. Now it’s a mat-
ter of optimizing the process to achieve the
right balance of performance and cost struc-
ture for what our customers need.
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Q:Whatchallengesstill keep you awake
atnight?

A: The challenges are significant. One of
the initial obstacles was a credibility issue
about bringing our nanocomposites to
market. The nanotechnology promise has
been around for over 20 years. Nearly $24
billion has been invested around nano ini-
tiatives from the US government National
Nanotechnology Initiative alone, and bil-
lions more have come from venture capital
and corporate investors.

A lot of big companies have been down
this path, spent meaningful resources and
time and money to try to bring some of this
innovative nanotechnology to market, only
to find that in the end, it was either not really
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scalable, or the economics would never work.
So we had to differentiate ourselves and
clearly show we had a balanced approach,
notjustamaterials technology focus, butalso
in manufacturing focus, so we could break
through the noise and achieve a higher level
of credibility. It took a number of yearstodo
that, but I think we’ve gotten through most
of those challenges at this point.

Now it’s more a matter of trying to ac-
celerate the adoption curve with our global
customer base. We’re based in Baltimore,
but most of our activity — 80 percent of it
— comes out of Asia. Managing the gaps
in culture, and language, and timeframe,
in order to get the product into market in
a timely fashion so we start to see more
revenue traction, is the current challenge.
We’re moving from the early incubation
phase around the technology and the man-
ufacturing platform. We’re now getting
into mass production, starting this year. So
we need, to the best of our availability, to
continue to accelerate the adoption curve
of some of the biggest companies in the

FactFile:

PixelligentTechnologies

Location: Baltimore, MD, USA

Business Sector: Advanced Materials,
Nanotechnology

Product Focus: OLED Display, OLED Lighting, LED
Lighting, General Display

People: 40 Employees

MarketPresence: Asia, North America, Europe

Production: 2 Production Sites
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world to get our products into the market as
quickly and efficiently as we can.
0:Whatdoyouseeasthe potentialimpact
of nanotechnologyforthefuture?

A: 1t’s been called the next great industrial
revolution, and you’re already starting to
see it have significant impact across mul-
tiple industries. For example, in biotech
and nano medicine, you can create small
atoms that can get into a tumor and attack
it from the inside out. In construction, you
can have stronger and lighter structures by
including a number of different types of
smart materials. It’s also going into next
generation windows in office buildings,
where you can change the shade of the glass
by simply touching it, so you can create tre-
mendous benefits in cooling effects inside
the building, which has a bigenvironmental
impact. And there are already hundreds of
parts of some automobiles that have been
improved through nano-enabled science
and technology.

For products like displays and solid-state
lighting, which is our focus at Pixelligent, we
use our innovative nanotechnology tech-
niques to dramatically increase lighting effi-
ciency by over 100% and achieve near perfect
transmission. So, when you combine this
with new manufacturing processes like 3D
and Ink Jet printing, it gives our customers,
partners and device makers a lot more knobs
to turn to help improve the performance of
their current products, or to create brand
new classes of products for the future.

I would say in every major commercial,
industrial, or electronic application you can
think about, you’re starting to see the im-
pact of nanotechnology coming into those
products. It’s spreading everywhere.

Q: Howimportanthas collaboration with

partnersand customersbeentothede-
velopment of this newtechnology?

A: We wouldn’t be around without collabo-
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ration. I don’t know anybody in this day in
age who does anything behind closed doors
anymore and hopes to be successful.

From the beginning our whole approach
was to collaborate to help us get from what
was initially a science project, to become a
valuable product. So we went out very ear-
ly to customers, well before we knew what
the final product would look like, and said,
“Here’s what we’re doing, here are our ca-
pabilities. Tell us what you think.” That’s
when we discovered we had invented the
best dispersion technology in the world.

You’ve got to collaborate with custom-
ers and with partners. We do it every day.
Customers send us their proprietary mate-
rials so that we can mix our dispersion into
that system, and do some of the testing for
them, and then send it back to them to repli-
cateitto try to accelerate the effort.

We’ve also received a lot of great support
from the U.S. government, from the Na-
tional Institute of Standards and Technol-
ogy (NIST) and significant grants from the
Department of Energy around our OLED
lighting materials, and we work closely with
key industrial partners, some of the biggest
advanced display companies in the world.
Today, you just can’t keep everything inside
and then hope you'reright at the end.
0:What'sdo youseeasthe potential for
new Manufacturing 4.otechnologiesin
your nana-scale manufacturing strategy?
A: We actually learnt a lot about this at your
Manufacturing Leadership Summit this year.

“We believe this approach rep-
resents a paradigm shift in how
high performance materials are
developed and manufactured.”
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For us, it’s important to understand what’s
happening in the reactions that we’re doing.
So we spend a lot of time on lab information
systems and working with the tremendous
amount of data that comes out of there. That
data then gets used in very sophisticated sim-
ulation exercises and/or designs of experi-
ment exercises. Right now, we’re probably
just starting to scratch the surface of learning
how M4.0 tools can impact our development
processes. We're starting to have a deeper un-
derstanding of how the data can affect our
ability to improve product performance and
production yield in our manufacturing lines,
which ultimately will impact our overall busi-
ness and provide additional value in the fu-
ture for our customers.

But part of what we learned at the Sum-
mit is that you have to have a balanced ap-
proach about understanding which of these
M4.0 tools can really have an impact for
you and, quite honestly, which could be a
distraction. I think there’s a steep learning
curve for a company like us at our stage of
evolution, and even the largest companies,
about where to focus your energies and re-
sources. It’s important to distinguish be-
tween the more practical tools, versus the
pieces that maybe sound cool but we don’t
really see how they’re going to impact us,
now or in the near future.

But there’s no question: a better un-
derstanding of the data and the intel-
ligence behind that data will help us
have a significant impact on how we
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accelerate where we go from here.

Q:Whatdoyouseeasthe biggest chal-
lengesfacing the manufacturingindustry
inthenextfiveyears?

A: Tt comes back to people. Both attract-
ing and retaining the next generation of tal-
ented engineers and scientists that are com-
ing out of colleges and universities from
around the world, and retaining your key
team members with years of industry expe-
rience, by making sure that you create what
I would call (and others call) a culture of
innovation. You give them room to run, you
give them room to fail and learn from that
to move the organization forward. I think
if you do that, then all the technology that’s
coming out around 4.0 starts to become
very useful and valuable.

Because if you don’t have the right peo-
ple onboard that are fully bought into the
value that all these new tools can bring, and
are willing to make the investment in learn-
ing how to properly use those tools for your
business, it’s not going to work. You can
invest millions of dollars in great tools but
if you don’t have your people behind it, it
justdoesn’t matter.

Q:Whatkey leadershipskills willbe need-
edinafuture manufacturing enterprise?
A: 1 think it will require leaders to under-
stand that his or her job is to consistently
challenge yourself and your team, even
when things are going well, and to make
sure that you're not losing focus on the sort
of culture of innovation that got you to
where you are now.

There’s also a new type of mindset with
the younger generation of employees, the
so called Millenials. As leaders we need
to work out the best way to marry their
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energy, intelligence, and enthusiasm,
with the mission and goals of the organi-
zation. This will mean challenging some
old rules of management by sharing/as-
signing more responsibilities sooner than
you have in the past in order to keep them
motivated and challenged. Clearly there
needs to be a clearly defined and timely
accountability loop so this doesn’t lead to
chaos, but it requires managers to provide
them with more running room around
clearly defined goals.

Leaders also need to think about the best
way to leverage all this great new technol-
ogy that’s coming out in 4.0. How do we
make sense of the massive amounts of data
coming out of our businesses every day?
And then, how do you distil all that back
down to the human factor, to make sure
that you're bringing in the people that can
help make all of those pieces come together
in a valuable way?

So as a leader, I think you've got to think
about what sort of teams you need to have?
‘What are the right tools youneed to have? And
not lose sight of your ultimate mission to de-
liver the value you want to bring to your cus-
tomers and into your market. And then make
sure everyoneisfocused on that, every day.
Q:Finally, if you had tofocusononething
asawatchword or catchphraseforthe

future of manufacturing, what would that
be and why?

A:1t’s “Transformational Innovation”. How
doyoureally use innovation, in the broadest
sense, with the Manufacturing4.0 piece that
we’ve been talking about, developmentsin
new material science, and new technology
that’scoming out from universities and re-
search labs every day? How do you use all that
innovation to really transform a company,
anindustry, amarket, or a product, across
the segment that you care about? That’s the
future of manufacturing. M
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