
The 3d Printing Surge: Driven by Plastics 
 
 
Summary 
 
It can take a long time to become an overnight sensation.  History is replete with tales of actors, singers, 
inventors, and the like whose apparent meteoric rise to stardom belied years or even decades of toil.  Such 
is the case with additive manufacturing, aka 3d printing, which seems to have come out of nowhere the 
last few years, at least in terms of mass market attention.  3d printing is expected to enjoy a solid 
compounded annual growth rate (CAGR) for the foreseeable future – over 100 percent through 2018 
according to one estimate1 - and open up huge new markets for material providers particularly in the 
plastics arena.  By 2019, 3d printing materials will top $1 billion2 with two-thirds of that value coming 
from the plastics sector.  Thermoplastic materials for 3d printing will become a $1 billion business in 
itself by 20253. 
 
This paper examines the state of the 3d printing market, with an emphasis on the application and 
development of plastics as 3d printing materials.  The terms “3d printing” and “additive manufacturing” 
are generally interchangeable and will be used interchangeably here unless otherwise noted. 
 
 
Background 
 
While 3d printing is still widely used for prototyping, it has increasingly been employed in large scale 
design modeling (e.g., automotive designs, wind tunneling) and full scale production of commercial, 
industrial, aviation and aerospace components, medical devices, live tissues and organs, consumer 
products and foods.  3d printing is performed with a wide variety of materials including plastics, metals, 
ceramics, glass, living tissue and even edible materials such as chocolate. 
 
The seemingly sudden interest in 3d printing belies the technology’s origins.  Japanese researcher Hideo 
Kodama is credited with the first account of a working photopolymer-based rapid prototyping system 
back in 1981.4  The photopolymer-based Stereolithography process was developed by 3d Systems founder 
Charles Hull in 19845 and Stratasys produced the first extrusion-based 3d printer in 1991.6  Development 
of the first selective laser sintering (SLS) machines came a year later and the list of firsts just kept rolling: 
creation of the first functioning organ (1999), the first RepRap self-replicating machine (2008), first 
prosthetic leg (2008), first 3d printed blood vessel (2009), first 3d printed car and robotic aircraft and first 
3d printing in gold and silver (2011), first 3d prosthetic jaw implant (2012).7  
 
While industrial and medical usage and breakthroughs have steadily been advancing the technology, it’s 
the recent promise of widespread consumer acceptance that seems to have catapulted 3d printing to the 
top of many minds.  Service bureaus have started dotting the landscape, and several established industry 
names have jumped in.  Staples, for example, offers 3d printing services in more than 50 locations. 
Following a successful testing of 3d printing services at six markets, shipping giant UPS expanded their 
program to over 100 locations by the end of 2014.  Most service bureaus will turn your design into a 
finished product in a few hours and will then either ship the item or, if it was printed at a location near the 
customer, provide notification for pickup.  On the hardware sales side, big box retailers such as Home 
Depot began putting the $999 Dremel Idea Builder on their store shelves at the end of 2014, while a 
search for “3d printer” on Amazon now turns up dozens of machines ranging from a few hundred to 
several thousand dollars. 
 

http://www.staples.com/sbd/cre/products/3d-printing/
http://www.theupsstore.com/small-business-solutions/Pages/3D-printing.aspx


The software driving 3d printing is generally Standard Tessellation Language (STL), developed by 3d 
Systems in the 1980s, or some variant.  In very simple terms, STL takes a standard CAD (computer aided 
design) three-dimensional representation and digitally “slices” it into layers.  These layer instructions are 
then sent to the 3d printer, which “prints” the object layer by layer.  With recent and rapid advancements 
in the various 3d technologies and materials, objects with incredibly complex geometries and features can 
now be printed.  3d printed aircraft parts, candy, toys/games, cars and even houses have proven the 
scalability and versatility of the technology.  At 3dshoes.com a customer can use a phone app to scan their 
feet, register their scan with the service, select a design and 3d printer filament, and order a custom pair of 
shoes without ever leaving home.  The company offers a variety of colors in three different filament types 
– thermoplastic elastomer, flexible PLA and thermoplastic polyurethane, each offering a particular 
advantage for the shoe style and intended use. 
 
On the artistic side of things, American painter and printmaker Frank Stella began experimenting with 3d 
printing as far back as 1990, and his 2014 “Scarlatti K” and “Circus” series of sculptures incorporate 
additive manufacturing.8   
 
Perhaps signaling the start of the modern 3d printing revolution, Adrian Bowyer started the RepRap 
(Replicating Rapid Prototyper) project in 2005.9  RepRap began and continues as an open-source self-
replicating 3d printing project to advance additive manufacturing worldwide. A RepRap machine can 
produce half of its own parts; the other half are easily obtained items.  With continued advancements in 
the field, RepRap open source contributors are expecting to produce a machine capable of creating an 
even higher percentage of its own parts, including electronic circuitry. 
 
 
The Technology 
 
Additive manufacturing is “a process by which digital 3d design data is used to build up a component in 
layers by depositing material,” according to ASTM.10  While industry professionals may draw 
distinctions, the terms additive manufacturing and 3d printing have come to be generally interchangeable.  
In consumer-oriented marketing there appears to be a preference for the phrase “3d printing,” the 
implication perhaps being that “printing” is less intimidating and easier to understand and perform for 
most novice users than “manufacturing.” 
 
Additive manufacturing is distinct from most traditional manufacturing operations which are considered 
subtractive, i.e., removal of material is a key step in arriving at the finished object.  The building of an 
item in layers yields comparatively less waste in additive manufacturing and the process has the potential 
to dramatically compress existing supply chains and cause a substantial disruption to long-established 
manufacturing industries.  While a few distinct processes are driving 3d printing, it would be short-
sighted to say that 3d printing consists of a finite number of technologies.  The concept of additive 
manufacturing in theory provides for the creation of just about anything from just about anything.  It 
stands to reason that with such limitless potential the field of available devices to accomplish additive 
manufacturing may grow to include processes or refinements not currently being considered. 
 
The most popular additive manufacturing processes today can generally be categorized as Fused 
Deposition Modeling/Fused Filament Fabrication (FDM™/FFF), Stereolithography (SLA), Selective 
Laser Sintering/Direct Laser Metal Sintering (SLS/DLMS), Selective Laser Melting (SLM), Laminated 
Object Manufacturing (LOM) and 3d Inkjet Printing (3dP). 
 

 SLA – uses a vat of ultraviolet-curable resin.  A UV light traces the object pattern in the resin, 
curing a thin layer in the shape of the desired object. Successive layers are added until the final 
product is achieved. 

http://www.3dshoes.com/
http://www.reprap.org/


 FDM/FFF – a filament supplies material to an extrusion nozzle to produce a part layer by layer.  
Note that FDM is a trademark claimed by Stratasys; FFF was put forth as a synonym by the open-
source RepRap project. 

 LOM - layers of adhesive-coated material are glued together and cut to shape with a blade or laser 
cutter. 

 SLS/DMLS - uses a laser to sinter powdered material (metal, ceramic, plastic). 
 SLM – similar to SLS/DMLS, the primary difference being the laser is used to fully melt the 

material. 
 3dP – similar to a standard two-dimensional inkjet printer but uses a curable liquid photopolymer 

instead of ink. 
 
In a report following its 2013 Additive Manufacturing Workshop, The National Science Foundation 
provided this summary of several 3d printing technologies, manufacturers and materials:11 
 



 
 
  



3d printers come in a wide variety of shapes and sizes; most are measured by their build area which 
determines how large an object can be printed.  Most consumer units measure several inches along each 
of the three build axes (length, width, height).  Commercial units are usually larger and industrial printers 
are often sized to meet specific production requirements.  Several manufacturers have recently pushed 3d 
printing to remarkable size capabilities: 

 Stratasys claims its Objet 1000 is the largest multi-material 3d printer in the world, with a build 
area of 1000 x 800 x 500 mm (39.3 x 31.4 x 19.6 in.). The machine uses up to 14 distinct 
materials with 120 total possible material options.12 

 Researchers at the Oak Ridge National Laboratory in Tennessee recently printed a replica of the 
classic Shelby Cobra sports car using their Big Area Additive Manufacturing machine (BAAM).13 

 The world’s largest 3d printer reportedly resides in China, and weighs in at 120 tons with a 12m 
build area along all three axes.  Created to construct houses, the printer reportedly uses fiber 
reinforced plastic as its primary material.14 

 
 
Industry Analysis 
 
Issuing the company’s first ever Hype Cycle for 3d Printing in 2014, Gartner, Inc. analysts estimated that 
enterprise adoption of 3d printing was 2-5 years away, while mainstream consumer adoption of the 
technology was still 5-10 years away.15  “Today, approximately 40 manufacturers sell the 3d printers most 
commonly used in businesses, and over 200 startups worldwide are developing and selling consumer-
oriented 3d printers, priced from just a few hundred dollars,” said Pete Basiliere, research vice president 
at Gartner.  “However, even this price is too high for mainstream consumers at this time, despite broad 
awareness of the technology and considerable media interest.”16 
 
Still, the race to bring extrusion-based printers to the consumer market is likely to remain a hotly 
contested one through 2015 as crowdfunded upstarts from 2014 move to deliver on their promises.  
(Crowdfunding is the process of raising funds from a large number of contributors, often using the 
Internet.) While price continues to be a strong driver, companies wishing to remain competitive beyond 
the initial consumer curiosity/hype phase will have to strike a balance between price and functionality.  3d 
printing analyst Land Grant notes that price is “most often the blunt-edge tool of unskilled entrepreneurs” 
and “as price goes down so must functionality.”17 
 
Regardless of any ultimate price/functionality balancing point, if 3d printing will take hold at the 
consumer level, innovation and funding toward that end might come from the very market that would 
benefit.  Indeed, many upstarts have found early success through crowdfunding endeavors such as 
Kickstarter, Indiegogo and Microventures.  Creators of the FLUX machine, for example, set a $100,000 
fundraising goal on Kickstarter to get their design into production.  Backers exceeded it the first day, 
eventually taking the crowdfunding effort over the $1.6 million mark.  FLUX engineers tout an open 
source module format to encourage development community participation.  The FDM/FFF unit includes a 
built-in 3d scanner and optional engraving module.  Modules for the FLUX are attached via magnets so 
no tools are required.  Additional components in development include separate extrusion modules for dual 
materials, ceramics and pastries.  The base model FLUX starts at $499 and uses a standard 1.75 mm 
filament. Production is set for summer 2015.18 
 
With over 12,000 backers on Kickstarter, developers of The Micro are well on their way to an expected 
2015 first production run as well.  The Micro weighs 2.2 lbs and uses 1.75 mm ABS and PLA filaments.  
Crowdfunding for The Micro topped $1 million the first day on Kickstarter; total funds raised exceed $3.4 
million. The Micro is touted as an out of the box 3d printer anybody can use, with an anticipated price 
point of $199.19 
 

http://www.stratasys.com/3d-printers/production-series/objet1000
http://www.ornl.gov/ornl/news/news-releases/2015/3-d-printed-shelby-cobra-highlights-ornl-rd-at-detroit-auto-show
http://www.3ders.org/articles/20140625-china-building-world-largest-3d-printer-to-construct-houses.html
http://www.gartner.com/newsroom/id/2825417


Giving a perhaps ironic nod to traditional plastics manufacturing processes, creators of both the FLUX 
and The Micro said their greatest full-scale production concern is construction of the machine’s plastic 
case.  The Micro’s Kickstarter page cites an injection molded case as the only real production risk noting, 
“…when making the specification for the seamless frame of The Micro, we demanded only the best 
quality surface finish.”20  The FLUX team expressed a similar concern, stating, “for a high quality 
machine, we require precise parts. Therefore, we decided to produce our parts with injection molding. 
Injection molding requires large capital expenses, which means that we need to secure a very reliable 
manufacture partner that will deliver great quality.”21 
 
Crowdfunding is influencing 3d accessories as well.  Structur3d Printing’s Discov3ry paste extruder 
attracted the support of over 500 investors, exceeding its $30k fundraising goal by 400 percent.  The 
Discov3ry is touted as a universal paste extruder, compatible with almost every FDM/FFF 3d Printer on 
the market and able to deliver anything from polyurethane gaskets and custom orthotic insoles to cake 
icing.22 
 
Grant questions if perhaps the crowdfunding rush for a low-cost home use 3d machine isn’t “a suicidal 
race to the bottom” for 3d printing.  He also notes that additive manufacturing could mirror one of the 
largest social/economic disruptors in US history – the automobile industry – which began as a handful of 
makers in the 19th century, quickly grew to over 200 players and was back down to less than 10 
mainstays, all within a half century.23   
 
With over 200 firms now competing in the 3d space, any consolidation that mirrors the auto industry of 
the 20th century may be close at hand.  The feeding frenzy in crowdfunding is drawing a lot of attention to 
additive manufacturing, and behemoths like Google, GE, Autodesk and HP are stepping in as both users 
of, and investors in, the technology.  GE is looking to introduce 3d printed parts into an aircraft engine by 
2016, the same year HP’s Multi Fusion Jet™ thermal inkjet is expected to be available. 
 
Strategic private and institutional investment in additive manufacturing is arguably not yet on par with the 
hype/hope associated with the sector.  Investment firm Mooreland Partners noted in a 2014 report that 
active private investment is “negligible.”24  The firm cites a number of reasons including long lead time 
for business development and lack of revenue or earnings to meet requirements.  Mooreland’s Brian Dow 
notes that “of the eight major investors in 3d printing only one – RRE Ventures – has made more than 
two investments.”25 
 
Following a summer 2014 selloff of 3d stocks, Dan Burrows at Investorplace cautioned that even those 
firms that dominate the space such as 3d Systems, Stratasys and ExOne can’t hide the achilles that is 
common to many industries transitioning from breakout to shakeout.  “3d printing companies are (or 
were) momentum stocks” noted Burrows following double digit losses for those companies. And “the 
promise of high-growth momentum names is that they will deliver whopping profit growth one day – and 
will grow into their valuations in the process. Of course by the time that happens the easy money will 
already have been made…”26 
 
Portfolio managers for the 3d Printing and Technology Fund, incepted early in 2014, readily acknowledge 
the industry’s volatility, even with much of the portfolio comprised of ten 3d printing and technology 
heavyweights - Stratasys, 3dSystems, Organovo, Autodesk, Dassault, Materialise, Hewlett-Packard, 
General Electric, Arcam and SLM Solutions Group.  At the end of 2014 the 3dpfund.com portfolio was 
roughly equally split between 3d pure-plays (companies with a single product or industry focus) and 
technology-oriented firms.  Fund managers Alan Meckler and John Meckler noted in their Q4 2014 
shareholder newsletter that institutional class (minimum investment $100,000) shares closed out the first 
year off 24 percent.27 
 

http://www8.hp.com/us/en/commercial-printers/floater/3Dprinting.html
http://www.3dpfund.com/


It is important to consider that stock price is not indicative of a company’s operating results, but 
rather is a reflection of market expectations for said company’s future performance. Heading into 
2014 market expectations for pure-play 3d printing companies were highly inflated. Despite 
significant revenue growth across the board, 2014 was not a good year for pure-play 3d printing 
stock performance. In turn, 3d Printing and Technology Fund’s performance languished.28 

 
Following the Las Vegas Consumer Electronics Show in January 2015, Bank of America/Merrill Lynch 
(BA/ML) issued a report on 3d Systems and rated the stock as “underperform,” a valuation “predicated on 
the likely peaking of organic revenue growth and risks associated with the long term margin profile as 
recurring revenues will take much longer to build up relative to our original expectations.”  Citing 
shipment delays in 2014 that hurt revenue, BA/ML analysts said they “remain concerned that margin 
expectations could prove too high and Street estimates might need to be lowered.”29 
 
But looking at the big picture, BA/ML’s Researched Investment Committee noted in February 2015 that 
technology remains its “most favored sector” for the year ahead, and investors should focus on eight key 
themes within the sector including the Internet of Things, wearable technology, cloud computing… and 
3d printing.30 
 
Even with the bumps of 2014, investment in the sector as a whole is clearly trending upward.  From 3d 
printing’s infancy in the late 1980s through 2010 approximately $300 million was raised by 3d firms 
through public offerings.  From 2011 through 2014 that figure skyrocketed to over $4 billion.31  

Additionally, mergers and acquisitions appear to be on the upswing.  Brian Dow reports that M&A 
activity has been accelerating, with 2014 seeing the most activity in the past five years and four out of 
every five deals closing since 2012 valued at $100 million or more.  M&A buying is highest among 
service bureaus, and Dow notes that it is “highly likely that incumbent companies are making deals that 
aren’t being publicized.”32 
 
 
The 3d Disruption Factor - Complement or Replacement? 
 
3d printing is what’s commonly referred to as a “disruptive technology.”  Essentially, any new technology 
that could adversely impact or displace an existing technology or market could be considered disruptive. 
 
Any technology such as 3d printing that in theory decentralizes manufacturing and puts it within reach of 
just about every company and consumer in the world could be considered a serious threat to traditional 
manufacturing.  Traditional plastics molding, for example, is a large-scale operation requiring a large 
physical and carbon footprint, substantial capitalization, and complex supply chain logistics.  3d printing 
poses a threat to all of that, at least on paper, with the possibility that smaller scale production-on-demand 
companies and individuals might be able to take on manufacturing themselves.  But the economic 
disruption potential ripples far beyond a manufacturer’s physical footprint and employment base.  
Imagine the possible effects on global transportation networks if large-scale manufacturing suddenly 
became decentralized.  The relatively ordered and predictable march of supplies into an operation, and 
finished product out of that operation, would be substantially curtailed or eliminated.  Large-scale 
transportation such as shipping, rail and air cargo would suffer economic impacts along with the affected 
industry. 
 
Of course forecasts about the impact of 3d printing are as varied as the technology itself.  Noting what 
digital technology has done to the newspaper and record store businesses, a GE Look Ahead report said 
3d printing “is already disrupting business-as-usual in certain niche industries, prosthetics and medical 
implants among them, because 3d printing makes customization easier and design processes faster.”33  
The report also noted “For standardized items, the cost advantage of additive manufacturing may be less 



significant since the technology does not yet allow high-volume production, while mass manufacturing 
decreases the average cost.34 
 
McKinsey & Company noted in 2014 that additive manufacturing could have “implications for 
manufacturing-footprint decisions.  While there is still a meaningful labor component to 3-D printed 
parts, the fact that it is lower than that of conventionally manufactured ones might, for example, tip the 
balance toward production closer to end customers. Alternatively, companies could find that the fully 
digital nature of 3-D printing makes it possible to produce complex parts in remote countries with lower 
input costs for electricity and labor.”35 
 
No matter the forecasts, many established manufacturers and manufacturing-reliant companies are hardly 
waiting around to see what happens.  GE Chief Economist Marco Annunziata says that by 2020 “over 
100,000 parts will be additively manufactured by GE Aviation, which could reduce the weight of a single 
aircraft by 1,000 pounds, resulting in reduced fuel consumption.”36 
 
 
Balancing the Upset 
 
True, the digital revolution has crippled or buried some long established industries.  But history has 
plenty of tales of technologies that put production capabilities in the hands of the masses, without 
eviscerating long-entrenched industries.  Tax preparation software has gotten progressively broader 
appealing and better over the past two decades, to the point that more than 27 million self-prepared 
returns had been e-filed by the first week of March 2014 for that tax year, according to the IRS.  Still, 
paid preparers including accountants and tax preparation firms e-filed more than 34 million returns for the 
same period.  Overall, more than 144 million returns were filed that year, with 82 million of them handled 
by paid preparers representing over 38,000 firms.  More than two decades into the self-prepare tax 
revolution, the paid preparer has adapted with the technology and remained viable.37 
 
On a scale less serious than life’s certainties (death and taxes), other mammoth industries have done just 
fine in the face of home-based manufacturing revolutions.  The first hand-crank home ice cream freezer 
was patented by a Philadelphia woman in 1843; personal ice cream makers today are available just about 
anywhere in hand crank and electric models starting under $30.  Yet they’re hardly a threat to the $52 
billion ice cream industry.38  Similarly, if Prohibition had stuck perhaps home brewing kits would have 
upended large scale brewing and distribution.  The commercial beer industry today is valued at over $100 
billion.39 
 
Perhaps the takeaway from history is that just because anybody can produce something they want… 
doesn’t mean they will.  Whether additive manufacturing upends traditional manufacturing on a global 
scale or simply complements it remains to be seen, but even if such change were to occur it would not 
happen overnight. 
 
 
  



Driven By Plastics 
 
While trade show highlight reels focus on the hardware, industry experts such as Gartner’s Pete Basiliere 
are quick to point out that the key driver to effective, efficient use of additive manufacturing is material 
selection: 

 
Organizations must begin with the end products in mind… determine the material, performance 
and quality requirements of the finished items first; second determine the best 3d printing 
technology; and third, select the right 3d printer.40 

 
The material of choice for most consumers, service bureaus and light commercial users, and the primary 
driver behind today’s 3d printing surge is indeed plastic, for several reasons.  Many of the early 3d 
technology patents have expired (most notably Stratasys’ primary patent for FDM), leading to an open-
source revolution in 3d printing.  Numerous mid to large-sized firms have moved to fill the 
commercial/industrial demand, and a seemingly endless cavalcade of crowdfunded upstarts intent on 
driving price points down for mass market appeal have entered the industry. 
 
FDM/FFM is also based on a proven, simple and highly adaptable manufacturing concept – extrusion.  
The extrusion material of choice, plastic, is readily available, comparatively inexpensive, well-established 
in a variety of extrusion processes and, perhaps most importantly… ubiquitous in everyday consumer life.  
Plastic parts, items, medical devices and objects are everywhere. 
 
While the 3d printing industry may chart an uncertain track with hardware sales and consumer adoption, 
most analysts agree support for the overall sector in the form of materials will remain strong for the 
foreseeable future.  Among the forecasts: 

 Markets and Markets estimates (2014) the global additive manufacturing materials market will 
grow at a CAGR of 20.4 percent from 2014 to 2019 to $1.052 billion, with plastics accounting for 
$672 million of the total in 2019.  Europe and Asia-Pacific combined accounted for more than 
half of the materials market in 2013; while North America was the single dominant geographical 
player.  In a previous report (2013), Markets and Markets estimated the value of plastics revenue 
in 3d printing at $70.5 million and forecasted this figure will nearly triple by 2018 to $209.6 
million.  Analysts cited the 3d printing materials market as “moderately fragmented” with 
companies concentrating “on expanding their geographical reach.”  3d Systems, Stratasys, Arcam 
AB and ExOne accounted for about 75 percent of the materials market share in production and 
supply.41 

 Valuing the 3d printing materials market at $450 million in 2013 on global volume of 2,000 
kilotons, Transparency Market Research expects a CAGR of 18 percent from 2014 to 2020, with 
the materials market valued at $1.432 billion by 2020.42 

 IDTechEx notes that photopolymers dominate 3d printing with 56 percent of the materials market 
share. Solid thermoplastics comprise 40 percent followed by powdered thermoplastics (2), metal 
powders (1.4) and inkjet powders (0.6).  The firm estimates in its 2015 report that solid 
thermoplastic filaments will be valued at over $1 billion by 2025, despite an expected decline in 
prices.  Overall the 3d materials market is expected to reach $8 billion in 2025, overtaking the 3d 
printer market.43 

 
Plastic considerations extend beyond basic polymer selection. Numerous material characteristics such as 
filament diameter/shape, rigidity, flexural modulus, melt point and even color dictate which filaments can 
be used with which machines.  The most common plastics used in 3d printing are Polylactic Acid (PLA) 
and Acrylonitrile Butadiene Styrene (ABS), and these will likely continue to fuel demand for low-cost 
consumer oriented machines.  Polyvinyl Alcohol (PVA) is used primarily to create support structures for 
complex geometries in dual-extruding printers.  The printed object is submersed in water which dissolves 



the PLA.  Polycarbonate, polyetherimide, polyamides and other plastics are also used in 3d printing 
though to a much lesser extent than PLA and ABS.  Blended plastics such as PC-ABS, composites and 
digital materials continue gaining popularity on all fronts.  Extensive research continues particularly in 
the medical and electronic fields. 
 
Federal and state entities have waded into the 3d printing space, intent on fostering public-private-
institutional collaboration.  AmericaMakes, one of the institutes within the National Network for 
Manufacturing Innovation, was founded in 2012.  Maryland created the Northeast Maryland Additive 
Manufacturing Innovation Authority in conjunction with the U.S. Army’s Aberdeen Proving Ground in 
2014, and the Center for Additive Manufacturing and Logistics at North Carolina State University is 
engaged in material development as well as research in the biomedical, automotive, aerospace and supply 
chain/logistics fields. 
 
The National Science Foundation claims it has issued more than 600 grants amounting to more than $200 
million for additive manufacturing research and related activities.  NSF notes that “innovation in additive 
manufacturing has been dominated by the private sector, especially when it comes to the total number of 
patents and the continual advancement of the technology beyond initial invention. Still, the government, 
particularly NSF, has played a role in the early development of the AM field…” NSF notes that while the 
3d printing industry is enjoying tremendous momentum in recent years, “…substantial challenges must 
still be overcome before the technology can become mainstream.”44 
 

 These challenges include bringing down costs, developing new materials, achieving more 
consistency and standardization, developing new computeraided design tools, educating 
engineers, increasing process speeds, and advancing biological AM.45 

 
One of the obstacles already being confronted – with some success - is the effective integration of 
different materials, particularly on a nano scale.  It’s a “significant challenge that requires overcoming 
discrepancies in material properties in addition to ensuring that all the materials are compatible with the 
3d printing process,” according to researchers at Princeton.  The research team recently 3d printed a 
contact lens with quantum dot LEDs embedded, as well as a cube of encapsulated LEDs.  The marriage of 
micro LED technology with 3d printing was significant not just for the scale of the printed object but for 
the diverse array of materials involved - emissive semiconducting inorganic nanoparticles, an elastomeric 
matrix, organic polymers as charge transport layers, solid and liquid metal leads, and a UV-adhesive 
transparent substrate layer.46 
 
Stratasys continues to push development of digital materials for use with its PolyJet technology.  PolyJet 
printers function similar to traditional inkjets, using curable liquid photopolymers for the layer-by-layer 
3d build.  Digital materials are “composite materials with predetermined visual and mechanical 
properties” according to the company, and are created in the 3d printer by combining two or more base 
resins.  Stratasys claims that “A single prototype 3d printed on our advanced Connex3 systems can 
contain as many as 82 distinct material properties, all created in one build.”47 
 
On the powder side, development of materials for selective laser sintering (SLS) has lagged behind the 
filament and liquid polymer explosion, likely due to the SLS machine’s higher cost and perceived risks 
associated with a laser device.  Germany’s Diamond Plastics unveiled a new HDPE powder mid-2014 and 
a PP powder later the same year.  As of early 2015, Quickparts was offering SLS services using nylon, 
glass-filled nylon, flame-retardant nylon and durable nylon.  One of the advantages of a powder-based 
system is that material can be reused. 
 
Much like the 2D printing space evolved, 3d companies are looking to generate as much proprietary 
material business as possible.  Recognizing the potential market value of 3d printer materials, these firms 

http://camal.ncsu.edu/
http://www.stratasys.com/materials/polyjet
http://www.diamond-plastics.de/en/products.html
http://www.quickparts.com/LowVolumePrototypes/SLS.aspx


are conducting their own R&D to develop new formulations and standards for their own machines and 
technologies.  Because many thermoplastics aren’t inherently compatible with 3d printing for a variety of 
reasons (e.g., melt temperature, warping without a mold), the R&D field is fairly wide open for 3d firms 
wishing to develop their own materials.  ABS is one example – while it works well in filament-based 
extrusion printers, it doesn’t fit as neatly with liquid photopolymer-based units.  To bring the desired ABS 
qualities (toughness, heat resistance) to their PolyJet customers, Stratasys creates a “Digital ABS” by 
combining two materials (RGD15 and RGD35) at the print head.48 

 

In early 2015, Stratasys unveiled its expanded line of ASA thermoplastic colors and digital materials.  
The ASA materials are recommended for specific Stratasys 3d printers including the Fortus 360mc, 
380mc, 400mc, 450mc and 900 mc. 
 
Material innovations are extending beyond just the polymers.  At the 2015 CES show in Las Vegas, 
MakerBot announced its new line of PLA composites made with real metal, wood and stone.  The 
filaments will be available in late 2015 and will be compatible with the company’s SmartExtruder.  In 
February, 2015 ColorFabb announced a new filament based on Eastman’s Amphora 3d polymer.  XT-
CF20 is reinforced with 20 percent specially sourced carbon fibers.  Because the filament is considered 
highly abrasive, the company recommends discarding brass extrusion nozzles in favor of steel or copper 
alloys. 
 
The rapid development of proprietary 3d printing materials by the industry’s largest firms hasn’t gone 
unnoticed – or unchallenged.  IdTechEx has called material development “possibly the most contentious 
issue in the 3d printing industry today.”49 

 
3d printer manufacturers are increasingly engaging in practices which are perceived by end-
users as anti-competitive by locking customers in to their own materials supplies via key-coding 
and RFID tagging of material cartridges, an activity which is effectively enabling monopoly 
pricing of the materials concerned.50 

 
Any antitrust implications notwithstanding, providing plastic material to the mass market for 3d printing 
purposes may in many cases require a different approach than supplying the same or similar material for 
large scale extrusion molding operations.  Even though the 3d printing materials space is in its infancy, 
service bureaus, 3d printer manufacturers and material suppliers have already recognized the need to 
convey material property information and relate polymer characteristics to certain desired end-user 
results.  Storage and use of hygroscopic materials like PLA, for example, can become hyper-critical 
because the production environment may be less controlled.  This would be particularly noteworthy when 
dealing with the consumer market, where novice designers, tinkerers and home manufacturers with little 
or no experience in polymer selection, use and handling could comprise a significant part of a material 
supplier’s business. 
 
Additional 3d printing material developments of note include: 
 

 Shapeways, an e-based 3d printing service bureau, facilitates the customer interaction via a 
material selection interface focusing on four categories - Price, Detail Level, Strength and 
Smoothness.  Customers select a low, medium or high value for each category and receive a 
material recommendation for their project.  Shapeways then provides a cost and color choice 
breakdown for each, as well as material properties and characteristics such as whether it’s food or 
dishwasher safe, watertight, recyclable, etc. 

 Looking to break the limited color choice barrier, upstart Spectrom is working on a dye-based 
system that can impart color to any clear filament.  As of early 2015 the Spectrom process can 

http://www.stratasys.com/materials/fdm/asa
http://store.makerbot.com/filament/composite
http://colorfabb.com/xt-cf20
http://colorfabb.com/xt-cf20
http://www.shapeways.com/
http://www.spectrom3d.com/


produce 64 colors, but its developers say that through refinements and beta testing their system 
could provide thousands of color options. 

 Billed as the first carbon fiber 3d printer, the Mark One “prints contours and curves in 
engineering nylon and fills each part with close-packed reinforcement in continuous carbon fiber, 
Kevlar or fiberglass.  The printer actively switches between two nozzles during a print, creating 
fiber-reinforced plastic parts with a strength-to-weight ratio better than aluminum,” according to a 
company data sheet.51 

 In February, 2015 Formfutura launched its ClearScent line of colorless and nearly odorless ABS 
filaments. 

 ProtoCrate offers a filament subscription service, providing customers with a 1kg spool for 
$49.99 each month. 

 With an estimated availability of June, 2015, the Strooder is being touted as “the first truly 
consumer-ready filament extruder.”  Omni Dynamics, maker of the Strooder, says the machine 
“allows you to create your own custom filament for 3d printing at home” and also saves money 
“as raw pellets are on average five times cheaper than pre made filament. Strooder will also allow 
you to recycle your old prints for further cost saving as well as benefiting the environment.”52 

 
 
Risks and Downsides 
 
Recognizing the untested waters of intellectual property (IP) in the new 3d printing world, toy maker 
Hasbro teamed up with Shapeways in 2014 with SuperFanArt, a website that gives customers and fans 
license to create their own expressions of Hasbro offerings such as My Little Pony.  It’s an interesting 
proactive partnership that nicely frames the daunting IP question facing 3d printing – how do you regulate 
the creation and/or sale of copyrighted or trademarked items if anybody can make the items themselves? 
 
Fernando Sosa of Orlando, FL explained to CNN that he routinely prints politically themed objects and 
offers them for sale online.  But when Sosa 3d printed replicas of a dancing shark that was part of Katy 
Perry’s Super Bowl halftime show and offered them for sale - he was promptly served with a cease and 
desist order from Perry’s lawyers.53 
 
Moving beyond IP, the clarity of additive manufacturing’s potential becomes even cloudier.  
Traditionally, when something goes awry with a product the consumer’s recourse usually is with the 
supplier or manufacturer.  When the consumer makes that product via 3d printing, the potential exists for 
liability to attach all the way down the production chain, from the designer to the resin maker, filament 
supplier, 3d printer manufacturer and so on.  Even service bureaus could get dragged into lawsuits simply 
for using their machines to fulfill a customer’s 3d print order. 
 
Health and safety concerns also move to the forefront particularly with home-based additive 
manufacturing.  Imagine being able to 3d print a bicycle safety helmet for your child or desserts and other 
foods.  Standards for safety, cleanliness, hygiene, etc. will likely have to be developed in the coming 
years not just for the products that are produced, but for the processes and materials.  For example, the 
melting or grinding of certain resins in an uncontrolled environment such as the home could lead to health 
risks. 
 
 
  

http://www.formfutura.com/clearscent/
http://www.protocrate.com/
http://omnidynamics.co.uk/shop/Strooder
http://www.shapeways.com/discover/superfanart


Conclusions 
 
Additive manufacturing/3d printing has begun to gain incredible momentum in markets around the world.  
While analysts may disagree on the timing and full impacts of the technology, it appears certain that 3d 
printing will at the least establish its own niche and complement traditional manufacturing particularly in 
the plastics sector, creating new opportunities for plastics suppliers, compounders and distributors. 
 
Overall, the 3d printing materials market is expected to rise in support of increasing adoption of additive 
manufacturing technologies in home and industry.  Given the technology’s diverse application and 
expected manufacturing democratization, it’s possible that some material sectors could actually serve to 
pull all or part of the overall 3d printing sector forward at times.  Even if the dominant industry players 
continue to develop and push proprietary materials into the market, the sheer volume of institutional, 
public and private materials R&D means competition for the next great 3d printing material will likely 
remain healthy well into the future. 
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Flame Retardants for Polymers 

New Flame Retardants Deliver Safety  
Without Risk 

 

Summary/Abstract 

When decaBDE  is phased out by the end of 2012, the 
polymers industry could find itself at a crossroads. Mounting pressure from environmental and 
health agencies will have pushed the industry away from its most effective and economical flame 
retardant additive.  At the same time, an expected surge in consumer plastics production will fuel 
an increased demand for fire-retardant additives.  To meet this demand, plastics producers must 
quickly develop cost-effective, environmentally safe alternatives to a class of chemicals that has 
been saving lives for decades. 

Background 

Flame retardants have been a mainstay in the consumer goods landscape since the industrial 
revolution. Vinegar, gypsum, asbestos, borax and inorganic salts were among the earliest flame 
retardant materials in common use by industrialized nations to impart some degree of fire-
resistance to products manufactured from wood, canvas and various fabrics. 

Shortages of natural materials during World War II provided the impetus for development of 
numerous plastics including PE and ABS. By the 1950s, polymer research had begun to change 
the industrial landscape. ngineered thermoplastics acetal and polycarbonate 
were introduced. While these polymers began to supplant wood and metal enroute to 
revolutionizing the durable goods and fledgling consumer appliance/electronics industries, they 
carried an inherent fire risk  most common polymers are made from hydrocarbons, which tend 
to burn readily upon ignition. 

As new polymers opened new markets and pushed plastics into the mainstream, consumer and 
government calls to improve fire resistance of plastic goods increased through the 1960s and 70s, 
leading to the development and widespread use of a variety of flame retardant copolymers and 
polymer additives. With the personal computer revolution of the 1990s, consumer technology 
and plastics  and by extension flame retardant additives -- solidified a relationship that would 
drive global economies into the 21st century. 

The Chemistry of Flame Supression 

Fire retardants fit into a variety of classifications depending on their chemical composition and 
use. Inorganic flame retardants such as aluminum trihydrate, magnesium hydroxide and various 
phosphorous and boron based compounds work well in clothing and textiles. Inorganic flame 
retardants are added as fillers into the polymer, and they represent about half of the global flame 
retardant production by volume.1 
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For the polymers industry, the flame retardant (FR) of choice has been an organobromide, 
selected from a group of halogenated flame retardants known as polybrominated diphenyl ethers 
(PBDEs). Three specific PBDEs  pentaBDE, octaBDE and decaBDE  dominated the FR 
additives market because they were inexpensive to produce and easily incorporated into existing 
production lines. Regardless of their composition, flame retardants all serve the same basic 
purpose  to inhibit combustion through one or more chemical or physical mechanisms.

Flame retardant properties can accrue to polymers in two basic ways. First, the FR can be 
chemically bonded to the polymer, resulting in a modified polymer with a different molecular 
structure than the original. This resulting copolymer is inherently flame retardant and will 
maintain its FR properties for a significant length of time because the FR compound has formed 
a molecular bond with the original polymer. Because of the high processing costs, 
copolymerization is usually reserved for thermosets such as polyesters, epoxies and 
polyurethanes. 

A second, more economical approach is to use a fire retardant additive. Additives make up the 
majority of the flame retardant market due to the relatively low cost of incorporating these 
chemicals into flame retardant polymers. FR additives work well across a broad spectrum of 
plastics. Since they do not copolymerize in production, FR additives may leach out over time, 
compromising the flame retardant properties of the plastic and possibly accumulating to toxic 
levels in the environment. 

In order to function effectively, any flame retardant additive must be as compatible as possible 
with the original polymer, meaning it should have a minimal impact on key polymer properties 
such as tensile strength, color and UV stability. PBDEs proved effective in meeting this criterion, 
with variants such as decaBDE imparting fire retardant qualities at very low addition rates. In a 
polyolefin or polyamide product, for example, the amount of PBDE needed is one-half to two-
thirds less than the amount of inorganic (e.g., aluminum trihydrate, antimony) needed to achieve 
the same FR properties.2 

Additive flame retardants can be incorporated into the polymer prior to, during, or after 
polymerization, so they are especially practical for use in thermoplastics. 
 

The FR Hyper-Demand Driver  Personal Electronics 

-retardant plastics is the consumer technology segment. Even in 
countries experiencing stagnant growth or recession, the demand for televisions, smartphones, 
personal computers and tablets is expected to be strong in 2012.3  By 2015, shipments of media 
tablets are expected to rise to 262.1 million units, a 15-fold increase over 2010. Smartphone 
shipments are expected to skyrocket from 294 million in 2010 to over one billion in 2015.4 

 

With a rising global demand for plastics in general and forecasts for a particularly robust 
consumer electronics market, the worldwide demand for flame retardant additives is expected to 
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reach 2220 metric tons in 2014, up 45 percent from 2010. The Asia/Pacific region alone will 
account for half of the global total by doubling its FR demand over the same time period, from 
547 to 1090 metric tons.5 

Deca-BDE in the Environment: Guilt by Dissociation? 

Signed by nearly 150 scientists representing two dozen countries around the world, the San 
Antonio Statement of October 2010 is a call for attention to a continuing pattern of unfortunate 
substitution  in an accompanying editorial.6,7   The editorial specifically 
cites the use of a succession of PBDE congeners following a ban on chemically-similar PBBs 
(polybrominated biphenyls) in the early 1970s.   

After PBBs were restricted, the use of poly-brominated diphenyl ethers (PBDEs) as flame 
retardants in consumer products increased dramatically over the next several decades. 
PBDEs are structurally similar to both PCBs and PBBs and have the potential for similar 
behavior. However, in 2004 two commercial mixtures -- PentaBDE and OctaBDE (the 
name reflecting the average number of bromines present)-- were banned in the European 
Union (Cox and Efthymiou 2003) and voluntarily withdrawn from production by the sole 
U.S. manufacturer (Great Lakes Chemical 2009). PBDEs contained in these two mixtures 
were subsequently adopted as persistent organic pollutants (POPs) by the Stockholm 
Convention (Stockholm Convention Secretariat 2010). The cause for concern is now well 
recognized. However, the resistance to degradation continues to result in high 
concentrations of PBDEs in the environment, wildlife, and people (de Wit et al. 2006; 
Frederiksen et al. 2009; Su et al. 2007).  

In recent years, scientists have measured PBDEs in human adipose tissue, serum and breast milk, 
fish, birds, marine mammals, sediments, sludge, house dust, indoor and outdoor air, and 
supermarket foods.8  In general, levels of PBDEs in humans and the environment are higher in 
North America than in other regions of the world, a finding that is often attributed to the greater 
use of pentaBDE in North America.  About 49 million pounds of decaBDE, or nearly half the 

aBDE can 
comprise 10 to 15 percent of the plastic casing of a television and 18 to 27 percent of upholstery 
fabrics by weight.9 

While decaBDE has not been found in the same concentrations as the penta and octa congeners, 
scientists attribute this inequity to debromination  the loss of bromine atoms which effectively 
turns decaBDE into a lesser congener such as octa or pentaBDE.  Research suggests that the 
lower congeners of PBDE tend to bioaccumulate more readily than higher congeners like 
decaBDE.10 

Although 
manufacturing of PBDE chemicals and products containing those chemicals, particularly plastics 
and textiles.  Additionally, exposure may occur during disposal, dismantling, and recycling of 
plastic products, including computer equipment, via inhalation of dust and ingestion while 
eating, drinking or smoking.11 
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Environmental groups and government agencies continued to monitor PBDEs following the 
elimination of the penta and octaBDE congeners.  In its 2006 PBDE Project Plan, EPA 
summarized animal studies of various commercial mixtures and individual congeners which 
suggested potential concerns about liver toxicity, thyroid toxicity, developmental toxicity, and 
developmental neurotoxicity.12  These findings, and the presence of PBDEs in house dust and 
breast milk, raise particular concerns about potential risks to children.  In 2008, EPA published 
peer reviewed Toxicological Reviews of four PBDE congeners: tetraBDE, pentaBDE, hexaBDE 
and decaBDE, to support summary information on EPA's Integrated Risk Information System 
(IRIS)3 database. 
 
In 2009, the Institute for Reference Materials and Measurements (IRMM) released two certified 
reference materials, ERM-EC590 and ERM-EC591, to help analytical laboratories better detect 
PBDEs and PBBs.  The two reference materials were custom made to contain all relevant PBDEs 
and PBBs at levels close to the legal limit set out in the RoHS Directive of 1 g/kg for the sum of 
PBBs and PBDEs. 

By the end of 2009, the U.S. EPA had seen enough.  Voluntary phase-out agreements were 
secured with the two primary decaBDE manufacturers in North America  Chemtura and 
Albermarle, as well as ICL Industrial Products, the largest U.S. importer of decaBDE.  Under 
these agreements, decaBDE will no longer be produced for consumer product use after 2012. 

 

DecaBDE Alternatives: Already in Production 

In January 2011 the EPA  Flame Retardant Alternatives for DecaBDE Partnership released a 
list of more than two dozen Alternative Flame Retardants. But chemical manufacturers, 
including some steeped in decades of PBDE production, were well into their own decaBDE 
alternatives research by the time the EPA released its list.  

 
Plastics Color Corporation says it has developed flame retardant systems for polypropylene and 
polyethylene and will soon introduce FRs for acrylic, polystyrene, PVC and other resins. PCC, 
based in Calumet City, Ill., says its new FlamaSol FR  flame retardant system yields superb 
extinguishing performance without the use of decaBDE.  
 

FlamaSol FR is ideal for use in construction materials (electrical conduit, junction boxes, 
switch boxes), warehousing products (shelving and pallets), personal electronic 
equipment (computers, printers and televisions) and other applications where 
flammability or ignition is a concern. FlamaSol FR surpasses in-house testing standards 
comparable to UL 94 and ANSI 4996 for plastic pallets. 
 
FlamaSol FR is appropriate for use in injection molding, extrusion and blow molding 
applications.12 
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Conclusion 

The phase-out of decaBDE in 2012 will signify a sea change in production of flame retardant 
additives.  With the stalwart PBDEs that carried FR polymer production through four decades 
now off the table, the next generation of FR additives will have to prove themselves as quickly 
and cleanly as possible. Polymer producers and modifiers in developed nations have joined with 
the scientific community and regulatory agencies in recognizing that PBDEs as a group might 
lead to environmental and health concerns. 
are developing FR additives that were not possible with 20th century technology.  An industry-
wide shift away from PBDEs altogether can help assure that a growing global demand for flame-
retardant plastics is met in the most environmentally and biologically responsible manner 
possible. 

Sources 

1. Mikael Harju, Eldbjørg S. Heimstad, Dorte Herzke, Torkjel Sandanger, Stefan Posner 
and Frank Wania, Current state of knowledge and monitoring requirements, emerging 

brominated flame retardants in flame retarded products and the environment, 
www.klif.no/publikasjoner/2462/ta2462.pdf 

2. Sean Milmo, Restrictions on the use of many traditional plastics additives are 
challenging producers to innovate, 
http://www.icis.com/Articles/2009/06/22/9225108/new-regulations-drive-plastic-
additives-research.html 

3. Deloitte, Consumer tech demand defies the economic headwinds, 
http://www.deloitte.com/view/en_GX/global/industries/technology-media-
telecommunications/tmt-predictions-
2012/technology/ad973e14447a4310VgnVCM1000001a56f00aRCRD.htm) 

4. Jordan Selburn, Rising Media Tablet and Smartphone Sales Cut Demand for Single-Task 
Consumer Products, http://www.isuppli.com/Home-and-Consumer-
Electronics/News/Pages/Rising-Media-Tablet-and-Smartphone-Sales-Cut-Demand-for-
Single-Task-Consumer-Products.aspx) 

5. Matt Defosse, Plastic additives: flame retardant demand is  you guessed it on fire, 
http://www.plasticstoday.com/articles/plastic-additives-flame-retardants-demand-is-on-
fire 

6. Joseph DiGangi, Arlene Blum, Åke Bergman, Cynthia A. de Wit, Donald Lucas, David 
Mortimer, Arnold Schecter, Martin Scheringer, Susan D. Shaw, Thomas F. Webster,  San 
Antonio Statement on Brominated and Chlorinated Flame Retardants, 
http://ehp03.niehs.nih.gov/article/info:doi/10.1289/ehp.1003089 

7. Linda S. Birnbaum, Åke Bergman, Brominated and Chlorinated Flame Retardants, The 
San Antonio Statement, 
http://ehp03.niehs.nih.gov/article/info%3Adoi%2F10.1289%2Fehp.1003088 

8. U.S. Environmental Protection Agency, Polybrominated Diphenyl Ethers (PBDEs) 
Project Plan March 2006, http://www.epa.gov/oppt/pbde/pubs/proj-plan32906a.pdf 



Plastics Color Corporation 
14201 Paxton Avenue 
Calumet City, IL 60409 
Phone: 800.922-9936 

www.plasticscolor.com 

 

9. Alliance for a Clean and Healthy Maine, PBEs - The Toxic Flame Retardant, 
http://www.cleanandhealthyme.org/BodyofEvidenceReport/TheChemicals/PDBEsToxicF
lameRetardants/tabid/97/Default.aspx 

10. U.S. Environmental Protection Agency, An Exposure Assessment of Polybrominated 
Diphenyl Ethers, 
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=210404#Download 

11. Washington State Department of Health, PBDEs (Flame Retardants), 
http://www.doh.wa.gov/ehp/oehas/pbde/pbde.htm 

12. PCC Flamasol FR product information sheet 




























































	PCC_3D Printing and Plastics
	24. Bryan Dow/Mooreland Partners, 3d printing: Who’s Investing Now and What’s Coming Next, Gigaom, January 31, 2015, https://gigaom.com/2015/01/31/3d-printing-whos-investing-now-and-whats-coming-next/
	26. Dan Burrows, 3d Systems Chokes – Dump 3d Printing Companies at Will, InvestorPlace, July 31, 2014, http://investorplace.com/2014/07/3d-printing-companies-ddd-stock/#.VOqblno3Njo
	31. Bryan Dow/Mooreland Partners, 3d printing: Who’s Investing Now and What’s Coming Next, Gigaom, January 31, 2015, https://gigaom.com/2015/01/31/3d-printing-whos-investing-now-and-whats-coming-next/
	37. IRS website, More Taxpayers Filing from Home Computers in 2014, Many Taxpayers Eligible to Use Free File, IR-2014-28, March 13, 2014, http://www.irs.gov/uac/Newsroom/More-Taxpayers-Filing-from-Home-Computers-in-2014--Many-Taxpayers-Eligible-to-Use-Free-File

	PCC_New Flame Retardants Deliver Safety Without Risk
	PCC_Reducing Infections and Protecting Products
	PCC_The Paradox of Biodegradability

