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Preface

Magnesium (Mg) and its alloys continue to be extensively investigated for applications in the
automotive and aerospace industries as well as biomedical. Although the largest use of Mg is
desulfurization of steel, followed by alloying of aluminum, its primary attributes as the lightest
structural metal include high strength-to-weight ratio, good vibration damping, electromag-
netic and RF shielding, low toxicity, and controllable corrosion rates for dissolvable appli-
cations. It is because of these attributes that Mg will play a crucial role in reducing the carbon
footprint and forwarding the development of sustainable technology, specifically in the
replacement of conventional materials such as steels and aluminum alloys. Compared to
carbon fiber composites, Mg is more cost effective and can be readily recycled and offers
metallic ductile behavior.

Collaborative research and development by researchers, scientists, engineers, industry,
government agencies/laboratories, and academic institutions are actively working to develop
roadmaps for next-generation products and address these challenges through innovative alloy
designs and methods. The TMS Magnesium Committee has been actively involved in pro-
viding a platform for these institutions to disseminate the latest information, developments,
and cutting-edge research and development, and to present the latest research and development
trends related to magnesium and its alloys through the Magnesium Technology Symposium
held each year at the TMS Annual Meeting & Exhibition.

The twenty-fourth volume in the series, Magnesium Technology 2023, is the proceedings
of the Magnesium Technology Symposium held during the 152nd TMS Annual Meeting &
Exhibition in San Diego, California, March 19–23, 2022. The volume captures papers and
extended abstracts from 12 different countries. The papers have been categorized based on
topics pertaining to alloy design, fundamentals of plastic deformation, primary production,
recycling and ecological issues, characterization, joining, machining, forming, degradation and
biomedical applications, corrosion and surface protection, and computational materials
engineering.

The symposium began with keynote sessions that featured several distinguished invited
speakers from industry, government organizations, and academia, who provided their per-
spectives on the state of the art, goals, and opportunities in magnesium alloy research and
development. Andrew Sherman from Terves Inc./Magnesium-USA spoke about defending
patents/intellectual property. Aaron Palumbo of Big Blue Technologies addressed reductant
consideration in thermal pathways to primary magnesium metal production. Carolyn Woldr-
ing, co-founder of Magsorbeo Biomedical, discussed engineered bioabsorption for medical
implant applications. Mr. Michael Ren, Sunlightmetal Consulting Inc., spoke about primary
Mg production, specifically development of compound-vertical-retort technology for mag-
nesium production and its application. Norbert Hort with Helmholtz-Zentrum Hereon,
Geesthacht, Germany spoke about the concept of metastable vs. stable. Mohammadreza
Yaghoobi with the University of Michigan covered recent advances in PRISMS-Plasticity
software for simulation of deformation in Mg alloys. Mariyappan Arul Kumar from Los
Alamos National Laboratory gave a presentation about the combined effect of alloying and
grain size on the deformation behavior of magnesium alloys.
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In conclusion, the 2022–2023 Magnesium Committee would like to thank and express its
deep appreciation to all authors who contributed to the success of the symposium; our panel of
distinguished keynote speakers for sharing the newest developments and valuable thoughts on
the future of magnesium technology; all the reviewers for their best efforts in reviewing the
manuscripts; and the session chairs, judges, TMS staff members, and other volunteers for their
excellent support, which allowed us to develop a successful, high-quality symposium and
proceedings volume.

Steven Barela
Aeriel Leonard

Petra Maier
Neale R. Neelameggham

Victoria M. Miller
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Part I

Keynote Session



Sustainable Domestic Manufacturing
and Protecting IP in a Post AIA World

Andrew Sherman

Abstract

Ten years ago, the American Invents Act was passed by
Congress. Despite lofty intentions, the AIA significantly
degrades the value of IP and patents. Terves has recently
gone through an enforcement action against a large
importer of foreign magnesium products. The current
system is rigged against small company inventors, with
non-technical administrative judges invalidating 84% of
patents in favor of infringers, versus <50% by multiple
skilled patent examiners during reexaminations. Enforce-
able IP is essential for American competitiveness to
complete with subsidized, unregulated, and lower cost
offshore locations. Terves is a member of the US
Inventor, representing 60,000 inventors focused on
restoring individual patent rights post AIA. Terves’
experience enforcing IP rights in today’s climate as well
as US inventors pending bill to restore patent rights will
be discussed along with potential strategies and actions
that inventors can take to mitigate AIA limitations.

Keywords

Magnesium � Intellectual property � US inventors

Background

Middle market materials manufacturers face stiff competition
for overseas competitors that have unfair advantages in
labor, regulatory, energy, and capital costs as a result of
operating out of non-free market economies. In order to
recreate a domestic manufacturing industry for critical
materials, including magnesium, public policy and invest-
ment is required to offset these substantial disadvantages.

Recent developments include investment and production tax
credits, proposed rebates/credits for domestic sourced
materials, enhanced buy-American and domestic content
requirements, and public investment (loans, grants) to reduce
and spread capital risk. Intellectual property, including
patents, trade secrets, and trademarks (branding) can also
establish a barrier to offshoring. However, the American
Invents Act (AIA) has changed the patent landscape, making
enforcement more difficult and expensive.

Introduction to PMT Group and Terves LLC

PMT group is a group of critical materials manufacturers,
including Terves LLC, which is North America’s only ver-
tically integrated producer of wrought magnesium. Parent
Company Powdermet Inc. was formed in 1996, when it
acquired the powder metallurgy assets of refractory materials
producer Ultramet Inc. Powdermet and its affiliates still
provide powder metal and cermet feedstocks and toll powder
production services for highly engineered materials. In 2013,
Terves LLC was formed to commercialize “engineered
response” materials which provide tailored responses to the
environment, including changing dimensions (expanding),
disintegrating, generating heat, releasing chemicals, or pro-
ducing a signal. In 2016, to meet demand and reduce costs
for domestically produced Tervalloy™ dissolvable magne-
sium alloys, Terves built a permanent mold foundry, added a
4000 ton extrusion facility and CNC machine shop, repre-
senting a significant investment in critical materials and
magnesium production. Today, Terves has established
capacity for over 1000 tons/annum of critical materials
(Mg) production, and has over 40 patents on numerous
magnesium alloys and engineered response materials and
their applications. In addition to extruded products and
powder metal and cermet feedstocks, Terves and Powder-
met also provide metal matrix composite materials, forgingA. Sherman (&)
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stock, fully machined parts to customer specifications, and
full assemblies built to OEM specifications.

As part of our efforts to diversify markets and products, in
2021, Terves commissioned Wagstaff to design and con-
struct North America’s only magnesium vertical direct chill
(VDC) casting system to be built in the last 35 years. With a
capacity of 3000–5000 tons/annum of magnesium billets,
Terves can support additional markets in recreation/sporting
goods, defense, aerospace, biomedical, energy storage, and
transportation lightweighting markets. To support these
markets, Terves has developed and licensed a number of
new heat treatable Magnesium alloys, including new mag-
nesium alloys specifically engineered for high plasticity
(energy absorption), high strength, lower cost (lower alloy
content and higher extrusion, forming, and rolling speeds),
and with reduced or eliminated high value rare earth con-
tents. When the new VDC comes on-line (spring, 2023), the
current permanent mold foundry will be converted to the
metallothermal production of rare earth metals, including
Nd, Gd, and Dy. Parent company Powdermet Inc. also broke
ground in August, 2022 on a new 30,000 sq ft facility to
produce MnBi (licensed from the critical materials institute)
rare earth free magnets, as well as NdFeB rare earth mag-
netic materials via strip casting using purified, recycled, or
internally reduced rare earth metals.

In 2014, Terves introduced its patent pending Terval-
loy™ dissolvable magnesium alloys. This development
transformed the oil and gas completions industry, reducing
water use and emissions during completion operations by up
to 92% by eliminating the need to drill out plugs while
flushing the produced debris from the 3–5 mile well-string
in order to reestablish communication with the geologic
formation. Plugs made from Tervalloy simply dissolve/
disintegrate upon exposure to fluid, salinity, and tempera-
ture, returning the magnesium to the seawater from which it
was originally extracted (Mg is 2% of seawater) in a con-
trolled manner. By 2017, when our first patents issued, the
majority of the market had been offshored to low cost Chi-
nese suppliers who use the pigeon process (high CO2) and
low cost labor, utilities, and regulations to out-compete
western manufacturers. Magnesium has been designated as a
critical material for lightweighting (including its use in
aluminum alloys, titanium production, and steel processing)
primarily due to unfair Chinese trade practices (https://doi.
org/10.3133/ofr20181021).

Patents are one strategy that act as a sword to attack
infringers, including unfair foreign competitors. Terves has
been working to enforce its patents, and after tracking a large
importer of infringing magnesium alloys, we filed for patent
enforcement/infringement in 2018. Terves LLC v. Ecometal
Inc., Case No. 1:19-cv-1611-DCN (N.D. Ohio 2019). After
more than three years, Terves prevailed at trial, and after
surviving two IPR’s and an ex-party reexamination, the

patent validity, infringement, and lost profit damages were
established in district court, and a permanent injunction was
issued against the infringing parties. Terves continues to
enforce its patents to sustain North American manufacturing
and is increasing its investment and commitment to critical
materials production in the USA with a planned $27 M
investment in expansion and additional production at our
Euclid, Ohio facilities.

Patents, IP, and Enforcement Post AIA

The right to a patent was granted to authors and inventors in
the US constitution. It was the first time in history that the
common “man or woman” were allowed to own their
inventions. Prior to the US constitution, grants were by the
state, generally to landed and gentry class, and the common
person had no right to ownership at the national level. To
support sustainable domestic manufacture of critical mate-
rials, PMT group has over 100 patents issued or pending and
has invested heavily in IP creation and enforcement as a core
strategy to create barriers to (mainly) foreign competition
and to try and prevent rapid commoditization of products to
allow faster payback and acceptable returns on investment in
the capital intensive and long product life cycle materials
industry. After 26 years, (including several prior freedom to
operate, patent infringement, and theft of trade secret liti-
gations), the current enforcement experience has highlighted
the strengths and weaknesses, and expenses, of IP strategy.
In particular, the patent trial and appeals board (PTAB),
created under the AIA, and set up by big tech, has over-
turned 85% of all patents brought before it, using adminis-
trative court judges with no requirement for any patent or
technology expertise. The PTAB was designed with that in
mind by big tech. In fact, Googles’ main patent strategist,
Michell Lee, was appointed head of the patent and trademark
office by president Obama and instituted the rules and pro-
cedures designed to greatly weaken patent holders rights and
remedies, and to shield large corporations from patent
infringement damages. Ostensibly, the PTAB was supposed
to be a faster and cheaper method of resolving patent validity
as compared to district court proceedings. In reality, it was
designed in favor of large corporations to allow them to
utilize other peoples intellectual “property” without
compensation.

We are part of US Inventor, an organization of over
60,000 inventors working to restore patent rights that were
largely stripped by the PTAB under the American Invention
Act (AIA). According to the US Inventor website “The
America Invents Act of 2011 (AIA) created an easier way to
invalidate (revoke) an issued patent. The PTAB is an
administrative court with no jury and much less due process
than a real court. Rather than a lifetime-appointed judge, a
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PTAB trial typically has three attorneys who are called
Administrative Patent Judges (APJs). Since inception, 84%
of the patents that go through a PTAB process get fully or
partially invalidated (partially usually means the parts of the
patent that matter).

When you attempt to stop a large corporation from
infringing your patent, they will try to use the PTAB to
invalidate your patent. If you win one PTAB attack, you can
still be pulled into additional ones by the same or other
infringers. According to the AIPLA (American Institute of
Patent Law Association), a reasonable PTAB defense costs
$400,000 to $800,000. Historically, the typical inventor
would hire an attorney on a contingency basis to fight an
infringer (where the inventor doesn’t pay much up front and
the attorney gets a percentage of the verdict award or set-
tlement amount). Today, it is extremely rare for an attorney
to take any PTAB case on contingency.”

Furthermore, the AIA largely removed the ability to stop
infringers, we believe against the constitution (Supreme
Court ruled that patents are no longer a property right, to
allow the PTAB to exist). Per US Inventor “ The U.S.
Supreme Court decided that it was in the “public interest” for
a proven infringer to continue infringing because it could
serve the market better than a startup (Ebay, 2006). As a
result, even if you win your case, you will have to pass a
“public interest” test before an injunction can be issued to
stop the infringer. A startup vs an entrenched corporation
will typically fail this test, so you can’t stop the infringer.
You end up with a court-ordered royalty that you cannot
negotiate, and the infringer keeps your invention and the
market. This is often an impossible barrier for what would
have been, until recently, the next great American disruptive
startup.”

US Inventor is working to restore US Inventor rights,
including the ability of inventor-operators to opt out of the
IPR in favor of district court (IPRs are almost exclusively
filed in response to a claim of infringement), and the restore
the right no not be forced to license to a corporation that has
been found to infringe.

Terves’ experience in litigating was that it was long (over
three years), mainly due to the ability of the infringer to
delay and stall litigation and particularly discovery. We were
unable to serve or get discovery in china, and have aban-
doned our Chinese patents as worthless due to their extre-
mely poor legal system (no experts, no discovery, mainly
works on behalf of government interests, not private party
interests). Cost of litigating, including defending two IPR’s
and one reexamination, discovery, motions, and trial
approached $2M. We did receive a permanent injunction and
lost profits, proving to the jury that no reasonable alternative
to Tervalloy is available in the market, a major win.

One of Terves strategies to offset the power of the PTAB
has been to obtain a large number of patents and claims, to

increase costs of litigation against our IP portfolio. Terves
currently has more than five patents issued and over 350
claims issued on our dissolvable magnesium materials and
their application. However, this comes at significant cost to
both prosecute (obtain), defend (against claims of invalid-
ity), and enforce (attack infringers). This is in addition to
substantial investment in vertical integration, inventory, and
productivity to reduce costs, speed delivery, and meet all
demand for wrought magnesium in North America. We also
invest and collaborate to develop new alloys, heat treat-
ments, and production processes to enhance performance,
customize products for individual clients, and meet customer
demands in order to better compete with foreign producers
and importers.

In addition to our district court enforcement actions, we
have been researching ITC 337 exclusion processes. These
have been used by some startups (Aspen Aerogels, for
example) to block import of infringing product. The
advantage of 337 proceedings is they cannot be stalled by
legal maneuverings, and reach conclusion in 18 months or
less under statutory requirements, leading to an exclusion
order blocking imports of infringing products into the USA.
Disadvantages are that the costs are high and cannot be
recovered, nor can damages be recovered, and the exclusion
order needs to be enforced by an overworked customs and
border patrol. However, violators of the exclusion order are
subject to punishing fines and penalties that can reach
$100,000/day, and shipments and product can be confis-
cated. Those that have successfully pursued 337 have indi-
cated that they largely rely on the risk aversion of large
public users to enforce and comply, in addition to working
with customs and border patrol to identify and seize inbound
infringing products. This was successful in the case of Aspen
Aerogels, while it was unsuccessful in the case of crucible
materials, who won a general exclusion order for NdFeB
magnets but did not prevent offshoring (no magnets are
currently produced in the USA, despite the fact that they
were invented and at one time solely produced in the USA).
Many of the ITC procedures and precedents were set in the
crucible materials action, and ITC proceedings are increas-
ingly being used to enforce and enhance patent rights for
composition of matter and other utility patents.

Summary

In summary, patents, trademarks, and trade secrets are one
set of tools to support domestic manufacturing. Innovation,
particularly process improvements to reduce costs and labor
content as well as creating new markets/demand, are more
powerful in the short run, but patents provide for longer term
sustainability, but only if they can be successfully enforced
and defended. Novel composition of matter patents are the
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easiest to defend and enforce (as in the Tervalloy case, we
enforced composition of matter claims). Branding, including
trademarks, is an incredibly powerful and relatively easily
enforced tool to create a preference and loyalty but is more
difficult to achieve in the materials and manufacturing sector
serving OEM’s, as opposed to the consumer sector. Copy-
writes, including material performance specifications,

quality documents, and validated property datasets, can also
create preferences and increase cost of competition in critical
applications. Finally, government intervention and public
policy efforts such as domestic content rules, tariffs, tax
incentives, and targeted investments are required to offset the
actions of foreign governments and non-free market econo-
mies to create fair trade, as opposed to free trade.
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