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Titanium is neither a precious
metal nor rare, yet among in-
dustrial metals it has the repu-
tation for being very expen-

sive. Itʼs the fourth most abundant
metallic element and the ninth most
abundant of all the elements in the
earthʼs crust. Its commercially useful
oxide ore occurs in the minerals rutile
and ilmenite and numerous iron ores,
and exploitable ore depositsare liberally
scatteredaround the world in Australia,
Canada, India, Malaysia, Norway, Rus-
sia,South Africa and the U.S. But due to
its properties and high cost it has often
been referred to as unobtanium.

With such greatabundance why is ti-
tanium so expensive?

There are two primary reasons. First,
the cost of chemically extracting tita-
nium from its ore, then turning it into
ingots is very high. Second, processing
the metal from ingot to finished mill
products generates large amounts of ex-
pensive waste.

Typically, 15 – 40% of the starting
ingot material becomes scrap during re-
quired conditioning steps.Titaniumʼs

reactivity at high temperatureswith
oxygen and nitrogen contributes to the
high cost in both cases.

Among major structural metals, tita-
nium is the youngest. Unlike iron, of
which the first known artifacts shaped
by humans date to approximately 3200
BC, titanium was not even identified as
an element until the late 1700s.And it
was not until 1937that Luxembourg in-
ventor Dr. Wilhelm J. Kroll developeda
processdemonstrating that it could be
produced commercially. The Kroll
process chemically reduces titanium
tetrachloride with magnesium. Produc-
ers then either acid leach or more com-
monly vacuum distill the resulting
sponge-likematerial to remove impuri-
ties and form the metal. After Krollʼs
demonstration, another eleven years of
process development was required by
the U.S. Bureau of Mines before the first
commercial titanium sheet was pro-
duced.

HowTitanium Is Produced
Titanium metal is produced from ore

to mill product in three general steps:

• the chemical reduction of ore to
sponge (the agglomerated granules re-
semble a sea sponge);

• melting the sponge (often in combi-
nation with titanium scrap) to form
an ingot;

• and lastly, converting the ingot into
saleable mill products.
The chemical processof refining the

ore to metallic sponge is a complicated
multi-step, high temperature batch
process that is labor, energy and capital
intensive. In spite of attempts to im-
prove upon it, the processhas remained
basically the same since its inception.

Turning sponge into ingot is compli-
cated and regardlessof which melting
method is used—vacuum arc re-melting
(VAR), electron beam cold hearth melt-
ing (EBCHM), or plasma arc melting
(PAM)—it is highly energy intensive.
Like the ore chemical reduction process,
it must be done in a vacuum or inert at-
mosphere to control reactive contami-
nation that would compromise the
metalʼs structural integrity.

The last step, thermo-mechanical
conversion of titanium ingot into mill
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products—bar, plate, sheet, rod, and so
on—is done in much the same manner
as other metals. But, again, the metalʼs
highly reactive nature plays a critical
role. The metal is heated to the appro-
priate temperature, processed to the
next incremental size or shape (mainly
via forging or rolling), allowed to cool,
conditioned and inspected. Then the
process is repeated until the final mill
form and size is reached. However,
when exposed to air at high tempera-
tures the metal is reactive, absorbing ad-
ditional oxygen and nitrogen, forming
a hard, brittle, shell-like oxygen-en-
riched phase of the metal called alpha
case over the entire surface. The me-
chanical properties of the alpha case
layer are greatly reduced from the par-
ent metal. Additionally, as the metal
cools, surfacecracks form which can ex-
tend into the material to a depth of 5%
or more, and they too are covered with
alpha case. Unless the alpha case layer
and the cracks are removed, additional
thermo-mechanical processingwill sim-
ply drive the cracks and defects more
deeply into the metal, compromising its
performance and fatigue properties,
causing even greater yield lossesat the
next conditioning step.

Conventional Conditioning
The process for removing alpha case

and surface defects and preparing the

metal for the next hot forming step is
called conditioning. Alpha case is tena-
cious and hard and the most widely
used method of conditioning titanium
traditionally has been grinding, often
followed by acid pickling.

The removal of metal by grinding
with a rotating abrasive wheel is a slow
processgoverned by physics. The arc of
the grinding wheel can only contact the
material being conditioned in a small
patch. The contact patch pressuremust
be carefully controlled as the wheel ro-
tatesand moves laterally. Too little pres-
sure and the process is inefficient. Too
much pressure generates excessive heat
creating a new layer of alpha case. The
round wheel can only remove a narrow
strip of material as it moves the length
of the surface. It then indexes for the
next pass and repeats the process until
the entire surface has been reduced by
the depth of the wheelʼs arc. The total
surface grinding process is repeated as
many times asrequired until the surface
appears crack-free.Pickling is often sub-
sequently used to clean the surface and
reveal cracks and other defects covered
over and hidden by metal smeareddur-
ing grinding. The material is then either
returned to the auto grinder for addi-
tional grinding, or hand ground if the
revealed defects are shallow. Both con-
ditioning methods are dangerous and
generate hazardous waste.

The industry also sometimes usesma-
chining, either bar turning or milling,
to condition titanium, but the machin-
ing process is more costly, even slower,
and removes excessive prime material.
Machining is usually only employed
where the producer requires a smoother
surface than can be obtained from
grinding and/or pickling, such as when
an ultrasonic inspection follows the
conditioning step.

These conventional conditioning
processeshave been used virtually since
the beginning of titanium production
because they worked and were pretty
easily understood. Of course, they were
developed and have been fine-tuned by
different producers to meet their own
needs (the amount of conditioning re-
quired after hot working depends on
numerous factors including melt source
and method, hot processand amount of
reduction). But the basic processeshave
been accepted and have not changed
much since the early days of titanium
production. Accordingly, conditioning
processeshave remained relatively low-
tech and until recently no one has fig-
ured out a way to improve upon them.
Yet the cost of the material lost to waste
in conditioning is one of the largest
contributors to the cost of the material
sold.

NewConditioningProcess Improves
Yield

A new conditioning processis finally
reducing costs for titanium producers.
The processreplaces traditional full sur-
face grinding, machining and acid pick-
ling conditioning stepswith lower loss
electrochemical treatment steps. The
patented electrochemical process, de-
veloped by MetCon, LLC, improves
ingot to finished product yield by 10%
to more than 20% and representsthe
largest cost reduction breakthrough for
titanium in more than a quarter cen-
tury. In addition, the process offers
greatly accelerated throughput and is
truly environmentally green,providing
additional production cost and safety
benefits.

MetCon removes the alpha case
layer using a newly developed,
patented, electrochemical process.The
key benefit of the process is the ability

Technician checks electrochemical bath temperature as material is loaded into tank. The green MetCon
process environment requires none of the extreme hazmat precautions typically associated with pickling.
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to remove precise amounts of surface
material from titanium forms using
rectifier control. Instead of removing
all material down to the level of the
deepest crack tip, as done by mechani-
cal methods, the MetCon processelec-
trochemically removesa much thinner
layer, which includes the vertical sur-
facesof the cracks.Due to the nature of
the process, the edgesof cooling cracks
are attacked preferentially, eroding
them without removing adjacent bulk
metal. The cracks are opened and their
edges are smoothed and feathered to
blend with the surrounding metal. Un-
like traditional acid pickling where
cracks are simply etched deeper along
with removal of the surrounding
metal, the cracktip remains at the orig-
inal depth in the MetCon electrochem-
ical process. The process also electro-
chemically conditions the crack tips,
rounding and blunting the sharp
points. The conditioned, featheredand
rounded alpha case-freeprior defects
“heal” on the next hot working step
rather than propagating further into
the material.

The subtractive procedures of surface
grinding, machining, and acid pickling
remove with each conditioning step
from 3 to 7 volume percent of the
piece being processed, depending on
the depth of the cooling cracks. In
comparison, the MetCon process re-
moves much less material—just 0.5 to
3% per conditioning step. Between
ingot and finished mill product there
are typically three to four hot working
steps that require conditioning, and
some products require more. Since the
savings on each conditioning step are
cumulative, the MetCon processcan
give a titanium producer as much as
20% or more additional finished mate-
rial to sell. The increasedsaleablemetal
comes from the same size starting
ingot with essentially no increase in
manufacturing costs.

Alternatively, since the MetCon
processreducesconditioning waste, a ti-
tanium producer could apply signifi-
cantly less starting material, whether
that be sponge, ingot or billet, to pro-
duce the same output volume of fin-
ished product and the same amount of
sales income as they would using con-

ventional conditioning techniques.
Taking this approach, the MetCon
process substantially increases the pro-
ducerʼs finished product output capac-
ity while requiring no melt shop or raw
material capital investments.

A Faster Process That Is Also Green
The MetCon process is substantially

faster and much safer than traditional
conditioning processes.The common
techniques of grinding or machining re-
move small amounts of material with
each pass as the removal device, grind-
ing wheel, or machine tool slowly
moves down the workpiece. Grinding
processes generate heat as they turn
solid metal into swarf or dust that is an
explosion hazard and must be carefully
controlled and removed from the air
(the burstsof white color you seein fire-
works displays are often produced by

burning titanium particles). Titanium
machining chips from milling and turn-
ing conditioning stepsare highly flam-
mable and the cause of numerous cata-
strophic plant fires. Because the
conventional processesare limited by
physics as to how much material is re-
moved at a time, they must be repeated
numerous times over the entire surface,
on all faces of the material, until reach-
ing the bottom of the deepest cracks.
Only one surface of one piece can be
conditioned at a time by one machine,
and the traditional processesare very
time consuming.

Elevated temperature acid pickling is
also used in conditioning, often in con-
junction with the mechanical processes.
Final product pickling is often required
by customersʼ specifications as a final
surface cleaning. Pickling can also deal
with smeared deposits caused by the

As forged incoming material displaying cracks and alpha case, requiring conditioning.

The same material fully conditioned by the MetCon process, ready for forging or rolling. Crack tips have
been removed and more parent material preserved than by traditional conditioning methods.
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grinding or machining operations that
routinely conceal material flaws. If these
flaws are not revealed using a secondary
pickling step, they will be discovered in
downstream processing steps or during
sonic inspection where they are more
costly to address, cause even greater
yield losses,or far worse,where they can
compromise large amounts of expen-
sively processedmaterial. But the acids
used (typically hydrofluoric and nitric)
are among the most dangerous known.*
From production to delivery, use, and
disposal, they must be handled with
elaborate precautions and expensive
hazardous materials apparatus to mini-
mize inherent danger. For worker safety
the air must be scrupulously scrubbed
where the acidsareused.Even with such
precautions, equipment and structures
have short lifespans due to corrosion.

In contrast to grinding or machining,
the MetCon electrochemical process
takes place with the material sub-
merged in electrolyte in a large tank.
The material is subjected to a range of
electrical currents and voltages that re-
move the alpha caseand open the cool-
ing cracks rounding and blunting the
crack tips. The electrochemical process
itself is inherently much fasterthan tra-
ditional mechanical grinding or ma-
chining. Because the piece is sub-
merged, the MetCon process has the
substantial advantage of conditioning

all surfaces simultaneously. Plus, as
many pieces can be treated at one time
as fit into the tank. Current tanks ac-
commodate full heat quantities (condi-
tioning an entire heat at one time is a
breakthrough) and there are no techni-
cal restrictions to scaling the tank sizes
larger. Material is ready for the next
forming step five to 50 times faster
than by traditional conditioning meth-
ods, greatly accelerating work-in-
processcycle times and relieving a typ-
ical production bottleneck. In addition,
for operations that rely on a pickle to
reveal defects after a grinding opera-
tion, this new process eliminates the
need for that entire processingstep, cu-
mulatively taking weeks out of the tra-
ditional processingtime.

Since the processis electrochemical, it
generatesno hazardous grinding or ma-
chining dust, swarf, or chips. Material
removed is absorbed by the electrolyte.
The proprietary MetCon electrolyte is a
weak acid comprised predominantly of
water with small amounts of a fluoride
salt and a carboxylic acid (a solution
closely related to a highly diluted com-
mon household cleaner mixed with or-
ange juice). Very limited chemical han-
dling precautions are required, and no
hazardous material equipment is neces-
sary in preparation, storage,or use.

The process takes place in an open
environment. No hazmat suits are re-

quired and neither the electrolyte or
the processhas any impact on air qual-
ity. Becausenitric acid is not employed
(as is typical with the standard tita-
nium pickle of HF-HNO3) there are no
NOx emissionsor NOx regulatory chal-
lenges, which have resulted in tita-
nium pickling facility closures in re-
cent years. The electrolyteʼs benign
nature allows neutralization to be eas-
ily done in-house before public sewer
disposal, complying with all local,
state and federal environmental stan-
dards. Because MetCon electrochemi-
cal conditioning is truly a green
process, the extensive and expensive
safety and hazardous material con-
cerns required in conventional condi-
tioning and pickling processessimply
do not apply.

Seeing Is Believing
As with any innovative new process,

titanium producers have approached
the MetCon processwith caution and
in some casesskepticism. It is always
difficult to alter thinking and habits
that have been ingrained for many
years, especially when the new process
and its procedures challenge tradi-
tional teaching. However, as long-ex-
perienced industry technologists have
become more familiar with the Met-
Con concept, their thinking has
changed, particularly when theyʼve
had the opportunity to see their own
material being conditioned by this new
process.As one recognized industry ex-
pert said, “Observing the processwhile
standing nearby in street clothes¬—no
hazmat precautions required—is eye-
opening. Seeing the results and doing
the math clearly demonstrates the sav-
ings possible.”

This article was written by Kurt Faller,
President and Chief Executive Officer, Met-
Con, LLC (Monaca, PA). Formoreinforma-
tion, visitwww.metcon.net.

* Pam Koontz, Environmental Health &
Safety, University of Tennessee,
Knoxville. http://docplayer.net/
23171840-Pam-koontz-environmental-
health-safety-university-of-tennessee-
knoxville-hydrofluoric-acid-safety.html

Reprinted from Aerospace& Defense
Technologymagazine.

MetCon conditioned material ready for next process step.


