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ABSTRACT
ATI Wah Chang’s OmegaBond®®

tubing has been subjected to
numerous physical, mechanical,
and chemical tests to demonstrate
its robustness in high-pressure urea
strippers and other applications.
However, before it can gain wide
acceptance by users, it must stand
up to the most critical test from the
perspective of potential end-users;
how the tubing stands up in actual
service. 

A trial tube and a welded tube
sample were installed into an
operating urea stripper in mid-
2005. After one year of operation,
the trial tube was inspected and part

of the welded tube sample was
removed for evaluation. The stripper
was then restarted and operated for
an additional 1-1/2 years, at which
time the trial tube was re-inspected
and the remainder of the sample
was metallographically evaluated.
Both the full-length tube and the
sample performed very well in
service. This paper examines the
details of these evaluations, and
discusses the suitability of the
tubing in urea production. 
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INTRODUCTION
ATI Wah Chang has been working

with Saipem / Snamprogetti to
implement ATI Wah Chang’s newly
developed OmegaBond®® tubing in
urea plants. While numerous other
materials have been used, the
versatile patent pending
OmegaBond®® tubing technology is
particularly well suited to optimize
the performance and equipment life
of the challenging and corrosive
high-pressure urea stripper. 

In the Snamprogetti process of
urea production, one of the most
critical pieces of equipment is the
urea stripper. This is a high-
pressure, vertical fall ing film heat
exchanger. The tubes are welded
into thick tubesheets at the top and
bottom of the unit. Typically, the
tube-side operates at a pressure of
approximately 150 bar (2175 psi).
Medium pressure steam is injected
into the shell, heating the solution
to above 200°C (392°F) in the
bottom. As the solution film flows
down the walls of the tubes, gases
stripped from it flow up and out
through ferrules fitted into the top
ends of the tubes. 

® OmegaBond is a registered trademark of ATI Properties, Inc.
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Since its invention, numerous
physical, metallurgical, corrosion,
and mechanical tests have been
performed on OmegaBond®® tubing
to prove its general robustness.
While these tests provide very
promising indications, it is well
understood that even the most
stringent laboratory conditions may
not reflect the actual environment
that is seen in the plant. Installation
of tubes inside the actual equipment
is the best way to conclusively

demonstrate how they will eventually
stand up in service. For
Snamprogetti / Saipem, it was vital
to review the results of in-plant
installation before committing to
specifying a full piece of equipment
utilizing OmegaBond®® tubing.

OMEGABOND® TUBING
The concept of OmegaBond®® tubing
stemmed from the longtime
experience of ATI Wah Chang’s

involvement with both the nuclear
industry and numerous other
chemical process industries with
severe corrosion issues. It is
essentially a tube in a tube 
(one configuration being a titanium
Grade 3 outer tube with a Zircadyne®®

zirconium inner liner, metallurgically
bonded). It is the metallurgical bond
between the titanium and zirconium
that represents the incremental
improvement over older
technologies. 

Figure 2. (left) Weld mockup assembly. (right) Close-up of weld and tube end.

Figure 1. (left) Upper tubesheet, after machining out titanium tube. (right) After welding OmegaBond®® tube into place.

® Zircadyne is a registered trademark of ATI Properties, Inc.
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The current process to produce
OmegaBond®® tubing starts with a
zirconium billet fitted inside a
titanium billet. They are assembled
together and hot extruded at
temperatures that allow a high-
integrity metallurgical bond to form.
The extrusion is then cold-pilgered,
which reduces the diameter and wall
thickness until the desired final size
is achieved. 

The resulting metallurgical bond
is durable and ductile. Numerous
mechanical tests have been
performed on the tubes using very
severe deformations with no
resulting disbonding or bond failure.
More importantly, weld tests
performed under typical fabrication
parameters and conditions of
extreme heat input have shown no
signs of bond failure. 

This configuration of materials
provides a number of benefits to
urea producers. The standard
material of construction for urea
strippers most recently has been
urea-grade stainless steel. Although
the composition of such steel has
been modified in such a way to
maximize its corrosion resistance in
the urea solution, a small amount of
passivation air injected into the
stripper is still necessary to protect
the stainless steel against

ammonium carbamate. The oxygen
in the passivation air ensures that
the surface of the stainless steel
remains “passivated.” However,
titanium and zirconium are both
reactive metals. Reactive metals
self-passivate in the urea stripper
environment, meaning that they
require no passivation air to maintain
a corrosion-resistant oxide film.
Elimination of passivation air from
the stripper means fewer inerts that
must be processed, and a significant
reduction in the risk of a potential
explosive mixture downstream. Also,
since titanium and zirconium are
self-passivating metals, their general
corrosion rates are much lower than
that of standard urea-grade stainless
steel, providing much longer
equipment life. 

Additionally, OmegaBond®®

tubing allows the stripper bottom
temperature to operate well above
the temperature limitation of
stainless steel, 206°C (403°F),
without fear of corrosion. Depending
on the configuration of the plant, this
alone could potentially increase the
overall capacity of the plant by 15%. 

By lining the inside of the
titanium tubes with zirconium,
OmegaBond®® tubes completely
avoid the problem of ID erosion that
necessitates rotating the equipment

end for end and eventually limiting
the life of the titanium stripper. This
is due to the extremely hard and
durable oxide layer on the zirconium
that makes it impervious to erosion
in the urea environment. 

BACKGROUND / HISTORY
Fauji Fertilizer Company, Ltd (FFC),
of Pakistan was identified by Saipem
/ Snamprogetti as the client for a
trial OmegaBond®® tube to be
installed. FFC had an aging titanium
urea stripper at their Mirpur Mathelo
plant and a management group that
was will ing to consider new,
advanced technology. During a
March 2005 maintenance
shutdown, a titanium tube was
removed from the stripper by
machining out the welds on both
ends, and a full-length length
OmegaBond®® tube was welded
back in its place (Figure 1). 

A standard male-type ferrule
was then inserted into the top,
identical to all of the other tubes in
the stripper. (This is exactly the
configuration intended for a
complete stripper using
OmegaBond®®  tubes). Such a tube
would be subjected to all of the
dynamics in effect in an operating
stripper. Additionally, a second

Figure 3. Top tubesheet, before (left) and after cleaning (right).
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smaller sample of tubing that was
welded into a small titanium plate
(Figure 2) was bolted into the bottom
chamber of the stripper where the
most corrosive conditions are
believed to exist. 

The stripper was then restarted
and operated for about a year under
normal conditions. At this point, it
was shut down again for annual
maintenance and inspection. The
full-length tube was thoroughly
inspected by Saipem/Snamprogetti
personnel who were present for the
turnaround. The mockup sample
was inspected, then cut
longitudinally in half. One piece was
reinstalled back into the bottom
chamber of the stripper. The other
piece was sent to ATI Wah Chang
for detailed metallurgical analysis. 

Once again, the stripper was
restarted and operated for another
1-1/2 years, after which another
turnaround occurred. This time the
remaining titanium tubes were
determined to be eroded to the
extent that their wall thickness was
below the safety limit, and the
stripper was decommissioned. The
remaining half of the mockup
sample was sent to ATI Wah Chang
for analysis similar to the first piece.
The inspections and the results of
the metallographic analysis are
discussed below.

RESULTS & DISCUSSION
The full-length tube was never
removed from the stripper, so its
evaluation depends on analysis and
inspection that took place at the
plant site, using available techniques
and instrumentation. 

Full-Length Tube — Year 1
As reported by Saipem/Snamprogetti
inspection personnel, the tube was
first visually inspected at the top and
bottom (Figures 3 and 4). Visually, the
tube appeared satisfactory after one
year of service; there were some
slight by-pass marks in the titanium
at the top end where the ferrule rests,
indicating a need for an improved
seal. After cleaning the scale from the
tubes and tubesheets, dye penetrant
was employed, indicating that no
crevice existed between the layers,
and that the weld was intact.
Significantly, the zirconium ID of the
tube was completely free of any
depression or sign of erosion at the
bottom of the ferrule. Eddy current
testing of the full length of the tube
produced satisfactory results. 

Full-Length Tube — After Year
2-1/2
When the stripper was taken out of
service after an additional 1-1/2
years of service, an in-depth
inspection was not completed due

to the fact that thinning of the
titanium tubes made the stripper
unsafe to operate any longer.
Photos taken during the visual
inspection (Figure 5) are in
agreement with reports that the tube
was in very good condition, with no
indications of any problems. 

Weld Mockup — Year 1
The weld mockup was located in
the bottom of the stripper, as a
corrosion coupon, where the most
corrosive conditions are perceived
to exist. Although it did not
experience the dynamic flow
conditions that the full-length tube
did as an operating part of the
stripper, it was able to be analyzed
in much greater depth offsite. 

The mockup was removed from
the bottom of the stripper during the
annual turnaround. Upon initial
inspection, it was noted to have a
relatively uniform brownish scale
over the whole surface (Figure 6). 

It was then wire-brushed to
remove the scale and longitudinally
bisectioned. Half was reinstalled
back into the bottom of the stripper
for another 1-1/2 years of operational
exposure, while the other half was
sent to ATI Wah Chang for detailed
metallurgical analysis. 

Metallurgical evaluation focused
especially on the bond between the

Figure 4. Bottom tubesheet.
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Figure 5. Top tubesheet (left), after cleaning, and bottom tubesheet (right), without any cleaning operations. Note: no pictures are
available of the top tubesheet prior to cleaning.

Figure 6. Weld mockup as it appeared immediately after removal from the stripper (left), and as received at ATI Wah Chang (right).

Figure 7. Longitudinal cross-sections of the end of the weld mockup.
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titanium and zirconium, and whether
there was any sign of bond
degradation or corrosion. Numerous
metallographic samples were
prepared from the mockup clearly
showing that throughout the length
of the sample, including the weld
and heat-affected zone, the bond
remained strong and intact (Figure
7). Note that in all photos the pink-
red region is the zirconium. 

There was one unexpected
finding at the end of the tube where
the bondzone was exposed. At the

surface interface, a very small oxide
deposit developed within the
diffusion zone of the two metals,
forming a shallow ring approximately
40 microns deep around the end-
face of the tube. Further
investigation revealed that this oxide
deposit resulted from a well-known
phenomenon where alloys of
titanium and zirconium oxidize more
readily than either parent metal. 

Weld Mockup — After Year 2-1/2
A similar evaluation was performed

by ATI Wah Chang after an
additional 1-1/2 years of exposure
(Figure 8). The longitudinal cut done
prior to reinstallation allowed for
additional exposure of the extrusion
bond interface to the urea process
environment at the bottom of the
stripper; otherwise the configuration
was the same. Note that the only
location where oxide formed was
where the interface was exposed to
the process environment. In the
case of a tube, only the ends would
be affected. 

Figure 8. One section of the bond surface interface at approximately 100X (left), and its corresponding higher magnification, ~500X (right).

Figure 9. Side-by-side comparisons from pre-service (left), to 1 year (middle), and 2.5 years (right). Process scale was not removed
from the most recent sample prior to preparation.
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Side-by-side comparisons
The weld mockup allowed for some
side-by-side comparison and
analysis (Figure 9). This provided the
possibility to extrapolate out in time
and predict how the tubing would
be expected to perform over an
extended period of time. Note that
oxide at the surface interface that
is evident in the pre-service
condition resulted from stress-relief
heat treatment prior to shipping the
tubes to Fauji. 

From these photos, the rate of
increase in oxide depth is calculated
to be less than 0.03 mm/yr (1.2
mil/yr). Subsequent investigation
using high-temperature heat
treatment showed that the rate of
oxide growth is steady and does not
accelerate with time. This oxide
occurs only in the end of the tube
where the interface is exposed, and
as such does not represent any
issue for the structural integrity of
the tube. 

A similar calculation can be
performed on the tube as a whole.
Layer thickness measurements of
the tube wall were made for the
three time periods and plotted.
Results are shown in Figure 10.

Due to the fact that the
thickness measurements do not
show any trend towards thinning, it
is apparent that no general corrosion
is taking place. This is important
since the full length of the tube must
be able to withstand the corrosive
environment for many years. 

DISCUSSION
During the two and a half years of
operation with the OmegaBond®®

tube installed in the stripper, the
tube performed as expected. There
were no indications of any corrosion
of either the titanium or zirconium.
Although the titanium showed slight
signs of bypass on the top tube end
face, the issue should be resolved
with an improved sealing gasket
between the ferrule and the tube.
In any case, since zirconium has

proven to be immune to erosion,
the design of the tube should
prevent bypass flow from
progressing as it sometimes does
with solid titanium tubes. 

The resistance to erosion which
zirconium provides on the ID of the
tube is one of the most important
attributes of OmegaBond®® tubing
when used in urea strippers.
Titanium strippers are well-known
to be reliable and robust. However,
the titanium oxide layer is not as
durable as that of zirconium. Where
the fluid flow dynamics are turbulent,
such as where the ferrule terminates
inside the tube, titanium will erode.
This results in thinning of the tubes,
which eventually becomes the
primary reason that a titanium
stripper must be replaced. By
protecting the ID of the titanium tubes
with zirconium, the expected life of
the stripper is dramatically extended.
Operating the stripper for 2-1/2 years
with the trial tube suffering no erosion
in those critical locations verify this
important attribute. 

In a conventional bimetall ic
stripper, the perceived risk is that
process solution may seep in
between the two non-bonded
metallic layers. In such a stripper,
one of the layers is urea grade
stainless steel. The gap between
the two layers is effectively a

crevice. In urea processing, the
stainless steel is vulnerable to
corrosion in non-aerated regions like
crevices where passivation air is
excluded. Thus, seepage between
the layers of a bimetallic tube is a
well founded fear. However, reactive
metals tend to self-passivate in the
urea environment; self-passivating
reactive metals are also highly
resistant to crevice corrosion. Thus,
OmegaBond®® tubing is doubly
protected against such attack; the
materials of construction are
inherently resistant to corrosion, and
the metallurgical bond between the
layers prevents such seepage from
ever occurring. 

The small amount of oxide
formation is not located in a critical
part of the tube but is confined only
to the very end-face of the tube.
Since the tube-to-tubesheet weld
design has the tube protruding well
beyond the plane of the tubesheet,
the oxide cannot affect the structural
integrity of the tube. At the highest
measured rate of progression
(0.0254 mm/yr, or 1 mil/year), the
oxide will only progress down about
0.635 mm (0.025") over a projected
25 year life of the equipment. This is
far less than the protrusion above
the tubesheet.

Although the sample did not
constitute a dynamic component of

Figure 10. Average layer thickness measurments.
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the stripper, it does provide the
opportunity to destructively examine
material that has been exposed to
the environment for an extended
period. These examinations did
confirm the robustness of the tube
and bond. 

CONCLUSION
New materials must be rigorously

tested before they can be
considered ready for adoption in
process equipment. The most
critical test wil l always be the in-
plant tr ials, where al l of the
dynamics of the process are
present. Having been successfully
instal led on a tr ial basis,
OmegaBond®® tubing has reached
that point. Since the conclusion of
the in-plant run, two new strippers

have been ordered with
OmegaBond®® tubing, one for GPIC
in Bahrain and another for Fauji
Fertilizer Company in Pakistan. As
these new strippers come into
operation, the f inal phase of
development of OmegaBond®®

tubing can be considered
complete, and urea producers will
have a new standard for stripper
tubing. a
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