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MECS, Inc. provides
sulfuric acid process
technology and related
products custom
engineered for acid
plant environments

Challenges


Limited budget



Conventional baffles
are susceptible to
cracking



Requirement of skilled
labor

Products Used


VectorWallTM Mixing
Checkerwall



HexWallTM

Benefits


Reduced plant
emissions



Reduced installation
time



Reduced pressure drop



Mechanical stability



Increased capacity of
furnace

Introduction
As owners continue to push
plants harder, energy
conservation goals continue to
be more aggressive and
regulators continue to require
tighter operating windows,
today’s sulfuric acid plant
manufacturers need new
innovative ways to get more out
of their existing assets. In this
context, “more” can mean many
things: debottlenecking, lower
energy consumption, lower
emission rates, etc. This article
examines how next generation
furnace designs for sulfuric acid
plants are supporting these
growing needs.

Targeting the furnace to achieve
these results is not a trivial
matter. A sulfuric acid plant
furnace is a complex and critical
unit with a variety of operational
and maintenance challenges of
its own: the need to ensure
complete combustion of various
compounds, pressure drop
constraints, temperature and
excess O2 control and more.
These needs vary depending
upon the type of furnace (sulfur
burning vs. spent acid
decomposition) as well as other
factors such as production goals,
emission targets, etc. To meet
the goals of the owner requires a
deep understanding of all
furnace types and what tools,

technologies and operating
parameters can be manipulated
to achieve the relevant targets.
To cause real improvements to
plant operations by
manipulating the furnace means
facing these challenges head on.
Specifically, this article discusses
several cases of innovative
furnace designs, the real impact
of these next generation
technologies and the relevance
of these results to production,
energy and emissions targets.
Examples include VectorWallTM
technology for improved flow
characteristics, advanced CFD
modeling, staged combustion
designs and control techniques.
Many of the solutions discussed
in this article leverage
proprietary MECS® VectorWall
ceramic furnace internals, which
are constructed from a series of
hexagonal blocks that stack
together without mortar and
remain fully supported on all six
surfaces, as shown in Figure 1.
Each individual block can be
fitted with a vector tile in order
to create custom flow patterns
inside the furnace. Flow fields
can be manipulated using this
technology in order to create the
desired combustion
environment and to ultimately
help facility owners meet their
various objectives.

Figure 1: MECS ® VectorWall ceramic furnace
internals are hexagonal blocks that stack
together without mortar and are fully supported
on all six surfaces (above). Vector tiles can be fit
into each hexagonal block in order to create
custom flow patterns inside the furnace (below).

Case 1: Staged Combustion
with O2 Enrichment for Low
NOX
In 2015, a chemical spent
sulfuric acid facility endeavored
to release more capacity while
reducing stack NOx emissions.
The facility owner partnered
with MECS, Inc. (MECS) to
conduct the proper analysis and
deliver products and
engineering services that would
facilitate these goals.
Prior to the revamp, stack NOX
levels were 120-150 mg/Nm3 at
an acid production rate of 900

tons/day. In order to reach 100
mg/Nm3 at 1,076 tons/day,
MECS recommended that the
facility owner retrofit the
furnace to a staged combustion
design and utilize oxygen
enrichment. The challenges of
implementing this
recommendation were a limited
footprint and a limited budget.
Thus, a staged combustion
design using two separate
furnaces (one reducing and one
oxidizing) was not feasible.
To investigate how to achieve
these targets using the existing
furnace, MECS partnered with
John Zink Hamworthy
Combustion to perform
advanced combustion and CFD
modeling. Advanced combustion
modeling was critical to the
success of this project. Suboptimized baffle configurations
could lead to incomplete
combustion, NOX formation and
even equipment damage.
Figure 2 shows O2 content at the
furnace exit for two different
baffle configurations. Low O2
readings at the furnace exit are
an indication of inadequate
combustion air which can result
in incomplete combustion and
even sulfur precipitation in the
furnace. In some cases, facility
owners will control fuel gas

Secondary air is forced down
into the bulk gas flow stream

Gas is mixed in the second
chamber by the Vector tiles

Figure 4: Velocity plot for optimized baffle
configuration.

Figure 2: O2 at the furnace exit for sub-optimized
(above) and optimized (below) baffle
configurations.

Figure 3: SO2 at the furnace exit for the suboptimized (above) and optimized (below) baffle
configurations.

rates off of oxygen readings to
ensure proper combustion. In
such cases, uniform O2
distribution is critical to ensure
that the furnace is operating at
the desired control point and
that O2 readings are
representative of the true bulk
flow.

emissions problems for the
plant. Low SO2 also affects the
overall plant heat balance and
overall sulfuric acid production.

Figure 3 shows SO2 content at
the furnace exit for two different
baffle configurations. SO2
content at the furnace exit is
important because it influences
the chemical reactions in the
converter and the overall
conversion achieved by the
process. Excessive SO2 leaving
the furnace could create
temperature control or even

The analysis indicated that the
staged combustion revamp
could be accomplished with the
existing furnace by utilizing
MECS VectorWall ceramic
furnace internals. Specifically, it
was found that a partially
blocked first wall was needed to
force the staged air down into
the furnace and that vector tiles
were needed on the lower
portion of the wall to create a
mixing vortex (see Figure 4).

production and emissions goals
and the modeling work was
validated with real data. The
facility owner was satisfied that
by implementing staged
combustion with oxygen
enrichment and by utilizing
MECS VectorWall ceramic
furnace internals, they were able
to achieve their emissions and
capacity objectives.
Case 2: Mechanical Stability
In late 2013, a sulphuric acid
production facility undertook a
major furnace replacement
project. Due to timing and
footprint constraints, the new 1.1
million pound furnace was to be
fully bricked prior to the plant

The field results were excellent;
the customer achieved the
Figure 5: VectorWall Configuration

together without mortar.

shutdown and then lifted into
place during the plant
turnaround.

Figure 7: Collapsed baffle wall with conventional
brick and mortar design.

Figure 6: Actual VectorWall installation with
optimized baffle configuration.

To execute such an ambitious
plan, proper planning, analysis,
and above all mechanical
stability of the furnace were key.
While proper bricking is an
important aspect of mechanical
stability, it is also true that some
designs are inherently more
mechanically stable than others.
To meet these needs, the facility
owner used MECS HexWall
ceramic furnace internals in
place of conventional baffles.
Conventional baffles are made
out of brick and mortar and are
susceptible to cracking. Thus, it
is not uncommon for facility

In this case, the facility owner
was able to execute an aggressive
turnaround plan which not only
preserved the mechanical
integrity of the new furnace, but
even enhanced it. Additionally,
the HexWall was installed in
approximately 1/3 the time it
would have taken to install
conventional brick baffle walls.

owners to rebuild conventional
baffle walls on a regular basis.
Additionally, the stability of a
conventional brick baffle wall
can vary substantially depending
upon the skill of the installer.
Figure 7 shows a collapsed brick
baffle wall.
By contrast, MECS HexWall
ceramic furnace internals are
keyed into the brick lining of the
furnace, and stacked together
without mortar. The resulting
furnace baffle walls are both
sturdy and flexible, much like a
well-built bridge. The advantage
to the facility owner is a sturdier
structure that can be erected in a
fraction of the time it would take
to build a conventional baffle
wall. This results in reduced
installation costs and avoided
future maintenance and repair
work. Figure 8 illustrates how
the HexWall is keyed into the
furnace lining and stacked

Figure 8: MECS HexWall installation keyed into
the furnace lining (top) and held together
without mortar using a tongue and groove design
(bottom).

Next Generation Designs
As field data from real cases
continue to corroborate furnace
CFD modelling, the question
becomes: what next? As furnace

Figure 9: Fully bricked furnace with MECS
HexWall being lifted into place.

Figure 11: Residence time distribution for three baffle walls vs one VectorWall

mixing technology continues to
advance, well-designed furnaces
become capable of doing more
(or the same) with less.
Sulfur burning furnaces can be
designed with fewer baffle walls
to reduced installation costs as
well as pressure drop, as shown
in Figure 10.

Figure 10: Pressure drop for three baffle walls vs
one VectorWall.

Residence time distributions can
be narrowed for steadier and

more predictable furnace
performance. Figure 11
compares the residence time
distribution associated with a
conventional brick baffle design
to the residence time
distribution associated with a
VectorWall design. For an ideal
plug flow reactor, the residence
time distribution would be a
single vertical line at a time that
corresponded to the design

point for the furnace. Broader
residence time distributions
indicate sub-optimal mixing,
hence failure to fully utilize the
entire furnace volume to its point
of maximum efficiency.
The narrower residence time
distribution in the VectorWall
design indicates that a higher
percentage of particles pass
through the furnace in an amount
of time that is closer to the design

point than would have been the
case with a conventional design.
Thus, next generation designs
can integrate VectorWall
technology in a way that reduces
furnace sizes. Table 2 shows the
capital savings on a US Gulf
Coast basis for a 10% reduction
in furnace size for a typical
sulphur burning furnace.
Conclusion
The need for next generation
furnace technology is great. It is
driven by tightening budgets,
environmental regulations, and
tighter operating windows; it is
driven by broadening
production aspirations,
turnaround scopes, and
technology availability.
In the first case, we examined
how additional capacity can be
released while reducing plant
emissions by combining
advanced combustion and CFD
modelling capabilities with
sulphuric acid plant-know how
and proprietary MECS
VectorWall technology. In the
second case, we examined a
creative construction plan that
leveraged the mechanical
stability and ease-of-installation
benefits provided by MECS
HexWall ceramic furnace
internals. Finally, next
generation designs were

discussed that reduce the
quantity of baffles, thus reducing
pressure drop, installation costs,
and improving residence time
distribution. Improved residence
time distributions can lead to
smaller, more efficient furnaces,
saving capital for facility owners.
Proper furnace design is not a
trivial matter. However,
customers can benefit from
MECS process and mechanical
expertise, together with the
input of industry experts like
John Zink Hamworthy
Combustion and Blasch
Precision Ceramics, to study
creative solutions with tools like
combustion modelling, CFD
analysis, and general sulphuric
acid plant design capabilities
and know-how. When analyzed
by the right team of experts,
facility owners can realize
improvements that meet and
even exceed their goals.
Acknowledgements
MECS would like to acknowledge
Blasch Precision Ceramics and
John Zink Hamworth
Combustion for their
contributions to this paper.

