Feature

By: Allison Belgard, BASF; Vitor Sturm, Clark Solutions; and Dimitrios Pereira Tsiaprakas, Elekeiroz

For the past seven years,
Elekeiroz, BASF, and Clark
have collaborated to incre-
mentally upgrade Elekeiroz’s
sulfuric acid plant in Varzea
Paulista, Brazil. These up-
grades have included equip-
ment replacement and, no-
tably, a bed four -catalyst
replacement to BASF’s O4-
115 Quattro, which enabled a
significant capacity increase
and emissions decrease.

In 1909, Elekeiroz estab-
lished the first sulfuric acid
plant in Latin America, which
was part of Elekeiroz’s chem-
ical manufacturing complex
that rotated its production to
include vegetal extracts, or-
ganic acids and anhydrides,
formaldehyde and alcohols,
and plasticizers. Sulfuric acid
has always been a key product
for the company, along with
the energy the acid plant pro-
vided to the other unit opera-
tions. The sulfuric acid plant
was replaced periodically as
technologies and demands
evolved. Over time, the com-
pany became surrounded by
residential ~ neighborhoods,
necessitating strict emission
control.

BASF has produced
sulfuric acid since 1868 at
its headquarters in Ludwig-
shafen, Germany, where four
sulfuric acid units are operat-
ed to this day. In 1913, BASF
was granted the sulfuric acid
catalyst (V,0/K,0/Si0,)
patent, upon which today’s
catalyst technologies are
based market-wide. In recent
years, BASF has made break-
throughs in catalyst shape,
leading to a step change in
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Fig. 2: Converter comparison before revamp, after revamp, after 4th bed upgrade, and a future possibility.

the available catalyst perfor-
mance and potential for plant
upgrades.

Clark Solutions was the
first manufacturer of numer-
ous sulfuric acid plant devic-
es in the southern hemisphere
and has since adapted new
products and technologies to
a wide range of markets, from
oil platforms and refineries
to petrochemicals, fertilizers,
and biofuels. Its wide-ranging
presence and diversified ex-
perience fostered proficiency
in cross-market solutions by
bringing perspectives from
one industry to another.

This article presents the
series of activities undertak-
en by these companies from
2015 to 2022 to enable a con-
siderable capacity revamp on
an outmoded plant.

A series of upgrades

Between 2014 and 2015,
Elekeiroz began a series of
plant updates to achieve max-
imum attainable capacity and

Remarks

Base Capacity at Base Emission Level
Fresh catalyst and new setup

04-115 installed in Bed 4 and cold Gas-Gas

replacement

Year Expected Maximum
Capacity Index

2014 100

2015 114

2020 126

2022+ 126+

50% below Base Emission

Table 1: Expected maximum capacity indices for the series of upgrades.

availability. As a 40-year-old
facility, the plant required
technology modifications and
equipment replacements that
its team of engineers and op-
erators were ready to tackle.

Heat exchanger limita-
tions, bottlenecks on sulfur
burning and conversion, and
absorption constraints were
the major issues to be re-
solved. For example, Elekei-
roz is one of the few plants in
Latin America to use Venturi
towers in all stages of absorp-
tion. A disciplined and timely
approach was taken to control
capital costs.

To understand the at-
tainable capacity, BASF,

Clark, and Elekeiroz had to
determine how much each
unit operation was hinder-
ing “cruise” capacity. They
studied the best technologies
that would fit the investment
budget, considering that some
costly equipment upgrades
would be required. The ini-
tial 2015 studies indicated a
maximum expected capacity
increase of 14.0%.

For the purpose of this
article, capacities are refer-
enced relative to the 2014
Base Capacity, which is as-
signed an index of 100. Other
capacities, for example, the
2015 capacity index of 114,
indicates a capacity 14%

Reprinted from Sulfuric Acid Today e Fall/Winter 2022




higher than the 2014 Base
Capacity of 100. Expected ca-
pacity is differentiated from
realized capacity. Expected
capacity indicates the capac-
ity the plant should be able to
reach while maintaining the
Base Emission level. Often,
Elekeiroz has chosen to run
at a lower emission or with
a lower production rate than
their expected capacity.

The first debottleneck-
ing, during the 2015 plant
maintenance shutdown, in-
cluded major upgrades. Clark
proposed, designed, and de-
livered a project for reposi-
tioning the drying tower and
the blower relative to one an-
other. A former vacuum tower
then became a pressurized
tower. Previously frequent
blower stops were consider-
ably reduced, boosting plant
availability, and more air
mass was admitted to the fur-
nace, increasing sulfur burn-
ing and capacity. Side adjust-
ments were necessary, such
as acid flow, acid cooling and
tower sealing.

During this 2015 main-
tenance stop, the previously
installed catalyst was com-
pletely replaced with BASF
catalyst after a thorough
analysis of conversion. The
new catalyst configuration
consisted of Dust Protection
catalyst and a combination
of vanadium and cesium Star
Ring catalysts.

After the 2015 startup,
BASF performed a BOSS100
gas analysis test of converter
performance. The purpose
was to evaluate the perfor-
mance of the installed BASF
Star Ring catalyst as well as
identify any areas of poten-
tial improvement or concern.
An available capacity (maxi-
mum capacity x plant avail-
ability) increase of 7.0% was
realized during the 2015 up-
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Fig. 3. Simulated and measured conversion comparison.

grade by eliminating the dis-
cussed plant inefficiencies
and replacing the -catalyst
with BASF Star Ring, with
other advances expected for
the next maintenance shut-
downs.

Observed results
of 2020 catalyst &
equipment change

Initial performance

During the 2020 shut-
down, Elekeiroz’s engineer-
ing and procurement teams
replaced the cold gas-gas heat

Fig. 1: Relative repositioning of
drying tower and blower.

exchanger and upgraded the
catalyst in bed four to BASF’s
04-115 Quattro catalyst, a ce-
sium-promoted formula in a
unique shape. These changes
resulted in another significant
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Fig. 4. Comparison of available capacity (expected maximum capacity

X plant availability).
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improvement of the seven-
year upgrade campaign.

From the 2015 startup
with Star Ring catalyst to the
2020 startup with Quattro in
bed four, Elekeiroz stated an
effective capacity increase of
13.5% along with an emission
decrease of 38.5%, achieved
by planned coordinated ad-
justments, activities, and
training.

Quattro catalyst
performance over time

In early 2022, Elekeiroz’s
operators and lab technicians
assisted BASF and Clark in
performing the BOSS100 test
on its site. At the time of this
measurement, the Star Ring
catalyst had been in service
for some time. Performance
was expected to be slightly
lower than the simulated val-
ues displayed below, which
represent initial installation
conditions.

Some known and persist-
ing issues regarding SO, slip
indicate room for improve-
ment in the Interpass Ven-
turi absorption efficiency
between beds two and three,
resulting in low cumulative
conversion after bed three
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(93.95% measured vs. 99.62%
expected). Notably, despite
this lower-than-expected con-
version, the O4-115 Quattro
catalyst in bed four was able
to compensate for the de-
creased performance of the
previous beds and equipment,
resulting in a measured final
emission level of nearly 50%
of the 2015 fresh Star Ring
catalyst emission level on the
day of the BOSS100 measure-
ment.

According to BASF’s
simulations, based on the
results of a 2022 follow up
BOSS100 test performed by
Clark and BASF, the expect-
ed overall capacity increase
at 100% availability and full
production could now be 18%
of the 2015 value, or 26% of
the 2014 value, due to the
2020 4th bed catalyst replace-
ment to Quattro. Elekeiroz’s
choice of a current lower pro-
duction rate and emission lev-
el is evidence of its care for its
nearby residents and steward-
ship of its environment. The
benefits of all these upgrades
are manifestly shared by all.

Available capacity (ex-
pected maximum capacity X
plant availability) increased
from 7.0% to 14.0% from
2016 to 2020 and from 14.0%
to 26.0% since 2020, with
room for further improve-
ment. The plant achieved 98%
availability in 2015 and 96%
in 2020, the years in which
the revamps were made and
catalyst replaced. Beside
these gains, Elekeiroz stated
areduction of 11% on specific
energy consumption.

Catalyst change
Elekeiroz’s case provides
a direct comparison of cata-
lyst performance by contrast-
ing the production and emis-

Fig. 5. BASF’s Quattro catalyst.
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Fig. 6. Operating temperature’s effect on maximum conversion.

sions data reported directly
after the Star Ring fresh re-
placement in 2015 and the
Quattro Bed 4 replacement in
2020. Immediately after the
two initial startups, Elekei-
roz reported it was producing
13.5% more acid with Quattro
than with the Star Ring cata-
lyst, while simultaneously
achieving an emission level
38.5% lower.

The advantage of BASF’s
Quattro catalyst lies in its in-
creased geometric surface
area as compared to a Star
Ring shape extruded with the
same mixture. A 30% higher
surface area yields 30% high-
er catalyst activity in beds in
which the reaction is mass

transfer limited, with a more
pronounced effect on over-
all conversion when used in
downstream beds.

In Elekeiroz’s case, the
increased conversion was fur-
ther compounded by taking
advantage of Quattro’s higher
activity at lower temperatures
compared to Star Ring, de-
spite the mixture and metal
content being identical. Ele-
keiroz’s change from 415°C
to 410°C in 2020 allowed
bed four to approach a point
on the equilibrium curve that
is more favorable for conver-
sion.

The resulting emission
decrease allows the potential
for more sulfur to be fed to

the process after the required
equipment upgrades are per-
formed, thus returning the
SO, emission back to its pre-
vious level for a final capacity
increase.

What comes next?

Several upgrade options
remain for Elekeiroz.

During the 2022 shut-
down, Clark will install a new
main acid heat exchanger, one
of the final pieces of equip-
ment slated for replacement.
A further capacity increase
may be observed in the fol-
lowing months.

Currently unplanned up-
grades that could be imple-
mented when Elekeiroz re-
quire further improvements
include replacing the Venturi
towers, adding acid heat re-
covery units, and additional
catalyst upgrades.

In the future, Elekeiroz
has the option to fully transi-
tion the catalyst in its other
beds to the Quattro shape or
to further upgrade bed four
to the even more reactive
04-116 Quattro, specifically
designed for use in the final
bed of acid plants that require
ultra-high overall conversion.
At the time of the 2020 instal-
lation of O4-115 Quattro, O4-
116 Quattro was not yet avail-
able.

BASF, Clark, Elekeiroz
and other plant engineers and
operators with insight, mo-
tivation and care can bring
changes to enable improve-
ments in operating plants and
upgrades for future projects.
Keeping up with technologi-
cal advances is less arduous
than one might think. When
approached properly, dated
technologies can be modern-
ized with a cost-conscious ap-
proach.d
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