DuPont” STRATCO® ALKYSAFE®

STRATCO® has determined that both Phillips, and UOP designed HF
alkylation units can be converted and expanded into H,SO, alkylation units
with minimum capital expense. Although the converted units will not
employ STRATCO® Contactor reactors, the alkylate octane will be higher
than that of the original HF units in many cases. The alkylate product rate
can usually be substantially increased, since the H,SO, process optimally
operates at a lower external isobutane to olefin (1/0) ratio than the HF
process. Therefore, the same fractionation equipment will typically support
increased alkylate production.

The cost of the expansion is estimated to be comparable to the average cost
of installing effective HF aerosol mitigation and isolation equipment. Much
of the reaction zone equipment may be modified and reused. The
fractionators typically require no major modifications. The only new major
equipment required are a closed-loop refrigeration system, a treating section
for the reactor effluent, acid blowdown and storage facilities. Some existing
equipment may be reused in the acid blowdown section of the unit.

Several refiners have expressed interest in this process because of the safety
and expansion benefits.

BACKGROUND

Many refiners have increasing needs for additional alkylation capacity, to
meet reformulated gasoline regulations, lower gasoline vapor pressure
requirements, and/or increased gasoline demand.

However, the owners and operators of HF alkylation units in most parts of
the world are faced with public concern and regulatory attention regarding
the safety of their units. The problem, of course, is that the catalyst forms a
hazardous aerosol when released as a superheated liquid. This dense aerosol
cloud has the potential to persist at toxic concentrations for long distances
downwind of a release.

While the industry's record has been good, this potential has led
environmental activist groups and various regulatory bodies to attack the use
of HF in refining and chemical plants. For these reasons, it is often very
difficult to obtain permits to expand an existing HF unit, or build a new



alkylation unit. This trend is clearly seen by the fact that an overwhelming
majority of the alkylation units constructed worldwide during the 1990s use
H,SO, catalyst.

OPTIONS FOR HF ALKYLATION UNITS

What options do refiners have in responding to regulatory pressure intended
to assure the safety of their HF alkylation units? Fundamentally, there are
three approaches that may be taken: mitigation, HF modifiers, or conversion
to another catalyst, such as sulfuric acid. We will explore each of these
options in more detail.

MITIGATION

Currently, mitigation of the downwind impact of an HF release is the option
most frequently employed. Mitigation systems usually include detection,
isolation, water spray, and remote de-inventory facilities. The first goal of
these systems is to detect an incipient acid release. Once a leak is detected,
the goal becomes to reliably isolate the major inventories of acid from the
release; remove the acid from the leaking portion of the unit to a safe storage
location; and finally, erect a wall of water between the leak and the
community, to absorb a substantial amount of the acid cloud on site.

Based on responses at Oil and Gas Journal's seminar on alkylation in
Houston (October 31-November 1, 1994), the typical cost of adding
mitigation facilities to an existing HF alkylation unit is between $20 and $30
million (U.S.). One Los Angeles refiner reportedly spent $50 million (U.S.)
on its mitigation system.

To be effective, mitigation facilities must be fast-acting. The water curtain
and water cannons must be in operation within seconds after the onset of the
release. Isolation and HF deinventory operations must take place within
minutes. All of these facilities must be tested at some regular frequency, to
ensure they are operable.

Deinventory systems usually involve large vessels with large acid movement
devices. Plant isolation systems may require from 10 to 80 remote-operated,
fireproofed, testable valves, and may also require additional pressure relief
valves in HF service.



The reliability of mitigation systems is unknown at this time. Also, this large
capital expenditure provides no process benefit to the alkylation unit (i.e., no
increase in capacity or product quality).

HF MODIFIERS

Modification of the physical properties of the HF catalyst is a second avenue
the refiner may explore. Much research is focused on the development of HF
modifiers (chemical additives) that reduce the volatility and aerosol
formation properties of HF. Recent tests of two of these additives have
indicated substantial reductions in HF aerosol and vapor cloud formation.
Figures quoted are in the range of 63-80% reduction of airborne HF due to
the additive.

Additives to modify the properties of HF are still in the developmental stage.
Their effectiveness in reducing HF aerosol formation is commercially
unproven at present. The capital and operating cost of a commercial
installation is not known, but could be significant.

The developers of the HF modifiers foresee using the additive in conjunction
with an effective mitigation system. When coupled with a water application
system designed for a 40/1 water/HF ratio, reduction in the quantity of
airborne HF would be in the range of 95-97%, compared to an unmitigated
release from an alkylation unit without additive. This combination may be
required to meet the ultimate rules set by the regulators.

CONVERSION

The third option is to convert the alkylation unit to use a catalyst that has no
aerosol-forming tendencies. Sulfuric acid is the most likely catalyst to
replace HF because it is commercially proven and does not form an aerosol.

Other potential catalysts such as “solid catalysts” (SbFs, BF3, AICl;,
Zr(SOy),, or Trifluoromethane Sulfonic Acid on solid carriers), are not being
considered in this paper, since they have not proven to be economically or
commercially viable to date.

HF properties are much different from the properties of sulfuric acid
catalyst, and therefore, the optimum reaction conditions are different. The
major process differences in a sulfuric acid alkylation unit are lower reaction
temperatures and pressures, higher mixing energies, and effluent treatment
of the reactor effluent prior to fractionation. One of the major benefits of the



conversion is a lower optimum isobutane to olefin (1/0) ratio in the H,SO4
process. Less fractionation capacity is required, meaning that the feed and
product rates can typically be increased without sacrificing alkylate quality.

STRATCO® presented a paper at the 1988 NPRA Annual Meeting entitled,
“Conversion from HF to H,SO,4 Alkylation: Incentives, Benefits, and Capital
Considerations"” (AM-88-67). The conversion method discussed in that
paper requires replacement of most of the equipment in the unit, except for
the distillation towers. This includes replacement of the HF reaction zone
with STRATCO® Contactor reactors and an effluent refrigeration system.

This previous form of conversion has octane, acid consumption, and
capacity advantages over the one discussed in this paper. However, the
downside of the previous form of conversion is that replacing the reaction
zone and installing the more complicated refrigeration configuration is
typically more capital-intensive, and requires more plot space and a longer
downtime.

THE STRATCO® ALKYSAFE® PROCESS

The ALKYSAFE® process reuses both the reaction and distillation sections.
It may also be possible to construct much of the acid blowdown section from
existing equipment. The majority of the new equipment (packaged
refrigeration unit, effluent treating system, acid blowdown and tankage
sections) can be constructed in advance of the conversion.

With planning, the remaining modifications and tie-ins can be completed
within a four-week FCC turnaround. The short downtime and low capital
equipment requirements make this process cost-competitive with the
mitigation systems currently being installed on HF alkylation units.

The process flow of the converted unit will somewhat resemble the time
tank units built between 1938 and 1958. This proven technology has been
modernized to incorporate STRATCO® alkylation knowledge gained over
the past 55 years. The converted reaction zone will consist of acid settlers
with external emulsion pumps and reaction chillers. As compared to modern
STRATCO® effluent refrigerated alkylation units with state-of-the-art
Contactor’s reactors, the octanes may be up to one octane number lower and
the acid consumption will be approximately 10% higher. However, in many
cases, the converted unit's alkylate octanes will be higher than the original
HF unit especially if the feeds contain a high concentration of MTBE



raffinate or amylenes, since they are more suitable for H,SO, alkylation.

The following is a description of the process differences and the resulting
modifications which must be made in order to convert an HF unit to an
H,SO, alkylation unit via the ALKYSAFE® process. Although there are
nomenclature and process differences between the two HF licensors, this
discussion generically describes the equipment modifications to apply to
both Phillips and UOP HF units.

REACTION ZONE

The sulfuric acid alkylation reaction is optimized by emulsifying the H,SO,
and hydrocarbon reaction mixture to maximize the surface area of the
Isobutane within the continuous acid phase. This reduces the side reactions
and increases the desired alkylation reaction. Only a small amount of mixing
Is required in the reaction zone of an HF unit, because isobutane is much
more soluble in HF than in H,SO,. Therefore, the conversion requires
equipment to provide sufficient emulsification in the reaction zone.

Emulsion pumps and static mixers are added between the acid settlers and
the reaction coolers. This provides the necessary pressure drop and
turbulence to emulsify the H,SO, and hydrocarbon mixture. The
hydrocarbon feeds are injected into the suction of the emulsion pumps,
rather than directly into the reaction chillers as with the original HF unit.
The emulsion will flow from the pumps through the reaction chillers, and
then to the acid settler. Additional surface area may be required in the
reaction chiller section, depending on the desired design alkylate rate. The
trays and other internals of the acid settlers are removed or modified, to
minimize turbulence. Since the H,SO,4 and hydrocarbon are highly
emulsified, the hydrocarbon takes much longer to separate from the H,SO,
than from the HF.

Depending on the residence time in the system, additional settling volume
may be needed to provide adequate hold-up time, to facilitate separation of
the hydrocarbon and spent acid. However, some carryover of acid in the
hydrocarbon effluent is not a problem, since it will be recovered in the
downstream acid wash.

Most types of monel material in potential contact with H,SO,4 (>50 wt%)
should be replaced with carbon steel or Alloy 20. Valves in frequent contact
with H,SO, should be constructed with Alloy 20 trim.



REFRIGERATION SECTION

Both the HF and the H,SO, alkylation reactions release significant (but
similar) amounts of heat. The HF reaction occurs at approximately 100°F
(38°C) and uses cooling water to remove the heat of reaction. The H,SO,
reaction is optimized at 45°-50°F (7°-10°C), which requires a refrigeration
section to remove the heat of reaction. Therefore, the water-cooled reaction
coolers are to be replaced or modified to refrigerated reaction chillers.

A closed-loop, packaged propane (or Freon substitute) refrigeration section
Is added to the unit. Since the heat loads are similar, the net cooling tower
load for the plant remains about the same after conversion.

In order to minimize cooling requirements, the entire reaction zone is
insulated with cold insulation. Also, feed/effluent exchangers are added to
the unit to further conserve refrigeration energy. If the reaction zone feeds
are not dry (see effluent treating section), pre-cooling the feed has the added
benefit of dropping out free water, which can be removed in a coalescer to
reduce acid dilution (consumption).

Figures 1 and 2 show the reaction zone modifications required in both a
Phillips and a UOP HF unit:

Figure 1: Phillips Reaction Zone Modifications
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Figure 2: UOP Reaction Zone Modifications
o New Modify



Acid Settler

Reaction Chillers

After Settler

Emulsion Pumps
Feed/Effluent Exchangers
STRATCO® Acid Analyzer

©O O 0o O o o

REACTOR EFFLUENT TREATING

The effluent from the H,SO, alkylation reaction contains small quantities of
organic sulfates (esters), which, if not removed, can contribute to fouling
and corrosion in the fractionation section. A treating system is therefore
added to remove these components from the reactor effluent.

This can either be STRATCO® standard fresh acid wash (with electrostatic
precipitator) followed by a hot alkaline water wash or an alternate fresh acid
wash (with EP) followed by a bauxite treater. Retired vessels in the existing
unit may be modified for use in the effluent-treating system.

The bauxite treater option has the added benefit of keeping the recycled
isobutane dry. If the feed dryers that already exist in the HF unit are reused
In combination with bauxite treating, almost no water will enter the reaction
zone. This will lower acid consumption, increase the alkylate octane and
minimize corrosion rates in the unit.

Figure 3 shows STRATCO® standard fresh acid wash / hot alkaline water
wash system:

Figure 3: STRATCO® Standard Fresh Acid / Alkaline Water Wash
FRACTIONATION

The fractionation systems in the various HF unit designs vary significantly
from one unit to another even from the same licensor. However, each design
has the common purpose of separating propane, recycle isobutane, normal
butane and alkylate from the reactor effluent stream (and possibly a low-
purity makeup isobutane feed). The fractionators will have the same function
after the conversion, but will have more capacity (for a given olefin feed
rate) for the following reasons:



The HF-catalyzed reaction generates propane via a hydrogen-transfer side
reaction:

C3: + |C4 --> C3 + iC4:

This reaction is much less significant in H,SO,4-catalyzed reactions and
therefore the amount of propane produced in the converted unit is negligible.
Also, the effluent from the HF reaction zone contains free HF that behaves
like ethane in the fractionation section. In order to condense the HF, the
depropanizer section operates at a much higher pressure than would be
required if no HF were present.

Therefore, besides decreasing the propane make, converting the unit also
unloads the depropanizer section by lowering the operating pressure and
temperatures to a more optimum level (that is, differences in relative
volatilities between propane and isobutane will increase). This reduces the
reflux rate and the reboiler temperature and duty requirements for a given
feed basis.

Since the isobutane recycle requirements are less with H,SO,4 than with the
HF-catalyzed reactions, the deisobutanizer (or isostripper) recycle isobutane
flowrate can typically be reduced for a given feed basis. This provides tower
capacity for increased alkylate throughput, or for improved alkylate octane.

The debutanizer section of the HF unit is typically reboiled with a fired
heater to reach a temperature level that thermally decomposes the organic
fluorides in the alkylate. Since no fluorides will be present in the converted
unit, a steam reboiler can be used in place of the fired heater. Safety,
economics, and stack emission issues will determine whether or not the fired
heater should be replaced.

ACID BLOWDOWN/TANKAGE

A blowdown drum is added in order to decant and/or vaporize any
remaining hydrocarbon from the spent acid before flowing to tankage. This
drum is also used during shutdown, to deinventory the acid from the unit.
The existing acid relief neutralizer will stay in service, but plugging with
fluoride salts will be eliminated. If the alkaline water wash system is
incorporated, a water degassing drum and a water neutralizatiion basin are
required for treatment of spent alkaline water before being discharged to the
refinery wastewater treatment facility (existing equipment may be repiped
and used for this purpose.



New fresh and spent acid tanks are required for the modified unit. The tanks
are designed to store acid for 7-10 days of operation. A loading/unloading
facility is also needed for moving the acid into trucks or rail cars for
transport to and from the regeneration plant. If on-site acid regeneration is
desired, modular plants are available at a modest cost, and the
loading/unloading facility is not needed.

RETIRED EQUIPMENT

The HF unit's facilities for acid regeneration, KOH regeneration, disposal of
acid-soluble oils (ASO), disposal of calcium fluoride, sodium fluoride and
spent caustic are eliminated. And, since the products from H,SO, alkylation
units require no further treatment, the product treaters are no longer
necessary.

CONCLUSIONS

A refiner currently has three options to reduce the safety risk of his HF
alkylation unit: mitigation, HF modifiers, or conversion to sulfuric acid
catalyst. Of these three options, only conversion is absolutely certain to
eliminate the risk of releasing an HF aerosol cloud.

A refiner can convert an HF unit to one that uses H,SO, for approximately
the same cost as an effective mitigation system. The refiner will also
typically gain additional capacity and higher octane with the conversion.

For these reasons, the ALKYSAFE® low-cost conversion/expansion process
should be considered by all refiners who have plans to increase the capacity
or upgrade the safety facilities of their HF alkylation unit.

For additional information on this technology, please visit the Contact Us
section on the DuPont Clean Technologies website, or call 913-338-2559.



