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Candle filter mist eliminators are commonly used throughout chemical processes.
Although both effective and efficient in capturing liquid droplets, they are usually
responsible for non-negligible pressure drops. Therefore they require proper sealing,
which is mostly achieved by sealing cups containing process liquid. Eventually, said
liquid needs to be refilled for maintenance, a burdensome task that may present hazards
to personnel. These seal cups usually corrode and leak or accumulate corrosion products
and plug, hindering them ineffective. To avoid these issues, Clark Solutions developed a
safer alternative for the sealing cup, one that removes the necessity for refill due to its
self-draining and auto-sealing capabilities. It is also easy to clean and install and does not
require additional set-up steps. This paper presents the working principles and
development process of such device, called DrySeal. Extensive validation of the device
was done across experiments with prototypes, which displayed concrete results in pilot
scale and industrial operation.

INTRODUCTION

Fine mists are generated during various key unit operations in the sulfuric acid industry, especially ones
with intense contact between liquid and gas phases such as drying and absorption towers in contact
sulfuric acid plants. In accordance with process characteristics, liquid droplets forming these mists are
usually composed of HxSOjnq). Consequently, they pose a serious corrosion threat for downstream
equipment and piping. For example, sulfuric mists formed in a sulfur-burning vacuum drying tower
will be carried to the plant’s air blower and furnace if not properly captured, causing damage and losses.
When taking into consideration environmental and health hazards, the use of proper mist eliminators
is imperative. Among the most common found throughout the sulfuric acid industry are the wire mesh
pad and candle filter mist eliminators. The former, a mesh of co-knitted wires, is used mostly in drying
towers, removing concentrated sulfuric droplets during the initial stages of the process. The latter is
used more commonly inside absorption towers. Candle filter mist eliminators are also associated with
significant gas pressure drops, the consequences of which include the necessity of adequate sealing.
Finding a gap in seal technology, Clark Solutions developed a novel alternative for the current devices,
the DrySeal.

CANDLE FILTER MIST ELIMINATORS

During the absorption of gaseous SO to form H>SOy, fine mists of diameters as small as 0.1 pm are
generated, in accordance with the empirical droplet size distribution presented in Figure 1. Small
particles have low inertia, and consequently cannot be captured through more direct mechanisms such
as inertial impaction. Conversely, Brownian motion is intensified. Candle filters, composed of an open
cartridge of thin fibres, follow this principle. Droplets collide with thin fibres, more commonly of
fibreglass or polymeric materials, and coalesce into liquid films which are drained away through
gravity.
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Figure 1. Liquid droplet size distribution for different mist-generating situations.

Due to the densely packed nature of the fibrous media and the working principles behind it, pressure
drops across Candle filters are non-negligible. If not properly accounted for, process gas from the
column may penetrate the liquid drainage system, causing re-entrainment of previously captured liquid
droplets and worsening mist eliminator performance.

Figure 2. Candle filters with sealing cups installed in an acid tower.

Therefore, ensuring that candle filter mist eliminators are properly sealed, impeding gas passage
through the liquid draining system, is of utmost importance.
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CURRENT STATE OF CANDLE FILTER SEALING

Many candle filter mist eliminators use sealing cups to achieve proper operating conditions. These
apparatuses are based on basic hydrostatic laws. More specifically, a small column is filled with
stagnant process liquid until desired hydrostatic pressure is obtained. Said pressure needs to be at least
equal to the expected gas pressure drop during normal operation of the mist eliminator, achieving a
seal effect.

Figure 3. Sectional view of a candle filter mist eliminator with sealing cup installed.

Standard devices, despite being simple, have a wide array of drawbacks. First of all, the sealing cups
must be drained and refilled periodically as part of maintenance procedures. This task is burdensome,
even more so when dozens of candle filters are to be examined, and may add up to unnecessarily long
man-hours. Not only that, due to the manual nature of such labour, it is prone to human errors.
Industrial experience indicates that assigned personnel frequently forget to drain and refill the sealing
cups, leading to performance issues with the mist eliminators.

In the case of sulfuric acid production, the process liquid also brings some points of caution.
Concentrated H>SOspq is highly corrosive. As such, failure of metallic sealing cups is somewhat
common. Corrosion products formed during this timeframe or even exogenous solid materials may also
cause the sealing device to plug, compromising its functionality. Lastly, but not less importantly, the
drain-and-refill process is risky for the maintenance team. After all, HySO4(q) in high concentrations is
extremely hazardous and destructive to skin and lungs.

Accounting for all the above, Clark Solutions identified a major need in seal technology for candle filter
mist eliminators: a self-draining and auto-sealing device. One ideally capable of minimising the need
for human interference during maintenance, capable of working with sulfuric acid without major
corrosion related issues and apt to promote adequate sealing.

DRYSEAL WORKING PRINCIPLES AND DESIGN

The aforementioned innovation effort resulted in a novel sealing device, called DrySeal and patented
under US11247162B2. Instead of hydrostatics, DrySeal working principles are derived from
hydrodynamics: the draining liquid itself, compounded with a special porous medium, guarantees the
mist eliminator is properly sealed.
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Seal Head
$» Responsibe for avoiding seal blockage from laer exogenous
parts, such as nuts, and bolts

Seal Body
» Responsibe for accumulating enough liquid to seal the candle
filter and promote drainage

Seal Capsule

Responsibe for initializing liquid accumulation inside the body

Fiqure 4. Schematic of the inventions design.

The media contained inside DrySeal imposes a resistance for fluid flow. Thanks to it, droplets will
initially be captured faster by the eliminator than they are drained through the seal. Liquid will then
accumulate above the special media, forming a column. With time, said column will grow, and with it
the static pressure associated. By applying Bernoulli’s equation, this implies faster draining rates. This
dynamic will persist until a steady state is reached. With proper sizing, the static pressure in this
situation is enough to promote sealing. This process is completely devoid of manual human action,
meaning the device has auto-sealing capabilities. Once operation is stopped, no droplets are captured
and therefore the liquid column will slowly drain to completion, meaning the dispositive is also self-
draining.
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Fiqure 5. Representation of DrySeal in normal operation.
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For even better results, the prime material of choice for DrySeal in sulfuric acid applications is PTFE,
exceptionally resistant to HaS5Os@q). In applications involving high temperatures or other conditions
unfavourable for plastics, metallic DrySeals may be issued. Being self-draining also helps with eventual
cleaning and maintenance operations, making the dispositive a safer alternative when dealing with
potentially dangerous chemicals, as is the case with sulfuric acid.

However, for these advantages to materialise, rigorous material selection, sizing and manufacturing
techniques are key. If the porous media is overly resistant to flow, liquid will not drain and instead will
build up inside the mist eliminator. The same applies if DrySeal diameter is thinner than recommended,
or if the device is not sufficiently tall, as the geometry also greatly influences flow resistance in the
device.

PROTOTYPES AND CONCEPT VALIDATION

Following the hydrodynamic principles established in the section before and having previous
knowledge of the behaviour of the special media under different liquid loads, Clark Solutions R&D
team developed a proprietary simulation model with the objective to properly size the sealing devices.
In an effort to validate said model, a pilot scale experiment was constructed, and DrySeal prototypes
manufactured.

Figure 6. Experimental set-up for model validation.
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Figure 7. Different DrySeal prototypes.

For the experimental set-up, candle fibre pressure drop was kept approximately constant at 1950 Pa.
Gas volumetric flowrates were in the order of 50 m3/h and one litre of liquid was injected inside the
system to simulate mist generation. Height of the liquid column inside the device was measured as a
function of time, and tests for the definite prototype were conducted in triplicate. The results of said
procedures are represented below.
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Figure 8. Column height measurements in millimetres as a function of time in seconds.
The tests were used for both parameter estimation and model validation. Model and system behaviours

follow closely what was expected from first principles. The liquid column grows in height until a steady
state is reached. In this condition, liquid droplet capture and drainage occur at the same rate. Moreover,
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good reproducibility of the results is shown between the three tests. Once calibrated, the mathematical
model can closely match empirical data, validating the modelling effort and henceforth the product.
Currently, mist eliminators were delivered to various industrial units with DrySeal installed. This
operational data will be crucial in further developments of the device, with particular emphasis on its
behaviour through long timeframes and harsh operating conditions.

CONCLUSION

While habitual in the sulfuric acid industry, there are many drawbacks to traditional sealing cups for
candle filter mist eliminators. Besides the cumbersome, time consuming and hazardous nature of
draining and refilling these devices, risks regarding leaks and plugging by corrosion products are ever
present. Exploring these technological gaps, safer alternatives can be developed. One of these, proposed
by Clark Solutions, is the DrySeal. Correct usage of hydrodynamic working principles and proper
selection of materials means the dispositive has auto-sealing and self-draining capabilities, being safer
than sealing cups while still simple in design. Validation of the concept was done through tests with
prototypes in pilot scale. Currently, DrySeal is already in industrial service with Clark Solutions
FiberBed mist eliminators. It is present not only in multiple sulfuric acid plants, but also other industries.
Operational data collected from these units will be used for furthering the concept and refining its
functionalities.
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