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CASE STUDY FOR THE EXHAUST/FUME SCRUBBER SYSTEM FOR  
REMOVAL OF HYDROCHLORIC ACID FUMES 

 
The Problem 
One of the world’s leading producers of high purity quartz sands (which are the raw materials of 
choice for the production of fused quartz crucibles, semiconductor quartz ware, and quartz lighting 
products) needed a solution to control the amount of highly concentrated HCL fume emissions being 
generated by the processes at their facility.  
 
The Solution 
KCH Services, Inc. Engineered Services located in Forest City, North Carolina was given the task of 
providing a state-of-the-art solution needed to control the extremely high concentrations of HCL 
emissions being generated from this process. KCH engineers developed a multi-stage, counter 
current, vertical flow fume scrubber control system that would provide the required efficiencies 
needed for this type of aggressive acid.  It was decided that a system which included a vertical 
cyclonic pre-control unit, followed by a wet fume scrubber with a total packing height of 14’-0”, and a 
final Fiber Bed mist eliminator would be the best design to meet the required emission rate. Due to 
height restrictions at the facility the fume scrubbers had to be designed into (3) different vessels, 
stage # 2, stage # 3, and stage # 4, with a pre-control stage and final post control stage.  
 
The first stage of the system consisted of a single stage, centrifugal cyclonic chamber complete with 
an intermittent wash down spray header system which was designed to provide approximately 15 
GPM @ 40 PSI. This unit was designed based on removing 95-99% of the incoming dust and 
particulates (100 microns and greater) being generated by the process. 
 
The second stage consisted of a 1,200 CFM, counter 
current, vertical wet scrubber with 4’-0” of high efficiency 
3.5” polypropylene Lanpac® packing media. This second 
stage scrubber was designed with a velocity of < 250 FPM 
and a liquid recirculation flow rate of 30 gallons per minute, 
(or 6 gpm/per square foot of packing surface area.) This 
second stage wet scrubber would be exposed to the 
highest concentration of HCL initially and would provide an 
estimated removal efficiency of 99.85%. 

 
The third stage consisted of a 1,200 CFM, counter current, 
vertical wet scrubber with 6’-0” of high efficiency 3.5” 
polypropylene Lanpac® packing media. This third stage 
scrubber was also designed at a velocity of < 250 FPM and 
a liquid recirculation flow rate of 30 gallons per minute. 
This scrubber was supplied with a pH control system consisting of a digital analyzer, chemical feed 
probe, and a chemical metering pump. The pH control system would add sodium hydroxide (NaOH)  



 
as a neutralizing agent in order to maintain the correct pH level in the scrubber sump solution. Based 
on the additional packing in this third stage fume scrubber the estimated removal efficiency of the unit 
would be 99.99%. This unit would gravity drain to the stage # 2 fume scrubber which would improve 
the removal efficiency in addition to saving make up water requirement for the scrubbers. 
 
Stage # 4 of this system consisted of a final 1,200 CFM, counter current, vertical wet scrubber with  
4’-0” of high efficiency 3.5” polypropylene Lanpac® packing media. This fourth stage scrubber was 
also designed with a velocity of < 250 FPM and a liquid recirculation flow rate of 30 gallons per 
minute. This fourth stage wet scrubber would also provide an estimated removal efficiency of 99.85%. 
 

The fifth and final stage of this process 
consisted of utilizing an ultra-high efficiency, 
Fiber Bed Mist Eliminator. The Fiber Bed Mist 
Eliminator has an estimated removal efficiency 
of 99% on particle sizes of .3 microns and 
greater. This unit also operated on the positive 
air side of the exhaust blower.  The gases 
containing mist particles are directed 
horizontally through a fiber bed. These particles 
collect on the individual fibers of the bed, 
coalesce to form liquid films which are moved 
through the bed by the gas flow, then drain off 
the downstream face of the bed by gravity. The 
fiber bed mist eliminator is installed in a heavy 
duty PVC vertical tower sized accordingly. The 
collected liquid is continuously drained from the 
tank. All particles where captured in (3) different 
ways: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Inertial Impaction 
Particles larger than three microns are collected when their momentum prevents them from following gas 
streamlines around fibers. The leave the streamline, 
strike a fiber and are collected by the fiber. 
 
Direct Interception 
Between 1.0 and 3.0 micron size particles tend to 
follow the gas streamlines as they flow relatively close 
to the fibers. A 1.0 micron particle, for example, 
passing within a .5 micron of a fiber will be collected by 
the fiber. 
 
Brownian Diffusion 
The extremely fine particles have random side-to-
side movement caused by collisions with gas 
molecules. A 0.1 micron particle with have about 
10 times the Brownian movement or random 
motion of a 1.0 micron particle, greatly increasing 
the probability of collision with a fiber. 
 
 
After many years of continuous service from these 
custom designed fume scrubber systems it 
became evident that even with the extremely high 
removal efficiencies on the first (4) stages, the corrosion resistant exhaust fan impeller and shaft was 
still being subjected to HCL fumes prior to being discharged into the Stage # 5 Fiber Bed Mist 
Eliminator. It was determined after careful inspections that a new style exhaust fan impeller and shaft 
would have to be utilized to replace the deteriorating units. 
 
After testing several different options, KCH engineers designed a totally new exhaust fan impeller and 
shaft which was fabricated using Hastelloy® C276 alloy which is a solid-solution strengthened, nickel-
molybdenum-chromium alloy with a small amount of tungsten, which exhibits excellent corrosion 
resistance in an assortment of harsh environments. Hastelloy® C276 alloy has exceptional resistance 
to hydrochloric acid, acid chlorides, sulfuric acid, solvents, formic and acetic acids, acetic anhydride, 
wet chloride gas, hypochlorite, and chlorine solutions. 
 
                         Chemical Composition of Hastelloy® C276 Alloy  
 
                             Ni...................Balance                 Mo.............15.0 – 17.0 
                             Cr..................14.5 – 16.5                             Fe...............4.0 – 7.0 

                             W...................3.0 – 4.5                  Co...............2.5 Max. 

                             Mn.................1.0 Max.                  C.................0.02 Max. 

                             V....................0.35 Max.                              P.................0.03 Max. 

                             S....................0.03 Max.                              Si................0.08 Max. 

 
 
 
*This company has grown from a small operation to becoming a leading producer of non-metallic industrial 
minerals worldwide. Their products are the fundamental building blocks of nearly every manufacturing and 
industrial process. The company is committed to the conservation of the finite resources in its care. All plants 



operate with state-of-the-art technologies in order to meet or exceed the chemical discharge levels as outlined by 
the EPA, in addition to minimizing water and energy consumption. These facilities employ renewable energy 
sources including hydro-power and bio-gas to help preserve limited natural resources. 
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