
 
 
  

Question 8: What level of PM2.5 particulate removal do you expect (or
have achieved) with flue gas fines separation and removal equipment
such as third-stage separators, fourth-stage separators, electrostatic
precipitators, or wet gas scrubbers? 

 

WARDINSKY (ConocoPhillips)

We have not benchmarked particulate removal technologies within our system for PM 2.5 removal. This
data is difficult to obtain because many stack tests do not analyze the captured particulate matter for
particle size distribution or PSD. To calculate the particle size or grade removal efficiency, the PM mass
rate and PSD need to be obtained upstream of the removal equipment, as well as downstream. It is
important to understand the mechanism of catalyst attrition in FCC units when evaluating PM removal
technologies. We have been able to decrease PM emissions by up to 0.2 lbs/1000 lbs of coke burned by
changing catalysts. Scanning electron microscopy, imaging of fresh catalyst, and e-cat can be useful
tools in understanding catalyst attrition mechanisms. In addition to installing equipment for PM removal,
it may also be necessary to modify the regenerator and regenerator internals. Additional regenerator
vessels height to reduce catalyst entrainment, replacing regenerator cyclones, and replacing the air
distributor are all steps that ConocoPhillips has taken to reduce PM emissions.

Cyclonic separators have limited PM removal capabilities, as illustrated in this table showing the PM
removal grade efficiencies from the outlet of a third-stage separator system. As you can see, this data is
consistent with TSS performance where you would expect about a 50% capture in the 2 to 3 micron
range. For a scrubber system or an ESP, you would expect considerably higher grade capture
efficiencies.
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This table illustrates some of the PM removal capabilities of different technologies. We have different
combinations and permutations of technologies within our system. These are reported in terms of
pounds of particulate matter per thousand pounds of coke burned or a MAC2-type number.
ConocoPhillips is going to be installing a wet gas scrubber with a wet ESP at one of our sites to reduce
the PM and SO2 emissions in order to meet local PM emissions limits. I think this table is interesting
because it shows some of the effects of having a third-stage separator up front of a dedicated PM
removal technology, as well as some of the combinations we see within our system.
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HEATER (BASF Catalysts)

It is difficult to achieve greater than 50% PM2.5 reduction with conventional third- and fourth-stage
separation systems. However, most ceramic and centered-metal filters have shown good success in
significantly increasing capture efficiency. Flue gas scrubbers will often achieve greater than 95%
reduction over a four-year run. BASF Catalyst believes that this is an area requiring further development
and they have devoted significant resources in that direction. ESP particulate removal was covered in an
excellent paper by Shiller and Stahl from the 2006 FCC Seminar. Their data shows an 85% to 90%
reduction of the PM2.5 with a well-designed and operated ESP.
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YE-MON CHEN (Shell Oil Company)

I have a comment on the separation efficiency on the third-stage separator. In the past, in the third-stage
separator, the cutpoint—meaning the 50% capture—is around the 2.5. The new generation of the third-
stage separator technology can achieve a cutpoint of about 2 microns.
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