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What are PFAS Compounds? 

Per- and Polyfluoroalkyl Substances (PFAS) are
synthetic compounds containing thousands of 
chemicals formed from carbon chains with 
fluorine attached to these chains. 

• Resistant to heat, water, and oil

• Widely used since the 1950s in household and industrial
products such as carpeting, waterproof clothing, 
upholstery, food paper wrappings, fire-fighting foams, 
and metal plating 

• U.S. Environmental Protection Agency (EPA) has issued
an Action Plan to document steps that the agency is 
taking to address challenges with PFAS in the 
environment



PFAS Exposure Pathways
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Reproduced from: J. Expo. Sci. Environ. Epidemiol. 2019; 29 (2): 131-147. 



PFAS Removal Technologies

4

Presenter Notes
Presentation Notes
Even though anion exchange resins (AXR), high pressure membrane processes, activated carbon and are effective in removing most PFASs, these technologies generate problematic waste streams with higher PFAS (e.g., concentrated retentate streams from high pressure membranes and spent AXR). 
 If incineration was used to treat the spent resin, the process becomes prohibitively expensive and environmentally unfriendly. 
In fact, based on a recent life-cycle analysis, resin manufacturing is identified as highest contributor to the negative environmental impact of the ion exchange process
Depending on their types, ion exchange resins may cost up to ≥$1000 ft3 
The cost for offsite regeneration services is $30-$100 ft3 depending on the resin capacity, feed water properties, flowrate, and the frequency of the regeneration
 Resin regeneration techniques that are cost-effective, sustainable, and provide solutions to PFAS brine waste streams are sought in this research
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Why use Membrane Distillation (MD)? 

MD is a thermally driven separation 
process governed by vapor pressure 
difference across a hydrophobic 
membrane

• Suitable for hypersaline solutions

• Can utilize low-value heat sources (e.g., solar 
or waste heat from flue gases with temperature 
<100 °C)

• Can be coupled with crystallization to remove 
water and promote crystal formation and 
growth. 

Presenter Notes
Presentation Notes
The mass transfer of water vapor through the membrane is driven by the vapor pressure difference resulting mainly from the temperature difference across the membrane. 
The MDC is an integration of MD process and crystallization, where the MD is used to remove water and generate supersaturation conditions in the crystallizer and promote crystal formation and growth. The MDC process has attractive advantages when compared to traditional crystallization 
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Research Goal

Develop an energy efficient treatment 
system for PFAS-laden AXR regeneration and 
RO retentate waste streams. 

• Design a lab-scale MDC system

• Identify optimal operating conditions (i.e.,
temperature)

• Evaluate the performance of four commercially
available MD membranes (i.e., permeate flux and
rejection measurements)
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Treatment 
System

Presenter Notes
Presentation Notes
Design and fabricate a laboratory scale MDC
Test four commercially available MD membranes for PFAS and salts rejection at different operation temperatures.
 Investigate efficiency of PFAS separation from the coexisting salts.




Experimental Overview
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• Four commercial MD membranes
(Sterlitech): Polytetrafluoroethylene
(PTFE); Polytetrafluoroethylene
(PTFE); Polyvinylidene difluoride
(PVDF) ; Polyether ether ketone
(PEEK)

• Selected PFAS: 10 mg/L
Perfluoropentanoic Acid (PFPeA)

• Salt: 10% (w/v) NaCl

• Crossflow rate: 0.75 L/min

• Operating temperature: 50, 60 or 70 °
C ± 2 °C

• Active membrane area: 42 cm2 or 140
cm2

Material Membrane ID Pore Size (µm) pH Water Entry Pressure 
(psi)

PTFE Unlaminated 
PTFE

0.2 no limit 37

Laminated 
PTFE

0.1 1-14 60

PVDF PVDF100 0.1 1-12 43

PEEK PEEK100 0.1 1-14 29

Presenter Notes
Presentation Notes
Sterlitech’s Sepa Cell with an active cross-sectional membrane area of 140 cm2 (22 in2) was used for all experiments conducted using the laminated and unlaminated PTFE membranes
Sterlitech’s CF042 cell with an active membrane area of 42 cm2 (6.5 in2) was used for testing the PEEK and PVDF membranes to overcome membrane fragility

All MD experiments were conducted in replicates 
Baseline experiments were conducted with 10 mg/L PFPeA with no salts added
These experiments were conducted to investigate the rejection of PFPeA and its interaction with the different membranes 
The other set of experiments were conducted in the presence of 10 mg/L PFPeA and 10% (w/v) NaCl to mimic real ion exchange waste fluid
The feed and permeate solutions were circulated in the membrane holder at a fixed cross flow rate of 0.75 L/min using two gear pump systems.





MD Setup
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Presenter Notes
Presentation Notes
All feed solutions contain premeasured concentrations of PFAS with and without salts at ~50, 60 or 70 C ± 2 C while a premeasured amounts of DI water at ~ 20 C ±1 C were used as a permeate solution
The temperature, conductivity and scale reading were monitored continuously. The change of the feed weight was data-logged continuously
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Clean Water Flux
50 °C  60 °C 70 °C

• The higher the feed temperature, the higher the flux of water
• The PFTE membrane showed the highest water flux at all temperatures
• The laminated layer reduced the water flux
• The PVDF membrane has lower water flux, PFAS rejection and mechanic strength 

Presenter Notes
Presentation Notes
The unlaminated membrane show higher water flux compared to the laminated PTFE. This is mainly due to its higher permeability resulted from its lower thickness and larger average pore size compared to the laminated PTFE. The water flux through the PEEK membrane also followed the same trend 



Water flux after 48 hours
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• The water flux stabilizes within ~200 min

• 48-h MD experiments with a feed 

temperature of 50 °C and a permeate 

temperature of 20 °C

• The permeate fluxes were very 

stable during the 48-h run

• The PFPeA rejections were satiable

• Low membranes compaction and 

fouling during the testing period
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Conditioning with 10% NaCl

• The higher the feed temperature, the higher the flux of 
water

• The PFTE membrane showed the highest water flux at 
all temperatures
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Water Flux in the presence and absence of NaCl
Only DI water Conditioning with 10% NaCl

• The water flux decreased in the presence of high NaCl concentration
• Attributed to increased boiling point of the feed solution due to the NaCl molecules formed hydrogen 

bonds with the water molecules
• More kinetic energy is needed to create enough movement to break their hydrogen bonds and convert 

the water from liquid into vapor

Presenter Notes
Presentation Notes
a. Why conditioning is needed?  



Unlaminated PTFE Membrane Performance
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• Brine solutions combined with organic 

solvent (such as ethanol) may be 

required to effectively desorb the 

anionic head and the hydrophobic 

carbon-fluorine of the PFAS molecule 

from the resin ion exchange site

• The presence of ethanol has no 

adverse impact on the PTFE 

membranes

• Membrane damage observed with the 

PVDF and PEEK membranes

Presenter Notes
Presentation Notes
Unlaminated PTFE Membrane does not show stable flux when NaCl presence.  Therefore it is not adequate 



NaCl perception during MD experiments
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• Successful separation of 
NaCl by MD

• Large percentage of 
water was removed from 
the feed solutions before 
reaching the NaCl 
supersaturation and 
precipitate/crystallize the 
NaCl

Presenter Notes
Presentation Notes
Immediate crystallization?  Or Mineral scaling? 



PFPeA Rejection
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• The PFPeA rejection 
was calculated using 
the actual PFPeA
concentration in the 
feed and permeate 
solutions, obtained by 
LC-MS-MS 

Presenter Notes
Presentation Notes
?? All theses membranes show excellent rejection 
What does this box mean????  



NaCl and PFPeA Rejection
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• The total rejection was 
calculated using the 
initial and final 
conductivity of the feed 
and permeate solutions 
obtained by conductivity 
meter  

Presenter Notes
Presentation Notes
How do you define “total” rejection??



Membrane Wettability by PFPeA
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• The presence of the 
ethanol/NaCl 
mixture in the feed 
solution resulted in 
restoring the 
membranes 
hydrophobicity 



Conclusions & Future Work

• Unlaminated PTFE membrane outperformed the other membranes 
at all tested temperatures. 

• Almost complete PFPeA rejection was achieved (>99.7%).

• In the presence of PFPeA, the membrane became more hydrophilic, 
but the addition of NaCl and ethanol had an opposing effect. 

• Future experiments will evaluate additional PFASs and mixture of 
salts. 
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Disclaimer

This document has been reviewed in accordance
with U.S. Environmental Protection Agency policy
and approved for publication. Any mention of trade
names, manufacturers or products does not imply
an endorsement by the United States Government
or the U.S. Environmental Protection Agency. EPA
and its employees do not endorse any commercial
products, services, or enterprises.
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