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Intro to High-Pressure Membranes
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Closed-Circuit Desalination

= Nonconventional high-pressure membrane
treatment

= Continuous flow, semi-batch process

= |ncreased operating flexibility & smaller
footprint vs. conventional applications

= Capable of recoveries >97%




Benefits of CCD
CCD System
2,000 gal
f PFA |
Of PFAS 1,940 gal of
Impacted i
feedwater permeate

97% Recovery Experiments

* Reduce volume by 97%

* Increase concentration by
~33 times

Super loading adsorbents,
Increased destructive
technology efficiency, ...



Closed Circuit Desalination
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CCD Rejection Calculations

Rabs=1_(

C

“perm,l

C

%)

r

Rine = 1= ([(C_f «0.2857 ) + (C,; 0.7143)]

|




S
Study Objectives

= Objective 1: PFAS separation evaluation of four commercially available
high-pressure membranes in CCD configuration.

1. NF270
2. NFOO

3. CR100
4. SW30

= Objective 2: Mechanistic investigation of PFAS rejection by the NF270
membrane in CCD configuration.
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Membrane Evaluation

= Experimental Conditions
= Constant flux: 12 gfd (20 LMH)

= 2 Sequences

= Dechlorinated tap water

= Membranes operating performance:

= Monitoring feed pressure

= Temperature corrected specific flux (TCSF)

= TOC & conductivity rejection



Experiment Conditions

PFPeA PFHxA PFOA PFPrS PFBS PFPeS PFHXS PFHpS | PFOS

- 191 579 373 326 696 1,056 3,393 123 | 15,311




- S04d
- SdH4d
SEHAd
r58d4d
- SH4d
- Siddd
- WO0d4d
rWEH A
e ddd

SW30

- S04d
- SdH4d
rS*H4d
rSadd4d
r SH4d
- Siddd
rW0Ad
- WEHAd
rWEd4d

CR100

r 5044
F SdH4d
rS*HAd
r58d4d
- SH4d
- Siddd
RN
- WEHAd
rWEddd

MF30

- S04d
- SdH4d
rS*H4d
rS9d4d
- SH4d
r Slddd
r Wo4d
- WEHAd
rWEddd

MFE270

o] = = =
oo == [ =] L =t o o -

1007
804
0
0
0
0
0

(oq] Adaaooay 9,/ 18 Uooalay paslasqo abielany

PFAS Rejection at 75% Recovery
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PFAS Rejection at 97% Recovery



Specific Energy & TCSF

TCSF (gfdipsi) or Specific Energy (kWh,/ m")
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-
NF270 PFAS Rejection Mechanism

*NF270 underperformed in CCD

Add 500g of

=Electrostatic repulsion diminished Na,S0,

w/ recovery?
~0.85 mM sulfate ion addition

————————————————————

= Effect of increasing ionic strength
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Impact of lonic Strength on PFAS Rejection

Baseline Na,SO, Addition

100 - 100 - - 100
[ ]

a8 - - 98 - l - g0

. | an

: ErEoe b Fl u
= | T o -7
= 02- z D E ?‘?
c 90- ag el
o ] _.:DE.'EI
C 88" - 88 e
o 86 -86 40
o B4° g4 - 303
@ 00- -4 J - 1002
< i 3ot 2
€ 98- % } -ga. - { ¥ % } g &
® gf- - 96 2]
o ] | anatr
T 04- 94 } ':
t:l.:l :EI - E_?D.—'—\-\.
{36 o2 - o [92 o =

@0 : M -60 —

a0 - -0

88 - -85 -50

86 - - 86 1 - 40

84 - -84 - - 30

74 76 78 80 82 84 86 B85 90 92 94 96 098 74 76 78 80 82 84 86 88 90 92 94 95 98

Recovery (%) Recovery (%)



Conclusions

= Membranes operated within spec during CCD experiments
= NF90O, CR100, SW30 maintained PFAS rejection >98%

= NF90O best membrane for PFOS rejection & cost
= Long term performance?

= NF270 performance severely impacted by addition of sulfate co-ion

= CCD has promising future in PFAS treatment
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Thank you.
Questions?

Andrew Safulko, P.E.
asafulko@brwncald.com

=




Brown o
| Caldwell :




