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Ehe New York Times

Current facilities
M icr on P Iedges Up to $] 00 Bi”iOﬂ f or |oSem\cunduclur5 St evnih ey ‘
Semiconductor Factory in New York ¢ S _
- R . . FACT SHEET: President Biden
e company is planning a giant complex in Clay, N.Y., a sign o
that the government’s investments in semiconductors are steering Announces up to $61 Bl]llﬂﬂ

firms’ decisions.

Preliminary Agreement with Micron
under the CHIPS and Science Act

What does Micron's estimated 48
million gallons of water per day
mean?

WEVD | By Ava F’Uhdltl‘. n E u o

Austin's Water Demand and Population

= ~130 MGD total
“ demand

FABs require
significant water
resources

umped (MG)

Total Treated Water P

6.4 MGD to
Samsung in 2020

https://www.semiconductors.org/u-s-semiconductor-ecosystem-map/
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More than just PFAS is present!

Photoacid generating
compounds (PAGSs) @Q

OQ, O

Diaryliodonium Triphenylsulfonium
(DIA) (TPS)
. OH" cH
Organic Bases o
H,C~ ?: “CH,
3

Tetramethylammonium hydroxide
(TMAH)

Also...

* High MW polymers
* Hydrogen peroxide
« Ammonium

* Metal nanoparticles

« Surface active organics
* Elevated TOC

Complicates treatment!!
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1. Semiconductor Manufacturing (FAB) Wastewater
FAB wastewater contains varied PFAS in a complex matrix

2. Membrane treatment of FAB Wastewater
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Recycle Reject and
Permeate

—

P
Qf! C'f E
R
M
Benchtop Flat Sheet |t
Cell A O Cp
U Recovery
NS < 1%
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“Tight” NF membrane performed well for all PFAS
compounds evaluated on bench system

o
F Q\o
F
Ultrashort trifluoromethane
sulfonic acid (TFMS)

% Rejection
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100
95
50 4

85

80 |

L1 NF270 HEEE NF90

PFAS

e NEE NEE NEE  NEE |

TFMS  PFBA PFBS PFOA PFOS
(149.1) (213.1) (299.1) (413.1) (499.1)

* Increasing rejection
with chain length

* Anionic compounds
— repulsion
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Electrostatic and compound-membrane interactions
important for organic co-contaminant rejection

Fab Contaminants
(cations)

L1 NF270 HEE NF9O

100 4

60

% Rejection

40

FAB Co-Contaminants

TMAH
(74.1)

BFA MAP
(228.2) (229.3)

TPS DA
(263.4) (317.1)

Charge Investigation
(surrogates)

Naproxen (NAP)

Anion

: OH
O‘ O
O

|
Bisphenol-A (BPA)

neutral

HO II II OH
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Collected FAB wastewater contained high
concentrations of ultrashort PFCAs

TFMS 202 ng/L
TFA 96,413 ng/L
PFPrA 11,796 ng/L
PFBA 504 ng/L
PFBS 213 ng/L & T
PFPeA 310 ng/L PEPIA
PFHXA 178 ng/L —.
PFHpA 85 ng/L & BBk
PFOA 38.0 ng/L PEBS
PFNA 17.2 ng/L a TEMS
PFDA 57.3 ng/L & Bl
on - B < PFHpA
Conductivity 2,000 mS/cm & PEDA
FI 121 mg/L & 56
Cl- 24.5 mg/L

Water Quality [\[o} 15.9 mg/L
PO, 19.2 mg/L
SO,> 766 mg/L
TOC 8.7 mg/L
TN 93.4 mg/L
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NF90 pilot system used in batch configuration to
achieve 90% recovery
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High rejection of PFAS at 90% recovery

i ~ FAB Wastewater o EmTFA
* 92% and 98% batch rejection of | |1 ]| mmevs
ultrashort TFA and TFMS RN | | =
. . ,:lJ_-'_ 90 A ?? -‘J’% B PFPeA
* >99% rejection of all other g | | .:,m.::
® R 7 || ez rr
compounds N | | =
ﬂermeate cﬂncent?‘atiﬂn 0‘“ [ A S
ction =11 — = - X 100s 25 50 90 Batch
original feed concentration % Recovery
* Lower rejection in spiked DI water 100- i R 7] s
» PFAS coordination with matrix 5 | =
constituents § © | S
® s EZTJ’ETS
U__m;n WA WA NEE R

15 25 50 90 Batch
% Recovery
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Improved rejection of co-contaminants also observed

100 - Lab Solution 100 - FAB WW
N TMAH
80 I DIA 1
c Il TFS —
.E 60 - 2
O 40- ko
g 2
x 207 32
0 -
60 4 L
15 25 50 90 Batch 2 4e S0 S0 bateh
% Recovery % Recovery
* “Negative” rejection observed in * Decreased electrostatic attraction
spiked DI water and compound-membrane

Interaction
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1. Semiconductor Manufacturing (FAB) Wastewater
FAB wastewater contains varied PFAS in a complex matrix

2. Membrane treatment of FAB Wastewater
Membranes effective for removal of PFAS and co-contaminants

3. Ultrashort PFAS Rejection Evaluation




Flat sheet experimental conditions

Class # Carbons A Background n lonic Strength Membranes Pore Size
g/mol Electrolyte mV Evaluated

Perfluorocarboxylic acids

NF270 0.36-0.44
(PFCASs) bt | B Nacl . NF90 0.29-0.39
. . d
Perfluorosulfonic acids 123,48 149-499 <1 v BW30 NA?
(PFSAs) 10
Perfluorosulfonamides 4 298 ~6
(FOSASs) Naso, 7 10 » Electrostatic vs steric
« As MW |, will rejection | ? cacl, 7 10 interactions as pore
size |
« As pKa T, will rejection |? | |
* As pH | will rejection | ?
7 RV - N
>< A S » Does ionic composition
OH P on < NH, impact rejection?
F O F

PFCAs PFSAs FOSAs
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NF270 performance variable in different matrices

100
90 -
80 -
70 -
60 -
50 -
40 -
30 -
20 -
10 -

o

I =

Rejection

*

1mM NaCl pH7
B TFA [ TFMS PFPrA PFEts [ PFBA [ PFPrS [ FBSA M PFBS [ PFOA M PFOS

» Ca?*and pH=4 may neutralize or reverse membrane charge and decrease
electrostatic repulsion of anionic PFAS

* FBSA rejection impacted at low pH due to protonation of sulfonamide




NF90 and BW30 provide more consistent rejection

BTFA WTFMS ® PFPrA PFEts W PFBA WPFPr5 ®FB5A EPFBS ®EPFOA BEPFOS

NF90 BW30
100 100 — - — =
90 - 90 - [
80 - 80 -
70 - 70 -
S 60 - 60 -
E 50 - 50 -
Q40 1 40 -
30 | 30 |
20 - 20 A
10 - 10 -
0 - 0 -
1mM NaCl 10mM NaCl 10 mM CaCl2 10mM  1mM NaCl pH 1mM NaCl pH7 10mM NaCl 10 mM CaCl2 10 mM 1mM NaCl pH
pH7 pH7 pH7 Na2504 pH7 4 pH7 pH7 Na2504 pH7 4
» Elevated rejection at higher ionic strengths « Chain length dependence only evident at pH 4

- Potential evidence of PFOS adsorption where electrostatic repulsion decreased
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Similar rejection in spiked campus wastewater

NF270

NF90

100 -
90 A
80 A
70 A
60 -
40 H
30 A
20 A
10 4
0 A
BW30
90 ~
80 A
70 A
60 -
50 A
40 A
30 A
20 A
10 4
0 J
0.5 1 Runtime (hrs) 6 24
BmTFMS ®PFPrA mPFEtS mPFBA mPFPrS mFBSA mPFBS mPFOA mPFOS

* Prepping for long term demonstration at campus WWTP

% Rejection
g
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Pore Flow
ziCiKi g Dj oo F d®(x)
RT dx

dCi
Ji = _Ki,dDi,mE + KiqCify +

= Dif fusion + Advection + Electromigration

Phenomenological

B dcg
Js=—P- (E) + J,(1—0)c

= Dif fusion + Advection

Solution Diffusion
D.K
Js = sl > (¢ — Cix)

= Dif fusion
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Comparing multiple transport models

Can account for PFAS charge
Not suitable for complex

matrices

Using for flat sheet amended DI
experiments

No electromigration component

Could also be applied to field
studies

» Past organic micropollutant

studies incorporated
adsorption terms




Conclusions

 Membranes effective for industrial pre-treatment of FAB wastewater
* Able to remove of long, short, and ultrashort PFAS
 Electrostatic impacts important for loose NF membranes

Next Steps

Membrane | Permeate
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Thank you!

arongriffin@mines.edu

Timm Strathmann Chris Bellona
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