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e Virus removal by membranes
— in drinking water treatment (ceramic MF). Hybrid MF-UV.
— In water reuse (MBRs)
— Sample concentration for virus detection
e Virus adhesion: to membranes, paints, PCPs
— Experimental (QCM-D, bench-scale membrane tests)
— Modeling (XDLVO)
e Separation of emulsions by membranes and
hydrocyclones
— Experimental (DOTM, QCM-D, bench-scale membrane tests)
— Modeling (XDLVO, contact mechanics)
e Coagulation and flocculation
— As pretreatment for membranes
— Natural coagulants: mechanisms



A MEMBRANE MATERIALS | MEMBRANE PROCESSES

polymer nano- and mesocomposites - water treatment
® membrane-based redox reactions

W for improved flux and selectivity
m effects of pretreatment

® for flow-through reactions

separation of oil-water emulsions

L < ’ M by porous membranes
membrane surface modification :

| M by filtering hydrocyclones
. M by polylectrolyte multilayer films

- antiadhesive layers ~ separation of viruses by membranes
- sacrificial layers <«» Mfor removal in treatment systems
- ® by catalytic inorganic coatings - Mfor concentration and detection

_ ® functional membranes for reactive separations
crosscutting themes:

M understanding and managing membrane fouling
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Direct observation through membrane (DOTM)

oil
droplet

Igv cross flow

Tummons, E. N.; Tarabara, V. V. Chew, J. W.;
Fane, A. G. J. Membr. Sci. 2016, 2017
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antiadhesive

sacrifcial Sacrificial (“snake-skin”) coatings to
coating .. .
maximize virus recovery and enable
f =\ near real time detection
hollow fiber membrane hollow fiber membrane
The goal is to develop a technology
Viruses I'IOFI'I'hﬂlP‘_.‘ . .
R unavailable for detection that enables fast, efficient and
%ﬁﬂ, | antiadhesive reproducible concentration of viruses
@ (o™ sk from high-volume water samples for

near real time detection

hollow fiber membrane

1. Instrumental value for quantifying viral loads and developing accurate mass balances for

viruses in treatment utilities.
2. Informing risk assessment and helping formulate design guidelines for current and future

treatment plants to increase virus removal

Enabling acquisition of data in support of regulatory decision making.
4. Advancing fundamental understanding of virus adhesion to surfaces

w




Email: tarabara@msu.edu
Phone (office): (517) 432-1755
Phone (laboratory): (517) 432-2418

Mailing address:

Department of Civil and Environmental Engineering
3564 Engineering Building

428 South Shaw Lane

Michigan State University

East Lansing, M| 48824-1226 USA
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{—potential of individual (hon-aggregated) HAdV virions
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In ultrapure water (pH 5.8-6.0):

6,, = 68 °

AG,,,, = - 30.4 mJ/ m?




8
&
E g
) s - e
w -— = 1 1 1 1 1 1 1
(=} o 1 1 1 1 1 1 1
= - = I I I I I I I
2 & ' ' ' ' ' ' '
= g 2 A
o ) = ' ' ' ' ' ' ' (V]
s 2 - N S B [ T R R [ S
w m wn 0 h ' I 1 ' | | .
s = T o " C T " " " " ©
g ET = : : Y " " "
= 5 ca | | | | | |
= 2 & E " " " " " "
o ] c = 0 | | | | ! ! o
3 i 2 85 b e S e S
8 > E # " " " " " ° ¥
g 5 . _ L o 3
= ' ' ' ' ' /0
= & | | : ' ' °©
< 2 " : " " " 0 O
=
...... el s e e e - -
" i N oL c&8
" - " " " " S
" o " " " " @
£ " — " " " " =
= 1 TR 1 i 1 1 ©° o
& S &Ml o - R S o A R Eommo Ca
E " . . " : " " o3
E _ _ _ _ _ _ _ 3
3 AN <
2 " " " " " " "
" " " " " " " <
g R iy A R poeees ERREE FRREE REREEEA\ bommo Q
& s " " " " " _ " o
« s 8 " " " " " " "
2 g8 5 " " " " " " "
= = g (A S A N
o
2 £ & s Slar@z e | N S
2 == 8 A o
o - 1 1 1 1 1 1 1
m N, 8 A
., o i i i 1 1 1 .
v, o i i i i i i
w + " " " " " " T@ Q
m . . .., H H H H H H H =]
L = ] o o
m £ m 50 i S o4 g ®© © T N O
= o
=] ° ] «}}o sqo
w .
e g 2 &8 s/wr ‘ H°| %%




ource: michigan.gov



18
16
14
12
10

o N B~ O

M visitors

[ postdocs
Oundergraduate RA
B MS students

M PhD students

oy e e Ty
PR

iy
B

Eo]

JIII

200420052006200720082009201020112012201320142015201620172018



activated sludge tank

pressure sensor suction pump

@ flowmeter
- %—»@—» permeate
~ I

gas

TR compr
compressor

@

| pressure sensor pump

hollow
| fiber
units

air
gas
flowmeter

activated sludge tank

compressor

flowmeter
N permeate
A ll
\ \
\ 1
1 1
A ll ‘\
N
\\ ‘\ w
\\ -_
~
N @

S



Thus  VERSIINDLEIEINR e

Step 1: Four bilayer PAA/PDADMAC coating Step 2: TiO, deposition
Poly(acrylic acid) Polydiallyldimethylammonium chloride 300 mg(TiO,)/L
O -OH e -\-
) L H Degussa P25 photocatalyst
TN T N~ cr
Hu o, /N /g

Deposition time: 30 min.

Step 3: Sintering

ramp rate of 4.0 °C/min
up to 500 °C

stay at 500 °C for 45 min

lower to 20°C at 4.0 °C/min

Image credit: Decher, G. Science 277, 1997



Thus  VERSIINDLEIEINR e
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pre-elution recovery of P22 phage, %
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Calf serum-blocked membrane

PEM-coated membrane
P22 phage

virus-membrane interaction energy,
kT units

] — — van der Waals
electrostatic
| — — = Lewis acid-base

total interaction energy

distance, nm

¢ potential at pH =6

+3+2mV
-7+3mV
-17+5 mV

virus-membrane interaction energy,
kT units

Water contact angle
66 + 13°
36 + 3°
49 £ 8°

CS-blocked membrane
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Intensity (%)
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Zeta potential (mV)
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® pre-elution
@ post-elution (no EDTA in eluent)
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