Zwitterionic poly(arylene ether sulfone) membranes for treatment of Reverse Osmosis brine by pervaporation
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Research Objective

Seawater Reverse Osmosis (SWRO) has been extensively used to purify seawater
to obtain potable water. The reject from SWRO, a concentration brine solution
can be further purified by techniques like pervaporation to increase water
recovery and mitigate harmful environmental effects of brine disposal. This
research proposes novel zwitterionic poly(arylene ether sulfone) membranes as
membranes for pervaporation desalination of RO brine. The research aligns with
Ira A. Fulton Schools of Engineering research theme of sustainability and falls
under the research focus on water purification
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Fig 1: a) Representation of membrane fouling mechanism b) Flux values for a zwitterion-incorporated membrane [1]
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Fig 2: Schematic of pervaporation setup to eva porate the permeate_[4]
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Polymer Synthesis

OH| __ i WO o
1) Toluene/DMAc, 110 °C S oy Al Sy
HO OH | o ( o SUPRPY:
+ O:I:Q(I:Q(T + F@‘S"@F (2) DMAc, 135 °C . N F T\/(;‘S\”/A\\1 o
=/ 0 K,CO, ' . = | g =\
S N / \

y 7§ \\—
7 A

BPA DABA DFDPS (A-PAES)

DMPA
SH\/\'TI/ DME
hv

- | \'O | %g? OH| i B
\ | ] i o [ ;o o}
J . s Lk LT ) ,ls
o0 1 |T~= = — 9 =~ ] o1 1 | | 9 '
oH<{ e« o »8— O-H ol Ll o=l Seosf 8L od4n
el Y 7§ 7y T = SR e
i - X (o] +¥
s/ —S S s
N® N— Ni ﬁN——
SB-PAES -3 i
e g (TA-PAES)

Fig 3: Reaction scheme of SB-PAES
Synthesis of Sulfobetaine modified — poly(arylene ether sulfone) (SB-

PAES):
 Synthesis of allyl functionalized-PAES (A-PAES) with 2,2- diallyl
bisphenol A (DABA) as one of the monomers.

* Thiol-ene click reaction between A-PAES and 2-dimethyl amino
ethanethiol to synthesize tertiary amine modified — PAES (TA-PAES)
 Synthesis of sulfobetaine modified-PAES (SB-PAES) by a reaction

between TA-PAES and 1,3-propane sultone.
* Charge content controlled by changing DABA:BPA ratio
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Fig 4: NMR spectrum of a) SB-PAES b)TA-PAES and c) A-PAES [4]

Results And Analysis

e Dense membranes were cast for tests including pervaporation
performance and salt rejection.
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Fig 5: SEM images of cross-sections of M-2, M-4 and M-6 membranes

 Water Permeation and Flux Recovery :
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Fig 6: a) Pure water permeance at 8 bar and 25°C with 1 g/L NaCl feed b) Normalized Flux with BSA solution
feed and after washing with DI water [6]

* Pervaporation performance:

Membrane Water Permeance
(Kg m2 h1barl)

Pristine PSf 11.43 11.28
SB-PAES 7.16 286
(supported)

SB-PAES 17.37 695
(unsupported)

 Future Work:
Synthesizing membranes of higher charge content and testing their
pervaporation performance
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