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Development of a Highly Efficient Membrane-Based Wastewater Management System for Thermal Power Plants
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Summary: The main goal of the proposed research is to introduce SRI-based polybenzimidazole (PBI) hollow-fiber membranes (HFMs) for flue gas desulfurization (FGD) wastewater (WW)
treatment and Selenium (Se) release control. The PBI membranes are resistant to fouling and can be operated under substantially harsher conditions than those tolerated by commercial

membranes. Success of this project will result in an effluent control system that reduces freshwater withdrawal by removing hazardous compounds and reusing the recovered water.
Contact: Indira S. Jayaweera, Sr. Staff Scientist/ Sr. Program Manager, indira.jayaweera@sri.com, +1-650-859-4042
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Membrane Separation Based on Polybenzimidazole
Hollow-fiber Membranes (PBI HFMs)
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Our PBI HFM is comparable to the
best commercial product

Flux(L/m2 hr) Rejection (%) 97
96
95
94
CE)
92
91
90
89
88
87
86

e
o

I

Category

w
w

Academic
Dow

N
w

o B

2 Dupont

# SRlInternational

Flux (L/m2 hr)

Rejection (%)

Toyobo

[Ta]
on

| Previous

Test >

Previous
Test

Rejection (%)

6.9 9.2 10.0 9.9 7.9 4.9

pH

Higher selectivity at low pH value

X/

¢ Ultra-thin PBI barrier layer X

1 o erce necte W tru
3 -
| sgg_port laye s ‘\* .

-

0.00 0.05 0.10 0.15

. 101581 hotow fioers. LoLE (DOW)  BW30 (DOW) Permeability (LMH/psi)
%\ 7 B3 Permeability 7 98 ,-O\ 0-
= = = S Test with ~2000 ppm NaCl solution@400 psi at room temperature
y 1 €
S % < o -10;
:j: 0.005 | .% g 20 Point Material Reference
] .. Do DowEX (cellulose triacetate Desalination 102 (1995) 225-234
2 S T - Preliminary Test . i esalination 102 (1995)
'_g | O -30 Prelimina ry Test Dul Permasep B-10 (polyamide) Desalination 126 (1999) 33-39
Q 92 a—) Du2 Permasep B-9 (polyamide) Desalination 48 (1983) 1-16
% | Q- Test @ room temp (TDS=~5000) Test @ 400 pS| Composition of Feed Solution (TDS=~1500) T-1 Hollosep MH10255 (Cellulose triacetate) Desalination 125(1999) 55-64
o - Module #1 " Module #2 12.00 97.00 . Journal of Membrane Science 236 (2004)
0.000 90 504 . .
Hollosep (ToyObO) PBI HF (SRI) 50 Pressure — Flux 7Rejection Flux Rejection 10.00 o6 o salt COn((:entr?ﬂon lons COn?entra)tlon T2 HO||05ep HA8130 (Ce”ulose trlacetate) 1—16
I Change of water permeability . PpmM ppm i . i .
I Change of water-salt selectivity 300 1.52 98.4 1.26 98.8 T 8.00 3 Dual layer (Polyethersulfone/polyamide) Enwri)n Sci. Technol. 46(2012),
400 1.81 99.0 1.59 99.1 > 600 T |caso, 2511 Ca? 3272 735877365
. S . . . 15 . . . . = . c A . ‘. i
¢ Performance is comparable +» Superior chlorine resistance T TTTCTIONS000) ED 9655 S | cact, . o - Dual layer (Polyester/polyamide) 52\;52943560 Technol. 47(2013),
to the commercial HF 14 (Chlorine exposure: 4,000 ppm- h - Flux (LMH) 3, & -
/ ! P ure Module #1 Module #2 2.00 Rejection (%] 96.80 ¥ MgCl, 7553 Na+ 681 T T——— Journal of Membrane Science 363 (2010)
- H . ejection (%
pH=11, Feed solution: 2,000 ppm NaCl) Flux Rejection Flux Rejection 0.00 : 96.75 - 1731 e 195-203
14. Desalination 125(1999) 55-64 300 1.95 98.7 1.73 98.9 5000 7000 9000 11000 13000 15000 @ &
15. J. Membr. Sci., 451(2014), 205-215 400 2,66 99.0 291 99.0 DS (ppm) Total 18824 S04 2 1773

Fabrication of Polybenzimidazole
Hollow-fiber Modules

Conclusions

= 1. Fiber Spinning +» Both operational cost and energy consumption
.k S -—W-T” will be significantly decreased by the use of
E‘E“zd% s D""“\ B _ ; === | 2. Crosslinking reverse osmosis (RO) technology in flue gas
— [l ™ /= D""e3 é ﬂh - 3 desulfurization wastewater (FGD WW) The authors wish to acknowledge:
| 5 P T management approaches. e The DoE Project Manager
** Among the existing technologies, membrane
- @ separation, especially using RO, is the most * TheSRITeam and Partners
/ ) ’
Em @/D”V“ o 4. Potting promising way to remove Se and other heavy * The Dok for current funding (DE-FE0031552)
. e @ . metals in FGP WW. e Previous Funding from, the KACST, Riyadh, National Energy Technology
e, | *¢ The hollow-fiber (HF) format reduces membrane Laboratory (NETL) of the U.S. Department of Energy (Contract No. DE-
o _ 5. Large fiber module module size and operational cost relative to FE0012963), and the Office of Naval Research (ONR) of the US
Vacwum  —%e| || % Nitrogen (20 i) < 7 e spiral-wound membranes. Department of Defense (Contract No. NO0014-10-C-0059).
| - +* Inside-out HF can provide both high flux and
et e |: - rejection comparable to that of commercial flat-
| : = sheet membranes.
. . 4" diameter module contaififig 10,000 Fibers ¢ Outside-in HF can tolerate harsh operating
(Gas-separation PBI membrane elements are pictured) conditions, and its separation performance is

comparable to that of commercial membranes.

Disclaimer

This poster includes an account of work sponsored by an agency of the United States Government. Neither the United States Government nor any agency thereof, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by tradename, trademark, manufacturer, or otherwise does not necessarily constitute or imply
endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the United States Government or any agency thereof.


mailto:anthony.zinn@netl.doe.gov
mailto:indira.jayaweera@sri.com

	Slide Number 1

