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Figure 1.2 Overall principle of osmosis compared to reverse 0Smosis
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Figure 1.3 Water permeation through a membrane by solution-diffusion
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Figure 1.4 and 1.5 Flux and rejection data for FilmTec Corp., FT30 membrane
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Figure 1.6 Relationship between selectivity and water permeability for RO
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Figure 1.7 RO membrane fouling
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Figure 1.8 Flow of water and pressures present in FO, PRO and RO
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Figure 1.9 Graphic of PRO process
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Figure 1.10 Concentration polarization in PRO membranes
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Figure 1.11 Membrane modules for separation applications

“From Polymer 2013, 54, 4729. Sanders, D. F.; Smith, Z. P.; Guo, R.; Robeson, L. M.; McGrath,
J. E.; Paul, D. R.; Freeman, B. D. Energy-efficient polymeric gas separation membranes for a
sustainable future: A review. Used with permission of Elsevier, 2013.”

Order Completed

Title: Energy-efficient polymeric gas Logged in as:
separation membranes for a Benjamin Sundell
sustainable future: A review Account #:

Author: David F. Sanders,Zachary P. 3000820248
Smith,Ruilan Guo,Lloyd M.
Robeson,James E.

McGrath,Donald R. Paul,Benny
D. Freeman

Publication: Polymer

Publisher: Elsevier

Date: 16 August 2013

Copyright © 2013 The Authors. Published by Elsevier
Ltd.

Thank you very much for your order.

This is a License Agreement between Benjamin J Sundell ("You") and Elsevier ("Elsevier"). The license
consists of your order details, the terms and conditions provided by Elsevier, and the payment terms

and conditions.

Get the printable license.

License Number
License date
Licensed content publisher

Licensed content publication

Licensed content title
Licensed content author

Licensed content date

Licensed content volume
number

Licensed content issue
number

Number of pages
Type of Use
Portion

Number of
figures/tables/illustrations

Format

Are you the author of this
Elsevier article?

Will you be translating?

Title of your
thesis/dissertation

Expected completion date
Estimated size (number of

3485030489638

Oct 09, 2014

Elsevier

Polymer

Energy-efficient polymeric gas separation membranes for a sustainable future: A review

David F. Sanders,Zachary P. Smith,Ruilan Guo,Lloyd M. Robeson,James E. McGrath,Donald
R. Paul,Benny D. Freeman

16 August 2013
54

18

33

reuse in a thesis/dissertation
figures/tables/illustrations

1

both print and electronic
No

No

Synthesis and Characterization of Poly(arylene ether sulfone)s for Reverse Osmosis Water
Purification and Gas Separation Membranes

Dec 2014
260


javascript:paymentTerms();
javascript:paymentTerms();
javascript:printableLicense();
javascript:doLogout();

pages)

Elsevier VAT number
Permissions price
VAT/Local Sales Tax
Total

GB 494 6272 12
0.00 USD

0.00 USD / 0.00 GBP
0.00 USD


javascript:goHome();
javascript:closeWindow();

Figure 1.12 Timeline of industrial development for gas separation membranes

" From Ind. Eng. Chem. Res. 2002, 41, 1393. Baker, R. W. Future Directions of Membrane Gas
Separation Technology. Used with permission of American Chemical Society, 2002"
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Figure 1.13 Upper-bound plot for Oxygen/Nitrogen Separations
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Figure 1.14 Simplified Flow Diagram of an RO Process
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Figure 1.20 Degradation of SW30HR polyamide membrane compared to sulfonated polysulfone

“From Angew. Chem., Int. Ed. 2008, 47, 6019. Park, H. B.; Freeman, B. D.; Zhang, Z.-B.;
Sankir, M.; McGrath, J. E. Highly chlorine-tolerant polymers for desalination. Used with
permission of John Wiley and Sons, 2008.”

This is a License Agreement between Benjamin J Sundell ("'You") and John Wiley and
Sons ("John Wiley and Sons™) provided by Copyright Clearance Center ("CCC"). The
license consists of your order details, the terms and conditions provided by John Wiley
and Sons, and the payment terms and conditions.

All payments must be made in full to CCC. For payment instructions, please see
information listed at the bottom of this form.

License Number 3447220104069

License date Aug 13, 2014

Licensed content publisher John Wiley and Sons

Licensed content Angewandte Chemie International Edition

publication

Licensed content title Highly Chlorine-Tolerant Polymers for Desalination

Licensed copyright line Copyright © 2008 WILEY-VCH Verlag GmbH & Co. KGaA,
Weinheim

Licensed content author Ho Bum Park,Benny D. Freeman,Zhong-Bio Zhang,Mehmet
Sankir,James E. McGrath

Licensed content date Jul 4, 2008

Start page 6019

End page 6024

Type of use Dissertation/Thesis
Requestor type University/Academic
Format Print and electronic
Portion Figure/table

Number of figures/tables 1

Original Wiley figure/table Figure 4

number(s)

Will you be translating? No

Title of your thesis / Synthesis and Characterization of Poly(arylene ether sulfone)s for
dissertation Reverse Osmosis Water Purification and Gas Separation Membranes

Expected completion date Aug 2014

Expected size (number of 250
pages)

Total 0.00 USD



Figure 1.34 lonically crosslinked polysulfone using acid-base chemistry
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