Author's Accepted Manuscript

s 1
journal of
MEMBRANE
Thin-skinned intrinsically  defect-free LAENCE
asymme mono-esterified hollow fiber precur- .0.0.0
sors for crosslinkable polyimide gas separa- .. 20 .:
tion membranes 050 : or

Canghai Ma, Chen Zhang, Ying Labreche, Shilu
Fu, Lu Liu, William ]. Koros

Sdma Sdnﬂoummct

0 Journal is Endorsed by
HHI!IE

www.elsevier.com/locate/memsc

PII: S0376-7388(15)00542-6
DOI: http://dx.doi.org/10.1016/j.memsci.2015.06.018
Reference: MEMSCI13776

To appear in:  Journal of Membrane Science

Received date: 22 April 2015
Revised date: 6 June 2015
Accepted date: 10 June 2015

Cite this article as: Canghai Ma, Chen Zhang, Ying Labreche, Shilu Fu, Lu Liu,
William ]. Koros, Thin-skinned intrinsically defect-free asymme mono-
esterified hollow fiber precursors for crosslinkable polyimide gas separation
membranes, Journal of Membrane Science, http://dx.doi.org/10.1016/j.mem-
s¢i.2015.06.018

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal
pertain.


http://dx.doi.org/10.1016/j.memsci.2015.06.018
http://dx.doi.org/10.1016/j.memsci.2015.06.018
http://dx.doi.org/10.1016/j.memsci.2015.06.018
http://dx.doi.org/10.1016/j.memsci.2015.06.018
http://dx.doi.org/10.1016/j.memsci.2015.06.018
http://dx.doi.org/10.1016/j.memsci.2015.06.018
http://dx.doi.org/10.1016/j.memsci.2015.06.018

Thin-skinned intrinsically defect-free asymmetric mono-esterified hollow fiber precursors for
crosslinkable polyimide gas separation membranes

Canghai Ma, Chen Zhang, Ying Labreche, Shilu Fu, Lu Liu, William J. Koros*

School of Chemical and Biomolecular Engineering, Georgia Institute of Technology, 311 Ferst Drive,
Atlanta, GA 30332, United States

ABSTRACT

Engineering of spinning solution compositions, conditions and polymer molecular weight is
described to create intrinsically defect-free thin-skinned precursors for high performance ester-
crosslinked asymmetric hollow fiber membranes. The ultimate goal is to crosslink the precursors to
provide robust performance for an aggressive natural gas feed. To provide insights free from CO>-
induced changes in properties in the uncrosslinked samples, studies with less interacting Oz, N> and
He feeds were also used to assess properties. The combined analyses indicate an absence of
substructure resistance within the hollow fibers and an effective selective layer between 0.1-0.14
um. This thickness represents a valuable reduction over previously achievable values for this so-
called propane-diol monoesterified crosslinkable polyimide (PDMC) polymer in defect-free
asymmetric form, which were previously in the range of 0.5 pm. Indeed, the significantly reduced
skin layer thickness offers the potential to improve the gas separation productivity by 3.6X if this
advantage can be carried forward into the ultimate crosslinked fibers. Additional comparisons to
the free acid form of the precursor (without esterification) show advantages to the current less
hydrophilic precursor in terms of ability to create a thinner precursor selective layer prior to
crosslinking than for the free acid form. To date, the free acid analog to PDMC has only been able to
be created with a 0.7 um selective layer vs. the current 0.1-0.14 um skin reported here.
Optimization of the crosslinking process for both precursors is beyond the scope of this work, since
it is itself, complex and still underway.
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Introduction

Membrane-based separation can greatly reduce energy consumption for separating gas mixtures,
compared to traditional thermally-driven separation processes, such as absorption and cryogenic
distillation [1-7]. Among different types of membrane materials, polymers are the dominant
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