o Femacrmancs
» Los Alamos g

NATIONAL LABORATORY NETL

High Temperature IRolymerBase
Membrane Systemsfor Pre-Combustion
Carbon IDioXitle(Gapiure

LANL-FE-308-13

Kathryn A.Berchtold Rajinder P. Singh, Kevin W. Dudeck,

Ganpat J. Dahe, and Cynthia F. Welch
Carbon Capture and Separations for Energy Applications (CaSEA) Labs,
Material, Physics and Applications Division,
Los Alamos National Laboratory

NETL C{Capture Technology Meeting
31July2014,Pittsburgh,PA

» Los Alamos Los Alamos National Laboratory is operated by the Operated by Los Alamos National

NATIONAL LABORATORY Security, LLC for DOE/NNSA under Contract Contract DEAC5206NA25396. PNAL=
EST. 1943 NETI COT T 21 T 9014 /A" J = ")




Acknowledgements

N=TL Department ofEnergy
— Office of Fossil Energy (FE)/NES$trategic Center fo€oal

Carbon Capture Program

Collaborators Past & Present on our
High T , Polymer for Carbon Capture Projects

A 4 PERFORMANCE Z
» Los Alamos F.’F%C)DI_JCTS, INC. N=TL
Kathryn A. Berchtold Mike Gruender . :
. : Greg Copeland C. Elaine Everitt
Rajinder P. Singh : :
Bobby Dawkins MichaelMatuszewski

Ganpat J. Dahe

_ Lynn Brickett
Kevin W. Dudeck

— Robie Lewis
Cynthia F. Welch N=TL e
JoseD. Figueroa
E. David Huckaby Jared Ciferno
David Alman John Marano

/\
. Los Alamos Los Alamos National Laboratory is operated by the Operated by Los Alamos National

NATIONAL LABORATORY Security, LLC for DOE/NNSA under ConD&AC5206NA25396 YA
VAT T\~ %2

NETI CCTT 21 liuillvy 2014




Project Summary
i Award Name:
PolymerBased Carbon Dioxide Capture Membrane Systems
i Award Number:
FE30813 G @k 0,
i Performance Period: 2 M
. 03/201303/2016

. BP2 of 3 (04/193/15)
i Project Cost (DOE):

. $1,972K oAl
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Overarching
Objective

..
Mostly H, @@
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Development and demonstration of an innovative
polymer-based membrane separation technology
almed at improving the economics and performant
of hydrogen separation and carbon capture from
synthesis (syn) gas, enabling meedficient and

cleaner energyproduction fromcoal.
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Project Overview: TechnologyBenefits

WG Tt ey
" Process ) i H, Recovery | . : Sulfur
Areas 5 or : b Letey 1'
: H,O WGS Membrane Sulfur
Targeted: T Reackor.......... ; Recovery
Membrane T
\SeparatlonS/C I Gasifier PM Sy 2} Stage
oa 800 Psig Removal i Yol Selgxol Unit
5 T 1 \/ 150-450 °C
- — Syngas Recycle = 700 Psia Fuel Gas CO,
e 100 - 400 °C] 100 - 400 °C
<700 Psia 695 Psia
Membrane Advantages: |
A CQ produced at higher pressure el Gos. -
(reduced compression costs) - as product;
A Impurity tolerantg Broadly applicable - to chemicals/fuels production
to all syngas feedstocks i °°mbﬂtlied Cgli (rﬁow?r '111‘3‘3) A
. . . . = cogenera OH! el cnemicals HOWBI’! 2
A Reduced footprint (Retrofit considerations) 40 °C
A Lower parasiticload e 1,500 Psia
A Process temperature matching (Warm fuel gas) : CO, COﬁlpIrfssor Interstage
A Em|SS|On free’ |e nbazardous Chemlcal use S 2ec0very1
A Decreased capital costs
A Continuous facile operation (passive process)
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Technology (Challenges:& Qpporitunities

e Commercial polymer membranes and module
manufacture/sealingtechnologies are limited to J ¢ aion ~150 C.
i Separatiorprocessconomicsare strongly tied tgrocess/separation temperature.

e Membrane materials and systems capable of withstanding IGCC
syngas process conditions are required.

i Syngastemperatures (>200C) andcompositionsjncluding HS and steam, present a
very challenging operating environment for any separation system.

e Largeprocess gas volumes mandate high membrane permeance

i High permeance membranes are achieved via appropriate materials design/selecti
combined with minimization of the membrane selective layer thickness.

i Thinner selective layers often result in increased defect formation during fabricatior

i Defect mitigation strategies/sealing materials utilized for current commercial gas
separation membranes are not compatible with the thermal and/or chemical
environments present in thigpplication

i Thermally and chemically robudéfect mitigation strategies must be developed to
retain the required membrane selectivity characteristics.
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Background: IPBI\Membranes

i PBlbased membranes have commercially |
attractive H/CQ, selectivity, exceptional -
thermal stability (J> 400 C), and exhibit
tolerance to steam and J3.

0 BroadPBI Jeraion (150 to 300+ C)indicates
potential for PBbasedmembrane module
Integration at IGC@levantprocess

conditions. .
Th bilit £ th Hundreds of m?
’ e ermeability of the
' stat ijth tPBi/b d b ~250 m?/m?
state-of-the-ar ased membrane @ 75% packing density

materials mandates ultrthin
selective layers.

i Economic considerations
mandate use of a higsurface
areamembrane deployment
platform such asollow fibers (HFs).

Li, J Membrane Sci 461(2014)

A Berchtold, J Membrane Sci 415 (2012)
!,TWOSNAL LIABORATORSY Pesiri, J Membrane Sci 415 (2003) hundreds of cm?2

High Area Density Hollow Fiber Platform

2KT 20K+ m?24/m3

@ ¢ 5% packing density
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Project Overview
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njectives

Realize high performance Pidsed HF membranes for
ore-combustion hydrogen separation/carbon capture

Minimize membrane support costs, maximize membrane flux, rete
thermo-mechanical & thermahemical stability characteristics, and
Increase the area density achievable in a commercial module des

Produce an asymmetric PBlI HF comprised of a thin, désfeet
minimized PBselective layer and an open, porous underlylng supp
structure with morphology characteristics tailored to optimize
transport and mechanical property requirements (use and lifetime

Develop materials and methods to further mitigate defects in dltra
thin selective layers for use under process relevant conditions.

Reduceperceived technical risks of utilizing a polymeric membrane
based technologyn challenging (thermal, chemical, mechanical)
syngasnvironments
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Project Focus/AreasT T1asks
e Hollow Fiber Fabrication

i PBibased higlareadensity, high permeance
membrane development

e SealingLayer Development &ntegration

i Membrane defectnitigation materials and methods
development

e Module Fabrication
i Single and mulfiber membrane module fabricatior

i CED utilization to guide module design and aid In
membrane and module performance validation (wi
NETL)

e Demonstration and Validation of Developed
_Materials andMethods
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Goal: Minimize gas resistance of

support:
Achieve porous support structure with
interconnected pores

Goal: Achieve thermo -mechanical
properties sufficient for handling
and use

HollowvRilderr Fabricatiom

PBlbased material, morphology &
High area density membrane
development
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Polybenzimidazole lHollow IFiberizabrication /1) 77—
= PBI .
i High membrane surface area platform Comme:giauy available

The H permeability of the stateof-the-art PBibased membrane materials mandates uithan
selective layers and high surface area membrane deploymietiorms
i Developed methods for PBI hollow fiber membrane with higpé¢tmeance and
H,/CQ, selectivity for syngas separations

Bore Fluid

Controlling liquidiquid |~ jnspmert

demixing based phase Fiber Winding Solvent Postireatment
inversion process for PBI shoge < Exchange |——>| & Seal Layer
hollow fiber membrane R —— N - ALx & Drying Deposition
fabrication 2 e

Driven
Guide Pulley

|l Take-up Drum

In-situ formation of an
integrally skinned hollow

fiber using commercially
available PBI material
Fiber Diameter: 200 to 500 pm

Defect mitigation by SL Thickness: 150 to 500 nm
thermally and chemically
tolerant seal layer material

and depositiortechnique Sel Defect
development(All presented elective Sea“ng Layer
membrane performance Layer
data is for HFs comprising Defects:
A an integrated sedhyer) Porous Knudsen Flow
Support layer
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Componentscof-antAsymmetrciHF

Spinning process optimized to obtain high performance PBlI HF membranes

The support structure/
morphology MUST be tailored
to optimize mechanical AND
transport properties
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