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Develop industrial membranes with H,
permeance of 500 gpu and H,/CO, selectivity of
30; and

Conduct parametric tests with real syngas
stream.



Project Scope

BP1l: Prepare mixed matrix materials with H, permeability of 50
Barrers and H,/CO, selectivity of 30 (Q1-Q4)

BP2: Prepare thin film composite membranes with H, permeance of
500 gpu and H,/CO, selectivity of 30 (QS5-Q10)

BP3: Conduct a 6-week field test of membranes with real syngas

(Q11-Q12)

50 -200 nm
A

—_~— 50-200 nm

30 - 60 ym

100 - 150 pm

Nanostructured Industrial
3 materials membranes




Our Approach:

H,/CO, Solubility Selectivity

P., Su, Dy,
o= = X
F)c:o2 8002 D002
iRt H, solubility H,/ CO2
Materials Q) cm3(STP)/(cm?3 | solubility
atm) selectivity
Polyldimethyl | 5 0.10 0.078
siloxane)
Polysulfone 35 0.075 0.036
Matrimid® 35 0.12 0.035
Pd metal* 25 38,000 > 1,000

* Calculated at 0.02 bar H,
4 Adams and Chen, Materials Today, 14 (2011) 282-289



Our Approach:

Mixed Matrix Materials
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Tasks (BP2) Start date End date
Task 7 Scale up Polymer Synthesis 10/1/2016 | 3/31/2017
Task 8. Scale up Synthesis of Pd-based Nanomaterials 10/1/2016 | 3/31/2017
Task 9. Prepare Thin Film Composite Membranes 1/1/2017 | 12/31/2017
;ejlé(l)g.Sing;?ifarametric Tests of Membranes for 1/1/2017 3/31/2018
Task 11. Design and Modify Membrane Stamp Test Unit 6/1/2017 3/31/2018

for NCCC Field Test

Milestone f: Mixed matrix membranes with superior H,/CO, separation

properties prepared

Task 13. Run One-Month Field Test at NCCC

4/1/2018

6/30/2018

Task 14. Analyze Field Test Results / Membrane Post-
analysis

6/1/2018

9/30/2018

Milestone h: Successful field test completed
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Polymer Development and Scale-up
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e Commercial PBls are
identified

e Modification of PBIs
has been
demonstrated to
improve performance



Nanoparticle Synthesis Scale-up:

Gas Phase Synthesis
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nozzle by 10 times

d Plugging free
production

d 2g in 8 hrs of reaction
time



BB AT e e g
, o a et o Spe L Ray
s L e et g8

- £ - akhea
o vi"o,ﬁhﬂ!lﬁ, N

Scale-up

is
Synthesis

Solution

Temperature & stir control

/).
Q
=
<)
=
>
/)
<
|
O
o]
S )
=
«
=T
o)
=
«
=

N2 flow
|

100 mg

W Water flow

Thermocouple



Thin Film Composite (TFC) Membranes
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Surface of PBI-supports: SEM Characterization

Mag - 80.00 KX 200 nm EHT = 4.00 k¥ Signal A= InLens Date :7 Jul 2017 FIB Lock M
Auriga-39-38 FIB Imaging = SEM Noise Reduction = Line Avg FIB Probe = 30KV:600pA Tilt Corr



Cross-section of PBI-supports: SEM
Characterization

Mag= 1500 KX 1pm WD = 6.1 mm EHT = 2.00 k¥ Signal A= InLens Date :7 Jul 2017 FIB Lock M
Auriga-39-38 F——- FIB Imaging = SEM Noise Reduction = Pixel Avg. FIB Probe = 30KV:600pA Tilt Corrn. =




Cross-sectional SEM of TFC Membranes

PBI/Pd layer

PDMS
PBIl support
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300 nm wi EH Lens  Date :21 Aug 2017
B Imaging Noise Reduction = Line Avg FIB Probe = 30KV:600pA

e 3-micro PBI/Pd selective
layer

 Good compatibility between
PDMS and PBI/Pd MMMs

1 3 Mag= 1500 K X mm EHT = 2.00 kv Signal A= InLens Date :7 Jul 2017 FIB Lock Mags = No
Auriga39-38 k | FIB Imaging = SEM Noise Reduction = Pixel Avg. FIB Probe = 30KV:600pA Tilt Corrn. = Off



Thin Film Composite (TFC) Membranes

Schematic of TFC membranes PBI based TFC membranes

PBI/Pd selective layer
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PBl porous support =

- Stainless steel mesh cloth...

PBI porous support \
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Gas Permeance in TFC Membranes

CO,: 1500 gpu CO,: 0.5 gpu
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After O, plasma etching, we are able to apply PBI based
coating solutions on the PDMS gutter layer.

15 Note: Gas permeance measured at 23 °C.




CFD Simulations of MMMs
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Simulation Parameters at 150 °C

Parameters PBI Pd NPs
CO, solubility

(cm® (STP)/ (cm? atm) 0.46 0
CO, diffusivity 3 1x10-12 0
(m?/s)

H, Solubility _
(cm?3 (STP)/(cm?3 atm) 0.12 Ks = 500
H, diffusivity 1 7x10-10 5 1x10-10
(m?/s)

H, sorption in Pd: CHZ,Pd =K P,
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Modeling the Effect of Pd Nanoparticles

on H, Permeability

Surface: (mol/m®) Streamline: Total flux
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CFD Simulation of the Effect of Pd Loading on

H,/CO, Separation Properties

Gas permeability H,/CO, selectivity
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Comparison of Simulated and Experimental

Results
Gas permeability H,/CO, selectivity
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20 Curves: simulation data



Effect of Particle Size on Permeability
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Project Plan and Milestones

10/15 10/16

[ [ ] [ 1 ] [

High performance materials
development ( 1 )

Thin film composite membranes developed

(2)

Modify a testing unit

A
[ )
14

6 weeks testing

) 4

(3)

(1) High performance mixed matrix materials identified;
(2) High performance thin film composite membranes prepared;
Testing skid modified;

(3) Parametric testing of membranes using real syngas E
22



Summary

PBI/Pd selective layer
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