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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 at
NCCC.



Project Scope and Partners

BP1: 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 (QS-Q10)

BP3: Conduct a 6-week field test of membranes with real syngas
at NCCC (Q11-Q12)
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MTR’s Exampled Membrane Process for

Precombustion CO, Capture
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Merkel, Zhou and Baker, J. Membr. Sci., 389, 442 (2012)
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MTR’s Techno-Economic Analysis
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Membrane: Energy Efficient Separation
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H,/CO, selectivity

State-of-Art Membrane Materials
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Our Approach:

H,/CO, Solubility Selectivity

Pa _ S, D,

o = =
Feo,  Sco,  Deo,
Tem H, solubility H,/CO,
Materials S b. cm3(STP)/(cm?3 | solubility
(°C) ..
atm) selectivity
Poly(dimethyl | 54 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,
) Adams and Chen, Materials Today, 14 (2011) 282-289



Our Approach:

Mixed Matrix Materials
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Project Plan and Milestones

10/15 10/16

[l [ [ [ 1 | [

High performance materials
development ( 1 )

Thin film composite membranes developed

(2)

Modify a testing unit at NCCC

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 at NCCC;

(3) Parametric testing of membranes
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Preparation and Characterization of Pd-Cu
(60/40) Alloy Nanoparticles

L ¥ . ]
- 2 - e
$ - s 0%, Soy
X Particle Oul to .’.ﬁ;.z‘...‘,‘,o.' ’é.' ..= .0. : .‘|
Mitregen — — | [§4)| Cellection '.,‘,.'..;0;',.':..: :‘.2,0..}
Quench | }: | ,':::::.;’.::.‘.:.. ‘.:::.‘
1 2 e 9.0 900 %0
! ‘.:i‘.o’l'o"'».o""'.‘
LML A AL sipeos
551 NI PR -CUON
1 e "0 ¥ 0o, 00 on
d LN L LR o9
, " d P YA L3
A BRI
ﬂ T~ Precursor '.l:..z.a ..20'..’.0.:
Particle = TErre Evaporatian ych ..‘..‘..‘..:':' .-.:"
Nugeaton, [N\ [i1:5! ! RNt ittt et
Gromi, b s Decomposilic
Coagulabon, N e O T =) g
Coalescence % & Meas. data:cupd426 ?
bt [~ Pracursor 500 o g S
pr&ﬂ]mr - Y H p‘ﬂﬂlmizﬂ‘lﬂ 400 ‘ﬁ' E Pd C é %
Solution and Rapid 2 % -Cu 3 s
Mixing > 300 ‘ g g g
Thermal Y £ 0 A, ‘ | ‘
Nozzle o ‘ Tl b u
100{
Inveriad
Diffusion 0 i
= Copper Palladium, Cu0.5 Pd0.5, 04- 015- 2414
Flamsa ] a a & a
I Pd-Cu :
I ] |
Mitregen =T | & ] Pd
and _
. o Copper, syn, Cu, 01- 071- 4611
Hydrogen Gyen 1 - e & a
, | Cu d :
High Temperature ‘ ‘ ‘ | ‘ |
40 50 60 70 80 %

12 Reactor Jet system e 00



Gas Sorption in Pd Nanoparticles

Gas sorption vs. H, sorption at different
time at 1 atm/50°C temperatures
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 Extremely high H,/CO, solubility selectivity ( ~ 840)

« H, chemisorption: independent of gas pressure E
13



Preparation of PBI/Pd Mixed Matrix Materials

Mixing & 5.0 wt %
Sonication . PBI
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Glass plate

a. 60 °C/24 h
b. Vacuum at 120°C/12 h
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SEM - EDS Mapping of PBI/30%Pd

Cross-section
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Adding Pd increases H,/CO, solubility

selectivity

1,000

100

Gas solubility [ cm*(STP)/cm® atm]
o
Gas solubility [ cm*(STP)/cm® atm]

T ;\'g% 20 F\:':It% og e 10 F\:\'g% 20 F\;v;*’/o o
. H, solubilit H,/CO, solubilit
LEIERELS TCC) . m3(STP)/(cm? };tm) ! selectivity !
Matrimid® 35 0.12 0.035
PBI 150 <0.10 <0.20
PBI/ 10wt% Pd 150 16 33
16 PBI/ 20wt% Pd 150 32 32




Gas permeability (Barrers)
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Effect of Pd Loading on

H,/CO, Separation Properties
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Effect of Temperature on

H,/CO, Separation Properties
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Gas Separation Properties of

Mixed Matrix Materials
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Future Work: Thin Film Composite
Membranes (BP2)

100 - 150 pm

i SAB-ET (TG2hF)

Thin film composite

Automatic dip coater membranes

20 H. Lin et al., J. Membr. Sci. 457, 149-161 (2014). E



Future Work: Membrane Test at NCCC
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Summary

(a) Extraodinary separation property in Pd (b) Tailoring Pd-based nanomaterials for Hz sorption
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