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Porous Frameworks

Metal Organic Frameworks (MOFs)
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Virtual screening of MOF candidates
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Triggered Release Materials

UV-triggered release of CO,

«~ hv,CO,desorption = W

QG

Instantly reversible

‘ CO, uptake
A"ge'”“"dte ’ e
C emie
7'.1013 52/
- < :> 6‘ N
AzDC 0 HO
w« e - R. Lyndon, K. Konstas, M. R. Aitigew. Chem. Int. E®013 52, 3695.
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Triggered Release Materials
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Intelligent Fertilizers

H,O
Plant demand

Requirements

1 High pore volume 9 Water stable
9 Low cost 1 Ecofriendly
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Intelligent Fertilizers
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Carbon Capture
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Energy & Gas Storage

CO, adsorption at 273K
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Energy & Gas Storage

® / O 293K CO2
A/ & 293KN,

Point of interest (0.15 bar)

C Predicted selectivity for CO,/N, (15/85 wt %)
mixture) of 590 at 293 K and 1 atm

C Flue gas composition CO, (15%), N, (75%),
O, (4 - 5 %), H,0 (5 - 8 %) and SOx and Nox

C Predict mixed gas isotherms (difficult to obtain
experimentally)

THE UNIVERSITY

oADELAIDE
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Porous Frameworks
As adsorbents for C{rapture
| MOF CO, Capacity b
146 tonne MOF = $2.9 billion (based on
BASF prices)

MOF Mixed Matrix Membrane
a, b

0.17 million m2 71 2.46 million m?
0.15- 2.1 tonne MOF

600 MW coal-fired power plant r<,x:%%%&
Flue gas 13 % CO, (460 tonnes/hr)? % %

a) T.C. Merket, H. Lin,X.Wei, R. Baker; Membr. Sci.,359 (2010) 126139
b) J.Liu,P.K. ThallapallyB. P.McGrail D.R.Brown, J.Liu; Chem. Soc. Rev, 2012,2808;2322

c)L M. RobesonJ Membr. Sci, 2008,320, 396400
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Membranes?

Trade-off relationship between
permeability and selectivity

Plasticization

Lose selectivity

Selectivity (Pgasa / Pgass)
Permeability (Pgas )

Permeability (Pg,s) Pressure

Physical Aging

Lose permeability

Permeability (Pg,s )
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Example: Screening for membrane material

Application: CO, capture and H, generation Industrial Feasibility Criteria
Intergovernmental Panel on Climate Change (IPCC)
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Mixed Matrix Membranes with Porous Frameworks
Aged Polymer As-cast Polymer

Anti-aging

Incorporation of |

Porous Particle Slow-aging

Polymer/PAF-1
Selective-aging
® Porous Aromatic Framework (PAF)
© Zr-Metal Organic Framework (MOF)
@ = © Cu-Metal Organic Polyhedra (MOP)
| © Functionalised/Nanoparticle
decorated PAF
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Slow Aging Membraneg Carbon Capture
Additive: UiG66 MOF, FUIO-66
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Slow Aging Membraneg Carbon Capture

Additive: UiG66 MOF
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Slow Aging Membraneg Organic Solvent Nanofiltration _
Additive: PAR Water-Hydrocarbon Separations
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Slow Aging Membraneg Organic Solvent Nanofiltration
Additive: PAR
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Selective Aging MembranesHydrogen Purification
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Selective Aging Membranes |
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Selective Aging MembranesHydrogen Purification
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Anti-Aging Membranes; Carbon Capture [ * sy
Additive: PAR

ged
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Anti-Aging Membraneg; Carbon Capture
Additive: PAR

Polymer: PTMSP, PMP, PIM
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Anti-Aging Membraneg; Carbon Capture
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How does it work?

aSYON) VS

1. Intimate interaction between porous additives and polymers
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How does it work?

2. Freezing mobility in carbon atoms of bulky groups in polymer
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How does it work?

3. Unchanged pore sizes over time
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ScaleUp Production
Membranes & MOFs

Membranes MOFs

Hollow Fiber Spinning Line Flow Chemistry

m E == HHHHH

Mixed Matrix Membranes with Porous Frameworks | Cher Hon (Sam) Lau | Page 29




Scale Up Production
MOFs

Proof-of-concept

Table 1 | Comparisons of the reaction time between MOFs synthe-
sized by convectional batch and by flow chemistry. BET surface
st areas, grams of MOF produced per 1 hour using flow chemistry
‘%%« St and STY. Full adsorption isotherms are provided in the supplement
& " MOF Reaction time SAggr(m?g™ ') g-h' STY(Kgm3d')
e HKUST-1¢ 10 min 1852 1.48 592
i HKUST-1% 1.2 min 1805 61.2 4533
e @ : Ny HKUST-1= 5 min 1673 2.04 n/a
woosy W Basolite C300¢ 150 min 1820 n/a 225
E Uio-66° 10 min 1186 1.68 672
ANEEARE NSRS Uio-66 24 h 1147 n/a n/a
NOTT-400° 15 min 1078 2.78 741
.- NOTT-400" 72 h 1350 n/a n/a
Proof-of-scalability ,
“Vapourtec Flow chemistry reactor (Mesoscale).
“Salamander flow chemistry results (Macroscale).
=Data from ref. 14.
4Data from ref. 24.
2 q A \ “Data from ref. 20.
Aluminum \ M, N ‘Datafrom ref. 21 Space-time yields given in this table based on the volume of the reaction mixture
Compound —y S \ 5 R7 in 8 hours. Calculation based on ref. 25.
Al fumarate
Organic
linker
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ScaleUp Production A VW
MOFs Al fumarate

Organic
linker

ﬂ)of-of-concept: 40 g/ ﬁ)of-of-scalability: 400 g/h

precusor solutionsg™

R.eactor2,5,10mL Reactor: 100mL _
T: 3150C T 0150C Reactor: 2000mL

Diameter tube: 1mm . Diameter tube: 6mm T:_ 3150C
Flow rate: 0.1a10 mL/min Diameter tube: 12mm

Flow rate: 345mL/min _
\(up to 10bar) / \ / Qow rate: 1000mL/min
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Conclusions

Capable of scale up productions of porous additives
required to:

1) Enhancegas permeability by up to 300 %
2) Maintain enhanced gas permeability beyond 1 year
3) Tailoraging mechanism in membranes according to applicati

4) Fabricatemulti-functional membranes for carbon capture,
solvent purification, and dye sequestration.
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