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Title of the project: Metal organic framework membranes for critical industrial gas sepa-
rations

Helmholtz Centre and institute: Karlsruhe Institute of Technology (KIT), Institute for Mi-
cro Process Engineering (IMVT)

Project leader: Dr Bradley P. Ladewig

Web-address: https://www.imvt.kit.edu

Description of the project (max. 1 page):

Olefin/paraffin separations are critically important industrial gas separations, carried out
on a massive scale globally. Two of the most common are propane/propylene, and
ethane/ethylene, as these provide the crucial polymer precursors propylene and eth-
ylene, with current global production in excess of 200 million tonnes annually, or around
30kg for every person on the planet[1]. The energy consumption globally in carrying out
these separations currently (using large-scale cryogenic distillation) is a major contributor
to the overall energy consumption and greenhouse gas emissions of the petrochemical
sector. These two gas separations are responsible for approximately 0.3% of total global
energy consumption. The chemical sector in general is critically important to both Europe
and China. In Europe, the chemical sector underpins major export earning sectors includ-
ing automotive, food and drink, and general manufacturing as a supplier of key input ma-
terials, while at the same time the chemical sector is itself a major employer, source of in-
vestment, and adds considerable value to the economy — 299.4b € in value added to the
European economy in 2015, compared to 200.4b € from the automotive sector[2]. Glob-
ally, the chemical sector is growing but with the majority of all growth in China, where the
industry grew at 10.7% average annual growth rate over the period 2007 — 2017.

Recent developments in metal organic framework materials show that it should be possi-
ble to use easy-to-synthesise porous materials including ZIF-8 as membranes, with single

stage molecular selectivity of well over 100. Both experimental reports and molecular dy-
namic simulations[3] show the promise of this material. While it is possible to create poly-
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mer/ZIF-8 composite membranes (for example ZIF-8 supported on polymer hollow fi-
bres[4] or in mixed matrix membranes), these generally offer only marginal improvement
over polymer membranes, far below the potential of ZIF-8 and indeed other emerging na-
noporous materials (such as covalent organic frameworks, COFs).
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A breakthrough in exploiting the true potential of high-performance materials like ZIF-8
has been published recently, showing that pure nanoporous mixed matrix materials com-
prised of a MOF dispersed in a continuous zeolite phase, can achieve separation factors
with excellent membrane permeance[5]. This project will explore multiple new combina-
tions of mixed-matrix membranes using this new “all porous” philosophy, in particular ex-
ploring the potential for other newly discovered MOF and COF materials. The research
will be largely experimental at KIT, with a focus on materials synthesis, characterisation
and formation into millimetre-size membranes for performance testing in compact, ro-
bust micro-membrane test devices. This leverages the unique expertise of the Institute for
Micro Process Technology in designing and constructing advanced microfluidic devices, to
allow for high-throughput materials development with small membrane samples. Simulta-
neously, the Chinese collaborator will develop fundamental computer models (i.e. molec-
ular dynamic simulations) and macro scale models (i.e. process engineering models), vali-
dated with the experimental data, and guiding the materials discovery towards promising
new materials, while also driving towards industrially relevant membrane properties. This
will allow for both research partners (KIT and the Chinese Partner) to be actively involved
in the collaboration from the beginning, with experimental and computer-based aspects
pursued collaboratively and in parallel.
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Description of existing or sought Chinese collaboration partner institute (max. half page):
The Chinese Collaboration Partner Institute should have complementary research expertise
to that of the Helmholtz Institution. In this case, the Institute at KIT has strong materials
synthesis, characterisation and device development expertise. It would be highly advanta-
geous if the Chinese Collaboration Partner had excellent capabilities in the simulation of
gas transport in complex porous materials, as well as process simulation expertise.

Note: at present, a partner is sought.

Required qualification of the post-doc:

° PhD in Chemical Engineering, Materials Science, Materials Chemistry
. Experience with synthesis of porous materials, materials characterisation
° Additional skills in preparation and testing of polymer or inorganic or composite

membranes for gas separation would be an advantage.
PART B

Documents to be provided by the post-doc, necessary for an application to OCPC via a
postdoc-station in China, which is affiliated to a research institution like a university:

° Detailed description of the interest in joining the project (motivation letter)
° Curriculum vitae, copies of degrees

° List of publications

° 2 letters of recommendation

° Proof of command of English language

PART C

Additional requirements to be fulfilled by the post-doc:

° Max. age of 35 years

° PhD degree not older than 5 years

° Very good command of the English language

o Strong ability to work independently and in a team
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