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Quthine of the Presentation

4 major lines of Research

Molecular Simulation

Synthesis & Characterisation

Thermophysical Properties-Corrosion-Toxicity

Development of Supported IL
Absorbents and Membranes

Application of ILs in the
Scrubbing/Stripping process
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Corrosion
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What are lonic Liquids?

“

“lonic Liquids is the generic term for a class of materials, consisting entirely of
lons and being liquid below 100°C.”
“If they are liguid at room temperature, we call them (RTILS).”

lonic solid, e.g. NaCl lonic Liquid

symmetric . .
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anion +

000 .
cation .
0000 © @
asymmetric oo+
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« Weak coordinating tendency of the ion pair.
« Low intermolecular interaction.
« Breaking the symmetry of its chemical structure.



d anions

ILs are now about 100 years old, when ethylammonium
nitrate was found to be liquid under ambient conditions.
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» Very good solvents properties for a wide variety of organic,
Inorganic and organometallic compounds

» High thermal and chemical stability
» High electrical conductivity
» Low vapor pressure
» Large electrochemical window

» Fine-tuning the structure, these properties can be tailor-
designed

» High solubility of gases especially CO,



PROCESS TECHNOLOGY
Biomass Conversion
" Gas-Separation
Metal-Extraction
# B Liquid-Liquid-Extraction
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IONIC LIQUIDS PROPERTIES
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They can be used as solvents for
CO, capture?

Disadvantages compared to amines

Viscosity @ RT — 15-500cP
Physisorption---CO, absorption capacity < 0.05 mol/mol at 1 bar
Binary CO,/IL diffusivity — 101! to 10°® m?/sec
Cost — 100-200€ at the 100kg level



Alkylation Reaction
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» Very good solvents properties for a wide variety
of organic, inorganic and organometallic
compounds.

One way to reduce the cost

Have the impurities any effect on the properties of
Interest?
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IOLICAP PROJECT

= ionic liquids / molecular simulation phase
Cai]‘t)[;re synthesis / mechanical statistics / equilibrium
physicochemical electrochemistry
s properties corrosion
% 973 supported ionic liquid/ Process / process S
> membranes 9i ing f development

Synthesis Molecular Advanced Corrosion
of ILs simulation characterisation Toxicity

Application

lolitec Company used a
continuous flow microreactor
technology to synthesise 200
kg of the most promising ILs
for CO, capture at a cost of

100 € per kqg.




TCM-based ILs

1-octyl-3-methylimidazolium tricyanomethanide

Lactam-based ILs
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Amino acid-based ILs
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IOLICAP-Measurement of gas solubility

Effect of water on the CO, solubility and
diffusivity of ILs with the gravimetric technique
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Effect of water on the CO, solubility of ILs

Water molar fraction in the binary system
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Effect of water on the CO, diffusivity of ILs
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MS piece

Is this enough?
Perform tests in a scrubbing/stripping device
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ILs could not compete with amines
Slow capture kinetics the major problem
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Use them 1n mixture with amines.

Try to reduce amine content.

140

120

G/L=6.6, CO, (18.3%v/v), G=2.45L/min, L=0.37L/min
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Q (kJ/sec)

A mixture consisting of 7% DEA, 6.9% MDEA and 7% ILs had the

same efficiency with the 20% DEA solution
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Mag= 11.83KX Bx-RT S04 80

7% DEA, 6.9% MDEA

attack severely the surface of mild
steel, leading to dissolution of
metal over the entire surface and
significant weight loss

7% DEA, 6.9% MDEA and 7% ILs

corrosion inhibition effect of the ILs
through the adsorption on the metal
surface and blocking active sites
surrounding MnS inclusions



Raman analysis-Detection of corrosion products

7% DEA, 6.9% MDEA 7% DEA, 6.90% MDEA and 7% ILs

200 400 600 800 1000 200 400 600 800 1000
-1 ~
Raman Frequency (cm ') Raman Frequency (cm’)

a-FeOOH (goethite)
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As a way to confront the problems of

High Viscosity @ RT — 15-500cP =
Binary CO,/IL diffusivity — 101! to 10-°° m?/sec

Cost — 100-200€ at the 100kg level

« Confinement enhances CO,-
capture performance.

 Qvercomes diffusion limitations-

Very thin film.
« Cost- Less quantity of IL




Membranes = Supported lonic Liquid Membranes
(SILMs) — (70%)

Catalysts = Supported lonic Liquid Catalysts (SILCs)
— (25%)

Adsorbents = Supported lonic Liquid Phase
Adsorbents (SILPs) — (5%)



Supported IL Phases
Thin film of IL

@ - coatysi.  Free flowing powders with up
%0 ° to 25% wt of IL loading

Q Application in catalysis (SILC)

Substrate @)  product (g)

SILP material

Ry
‘:.' ﬁoo
oo
l {immobilized in IL)
SiuTy-phase eent-bad ickie-bed  scCO, fxed-bad

N gent
lonogels sol-gel.
lonic liquids act as: H,C—C i
« drying control chemical additives

« catalysts
 structure directing agents
» solvents (or cosolvents)




and membranes

-Perfect for catalysis
-Gas separation? N

-Excellent gas
separation
-Absorption
capacity?
-Kinetics of
absorption? Slow

-Excellent gas
separation, fast
Kinetics
-Absorption
capacity? High
-Stability and
regeneration?

-Size of the pore
comparable to the
size of IL
-Orientation of the
IL ions generate
straight paths-fast
diffusion




Case A —Thin film on the pore walls

[
+'N— _ + MeOH
S

0.12 -
SBA-15 5.6nm SBA-15+IL
700 - . A
0.1 - |
600 - | e pristine @IL °
-~ 0.08 | L
500 - o o
. © )
o e @
F‘: 400 - / g 0.06
U‘) ’ /./ . 4
T 300 oo rS - @ CO2 308K
S v 004 | /-
* . © Q j"‘/
200 | w? o Je e N2308K
/ oo @ 0.02 | /
100 k 00
0 I ! O . T 1
0 0.5 1 0 500 1000

P/Po P (mbar)



Case B — Complete pore filling

Very slow kinetics

0.2
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0.0 & T T T T \ \
0 500 1000 1500 2000 2500 3000

time (minutes)




Ceramic Ultrafiltration and
Nanofiltration membranes
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ne IL 1ons

Challenges

-It Is difficult to find porous supports with
the required pore size

-The surface of the porous solid must be
negatively charged
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< | First step to graft the silane
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Innovation - Dry liquid. Tiny droplets of IL (<1um) covered by nanoparticles of
pyrogenic silica

) lonic Liquid

,,).’”'
%)
2

v’ Easily upscalable development

v' Phase inversion from silica nanoparticles
suspension in a methanolic solution of the
lonic Liquid.

v By controllable evaporation of methanol we
achieve phase inversion with the
hydrophilic nanoparticles covering the
droplets of IL.
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Images from SEM
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and their applications

Characteristic numbers for lonic Liquids

# of predicted permutations of ions

# of liquid materials

# of materials with interesting properties:

# produced by companies on lab scale today:

# procuded on lab scale in future:

# of materials produced on industrial scale today
# produced on industrial scale in future:

# of materials described in literature today

# of materials synthesized in our own labs

# of suifficiently characterized materials

1018
1012(?)
~10.000
~500
~ 1500
5-10
25 (?)
> 2000
> 700
~ 20



REVIEWS

Gas Solubility in lonic Liquids
Zhigang Lei, Chengna Dai, and Biachua Chen®
State Key Laboratory of Chemical Resource Engineering, Befjing University of Chemical Technology, Box 266, Beijing, 100029,
China .
dx.doi.org/10.1021/cr300497a1 Chem. Rev. 2014, 114, 1289

CO, - 120 ILs
N, -10 ILs

SO,- 20 ILs
H,S - 16 ILs

N,O — 11 ILs

CHEMIGIL —



Demonstration: Budget 350k€
5000NmM3/h




Power Plant
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Power Plant




Thank you Ior your attention !!!!



G=150 Kmol/h

L=10 M3/h =
gccg;g-gl 490 kmol/h
=0.98 bar _
T=40 C a=0.15
T=35C
MEA=18 %(w)
H=10m
D=0.85m

Metal Pall rings
50mm

o<

G=157 Kmol/h
Yc02=0.05
P=1.01 bar
T=50C

s2
X v
ve

L=10.3 M3/h
=497 kmol/h
a=0.37
T=50 C

G=40 Kmol/h

Yeor=0.17
P=1.2 bar
T=105C

NI/

C. Water
F=35 M3/h
™ Tin=25C
Tout=35C : ™ L=33 Kmol/h
20 Sieve trays T=90 C
D=0.80 m
H=10m
G=68 Kmol/h 7 sat steam
P=1.5 bar 1300 kg/h
T=110C . 1710c
e




