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Biorefinery & Circular Economy

Perspective & Challenges

Examples liquid-liquid extraction applications
Fractionation of pyrolytic bio-oils

Volatile Fatty Acid recovery from fermented wastewater

Conclusions and outlook
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THE BIOREFINERY CONCEPT

Separation technology Is key enabler © | LVIVERSITY
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BIOMASS VALORIZATION APPROACHES

All polymers break down
Many secondary reactions
Many small molecules
Very complex liquid

Valuables:
aromatics, sugars, lights

DOWNSTREAM SEPARATION
CHALLENGES!!

Schuur et al,

Sep Purif Technol 2017 175 498
Biores Technol 2016 216 12

Ind Eng Chem Res 2016 55 4703
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Fractional condensation process

r—lﬁ T
C N
Fast —
Pyrolysis >

< J C1 C2
High boilers Light oxygenates
Sugars Acetic acid
Aromatics Acetol

Glycolaldehyde

PYROLYSIS OIL STUDIES S
COSMO-RS + model system + real system © | \VVERSITY
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FIRST CONDENSER OIL TREATMENT
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Separating aromatics and sugars
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0.87 Stable operation with real oil
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THE REAL PYROLYSIS OIL

Extraction + regeneration 4 times @ | UNIVERSITY



Typical composition of fermented wastewater.

Component Chemical formula Concentration (g/L)
Acetic acid CH,COOH 2.5-10
Propionic acid CH,;CH,COOH 2.5-10
Butyric acid CH5{CH, ) CO0H 2.5-10
Lactic acid CH,CH{OH)COOH 2.5-10
Sodium MNa® 1-5
Potassium K* 1-5

Food industry | Paper industry Municipal Composting | Other organic Chloride Cl 1 1-10

wastewater wastewater wastewater industry wastes Phosphate H2PO3 [HPO3 1-10
Sulfate S04 1-10
Sulfide 5 0.3
Magnesium Mg 0.3
Calcum Ca’* 0.3
Ammonium MH; 0.1
Trace elements (e.g. cobalt, nickel and iron) Co, Fe, Ni (1onic forms) 10
Inert COD (e.g. humic acd and fulvic acid) 1
Microbes

/ l l \ Schuur et al, Sep Purif Technol 2016 161 61

Polymers Chemical

(PHA) building blocks Biofuels Other products
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Kleerebezem et al, Biotech ioeng 20 112 2248 : - N
Ehsan Reyhanitash & Chiel v Beek

REFINING FERMENTED WASTEWATER
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Schuur et al, Sep Purif Technol 2016 161 61-68

RECENT LITERATURE ON LLX OF ACIDS

ILs perform much better than TOA at low C @ | JNNVERSITY
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Estimate max loading (S/F),, @ | UVVERSITY




[Pess.14][PhOS] TOA-octanol

Saturated solvent Saturated solvent
Feed (10 wt% VFA; 6 wt% H,0) Feed (4 wt% VFA; 4 wt% H,0)
LLX column LLX column

I I

Eluent Fresh solvent Eluent Fresh solvent

Schuur et al, Sep Purif Technol 2016 161 61-68

COMPARE WITH TRADITIONAL TOA

Improved D & S @ | UNVERSITY
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VACUUM STRIPPING WITH N, SWEEP GAS

5 . 2 APPROACHES:
A 1L70-Hex30
A [L100 . _ _ _ _
44 ----Z_ =7 1) Get into the “higher concentration regime”
16':]' // . .
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Schuur et al, Green Chem 2019 21 2023

DEEP REGENERATION CUMBERSOME

Highest affinity not necessarily good @ | bNVERSITY



Qﬁq P NH3/TMA + H,0 —> N,
\iFAﬁ ’ + N,
Qe ¥ .
@ . NH,AC/TMA-HAC 3
Fermentation Extraction +H0 %
5 | N | = H,SO, + H,O
. ¢ | ) (NH3/TMA trap)
_ I
% ; Heater/stirrer
E END GOOD. ALL GOOD?  Schuur et al, Green Chem 2019 21 2023
=
0 —> Clear learning moment: high affinity can give difficulty

10 20 30 40
CO, pressure [bar]

o}

AlL-104 20 wt% TOA in octanol Octanol

7 times higher D,,. at 40 bar Schuur et al, Green Chem 2015 17 4393-4400

PRESSURIZED CO, & VOLATILE BASES
Improving extraction & enable regeneration €@ | LNIERSITY
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AFFINITY IN FLUID SEPARATIONS
S THERE AN OPTIMUM AFFINITY? @ |V



Performing an ITC assay

= g titration with heat measurement

Binding partners: Syringe
« ‘“Ligand” in syringe
« “Macromolecule” in sample cell

Heat of interaction between ligand
and macromolecule is measured

Parameters resolved from an ITC
experiment:

« Affinity

» Binding Heat

« Number of binding sites
« Thermodynamics

i ik Reference cell -
imagination at work Sample cell

nnnnaar mﬂmﬁw g
| ! < 2]
TPA — HAC

e o o Study effect diluent

Time -> Molar ratio

APPROACH: MEASURE & CALCULATE

ucal s

kcal mol- of injectant
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toluene on the ITC ‘S-curve’ for the heat of complexation of the reaction of acetic

* . .
acid with 1M TOA (=45 vol%) at 20°C in: o 0% 1-octanol [] 50vol% T-octanol V MM result Hartree Fock 6-31G*, SM8 for various diluents
75vol% 1-octanol and A 100vol% octanol. Lines are fitted data with model J Ind Eng Chem 2019 72 364 (Sprake| & SChUUF)

parameters of Table 4.

J Ind Eng Chem 2019 72 364 (Sprakel & Schuur)

ITC and MM

| UNIVERSITY
Measurement & Interpretation @ | JVVERSTY

Also solvent design possible: ] Mol Liqg 2019 283 312




Solvent selection/design important for biomass fractionation

Aromatics regeneration from IL works perfect

Difficult regeneration of acids from P ,, Phos

Balance Affinity!

or... stimuli responsive solvents?

CONCLUSIONS

| NI | UNIVERSITY
Balancing Affinity Essential @ | YNVERSITY



T-responsive

pH-responsive

Photoresponsive

CO,-response

STIMULI RESPONSIVE SEPARATIONS

' 111 ' UNIVERSITY
Trying to keep conditions mild @ | JNVERNTY



Particle characterization

Particle design
Dynamic light scattering

monomer(s) cross-linker
500
T=20°C
g
S 375 .
D:-E
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particles particles 200 '
. . RS
Composite microgels e ~
c o~
= 300 > -
1. Emulsion polymerization o ~ 2
—> Fluorescent polystyrene core - pH=32 |
2. Precipitation polymerization . . . |
P poly 10055 40 60
Ti°C

—= PNIPAM-co-MA shell
Monteillet, 2015

Sprakel et al, Chem Comm 2015 50 12197

1) Emulsion breaking on command
2) Extraction of pigment, keeping protein functionality i\ et al React Chem Eng 2018 3 182

CORE-SHELL STABILIZED IL EMULSIONS
@ | UNIVERSITY
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Preferably wet, non-broken algae

N, and/or heating

induced back-switching 1

oil
Algae emulsion Sg'v(';; —— ‘
slurr 5 | AU oivent: [NH,R,IINHR,CO,]
Mixing /extraction phase splitting

Ideal Solvent: good lipid extraction & easily switchable + back-switchable

LIPID EXTRACTION FROM MICROALGAE

Switchable solvents

& D ol

o T _ b
T Trigger e
lower = i higher
polarity polarity
solvent sol_ver_'n_t

Jessop et al., Nature 2005 436 1102

co,

2 R,NH R,NH,* + R,NCO,
-COZ

Biores Technol 2013 149 253
Algal Res 2015 11 271

Green Energ Environ 2016 1 79
Ind Eng Chem Res 2017 56 8073

@ UNIVERSITY
OF TWENTE.



ILSEPT

4th International Eunferenne on lonic Liquids.In Separatmn and Purification Tm: nﬁﬁ‘
8-11 September 2019 = Sitges, Spam_. = o 8

https://www.elsevier.com/events/conferences/international-conference-on-ionic-liquids-in-
separation-and-purification-technology/submit-abstract

ILSEPT-4
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